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WO 2010/ 027004PCT/ JP2009/ 065373 1 DESCRI PTI ON

ORGANI C SEM CONDUCTOR NMATERI AL AND LI GHT- EM TTI NG
WEREWARNDY4 L1 GHT- EM TTI NG DEVI CE, LI GHTI NG SYSTE/JEIND/065373

5ELECTRONI C DEVI CE USI NG THE SAME TECHNI CAL FI ELD

[0001] The present invention relates to an organic

sem conduct or. The present 10invention also relates to

alight-emtting elenment, a light-emtting device, a

l'ighting system and apgglcggbtr@mic device in each of

whi ch any of the above materials is used. BACKGROUND

ART [0002] An organi c conpound can take vari ous

G i BRBUCRIr b e AN SR RN
hawl EMBENT] CIGHTUEMITTINGEVPCEORIGRTING® S¥STEM, AND
desi gn of an organic co ound..CMAn%‘to those .
advant ages, E R@NIQSDHEYWEZUSJ@J(& HE8AMEBal organic

mat eri al has been attracting attention in recent

years. [0003] 20For exanple, a solar cell, a
TECHYHCA®WIELIDNg el enent, an organic transistor, and the

| i ke are given as exanples of an el ectronic device
[008) 1i zi ng an organi ¢ compound as a functional

nat efﬂeat)resgrnoﬁﬁleﬁ‘ﬁ(ﬁl JaYieS QS ﬁrf’”i)ir%?li@@}{ﬁmoﬂgﬁ‘ct&t The present

el ectriC properties and opti cal operties of the

invcx_rt'gmnzilsp f;cdmpsmcmdt_ lighteemyttinigeetpmemnt, pa];ight@miaing device, a lighting
sysflflgf,’ gtﬁ%%meltegtlrgrgc clavelgg ﬁlteagl?gf VI?’EEZH ah)g g?[h‘é%%'oye r%%ye%lapsplse lclis'ed.
BACKGROUND ART

[0002]

An organic compound can take various structures in comparison with an
inorganic compound, and it is possible to synthesize a material having various functions
by appropriate molecular design of an organic compound. Owing to those advantages,
electronics utilizing a functional organic material has been attracting attention in recent

years.

[0003]

For example, a solar cell, a light-emitting element, an organic transistor, and
the like are given as examples of an electronic device utilizing an organic compound as
a functional material. Those are devices taking advantage of electric properties and
optical properties of the organic compound. @ Among them, in particular, a
light-emitting element has been remarkably developed.

[0004]

It is said that the light emission mechanism of a light-emitting element is as
follows: by application of voltage between a pair of electrodes with a light-emitting
layer interposed therebetween, electrons injected from a cathode and holes injected from
an anode are recombined in the light-emitting layer to form molecular excitons and
when the molecular excitons relax to a ground state, energy is released to emit light.
Singlet excitation (S*) and triplet excitation (T*) are known as excited states. Light

emission is considered possible through either singlet excitation or triplet excitation.
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It is said that the |light em ssion nechanismof a
light-emtting elenent is as follows: by application
woRowobtoage between a pair of el ectrodes w th BCT/JP2009/065373
light-emtting |ayer interpésed therebetween,
el ectrons injected froma cathode and hol es injected
froman anode are reconbined in the light-emtting
| ayer to form nol ecul ar excitons and 30 when the
FurliRl, @64 5 @istRAF bERPRioh Gh@d tHePed? 8 aQMNLeRbitBhE clefltal WednSidered
rel’'eased to emt light. Singlet excitation (S*) and
to berS*plét= bBxci tation (T*) are known as excited states.
00§$ght em ssion i s considered possible through either
[ 'hglet excitation or triplet excitation. WO
201049 24:0Q48atgotind GA W AR 3 JingldtUexched statd1@s converted to light
statistical generation ratio thereof in a
emissigh (thespinafter gueh e semponnd isoresirers wdast » “Prorgscentreompqund”),
. 3. [.0005] As r.a d j [ kN b
gt epi AL g, bie PR SR Bt edber R Shos B bt onty
lightt Usthiis€iof Ofigna Ui Chingdetr eXcited eglate o(fR®racciick)ds ebeantd at a room
compound"), light em ssion froma triplet excited
tempergtuge.( pASSPABEs e deymak qyaatugy sHagy dthe &ioy of jggRerated
phofdfis33 k@@a&{ OfRirs$ 1o 0 Sl <At %@exﬁé@mgngfa'f}m&%ﬁ R6@bound is
IS obsérved at a roomtenperdture. Accordingly, the
assum¢cdetortalve g tlavretivakElimit of @%ybaseden thetrelotiofshipeofey*afléd 1: 3.
Oogﬁotons to injected carriers) in alight-emtting
[ ement using a fluorescent conpound is 10assuned to
havepg thd Pkt hand! whelll 4 @pdald RASERiICP tiiflet excited state is
relationship of S*: T* = 1: 3. [0006] . On the
congertesk intgnlghtwpraissionc eponaiieni puchhiacporapqundpisereferted ttagas a

« te is.canver . n b i sSi ap- ( i naft .
oo SRS f 143, b SIS SRS S oot
75% @61p00Ad" In bthetOfls, Emiseionadfficierayt than ©3f fimeecy tiars abenuch
theoretically 15 75%to 100% |n other words, em ssion
as thatfqfthe flugreperaee pampoyndned Reachiqvede SFYhasscgasoas t i grder to
t.h UQt: i . .
sl by ORERAE T8 SOTRRLOER R EIHEHE Lyl iy g
phokplginéscenti cotripogndisaisedhbas teeh activel yedévieldped resesthent i n

.[00§ﬁ|ch a phosphorescent conmpound is used has been

tively devel oped recently. [0007] 20Wen a

| ghneiat idM@nli@nE aRlr ¢F 4 1ighteRilidg EReheql RRIMnel Susing the
formed using the above phosphorescent conpound, in.
abowe ghesphorescqmp cempownsh de prdea it GuppIessreoRtendration henching of the
osphor.escent ¢ ound or quenchi ng. .1.0 et s
phofPRRREER FPPRrRE It iring FRC T DRieATo qpinifign (0T
annlhilgibn)g nthé tlighe-ehatyiap lagerolst ©fteh Ofoffaed $0 thaatthd lphosphorescent
phosphor escent conmpound is dispersed in a matrix of
compeynthdp disnssrednides mafrikef amybe subsince.ndn the above case, the

substance, which serves as a matrix, is referred to as a host material, and the substance,
like a phosphorescent substance, which is dispersed in a matrix, is referred to as a guest
material.
[0008]

In the case where a phosphorescent compound is used as a guest material, a
host material is required to have a large energy gap (a difference between the highest

occupied molecular orbital level (HOMO level) and the lowest unoccupied molecular

orbital level (LUMO level)) or higher triplet excitation energy (a difference in energy
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25 substance, which serves as a matrix, is referred to

as a host material, and the substance, like a
w@baspbmpescent substance, which is di spersed PCI/@P2009/065373

matrix, is referred to as a3guest material. [0008] In

the case where a phosphorescent conmpound is used as a

guest material, a 30 host material is required to

have a large energy gap (a difference between the

betWe@h @SiroffE it and Bl @it adxcREDistatd) thay ehat (1QMD prRYFOrescent
and the | owest unoccupi ed nol ecul ar orbital I|evel

compaynth | Epereiore, grsubstatrsrhay ingsheh chagagtaristicobasdieen ggveleped.
ngb ference in energy WD 2010/ 027004PCT/ JP2009/ 065373
etween a ground state and a triplet excited state)
t hanFdrhakamplef hia pha@s pPaeéss GueuimenniQuad mathedl efwdiich las a
subst ance haV|ng such characteristjcs has been
quaéf‘é%qndtf@a § F’GEYGQ]S used as a hpgfy mate é‘ﬁ’pP%a PhosRRATess5Rte pempound
phenyl ene
whiSH GBI bibe RACERETORapd £ Rolp BanGhorif V6!
[0Op@psphor escent conpound whi ch exhibits blue Iight
%Q%SSI and a hole-transporting layer. [0010] [ Non
[Non katet Hosumerttl 1] J. Kido et. al., Chemistry Letters,
3. K@ et. 36, cm,st% Létikhs, ST, 320672, 16 FHEGURE. CF
| NVENTI ON is clear fromthe fact that
DISGHOSYBE %IMVEH[TI@@SCH bed in Non Patent Docunent 1
[ooi used for the hole-transporting | ayer, the host
erial exhibits a hole-transporting property.
Ther&{ a¢ @lear tfrdrf th¥ pRact et tthathothhﬁﬁerﬁelmkcfrﬂieﬂ o) NBn Patent

l'ight- en1tt|ng | ayer in the case where the materia
Dogpmaent i bed used Noh thathale- trw@eﬁ@rgt ayey, sthasl&ft argatsrlﬂo?fhlblts a

holggﬁgﬁ{%)ﬁknﬁfprb{;@}ﬂ ' g%e Idfﬂt hsl @ﬁgécted NehP MhdTad eﬂlalnetrate a

S conS| ere
hglﬂﬂeanllmgﬂa)ter amﬂmcna'sa wheilealie matesiaf deseBbedimi Nop PatBnlﬂ]Mcument 1

s a ho ng naterli e.cath [
s i e P GRRCHAN o iy RSB o iiol NAACIHOY BOCUPEM 1 it is
congfdeeéa Nth& adh re@é&r@ﬁﬁ?ahﬁﬁrhﬁ@ 159@? it Itiede Mihg 1t0BLTAY S¥hich is a

descri bed above, since
hole -blocking material on the cathode 51de of the light-emitting layer in order that holes

are prevented from penetrating the light-emitting layer. As described above, since the
host material of the light-emitting layer has a hole-transporting property, a light-emitting
region could exist close to an interface between the light-emitting layer and the
electron-transporting layer (a hole-blocking layer).

[0012]

When the light-emitting region locally exists, quenching due to triplet-triplet
annihilation (T-T annihilation) or dispersion of excitons into a layer adjacent to the
light-emitting layer (the hole-transporting layer, the electron-transporting layer, or the
hole-blocking layer) arises, which results in decrease of luminous efficiency.

[0013]

Thus, the host material is required to have a bipolar property which enables
oxidation and reduction and to be stable against repetitive oxidation and reduction
cycles. However, when a skeleton having an electron-transporting property and a

skeleton having a hole-transporting property are directly bonded, decrease in a band gap
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20 host material of the light-emtting |layer has a

hol e-transporting property, a light-emtting region
w@ouba2m®ed st cl ose to an interface between thePCT/JP2009/065373

light-enitting |ayer and thé el ectron-transporting

| ayer (a hol e-bl ocking layer). [0012] When the

light-emtting region locally exists, quenching due to

triplet-triplet 25annihilation (T-T annihilation) or

is c%s%@ el fich 'i‘na‘?(fes RifricBn 3o kﬁﬁﬁésﬁke a%i@t%n&lcﬂa@ 1%1{ Rlﬂl&%xcnatlon
I'tght-emtting layer (the hole- transportl ayer,

encegyec in additioanshor & isubptingpeis, injpduded bhthUho slkel«rtgn havmg an

ari.ses, which results. in decre f lum
clegt s Ry RE (pPEay L GE kB RO et Bp fearanshotinl arhegty to
explafd Ra¥dj @gaﬁbﬁcgy%nprﬁ&ﬁémy s b RBRBEHm 30haadi ghpt aftriplet
and reductl on and to be stable against repetitive

excgptieingrictgy eaetr.r educt i on cycl es. However, when a
[oo?!f]‘;' eton having an el ectron-transporting property and
kel eton having a hole-transporting property are

di r datvigw boaesbove problans; it i8 af obpitofapembdiment of the present
2010/ 027004PCT/ JP2009/ 065373 4. i s caused, which makes
inventioite Provifle 2 peyed iatariabhavinga Kipokyr PEIPER¥vi ng hi gh
[00 uIopl et excitation energy. In addition, when a
stituent is introduced between the skeleton havi ng
an dt éctanathet phjestpof tliengre;;mmpmvdnyioartd rethecesdmdtieg ooltage of a
a_hol e t ans

e g B ety O RO RRER Tuphe SRR sgiency of a

llgﬁéﬁgttﬁ@m@%ttrl pl et 5ex0| tatl on energy occur. [0014]
In view of the above problens, it is an object of an

[00&@ibodi msnt of the present invention to provide a novel

mat & I1s ye M Ioﬁlgr aob?écpq{) Yealle® nggly cm[lst%lpwon of a light-emitting
element, a light-emitting device, and an electronic device.
[0017]

Thé- present inventors have found out that a material, in which a skeleton
having an electron-transporting property and a skeleton having a hole-transporting
property are bonded through a twisted quaterphenylene skeleton that inhibits extension
of conjugation, has a large energy gap and an electron-transporting property and a
hole-transporting property (that is, a bipolar property).

[0018]

Specifically, they have found out that a material represented by General
Formula (G1) in which a [1,1':2’,1”:2”,1”’]quaterphcny1F4-4’”-diyl group is applied as a
quaterphenylene skeleton has a large energy gap and an electron-transporting property
and a hole-transporting property.

[0019]

In some cases, even if a compound has a skeleton having an
electroﬁ-transporting property and a skeleton having a hole-transporting property, it
does not have a bipolar property. However, an organic semiconductor material of an
embodiment of the present invention haé a twisted quaterphenylene skeleton, in which a

conjugation hardly extends, in the center; thus, the organic semiconductor material is



10

15

20

101t is another object of the present invention to
reduce driving voltage of a light-emtting elenment. It
WO 20181021004 anot her obj ect to | nprove em ssion ePET/aP2000065373
of a light-enmtting el enent? [0016] It is
yet another object to reduce power consunption of a
light-emtting 15elenent, a light-emtting device, and
an el ectronic device. [0017] The present
conbﬂ\éﬁ:ﬂt B/vBAVEm{ted iratdle il linRrdBBb L be@oen | Ns UG h@vmg an
skel eton having an el ectron-transporting property and
clecrogktednsparting prapeyy anthe skeleton g piog vihele-fratsperting psoperty, which

th t ed t h I kel et t hat
confiie et B P bR PR ot on, has & large

[oogoler gy gap and an el ectron-transporting property and a
hol e-transporting property (that is, a bipolar
pr opEtusy yn egrgxpggqlent of the preysat prfvegta(pq }s aR Wéganpfaggmconductor

ter resented by Genera

mae i Ep RV B aRrdla (G5, ’

[ooR1y, 1': 2", 1":2",1"] quat er phenyl-4-4"-diyl group is
appl i ed as a 25 quaterphenyl ene skel eton has a | arge
energy gap and an el ectron-transporting property and a
hol e-transporting propbrty [0019] In sonme cases, even
if a conpound has_a s} AQVi ng an
el ectron- transporEhno and a skel eton having a
hol e-transporting property, BOodbes not have a
bi pol ar property. Howeve sem conduct or
mat eri al of an enbodi nment nt invention has
a tw sted quat erphenyl ene skel eton, in which a

(G1)

[0022]

In the formula, E, represents an electron-accepting unit, Hs represents a
hole-accepting unit; carbon of al and E4 may be bonded to form a ring; and carbon of
a2 and Hx may be bonded to form a ring.

[0023]

In the -above structure, the electron affinity and ionization potential of the
electron-accepting unit are greater than those of the hole-accepting unit. Note that the
electron-accepting unit is the skeleton having an electron-transporting property, and the
hole-accepting unit is the skeleton having a hole-transporting property.

[0024]

Specifically, an embodiment of the present invention is an organic

semiconductor material represented by General Formula (G1).

[0025]
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conjugation hardly extends, in the center; thus, the
organi ¢ sem conductor material is WO
wWQRwoNIATH04PCT/ JP2009/ 065373 5 consi dered t o PEW/aP2009/065373
linmited intranol ecul ar intefaction between a skel eton
having an el ectron-transporting property and a
skel eton having a hol e-transporting property, which
contributes to realization of a bipolar property.
[ 0020] 5Thus, an enbodi nment of the present invention
is an organi c s&nicoisdbctor material represented by
General Formnul a: L/ TR02 I (Gl) [0022] 10In
the formula, EA; re t: el ectron-accepting unit,

HA represents a ~~" """ " S a2
: H
A
(G1)
)
(G2A) (G2B)

[0026]

In the formula, E5 and Hja are each a substituent; carbon of al and E5 may be
bonded to form a ring; and carbon of a2 and Hx may be bonded to form a ring. In
addition, a compound represented by General Formula (G2A).which corresponds to a
partial structure a has greater electron affinity and ionization potential than a compound
represented by General Formula (G2B) which corresponds to a partial structure b.
[0027] |

In the above structure, the electron affinity of the compound represented by
General Formula (G2A) is preferably greater than or equal to 2.0 eV and less than or
equal to 4.0 eV and the ionization potential of the compound represented by General
Formula (G2B) is preferably greater than or equal to 4.5 €V and less than or equal to 6.5
eV. In particular, in the case of being used for a light-emitting element, the electron
affinity of the compound represented by General Formula (G2A) is preferably greater
than or equal to 2.0 eV and less than or equal to 3.0 eV and the ionization potential of
the compound represented by General Formula (G2B) is preferably greater than or equal
to 5.0 eV and less than or equal to 6.0 eV.

[0028]

In the above structure, as the substituent represented by E,, a
nitrogen-containing 6-membered aromatic ring group, a 1,2-azole group, a 1,3-azole
group, a polyazole group, and the like are given.

[0029]
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hol e-accepting unit; carbon of al and EA may be bonded
to forma ring; and carbon of a2 and HA may be bonded
wo eoiboeooé ring. [0023] In the above struct ur epCT/nR2009/065373
el ectron affinity and ionizdtion potential of the 15
el ectron-accepting unit are greater than those of the
hol e-accepting unit. Note that the el ectron-accepting
unit is the skeleton having an el ectron-transporting
Pr OPRY thy -ab&tsthlefurb 0sGn @ Sa8dRith e réftésented l&rhﬁ,\,s‘i( &lefdcPdn rich
havi ng a hol e-transporting property. [0024]
hetSpewinfatic alibsyitucan gempoddiaeidmiod gréwp, prethedikeiarevgmtn.on
i,s, an organi c 20 sem conductor naterial represented by
Km@éheral Formula (GLl). [0025] WO
20100087 BRARICKeHERARRL0P BAERabrebRkintcd B2 AchRBLokAAZED1), 2
In the formula, EA and HA are each a substituent;
bengaxdzole ofeletbn xan EAsalenjedbas loskedaion davipg mnaelertnep-trarsgorting
carb of a2 and HA may be bonded to forma ring. In 5
mDBﬁ%X@@%h, a conmpound represented by CGeneral Formula
[00BERA) which corresponds to a partial structure a has

greater electron affinity and ionization potenti al L
thanTlglsC@ﬁﬁégpgghment of the” present invention is a benzoxazole derivative

represented by General Formula (BOX 1).

[0032]
R1
R2 N
—~ 0~ s
3
R R4 O o Ar1
=W
I,2
(BOX1)

[0033]

In the formula, Ar' and Ar® each independently represent a substituted or
unsubstituted aryl group having 6 to 13 carbon atoms; and R' to R* each independently
represent any of hydrogen, an alkyl group having 1 to 4 carbon atoms, an unsubstituted
aryl group having 6 to 10 carbon atoms, or halogen. Ar' and carbon of a, or Ar' and
Ar® may be bonded directly or through sulfur, oxygen, or nitrogen.

[0034]

Further, an embodiment of the present invention is a benzoxazole derivative
represented by General Formula (BOX2).
[0035]



represented by General Formula (G&2B) which corresponds
to a partial structure b. [0027] In the above
wa@eooewoe, the electron affinity of the conporeiJP2009/065373

represented by 10 Gener al For mul a (QA) is preferably
greater than or equal to 2.0 eV and | ess than or equal

to 4.0 eV and the ionization potential of the conpound
represented by General Formula (&B) is preferably
greater than or equal to 4.5 eV and | ess than or equal

to 6.5 eV. R particular, in the case of bein jused

for a lgght{emtting el ement, the ele® Rflnity of
the co S Foromtg (&RA) is
pr ef er abl Hat & TRy epuaR o NpVpedd | ess
t han orReqUy .0 & € iopl zat pot enti al
of the conpg : ral 15( G2B)
is preferab greater t R 5.0 eV and |ess
than or equal to 6.0 eV. In RR® above
structure, as the substituent representg EA a
20ni t r ogen- cont ai ni ng 6- menber ed apgifat -0 1§r oup,
yazol e

a 1, 2-azol e group, i @égl e group, a\4
group, and the like a @ [ 0029], 17O
2010/ 027004PCT/ JP2009/ 065373 7 n t ﬁabove
structure, as the substituent represented by HA a
[00 dé] el ectron rich heteroaromati c substituent group, a
i‘aryl am no group, and the |ike are given. [0030]

I'n tlhehwﬁogamnapkkmﬁ“cmﬂ umiepmdmtlysrapaésenmyeﬁényﬂmgemyan alkyl
Gener al For

g , a_Sbenzaxazol e skel ?5 b
0GR Patived 8¢ GrEwb AOTIn ShATH I WiEctal E100R o Ving i 19 arbon
5  atom§ B Halobeh:EMNd R to R each independently represent any of hydrogen, alkyl

group having 1 to 4 carbon atoms, or a substituted or unsubstituted aryl group having 6
to 13 carbon atoms. ‘A carbon atom of the benzene ring which is bonded to R'' and
carbon of o, or a carbon atom of the benzene ring which is bonded to R'® and a carbon
atom of the benzene ring which is bonded to R* may be directly bonded.

10 [0037]

Further, an embodiment of the present invention is a benzoxazole derivative

represented by General Formula (BOX2).

[0038]

R R12Z R

R2 N
SasoRg
R R R
R4 & R15
Q)N o
R16 R19
(BOX2) R17 R18

15  [0039]
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[ 0031] Thus, an enbodi nent of the present

invention is a benzoxazol e derivative represented by
w@enenzioodor nul a (BOX 1). 10[ 0032] Arl Ar2 (BeEXuyr2009/065373

[ 0033] In the formuld, Arl and Ar2 each

i ndependently represent a substituted or unsubstituted

aryl group having 6 to 13 carbon atons; and le to R4

each i ndependently 15 represent any of hydrogen, an

al kyjy +g¢ Rl R RIRL 48 iﬂde‘b@ﬁ&‘i’lﬂg 3¢R8%ent &Y of hydrogen, an alkyl
unsubstituted aryl group having to 10 carbon atons,
groop hhwingdeto. 4 Aatibon ratbnes rab amselfstituted aryligroupniaavig26 eyt Osarbon

atoﬁlics)? grglgaégée;l?%%%é]”o& IEQb regclilglfllldgﬁjénfdgrgtly rcza)l()}/e%gr“’ an())rrof hydrogen, alkyl
group having 1 to 4 carbon atoms, or a substituted or unsubstituted aryl group having 6
to 13 carbon atoms. A carbon atom of the benzene ring which is bonded to R'* and
carbon of a, or a carbon atom of the benzene ring which is bonded to R" and a carbon
atom of the benzene ring which is bonded to R? may be directly bonded to form a
carbazole skeleton.
[0040]

Further, an embodiment of the present invention is a benzoxazole derivative

represented by General Formula (BOX3).

10041]
R12 R13
N
LA wd S
O (08
FQ15
(I g
R16 R19
(BOX3) R
[0042]

In the formula, R" to R* each independently represent any of hydrogen, an
alkyl group having 1 to 4 carbon atoms, or a substituted or unsubstituted aryl group
having 6 to 13 carbon atoms. A carbon atom of the benzene ring which is bonded to
R and carbon of a, or a carbon atom of the benzene ring which is bonded to R" and a
carbon atom of the benzene ring which is bonded to R* may be directly bonded to form
a carbazole skeleton.

[0043]

Further, in the organic semiconductor material represented by General Formula

(G1), an oxadiazole skeleton can be selected as a skeleton having an

electron-transporting property (Ea).



Furt her, an enbodi nent of the present invention is a

benzoxazol e derivative 20 represented by Ceneral
wo-ork@o4{ BOX2) . [ 0035] WO PCT/JP2009/065373

2010/ 027004PCT/ JP2009/ 065374 8 [ 0036] In the

formula, RL to R4 each independently represent any of

hydr ogen, an al kyl group having 1 to 4 carbon atons,

an unsubstituted aryl group having 6 to 10 carbon 5
[ood4pmns, or hal ogen; and to R2 each i ndependently

represent any of hydrogen, alkyl group having 1 to 4

car bbmsataonembasimentsofh shei presend ioveniioauissan oxadiszade erivative

ro awi n to 13 n atons. A carbon atom of
repﬁﬁ?‘qg%ﬂ%g}ﬁgg?ﬁ%m% Q:ci?a)gfbonded to. RH and carbon of
[00as5] or a carbon atom of the benzene ring which is

bonded to R15 and a carbon atom of the benzene ring

which is bonded to R2 may be directly bonded. 10[ 0037]

Further, an enbogNmant present invention is a

benzoxazol e deriNvai ve by General Formula

(BOX2) . [00/381]3 ' / JP2009/ 065373 9

r

(OXD1)

[0046]

In the formula, Ar'!, Arlz, and Ar" each represent a substituted or unsubstituted
aryl group having 6 to 13 carbon atoms. In addition, Ar"! and carbon of o, or Ar'' and
Ar*? may be bonded directly or through any of oxygen, sulfur, or nitrogen.

10  [0047]
The oxadiazole derivative represented by General Formula (OXD1) is

preferably an oxadiazole derivative represented by General Formula (OXD?2).

[0048]
N'N R32 R33
YA rond=S g
Ar13 O o R
N R
R35 R40
» R39
R
R38
(OXD2)
15  [0049]

In the formula, R* to R* each represent any of hydrogen, an alkyl group

having 1 to 4 carbon atoms, or an unsubstituted aryl group having 6 to 13 carbon atoms;
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In the formula, RL to R4 each independently represent

any of hydrogen, an al kyl group having 1 to 4 carbon
wW@r@u®270en unsubstituted aryl group having 6 tRPCIOP2009/065373

carbon atons, or hal ogen; alHd R11 to R2 each

i ndependently represent any of hydrogen, al kyl group

having 1 to 4 carbon atons, or a substituted or

unsubstituted aryl group having 6 5 to 13 carbon

and® AP BrepRs&id BANbAHRRY Ar REbJHRREE ARy drbGp WaViaB 6 %o 13 carbon
bonded to R11 and carbon of a, or a carbon at om of thg

atofpen z bnedditieny avkirben jatonp of dleed bengeme sing nwhigh dsabpededatooly and

f the b i ich is bonded to R2
cofifn 48, TR BB BRE St ReBegR R3gmgp carvon
atorO5t e Nhze RN SITRBINTR Wordbd tO RPLRSBY dir8ENbdiRIRd it f8rm a

benzoxazol e derivative represented by General Fornul a
carpRO3kelef@041] [0042] 15In the fornula, Rl11 to R2
“Xgﬁﬁh i ndependently represent any of hydrogen, an al kyl

up having 1 to 4 carbon atons, or a substituted or:

uns usithet, Uh @t eNadlazale Aepivirare preberitél By GeagraDRoratudartOXD2),
A carbon atom of the benzene ring which is bonded to
Ar Riprefgrlyc sensensntst any, obi sibstiuisgnOr uBTbsttu{ade PNk @Fup or a

sub fl&&dmluﬁguﬂsﬁﬁ%?)?tsﬂyg gﬁ%@aﬁ?fgﬁ ?rﬁ;arg BE%&%?I?;] erg rlciéﬁ?s any of

enzene ring

an basutistituted phenyh g20@p, Garbanioktituted étrapbthyl pdg3pr an unsubstituted
F rﬁger, in the organic sem conductor nateri al

2*@@B FEMRd by General Fornula (01), an oxadi azol e

[00SKE! eton can be selected as a skel eton having an
el'ectron-transporting property (EA). WO .
20103107 e 4b0Ty 9RA0CRcodERIA8ctopmaterial has a bipolar property, it can

be favorably used for a light-emitting element or an organic device such as an organic
transistor.
[0052]

Thus, an embodiment of the present invention is a light-emitting element in
which the above organic semiconductor material is used.
[0053]

In particular, since the above organic semiconductor material has high triplet
excitation energy, it has more prominent effect in the case of being used for a
light-emitting element together with a phosphorescent compound.

[0054]

Thus, an embodiment of the present invention is a light-emitting element in
which the above organic semiconductor material is included between a pair of
electrodes and a phosphorescent compound is included in a light-emitting layer.

[0055]

Further, the above organic semiconductor material has a bipolar property, and

thus is preferably used for a light-emitting layer.
[0056]
Moreover, an embodiment of the present invention also includes, in its category,

a light-emitting device having the above light-emitting element.
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[ 0044] Thus, an enbodi nent of the present

invention is an oxadi azol e derivative represented by
w@eamedooFor nul a (OXD1). [0045] Arl 1/ N\ iPCHIP2009/065373

(OXD1) 5 [0046] In t¥e fornmula, A", Arl2, and

Ar13 each represent a substituted or unsubstituted

aryl group having 6 to 13 carbon atons. In addition,

Aril and carbon of a, or Aril and Arl2 nay be bonded
[Oogktsgtly o&othrough any of oxygen, sulfur, or _

gen. [0047] The oxadi azol e derivative

r eprNstenha dhdlyghbensttnlg devicenn ti( PxCification pclafles, abity category,
an i?&%léi?sﬁ)?alyedeglecre! 2\1/ ﬂtgfnt\-/eernirttlelpgrfe%lecréf glgd 2? Yigl%esr(])srrc%l(iniczzﬁxrdglugl aalighting
system). Further, the following are all included in the category of the light-emitting
device: a module in which a connector, for example, a flexible printed circuit (FPC), a
tape automated bonding (TAB) tape, or a tape carrier package (TCP) is attached to a
panel provided with a light-emitting element; a module provided with a printed wiring
board at the end of the TAB tape or the TCP; and a module in which an IC (integrated
circuit) is directly mounted to a light-emitting element by a chip on glass (COG)
method.
[0058]

Further, an embodiment of the present invention also includes, in its category,
an electronic device in which the above light-emitting element is used for a display
portion. Therefore, the electronic device of an embodiment of the present invention
has a display portion in which the above light-emitting element is used.

EFFECT OF THE INVENTION
[0059]

The organic semiconductor material of an embodiment of the present invention
is a novel bipolar material.
[0060]

In addition, the benzoxazole deriQative of an embodiment of the present
invention is a novel bipolar material.
[0061]

Moreover, the oxadiazole derivative of an embodiment of the present invention
is a novel bipolar material.
[0062]

Further, application of an embodiment of the present invention makes it
possible to reduce driving voltage of a light-emitting element. In addition, emission
efficiency of a light-emitting element can be improved.

[0063]

Further, application of an embodiment of the present invention makes it

possible to reduce power consumption of a light-emitting element, a light-emitting
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[0048] 15[ 0049] WD 2010/027004PCT/JP2009/ 065373 11

and Arl13 represents a substituted or unsubstituted
wa@eyb/ogrooup having 6 to 13 carbon atons. | n adeiCT/ie2009/@5373

carbon atom of the benzene Fﬁng whi ch is bonded to R31

and carbon of a, or a carbon atom of the benzene ring

whi ch is bonded to R35 and a carbon atom of the

benzene ring which is bonded to R4 nay be directly

de i@ dfdart Qebirdmi devi&ar bazol e skel et on. [0050]
Further, in the oxadi azol e derivative represented by

Ceneral Fornula (OXD2), Arl3 preferably represents any

tituted phenyl group or a
BRﬁé%E¥iMH§EE(yﬁ%ﬂaguﬁR?ﬁﬁg§ed napht hyl group, and Arl13
[ooewT € preferably represents any of 10an unsubstituted -

phedé group, an unsubstituted 1-naphthyl group, or an
uns UBShe REFOBPADYIAG ARADES: gr oup. [ 0051] Si nce

t he F‘i’??"lellﬂnrsﬂﬁgé G, 7 -eﬁ’lq{l]lqglcé;} usﬂggcﬁf]?%ﬂr @gbﬁé‘iﬁleﬁt R RAL Bfesent

property, It can b avor a
inventight - em tti ng el ement or an organic device such as an
org c 1htransi stor Thus, ~an. enbo nt
of taﬁ@ aé'éﬁi‘ teg ﬁ\)&%’t“e[ﬂﬁ“% %‘“"P?‘Brﬂf Uhemppdigesf é’?féﬁ‘? present
invhﬂme'Ch the above organi c sem conductor material is

used.
FIG. 3 illustrates a light-emitting element of an embodiment of the present

invention;

FIGS. 4A and 4B illustrate a light-emitting device of an embodiment of the
present invention;

FIGS. 5A and 5B illustrate a light-emitting device of an embodiment of the
present invention;

FIGS. 6A to 6E each illustrate an electronic device of an embodiment of the
present invention;

FIG. 7 illustrates an electronic device of an embodiment of the present
invention;

FIG. 8 illustrates an electronic device of an embodiment of the present
invention;

FIG. 9 illustrates an electronic device of an embodiment of the present
invention;

FIG. 10 illustrates a lighting device of an embodiment of the present invention;

FIG. 11 illustrates a lighting device of an embodiment of the present invention;

FIGS. 12A to 12C illustrate an electronic device of an embodiment of the
present invention; ‘

FIG. 13 shows CV measurement results of 2,5-diphenyl-1,3,4-oxadiazole;

FIG. 14 shows CV measurement results of 2,5-diphenyl-1,3,4-oxadiazole;

FIG. 15 shows CV measurement results of 2-phenylbenzoxazole;

FIG. 16 shows CV measurement results of 2-phenylbenzoxazole;

FIG. 17 shows CV measurement results of 9-phenyl-9H-carbazole;
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[0053] 20In particular, since the above organic
sem conductor material has high triplet excitation

. We@r@ogy7004 t has nore prom nent effect in the cBCSBIEN09/065373

being used for a light-enithdng el ement together with
a phosphorescent conpound. [0054] Thus, an enbodi nent
of the present inventionis alight-emtting el enent
in 25 which the above organi c sem conductor nateri al

'S 1 bRV reRRh refllis I AR fIROH RBfbafole;

phosphorescent conpoun I's 1 nclud
li ngGem slidwsoCV anyeasurefn@0&63ults of tripfenylamdne; t he above

t t | )
and 1620 PTG Srespygmauaae st SR AR ng.
| ayoiG, 3PLRARTEY ISR OTNRHPIICIPBINS] 065373 12

te that the |ight- emttlng device in
t hi sFlﬁpézzsﬁqvwa@V@nﬂaswcm@dterssulismﬁZt @Zlfﬁi]egory, an i mage

Sour 2 Gl B A AR sy St s

speb@hh @MZnQzEOE;al | i ncluded in the cat egory of t he
l'ight- emttlng 5 device: a nodule in whic

conr@@t%‘is ofvesy C ¥ yagapyrement W&%OﬁlzeDBhAchéd c. rcuit
(FPGy rﬁﬁ%@ﬁ@rﬁﬁleﬁmmlﬂ%? F)lAbé}@E or a tape

carrl er I's attache a pahel provided

W t hFI&S. |m andi 268 ractelskowe ndn; absomptitnl spqetrowi cled ani tinission

a printed wring board at the end of the TAB tape or
SPeF‘ﬁ'ém?ég DERAOALpdul e in which an 1C (int egr at ed

Ci 1 oGt 27 bifovil € ¢ T da¥urBRidh Rehifs @f Z-CrmBbxem tti ng
elenent by a chip on glass (COG 10 met hod.
FIG. 28 shows CV measurement results of Z-CzPBOx;
FIGS. 29A and 29B each illustrete an absorption spectrum and an emission
spectrum of Z-CzPBOx;
FIG. 30 shows CV measurement results of Z-DPhABOXx;
FIG. 31 shows CV measurement results of Z-DPhABOx;
FIGS. 32A and 32B each show an absorption spectrum and an emission
spectrum of Z-DPhABOXx;
FIG. 33 illustrates a light-emitting element in Examples;
FIG. 34 shows current density-luminance characteristics of light-emitting
elements manufactured in Example 3;

FIG. 35 shows voltage-luminance characteristics of light-emitting elements

manufactured in Example 3;

FIG. 36 shows luminance-current efficiency characteristics of the light-emitting
elements manufactured in Example 3;

FIG. 37 shows emission spectra of the light-emitting elements manufactured in
Example 3; .

FIG. 38 shows current density-luminance characteristics of a light-emitting

element manufactured in Example 4;

FIG. 39 shows voltage-luminance characteristics of the light-emitting element

manufactured in Example 4;
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[ 0058] Furt her, an enbodi nent of the present
invention also includes, in its category, an

webk@onem ¢ device in which the above I|ight-enP€T/irngo9/065373
el enent is used for a dispI]éSy portion. Therefore, the
el ectroni c device of an enbodi nent of the present
i nvention 15has a display portion in which the above
light-emtting elenent is used. EFFECT OF THE

| NVEING @sh B8 minance-curt&ift efi@eitlyCchaRticEioNEAWE Y light-emitting
material of an enbodi nent of the present invention is

clemenignariufasityed &y Example dal . 20[ 0060] I n additi on,

e I G e

prese ntion is an

mahifa@oredlin Ekl@pxadi azol e derivative of an enbodi ment
of the present invention 25is_a novel bipol.ar . .
mat &g |42 [sb@gzz]current demqytlﬁg){u,langﬁpqhaﬁaé:fquéﬂcsopf akight-emitting
clef PR AaTBAROLd T HEah; ?esgznt i nvention makes it possible
{6 Teduce drivi ng Vol tdge of a light-enmtting el enent.
I n addi 43 sipwevolsge-dimaihccchanayersticaof thgligheemitting)glements
el enent, .can be iynproved. 30[ 0063] WD
masfagihiss 1 5APBRI 2009/ 065373

FIG. 44 shows luminance-current efficiency characteristics of the light-emitting
elements manufactured in Example 5; _

FIG. 45 shows emission spectra of the light-emitting elements manufactured in
Example 5;

FIG. 46 shows current density-luminance characteristics of a light-emitting
element manufactured in Example 6;

FIG. 47 shows voltage-luminance characteristics of the light-emitting element
manufactured in Example 6; '

FIG. 48 shows luminance-current efficiency characteristics of the light-emitting
element manufactured in Example 6;

FIG. 49 shows an emission spectrum of the light-emitting element
manufactured in Example 6;

FIGS. 50A and 50B show 'H NMR charts of Z-CzPO11;

FIGS. 51A and 51B show 'H NMR charts of Z-DPhPA11;

FIGS. 52A and 52B show "H NMR charts of Z-CzPBOx; and

FIGS. 53A and 53B show '"H NMR charts of Z-DPhABOx.

BEST MODE FOR CARRYING OUT THE INVENTION
[0065]

Hereinafter, Embodiments and Examples of the present invention will be
described with reference to the accompanying drawings. Note that it is easily
understood by those skilled in the art that the present invention can be carried out in
many different modes, and the modes and details disclosed herein can be modified in

various ways without departing from the spirit and scope of the present invention.
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13 device, and an el ectronic device. BRI EF DESCRI PTI ON
OF DRAWNGS [0064] 5In the acconpanying draw ngs:
wOo-R@o/017004 | ustrates a light-emtting el enent oOPCEHHP2009/065373

enbodi ment of the present iHvention; FIG 2
illustrates a light-emtting el enment of an enbodi nent
of the present invention; 10FIG 3 illustrates a

light-emtting el enent of an enbodi nent of the present

Thér@féﬁé‘t ih@Npresent invénltioR- sHHOIERGt 8 ¢dnkitgdd @t Sefng limited to the
ght - em?tl ng devi ce of an enbodi nent of the present

descnpmn badow of the embodimerts @&l exgmplgsd 5B il |l ustrate a
[Od éght emtting device of an enbodi ment of the
f resent invention; FIGS. 6A to 6E each
[Ehbddigehtat]e an el ectronic device of an enbodi ment of
t he {)resent i nvention; FIG7 illustrates an

el echrgmbedimens bengrgaHc ssrisendustar iaterial of gp egbgdiment of the
eGP i st ot oo o el ectoni o cevice
[0067]

An organic semiconductor material of Embodiment 1 has a Z quaterphenylene
skeleton ([1,1':2',1":2",1"""]quaterphenyl-4-4""-diyl group). An electron-accepting
unit is bonded to a para position of a terminal benzene ring of the Z quaterphenylene
skeleton, and a hole-accepting unit is bonded to a para position of the other terminal
benzene ring.

[0068]

Specifically, the organic semiconductor material of Embodiment 1 is an organic

semiconductor material represented by General Formula (G1).

[0069]
o1
Nasel
o
Wa Wl
(G1)
[0070]

In the formula, E5 represents an electron-accepting unit, Ha represents a
hole-accepting unit, carbon of al and E4 may be bonded to form a ring, and carbon of

a2 and Hx may be bonded to form a ring,.
[0071]

An organic semiconductor material having such a structure has an
electron-accepting unit and a hole-accepting unit in its molecule, and thus is a bipolar

material which can transport both electrons and holes.
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FIG 9 illustrates an electronic device of an
enbodi nent of the present invention; FIG 10
wo kdwoseTost es a |ighting device of an enbodi menPCDIP26065373
present invention; 25FIG 117 | lustrates a |ighting
devi ce of an enbodi rent of the present invention;
FIGS. 12A to 12C illustrate an el ectronic device of an
enbodi ment of the present invention; FIG 13 shows CV
[oofE@surement results of 2,5-diphenyl-1,3, 4-oxadi azol e;
FI'G 14 shows CV neasurenent results of
2, 5-Idispime regses1ev8n4f agendpeund has a3§FleQnIBviiganslgiron-accepting

. | f. 2-phenyl b :
iRt RE Resslipi o s aRPEN IR ROF b, b hdftcpropery

Howé¥erlthe ot ComiBAGIH @ MaRkridleUEnSodinent 1 has two ortho-linked
9- phenyl - 9H car bazol e; WO

benzeneorings 7o checmtgp ey vserganic sgmondugos maiggialcly considered to
havdBeREET TR arh QM AS; Pefrac?i'oﬁ rb%w#e'ng e %Eéck&%ﬁ-OAche ti!r:lg '(__qnégand the
shows t am fe;

measurenent results orf tripheny

hol@@cpong ukily witescongrimnes toasalizasondf 4 bipple psdpary.ne;

FIG 21 shows CV neasurenent results of Z-CzP011;
[0073] ’

Specifically, in General Formula (G1) shown below, a benzene ring 2 and a
benzene ring 3 are bonded at their ortho positions. Those two benzene rings bonded at
the ortho positions are considered to limit interaction between the substituents bonded
to the terminal benzene rings. Thus, an organic semiconductor material having a
bipolar property can be obtained.

[0074]

Further, the organic semiconductor material represented by General Formula
(G1) below is considered to have a twisted structure due to the two ortho-linked
benzene rings, which suppresses the extension of conjugation. Thus, the organic
semiconductor material can have a large energy gap while having a high molecular
weight.  Accordingly, the organic semiconductor material can be favorably used as a
host material in a light-emitting layer of a light-emitting element. In addition, the
organic semiconductor material has high triplet excitation energy, and thus can be
favorably used for a light-emitting element together with a phosphorescent compound.

[0075]

(G1)
[0076]

Note that increase in the number of the ortho-linked benzene rings makes a
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5FI G 22 shows CV neasurenent results of Z-CzPO11,

FI GS. 23A and 23B each show an absorption spectrum and
w@pole/2®84 on spectrum of Z-CzPO11l; FI G 24 showsCTZ¥2009/065373

nmeasurenment results of Z-DAA011; FIG 25 shows CV

measurenent results of Z-DPhAO1l; 10FI GS. 26A and 26B

each show an absorption spectrum and an em ssi on

spectrum of Z-DPhAOl11l; FIG 27 shows CV neasurenent

synftRS Inth & cof BB which ®sufi8 i 8Q¥&s gi@ﬂs U 48dition, increase
results of Z-CzPBCk; FI GS. 29A and 29B each

in tht inusmbende benrzead siogp incnrasepthet distancenkktaeenethesdéatroniagcepting
.spectr of Z-CzPBOx; [FI G 30 shows CV neasurenmgnt

unif DL e oL acse b, MptEovers SIBRE JACTRAGE L Dt et of benzene

rings€hbiehses QrogortbR AB@oitions otherFth& the3 dhitaMiich2&Ece@Ceurriers, the

show an absor#otl on spectrum and an_em ssi on spectrum
hoppingz- diFtarROQE ORI 35 |infigasedat which |regyls - diq de¢ragge in a

el ement j.n_Exanpl es, . .
cor R B PRARRLC T ap epPofindde B bl BPbpuon provices,
in vidve 6BMhbSe prabletriach bipelhr sémicsadgat@ dterial with anFdpEindd structure.

shows vol tage-|um nance characteristics of
[00¥7lght - emi t ting el enents manufactured in Exanple 3;

ggz:ﬁtgg?#gﬁ\%lg&%@-#ggﬁﬁgg tﬁtf lga@m_thti ieﬁ%&lz@wyffinity and ionization
potential than the hole-accepting unit.
[0078]

In practice, it is difficult to evaluate the electron affinity and the ionization
potential of a substituent itself. Therefore, in the specification, the electron affinity
and the ionization potential of the electron-accepting unit are evaluated using a
compound represented by General Formula (G2A) which corresponds to a partial
structure a of the organic semiconductor niaterial represented by General Formula (G1).
In addition, the electron affinity and the ionization potential of the hole-accepting unit
are evaluated using a compound represented by General Formula (G2B) which
corresponds to a partial structure b of the organic semiconductor material represented by

General Formula (G1).
[0079]

(G2A) (G2B)
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el ements manufactured in Exanple 3; FI G 37

shows em ssion spectra of the light-emtting el enents
woranohzamour ed i n Exanpl e 3; FI G 38 BODUER009/065373

current density-luninance chiracteristics of a

light-emtting 30 el enent manufactured in Exanple 4;

FIG 39 shows voltage-lum nance characteristics of the

light-emtting el enent manufactured in Exanple 4; WO

O%@ 0/ 027004PCT/ JP2009/ 065373 15 FIG 40 shows

nance-current efficiency characteristics of the
I [ ghIn emettwmgs,ellwnerganrcamﬁlaollducm mateErbwp| Bmdodiment 1 is

FIG 4 spectrumof th
rerFSSERIEd it g AOERA: (b dcr SR aRisFEntd by Oeneral
Forfll4%(G2R) ﬁfh@fﬁcoﬁ%ﬂ(ﬁ% t¢1£ paitial sthiéfir® ¥ General Formula (G1) has
characteristics of light-emtting elenents

hlghamg\'eg@@rum&mliynalgkmrpz@log potential tl:arthxpscgmgmgld represented by
Ge{l?ra l% {E}}%@nw 1é; ?#rgs%r?gxr I ft I C%rrtlg dstruc e £ eb oﬁ (éergral Formula

(GBLG 44 shows | um nance-current efficiency
characteristics of the light-emtting 10 el ements
[008&huf act ured in Exanpl e 5; FIG 45 shows

eni S?ﬁrﬁ{}; S torr F‘ﬁ (@dg@t{)r ermit'%{ %n%éetﬁlo BBGitent 1 has the

manuf act ur e S current
orthkeliﬁketdybdnumermgsen aliracandzremdslhmmi ioframolecglht interadtianrigtween

neShERR B SChUr el 1 0 EXAIEL, € 19FLS AL S0 ity
of tht YRR RelditdHAublof ARRrial represented by General Formula (G1) and that of
the compound represented by General Formula (G2A) are almost the same. Thus, the
electron affinity of the compound represented by General Formula (G2A) is preferably
greater than or equal to 2.0 eV and less than or equal to 4.0 eV. In particular, in the
case where the organic semiconductor material represented by General Formula (G1) is
used for a light-emitting element, in consideration of the electron affinity of a general
organic material used for a light-emitting element, the electron affinity of the compound
represented by General Formula (G2A) is more preferably greater than or equal to 2.0
eV and less than or equal to 3.0 eV.

[0082]

Similarly, the ionization potential of the organic semiconductor material
represented by General Formula (G1) is almost the same as that of the ionization
potential of the compound represented by General Formula (G2B). Thus, the
ionization potential of the compound represented by General Formula (G2B) is
preferably greater than or equal to 4.5 eV and less than or equal to 6.5 eV. In particular,
in the case where the organic semiconductor material represented by General Formula
(G1) is used for a light-emitting element, in consideration of the ionization potential of a
general organic material used for a light-emitting element, the ionization potential of the
compound represented by General Formula (G2B) is more preferably greater than or
equal to 5.0 eV and less than or equal to 6.0 eV.

[0083]
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manuf actured i n Exanpl e 6; FI G 48 shows
| um nance-current efficiency characteristics of the
wo 2ghto2mod tti ng el ement nmanuf actured i n Exanpl BCBJIP2009/065373
FI G 49 shows an enission spg€ctrum of the
light-emtting el ement 20 manufactured in Exanple 6;
FI GS. 50A and 50B show 1H NMR charts of Z-CzP011;
FI GS. 51A and 51B show 1H NMR charts of Z- DPhPAl1;

Fl Gﬁ"h&%v@”éinéﬁﬁe Shaws §H pbidibie hardistaiaf arfo Eﬁ%m@@ﬁhuctor
53A and 53B show 1H NI\/R charts of Z- DPhABOX.

matBESﬁamEl 1R bandRpafl- NG OUT THE | NVENTI ON [ 0065]
Oogﬁrei nafter, Enbodi nents and Exanpl es of the present
[ vention will be described with reference to the

acCPIRY | dMttdhbeping Mt €L hat mielectrdn €dtididht 3hkteroaromatic
under st ood by those S%I Iled 1n the art that the

subgtitesnt g pricferahie sothat the diectronraccapting wnitibx s dyghdéledteomenffinity.
des, and f es and detajls disclosed herein can

As B Frstecltpe deffieDb s Eparamape WPrtne flspRiori Firohy e o

nltrggélréotntazi‘lﬁg $GABALAEd taflﬁnﬁfc@ﬁ@‘%ro%{ﬂ& 1120 the Mibgen-containing

0/ 02700 PCT/ JP2009/ 065373 "1 erefore, the present
6- membemil @mm&tmIrmgnoncltyiﬁscgnsomdmsbdagr@eam lyidaocagepnt @nd a

mtrogen con a%lln t6I 20 er38 \évoggense%earoeggt?g Ir1ng ntasl ?Q}_jolg )g(,r%nB (note that
the 1,2-azole includes a condensed aromatic hydrocarbon and a nitrogen-containing
6-membered condensed aromatic ring), a 1,3-azole group (note that the 1,3-azole
includes a condensed aromatic hydrocarbon and a nitrogen-containing 6-membered
condensed aromatic ring), a polyazole group (note that the polyazole includes a
condensed aromatic hydrocarbon and a nitrogen-containing 6-membered condensed
aromatic ring), and the like. In particular, the nitrogen-containing 6-membered
aromatic ring group, the 1,3-azole group, and the polyazole group are preferable
because they are stable against repetitive reduction-oxidation processes and exhibits a
high electron-transporting property as well as having relatively high electron affinity.
[0085]

As the nitrogen-containing 6-membered aromatic ring, the following can be
given for example: a substituted or unsubstituted pyridyl group, a substituted or
unsubstituted pyrazinyl group, a substituted or unsubstituted pyrimidinyl group, a
substituted or unsubstituted pyridazinyl group, a substituted or unsubstituted
1,2,4-triazinyl group, a substituted or unsubstituted 1,3,5-triazinyl group, a substituted
or unsubstituted quinolyl group, a substituted or unsubstituted isoquinolyl group, a
substituted or unsubstituted 1,5-naphthyridinyl group, a substituted or unsubstituted
1,6-naphthyridinyl group, a substituted or unsubstituted 1,7-naphthyridinyl group, a
substituted or unsubstituted 1,8-naphthyridinyl group, a substituted or unsubstituted
2,6-naphthyridinyl group, a substituted or unsubstituted 2,7-naphthyridinyl group, a
substituted or unsubstituted quinoxalinyl group, a substituted or unsubstituted

quinazolinyl group, a substituted or unsubstituted phthalazinyl group, a substituted or
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[ 0066] [ Enbodi nent 1] 5In Enbodi nent 1, an organic
sem conductor material of an enbodi nent of the present

w0 posefozioon Wil |l be described. [0067] ANPOT/gR20092065373
seni conductor material of Efbodinent 1 has a Z
qguat er phenyl ene skel et on
([1,21":2",1":2",11quat er phenyl-4-4"-diyl group).An
el ectron-accepting 10 unit is bonded to a para

unf®§tithicartigfoldyt Slotp AkuthBRA&NSr 1hsu8st@litel heranthridinyl group, a
qguat er phenyl ene skel eton, and a hol e-accepting unit 1s

subistitwsortumsebspitirted baeipherantiplinyl grapnand thedikenal

“ng zene ring. [0068] Specifically, the
ganic sem conductor material of Enbodinent 1 is an

Or gaRirthelSass gl T,2ndolet @buprethe rfoRdwin@PEadsSEN gREn bfor example: a
General Formul a &21) . TOO69] Gl_&j [ 0070] ) o
substtutgdeor yRsyhstituted pyFazehd LEpHRs Aashbstiwiadr gnunsubyituted gsoxazolyl

e
indafolyl group, a substituted or unsubstituted 1,2-benzoisoxazolyl group, a substituted
or unsubstituted 1,2-benzoisothiazolyl group, a substituted or unsubstituted
2,1-benzoisoxazolyl group, a substituted or unsubstituted 2,1-benzoisothiazolyl group,
and the like.

[0087]:

Further, as the 1,3-azole group, the following can be given, for example: a
substituted or unsubstituted imidazolyl group, a substituted or unsubstituted oxazolyl
group, a substituted or unsubstituted thiazolyl group, a substituted or unsubstituted
1H-benzoimidazolyl group, a substituted or unsubstituted benzoxazolyl group, a
substituted or unsubstituted benzothiazolyl group, an imidazo[1,2-a]pyridyl group, and
the like.

[0088]

Further, as the polyazole group, the following can be given, for example: a
substituted or unsubstituted 1H-1,2,3-triazolyl group, a substituted or unsubstituted_
1,2,5-oxadiazolyl group, a substituted or unsubstituted 1,2,5-thiadiazolyl group, a
substituted or unsubstituted 1H-1,2,4-triazolyl group, a substituted or unsubstituted
4H-1,2 4-triazolyl group, a substitut.ed or unsubstituted 1,2,4-oxadiazolyl group, a
substituted or unsubstituted 1,2,4-thiadiazolyl group, a substituted or unsubstituted
1,3,4-oxadiazolyl group, a substituted or unsubstituted 1,3,4-thiadiazoly1 group, a
substituted or unsubstituted 1H-benzotriazolyl group, a substituted or unsubstituted
2H-benzotriazolyl group, a substituted or unsubstituted 2,1,3-benzoxadiazolyl group, a
substituted or unsubstituted 2,1,3-benzothiadiazolyl group, and the like.

[0089]

Note that in the case where the above nitrogen-containing 6-membered

aromatic ring group, 1,2-azole group, 1,3-azole group, and polyazole group each have

another substituent, the following can be given as the substituent: an aryl group such as
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a2 and HA may be bonded to forma ring. [0071]

An organi c sem conductor material having such a
W@ 0oL has an el ectron-accepting unit and BCT/JP2009/065373

hol e-accepting unit in its %ol ecule, and thus is a

bi pol ar 25materi al which can transport both el ectrons

and holes. WD 2010/027004PCT1JP20091065373 17 [0072]

In some cases, even if a conmpound has a skel eton

n fub; AMet i t as a

» B B SO RE S, PSRRI U AN s
pyrpiyb;gemuy a qmel\ybngrouph@r @mglamtuncdﬁlngmnd autabieyl rgroe isa¢h as a

Enbodi nt 1 has two or ho- | benzen S
meihil GRU o 2o HoP e & hunt e ape e
[oog@terial is considered to have a limted

i ntranol ecul ar i nteracti on between the

el ectheorhoxe elgstrongeenpting anl Ehis sedctedaascipropiipte ivhereby the
on of a bi pol ar
part‘AQ ngd? 7 r%f}ﬁg%%@pegérf?%g@% in GenerIaIO Formula (Gl)

[OOSﬁpmn be|OM/ a benzene ring 2 and a 10 benzene ring 3
are bonded_at their ortho p03|t|ons Those Emo benzene

ri ngds eecfie aempls of tthe prstpl stpdugr @ Fbile d@sedviyge the
itrbbdH t - inin
nittph-fortdEE AL AR BT AL i SRS (A B0k ImDATEECh Ehiaining
6-meentiecdn dowhaic mitgerineliddsawi wgndenkédo cramatie ofpairogarkamn and a
be obt d 0074 5Fur t h th ic . .
oG BB Sl EPERGe BB L i b v v
ele&@a)acb@t&\g un$t EQNAE d8REng Rak1 BY ivient W@Gﬁ@yr\%}yl)&éﬁéﬂyl @roup, a

due to thé two ortho-Iinked benzene rings,

4-(smspryé2gusidyhphenyl e gsoum of édﬁ;ru@}brlr%nynctmﬁlenrlhegroup, a

a te
BRI E AP ORNE Mol B PRt R A BLER B
4- (3 bﬁl@‘lﬁ)ﬁﬁﬂl)ﬂ segwnpnducﬁ or 4¥g-miethyl- 3q@ndpk)pli@\ybrabgryup, a
as a 20host material in a |light-emtting | ayer of
4- (7a2 Fﬁ ghtterppiidin: by Dphess rgroup, édéhp?lplbﬂpyf?ﬁl@ 2-yl)phenyl group, a
4-(3,5,6-triphenylpyrazin-2-yl)phenyl group, a 4-(pyrimidin-4-yl)phenyl group, a

4-(6-methylpyrimidin-4-yl)phenyl group, a 4-(6-phenylpyrimidin-4-yl)phenyl group, a

>4-(pyrimidin-5-yl)phenyl group, 4-(2,4,6-triphenylpyrimidin-5-yl)phenyl group, a

4-(6-phenylpyridazin-3-yl)phenyl group, a 4-(3-methyl-1,2,4-triazin-6-yl)phenyl group,
a 4-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl group, a 4-(3-quinolyl)phenyl group, a
4-(8-quinolyl)phenyl group, a 4-(2,4-dimethyl-8-quinolyl)phenyl group, a
4-(4-isoquinolyl)phenyl  group, a  4-(1,5-naphthyridin-3-yl)phenyl group, a
4-(1,6-naphthyridin-4-yl)phenyl group, a 4-(5,7-dimethyl-1,6-naphthyridin-4-yl)phenyl
group, a 4-(5-methyl-1,6-naphthyridin-2-yl)phenyl group, a
4-(1,7-naphthyridin-8-yl)phenyl group, a 4-(1,8-naphthyridin-2-yl)phenyl group, a
4-(3-methyl-1,8-naphthyridin-2-yl)phenyl group, a 4-(1,8-naphthyridin-3-yl)phenyl
group, a 4-(2-methyl-1,8-naphthyridin-3-yl)phenyl group,
4-(1,8-naphthyridin-4-yl)phenyl group, a 4-(2,6-naphthyridin-1-yl)phenyl group,
4-(2,7-naphthyridin-3-yl)phenyl  group, a  4-(quinoxalin-2-yl)phenyl  group,
4-(3-methylquinoxalin-2-yl)phenyl group, a 4-(3-isopropylquinoxalin-2-yl)phenyl
group, a 4-(3-phenylquinoxalin-2-yl)phenyl group, a 4-(quinazolin-4-yl)phenyl group, a
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organi c sem conductor material has high triplet
excitation energy, and thus can be favorably used for
wa@2010gktoeem tting el ement tgggther with a PCT/JP2009/065373
phosphor escent conpound. | 5] 25[0076] WO
2010/ 027004PCT/ JP2009/ 065373 18 synt hesi s.net hod
conplicated, which results in decrease in yield. In
addition, increase in the nunber of benzene rings
4-(pHIRAISAR ISyl jphenli St aBGRp bet WagB-phbfyIEnRGHK- ATV IPEEBAL | NYgroup,
unit and the hol e-accepting unit. Mdreover, 'since
4-(pheopmhidinimypphensilinbgroups  bérkdAehenangerolinerdipbenyl  group,
rtion of .p Lons_ot her.th the units which
4‘§i@§§?mgaP?PE?§?%%ﬁaﬁ§H%%b?%bﬁ%?@¥ance of carriers is
[00bpEcreased, which results in decrease in a
carrier-transporting property. Thus, an enbodi nent of

t he Iprthseris SPeciEiarexamplss o ithrepartinh stiyctye o in Higsese where the

I ’ ; . : ;
1,2%%?[? %@S&ngl???%?le]@ﬁ[%% RBdHE PEOM&R&?‘Em%Ja@d?%SIbOH and
a diregdn-amtaningpbimemiered tmsleivedhharonedtiec tringh af bpplieldy as the

and ioni zation 10potentigl than. the hol e-accepting.
cleqifipraccqisige] unit i Siact [AVPE | st 11 OEul t dygn:

4-(?,5—@[}11%5?'-fﬁg—?)yﬁzlzspi-ryf)ﬁhéﬁyfli n!%rauﬁnd dhe 4 [ﬂ-&@h:&ﬁ@—tlﬁe—pyrazol

potentia a substituént itself. Therefore, in
-3-d)pbenyli cat gronp, t heael ect-(Sopheaptisaxiargl-Zapliphengl group, a

i oni zat i on ential . of the electron- epting. uni-t
(PR i B 85T, Bl ST R EBERP R S sphenyt
grofggner al a For nul@-h€BH)-1,24bea oishiaesRalshengl @ pagidupl a

structure a of the organic sem_conductor naterial
4-(3. bherapisoxagpl Sy ylipheaylagrangy iu 2 (1chgnzoispthiazgl-$-ybrhenyh ggroup,
muﬁh?ﬁﬁ&on affinity and the ionization potential of the

hol e-accepting unit are eval uated using a conpound
[0098pr esented by General Formula (&B) which corresponds

rat QRRRET A 3PELBR EEHMBYS 2 s REFA| SPGRHG VoI ()25 Where the
1,3IaQ(9z %}oup (note that the 1,3-azole includes a condensed aromatic hydrocarbon and
a nitrogen-containing 6-membered condensed aromatic ring) is applied as the
electron-accepting unit Ea, the following can be given: a
4-(2,4-diphenyl-1H-imidazol-1-yl)phenyl group, a 4-(2-phenyloxazol-4-yl)phenyl group,
a 4-(2-phenylthiazol-4-yl)phenyl group, a 4-(1-methyl-1H-benzoimidazol-2-yl)phenyl
group, a 4-(1-ethyl-1H-benzoimidazol-2-yl)phenyl group, a
4-(1-phenyl-1H—bcnzoimidazol-2-yl)phenyl group, a
4-(2-phenyl-1H-benzoimidazol-1-yl)phenyl group, a 4-(benzoxazol-2-yl)phenyl group,
a 4-(5-phenylbenzoxazol-2-yl)phenyl group, a 4-[5-(p-tolyl)benzoxazol-2-yl|phenyl
group, a 4-(benzothiazol-2-yl)phenyl group, a 4-(5-phenyl benzothiazol-2-yl)phenyl
group, a 4-[5-(p-tolyl)benzothiazol-2-yl]Jphenyl group, a 4-(imidazo[1,2-a]
pyridin-2-yl)phenyl group, a 4-(5-phenylimidazo[1,2-a]pyridin-2-yl)phenyl group, and
the like.
[0094]
Further, as specific examples of the partial structure a in the case where the

polyazole group (note that the polyazole includes a condensed aromatic hydrocarbon
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and a nitrogen-containing 6-membered condensed aromatic ring) is applied as the

electron-accepting unit Ea, the following can be given: a
4-(1-phenyl-1H-1,2,3-triazol-4-yl)phenyl group, a
4-(4-phenyl-1,2,5-oxadiazol-3-yl)phenyl group, a
4-(4-phenyl-1,2,5-thiadiazol-3-yl)phenyl group, a
4-(5-methyl-1-phenyl-1H-1,2,4-triazol-3-yl)phenyl group, a
4-(4,5-diphenyl-4H-1,2,4-triazol-3-yl)phenyl group, a
4-[4-(4-sec-butylphenyl)-5-phenyl-4H-1,2,4-triazol-3-yl}phenyl group, a
4-(3,5-diphenyl-4H-1,2,4-triazol-4-yl)phenyl group, a
4-[4-phenyl-5-(2-pyridyl)-4H-1,2,4-triazol-3-yl]phenyl group, a
4-[5-(2-pyridyl)-4-(4-pyridyl)-4H-1,2,4-triazol-3-yl]phenyl group, a
4-[5-phenyl-4-(8-quinolyl)-4H-1,2,4-triazol-3-yl}phenyl group, a
4-(3-phenyl-1,2,4-oxadiazol-5-yl)phenyl group, a
4-(3-phenyl-1,2,4-thiadiazol-5-yl)phenyl group, a
4-(5-phenyl-1,3,4-oxadiazol-2-yl)phenyl group, a
4-[5-(4-tert-butylphenyl)-1,3,4-oxadiazol-2-yl]phenyl group, a
4-[5-(2-naphthyl)-1,3,4-oxadiazoi-2-yl]phenyl group, a
4-{5-[4-(1-naphthyl)phenyl]-1,3,4-oxadiazol-2-yl }phenyl group, a
4-{5 -[4-(2-naphthyl)phenyl]-1,3,4-oxadiazdl-2-yl}phenyl group, a
4-(5-phenyl-1,3,4--thiadiazol-2-yl)phenyl - group, a
4-[5-(4-tert-butylphenyl)-1,3,4-thiadiazol-2-yl|phenyl group, a
4-[5-(2-naphthyl)-1,3,4--thiadiazol-2-yl]phenyl group, a
4-{5-[4-(1-naphthyl)phenyl]-1,3,4-thiadiazol-2-yl } phenyl group, a

4-{5-[4-(2-naphthyl)phenyl]-1,3,4-thiadiazol-2-yl } phenyl group, and the like.
[0095]

Note that in the partial structure a, the electron-accepting unit Ex may be
bonded to carbon of al to form a ring. A specific example of that case is described
below. As shown below, when a 3-phenylpyrazin-2-yl group is selected as the
electron-accepting  unit E,, the  partial structure a  becomes a
4-(3-phenylpyrazin-2-yl)phenyl group (Structural Formula (11)). In this
4-(3-phenylpyrazin-2-yl)phenyl group (Structural Formula (11)), when the
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electron-accepting unit E and carbon of al are bonded, the partial structure a becom.es
a dibenzo[fh]quinoxalin-7-yl group (Structural Formula (12)). Thus, the partial
structure a of Embodiment 1 includes the dibenzo[f,]quinoxalin-7-yl group. This is
just an example, and the same modification can be applied to the cases where other

electron-accepting units E, are selected.

[0096]
1
e B
20\ 70\
(11) | (12)
4-(3-phenylpyrazin-2-yl)phenyi dibenzo[f, hjlqunoxalin-7-yl
[0097]

As the hole-accepting unit, a m-electron rich heteroaromatic substituent or a
diarylamino group is preferable so that the hole-accepting unit has small ionization
potential. Note that as for the diarylamino group, aryl groups may be directly bonded
to form a carbazole ring or they may be bonded through nitrogen, oxygen, or sulfur to
form aring. In particular, the diarylamino group (including the case where aryl groups
are directly bonded to form a carbazole ring or they are bonded through nitrogen,
oxygen, or sulfur to form a ring) is preferable because it is stable against repetitive
oxidation-reduction cycles and exhibits a high hole-transporting property as well as
having relatively small ionization potential.

[0098]

As the m-electron rich heteroaromatic substituent, a monohetero 5-membered -
aromatic ring group (note that the monohetero 5-membered aromatic ring includes a
condensed aromatic hydrocarbon and a nitrogen-containing 6-membered condensed
aromatic ring) is given. Specifically, the following can be given: a substituted or
unsubstituted pyrrolyl group, a substituted or unsubstituted furyl group, a substituted or
unsubstituted thienyl group, a substituted or unsubstituted indolyl group, a substituted or
unsubstituted benzofuryl group, a substituted or unsubstituted benzothienyl group, a

substituted or unsubstituted isoindolyl group, a substituted or unsubstituted
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(&XRA) (&B) WO 2010/027004PCT/ JP2009/ 065373 19 [ 0080]

In other words, the organic sem conductor nmaterial of
weediogzToent 1 is represented by CGeneral For nmul BCT/@2)99/065373

and the conpound represente® by General Fornula (GA)

whi ch corresponds to a partial structure a of Ceneral

Formula (Gl) has 5 higher electron affinity and

ioni zation potential than the conmpound represented by

isoli#aRSHAll FApTH S BbstifHE oﬁ’ﬁHsﬁ&tﬁtﬁé& %%98&@&115@1 BroRp! drdahe like.

structure b of General Fornula (GI Furt her,
[009%le or gani ¢ sem conduct or rmterl al of Errbodl ment 1 has

the 10 ort inked benzeng rings.in the center
| Ethel b Sk AR P S e MR inshednfe SPRL & suBBtuted or
unsﬁﬂ)s@@ﬁté@n &ﬁgl%h&laﬁﬁndml t ré\ﬁﬂ t he halubstage@Pt idtd Ubhdubstituted
Therefore he el ectron flnlty of the organic

N- (é@ﬁ?@bﬂd‘@ﬁphﬁﬂymlwu al grp@m;r esént edubisfitu@cher &ir Foldlilﬁylpﬁltmed

d I
SIS Bh L AP OHRS eemles sk BT

diadidmifo gyoupf atyhgroupspaynd diep ebemicddo lﬁ(ymfﬁﬁabaiolc ring or they
Formul a (G2A) 1s preferably 15 greater than or equal

may Be PoryleshiNEREN| 82 ARV BSHY ey eulfurite farp agipg. | @\ hole-accepting
ummoi%rthbtc a@ﬁs a 'sﬁbs'ﬁhﬁecpglls&s%&ftﬁteﬁ% Qz{rggﬂ)'l 9.y agl'rour_po a substltuted

sem conductor nateri represented Gener rmul a
or (uBkdbstituted e dOHegrhepoXazipht(-gh groupg el eutfsntqted nor unSUbStltuted

sideratiaon of the electron affi of a genera
10%[95%[':?% TlngIaI ug8lPf or 4 Ilgﬁ‘t‘b é'FHt%/ql ng %I erreHTS“bS“t“ted
5,10- hglya}@ggﬁ&m yyi%{yugy of the conpound represented by
Genéral Formul a is nore preferably greater than

[01@(?] equal to 2.0 20 eV and less than or equal to 3.0
(Qo%z]t in the case %vhereI file la%bvé H}%noga fo24. m%ﬁlb%f) deaﬁgtﬁ ic ring

Of the organic sem COI’]dUCt or eri a repr esen

grode el dilryFahingl @olf@achibavahmnbér subsitsaipthasolidwaing @hn bh given
ioni zation potential of the conmpound represented by
as the substituqnty #RpEyl (BegUP) Suchnasa phggyl group, tolyl group, or @ naphthyl

group; a heteroaryl group such as a pyridyl group, a quinolyl group, or an isoquinolyl
group; an alkyl group such as a methyl group, an ethyl group, an isopropyl group, a
tert-butyl group; and the like.

[0101]

The above hole-accepting unit is selected as appropriate, whereby the partial
structure represented by b can be formed.
[0102]

As specific examples of the partial structure b in the case where the
monohetero S-membered aromatic ring group (note that monohetero 5-membered
aromatic ring includes a condensed aromatic hydrocarbon and a nitrogen-containing
6-membered condensed aromatic ring) is applied as the hole-accepting unit Ha, the
following can be given: 4-(1-methyl-5-phenyl-1H-pyrrol-2-yl)phenyl group,
4-(1,5-diphenyl-1H-pyrrol-2-yl)phenyl group, 4-(2,5-diphenyl-1H-pyrrol-1-yl)phenyl
group, 4-(5-phenyl-2-furyl)phenyl group, 4-(5-phenyl-2-thienyl)phenyl group,
4-(1H-indol-1-yl)phenyl group, 4-(2-methyl-1H-indol-1-yl)phenyl group,
4-(2-phenyl-1H-indol-1-yl)phenyl group, 4-(1-phenyl-1H-indol-2-yl)phenyl group,
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25 ionization potential of the conpound represented by

Ceneral Fornmula (@&B) is preferably greater than or
we@oualo2tood 4.5 eV and | ess than or equal to 6. 5P€NIP2009/065373

particular, in the case whef’e the organic

sem conductor material represented by CGeneral Fornula

(Gl) is used for a light-emtting elenent, in

consi deration of the ionization potential of a genera

al us roali nt,

D ot oIl of tha a0 ToumrOpRBTEN. group
4-(2, é@nmemwmdow@é)pbﬂwl Fagrowp.a (EEBphdnylisafpeyl)phenyl  group,

B B ST L0 5.0 oV and | ess

01@Qp0/027004PCT/JP2009/065373 20 The above
structure nmakes it possible to obtain an organic

semi Ao rigecifiorexampiasi af thavp:ﬁgala stragtyle Bahdl thapcase ogbarg the
dlarg‘zﬁ%? én?uﬁérgage Uit %n!ylp %r g@\rg&lg on“?l 8§50 m abclarbazole

eroaronma IS pre

ring Or tahaise tmﬂebg@tgrrmpsaae Gﬂintiétg thidigh bArdgas, &kygen, or sulfur is
electron affinit it-el ectron deficient

inciydedl 1 ABRHSE &5 ool HRERRUNS RBNT Bt dh gl GHREDgPn be given:
4-((8*)%381 lapgo%hérﬁggﬂ)tugogh&[ b eﬁyl@?ﬁ%?ﬂerﬁﬂ%B eﬁﬂfl%goup,

e nitrogen-tcon ng "6- e red
4- {A{F[ér(ﬂitnaphmyl)p}ldnyk]Wrdh@lydammnﬂﬂwsw ar omat i ggroup, a
car nd en- c a |n 6- menber ed
4- {‘&o[gfcfg g‘gép%lﬁﬂﬁ'ﬁﬁpf’ﬁ@’? mlgoglﬂfn 4zol g group'®¥bte that 2
4- {ﬂ.rEN bRE4- 41 Raphiify héﬂ}ﬂlaﬁﬂﬁé}p%eﬁyqndensed ar ogmup.C a
drocar bon and a nitrogen-containi ng 6-nenbered
4- [1&6h@epfébﬂ)é’rmmamm]n@qnyl ar@psaéz(aﬁgcagw@b9(mphenxl lgaqup, a

a condensed ar
4{% %?gégﬁgéﬁ&gﬂhggbﬁgfﬁbgen containing%gﬁﬁﬁnbered a
4- [&Qmﬂ@ﬂﬂqd) aHQﬁfb‘an@l 9-yliphenyl pol yazol e ggmup, (note that a
pol yazol e i ncl udes a condensed aromatic

4- ﬁ?d?‘ﬂ%‘é‘%b?l"”&ﬁfpaémn?'b’ Helgaw!l cont&PHPng 62menbér(d@-phenyl-5,10-
B

4- (H)fbph&dodﬁaziim@Ogﬂ)phmyliglmlplaﬂd thedike. gr oup, and the
§ | yazol e group are preferabl e because they are stable
[018Y57 nst repetitive reduction-oxidation processes and

exhipfphtt $hat i n&fbaeduﬁ (‘sh‘h@ﬁlré b at'ﬂé eleLddeeptRigORET Hf( 6'%3 ¥ebbnded

as having relatively high electron affinity
to @fhem ¢fhe2 o forogemingonvaspeciiy Gamphdef it aasmrnatdescrrhed delow.

the follown n be ven for. exa substi tut ed.
As Yo B RGPl YO Grasis SLoQib e hE b lccprptine it Hi,
the PAR AP St dtiieSS! bBOORAT NYL( dq;heﬁgnamﬁmwkﬁ%u %1%5 qSeﬁcmral Formula

unsubstituted pyrimdinyl grou a su ituted or
(21)ns Ib ghik t4+(diphepylamir)phsryl gr@lup (Stauo;,um}stl’pmuléd(%}) when the

noldiiiRtts bl B spegatiiyoait A ooiine BabShichi Bpetomes
9-phenyl-9H-carbazol-3-yl group (Structural Formula (22)). Thus, the partial structure
b of Embodiment 1 includes the 9-phenyl-9H-carbazol-3-yl group. This is just an
example, and the same modification can be applied to the cases where other
hole-accepting units Hp are selected.

[0105]



10

15

20

25

25 or unsubstituted quinolyl group, a substituted or
unsubstituted isoquinolyl group, a substituted or
warsjstons ut ed 1, 5- napht hyri di nyl group, a subBCT/iRed65373
or unsubstituted 1, 6-napht B idinyl group, a
substituted or unsubstituted 1, 7-naphthyridinyl group,
a substituted or unsubstituted 1, 8-naphthyridinyl
group, a substituted or unsubstituted
2, 6- napht hyri di nyl group, a substituted or
unsubstituted 2, 7- napht hyridi nyl group, a
30substitute unsubstituted qui noxaliny
subst i t utaed nsubstituted .qui nazol i
subst i d unsubstituted ghthal 2
subst i zd WO 2010/ 027004PCT/ JP2088£0653 Q1
unsubsti t ut eg nnol i nyl group, a substituted
unsubsti t ut ed_pfienant hri di nyl group, a substituted or
unsubst|%§ ed 1, 10- phenant hrol i nyl group, 2 3 t he
like. Further as the 1, 2-azole gr& % t he
fO||OMAng can be given, for exanple: a 5 substituted
o4-(dipheey lamires) phyeradol yI - gr oup,9-pherbdtd Hucarbazol-3-y
unsubstituted i soxazolyl group, a substituted or
[0106jsubstituted isothiazolyl group, a substituted or
unsubstituted i ndazol yl grouggﬁa substituted o

uns ubist preaie gemioonduiioomatskial, of Fmbgdisest 1aha§@oélpplampé<tpeﬁy
I R PPN Sl ey T
in gl;nemapc whest et Dtgane$emcmﬂ9absmatm2éds applied to a hght emitting

en20|s t hiazolyl up. Oand the l.ike. [.0087]

ettty fiating saitashesin s g B Dindhp S nEFo s RHIE Sepuctor
malQhHleEb a{)ﬂfedeéﬁﬁﬁhﬁ t8 $Whst-bhittig l@}‘eruﬁspkbﬁﬁﬂdnvte@féct can be

i m dazo group, a substituted or unsubstituted
obtairedzol yl group, a substituted or unsubstituted
[01§ﬂ_a20|y| group, a substituted or unsubstituted 15

benzoi m dazol y1 group, a substituted or
uns uligthiet, it td dasswheraziod ofgargc @éi@lcomilﬁ:tdisﬁdtémﬁl ofl Eatbodiment 1
unsubst i t ut ed benzot hi azol y

is upef afafrlgst matesiahot 2 Hght- f‘gmauw laggglopHizalipref a lighjgapitting region
canFBEt&% esge%é; %’?}‘p fagﬁaeg&%&l Qulitind R £ OLlboMh&Y HadfhePE high

gl ven,
llght emitting property or quenching due to triplet-triplet annihilation (T-T annihilation)

can be suppressed. Accordingly, high emission efficiency can be realized.
[0108]

Further, since the organic semiconductor material of Embodiment 1 has two
ortho-linked benzene rings in the center, it has a sterically bulky structure. The
sterically bulky structure makes it difficult for the organic semiconductor material to be
crystallized in the case of being formed as a film. Thus, the organic semiconductor
material of Embodiment 1 easily keeps an amorphous state in a thin film state, and thus
is suitable for a light-emitting element.

[0109]

In addition, the 6rganic semiconductor material of Embodiment 1 has high

triplet excitation energy. Thus, the organic semiconductor material can be used for a

light-emitting element together with a phosphorescent compound. Especially in the



10

15

20

25

20 substituted or unsubstituted 1H 1,2, 3-triazolyl
group, a substituted or unsubstituted
wa aps2mesadi azol y1l group, a substituted or PCT/JP2009/065373
unsubstituted 1,2,5-thiadi &%l yl group, a substituted
or unsubstituted 1H 1,2,4-triazolyl group, a
substituted or unsubstituted 4H 1, 2,4-triazolyl group,
a substituted or unsubstituted 1,2, 4-oxadi azolyl
casg W&Rﬁ th@ ot één%k@ﬂiu@for YA eiA ik 'ilhhtde@gether with a phosphorescent
, 4-thi adi azol group, a substituted or
compmmbswhlchm}eldbltszﬁgm eBuz]s;ijgﬁja shast y@vgpng;p, a prominent effect can
b ﬁﬁbstétuted or unsubstituted 1, 3, 4-thiadi azol yl group,
CXUBStituted or unsubstituted 1H benzotriazol yl
“ng?fup, a substituted or unsubstituted
benzotriazolyl group, a substituted or
unsUMerdoven e oiganic.ssarcanduetor Asitgrial gf dupbodiment 1 has a large

enck, l'be z%;' (ta%ggrteﬁcre Rﬁy&%ﬁéé%’?gé@l% Fﬁ)‘i‘u{tﬁ ! ﬁﬂ{a?gﬁbm level)

andvihe newédt @nsdapizdthdleagenerbasl ki ¢li (mgjmeﬂevmpr e@hus, the orgamc
aromatic ring group, 1, 2- azole -azole g

roup,.
semieRdygioy AmefFdalg Fash e cused foava li Pm}fm% @P?rttu@#ﬁthe{ Pﬁé‘th a

W b € cS4db uant
L DR OB 5B, WS SO s conducr

maigshelnig lusert mgpt;heawitblayﬂlucgcscmp, coorpoand ayiiithhephilgjtsdight emission of
het er oar o t|c u uch S ridyl group, a

a short weyelgn 8l§’ﬁ° E@t‘ﬁ? n(%t;s))?(edgr oup; an al kyl

[0191]0UP such as a nethyl group, an ethyl group, an

i sopropyl group, a tert-butyl group; and the IiKke.
[ooglﬁ]rthsmh@ream\ﬂ@e Orgaaiar spmige arngaigrnk of Embkodiment 1, the

elecstleo ctcg q{né d ng([n?cP rthgt EOIF ‘ﬁ'?%@g;ﬁg[ B{}g 11?@” B&ﬁiedS%ﬁﬁc LULRisted

a can be

quaﬁ@ﬁlﬁ‘dnfyle@e exaat’ph achoed codjegarivntis hhrdbyt éxteided ehachatwedre thus, the
case where the nitrogen-containing, 6-nenbered aronmatic

molertgr Yeighh CAhbe @Cf‘}‘?éqd VHBO; QCFEFQ%‘DC‘&M%PMIWQIOQ@nergy, and at
the Qaﬁgocarfgﬁﬁéﬂg%hﬁﬁ fblRBulaP UGS céh G@ﬁﬂﬁﬂﬁg&j alg,oﬂﬁhio‘}, the

trogen-contai ni ng 6-
orgaiio dﬁnﬁzenldlﬂ:l(nnnettemal rcam Gave a;laagfplbandcgaps Sich a material is used for

a hgllft\?:étﬂtrtl%g € ene ,p\%?eg ;’lB ﬁﬁ uta e nol be g%"a’ibﬁﬁe&a” be

UanKS met hyl - 2- pyri dyl ) phenyl group, a
4-(6- et hyl - 2- pyri dyl ) phenyl group, a

[Endx@anhéﬂyl 2-pyridyl)phenyl group, a
4-( Qn@ﬂ]&/cflment&y a beXZ()x%zoqn\(i rlgatlve%avmg the structure represented by

General Formula (G1) will be described as an example of the organic semiconductor
material of an embodiment of the present invention described in Embodiment 1.
[0113]

A benzoxazole derivative according to Embodiment 2 is a benzoxazole
derivative represented by General Formula (BOX1).
[0114]



10

15

15 4-(3-pyridyl)phenyl group, a

4- (6- nmet hyl - 3- pyri dyl') phenyl group, a
wa218/027006' , 2" -t er pyri di n-4' -yl ) phenyl group, BCT/JP2009/065373

4- ( 3- phenyl pyrazi n-2-yl ) ph | group, a

4-(3,5,6-triphenyl pyrazi n-2-yl ) phenyl group, a

4- (pyri mdi n-4-yl)phenyl group, a

4- (6- et hyl pyri m di n-4-yl ) phenyl group, a

4- (6- phenyl pyri m di n-4-yl)phenyl group, a

4- (pyri mdi n-5RYI ) phenyl group, |

4-(2, 4, 6-tp2 phdnyl pyri m di n-5-yl ) phenyl group, a 20
4- (6- phenyl ) a

4- ( 3- et hyl - group, a

4- (4, 6-di g€n i n- 2Fy )phgpyl g{pup, a
4- (3-quinol yl) henyl gr oup, : Y phenyl
group, a 4-(2,4-dinethyl-8 < Mf group, a
4- (4-1isoqui nol yl) phenyl V[ A

4- (1, 5-napht hyri di n-3-yl ) phenyl group, a ATr

4- (1, 6-napht hyri di n-4- yBD¥Xenyl group, a

4-(5,7-di met hyl- 1, 6- napht hyri di n-4-yl) phenyl 25 group,

ﬁ (5-met hyl -1, 6- napht hyri di n- 2-yl ) phenyl group, a
(1, 7- naphthyrldln 8-yl,) phenyl group, a
4 (1In8thnaq‘9nnhljar iAdi rangd- @q‘ )cpiqhnyde;gnd@ply gepresent a substituted or

uns&b%%utgg Ig{(ﬁ{p?lllag ép(i % g%n fl%")rsbu p({] iél t?ROER if independently

rep&sérﬁ-aﬂ?bh}ikdrbg&r &ﬁ&lﬂtym)gfddél Hhvﬁrgyi Jodp emsbn gfodispan unsubstituted
(1, 8-napht hyridi n-4-yl ) phen group,
aryhglpgp daviag 6t toyk( Qﬁrlppn]_atwn);m{ gegr 06[5 argbcarbon of &, or Ar' and

25 éuer%oglxghﬁn&ﬁi rQh 8%{1 %lﬁpu? élxalggn % %itrogen
[0146)( 3- nethquU|noxaI|n 2- yI)phenyI group a

4- (3 i sopropyl qui noxal i n-2-yl ) phenyl group,
4- ( 3ThshBeRAOK AN STV #IVE. acpsigyp Binberiment 2%is a benzoxazole

der g DR R TEbOBLR DSR2 O

[0137]( pht hal azi n- 1-yl ) phenyl gr oup, 4- ( 3- phenyl ci nnol i n-4-y

| ) phenyl gr oup,

4- (phenant hrj di n- 6-y1) phenyl group, 4- (1, 10- phenant hr ol i

n- 2- yI)phe \Igroup 4- (1 10- phenant hr 1Qn 3- Rh3pheny|
d specific
exanples ’ ' wher e
the 1 2-% 3_g sRi ncl udes
a condEhseo aromlati ¢ hydrocg
ni trogen- cqRt ai ni ng 6- MyHE
ring) is applied as the
el ectron-accepti nguni t EA-tF oY
4- (3, 5-di phenyl- 1H pyrazol - 1- yI)phquI
phenyl- 1H pyrazo

(BOX2)

S
—_
P-QJ

a
=)

20
ngca beR/en' a

%iiis,a4 61 5-di

R17 ‘ R18

[0118]

In the formula, R* to R* each independently represent any of hydrogen, an alkyl
group having 1 to 4 carbon atoms, an unsubstituted aryl group having 6 to 10 carbon
atoms, or halogen, and R" to R? each independently represent any of hydrogen, an

alkyl group having 1 to 4 carbon atoms, or a substituted or unsubstituted aryl group



10

15

20

10 - 3-yl)phenyl group, a
4- (5- phenyl i soxazol - 3-yl ) phenyl group, a
wd2(1s/ophenyl i sot hi azol - 3-yl ) phenyl group, a  PCT/JP2009/065373
4- (3-met hyl - 1, 2- benzoi soxa - b- yl)phenyl group, a
4- (3-met hyl -1, 2- benzoi sot hi azol - 5-y1) phenyl group, a
4- (2, 1- benzoi'soxazol - 3-yl ) phenyl group, a
4- (2, 1- benzoi sot hi azol - 3-yl ) phenyl group, and the
halehé% 10 13[BRRlatoms. A ch¥bh R&Im oBShSHEGELd ﬁn%%iﬂh' i8Dofded to
e partial structure a in the case where t
R ]anﬂmﬂmhe)f g% oup cirbon atonnaf thefhenzeng rimgovtich isthanded taaR" and a

ondens mati ¢ hydr ocar bo ng.a .
carfth HOa CROPPAPIA SEE WIFE R R R e deswbe dirslyopded
Knﬂgpg) is applied as the el ectron-accepting unit EA,
the follow ng can be given: a 20
4- (2Th¢> bﬁmme Merivativtaaesording | tp phahodimgnb@pis a benzoxazole

eyt ERERR R BLDsneal boRRREROREP obp, s

[0146] 1- net hy1l- 1H- benzoi m dazol - 2-y1) phenyl group, a
4-(1-ethyl-1H benzoi m dazol - 2-yl ) phenyl group, a
4- (1- phenyl - 1H benzoi m dazol - 2-yl ) phenyl gr oup, a

4-(2- phenyIRkFLbenzoinidazoI 1- yI)pheEMb groygms a
4- (ben 0

4-(5-phenf '

4-15-( b f R4
4- (ben F qgl
benzot hi azqR42-yl ) phenyl R
4-[5-(p-to|y|)benzoth|a

4- (imdazo[ 1,2 Q?%ﬁ

/
yl ) phehyl groug
4- (5- phenyllmdazo[l 2-a] pyridin- 23%) I Igwup,

and the |ike. 30[0094] WO
2010/OZ7004PCT/JP2009(BK3X%§3 24 and a
ni trogen-contai ni ng 6-nmenbered condepdéd arptfatic
ring) is applied as the
K“g fctron accepti ngunit EA t hef ol | ow ngcanbegi ven: a
1- phenyl-1H1, 2, 3-tri azol - 4-yl ) phenyl group, a
4- ( 4mphefoyiulal R2 tGR? eachdndepehdently Irap:rb@nyw@mgdmgen an alkyl

grm%Ir hglémg hletr(])y4I _car]liog at50n_1st gh%%gl?l)zsgl[utgd grly} %Irqo%r;])ylllavgnogug to 10 carbon
atoms, or halogen, and R"! to R* each independently represent any of hydrogen, an
alkyl group having 1 to 4 carbon atoms, a substituted or unsubstituted aryl group having
6 to 13 carbon atoms. A carbon atom of the benzene ring which is bonded to R'! and
carbon of o, or a carbon atom of the benzene ring which is bonded to R" and a carbon
atom of the benzene ring which is bonded to R* may be directly bonded to form a
carbazole skeleton.
[0122]

The benzoxazole derivative according to Embodiment 2 is a benzoxazole

derivative represented by General Formula (BOX3).
[0123] '
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15

20

4- (5-net hyl - 1- phenyl-1H-1, 2, 4-tri azol - 3-yl ) phenyl gr oup

,a 4-(4,5-di phenyl-4H1, 2, 4-tri azol - 3-yl ) phenyl gr oup, a

Wadmlo(oamsaec but yl pheny1) - 5- phenyl 4H 1, 2, 4- t r | BZDIP2BOY165373

] phenyl gr oup, a
4-(3,5-di phenyl-4H1, 2, 4-triazol - 4-yl ) phenyl group, a
104-[ 4- phenyl -5 -(2-p yrid
yl)-4H 1, 2,4-triazol -3-yl] phen yl group, a
445- (2-pyridyl)-4-(4-pyridyl)-4H1,2,4-triazol-3-yllph
enyl group,a 4- [5 -phenyl-4-(8- qU|noI 13
y1l)-4H 1,2, 4-tri azol - 3- yI]phenngrodﬁ“ﬁ R

4- ( 3- phegs . 4-Q 0 e\azo yl ) phen oup, a
4(3ph 1, 4 '_R 140

154- (5-pf B roup, a 4-
[5-(4- tert butylphenyl) 1%henyl gro
up, a N
4-[5-(2-naphthyl)-1, 3,) ] pheryPgr oup, a
4454441

- napht hyl') phenyl] -1, 3, 4- oxadi azolg & pnyd i9r oup, a
4-15-

[ 4- (2- napht hy! ) pheny sB@%X3)4- oxadi "2\ phenyl gr ou
p, a 204-(5-phenyl -1, 3, 4--t hi adi azol™ 2-yl ) phenyl group, a
Kﬂé g (4-tert-but yIphenyl)-1,3,4-thiadiazol-2-y|]phen
yl-group, a
In the formula, R" to R* each independently represent any of hydrogen, an

alkyl group having 1 to 4 carbon atoms, or a substituted or unsubstituted aryl group
having 6 to 13 carbon atoms. A carbon atom of the benzene ring which is bonded to
R™ and carbon of a, or a carbon atom of the benzene ring which is bonded to R" and a
carbon atom of the benzene ring which is bonded to R* may be directly bonded to form
a carbazole skeleton.

[0125]

Note that the number of carbon atoms of the aryl group or the arylene group
described in this specification represents the number of carbon atoms which form a ring
of the main skeleton, and the number of carbon atoms of a substituent bonded to the
main skeleton is not included therein. As a substituent bonded to the aryl group or the
arylene group, an alkyl group having 1 to 4 carbon atoms, an aryl group having 6 to 13
carbon atoms, or a haloalkyl group having 1 carbon atom can be given. Specifically, a
methyl group, an ethyl group, a propyl group, a butyl group, a phenyl group, a naphthyl
group, a fluorenyl group, a trifluoromethyl group, and the like are given. Further, the
number of substituents included in the aryl group or the arylene group may be either
single or plural. In the case where the aryl group or the arylene group has two
substituents, the substituents may be bonded to each other to form a ring. For example,
when the aryl group is a fluorenyl group, carbon at the 9-position may have two phenyl
groups, and the two phenyl groups may be bound to each other to form a spiro ring
structure.

[0126]



4-[5-(2-naphthyl)-1, 3, 4--thi adi azol - 2-yl ] phenyl group, a
4-15-[ 4- (1- napht hyl ) phenyl] - 1, 3, 4-t hi adi azol - 2-yl | phen

W@ b@ooppa PCT/JP2009/065373
4-15-[4-(2- naphthyl)pheny1P31 3, 4-t hi adi azol - 2-yl | phen
yl group, and the Iike. 25[0095] Note that in

the partial structure a, the el ectron-accepting unit
EA may be bonded to carbon of al to forma ring. A
spedaiGenecfX 8BoRh Ao BORR} tocwxs)sméeﬁﬂrgrb@;si h¥8h©¥10 AS carbon
shown bel ow, when a 3-phenyl pyrazin-2-yl group is

atore Imsayt haye assublétuenteand Bnthgcceshwherg theiaryl @soup hes a plurality of

rtial StIL
sub GBS p8 ShUATLUPE AaT SE IR Ele form o tne ol oy aso in the
casé-hetd éhe( dakdon htond hasStwo fubsptientg] hgrsabstitudnty |n)z@'hlﬁ=nyd)nded to
group (Structural Formula (11)), when the
formp @ferrezmgmﬁ@rrvxymgnwwm rzsreéqnée& ‘%W\éféb’t’?fﬁgﬂae (11-1)

to (Pf' Q%) :ﬁ@'g@@g %gﬁé&ffﬂ: &h ﬁ[%qurte%t Af"l and Ar’.
structu cones a enzo qui noxa

[012Floup (Structural Fornula (12)) Thus, the partla
structure a of Embodinent 1 includes the
di benzo[ f, h] qui noxal i n-7-y1 group. This is just an
exanpl e, and the sane nodification can be applied to
t he cases where ot her 5el ectron-accepting units EA are
sel ected. [0096] INVI=N\ (11)
4- ( 3- phenyl pyrazi n- 2-yl ) phenyl



[ 0097] (12) di benzo[fh] qunoxalin-7-y1 As
the hol e-accepting unit, a n-electron rich

whedienz@npomat i ¢ substituent or a 10 di aryl am nBCTIRR0M/065373
is preferable so that the Bdl e-accepting unit has
smal | ionization potential. Note that as for the
di aryl am no group, aryl groups nmay be directly bonded
to forma carbazole ring or they may be bonded through
ni trogen, oxygen, or sulfur to forma ring. In
particul ar, the diarylam no group (including the cag
where aryl groups are dikgctly bonded to forma
carbazol e ring or they
oxygen, or sulfur

hecause {t _is stakle’ agailnst
@ dat uct cycf
et e- t g t i NgYPpr opet

Iy snall oni zat ijon potenti al .
n-el ectron rich heteroaromatic substituent,
nonohet er g 5-nenbered 20 aromatic. ring gro (note

(1 hat t K& #dnohet EH3d) 5- ﬁéﬁ%%red1éﬁ3natlc H1 i ncl udét-")
a condensed aromati c hydrocarbon and a

ni trogen-contaMvji ng 6- nenbered condensed aronatic

unsubst i
unsubsti t
unsubsti t d i ndol

unsubsti t utled benzot

substituted or unsubstituted isoindol I qroup, a
Jabi t ut ed(BH-Ounsubst i ttidd wo

2010/ 027004PCT/ JP2009/ 065373 26

> ¢ %.@%0
O C = OF 8
0 O 0

(11-13) (11-14) (11-15) (11-16) (11-17)

11-12)

CH,
F@C\i/CH3
(11-18) (11-19) (11-20) (11-21) (11-22)

[0128]
For example, substituents represented by Structural Formulae (13-1) to (13-16)



i sobenzofuryl group, a substituted or unsubstituted
i sobenzot hi enyl group, and the |ike. [0099]

wo-blozrop4 as t he di aryl ami no group, the foll owemIRam/ 065373

be given: a substituted or 35

unsubsti t ut eddi phenyl am nogr oup, asubsti t ut edor unsubst i

tuted 5

N—(l-naphthyl) N—phenylaninogroup asubstitutedorunsubs

titute 4 1 20
are VR asgp {?eerx ﬁﬁgl& ef%ié Lpé} Q'w&. ar yI ﬁg%r%gg? ggrel;l

[01ZpJoups may be dlrectly bonded to forma carbazole ring
or they may be bonded through nitrogen, oxygen, or
sulfur to forma ring. A hole-accepting unit in that
case is a substituted or unsubstituted H-C
9H car bazol -9-y1 group, a Gubstituted 10or 3 \CH
unsubstituted 10H phenoxaz| n-10-yl group, I 2
substlt d orHifsubsti tHi@d HsC /CHs

pheﬁ%@hiazin- Hy 1gr oup\ ubstltg}pdorunsubs?lt te

d é i hydr ophenazi n-5-y15grPoup. [0100] Note that}
the case where the above nnnohetero 5- menber ed
graenet (16-2)i ng 15(1§rHup and134ar yl anitibSproup eaclitBéve
anot her substituent, the follow ng can be glven as t
subﬁgltuent Ciy arvyl group SgfEN as a 3
tE&%I group, lor a naphth gqo ;oa h

as a dyI @mpup, Yyl gredp,

H ¢sodugpglyl gr opp:  an aIkyI Group such las a -thyI
groupt an ethyl Igroup, an isopropyl group, a
tepg-7hut yl growpg) and the (1izk®. 20[0§Qih0) (13-11)The(13-12)
above hol e-accepting unit |s sel ected as appropri ate,
whereby the partial structure represented by b can be
formed. [0102] As specific exanples of the parti al
strBeture b in the case wii#re the 25 nonohetero
5- mgénber ed| aromat| c ring droup (note that nonohetero
5-menbered aromatic ring includes a condensed aronmatic
hydr ocarbon and a nitrogen-contai ni ng 6-nenbered
cbﬁﬁéﬁbdﬂ3éﬂdndﬂﬁdﬂﬂlng§1$§ Bhpplied as the
hol e-accepting unit HA, the foll ow ng can be given:

[01§QK1 met hyl - 5- phenyl - 1H- pyrrol - 2-yl ) phenyl group,

4-(1, 5-di ph 1-1H I h I
I s mnanpisiveRy sty Fph b 041 o 1415
| 11 20
are &w%g a? c}/f#c %{ hﬂ% r(1)§ lpt;é p%l’élﬁ%gr" gltég%“é‘fd by R™ to R™.

[0131]




10

4- (1H i ndol-1-yl ) phenyl group, 4- (2- net hyl - 1Hi ndol- 1-yl
) phenyl gr oup, 4-(2-phenyl-1Hindol-1-yl)phenyl group,
wa2@dophenyl- 1H i ndol- 2-yl ) phenyl group, WO PCT/JP2009/065373
2010/ 027004PCT/ JP2009/ 065378 27
4- (2- benzof uryl ) phenyl group, 4- (2- benzot hi enyl ) phenyl gr
oup,
4-(2,3-dipheny|isoindol-l-yl)phenylgroup,4-(3-pheny|is
of uryl ) phenyl gr oup, 4-(3-pheny|isothieny|)ph
group, and the |ike. [0108H;5As specific ex kgs of
the partial structure b ifh the case where the I
yIa 0 gr (a casngheref& | g¥Bups apec
ctI onded t €H,0rm a Qggbazolecﬂlng or a éas
mhere aryl groups 'are bondegd % hr ough nltrogen o%?@én
or sulfur is |ncluded) is applied as t
Héﬁé)aﬂééﬁtlng Uhfs) HA, ﬂﬁ%4$ollomfﬁb§can be gill&R)
phenyl ani no) phenyl group, a
4[ bi pheny f&-yl) N- phenyCHgi no] g

4(%4V14 (1,yqphth¥h)phepgtl{hkpﬁen
Hﬂl{hMQHQZ naphp Ryl ) pheny1] - N—phenyla i nol phenyl group, a

A T R S e
D3 9- I)ohenyl group, a

(14-13)  (14-14)  (14-15) (14-16) (14-17) (14-18)

[0132]

Further, in the benzoxazole derivatives represented by General Formulae
(BOX1) to (BOX3), Ar' and Ar” are preferably a phenyl group in terms of easiness of
synthesis and purification.

[0133]

As specific examples of the benzoxazole derivatives represented by General
Formulae (BOX1) to (BOX3), benzoxazole derivatives represented by Structural
Formulae (101) to (194), Structural Formulae (201) to (294), and Structural Formulae
(301) to (383) can be given. However, the present invention is not limited thereto.

[0134]



15443- ( 1- napht hyl ) - 9H-car bazol - 9-yl | phenyl gr oup, a

443- ( 2- napht hyl ) - 9H car bazol - 9-yl ] phenyl group, a
wd2q(02phenyl-5, 10- di hydr ophenazi n- 5-yl ) phenyPCTiR200/065373

a 4- (10H phenoxazi n- 10-yl ) pHenyl group, a

4- (10H- phenot hi azi n- 10-yl ) phenyl group, and the |ike.

[0104] 20Note that in the partial structure b, the

hol e-accepting unit HA may be bonded to carbon of a2

t o f of A specific exanple of that case is
drl\ N Iam no
greupoi s t he
parti al

grouptdast r 22
4- (di phenyl am no) phe @
(21)), when the 25 hol€-accepting unit HA and carbo
of a2 are bonded, the partial structure b becones a
H? phenklll -9H car bazol - 3-y1 group:r(38tructural For mul a
32 partial sHg 2 mf .

g

i g 9 -fenyl- carbazol g
just an exang dt same nodiT |é)at| on c
appl i e ds @ re other fKdbe-acce
HA are sel ected. 0[O WO (104)

2010/ 027004PCT/JP2009/ 373 28 (21)
4- (di phenyl am no) phenyl [0106] (22)

HC

(105)

“?;;'.&; *SI;'Ag
Dol Wofe

[0135]



9- phenyl - 9H car bazol - 3-y1 The organic

sem conduct or material of Enbodinent 1 has a bipol ar
w@e@pmetoy4 havi ng both an el ectron-transporti ngPQT/ORO0Y/065373

and a hole-transporting proferty. Thus, in the case

where the organi c sem conductor material is applied to

alight-emtting elenent, driving voltage can be

reduced. In the case where the organic sem conductor

material is applied especially to ||oht emtting
Layer a‘?pr om nent_effect F&&nt\' @
19 Eh se where t o ganiNeZsen (

nat ¢ o of _ dent 1

eeal i zat i on
g pe suppresged

concentrqﬁ1@n quenchi ng 3

|I%ht en1tt|ng property Ol

be

orga mat €
ort ho- gne ring$
sterically bul \ ufe€:

st ruct ur e(réke i cyl= for the organic
sem conductor nmaterial to crystallized in the case
of being formed as a film “Thus, the organic

pgm conductor 20 material of Eﬁﬁ@dlnent 1 eaS|Iy keeps
an [gM,phous state |n at : d

ST N i g en1tt|n§?ihzgzg.

| , onductor

mat eLl
ex0|tat| q
t heH@ g :terial 8be

25l ight-emtting S

phosphor escEif) conpound.

sem conductor material is usgo
rosphor escent conpound whi d

SO :
058 T8
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5Mor eover, the organic sem conductor material of
Enbodi nent 1 has a large energy gap (a difference
wheiwoezmos he hi ghest occupi ed nol ecul ar or bi t aPCT/IHOMD/065373
| evel ) and the | owest unoccthi ed nol ecul ar orbital
| evel (LUMO I evel)). Thus, the organic sem conductor
material can be used for a light-emtting el enent
together with a fluorescent conpound. Especially in
the case vvhere the organi c semiconductor 10 materi al
With a quores ntho

pro 'on-gnt effegt ca _ ' _ Q
HHO 't 3m)re, ! ) ( R | N

hol e- acéd&p®ing unit ar -@7 O
guat er phenyl ene skel eton whose conjugation is hardly
ext ended t herebetween; thus, the nolecul ar weight can
be i ncrﬁased wi t hout decrease in triplet excitation

sane tinme a N:aII g 2

truc @ n, t hg
o band
S uedfo al1qla; [ N

al i can be [ 2d. O

20[0112] [Enbod|nent 2] In Enbodi nent 2, a
benzoxazol e derivative haV|ng the structure
represented by Ceneral (Gl) wll be described
m conductor material of

o>

rHift esent b @’ Morkul a (BOXlX1.26D
2010/ 027(5 CT/ JP2009/ 06 @" 30

O

AN f:?.g

02,9 S0,
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Arl Ar- (BOX1) [0115] In the fornula, Arl and
Ar2 each independently represent a substituted or
warsjostons ut ed aryl group having 6 to 13 car boPCHIR089/065373
and RI- to R4 each independ¥ntly 5 represent any of
hydr ogen, an al kyl group having 1 to 4 carbon atons,
an unsubstituted aryl group having 6 to 10 carbon
atons, or halogen. Arl and carbon of a, or Ari and Ar2
be bonded directly or through sul fur, oxygen, or
¥ : [0116] The benzoxazol e derivative
oxdi Engedi nrent 2 is a benzoxazole 10
g 2y GEneraI For nmul a (BOX2).
I n t rnula RI- to R4
each i htidpe £ A e¥ent M 3 hydrogen, an al kyl
15gr oup havi Rg et hst it ut ed
aryl group haV|ng 6 to TS
andt o &X.d4ch endent |y rep eséht

(133)

(139 OO | .

N Hacx/@N\ O O
O o\ O O 0(136) N
H,;C @ CH;  (137) Q O N O O

P : *’f,;

«ﬁ:’t.;
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WO 2010/ 027004PCT/ JP2009/ 065373 31 having 6 to 13
carbon atons. A carbon atom of the benzene ring which
w0 golboemed to RL1 and carbon of a, or a carbonpP&r/ormoaH065373
the benzene ring which is Bdnded to R15 and a carbon
atom of the benzene ring which is bonded to R2 may be
directly bonded. [0119] 5The benzoxazol e derivative
according to Enbodinment 2 is a benzoxazol e derivative
represented by General For a (BOX2). [0120] [0121]
f | & h i ndependentl|y
‘ kyl group haV| ng 1to

@iN ?[3‘N

[0139]



WD 2010/ 027004PCT/ JP2009/ 065373 32 [0124] In
the formula, Rl1 to R2 each independently represent
waeyoot70by dr ogen, an al kyl group having 1 to 4PCHIER06P/065373
atons, or a substituted or substi t ut ed aryl group 5
having 6 to 13 carbon atons. A carbon atom of the
benzene ring which is bonded to R11 and carbon of a,
or a carbon atom of the benzene ring which is bonded
to_R15 and a carbon atom of the benzene ring which is
bofided to R2 may be directly bonded to forma
==on. [0125] 10Note that the nunber of
Yhe ar y/

of car@ 3 B |
skeletoﬁg a&- t he—Aunbe
substituent bonded to G
i ncl uded therein. As a substituent bonded to the ary,

0 oup or the aryl ene group, an al kyl group having 1 to

an aryI gr oup haV|ngr@ tg 13 15 carbon
al kyI oup havi - @ @ can

a met hyl oup,
a butyl group,

"Torenyl group, qg?)
gi ven. Further,

ri

exanpl e,
yon at the

KIEN

SEOD o0

is a fluoreny groub:
have two phenyl groups,

[0140] -



In General Formulae (BOX1) to (BOX3), the aryl group

having 6 to 13 carbon atons may have a substituent,
wa@paoiozroohe case where the aryl group has a p|BKE’EYll]P2ID99/065373

of substituents, the substi4duents may be bonded to

forma ring. In addition, also in the case where one

carbon atom has two substituents, the substituents nmay

be bonded to 5forma spiro ring. For exanple,

i;:bw:it ant s epresented by Structural Formulae (11-1)

exanpl es of the

20104
(11Q1

s OOQO oy IO G
(171) !1.7 (172) Qib ‘Qib N!i.7

HsC e, HaC
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(11-18)(11-19)(11-20)(11-22) [0128] WO

2010/ 027004PCT/ JP2009/ 065373 35 are given as specific
we@anpbm®s4 of the groups represented by Rl to RACEHMRROGANDHGS373

to R20 . [0129] CH3 | H3CQ\ #CH3H2Q\ 1ICH2 i CHR

(13-1) (13-2)(13-3)(13-4) H3CQ /CH3 CH (13-5)

[0142]



CH2 H2Q\ CH2 (13-6) CH3CH3 CHH2C\ , CH3 / H3CLor 12CH C
H3 H3C, | "CH3 (13-7)(13-8)(13-9)(13-10)
W@ 180010043 12) Br1FCl (13-13) (13-14) (13- 15)¢aBImB)9065373

[0143]



[0130] 5For exanple, substituents represented by
Structural Fornulae (14-1) to (14-18) are given as

W@ p@aoiotioes exanpl es of the groups represented bRCRIR009065373
R20 . [0131] WD 2010/ 02700%PCT/ JP2009/ 065373 36
(14-7)(14-8)(14-9)(14-10)(14-11)(14-12)
(14-13)(14-14)(14-15)(14-16)(14-17)(14-18) [0132]
Further, in the benzoxazol e derivatives represented by
General Fornul ae (BOX1) to (BOX3), Arl a
preferably a phenyl group in terns & S

(184) N

m

-0

[0144]



5synthesis and purification. [0133] As specific

exanpl es of the benzoxazol e derivatives represented by
wa@enenzioodor mul ae (BOX1) to (BOX3), benzoxazol BCT/JP2009/065373

derivatives represented by Structural Fornul ae (101)

to (194), Structural Fornulae (201) to (294), and

Structural Fornulae 10(301) to (383) can be given.

However, the present invention is not limted thereto.

[0134] 37 [ 0135]
Y

(190)
N
_ H3C
(191)

-0 5
(192) { ) QO O

Qilgllllﬁil? (193)
IO

1se L )N
g
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41 [0139] 45

WO 2010/027004 g PCT/JP2009/065373
4

FOD o
(201) O @ /\% OQ Q
H3C\@,§ O O (202) @

(203) NQbC 0 N,
@

" CHmQ“%gI

(205)

TSeOP o “%51
C@zm o oo

[0146]
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WO 2010/ 027004PCT1JP20091065373 46  [0144] 47
[ 0145] 50

WO 2010/027004 9 PCT/JP2009/065373
4

HaC N Hs C/\©:
\% (21 Q (212) O g
A .,

\CE X@ o0 g

(213) O 214 O

H3C CH3

ECH
H,C CH3m (216)
ﬂm t(
‘\’: (218) Q
@17)
CHs

‘*z:':, 0 FHOP 4

S
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[0148] 51 [0149] 53 CH3 CH3

WO 2010/027004 0 PCT/JP2009/065373
5

2 Gof Wi

A
SIQ ?E <o g
ReAs @HC“ o

(225) (226)

‘“:. r
1 9o

(229) ?230) Q
@ UaW, .
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[ 0151] 55 WD 2010/ 027004PCT1JP20091065373 56
[ 0154]

WO 2010/027004 PCT/JP2009/065373
51

gl oh,
H,C.|CH;
(231)

(233) Xi:) Z:i)
E? OO

N - -
HZ%%:E:j: <i2;i> 5::) <Qi> sib z::7

scﬁ O~
t‘mg <~©

@
O O (240) O

CH,

H3C Q (239) O

£
e,
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60 [0158] 62 [0160] 64

WO 2010/027004 0 PCT/JP2009/065373
5

\

r (244)

vzm "

Sy A ;m©
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[0162] 65 [0163] 66 [0164] 67 [0165]

WO 2010/027004 ' 5 PCT/JP2009/065373
5

s m Qi?@ Ay Qﬁ%

(249) @\/
CH;

(252)

o @@Nd

H3C

D00 Ao S
S 8O o

Q}EH3 O\/P*‘h
CH 254
HoC o o (254) Hod
-0 !

(255) O m

(256)
3
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WD 2010/ 027004PCT1JP20091065373 68 [0166] WO
2010/ 027004PCT/ JP2009/ 065373 69 synt hesi zed by any of

W@ ynbhe®is reacti ons shown in Synthetic SchemeBCT/1H2009/065373
(1-2), (2), (3), and (4). [B167]

Hofoop, g
@::.A T

OQ 'Jca

(260) O O
O O

‘
Q g
(262) O Q
O OO o
e

(261)
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5[ 0168] <Synthesis of a hal ogenated benzoxazol e
conpound ( Conpound A) > A hal ogenat ed

whennoxauol e conpound (Conmpound A) can be synt PeFIR200/065373
as in Synthesis Schene (1).5%n other words, the
hal ogenat ed benzoxazol e conpound (Conpound A) can be
obt ai ned in such a manner that a hal ogenated
benzoxazol e 10 conpound (Conpound Al) and aryl boronic
acid or its derivative are coupled by the
Suzuki - M yaura coupling using a palladiu
[0169] In Synthesis Schene (1), Xl)’apd
represent hal ogen or a triflate group $ the hal ogen,
i odi ne, S ne are give and X1 and X2
may repr e\ 53 di fferent
el enent s. In(gdd|t|on sents any of

hydr ogen, 4 carbon atons,
an unsubstltu?%%%g

06 to 10 carbon
atons, or hal ogen. R9 and R91l rent a hydrogen
atomor an al kyl group having 1 tNh-6 bon atons and
may be bonded to each other to forma g when R9 and
R91 each are an al kyl group. A pallad
can be used in Synthesis

S n SHSE
t¥| il o1 ) Dha

of a base (26} :
i ncl ude, but not O 2910/ 0
limted to, an organi c base §
tert-butoxi de and an i norgani S
carbonate. As a solvent that can
Schenme (1), a m xed solvent of t
m xed sol vent of tquene
and water; a m xe
m xed solvent of

and water; a m xed
m xed sol vent of benzene, an j '
and water; a m xed solzest of @
et hyl ene gl ycol dinethyl ether—and water;
can be given. A m xed sol vent of huene ahld
a m xed sol vent of toluene, etha
pr ef er abl e.

g
A
0

fis pot assi um
n Synt hesi s
ne and water; a

[0153]



[0171] 10Besides Synthesis Schene (1), a synthesis

met hod such as Synthesis Schenme (1-2) is given as the
wayiwhends nmet hod of the hal ogenat ed benzoxazoP@r/JP2009/065373

conmpound (Conpound A). [017#] 15[ 0173] <Synthesi s

of a hal ogenat ed benzoxazol e conpound (Conpound B)>

A hal ogenat ed benzoxazol e conpound (Conpound B) can be

synt hesi zed as in Synthesis Schene (1-2). In other

wor ds, the hal ogenat ed benzoxazol e conpQund ( Conmpound

B) can be obtained in such a mannef boronic acid

of a hal ogenated 20 benzoxazol e coppo or its

derivat ixe (Conpound_al ) and di ogenat ed benzene

( Conpo @» @ N ed b uzuki - M yaur a

[ [ [0174] In
Synt hesi s Schene X2 represent hal ogen or
a triflatd?®Poup

) halegen, iodine, bronmine, and
chl orine are given; and X1 X2 may represent the
25sane el enent or different Yot

Rnts. I n addition, 121
to R4 represents any of hydroge an al kyl group

having 1 to 4 carbon atons, an unsyby{ifuted aryl
? oup haV|ng 6 to 10 D 23 P2009/ 065373

(268) Q O N

(P o ."
@5,‘
@ﬁ ,»"
SO Q‘o
EEAN A S @m
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71 carbon atons, or hal ogen. R92 and RO93 represent a
hydr ogen atom or an al kyl group having 1 to 6 carbon
waraws2and may be bonded to each other to fornP@r/gpa00/065373
when R92 and R93 each are & al kyl group. A palladi um
catal yst that can be used in Synthesis Schene (1-2)
may be, but not limted to, palladiun(ll) acetate,
5t et raki s(tri phenyl phosphi ne) pal | adi um(0), or the
like. Aligand of the palladiupgatal yst that can be
used in the synthesis scheng 2) may be, but not
limted to, tri(o-tolyl)phospHiTe, triphenyl phosphine,
the like. [0175] Exanple

I qycl phexylphosphi ne,
@ adbd @ sed in Synthesis Scheme (1-2
ciude ‘ mted to, an organic base such
as sodiu e and an |norgan|c base suchas

pot a&tumc4 4 ZiNY: 1
sol vent that can be d, @u.
S

and water; a m xed vent of
as ethanol, and water; aCHixse
wat er; a m xed sol vents&d
et hanol , and water; a mx

of benzene, an al coho
xed sol vent of an ether
di met hyl ether and wate
A m xed sol vent of tolu

sat of tol et hano
e. Iiiﬂg.. ¥] <Synt h
of a hal ogenat ed arylam ne o und B

hal ogenat ed aryl am ne gogpound ( Conpgen a
synt hesi zed as in

qs
N
O

. N O
-0O-0) Q @‘iza s
Z::) F

WOP 5
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Synthesis Scheme (2). In other words, the hal ogenated

aryl am ne conpound 25 (Conpound B) can be obtained in
waoah/oropanner that a conpound (Conpound Bl) i PCTMNP2069/065373

boronic acid of a tertiary %rylan ne conpound or its

derivative and di hal ogenated WO

2010/ 027004PCT/ JP2009/ 065373 72 aryl (Compound B2) are

coupl ed by the Suzuki-M yaura coupling using a

pal I ad| um cat alyst. In Synthesis Schems (2), X1 and X2

ygen or a trifl \

: o@e, anda@? N4 0 ; @
22 Rl es t he sane el enent —of  dj
e ?Q. & Ari and Arz(fegh @ t
represent a subs It @ or unsubstitu rou@
Mg 6 toms. RO .
o--@ Jkyl group hf car bo
ayon® and may to eachYyt? 57 f o '
when R94 3 pagh are an al kyl group. A

pal | &%hm &3 can be used ®#) N S
Schenme (1) may be b not 10 limted to, @

aIIaiu 1) acetate,

Aaky ' | phosphi ne) pal dl,\yn( . the Iike.
t‘:and paIIa cata L be

the s j i may be; Lﬂ no
tri (o}qégr @ % ¥, _triphenyl phos@%z ,
tricycl ohexyl phosphi n@yr the |ike
base that can be used Synthesis Schene (2) incl
, an organi c.base such as sodi um

te J an i anlcFo.
potassk nt hesi He
sol vent at ed, a m xed so e

§ nt : -

and water; a ) @i of tol uen{e 8) @ @ ©
as et hanol, and water; "8 xed sol vent of xyl ene and
wat ' ent of xyl ene, anNaIcohoI such as

N
hgz;E s i | VE henxene 3
\?;arter g?nxe 2 ef}geo aI uch a
th | N xed I t NCh
as 20 ' hf/lo \ef‘ﬂeroéﬂ%n Qt g 'Cf"b

as 20 ethylene gl yco
li ke can be given. A m X8
wat er~Qrya ed sQl vent of tol uene,

wat g S @ @ abl e. - 0179]
25 fHési s—of ert| a ryl a
its derl(ggglv \ D > F
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A tertiary arylamne boronic acid or its derivative
(Compound C) can be WD 2010/ 027004PCT/ JP2009/ 065373

w(Qa 2018eiobesi zed as in Synthesis Schene (3). | NPCL/ME2009/065373
words, a tertiary amne bor®hi ¢ aci d (Conpound G can
be obtained in such a manner that a tertiary am ne
conpound (Conpound B) is transfornmed to a boronic acid
using an al kyllithiumreagent and a boronic ester.
[0181] -10 tc represents an al kyl group haV|ng 1to6

5./ R I

z 6 represqu% -n 3
Q- 6otaro } 015 yI m
n- but yl | it hi=y 223 th|um Qe I| i:)

used.(343 @ @ Nester, tri rﬁé‘dahi 20
I sopropyl the like can b (Yo NIV
acid noiety of Co
et hyl ene glycol or pinacol. [0182] A benzoxazol e
conmpound (Conpound D) can be syht hesi zed as in

& words, a tertiary

SUC

R .ﬁ. be 3 d in
(Conpo@eg) A &

[0157]



and the boronic acid of the tertiary am ne (Conpound

C) are coupled by the Suzuki-M yaura coupling using a
w@alibagiomn cat al yst. I n Synthesis Schenme (4), MX2I/JP2009/065373

represents hal ogen or a trif ate group, and iodine,

brom ne, and chlorine are given as the 20 hal ogen. In

addition, Arl and Ar2 each i ndependently represent any

of a substituted or unsubstituted aryl group having 6

to 13 carbon atons, and Rl to R4 eﬁch i ndependent | y

%§present any of hydrogenhCan

@ unsubst it ut'ed apy| g

hagkegen. In Synth

(4), n or ganghgr o 8l whi c{31Rps ob
proﬁg§|(3 it €i> Qni g~gCrd noi ety of C
9 0R5373 74 Conpound by et hyl

may [bejjused i nstead of Conmpound
Uﬂlﬁ|¥§t that can be used in.
0N|I it ed

: @ osph|aII i 0);
e pa-hadi qay'cat alopst t hat
@ @ N2) may be, Hdi%ndy
to, tri(o-tolyl)phospM tri phenyl phosphi ne,
tri cycl ohexyl phosphi ne the |ike. Exanples of a
H%@se that can be used it Syn SIS Schenme (4) include,
l[imted to, an q4 n|c bas such as sodi um
5 |nor a |c o .

,O as\a soI
nt of t ol ueng
, an al coh@dl6)sy

et hanol , apfk) ;
wat er; a n1xed solvent

ethanol and water; a n
a n1xed solvent of

Re, an al cohol such
: ent of benzene and
Aene, an aIcohoI such as

oluene

ha
185] 318
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In the above manner, the benzoxazol e derivatives of

Enbodi nent 2 can be synthesized. [0186] 20Si nce the
whenprox@epbl e derivative of Enbodi nent 2 has a RET/¥P2009/065373

| arge band gap, |ight enisdilon with favorable col or

purity can be obtained. In addition, the benzoxazol e

derivative of Enbodinent 2 is a bipolar mat eri al

having a hol e-transporting property and an

electron transporting property and has a | arge band

g Further, as for the benzoxazol e
d R gdi ment @' 3

hav] cei;an el t| ,

Hkelelgn ha 2 ; nspor |ng pr opeet T
bonded w3 \ 'd guat er phen O e

conjugation is hardl qErtended theﬁ%%ét
the nol ecul ar wei ght “san be 30 increased with hi
excitation energy maintained. Thus, the

& de i ve can haue -chenlca
~ it G
é;jﬁ moSeli Tk =s’ it Si:)
=N abi | i G

Q5373 L7 [ /T TN
el emrent. [0188] @ e b8Hzoxazol e derivati've
Enbodi nent 2 can be us®d by itself as a host nat
as well as an em ssion center material for a
Ilght en1tting | ayer, an®Ca_styucture 5 is enployed
5y, mat eri al eryes as a

bst ange~i s di sp
: ive Enbodl 02 \ﬁ : Iigth
poyor purity fromthe dopd

(clently obtai ne?6} 018Q

t he benzoxazol e deri
used for a

L0~ L0~
(327) NQ 0
O (328)N
ul; CH g.m
OOO d'\'\
(29 )< ) NQ (230) ) NQ
L 0
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10 light-emtting substance by being di spersed as a
dopant material in a material (a host material) having
wa@201a/0g®n4 band gap than the benzoxazol e deri vaPCwaP2069/065373

Enbodi nent 2, whereby |ight®2emi ssion fromthe

benzoxazol e derivative of Enbodi nent 2 can be

obt ai ned. [0190] 15The benzoxazol e derivative of

Enbodi nent 2 can be used as a carrier-transporting
material for a functional | ayercgpaf alight-emtting

el ement. For exanple, the bemngzqkerel e derivative can

be used for a hol e-transporting Ia{er, a

nj ecting | ayers Sp%
@Da substance with a high
v prop@ or 20a deAfst @ @
3 t"l/vh property is also refe
. Mhi ¢ . ..

; S h has_fun¢ti @as o nj
and transporting car

The benzoxazol e deri \S;éH3%r t " @

a ligh N tiag el enent,
B€ ong (& can be/obt ai vg

I n Enbodi 3, xadi-gaZol e derivative having
structure rese eneral Fornmula (Gl) will be
he organi c semi conduct or

mw@o @ ) nvent{ﬁn

high carrier
as a f@Abti ol

30 material of an enbodi
i Bb geh\rent
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represented by General Formula (OXDl). [0194] Aril |/

N\ 10- Ar (OXD1) [0195] 5In the formula, Arlil,
waeedig/d2and Ar 13 represent a substituted or PCT/JP2009/065373

unsubstituted aryl group hé#dng 6 to 13 carbon atons.

hi addition, Aril and carbon of a, or Aril and Arl12

may be bonded to each other directly or through any of

oxygen, sulfur, or nitrogen [ 0196]

-0~
341)N
OQO

COR O >~

9 OO
w
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Furt her, the oxadi azol e derivative of Enbodinment 3 is

preferably an oxadi azol e 10 derivative represented by
w@enenzioodor nul a (OXD2). [0197] [0198] In t heP€Durd®)65373

R31 to R4 each independent|6# represent any of

hydr ogen, an 15 al kyl group having 1 to 4 carbon

atons, or an unsubstituted aryl group having 6 to 13

carbon atons, and Arl1l3 represents a substituted or

gubstltuted aryl group having 6 to 13 carbon atons.
In

addltlon a carbon atom of the benzene ring which
3 010/ 027004PCI/ JP2009/ 065373 77 R31
»:
bonded to eathZot Re oY/ m a carggﬁgl
[0199] 51 n General Form (OXD1) 2
1 exanpl e, substi
u@r ae (15-1) tg
Ut CRALY ..5‘
dé 134?5} =4 C atonsVor unguistit ut€
g N, 13 carbon 9ns
Speci f| cal Iy, ‘ oup, an(et3(r?1yl Q
group, anp t he I|ke are given.

pr a cgFbpn at om of the benzene ring
THa
L s _fyonded w0 R4
(@MDZ) as substituents
- 16 TV
ed to , , saf Q 2
S, &
group, a 10butyl groupN\& phenyl group, a napht'
o9 L
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Further, the nunber of substituents included in the

aryl group may be either single or plural. In the case
wobk@p®e2tobhe aryl group has two substituents, theCT/JP2009/065373

substituents may be bonded @0 each other to forma

ring. Aring structure may be a spiro ring. [0200] 78

(15-9) (15-10) (15-12) (15-13) (15-14)(15-15)(15-16)

[0201] WD 2010/ 027004PCT/ JP2009/ 065373 79

A A R e o
», 4ii> '“!ilp @ <) pqsiiy
AT YN s W e Tote
(358) O O N 359) O O NQ
CI/@(()360 O Q F J:Ig O O Q
) N RS N
O TrOO A
{ii> <Qii} rugi.y | .(363) <ii> <§i> ,qgily

Yo OP o oo
F(364) y I O Q
O O O (365) O O N
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group having 6 to 10 carbon atons as shown in
Structural Fornulae (15-4) to (15-8) and (15-12) to
W@ 150A05)94 and is nore preferably an unsubsti t uP€rJP2009/065373
phenyl group or naphthyl grf§up as shown in Structural
Formul ae (15-1), (15-4), and (15-5). [0202] S5Further,
in General Fornmula (OXD2), as substituents represented
by R31 to R40 , for exanple, substituents represented
by Structural Fornulae (12, to (12-25) are given.
0 X-14) (12-15)(12-16) WO
81

[0164]



[0205] (12-20) CH3 CH H3C. 'CH2 (12-23) (12-21)(12-22)
CH3CH3 ri CH3H3C-, | ,CH C3 (12-24)(12-25)

wo-or100xAmnpl e, specific exanpl es of the oxadi azpCEJIP2009/065373
derivatives of Enbodi nent 37 nclude, but not linited
t o, oxadi azol e derivatives represented by Structural
Formul ae 5(421) to (533).

[0165]



[0206] 82 [0207] WD 2010/ 027004PCT1JP20091065373

W§§010/027OE)40208] 68 PCT/JP2009/065373
N
-0 O
(379) O N
9.
N
00 O
@) § ) )N
CH,
HsC CHs
m m 5
(381) 382)
Bofo
(383)
[0166]

As a synthesis method of the benzoxazole derivatives of Embodiment 2, a

variety of reactions can be applied. For example, the benzoxazole derivatives can be
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synthesized by any of synthesis reactions shown in Synthetic Schemes (1), (1-2), (2),
(3), and (4).

[0167]
X2 B—QRY
R1 RO R1
2 2
R3 of Pd cat. R3 o)
R4 R4 x2
Compound A1
[0168]

<Synthesis of a halogenated benzoxazole compound (Compound A)>

A halogenated benzoxazole compound (Compound A) can be synthesized as in
Synthesis Scheme (1). In other words, the halogenated benzoxazole compound
(Compound A) can be obtained in such a manner that a halogenated benzoxazole
compound (Compound A1) and arylboronic acid or its derivative are coupled by the
Suzuki-Miyaura coupling using a palladium catalyst.
[0169]

In Synthesis Scheme (1), X' and X2 represent halogen or a triflate group; as the
halogen, iodine, bromine, and chlorine are given; and X! and X? may represent the same
element or different elements. In addition, R' to R represents any of hydrogen, an

alkyl group having 1 to 4 carbon atoms, an unsubstituted aryl group having 6 to 10

carbon atoms, or halogen. R* and R"' represent a hydrogen atom or an alkyl group

having 1 to 6 carbon atoms and may be bonded to each other to form a ring when R%
and R®! each are an alkyl group. A palladium catalyst that can be used in Synthesis
Scheme (1) may be, but not limited to, palladium(Il) acetate,
tetrakis(triphenylphosphine)palladium(0), or the like. A ligand of the palladium
catalyst that can be used in Synthesis Scheme (1) may be, but not limited to,
tri(o-tolyl)phosphine, triphenylphosphine, tricyclohexylphosphine, or the like.

[0170]

Examples of a base that can be used in Synthesis Scheme (1) include, but not
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limited to, an organic base such as sodium fert-butoxide and an inorganic base such as
potassium carbonate. As a solvent that can be used in Synthesis Scheme (1), a mixed
solvent of toluene and water; a mixed solvent of toluene, an alcohol such as ethanol, and
water; a mixed solvent of xylene and water; a mixed solvent of xylene, an alcohol such
as ethanol, and water; a mixed solvent of benzene and water; a mixed solvent of
benzene, an alcohol such as ethanol, and water; a mixed solvent of an ether such as
ethylene glycol dimethyl ether and water; or the like can be given. A mixed solvent of
toluene and water or a mixed solvent of toluene, ethanol, and water is more preferable.
[0171]

Besides Synthesis Scheme (1), a synthesis method such as Synthesis Scheme

(1-2) is given as the synthesis method of the halogenated benzoxazole compound

(Compound A).
[0172]
R’ X2 X R’
R2 N OR%2 Compounda2 RA N
R3 O OR93 Pd cat. R3 O
R4 R4 XZ
Compound a1 Compound A
[0173]

<Synthesis of a halogenated benzoxazole compound (Compound B)>

A halogenated benzoxazole compound (Compound B) can be synthesized as in
Synthesis :Scheme (1-2). In other words, the halogenated benzoxazole compound
(Compound B) can be obtained in such a manner that boronic acid of a halogenated
benzoxazole compound or its derivative (Compound al) and dihalogenated benzene
(Compound a2) are coupled by the Suzuki-Miyaura coupling using a palladium catalyst.
[0174]

In Synthesis Scheme (1-2), X' and X? represent halogen or a triflate group; as
the halogen, iodine, bromine, and chlorine are given; and X' and X* may represent the
same element or different elements. In addition, R' to R* represents any of hydrogen,

an alkyl group having 1 to 4 carbon atoms, an unsubstituted aryl group having 6 to 10
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carbon atoms, or halogen. R%? and R* represent a hydrogen atom or an alkyl group
having 1 to 6 carbon atoms and may be bonded to each other to form a ring when R”
and R”? each are an alkyl group. A palladium catalyst that can be used in Synthesis
Scheme (1-2) may be, but not limited to, palladium(Il) acetate,
tetrakis(triphenylphosphine)palladium(0), or the like. A ligand of the palladium
catalyst that can be used in the synthesis scheme (1-2) may be, but not limited to,
tri(o-tolyl)phosphine, triphenylphosphine, tricyclohexylphosphine, or the like.

[0175]

Examples of a base that can be used in Synthesis Scheme (1-2) include, but not
limited to, an organic base such as sodium tert-butoxide and an inorganic base such as
potassium carbonate. In Synthesis Scheme (1-2), as a solvent that can be used, a
mixed solvent of toluene and water; a mixed solvent of toluene, an alcohol such as
ethanol, and water; a mixed solvent of xylene and water; a mixed solvent of xylene, an
alcohol such as ethanol, and water; a mixed solvent of benzene and water; a mixed
solvent of benzene, an alcohol such as ethanol, and water; a mixed solvent of an ether
such as ethylene glycol dimethyl ether and water; or the like can be given. A mixed

solvent of toluene and water or a mixed solvent of toluene, ethanol, and water is more

preferable.
[0176]
94 Xz X!
1
Ar! - OR™ compoundB2 AN
Ar? OR% Pd cat. Ar?
X2
Compound B1 Compound B
[0177]

<Synthesis of a halogenated arylamine compound (Compound B)>

A halogenated arylamine compound (Compound B) can be synthesized as in
Synthesis Scheme (2). In other words, the halogenated arylamine compound
(Compound B) can be obtained in such a manner that a compound (Compound B1) in

which boronic acid of a tertiary arylamine compound or its derivative and dihalogenated
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aryl (Compound B2) are coupled by the Suzuki-Miyaura coupling using a palladium
catalyst. In Synthesis Scheme (2), X' and X? represents halogen or a triflate group; as
the halogen, iodine, bromine, and chlorine are given; and X' and X* may represent the
same element or different elements. In addition, Ar' and Ar® each independently
represent a substituted or unsubstituted aryl group having 6 to 13 carbon atoms. R*
and R” represent a hydrogen atom or an alkyl group having 1 to 6 carbon atoms and
may be bonded to each other to form a ring when R* and R” each are an alkyl group.
[0178]

A palladium catalyst that can be used in Synthesis Scheme (1) may be, but not
limited to, palladium(II) acetate, tetrakis(triphenylphosphine)palladium(0), or the like.
A ligand of the palladium catalyst that can be used in the synthesis scheme (2) may be,
but not limited to, tri(o-tolyl)phosphine, triphenylphosphine, tricyclohexylphosphine, or
the like. Examples of a base that can be used in Synthesis Scheme (2) include, but not
limited to, an organic base such as sodium ferz-butoxide and an inorganic base such as
potassium carbonate. In Synthesis Scheme (2), as a solvent that can be used, a mixed
solvent of toluene and water; a mixed solvent of toluene, an alcohol such as ethanol, and
water; a mixed solvent of xylene and water; a mixed solvent of xylene, an alcohol such
as ethanol, and water; a mixed solvent of benzene and water; a mixed solvent of
benzene, an alcohol such as ethanol, and water; a mixed solvent of an ether such as
ethylene glycol dimethyl ether and water; or the like can be given. A mixed solvent of
toluene and water or a mixed solvent of toluene, ethanol, and water is more preferable.

[0179]

1 1) R100Lj 1
Ar 2) B(OR% Ary .
Ar2” ] Ar?
X Ho~ B\
OH
Compound B Compound C

[0180]
<Synthesis of a tertiary arylamine boronic acid or its derivative (Compound C)>

A tertiary arylamine boronic acid or its derivative (Compound C) can be
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synthesized as in Synthesis Scheme (3). In other words, a tertiary amine boronic acid
(Compound C) can be obtained in such a manner that a tertiary amine compound
(Compound B) is transformed to a boronic acid using an alkyllithium reagent and a
boronic ester.

[0181]

R'® represents an alkyl group having 1 to 6 carbon atoms. R represents an
alky! group having 1 to 6 carbon atoms. As the alkyllithium reagent, n-butyllithium,
methyllithium, or the like can be used. As the boronic ester, trimethyl borate,
isopropyl borate, or the like can be used. A boronic acid moiety of Compound C may
be protected by ethylene glycol or pinacol.

[0182]

Ar!
R3 RU Al B R2 N
PaNiesTasy
N OH o

R* j R3
0 Compound C -~

O Compound D
X2

Compound A

[0183]

A benzoxazole compound (Compound D) can be sjnthesized as in Synthesis
Scheme (4). In other words, a tertiary aryl amine compound (Compound D) can be
obtained in such a manner that a halogenated benzoxazole compound (Compound A)
and the boronic acid of the tertiary amine (Compound C) are coupled by the
Suzuki-Miyaura coupling using a palladium catalyst. In Synthesis Scheme (4), X?
represents halogen or a triflate group, and iodine, bromine, and chlorine are given as the
halogen. In addition, Ar' and Ar’ each independently represent any of a substituted or
unsubstituted aryl group having 6 to 13 carbon atoms, and R' to R* each independently
represent any of hydrogen, an alkyl group having 1 to 4 carbon atoms, an unsubstituted
aryl group having 6 to 10 carbon atoms, or halogen. In Synthesis Scheme (4), an

organoboron compound which is obtained by protecting the boronic acid moiety of
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Compound by ethylene glycol or pinacol may be used instead of Compound C.
[0184]

A palladium catalyst that can be used in Synthesis Scheme (4) may be, but not
limited to, palladium(II) acetate, tetrakis(triphenylphosphine)palladium(0), or the like.
A ligand of the palladium catalyst that can be used in the synthesis scheme (2) may be,
but not limited to, tri(o-tolyl)phosphine, triphenylphosphine, tricyclohexylphosphine, or
the like. Examples of a base that can be used in Synthesis Scheme (4) include, but not
limited to, an organic base such as sodium fert-butoxide and an inorganic base such as
potassium carbonate. In Synthesis Scheme (4), as a solvent that can be used, a mixed
solvent of toluene and water; a mixed solvent of toluene, an alcohol such as ethanol, and
water; a mixed solvent of xylene and water; a mixed solvent of xylene, an alcohol such
as ethanol, and water; a mixed solvent of benzene and water; a mixed solvent of
benzene, an alcohol such as ethanol, and water; a mixed solvent of an ether such as
ethylene glycol dimethyl ether and water; or the like can be given. A mixed solvent of
toluene and water or a mixed solvent of toluene, ethanol, and water is more preferable.
[0185]

In the above manner, the benzoxazole derivatives of Embodiment 2 can be
synthesized.

[0186]

Since the benzoxazole derivative of Embodiment 2 has a very large band gap,
light emission with favorable color purity can be obtained. In addition, the
benzoxazole derivative of Embodiment 2 is a bipolar material having a
hole-transporting property and an electron-transporting property and has a large band
gap.

[0187]

Further, as for the benzoxazole derivative of Embbdiment 2, a benzoxazole
skeleton having an electron-transporting property and a skeleton having a
hole-transporting property are bonded with a twisted quaterphenylene skeleton whose

conjugation is hardly extended therebetween, whereby the molecular weight can be

“increased with high triplet excitation energy maintained. Thus, the benzoxazole

derivative can have high electrochemical and thermal stabilities. Therefore, use of the

benzoxazole derivative of Embodiment 2 makes it possible to improve reliability of a
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(OXD1) can be synthesized A synt hesis nethods

represented by Synthesis Schenmes (11) to (14) bel ow.

Herei nafter, an exanple of a synthesis nethod of the

oxadi azol e derivative of Enbodinent 3 will be
licH &S EitinB e [ 0231] First, a hal ogenated
'Eoxa {ggofeglﬁlerl vative (Conpound 5) is synthesized.

[018Y)t hesi s Schene (11) is shown bel ow

The benzoxazole derivative of Embodiment 2 can be used by itself as a host
material as well as an emission center material for a light-emitting layer, and a structure
is employed in which a dopant material which serves as a light-emitting substance is
dispersed in the benzoxazole derivative of Embodiment 2, whereby light emission with
good color purity from the dopant material can be efficiently obtained.

[0189]

Further, the benzoxazole derivative of Embodiment 2 can also be used for a
light-emitting substance by being dispersed as a dopant material in a material (a host
material) having a larger band gap than the benzoxazole derivative of Embodiment 2,
whereby light emission from the benzoxazole derivative of Embodiment 2 can be
obtained.

[0190]

The benzoxazole derivative of Embodiment 2 can be used as a
carrier-transporting material for a functional layer of a light-emitting element. For
example, the benzoxazole derivative can be used for a hole-transporting layer, a
hole-injecting layer, an electron-transporting layer, or an electron-injecting layer. In
this specification, a layer formed of a substance with a high carrier-injecting property or
a substance with a high carrier-transporting property is also referred to as a functional
layer which has functions of injecting and transporting carriers, or the like.

[0191]

The benzoxazole derivative of Embodiment 2 is used for a light-emitting
element, whereby a light-emitting element with high effiéiency, high reliability, and a
long life can be obtained. '

[0192]
[Embodiment 3]

In Embodiment 3, an oxadiazole derivative having the structure represented by
General Formula (G1) will be described as an example of the organic semiconductor
material of an embodiment of the present invention described in Embodiment 1.

[0193]

An oxadiazole derivative of Embodiment 3 is an oxadiazole derivative



[0232] X2 Ar13- 0 NH2NH2 H2N- NHCompound 3 yl 00
Conpound 1Conpound 2 HN NHdehydrating agent NN Ar13-'
w@o10@zmopound 4Conpound 5 107[60233] PCT/JP2009/065373

represented by General Formula (OXD1).

[0194]
-N
Y~
13
Ar O o Ar1 1
/
N
Art2
(OXD1)
[0195]
5 In the formula, Aru, Arlz, and Ar" represent a substituted or unsubstituted aryl

group having 6 to 13 carbon atoms. In addition, Ar'! and carbon of o, or Ar'’ and Ar'?
may be bonded to each other directly or through any of oxygen, sulfur, or nitrogen.

[0196]

Further, the oxadiazole derivative of Embodiment 3 is preferably an oxadiazole

10  derivative represented by General Formula (OXD2).

[0197]
N’N\ . R32 R
JL Q O R31 34
Ar13” O o R
Q)N R
R36 R40
R37 R39
R38
(OXDVZ)
[0198]

In the formula, R* to R* each independently represent any of hydrogen, an
15  alkyl group having 1 to 4 carbon atoms, or an unsubstituted aryl group having 6 to 13
carbon atoms, and Ar' represents a substituted or unsubstituted aryl group having 6 to

13 carbon atoms. In addition, a carbon atom of the benzene ring which is bonded to
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In Synthesis Schenme (11), a hal ogenated aryl
derivative (Conpound 1) and hydrazine are reacted to
wayiwhenize hal ogenated aryl: hydrazi de ( ConpourdI/2)2009/065373
Note that in Synthesis Scheife (11), the hydrazi ne may
be a hydrazi ne hydrate. Next, the hal ogenated aryl
hydr azi de (Conpound 2) and aryl carboxylic acid halide
(Conpound 15 3) are reacted to obtain a diacyl
rR3hyd 3914)'09 Sf GEbI ¥ RhbYR alofPHPAE BEnZthe rite VAiQORMRNHEL to R* and a
oxadi azol e derivative (Conpound 5) c%n be obtained b
carbbomajonnl of sher benaynedeiny whizhiio borafed tth & “Yinay Pt diycthyakrinded to each

deri vative ound 4) using a dehydrating agent to
‘”h?BPﬁ?%Pi?@?&gﬁggﬁﬁﬁ?%le ring. Note that in Synthesis
[Olﬁﬂhene (11), R represents an al koxy group having 1 to

4 ‘carbon atons or hal ogen, Ar 13 represents an aryl
gr oup GeneralgF@muda POXD0) aad Hoenesal drgmuden OXD2dnas Mbstituents

represent.sna,hal ogepn igroup. X1 i s, preferabl 0
repig SR BF Sk (ot #8  oy CxriprscopAIE} EPigbe et by Fructura
Forffull /(2590 Q5- 10234 hived\O 293 Q4BLAGRM B6ilded 73 209/ AE'S33M3 Ar”,
108 Note that phosphoryl chloride, thionyl |
an dkylgrowehaving 1 Hed carken atomsyy agdegubsttuterbaryberpyp gﬁYlﬂé 6to 13

e . 02 cps i Zi
corfiims s 8425, Spesirise D FaP0R -0l CUERIANES 8 growp. o
butli groded pthen v lxpmep, Synaphtb gl grods efieorériyl erouwpnandthh dike are given.
Furggg\émﬂ% gﬁ}n %ﬁj‘i%@gm%%%g i b?ltl(i'le?iﬁl(rjltthé géi %q)lg)zlaag be eit'l\lle‘é‘rxéihglc or

pluBe’ I Mahé ¥&e Qb hFBRUNEHLUP hhs tvi HdBRIcARTthe substituents may be
Specifically, a hal ogenated oxadi azol e conpound

bondegtcesseh vthdr toyfot® aGingo o ntdng stiuctyry maydei spiro 18gnt hesi s
[Ozaﬁhene (12-a) is shown bel ow. [0237]



XB --0R9 RO00 Conpound 6 (12-a) Pd cat.
Conpound 5 [0238]

WO 2010/027004 8 PCT/JP2009/065373
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~

(0 O‘
® O

151y (15-2) (15-3) (15-4)
(15-5) (15-6) (15-7) (15-8)

O O O | Hsc\(I:H3 CHs
. Q0 QO wp

o OO

(15-9) (15-10) (15-11) (15-12)
CH; HsC. ; CH, CHy ; :
© Hj CH;
(15-13) (15-14) (15-15) (15-16)
[0201]

Note that in General Formula (OXD2), Ar" is preferably an aryl group having
an alkyl group having 1 to 4 carbon atoms, or an unsubstituted phenyl group or naphthyl



The hal ogenat ed oxadi azol e conmpound ( Conpound 5) and

an aryl boronic acid 15 or its derivative (Conpound 6)
ware@aoozwpd ed by the Suzuki-M yaura coupling usP@LJR2009/065373

pal | adi um cat al yst, wher eby’®a hal ogenat ed oxadi azol e

conmpound (Conpound 7) can be obtained. [0239] In

Synthesis Schene (12-a), Xl and X2 represent hal ogen

or atriflate group, 20 and as the hal ogen, i odine,

] ; § I

sroffy RUE 5 100 oA o & o Sp A B BaPEOTRIRNS) (5765-8) and
(15e13rter(ll$—15):wmd Hemore prefgmablyesi snssbsténted (ph2ny) groR® or naphthyl

erouanorp o Brutocied e et 5 XS jof GheR of an ol ky

[028BPUP having 1 to 6 carbon atons. RO and R91. may be
bonded to each other to forma ring. 25[0240] WO 3
201 0F0iza 04 Ben¢rdPPooglo 63X P3), mgumlteam r@na(esqn)ted by R™ to R

o I A SRR o

givémn be used in the synthesis schene (12-a),
tri(o-tolyl)phosphine, triphenyl phosphi ne,

[0203} cycl ohexyl phosphi ne, and the like are given. As a
base that can be used in Synthesis Schene (1), an
organi ¢ base such as 5sodiumtert-butoxide and an
i norgani ¢ base such as potassi um carbonate are given.
[ 0241] As a solvent that can be used in
Synt hesis Scheme (12-a), a m xed solvent of tol uene
and water; a m xed sol vent of toluene, an al cohol such
as ethanol, and water; a m xed sol vent of xylene and
wat er; a m xed sol vent of xylene, an al cohol such as
10 ethanol, and water; a m xed sol vent of benzene and
water; a m xed sol vent of benzene, an al cohol such-as
et hanol , and water; a m xed solvent of an ether such
as ethylene glycol dinethyl ether and water; or the
i ke can be given. Note that a m xed sol vent of
tol uene and water or a m xed sol vent of toluene,
et hanol, and water is nore preferable. [0242] 15Note
that the synthesis nethod of the hal ogenated
oxadi azol e conmpound represented by Conpound 7 is not
limted to the synthesis nethod shown in Synthesis
Schenme (12-a). The hal ogenat ed oxadi azol e conpound nay
be synthesized by, for exanple, a synthesis nethod
shown in Synthesis Scheme (12-b) bel ow



[ 0243] A boronic acid or its derivative
(Conpound 8) and di hal ogenat ed aryl conpound ( Conpound
w@lotame7oeoupl ed by the Suzuki-M yaura coupl i ngPCEIFMO%065373
pal | adi um cat al yst, wher eb\80t he hal ogenat ed oxadi azol e

conpound (Conpound 7) can 25be obtained. [0245] WO

2010/ 027004PCT/ JP2009/ 065373 110 In Synt hesi s

Schenme (12-b), XI and X2 represent hal ogen or a

triflate group, and as the hal ogen, iodine, brom ng

or chlorine is given. In addition, X1 and X2 may

represent the sane el enent or dlfferent elenent
, in Syntheg? Schene (12-‘

5 hydr ogen or& K Vi ng
K. R92 and R93 ach
other to forma rilng. [0246] i

RO3 5 repres

may be palladium(ll) acetate,
t ix.aki s(tri phenyhphosphi ne) pal | adizyn(0), or the1d-iake.
As a 10 ligand of the palladlun1catalyst that can be
is schenme (12-b),

e, triphenyl phosg
#11 ne, and the I|k

L ne,
e given
Synt hes

- {12-5) (12-6) (12-7) (12-8)
CH;,

H3C\(|:/CH3 CH3 H3C\©CH3 CH3
(12:9) (12-10) (12-11) (12-12)

e QO KQ
A Al s S

(12-13)
(12-14) (12-15) . (12-16)

[0204]



15[ 0247] As a solvent that can be used in
Synt hesis Schene (12-b), a m xed sol vent of tol uene
waedomatoes ; a m xed sol vent of toluene, an al cBODIP2LI%5373
as ethanol, and water; a ni8ded sol vent of xylene and
water; a m xed solvent of xylene, an al cohol such as
et hanol, and water; a m xed sol vent of benzene and
wat er; a m xed sol vent of benzene, 20 an al cohol such
as ethanol, and water; a m xed sol vent of an ether
such as etHyl ene gl ycol di m&Hy!l ether andd r, or
the like chn be given. A niXed solvent of toldeRe and
wat er or a_mxed solvent of faqluene, ethanol, d
wat er is (ter pref erabl e. Kbéﬁﬁ# hﬁki@k a
hol e-accepting unit in the oxadi azol e derivative of
Enbodi nent 3 is 25 synthesized. Synthesis Schenes

(13-1) anﬂﬂﬂﬂs-Z) are shigén b&Hyv. [ 0249,C)

2010/ ORZBA4HGT/ IP2009/ 0653713H111 Conpou
10Conpotnd 112 0250] HzC\gH2
(12-20) (12-21) (12-22)
(';HHB e HaC X e
HsC™ “CH, HzC*CIH ’ e

'
(12-23) (12-24) (12-25)
[0205]

For example, specific examples of the oxadiazole derivatives of Embodiment 3

include, but not limited to, oxadiazole derivatives represented by Structural Formulae

(421) to (533).

[0206]



Compound 11Conpound 12 [0251] 5A boronic acid of a
tertiary arylamne or its derivative (Conpound 10) and
walehalogyenat ed aryl conpound (Compound 9) are POUP206D/065373

by the Suzuki-M yaura coupl8ng using a pal | adi um

catal yst, whereby a hal ogenated aryl am ne conpound

(Conpound 11) is synthesized (Synthesis Schene

(13-1)). [0252] 10In Synthesis Schene (13-1), X1 and

X2 represent halogen or a triflat and as the

hal ogen, i odine, bronine, and chNé\'n' . In

addition, X1 and X2 may represept~¢ | £

different el enents. Further, | and Ar }2{r epeesen

substituted or unsubstituted™ayl group 4@ m N1

carbon atons. R94 and R95 each represent hydrioge
g{oup having 1 to 6 caregm)atons.

a pal | adi um cat al yst at can be
B-1) may be palladiun(ll)
phese’phosphi ne) pal | adi un(0), and
the |ike are i yen\ A& N gand of the palladium
catal yst that can be useQiD' the synthesis schene
(13-1), tri422ytol yl)phosphine, triphenyl phosphine,
tricycl ohexyl phosphine, and the Iike are 20gi ven.
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organi ¢ base such as sodiumtert-butoxide and an
i norgani c base such as potassi um carbonate. As a
wa@elentoos hat can be used in Synthesis Schenme PABIMNYI/@®5373
m xed sol vent of toluene arft water; a m xed sol vent of
tol uene, an al cohol such as ethanol and water; a
m xed sol vent of xylene and water; a m xed sol vent of
xyl ene, an al cohol such as 5 ethanol, and water; a
m xed sol vgnt of benzene and water; a m xed sol vent of
benzene, Na as ethanol, and water; a
' et hyl ene gl ycol
ether ang : ) i ke can be gi ven.
60/ .@ Iuene and water or a
0 Al , and water is nore

%%g 10hbxt iary am ne horonic
acid (Cbnpound ) can be obtarhed in such a manner
that a hal ogenated aryl am ne conpound (Conpound 11)
Is transfornmed to a boronic acid using an al kyll'ithium
reagent and a boronic ester (Synthesis Schene (13-2)).
[0256] 15In Synthesis Schenme (13-2), R w represents an

al kyl group having 1 to 6 carbonyd ong=RS 8pr esent s
< %Iﬂbronlcﬁli5

an al kyl group having 1 to 6 carfo B~
acid noiety of Conpound 12 p&Y oecbrot- ted/D
et hyl ene glycol or pinacol. ] 0257] I
Synt hesi s Scheme (13-2), n-butyl!lithium
methyl lithium or the Iike cgh<be 20used asthe O
al kyl l'i thiumreagent. Trinet bor at e, Zp

borate, or the like can be us&d as the bor nic ester.
[ 0258] Next, Conpound 7 and Conmpound 12 are
coupl ed to syntheS|ze t he oxadi azol e derivative of
gsent ed by General Formula (OXD1).
e (14) shown bel ow. [0259] WO

B 113

[0208]



[ 0260] The hal ogenat ed oxadi azol e derivative

(Conpound 7) and the boronic acid of the tertiary
w@eiwm20Gnpound 12) are coupl ed by the Suzuki POA/yR200%065373

coupling using a 5 pall adi y# catal yst, whereby the

oxadi azol e derivative of Enbodi ment 3 represented by

Ceneral Fornula (OXDl) can be obtained. [0261]

In Synthesis Schene (14), X2 represents hal ogen or a

triflate group, and as the halogen i odi ne, brom ne,
jwen. | n Hdé {tion, Art', Arn, and
/ubstlt e gH2unsubst|tuted aryl
3 carb tons. [0262] A

15 e used in Synthesis
‘ $3 1) acetate,
tetrakis(tri pheryl phos al l adiun(0), or the like.
As a ligand of the pallad catal yst that can be used
in the synt hedf80kchenme (14y, JGH:
tri(o-tolyl)phosphine, trlphggylphosphine,
tricycl ohexyl phosphine, and the |ike are given.
Exanpl es of a base that can be used in Synthesis
Scheme (14) include an organic base such as sodium
tert-butoxide and an inorganic base such as poHa8stGhh
carbonate. [0263] WO ZOMQf“ F

.
H3C\CH2
| H ~CHj
3
(432) CH
I
H3C
H3C CH3
CH3
(433) C
[ CH;
H3C

[0209]



As a solvent that can be used in Synthesis Schene
(14), a m xed solvent of toluene and water; a m xed
waolveetooof tol uene, an al cohol such as et hanobCT/arpd09/065373

wat er; a mxed solvent of x84 ene and water; a m xed

sol vent of xylene, an al cohol such as ethanol, and

wat er; a m xed sol vent of benzene and water; a m xed

sol vent of benzene, 5 an al cohol such as ethanol, and
water; a m xed sol vent of gn ether such as ethylene

gl ycol dinethyl ether and the like can be

A nfxe g

glvem—N ent of toI d water or a m xed
soIv et han 'ndc%ﬁ%g is nore
. i nstk of und 12, a
ound obt g Dy of ng the boronic acid
noi ety of Cony N al H group may be used.
10[ 0264] -~ In the ab nanﬁ%r? t he oxadi azol e

deri vati ve (484 Enbodi nent : qaﬁﬁgthe5|zed. [ 0265]
The oxadi azol e derivative of @Hﬁ“ nt 3 has high
excitation energy, and an 15efect r on- transporting and
hol e-transporting properti ddsCTherefore, it can be
favorably used for a light-emtting elenent. In
particul ar, the oxadi azol e derivative of Enbodi nent 3
is preferably used for the light-emtting | ayer H, CH
because the bal ance between injected electrons and 3
holes is inportant for,efficiert epm=ssion of a [/ \\C

light-emtting el ementy re<Qxapli azol e 2 H,
derivative of EnmbgeargentO3 ha p—20t r i pl
exci tation energy, can be usg 8 I|g mtting
| ayer together w th¥a substanc e Bl

phosphor escence. [0266] |nc
excitation energy (a difference |34ggergy b
ground state and a singlet excited state) is
than triplet excitation energy, a 25 substance vin
high triplet excitation energy also has high sméletH2
excitation energy. Therefore, the oxadiazole

bedi ment 3 Hz0Apgy-bicefy tripl et

geMi vati ve of Enbodi nent 3, an
oxadlazole s t Favi ng=a el ectron-transporting

property and 3 ﬁé Ieton g a Ie transporting
property are 3 d with ' té aterphenylene

skel et on whose
CH3

@“’A

(437)
O
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WO 2010/ 027004PCT/ JP2009/ 065373 115 conjugation is
hardl y extended therebetween, whereby the nol ecul ar
waowdlgle7oeen be i ncreased with high triplet excPCHIP2000/065373
energy mai ntai ned. Thus, tH¥® oxadi azol e derivative can
have hi gh el ectrocheni cal and thermal stabilities.
Therefore, use of the oxadi azol e derivative of
Enbodi nent 3 nakes it possible to inprove reliability
of a 5light-emtting el egent. [0268] Furt her
of Enbodi ment 3 can
trqpﬂoo efore can be used for a
7 [ In alight-emtting
@ mg)nt t he oxadi azol e derivative of
bodi rrent @ (riplet excitation energy;

| ayer does not easi
oxadi azol e(4#8yi vati ve of
| ayer in contact with R
Accordi ngly, high em sSi_g
[ 0269] [ Enbodi nent 4] 15In
light-emtting elenent in ‘
sem conductor material desc&i bed in Enbodi
is used will be described w reference to FIG 1 and
FIG 2. [0270] Alight-emtting el enent of EBDdi nent
4 has a plurality of |ayg bet ween a 20 pair of
el ectrodes. The pluralit ayers are stacked by

b1 Q ) : f a substance having a
perty and a substance having
poriing property so that a

electrodes, or so t at
portion aparEMfO}' omthe ¥

[0211]



251 n Enbodi nent 4, the light-emtting el enent includes
a first electrode 102, a second el ectrode 104, and an
w@ERkolbaym®n4 whi ch is provi ded between the first PCEIR2000®5373
102 and the second el ectrod¥ 104. Note that in
Enbodi ment 4, description will be nmade bel ow assum ng
that the first electrode 102 functions as an anode and
the second el ectrode 104 functions as a cathode. In
ot her words, description will be made bel ow 30
assum ng that |ight em ssion can be obtai ned when
voltage is applied to the first electrode 102 g
second el ectrode 104 t hat the pot ent i al of
first electrode 102
el ectrode 104. ‘
[0272] A
the light emtti%ag
made of, for exanple, glass, X aF\_or the
like. Note that the substrate 101 may be - of
materials other than glass or plas4B)as NonYy -\
can 5 function as a support of the |ight-em
el ement. Note that when |ight_em ssion fromt
light-emtting el enent is ex{ A
the substrate 101, the subst®ate 101 is preferab
- l'ight- transn1tt|no substrate. [Y273] The first

el ecfyrode /] { usi ng any of

met alls e-£Conpounds, a m xture
e&?, i gh work function
C|f|caII on of greater than or

equal to 4.0 %
tin oxide (1TO,
or silicon oxk ) i ndi um %
oxi de contai ni'ng ‘t ungst en
and the like are given,

e). For exanple, indium
oxi de containing silicon
dc oxide (12O, indium

conducti vesnret al oxi de

filmis usually forne sputt et hod, but

may al so be forned by a#ink-j et & spin

coat i ng-Met he pY(i cation of a

soI gell ne exanpl e, indium zinc
e (1G0) sputtering method using

|n m oxi de i 0 20 wt % of zinc oxide

i s added, as a ¢
tungsten oxi de ard zi :
a sputtering nmethod using §
to 5 wt % of tungst &5xi de 3
zinc oxide are mxed with indi xi de. Ot her than
those, gold (Au), platinum (Pt)Z=ckel (N), tungsten
(W, chromum (Cr), nolybdenum ( M) o (Fe), cobalt
(Co), copper (Cu), palladium (Pd), % m(Ti),
nitrides of the netal materials (such as
nitride: TiN), and the like are given.
In the case where aNiMgyey z :
mat eri al descrlbed ?% o &¢I 0" corkt act
g¢ct rode [ i

with the first
electrically clndudctive co

t hereof can be used for the ' 2
regardl ess of the work function. For ex , qhgginum

(Al'), silver (Ag), an (446)

oxi de cont ai ni ng
FE\(1 WZO) can be forned by

3 in 20 which 0.5 wt %
w%to 1 w % of




30 alum numalloy (such as AlISi), or the |like can be
used. Besides, an elenent that belongs to Goup 1 or 2
\N@ﬁmDNEMDErIOdIC tabl e which has a | ow wor k f uPCT/iR™009/065373

i.e., alkali netals such Ii%hium (Li) and cesium (Cs)

and al kaline earth netals such as magnesi um WO

2010/ 027004PCT/ JP2009/ 065373 117 (M), calcium (Ca),

and strontiun1(Sr); all oys of them (e.g., MyAg and
[02@Q¥ rare earth netals such as europium (Eu) and

erblun1(Yb) ~alloys of them and the |ike can al so

be used. A filmof an alkali netal,

metal, or an alloy including these

vacuun1evaporat|on met hod. I n #

a al kaline earth
be fornmed by a
an al |l oy

|ncINdNng 3 al/ T earth neta
can lje ) her, a
eropaste or [ @ Py an i nk-j et
hod. \ 03 described in
bodi nent 4 NOL£-i nj eewdng | ayer 111, a
hol e-transporting Iayer -emtting | ayer

113, an el ectron-transpor g 114, and an

el ectron-inj ect (4)l ayer 115. 103
includes at least a |ight-em 2 , and there is
no particular limtation on a strug of the other
stacked | ayers. In other words,
limtation on the stacked structure of |ayers of the
EL [ayer 103; l|ayers forned of a substance having a
hi gh el ectron-transporting property, a substance
having a high hol e-transporting property, a
substance having a high el ectron- |nJect|ng prais
substance having a : .

bi pol ar substance (¢
el ectron-transpewt
properties), a
property may be™~€0onbi ned w
sem conductor material describe
as appropriate to formthe EL | ayeysq .
exanple, the EL |ayer 103 may be forned by at
conbination of a hol e- injectino | ayer, a

an_ gl ectron-injecting
L ay and pprgpriate. Materials for
n1ﬁﬁ | ayers i

76] 25The inogrl ayer 111 is a | ayer
containing a AN CA iqg a high hole-injecting
property. As a substance @ ng a high hole-injecting
property, nol{#8num oxi d&—anadi um oxi de, rutheni um
oxi de, tungsten oxi de, manganese oxide, or the |ike
can be used. Besides, as a | ow nol ecul ar organic
conpound, the follow ng conmpounds are given:
pht hal ocyani ne- based conpounds such as 30
pht hal ocyani ne (H2Pc), copper(11) phthalocyan
(CuPc), and vanadyl 3




WO 2010/ 027004PCT/ JP2009/ 065373 118
4,4 4" -tris[ N (3-net hyl phenyl)-N-phenyl am no]tri pheny

WO a0m0/0270MT DATA) PCT/JP2009/065373
4, 4' - bi s[ N- (4-di phenyl anmi no¥heny1) - N- phenyl ani no] bi phe
nyl ( DPAB)

4,4" -bi s(N-14-[ N - (3-net hyl phenyl) - N - phenyl am no] phen
y1}- N-phenyl am no) bi phenyl (DNTPD), 1,3,5 -tris

Kn[%k(4-diphenylaninophen y1) - N-phen yl am no] benzene
8 A3B), 5
3-[ N-(9- phenyl car bazol - 3-y1) - N phenyl am no] - 9- phenyl
rbazol e (PCzPCAl),
3, 6-bi s[ N- (9- phenyl car bazol - 3-y1) - N phenyl am no] - 9-
nyl carbazol e (PCzPCA2), andy3dN [
- napht hyl ) - N- (9- phen !
yl car bazol - 3-yl ) am no] - e
and the like. [0277] 1 ernati vel
hol e-injecting |layer 111, a conposi
whi ch an acceptor substance is m xed |{§ a suh
havi ng a hi gh hol e-transporti ng prope# y

[ ~mXxing an acceptor

bl ect ed regardl ess of
Wr ds, besides a 15
unction, a naterial with a

pARosite material can be forned

by co-dep05|¢459 of a @ ance with a high

hol e-transporting prope and an acceptor substance.
[0278] 20Note that, in this specification,
"conposition" neans not only g sinple n1xture of t
materials but also a n1xturéﬂ’ :

materials in a condition
gi ven and recei ved anon e materi al-s
or gani ¢ conpound used f he conpo

vari ety of

k @o
oo

- (455) !i.7

[0214]



25 conpounds such as an aromatic am ne conpound, a
carbazol e derivative, aromatic hydrocarbon, and a hi gh
woredieoeiosds conpound (ol i goner, dendriner, pol yP&Tr/JP2009/065373
the like) can be used. An @Pgani c conpound used for

the conposite material is preferably an organic
conpound havi ng a high hol e-transporting property.
Specifically, a substance having a hole nobility of
hi gher than or equal to 10-6 CM2NS is preferably 30
used. However, any substance other thé he above

subst ances may al so be used as | ong as is a
subst ance whose hol e-transporting prty i s higher
than the el ectron-transporting propesty. O ganic

conpounds that can be used for conposite WO
pterial is

As the organic
nhe conposite materi al
r exanple: aromatic

5 TDATA, DPAB,

speci fli{ cd
onpoun
t ol | owi ng
amne conmpoundy ,
DNTPD, DPA3B, , PCz PCNL,
4, 4" -bi s[ N-(1- na@sehyl ) - N- p¥ | am no] bi phenyl (NPB or
a-NPD), and N, N '-bis(3-nethyl phenyl)-N, N "'-diphenyl -
[1,1 r-biphenyl}-4,4"-diam ne (TPD); carbazole
derivatives such as 4,4'-di (N-carbazol yl) bi phenyl
(CBP) ,
1,3,5-tris[4-(N-carbazol yl ) phenyl ] benzene( TCPB)

o7 o

(457)

Qﬁg Q‘go
=W, N

(458)



10 9-[4-(10-phenyl -9-ant hryl ) pheny1] - 9H car bazol e
(CzPA), and

wa o2 ®p#- ( N- car bazol yl ) phenyl- 2, 3, 5, 6-t et r apPE€nyP0eMH5373
ene; and aromatic hydrocarbYn conmpounds such as
2-tert-butyl -9, 10-di (2-napht hyl )ant hracene (t-BuDNA),
2-tert-butyl -9, 10-di (1- napht hyl ) ant hr acene, 9, 10- bi s( 3,
5- di phenyl phenyl ) ant hr acene
QFPA) 2-tert-butyl -9, 10- bi s(4- phenyl phenyl ) ant hr acene
(t BuDBA), 15
9, 10-di ( 2- napht hyl ) ant hr ac

cene(DPAnth), 2-tert-butyl § 1t sAnth),

9, 10- bi s(4- net hyl- 1- napht bypeant h [

9, 10- bi s[ 2- (1- napht hyl nyl)-2-te ant ne
, 9,10-bi s[2-(1-napht hyxphenyl ] ant ) N
2,3,6,7-tetramet hyl1l-9, 10-di (1- napht By hi’acene

202 3,6, 7-tetranet hyl 9, 10-di ( 2- naph@%wanthrac,g

"-bianthryl,

10, 10° dlphenyl 9,9 -bianthryl, 10, 10' - bi s(2- phenyl phen
y1)-9,9' -biant hryl,

10, 10" -bi s[ (2, 3, 4, 5 6- pentaphenyl)phenyl] 9,9 -bianthr
yI anthracene tetracene rubrene,
atra(tert-butyl)peryl ene, pent acene,

P vi ny1 @ enyl (DPVBi ), and

Y1 ) phenyl ] ant hr acene

—dr ga onpoundssuchas
7,7, 8, 8-t et{4dyano- 2, 3, 5, 64 af | uor oqui nodi met hane
(F4 TCNQ and chloran|I and a transition netal oxide
can bé given. In addition, oxi des of netal s that
bel ong to G oup 30 4 to Goup 8 of the periodic table

can be given. Specifically, vanadi um oxi de, niobium

&
O

N-N,

(462)

O (463) @
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oxi de, tantal um oxide, chrom um oxi de, nolybdenum
oxi de, tungsten oxi de, manganese WO
wWQRwoNIATH04PCT/ JP2009/ 065373 120 oxi de, and rPEeniRa09/065373
oxi de are preferable becaus® of a high
el ectron-accepting property. Anmong those, nolybdenum
oxide is especially preferable since it is stable in
the air, has a | ow hygroscopic property, and is easily
handl ed. [ 82] SFurther, for the hole-injecting |ayer
111, [ onpound (ol i gonmer, dendrimner,
For exanpl e, the

oly(4 V|nyltr|Q y ) T PA) , poI y [NN(4- IN
- (4- di phenyaain no) phenyl ] I - 10
phenyl am nol phenyl ) met hacryla de](PTPDNA) and
pol y[ N, N - bi s(4-butyl phenyl)-N, N -bi s(phenyl ) benzi di ne
] (Poly-TPD). In addition, a
highnolecularconpounddopedmﬁthacidsuchas

pol y( 3, 4- et hyl enedi oxyt hi ophene
ci d) (PEDOT/ PSS) or pol yaniline/p
acid) (PAni/PSS) can be useg

[0217]



15[ 0283] Note that the hole-injecting |ayer 111

can be forned using a conposite material of the above
wegh/opmwbecul ar conpound, such as PVK, PVTPA, RIPDNY9/065373

or Poly-TPD, and the above ¥cceptor substance. [0284]

20The hol e-transporting layer 112 is a | ayer

contai ning a substance having a high hole-transporting

property. As the substance having a high

hol e-t ransporti ng ty, the follow ng | ow
nol N¢ can be used: an aromatic
m o , NPD), TPD, 4,4' -bis
(979-di neth ) - N- phen
m no] bi p i), 0or 254,4' -bis

[N-(spiro-9, - y1) - N-phen yl am no]
-biphenyI(BSPB)

4, 4" 4" -tris[%§§f nethyl nyl) - N-phenyl am no] tri pheny
Ianlne(n}NWDA

N-[ 4- (9H car bazol - 9- yl)ﬁhenyl] N- phenyl -spiro-9, 9'

- bi f | uor en- 2- anine(YGASF) H3C,
NAI - bi s[ 4- (9H car bazol - S . phenyl vi nylE€H,
4,4 -di am ne( YGABP) ; 4- (ACaC

azol-9-y1)-2‘-pheny|tri
4- (9H car bazol - 9-y1) - 3' > &
7 4-(9H carbazol -9-yl1)-4'-phenyl tri

EP);
"CH;
CH2 HsC
C m Q’
(470) ?Hz
C+1
,L Q \CH3
(471) Z::%$»CH3
Hs(E/C CH3
> m I~
Ck@
(472)
?\CH3
HsC

[0218]



WO 2010/ 027004PCT/ JP2009/ 065373 121
1,3,5-tris(N-carbazol yl )benzene (TCzB); or

wda2e10/027004 r i s(N-car bazol yl ) tri phenyl am ne ( TCTRQT/JP0e9/065373
subst ances given here are i nly substances each
havi ng an el ectron nobility of higher than or equal to
10-6 cnR/Vs. However, any substance other than the
above substances may al so be used as long as it is a
subst ance whose 5hol e-transporting property is hnger
than the el ectron-transporting property. The | aye®
contai ning a substance haviNrg\: 0 s-transporéHDQNb

property is not limted or/
nore | ayers containing

stacked. [0285] rt hernor g

hol e-transporting | ayer 112, S : in
whi ch 10 an acceptor substance is conte{ din HaC
above substance having a high hole-tra ga rting CH\&H
property can be used. [0286] Al ternatively, flor
the hole-transporting |ayer HL2, a high nol ecul aHsC
compound such as PVI C, PVTRAC PT , or Poly-'"TPD can
behy$pd. 8 -enitting | ayer 113

'S n@ [ ehaV|ngah|gh
Gt em'TTi ng proert nd a variety of materials
n be use -emtting layer 113. As the

() O
Subst ance ng a |g ghtgem tting property, for
exanpl e, a fluorescent @ u(f?d v@ll_'ch emts
fluorescence or a phospt or-*cenu/coﬁpound whi ch 20

emts phospggrgscence can ik u . I'n addition, plural
types of su Pances havi ng a hi h Iight-enitting
property may be used without limtation to one type.

[ 0288] Exanpl es o
that can be used for thg
gi ven below. As a | gkt
25bl ue-tingedl i ght g 5 wen:
bi s[2-(4',6" -di fl uorgphenyl) pyr [ ECOR] Lridiun(l
| )tetraki s(1-pyrazol ypborate

[0219]



(FIr6),bis[2-(4",6"-difluorophenyl)pyridinato-N, C2liri
diun(l11)picolinate(Flrpic),

wheaEpa27084 , S5bi strifl uoronet hyl phenyl ) pyri di nat BETWRR09/065373
idium(I11)picolinate (Ir(CP3ppy)2(pic)),
30bi s[ 2-(4', 6" -di fluorophenyl ) pyridi nat o- N,
Cairidiunm(lll)acetylacetonate (Flracac) and the |ike.
As a light-emtting material for green and
green-tinged |ight em ssion, the \

2010/ 027004PCT/ JP2009/ 065373 122 | owi ngaregi ven:tri
s(2-phen ylp yr| di nato-N, C2")i un(1 1) (1 r(ppy)3),
bi s(2-phen vyl & li-nat o- N

Oiridi pet onat g( | /Fppy) 2(acac)),

bi =@ phe enzi m @azyl ato) i ri di unm( Hpacetyl ac
ete(lr(pbl)

bi sStHenzo[ h] qui Ndi um(l11)acetyl acet onat e
(I'r(bzq)2(acac) )5 e | As a 5light-emtting

material for yellogi Zd yel .tinged i ght em ssion,

the fO||OMAng are

Iacetonate (Ir(dpo) (acac))
bi s[ 2- (4' - perfl uor ophenyl phenyl ) &
)acetyl acet onat e

(I'r(p-PF-ph)2(acac)), bIS 2- phenylbenzothlazolat

the like. As alig
orange-tinged 10
given: tris(2-phen
(I'r(pa)3),

bi s(2- phenyl qui nolinato-N, C2' )iridi
ate (lIr(pg)2(acac)), and thg
material for red and red ti

N
(480) | O O



15 (Ir(btp)2(acac)), bis(1-phenylisoquinolinato-N,
ChHiridiun(lll)acetylacetonate (lIr(piq)2(acac)),

w@ awenyioacet onat o) bi s[ 2, 3- bi s(4-fl uor ophenyl ) geCToRANI/0$5373
atoliridiun(li1l) (Ir(Fdpg)&acac)),
2,3,7,8,12,13,17, 18- oct aet hy1- 21H, 23H por phyri npl ati nu
m 1) (PtOEP), and the like are given. In addition, a
rare-earth netal conplex such as

lDquLs(acetylacetonato)(nDnophenanthroIine)terbiun(lll)
(Tb(acac) 3(Phen)), 20
tris(1, 3-di phenyl-1, 3- pr opanedi onat 0) ( nronophenant hr ol
ne) europi um(l11) (Eu(DBM 3(Phen)), or
tris[1-(2-thenoyl)-3,3,3-trifluoroacetonato] (nonophena
nt hrol i ne)europiun(l11) (Eu(TTA)3(Phen)) perforns
l'ight em ssion (electron transition between different
multiplicities) froma rare-earth netal ion
therefore, such a rare-earth netal conplex 25 can be
used as the phosphorescent conpound. [0289]

Exanpl es of a fluorescent conpound that can be used
for the light-emtting | ayer are given below. As a
light-emitting material for blue and blue-tinged |ight
em ssion, the followi ng are given: 30

N, N - bi s[ 4- (9H car bazol - 9-yl ) phenyl ] - N, N1- di phenyl sti |
bene- 4, 4' -di am ne(( YGA2S),

4- (9H car bazol -9-y1)-4'-(10-phenyl -9-ant hryl ) tri phenyl
am ne( YGAPA), WD 2010/ 027004PCT/ JP2009/ 065373 123

4- (9H car bazol -9-y1)-4'-(9, 10-di phenyl -2-anthryl)triph
enyl am ne( 2YGAPPA) ,

N, 9- di phenyl - N-[ 4- (10- phenyl - 9-ant hryl ) phenyl1] -9H-carb
azol - 3- am ne( PCAPA) ,

peryl ene, 2,5, 8, 11-tetra-tert-butyl peryl ene( TBP),

4- (10- phenyl-9-anthryl)-4'-(9-phenyl - 9H car bazol - 3-y1)
tri phenyl am ne (PCBAPA), and 5the like. As a
light-emtting material for green and green-tinged

i ght em ssion, the



foll owi ng are given

N- (9, 10-di phenyl-2-anthryl)-N, 9-di phenyl-9H car bazol - 3
W0 armione700L PCAPA) , PCT/JP2009/065373

N-[9, 10-bi s(1, 1" -bi phenyl- 2%y1)-2-ant hryl]-N, 9-di pheny

1- 9H car bazol - 3- am ne

(2PCABPhA), N- (9, 10-di pheny1-2-anthryl)-N, NW'tri phenyl -

1, 4- phenyl enedi am ne 10 (2DPAPA),

N-[9, 10-bi s(1, 11- bi phenyl-2-y1)-2-anthry

phenyl- 1, 4- phenyl enedi am ne (2DPABPRA

N-[9, 10-bi s(1, 1' - bi phenyl-2-y1)]-

| ) phenyl] - N—phenylanthracen 2-

-N,NL, N -tri

JF/car bazol - 9-y
2YGABPhA) ,

N, N, 9- trqmbhe ; PhAPhA), and the
like. 1 b rial for yellow and
yel tih y—éni ssi ubr ene,

5, is(l,l‘- j , 11- di phenyl tetracene

(BPT), and the
material for red and red-ti

As a light-emtting
l 1ight em ssion, the

follow ng are g|veﬂE

N, N, NW t et r aki s( 4- Eﬂylphenypt:
(p-PhTD),

7, 13-di phenyl - N, N, NWt et r aki s(4- net pacenapht ho
[1,2-a]fluorant hene-3,10-d 20 iam n& L4 AFD), and
the |ike. [0290] Note that the Ii -emtting
| ayer may have a structure in which any of the above
subst ances having a high light-emtting property
(guest material) is dispersed into another su 3
(host material). A vam'r % 51 &5\ of subst an
be used for a 25 nmat 2r si ng
light-emtting s anc ; [
preferable to us subst ance S noccupi ed
nol ecul ar orbital (LUMO ,
a substance having a high |ight-@ggfjting
(guest material) and whose hi ghest occupi edTlecullarCH3
orbital (HOMO) level is lower than that of thg
substance having a high light-e y ng propert

material). Note that in thiss30 ification, "thr
;Qev : ; nmeans that t he
enej gy . Y Y WOl evel or the
()ev- 0 ] &gy level WO
10/ 027004 20 is low For exanple,
ubst ance AN f -5.5 eV has the

HOMO | evel
having a HOMO | evel of
t han Substance C haV|ng a
[ 0291] (484)

V than Substance B

(485) O. O



5The organi c sem conductor material described in
Enbodi nents 1 to 3 has a |l arge band gap and a bi pol ar
Weeaper1094 and thus is suitable as a host mat ePCHIR20TH®S373
organi ¢ seni conductor mater38%l described in
Enbodi mrents 1 to 3 has a | arge band gap; thus, |ight
em ssion froma guest material can be efficiently
obt ai ned even in the case where a guest nmaterial which
[028 rIbItS light emission of a short wavel ength is used.
I'n" 10addition, the driving voltage of the
duced. [0292]
por material described
riplet excitation
froma guest material can
nin the case where a

light-emtting elenent can b
FurtppN F o C sem con
i n Epbodih { t» 3 ha yaor

ﬁﬂilggf _ ygnt emis
ffici ent 3"
phosphor escen s~used as a 15 guest

mat eri al . Especi aIIy in case where a
phosphoresceqafﬁonpound ri'ch exhibits [ight em ssi
of a short wavel’'ength is usedy a B

be obtai ned. [0293] Plura
used as the host materi
to suppress crystalliz
suppresses crystallizati
further added. In addition, NPB, Alq,
be further added so that energy is tranagey
efficiently to the substance alight-emtting
property. [0294] 25The stru in which a substance

havi N a t-emtting pperty (guest naterial)
is dj S pot her ance (host material) is
-emtt | ayer, whereby
stal lizat t-emtting layer 113 can be

suppr essed. o sponcentrati on quenchi ng due
to the increase in concat| on of the substance
havi ng a hi gh4gg)ght -em t g property (guest naterl
can al so be suppressed. 30[0295] WO
2010/027004PCT/JP2009/06§§73

0

. m
O

(491)

(489)

[0222]



hi gh el ectron-transporting property. As a | ow
nol ecul ar organi c conpound, for exanple, a netal
w@ onplogzoosuch as tris(8- qU|Q$I|nolato)alun1nunf¢TmBﬂmwm5yB
(Al q),
tris(4-nmethyl-8-quinolinolato)al um nun(lIl1)(A ng3),
bi s(10- hydr oxybenzo[ h] qui nol i nat o) beryl Iiunm(11) (BeBqg2)
5

bi s(2- et hyl - 8- qui nol i nol at 0) (4- phenyl phenol at o
um(111) (BAQ), bis(8-quinolinolato)zinc(ll) (
bi s[2-(2- benzoxazolyl)phenolato]2|nc(II) (ZnpB
bi s[ 2- (2- benzot hi azoly hesgl zinc(l1l)
be used. Further besl @ K met
het erocyclic co ch as :
2-(4- blphenylylngEB;L;ert-b , ;
| e(PBD), 101,3-bis [5
-(p-tert-butylphenyl)-1,3,4-oquxgzol-ZZQZBbenzene(CMD
-7),
3- (4-bi phenyl y1) - 4- phenyl - 5- (4-ter§-butyl phenyl)-1,2,4
-triazol e(TAZOl), 2,2',2" '-(1(TPE
bat hophenant hr ol i ne (BPhen), or baty
can be used. The substances desc
mat eri al s having an el ectron peg

that the

or equgiN 15
1T4 may be fornmed of

el ectr R 7

su@ﬁg%s ot her t han thdescri bed above as |ong as
th bst ance @.«- el ectron-transporting
properties than rting properties. Further,
the electron-tra@sportin yer 114 may be fornmed as
not only a single-layer structure but also a |ayered
structure in which two or nore layers forned of the

above substances. are ZOstacked [0296]

ty of higher than

el ectron-transporting Iayar nol ecu

conpound can be used. S CHs;
pol y[ (9, 9-di hexyl f| uofene- 2, yrig

i y1)] (PF-Py), N
pol y[ (9, 9-di octyl fluorene-2,7-diy , 2 pyridin

e-6,6'-diyl)] (PF-BPy), or 25the like e&a)b ed.

@**A

(495)

ON

(496)

[0223]



[0297] The electron-injecting |ayer 115 is a |ayer
contai ning a substance having a high
WE@Lk@one™mn i nj ecting property. As the substanceP@EYP200P/@5373
hi gh el ectron-injecting préperty, an alkali netal or
an al kaline earth netal such as lithium (Li) or
magnesi um (My), or a 30 conpound thereof such as
lithiumfluoride (LiF), cesiumfluoride (CsF), or
calci*F1quor|de (CaF2) can be used. For exanple, a
- No material having an WO
009/ 73 126 el ectron-transporting
g ali netal, an alkaline earth
ereof, such as a |layer forned
Y gnesium (M), may be used. It
is preferapozyto use ayer of a substance having an
el ectron-transportin roperty containing an al kal
metal or an al kaline earth netal t he
el ectron-injecting 5l ayer < s
fromthe second el ectrode %
performed. [0298] As B
t he second el ectrode 104, a 3
el ectrically conductive conmpound, a m xture th
or the like wwth a | ow work function (g&§0|f|cal
ower than or equal ( 8 eVis
Bey. As a specific exanpl e of
i all—an el enent that belongs to
piri odi c table, that is, an alkal

p § Li) or cesium (GCs); an alkaline
earth net ald498uch as

esi um (M)
strontium (Sr); an a )
bel ongs to G oup 1 or 2 (such 2 A ! : g::)
rare-earth netal such as europ e er pFym
(Yb); an alloy 15 thereof ;/®f t1 [ \ bgOxed.
filmof an alkali netal,
an alloy including these cah bg forned®Pla vacuu
evaporation nethod. In additt™n, an alloy includi ng™an
al kal i netal or an al kaline earth nmetal can be forned

b y Further, the second el ectrode

g~§ silver paste or the
ijlb299]

D
@ "

A Oa®
QQ

of Al g which

[0224]



In the case where the electron-injecting |layer 115 has

a function of pronoting electron injection is provided
wheiwoemos he second el ectrode 104 and the PCT/JP2009/065373

el ectron-transporting |ayet9114, the second el ectrode

104 can be forned using a variety of conductive

materials such as Al, Ag, ITO and indiumtin oxide

containing silicon or 25silicon oxide, regardl ess of

their work functions. These conductive [

be formed by a sputtering nethod, 'gns

spin coating nethod, or the [|iks ‘

that since the organic sem co

em ssion, it can be used for ight-en1tt|ng
as a substance 30 having a hig $ ght - em (308hg
& t he oxadiazol e derivative

g D 3 exhibits Iight em ssion
.nglng from/purple tp Bl ue, and thus can be favorably
‘ d tting el enent as a substance
\ng ah ‘ 0/ 027004PCT/ JP2009/ 065373 127

gt -em tting prog ]y. I'n addnti oa= t he=Qrganic
sem condut8t nat e descri hed bddi p
has a bi pol ar property, a uQ

| ayers other than the lig mtting ~t'he
hol e-transporting | ayer and the el ect - orting
| ayer). Moreover, the organic sem conductor i al

to 3 has @ob@arge &
bd. for an

3 | e- bl ocki ng I ayer.
semrconduct or materi al

descri bed 5 i n Enbodi nent

[0301] 10As a formation nethg
ety of nethods can be used Q

exanpl e, a vacuum evapor at
nmet hod, a spin coating ne
used. In addition, the el
formed by dlfferent deposition net hods- v

. ayer may be formed usi(B®)a hi

rocess. Alternatiwety,
ng a | ow nol ecul ar
N wet p ess. Further

| ayer may be forned using a | ow
pund by a dry process such as a

od. r\{(N)\ O O
DaVs

(509)

mol ecul ar qsggnlc o]
vacuum evapor ation I\

[0225]



20[ 0303] The el ectrode may be forned using a
sol -gel nethod by a wet nethod, or using a paste of a

woredtalo2tond eri al by a wet nethod. Alternativel yPCT/me2009/065373

el ectrode may be forned byl@ dry process such as a
sputtering nmethod or a vacuum evaporati on mnet hod.

[ 0304] 25For exanple, in the case where the
light-emtting el enent of Enbodinment 4 is applied to a
di spl ay device and the display device is manufactured
usi ng aN1"qr gg Jtrete, the light-emtting layer is

prefer anly { a wet cess. Wen the
li emtting |ay o by an i nkjet nethod,
[ : ight-emtting |ayer for

perfornew—aye

substrate 30i s used. ) VWO
2010/ 027004PCT/A3H2009/ 068373 cuPrent—t1 of
provision of a potential [diff ce betme- A

and el ectrons are reconwied in the EL Iay QOS
whereby light is emtted. [0306] 5The emt ed l'igh
hrough one or both of the first electrodg

de 102 and the s@
| ectrode having

case 10 where-only
light-transmtting
the side opposite t ate through the seco
el ectrode 104. In thg dase where botd3hhe first
el ectrode 102 and the seco | ectrode 104 are
light-transmtting electro , emtted light is
extracted fromboth the substrate side and the side
[022@posite to the substrate through the first electrode
102 and the second el ectrode 104. 15[ 0307] The
structure of the |layers provided between the first
el ectrode 102 and the second el ectrode 104 is not
limted to the above structure. Any structure other
than the above structure can be enployed as long as a
light-emtting region for reconbinati on of hol es and
el ectrons is positioned away fromthe first el ectrode
102 and the second

extracted



20 el ectrode 104 so as to prevent quenching caused by
proximty of the light-emtting region to netal, and
w0 b@aooeyehi ¢ sem conductor material descri bed PET/JP2009/065373
Enbodi ment 1 is provided. [®308] In other words, there
Is no particular limtation on the stacked structure
of the 25 layers; layers forned of a substance having
a high electron-transporting property, a substance
havi a high hole-transporting property, a substance
ectron-injecting property, a substance
h YaVe-i nj ng propRrily, i pg

2 %ﬁ;&ing hi g
Nand hol aﬁgportino
e [\ ke may conbi ned

at erial 30 describ

structure. [0309] WD[2010/027004PCT/ JP2009/ 065373
second el ectrode 104 nctioni ng as a cat hode

| ayer 103, and the f el ectrode 102 functig

an anode are stacked in §
101. In FIG 2, a struct
el ectron-injecting |layer 115, the
el ectron-transporting |ayer 114yt

| ayer 113, the hol e-transportihgHza and th

hol e-injecting |layer 5111 axg”SOack®ei n ) ff:>

over the second el ectrode is enpl gyeq. [/B2

Note that in Enbodi nent 4, the Iight-QEi? ' P

is formed over a su ate made of gl ass, plastig
Yat i a plurality of (8lf®h O

ts over one substrate enablg

e matrix 10 light-emtting

or exanple, a thin fil

, plfastic, or the like, and a |ight-em
ment may gf? manuf ac ; 3
e ectricall§ dnnect ed \&¢’ t he TFT, Thus, an acwNx
matrix light-emtting dew
alight-emtting el enent
There is no particul ar | iM%
the 15 IF!'. The TFT may be ‘her of staggered type or
of inverted staggered type. In addition, a driving
[02%]rcuit formed over a TFT substrate may be forned
using an N-type IF!'' and a P-type TFT, or nmay be
formed using any one of an N-type TFT and a P-type
TFT. In addition, there is also no particul ar
limtation on the crystallinity of a sem conductor
filmused for the IF!'. Ei ther an anorphous
sem conductor filmor a 20 crystalline seni conductor
filmmy be used for the TFT. Alternatively, a single
crystalline sem conductor filmmay be used. The single
crystalline sem conductor filmcan be forned by Snart
Cut (registered trademark) or the |ike. [0311]



Not e that Enbodi nent 4 can be conbined with any of the

ot her enbodi nents 25as appropriate. [0312] [ Enbodi nent
W®G12010/027004 | n t hi s enbodi nent, a node of a PCT/JP2009/065373

light-emitting elenment in WAtch a plurality of

light-emitting units according to an enbodi nent of the

present invention are stacked 30 (hereinafter, such a

light-emtting elenent is also referred to as a

stacked type elenment) will be dﬁscrloed with reference

to FIG 3. This light- emttlnd\' -r\@ @ st acked

type light-emtting el enen ha ha !

light-emtting units betfi rst

2010/ Q24 004L&T/ JR2009/ 0653738 130 el ect

second ete [

gt ure of e
I -€ sim'Iar i bed
[ odi nent : ords, the lig i ng
el ement descrihbé podi ment 4 is a |i et ting
el ement having one |i emtting unit.
enmbodi ment g I'i ght i ng el enent ha
plurality og 51 i ght - en1tt|ng units wll ri bed
[ 0313] In F a first light-e g unit

511 and a secondy]F oM
between a first ele
502. A charge gener g
the first |ight-em N

gmtting unit 512 are st acked
de 501 and a second el ectrode
g layer 513 is provided between
g unit 511 and the second 10

light-emtting unit 512. As the first electrode 501

andﬁ .Iectrode 502, el ectrodes S|n1lar to
@ i : @ be appl ited t he
';rst [ i t A fa 511 and &

|ght-errit @ 812 may h S L e@

different S ' St ruct ur ' —N

l'ight- ? itting unit 1 and the second |ig¥

unit €9 can be simYar to the struct ur(81escri bed
Enbodi ment 154 4 The charge generati n¥
| ayer 513 is a4 | hat i njects electrons into @ng
of the |ight-eg ¥J units and injects holes into the
ot her of the mtting units when a voltage is

el ectrode 501 and the second

[0228]



20 generating | ayer 513 may have a single-Ilayer

structure or a stacked-layer structure. As a stacked
waeowotwre of plural layers, a structure in whPChJIR2009/065373

hol e-i njecting | ayer and aA0®l| ectron-injecting |ayer

are stacked is preferable. [0315] As the

hol e-i njecting | ayer, a sem conductor or an insul ator,

such as 25 nol ybdenum oxi de, vanadi um oxi de, rheni um

oxi de, or_ruthenium oxi de, can be used. Alternatively,

N ng | ayer may have a structu i n whi

substanc G-V hi gh hol e-t 1 g}

and an acgepior sugssance is f [

conposi t el cri bed i

30i ncl udes, asanaccefjfor subst ance, WO (525) oCHs
2010/027004PCT/JP2&@Q&Q65373 131 high HsC™ CHs
hol e-transporting gqqp@rty, any of various conpounds
such as aromatic am he conpounds, carbazole

derivatives, aromatic hydrocarbons, and high nol ecul ar
conpounds (such as oligoners, Rdri g and

pol yners) can be used. Note thag 2§ g
hole nmobility of 10-6 cn®/

used as the 5 substance ha a high

hol eyt property. However, '

ot hetgt h t gggitances may abzt be used s
g as it | > in which the

Mgl e-t ransp dperty is higher than thea 9:3

el ectron-tra property. Since the conpdsig-&Hz

mat eri al 5 the substance having a hﬁgh

hol e-transporting pryperty and the acceptor substance
is superior in éh?@ﬁ@mzinject
10carrier-transpqifi ng propé¥ \ age driving
and | owcurrent driving epb :
As the electron-injectin
sem conductor, such as |1
fluoride, or cesium carbonate, .
Al ternatively, the 15 el ectron-injqgtdyng | a may

have §-Ntr n which ggonor substanhce I's added
i nto A sUD\t #NCH i a~fi gh electronfﬁ?aﬁ%% rting
p“;;wty. As th Jubkt ance, an al kal H2net &l , an
al&&l i ne eart : N rare earth netal, a netal that

bel ongs to G ou Qf A\t he periodic table, or an oxide

or car bonatspf them be used. Specifically,

l'ithium (Li), cesium ), magnesium (Mj), calcium .
), ytterbium (Yb), indium(ln), 20 |ithium oxide, .
si um carbonate, or the like is preferably used.

Al ternatively, an organic conpound such as

t et rat hi anapht hacene nay be used for the donor

subst ance. As the substance having a high

el ectron-transporting property, the materials

descri bed in Enbodi ment 4 can be used. Note that a

subst ance having an electron nobility of 10-6 cnR/Vs

or higher is preferably used as the substance having a

hi gh el ectron-transporti ng

[02



25 property. Note that any substance ‘that has a higher
el ectron-transporting property than a

whoelieAotToahsporti ng property nmay be used ot her PORIPAO065373
above substances. Since théO&onposite material of the
subst ance having a high electron-transporting property
and the donor substance has excel | ent
carrier-injecting and carrier-transporting properties,
| ow-vol tage driving and | owcurrent driving can be
realized. 30[0317] WD 2010/027004PCT/JP2009/ 065373
132 charge genera |ng | 2 For ex:h’ﬁﬁ &H{ he
charge generati ng) | gye: pe forned WrChi;a
conbi nati on ) 0 a subgt agce having a
hi gh hole-tr oxide with a
t ranspar ent = a |l ayer having
a high light-transmtting ,
as the charge 5generating | %r in
extraction efficiency. [03 %? i any case, the
charge generating |layer 513, which is interposed
between the first light-emitting unit 511 and the
second light-emtting unit 512, is acceptable as |ong
as electrons are injected to one of the light-emtting
units and hol es angNnjeeted te=the 10 other of the

light-emtting unifs} /,.slled to the
\@0 502. For

5 of |ight

first electro d ele
exanple, in a e of apply'-a a poktage—§o that a
potential of t first el e§ iherOt han a

potential of the second ele any sERucture is
acceptabl e for the charge generatlng | & 513 as | ong
as the charge generating { 2r 513 inje el ectrons
and holes into the first ight-emtting unit 511 and
15t he second light-emtting unit 512, respectively.

[ 0319] Al t hough the light-emtting el ement
having two light-emtting units is described in this
enbodi ment, a light-emtting el ement in which three or

more |ight-emttimng™, 3 scked can be applied
inasimlar way. ]l ity of
light-emtti G ctrodes so
as to be part ned by a ¢ tIRg | ayer as
inthe light-emtting el en® i ment, the

el ement can performlight emssion in 3
regi on while keeping a currﬁﬁé density s
the el ement can have |ong Ij ) Mor eover, a
light-emtting device with | ow power consunpti on,
whi ch can be driven at | ow voltage, can be achieved.
25[0320] The light-emtting units emt |ight of
different colors fromeach other, thereby

FP 0
(533) @



10

15

20

obtaining light em ssion of a desired color as the

whole light-emtting el enent. For exanple, in a
wo pgho2mnd tting el enent having two |ight-em ttP@rJP2009/065373

units, the em ssion colorsl®f the first light-enmitting

unit and the second light-emtting unit are nade 30

conpl enentary, so that the light-emtting el enent

which emts white light as the whole el ement can be

obt afne o t e, n

R T
synthekiaed b eynthdsésymethedsiepedentdhby SysthesihSclenedsdht) to\(3) below.
2010/ 027004PCT/ JP2009/ 065373 133 . eni ssion can be, . .
HeGBRUPnath oMPIE: OF & oPTIEYh BOBRY apndlf FPaipedlbederiative of
Em8HdikdehMwhillge be@hRbsd. of conpl enentary col ors. The sane

can be applied to a light-emtting el enent having
[028Bhfee |ight-emitting units. For exanple, when the

first. light-emtting unit . emts red Light. t second .
11 grltirshnf bRl Sxifine] AetifoclvEg (oordpng &7 of P Hesiced.
Synth@RtScBink (11)Gs Showd begsi.t s bl ue |ight, white |ight can

be emtted fromthe whole light-emtting el enent.

[0232321] Note that this enbodi ment can be
-conbi ned wi th anot her enbodi nent as appropriatg,,
[0322] 10 [ Enbodi nent 6] In this en?qgi nt, a
light-enitting device having a light-enittfhg enment

Ssgbrias ol S SER r iT SEAbEAL
) O

Compound 1 Compound 2
(11)

A,13-1N_N;——©‘X1 dehydrating agent= TLN‘ C o
00 Ar13 O

Compound 4 Compound 5

[0233]

In- Synthesis Scheme (11), a halogenated aryl derivative (Compound 1) and
hydrazine are reacted to synthesize halogenated aryl hydrazide (Compound 2). Note
that in Synthesis Scheme (11), the hydrazine may be a hydrazine hydrate. Next, the
halogenated aryl hydrazide (Compound 2) and aryl carboxylic acid halide (Compound
3) are reacted to obtain a diacyl hydrazine derivative (Compound 4). A halogenated
oxadiazole derivative (Compound 5) can be obtained by ring closure by dehydration of
the diacyl hydrazine derivative (Compound 4) using a dehydrating agent to form a
1,3,4-oxadiazole ring. Note that in Synthesis Scheme (11), R represents an alkoxy
group having 1 to 4 carbon atoms or halogen, Ar 1 represents an aryl group having 6 to
10 carbon atoms, and X' and X° represents a halogen group. X' is preferably a bromo
group or an iodine group, and X2 is preferably a chloro group. |
[0234]
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[0323] 15In this enbodinent, a light-emtting device

having a light-emtting el enent of an enbodi nent of
w0 b@ofpem®sent i nvention in a 8i xel portion w || P@EIP2009/065373

described with reference t3%¥l GS. 4A and 4B. Note that

FIG4A is a top view of the light-emtting device and

FIG 4B is a cross-sectional view taken along line A-A

and line B-B' in FIG4A This light-emtting device

i ncl [ i jol [ 0 ' [

20 o\ e HRRLITHG e, (RO ARAGEONE 1AL L 8 WX as the
dehydoingmgergér circuit) 603 which are indicated by dotted
02}3% es in order to control the |ight em ssion of the
[ 'Eht-em’ tting elenment provided in a pixel portion

602. A Fiéthb®for §nitREiSMENAE hAEBIAd 6LMid-8R! &FRALISe FCompound

sealing substrate, a reference nuneral 605 represents

5) ia ngthinged to zhwve Syathesis Sdkeraait 1 pand exthdsknpya meethedsrman also be
use 05 is a space 607. 25[0324] Note that a | eading

Wring 608 is a wiring for transmtting signals input
[02'351] the source side driver circuit 601 and the gate

side driver circuit 603. The | eading wiring 608 .

r ec eN¢idsan, elgetpnsaceppting um wctke oxatiagode desivabiye of Embodiment 3
. . Sj gn .o the 4. i
s LN RpRenCity 5 Bplolfucd SARAC Coblpbfid Heficscricd by
CompouridTals.sydiesitddh o Sghthesik $chdmee @RG)iisshiominisiovat ed

here, this FPC may be provided with a printed wiring
[Ozéﬁard (PWB). The light-enitting device in this

specification includes=\n its WO

2010/ 027004PCT/ JP2009 »373 134 category not only a

light-emtting device elf but also a light-emtting
device with an FPCXr a BWB jafsi ached thereto. [0325]
RO0G | A
NN 1 NN .
I X Compound 6 . 1 O O (12-a)
¥ O Pd cat. A0 X2
Compound 5 o Compound 7
[0238]

The halogenated oxadiazole compound (Compound 5) and an arylboronic acid
or its derivative (Compound 6) are coupled by the Suzuki-Miyaura coupling using a
palladium catalyst, whereby a halogenated oxadiazole compound (Compound 7) can be
obtained.

[0239]

In Synthesis Scheme (12-a), X' and X? represent halogen or a triflate group,
and as the halogen, iodine, bromine, and chlorine are given. In addition, X! and X°
may represent the same element or different elements. Further, in Synthesis Scheme
(12-a), R” represents hydrogenA or an alkyl group having 1 to 6 carbon atoms, and R*
represents hydrogen or an alkyl group having 1 to 6 carbon atoms. R*® and R* may be
bonded to each other to form a ring.

[0240]
A palladium catalyst that can be used in Synihesis Scheme (12-a) may be
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Next, a sectional structure of the light-emtting

device wll be described with 5reference to FIG 4B
wab@ogeiover circuit portion and the pixel portPONIE06/065373

formed over an el enent subdf?ate 610. In this case,

one pixel in the pixel portion 602 and the source side

driver circuit 601 which is the driver circuit portion

are illustrated. [0326] Note that as the source side

P08 4 BTGNPt T e, g

ligand &forheepalladhen chatalyst thatr cani be msyd be thersyethebiy s«chcrnm($2 a),

. clrcults, urts, CIrCUItS
triGg S SR r IBHC R BROSpRIhe; THEoRSg e, it LfF Jke are
gw&r | v,@g a GafCthiaf cArSbd AEMEH OpitestshSchBRS(HY, aetneor@ﬁlgwbqﬁdsuch as
with the pixel portion is ‘described; however ,
sodpme gzrbutoxide and em inoggands base aiches pLOtﬂsslhmscaﬂypl@te 8a¢1 giveine
iver circuit can be forned outside the substrate.
024}
[ [ 0327] The pixel portion 602 includes a

pl urgd hisylveht Bhx@inSheeaed i $¥hﬂhl51§1 SsHerh€ (1122g), Almiked 3dlvent of
a current controlling TFT 6 and a first el ectrode

tolusng apdy aateyrsa Brixad: solveat pijtolusmacant dgohad suchiassethanl, andevater; a
r LI ng hat _ u

G R0 SPISIA AR £ sl ST s LB o

ethzﬁio@?,(}inﬂ @@kﬂerG A 3nixbik s@yeritlof bemznt ahd IWaﬁ:'t4a imix&D§advent df benzene,

usi ng a positive ph tosensitiv resin 28
an plgolal pueh @ iappb e thicr: dyiPeg eﬂof‘teﬁ A8 T 51U 75 fhylene
gl y&ﬁ gYﬂthﬁ?l SHGAnl RkerSbt ﬂ'ﬁ@ Nike Qaﬂig@ gfveﬁ d gﬁoféQBﬁﬂ a@OHixel sélvent of
[ower etlge portion of the insulator 614 has a curved
tolwne hmbwaisi oha mixadrophtent ef tofaone, gtunpl, end waten igyoeietpir¢ferable.
[Ozgﬂotosensitive acrylic is used as a 25 material for
e insulator 614, it is preferable that only the

uppevotetiligt B kiRtAes nidikod B8 Uhatlohdehads@drz6le! d@fpound
surface with a radius of curvature (0.2 ti,mto 3

rep{esfmted by Compound [ds nashimitedto the syathesip anetisdaewisinynthesis
Sch%hlte egﬁé %Qlogg&n lééo c@ﬁg%[ndc gg}e {}Sﬁ%@gdr by, for

I NSO e I N an 1 rr
exafipd, hlsyﬁthedi:omeﬂﬁﬂshbwum ﬁmyésistSdhhmb (bBbpbhEswsol ubl e
in an etchant due to light irradiation. 30[0329] WO
[0293}1 0/ 027004PCT/ JP2009/ 065373 135

o X2 X
NN, D B/OR Compound9 l}l\’N (12-b)
A J\o OR% Pd cat. ° X2
Compound 8 Compound 7
[0244]

A boronic acid or its derivative (Compound 8) and dihalogenated aryl
compound (Compound 9) are coupled by the Suzuki-Miyaura coupling using a
palladium catalyst, whereby the halogenated oxadiazole compound (Compound 7) can
be obtained.

[0245]
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613. Here, various netals, alloys, electrically
conducti ve conpounds, or m xtures thereof can be used
wo ort0m21oed eri al of the first electrode 613. | fPCHaP2009/065373
first electrode 613 is usedl@ds an anode, it is
preferable that the first el ectrode be forned using a
netal, an alloy, an electrically conductive conpound,
or a mxture thereof with a high work 5 function
(Pr efzeg dthakis §ch\éﬁlrek(1§'ﬁ?__, X" QRd OF ApRs&Y Haloghh P&  tiflate group,
anmong such materials or exanple, the flrst el ectro
andods3the anlogm,ﬁodlnedarqmlmgoacldongd is-giwgrer I jatldition, Xhand X may
indiumtin gxi ide fi cont ai ni ng icon L um
reptepis S e 1P o HRerEt ey st s yRes Seheffe 12-9)
92f fépf@seﬁstﬂ—y@&%eﬁnorf ah Nalkyd éﬁué}'ﬂaﬁlngalpio i éabor0atdnkte and R”
e; or a stacked film sSuch as a stack of a tltaqkum
repmsclrts Hedrpgemoraancalleyl feroup hayineal 19 hearbonatomsm BS andR™ may be
ent. or, a three-layer structure of a
bor{%flgon?aﬁpnoﬁ}?p g)e i n% a filmcontaining al um num as
[0246 mai n conponent, and a titaniumnitride film Note
that when a stacked structure is enployed, the first

el echrisfadigmacatalyst that calkibstusad dn Synghegjsy $ohgmer dr) may be

pal Y & R e A RGP BT n ), P B0 @

hgandcdnf e palladuammamﬂysorthatetdmode uxseahgn athe e,\yaqheslatspmme (12-b),
nkj et neth as t hod t
tri(e t(i@l')p glln J Frgg}jézpylgggsplh ﬁaggc(if?lwé{yﬁ)%a ne, and” ‘the rflff(e are
give M ISR O a Hadeeihap barfl 88 %&é@ﬁﬂsymhms%m(@ ) fnelude an
3. Any of Iow nol ecul ar conpounds; high nol ecul ar
orgemapasmeuch af pefbivmrerisndoxdén and raerlsorrgaylcm@% ¥¢ho p& grotagsium
au%g% material used for the EL |ayer 616. As the 20
Bial for the EL | ayer, not only an organic
[02¢pppound but also an inorgani c conmpound nmay be used.
[ 0331] the material for the second electr

617, Ay asplyeat tbeztp@sl b used tim Synthgsis Sgheme (Tdeh)s 2 TAIKEY Solvent of

t
tohféﬁ@ gﬂ&‘ wfavet?heg ﬁg@ﬁ%g@ﬁfﬁlgggr%&gﬁ?@l Sgéelgésgetﬁml Bfd water; a
mxxeat dobbat of txylene pandf watahyl £ niiked sbllventsef:@ylldmelamhllcohtd dueh as

formed usin all o n electric
ethangh AR ajer %dﬂ*ﬂig‘g ﬁa"e‘& qg]bii‘%ﬁ“ a{‘ﬁ Syt 2 mgxe Wéyqnlt Rf benzene,
an mcsﬁblasulzpws wahaof URE b A8, GPS{earailent of alQlitker fSHENE tab Qehylene
.8 eV or |lowér) anong such materials. As an
glymlaimpbtéyl etheredngeater; b)eltlwnlg}fer@nths: gvoup A mixedgoduast of tajuene

di b I
and ipP A S SO olhiecefandh A5 PP i dosk el
(n&% such as magnesium (My), calcium (Ca), or strontium

or an alloy_ containing any of these (such as
nggN@frt, ahpleyaccepting: vt In the eamdiagalegiosiwativg of Emprdiment 3 is

t F t hr ough
syfiRBEEE. Shallol Enihes GHED ABATILE) M RO bhBR 507
[02¥¥) 2010/ 027004PCT/ JP2009/ 065373 136 be formed using a

stack of a netal thin filmand a transparent
conductive film(indiumtin oxide (ITO, indiumtin
oxi de containing silicon or silicon oxide, indium zinc
oxide (1Z0O, indium oxide containing tungsten oxide
and zinc oxide (IWO, or the like). [0332]
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5By attaching the sealing substrate 604 to the el enent

substrate 610 with the sealant 605, a light-emtting
wWekemet0618 i s provided in the space 607 whi chCT/$P2009/065373

surrounded by the el enent dlbstrate 610, the sealing

substrate 604, and the sealant 605. Note that the

space 607 is filled with a filler such as an inert gas

(e.g., nitrogen, argon, or the like) or the seal ant

605. 10[ 0333] Ast he seal ant 605, an epoxy
resin is preferably ug In addition, it is desirable
to use a material that)aKl ows perneati on of noisture

or oxygen as little g poxdible. Asxthe seal i ng

strate 604, pb% st raje(f or npd u5| 12FRP
g s PRI s Bl 0
po/Mester Paeaylic, o he | 15¢mn! be

ugkd besi des a gl ass substrate or a quartz substrate.
[O As descri bed above, tting
deﬁ?é@pﬁaV|ng the light-emtting e eﬁ%ﬁnhgﬁqknbodlnent
[02§0°r 5 can be obtained. [0335] 20The light-emtting
devi ce described in this enbodi ment includes the
light-emtting el enent describegydn Enbodi ment 4 or 5.
The_li ght - emttlng;ﬂgh nt described®H Enbodi nent 4

orX5 has hlg i ci ency 5nd the drixjtag
| t age Thé} B{QRgg)m i g Abéli/l ce

Nt Ilgh{—w+h—h+-gh calN, be (13-2)
e/ FurAhdr | app pght - emi t e wAM'l ow
pomer consunption can be 25o0bt ai ned. [0336] As

d@éﬁfpobm@ fpove, an active-matrixCompbungnizting
devi ce which controls driving of a |ight-enmtting

[0281]ement with a transistor is described in this

enbodi nent ; ver, .a passive-nmatri mitti

o i/ GOTR RS 18 e BRI O & A6 1 Go( G g 10) and
dihA1883haa BB Mdofpoud {(CRMipolihd D) a8 ESupI By ateUSRELKRMi
' appl ;lngﬁgn enggdlnéﬁt g% the)present |nvgnt|on FIGilyaura
coupling sismgperpapediuiny gatalysty wherglye a halogenated arylamine compound

(Compound 11) is synthesized (Synthesis Scheme (13-1)).
[0252]

In Synthesis Scheme (13-1), X! and X? represent halogen or a triflate group,
and as the halogen, iodine, bromine, and chlorine are given. In addition, X' and X?
may represent the same element or different elements.  Further, Ar'! and Ar'? represent
a substituted or unsubstituted aryl group having 6 to 13 carbon atoms. R* and R
each represent an hydrogen atom or an alkyl group having 1 to 6 carbon atoms.

[0253]

As a palladium catalyst that can be used in Synthesis Scheme (13-1) may be
palladium(II) acetate, tetrakis(triphenylphosphine)palladium(0), and the like are given.
As a ligand of the palladium catalyst that can be used in the synthesis scheme (13-1),
tri(o-tolyl)phosphine, triphenylphosphine, tricyclohexylphosphine, and the like are
given.

[0254]

Examples of a base that can be used in Synthesis Scheme (13-1) include an
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WO 2010/ 027004PCT/ JP2009/ 065373 137 light-emtting

device, and FIG 5B is a cross-sectional view taken
wa@bkang2ionse X-Y in FIG 5A. In FIGS. 5A and 5B, PEnJE#09/065373

| ayer 955 is provided betwddéh an el ectrode 952 and an

el ectrode 956 over a substrate 951. The edge of the

el ectrode 952 is covered with an insulating | ayer 953.

A partition wall |ayer 954 is provided on t he
or Eﬁ]i?l'ﬁa? 'sﬁl& g@ﬁ@dluﬁsért lilta_)nﬁe %hﬁ%%‘nb Mg@ S @1{ ta§ i)'ofﬁgsmm

ayer are aslope so that a stance etme
carbartale. SIAbeaNsﬂli/alt itat ghm el akddylnr&nlllmamcsmm(m-ﬂhea mixed solvent
S ate ot her a Cr.os

ace of the
of @lient S5 Pl BRBAGOLRR of tBieht gf AenphSick s ElMaBpyandater;
a rﬁ&@d Q@l%ﬂttdfofylé’i@l dnd @'Xﬁ‘:f Qﬁﬂxécﬁsdl@&ﬁ%%ﬂéﬂe; aftafbohbBEsuch as

[ ower side (a side whi is in the sane direction as a
ethmcﬂmddwtetctalmrxecbfsoltvhm qfrh;ulcmtlang waggren nogad solvent m>f benzene,

n th the ingul t|n L. a 95 orte

an i)g E‘ SUS &g retlgalnaé afxa WAteE, z\?\m)&eﬁl §0évcn§)o{ ig sucﬁ as e?hylene
gly%lrcﬁﬁtadhgnetﬁ@r dnld8v 42 BEthdilike Chh B gifent hNothﬁhlt' @it solvent of

| ayer 953 and not in contact MAtﬁ the insulating |ayer
tohgpgpnd wateapho gixedsselvsat phiclusppethasyl, spéyiatar igmpfeepreferable.
U)g tition wall layer 954 in this manner. In addition,

a passive matrix light-emtting device, a
| i ghiNex)va tdriing an€ivé doronid dcid ¢@oppowrd I)rean rhptdanmm such a

be obtalned by including a light-emttin ement _with
mappegihaig Balpgriiated aryk prpmercompoigd 3 Gamapie .@ Porangfpgmed to a

0 0 n n
oS ik oud SRRl 15, PSRBT PR Scheme
(13eYpvbi ned with anot her enbodi ment as appropri ate.
[025&38] 20 [ Enbodi nent 7] In this enbodi nent, an
ctronic device according to an enbodi nent of the

pr es@NSynthsaNSERimd (-2 B kdiRedeh@him ariiyl t H8MhgE to 6
descrlbed N Enbodlgengﬂ6 as aﬁpart mnllybéy?ggcrlb%d

cartioreatemect Romicpregents aw alkyk svoupigving laio &aH8eR #ioms. ofA boronic

o 4 LD B P DR ) AR STALR LT

[0287pl ay portion with | ow power consunpti on. [0339] As
exanpl es of an el ectroni c devi ce manufactured u |n%
€ can be

| i ghin-Bmthesis Nrhewei(de-2actBryliikiume methyhithiymermthe
usell Iag (Y AR hid R Y@%E%‘? n 'Tr 1 bdtdte,3s 1 @oﬁa‘t’@ I3 8% ke can be

eo camera or canera, a ¢ type

1medmsﬂwapnnacnﬂm1gation systen1 an audio 30 r epr oduci ng

g vice (a car audi o conponent, an audi o conmponent, or
(0258 like), a

Next, Compound 7 and Compound 12 are coupled to synthesize the oxadiazole
derivative of Embodiment 3 represented by General Formula (OXD1). Synthesis
Scheme (14) is shown below.

[0259]
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conputer, a gane machine, a portable information

term nal (nobile conputer, nobile phone, nobile gane
wora@bioz®p4 an el ectroni ¢ book, or the |ike), anPCTERpe09/065373

reproduci ng WD 2010/ 027004BET/ JP2009/ 065373 138

devi ce having a recording medium (specifically, a

devi ce for reproducing a recordi ng nedium such as a

digital versatile disc (DvD) and having a display

device for displaying the reproduced i nage), and the

like. FIGS. 6Ato 6E illus te CIfIC exanples of

these el ectronic devices. 50 6A
illustrates a television deV| f this eﬁm i ment,

3 yorti ng base 9102,

9104 a video
8 n theAd\spIay
ortion 9103 cﬁx%hls tel evi si on deV|ce light-emtting
elements simlar, to those described in the above
enbodi mROléiPa 710 arrangecé@mﬁi%ﬂ'?qjgz The
light-emitting el ement has a feature that |ight
em ssion efficiency is high and power consunption is

(@)

low. In addition, the light-emntting==.l engatal so has
a feature that driving voIt%&q@.-- i The

di spl ay port 103 whi ch '-enitting
el ement h de t featﬂw heref ore,

Wth such features, a power 15 suppl}
significantly reduced or downsized in
devi ce; therefore, reduction in size and wei ght of the
housi ng 9101 and the supporting base(©@¥J21tan be
achieved. As for the television device of this

[026dbodi ment, | ess power consunption and reduction in
Siz ane -t S
oL 7RI RGP CCRPBARIE MR pgronic scd o

the $aitihrdin€iné OComhpotinddl X avd cupledty. the QIuQGléﬂMlyaura couEhfg 6fing a
illustrates a conputer of this enbodi nment

pallpdigmyeptalvet, Whetsby gieyoxadiazole depiyativerrf @delmantd} gemwnted by

t B%D 204, an external connection
Ge&% F"S@H%?( @uc‘éﬁgg g‘\?uﬁce 9206, and the like. In
wzsme di splay portion 9203 of this conputer,

Ilg emtt] el e t 7S|n1lar tp those describ
t he ST ST RERTD: S5 pissenis M DGR e A TIIE S0P, Fhibes the
haldde@NiodeRE, WrdMthe® IaﬁdT%ﬂforlﬂé‘Sar@ gﬁ\%ﬁt UL alifi@ibn,| ASPE A%, and Ar'?
em ssion efficiency is high and power consunption is
reptemt alsnbstitated pownsubstuteil giwl geaviptiaving Celiodidenarboal atembas
[025% eature that driving voltage thereof is |ow The
splay portion 9103 which includes the light-emtting

el e%rﬁallbﬁﬁms catalyst tHa€adah " &S useth @ Syattesisi StheheS(14) may be
nputer, | ow power consungtlon is achieved. Wth such

pallpélgmg}l)esacetatepot\ﬁgpkl tiighepylp osphineinalladigaiO)pcor the like. As a

tel evi si on device, | ow power consunpt |

hga?xH a5y EH id\fu ?alf?ﬁﬁg fiat QYN §§9d lify tBQ prﬁ&h'éBHts%Beme (14),
ere UC N Sl ze an
trl((btlﬂyl);ﬂfb@ﬁhlﬁﬂd tﬁﬁenﬂpmphgleQZﬂchﬂﬁmszkphasﬁhnr&ye&hd Ae flike are

the conputer_of this enbodinment, |o con tio
give g Erx‘gaupiqs, ofhaibesg :tliaé cgﬂcpel yed in Syr\llyhes?smgcheme mi:lu € an

orgglgé'Wa&zz\%‘lfscggd}lﬁgqggl&%g@ and an inorganic base such as potassium

carbonate.

[0263]
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139 wei ght are achieved; therefore, the conputer can

be provided as a product which is suitable for
wepooogmonent . [ 0342] FIG 6C illustrates a caneCHJRM09/065373

this enbodi ment, which incllliles a main body 5 9301, a

di splay portion 9302, a housing 9303, an externa

connection port 9304, a renote control receiving

portion 9305, an inage receiving portion 9306, a

bat t LO .l -] operat. i

oy SH R 080 SN BL LTS RS Bon e e RRRY Syent of
tolitehe anld syateaya poxdd soivedBORtobdent harsalcalmd sach as ethanol, and water; a

dight-emtti elements simlar to those descriped in
migeleotLisih o R P ALeE & TP QRGNS B RHEPfan Hhghol Such as
ethado Und QAL aNBixdd sEVENTRIT behAse Anll @Ak & nlik@t sdIV&@R'of benzene,
em ssion efficiency is high and power consunption is
an hlgohol| suchddiethannl, andevaterylat mévedt solvegt of eneathergugh apgthylene
a . featur hat driving,voltage .t hereof |s.low ,Th
sy R Eaberind s AR 8L oA Rt SoygtF of ppgoene
andeV RBEsa Md&d SbREhtaST thlaadd) e@Snol TART Whter 8,maérd pkdferable. Further,
camera, |ow power consunption iIs achieved. Wth such

insteachel Fempoyn comgpwid oinined, by Prosgrting the prpric agidimgiety of
) ' L b canera; therefore

Coéggﬁktldﬁﬁnggﬁigégﬁ%h%gﬁgﬁ?&gf the main body 9301 can

[0264] achi eved. As for the canera of this enbodi nent, |ow

power consunption and reduction . in size apnd wejght are
b ohilay g alowe, BRwes, therexadiazalen vt Wr Bmbagereat $can be
$mg{ggg§t which is suitable for being carried. [0343]

(v .
20FIG 6D illustrates el ectronic paper according to the
[02p%)esent invention which is flexible and includes a

mai n.body .9660,, a di spl ortio 661 which..displays
g oxgiopg ey SR PmB bk B gl Sk by EfiodY Sand an

cledd@®nttedn¥pSHeifid and hdld-fignsporttig ptoserés. V ahetefore! fi&an be favorably
receiver, or the like may %e nount ed usi ng

a

used effirc antightranittingnsdameant.. ~ I8 paréicalak ctheo oxedipzgle r degvative  of

ent j [ | R [ '
EbfnBhe ST plefif bl g OF FndT BB e BochlcRE balance
betfédnminjettet heleak@st andi kolpader impdiandifop! efficienr tentission of a
..9661 has light-emtting elenents simlar _to those )
lightremytting slementcn BBIGE s OZadiazgle §F“Wl"€h°fa15§’%8ii¥%ﬁ‘i‘§ ehas,high

hetativhe h emidii el ;

il cefatch Encrb i R B¢ A B0 Rt o BCre(Rel it o
substanqe wlyicl emits phospbéeséence.udi ng the light-emtting
Oz(genents al so has simlar features, the electronic
[ g per has high reliability and | ow 30 power

CONSyFIhkt, Odindeh ﬁhg@f el SitaAoR] (3 WAdknce™M energy between a
2010/ 027004PCT/ JP2009/ 065373 140 _

ground state and a singlet excited state) is higher than triplet excitation energy, a
substance having high triplet excitation energy also has high singlet excitation energy.
Therefore, the oxadiazole derivative of Embodiment 3 having high triplet excitation
energy is useful even in the case of being used for a light-emitting layer together with a
substance which emits fluorescence.
[0267]

Further, as for the oxadiazole derivative of Embodiment 3, an oxadiazole

skeleton having an electron-transporting property and a skeleton having a

hole-transporting property are bonded with a twisted quaterphenylene skeleton whose
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body 9401, a housing 9402, a display portion 9403, an
audi o i nput portion 9404, an audi o out put portion

w@4@b/02per ati on keys 9406, an external connecPCDAP206 (65373
9407, an antenna 9408, and!ihe like. In the display
portion 9403 of this cellular phone, light-emtting
el enments simlar to that described in Enbodinent 2 are
arranged in 5 matrix. The light-emtting el enent has

co O%z\lg% Y§ Gatditlexten@it tlﬁ:%b%?\k&:‘ﬁ NHetdd geﬂﬁgymbl%cﬂhlgu'e?gﬂ@ can be

r consunption is low In additi
incteiaggult wathi thighngriplee resnitatimins endigy mainganask e Thwst thm exadipzole

vol.tage thereqf is |ow .The y ttion whi ch
derfiv Ve oo ghctashrinichh g bnE e futes; e tore) Us€ Bt the
oxdd@BbI’ &Fivatiie bE ERMRdihéht tNMhak& [tURSIDRNONBaprbRVdIRBRIty of a
consunption is achieved. Wth such features, a power
lighsteppitingeleameantt can be 10 significantly reduced or
[02%&F“Sized in the cellular phone; therefore, reduction
size and wei ght of the main body 9401 and the '
housFuitheR 482 o£ilaZ0R dkivaavedf EMbodiaient Beas &lahspodtr carriers, and
phone of this enbodi nent, | ow power consunptiaon and

theregerg n & ysad p%a camieri@peporting leystin aight-cmfiipgelsment. In

parflgﬁarc ﬁle 0%%@15%&9 a a?]igg ((:)g ?P}W@gg}fﬁ(%g ? d‘%ﬁ gfghﬂhﬁﬁk‘ Q{'ﬁlf%bﬁ; Qnergy;

thefkPdke} meig@(lraﬂsfarimmtaehgm—eaumngIleyemfdoes Botraasilyipecunfeven in the
ceIIuI ich |seghfferent froma tru ture of

casg P@eéee 1%%%r18?t1\f§| gléaod]'g}eé‘ 311 AISF% 3 laygf In contact
with 'tl?e%ghﬂeﬁﬁ%%@ldy%r a A(%fdlﬂ%l?%lg@@ﬁlsﬁoﬁefﬂ@&l Gg%aﬂ be achieved.
developnent vi éw. The celTul ar phone in FI Ato
[0269]C i s a so-called smartphone which has both functions
f e and 20 a portable information termnal, and
Uﬁ@%@%?%ﬁ%ites a conputer to conduct a variety of data
pr oclaSShbgHimento4] Briei 6dd 6f ¥ Oigheeritding elefi@dyHm] which the organic
The cellular_ghone illustrated in FIGS. 12A_to 12C has |
semigpndyeigs Matpsial deseriberhimigmbodimeatsHotest ifgisadwill be dessebed with
pontden, 1101, a speaker 1102, a 25
refe?heréwregg g(%el z%foﬂée %per ation keys 1104, a pointing
[OZG@NICG 1105, a canera |ens 1106, an external

nd ANBhY TR HEment LU 10094 RHPAYEY lavers Detween a
paik§diQdfodest 20the Afrafiyt 18RS %che@ﬁ?&orﬁgﬁgtlolﬁoﬂﬁﬁg formed

lens 1203, a light 1204,” and the [1ke. In additionh, an
of asubstamee having @orighy catrigd-injectingeprhpertyi aed a.@@llstar@e[hasmg]a high

WD 2010/ 027004PCT/ JP2009 373,141 [.0348]
car o RigT g RSV oit D207, "HE MG SBI (1 I fotRetpirom the
cleélfydes, ioP §6ltHah cdriiersabkoreopided in® pértioa Apie floRCBE PREGOES,

and a display direction can be appropriately changed
[02@Hpendi ng on the usage node. The cellul ar phone is

pro -

o ol S0 E R B 8 bt se e 102, o
secoil ¢ludtRyde abo,rtﬁldcaarﬁlbhyens\eﬁlcth providda bptwaen theHfinrst éiectrodﬁ 102

Stil a novi ng ﬁﬁg can be taken w.th

andc*&ﬁé?‘é’“ﬂé&%ctfi’%éoﬁn dNofsethet GhEmbogment ﬁn@essﬂema} glﬂi §9 made
bel&if rdsk o%gﬂ%lg% flrsY i gégtrggggb%l ﬂh@u@g glf ahd@2 2R dhd REcond

m crop can or Vi
electmcle r16# fignctioep noa gathndg. dnd)thdlembrdk,eieurimmuthehmgade below
o, voice . calls, Wth &Pe use

assumlng Sl Elght emission can be obtained when vo?tagtt: f}se applied to the first
electrode 102 and the second electrode 104 so that the potential of the first electrode

102 is higher than that of the second electrode 104.
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10 operation keys 1104, making and receiving calls,
i nputting sinple information such as e-nmamil or the
WO kie/02o4 ol | i ng the screen, noving the cursor PCHRR00I@S3T3
| i ke are possible. Furtherrﬂﬁe t he housing 1001 and
t he housing 1002 (FIG 12A), which are overlapped with
each other, are developed by sliding as illustrated in
FIG 12C, and can be used as a portable information
02t7%|rm' nal. In this case, snooth operation can be
conducted using 15 the keyboard 1201 and the pointing
devi/kesuﬂzﬂtf}ﬁe IDﬂleiseuaeérasail soppotefi the light rﬂnliaingldleﬂlcman The

B SOTE5A R T RS Y R, SRERE o

the GOBSHARE DAL MAP b¥inkdlle DF Gl%&iﬂl@éthelaﬂﬂn tghﬁs bt kRs#¢ & long as it can
possi bl e. Furthernore, a |arge anount of data can be

funstm;r esl azmgpert af the lightiemisting lsmenh g Moteetbalr whenm light pmission
extern r
frorlg f]ﬁ: emlﬁlng da?mgﬁtng g)it%cf%hb%u\%/g 8 Jﬁ%&lggﬂiﬁ% sylﬁsérate 101, the
sub@tedté lM)Iifs Refedly®Rlightnednsmatiag subdtragl ed comruni cati on
function, a television receiving function, or the
[02/3ke. [0350] FIG 7 illustrates an audi o reproduci ng
devi | , { 1l
Cnel fxﬁp%%lrE&%‘ 1Y 1s7§re?§rablgl o gc;f})ﬁ%o gﬁéf7}3423 a‘fsgna 0ys, or
condpaivat canpauids,c hemx‘iﬁl@ thactof Oar. thEhéikdi \sqmlh aay hjghr wiodn function

70 an be realized th t ht - n1tt .de
(spgeiiela vk renc el gt Mg oroion o obeY i BkiFensy For
exah‘lg)lé hﬁdlﬁﬁot‘{rﬁoﬁiﬂbgﬂlr(ﬂﬁ Wit 4int &ﬁﬂe chbit@insigSaliédh MogititdNoxide,

formed using a segnment type light-emtting
lndmev iz oxude A0 atndium th&mg@t@mnm mngﬁﬁpn eftiide japg) zinc oxide

nmen ar. di ng . 1o e
L e
by @@pﬁtt@fmgwhéthﬁd asineayl slgo be $SmiAVey aﬁ:@xﬂ&jemﬁidtlmu, awipih coating
the use of a vehicle power source

methgd,tqsdhe likg byenpbisation of assobgel ethed aé@@ rlikﬁes F‘?i()frF"iaH’% andium

e T

wt%h e 20 mt% of/ent ogide rmydddds as beargeed diup axidebdontamidg tungsten

.systens or ns for one use. [0351], FLG 8 .
oxidq P g uiden AN Gon T Soprd BE Aeopugiin, MUK Uip;f et in
whl'bﬁ W.‘P q}t'%' 1395 %% Sﬁtungstglh %xﬁ'l'eginﬁed 1 m’t%/ ﬁf 1 '\)lrt|%1§f Lalceskide are

G 8 includes a rmain body 710, a display portion
mlxm 1w1tla mbnmr gxidor tQhar Thap, thase, @okd éAub rplﬂimlltm éﬂt),m@kel (Ni),

nRBNEDSH i, 6 B3 COB) SRR ERE Soffer o

pallﬁ&hﬂh@aﬂ%ﬁﬂﬂm iy, Wirkips 8y tHeomttaDatekiblsc@ictbss tigdlunt aflride:
with the light-emtting device (passive matrix type or

TiNycanid\tbe Hkg a1€x8iteppe) descri bed in the above embodi nent.
5 rther, the display portion 10 711 may be forned
[0274): . Y .
usi ng a segnent type light-emtting device. In any
casdn thdreadeswehert atlagerl doghiiniegratdonpgsitd anmorial descoibed bglow is

to an enbodi nent of the pres invention
used 353 ayer 1 epryast with the fl@ﬁ?leaﬁrg% 102, psmqqscmet%a ﬁﬁ)ya,aq%ecmcaﬂy
condt.&{yeaabrﬁ d8S &VEMmivhe, me%ao@q;aﬂ b%es&a%; ¥hdBrdt &idctloBe 102
nic rogén battery or the like) while achieving

regardiess péwe worls fopdtioon. Bag d:)hmphe rmlluyumunt (Adn 3iber @Ag), an

alunhlﬁlru(rjn gllg)il( (gurch as %9' (z)jlrt tlhle ke can | e 'uded. Besides, an element that

belongs to Group 1 or 2 of the periodic table which has a low work function, i.e., alkali

metals such lithium (Li) and cesium (Cs) and alkaline earth metals such as magnesium
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15 used. For exanple, by using a NAND-type nonvol atile
menory with a recording capacity of 20 to 200

w@rgalytoes (GB), and operating the operation pPCT/IR2009/065373
713, an inmage or a sound (ﬁﬁgic) can be recorded and
reproduced. Note that in the display portion 702 and
the display portion 711, white characters are
di spl ayed agai nst a bl ack background, and thus, power

OQS LERT ) . o it ieetiing
MERERPTB O] ARy T BRSO L, v
metals suiels as elrepiuab@ing and lygedopph (¥ hhladoyseitbenmf antthe like can also

light-emtting vi ce man ctur by .appl yi an ..
be Wit AR Ol KD P Rb ek e feb e SEan e PRlyging these
can! ¥fdringd by fduuR0e pBiatin i etBd®! | maldfionD aflaB6Y iAdiding an
devices in various fields. By applglng 25 an
alkalivinotil peen alkalindarthrioefehean; hovlormedpy agputtdringtmeshp¢  Further,

«sifEbT ShE PPl B SRBL B R B DR BRIV R0 eV Ce o

[ozwqich an enbodi nent of the present invention is

applied has a light-emtting element with high |ight

em sEheoBL dayer dP3 iggeribgd dn @éﬁ%’%‘l@%ﬂtb‘b ingindgs @oeriniccting layer

g ] . gt et i i 0 Cch .
s T
layeanild, hndjlat ekictrbntimjgétingulayerahice dihd Kls 1ayeeflO3 aldlydassatdeast a

liglﬁ%fé atltf_nig h{leitr,ln%bcp %&%P%W%H%%Hg&{f%gn% structure of the other
stackBd Myer! OQHEladf WERRONERES Ad Partitdlaf TRAE!SPOA tf stdckEd structure

presént invention is apﬁgled for a lighting device .
of \Wyers 198 thesElLi haygr WA lagersr &moedt of R Gubganqeodguipg 2 high

electron-transporting property, a substance having a high hole-transporting property, a
substance having a high electron-injecting property, a substance having a high
hole-injecting property, a bipolar substance (a substance having high
electron-transporting and hole-transporﬁng properties), a substance having a high
light-emitting property may be combined with the organic semiconductor material
described in Embodiments 1 to 3 as appropriate to form the EL layer 103. For
example, the EL layer 103 may be formed by any combination of a hole-injecting layer,
a hole-transporting layer, a light-emitting layer, an electron-transporting layer, an
electron-injecting layer, and the like, as appropriate. Materials for forming layers will
be specifically given below.

[0276]

The hole-injecting layer 111 is a layer containing a substance having a high
hole-injecting property. As a substance having a high hole-injecting property,
molybdenum oxide, vanadium oxide, ruthenium oxide, tungsten oxide, manganese
oxide, or the like can be used. Besides, as a low molecular organic compound, the
following compounds are given: phthalocyanine-based compounds such as \
phthalocyanine (H2Pc), copper(Il) phthalocyanine (CuPc), and vanadyl phthalocyanine
(VOPc); aromatic amine compounds such as

4,4',4"-tris(N, N-diphenylamino)triphenylamine (TDATA),
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FIG 9 illustrates a liquid crystal display device

using the light-emtting device 5 to which an
werehnog2Toent of the present invention is appli erCT/@ir20e0/065373

backl i ght, as an exanpl e ofll& he el ectronic device :

using a light-emtting device according to an

enbodi nent of the present invention for a lighting

device. The liquid crystal display device illustrated

4,41 @-tﬁé[ﬁé ?Qﬁ&%@%lﬁgﬁ@i&é&%ﬂﬁ&qélriphenylhﬂ_ﬁied cryst al(MTDATA),

[ayer , a’ bac and "a housi ng 904, and the
4,4'this| v @-diphentysdminapteny D O phenybzorinelbipgnylo a dri ver | (PPAB),

he light-enmittjng devi. i o

44 iR CapedrhGRus AP Rers Gt elahent Aothegiamino hipban!
f . , . !

(DN'P¥D, _q,ﬁﬁﬁg%[ggﬁ![iddé%g?rlaﬂﬁgo&%%?Npﬁe%g%ﬂ?ﬂ&]ﬁ@ﬁzeh@r PUPA3B),

a term nal nce t ight-emtting
3-[M€Y-pbenydeacioazdl- g1 N-pheanyab ow]Fephenplcatbhzolpr esent (PCzPCAL),

i, 0 ion i.s fhin.a nsumnes | oyper.. r.edyetian
3,6 b bt Sk e S R R B bazS E B ERER2), and
3-[NJ_r(y-ﬁhﬁhhﬁ%-apdmmneﬂﬂéhﬁbaz&%-ﬂ%ﬁinb]-9-mn§4§5ragz_oae (PCzPCN1),

light-emtting device according to an enbodi ment of
andithelikg-esent i nvention as a backlight of the I'iquid

[029,; ystal display device. Mreover, a light-emtting

de]vi ce according to an enbodi nent of the present

i NV exitdradtiviesy, forphahdeaneaiigdaydr\ipe, d ¢ofigdsitg ntheariat & which an

and can have a, large area. Therefore, the backlight
accenior sphvianee isaptred dpiez subgignge havjug aﬁuglyg?l_értraaﬁg%%a% property
can%%ék&ﬁ 2QotD 8yt WheR al 4t615a1 352 Y lln\l\h%n%% 2deptdr shiiddmed into a

10 illustrates an exanple in I C
substanpet wighi ¢ highgholestianspating pdipegtytis wsad,emtedialsefor fofming the

e SR AL 5 ST B A e
matE#i4P vith ia b AR%k BuiltBidh] N ehatRR1 vathda fov ik fdictiDAURSLalso be

2002, and a light-emtting device according to an
usedrgsothiebipst dJectiade BHOBsehuch @yveompesitci matesial cas hendormed by

i ght. saur.c Q Shhce. .. ' -em .t i i
co-degit '€ ARG ST i DO BRI, g, sccepr
subgtamezlnes | ess power, the desk |anp al so consunes | ess

ower. [0357] 30FIG 11 illustrates an exanple in which

[02%8]] i ght -eni tting device to which an enbodi nent of the

P 3 O S PR g B8 A misr
of tevoqoateiialg bubalan aanixtute f t plofalityhef patesielstin aWoOndition where an
elec%r(i)(} C /a9§e7i9 %ﬁv@gynﬂ Fr)ezc%gzge/d%?n%%g %hc materials.
[0279]

As the organic compound used for the composite material, a variety of
compounds such as an aromatic amine compound, a carbazole derivative, aromatic
hydrocarbon, and a high molecular compound (oligomer, dendrimer, polymer, or the
like) can be used. An organic compound used for the composite material is preferably
an organic compound having a high hole-transporting property. Specifically, a
substance having a hole mobility of higher than or equal to 10 cm?/Vs is preferably
used. However, any substance other than the above substances may also be used as
long as it is a substance whose hole-transporting property is higher than the

electron-transporting property. Organic compounds that can be used for the composite
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144 invention can have a large area, a light-emtting
devi ce according to an enbodi nent of the present
w0 pmefriooh can be used as a lighting device haRCTi@P2a09/065373
| arge area. Moreover, sincdl® light-enmitting device
according to an enbodi nent of the present invention
consunes |l ess power, a light-emtting device according
to an enbodi nent of the present 5 invention can be
e Il AGeflgYi ce whi ch consunes | ess power.
maﬁlus,&ge&ﬁ(%ae\%rgé\f on ﬁ. ce 3002 according to an
[0286podi nent of the present |nvent| on such as that
|IIutrated|n FIGGA | aced _in_.a room where
i ghRS & BEEeRY RIS i e S8 GOUE aPOSHE pipdertal, the
folllB_(v%&teE‘zIn bOVRRK! & dxamPRPakGifaticSaH R AT ouhEs hl[gheis' RITDATA, .
i gh

i ng dévi ce 3001, and public broadcasting o
TDAG%, es DPAB,be DWTERed DRASB, | RCzBEAla cB@ePCéicheP@ﬂ’CNl

44Egit eSS N BRRL  SINERT T 2 832N ang
NAEAR O ERTBRGSH. Wi Rty 3"1 STRRR)ITNH -Rning (TPD); carbazole

appropr il
deriativgsl €, ansuekanpl e f an el ¢cdi{Pradazsphbiphenyhi t andCBP),
a hol e-acceptin i n an organi c sem conduct or

uni t
1 31?&‘1“(@[41 @f‘CQIEWﬂ?ﬂﬁl@nY B’e&ﬁené?rrbodl ment of the present (TCPB)
360 20As@epa ribed in
9-[%%%6#82?%,&?’1 [ s?@ ﬂfl cuf ZOEC?O e1/aI uat(e el ectr on
1 4aﬁsf[i4mNtoprlandlyl)bhen'yd}ﬁ;3z$61tclrappm}ébﬁnzame ofndaaromatic hydrocarbon
electronaceptln uni cepting unit
comppeBi an P Te oo tiet B B e B DR e an(BuDNA)
2-1 & PBAYI- maotdlg EndphthyPaftheittnd, nVe9t1|OQﬂs(3-ﬁj@ibﬁér@ﬂlﬂlen%’lbﬁlthracene
el ecfron affinity and the ionization potential each

(DRB#)t wer e evert-hatykd, l@shli?(é phesyphenyhdnthegsers ent ed GyBuDBA),
9 1@??’ngpht'l:1§f;) %rafénea o f( &)2 ] ;g%{ @S(ggﬁ]e%?latnﬁlrccie%g (DPAnth),

2-tdiBbetylaathricae QBBﬁAﬁth) by, 10b ahet i@t IidphtiyBlahthrédehé TPMNA),
ol e-acce unit was eval uated using a conpound
9 19'@{?1[%@%?1@@@%&“@)%&?3?’ tyhantirgeePs) whi ch corr esponds

f duct
916 Bifo PohbA B ldtiiattad 20, OL OB F % CE) T 0560]
2,3)60-@EAREBTO0 ORI PR D IBER e,

2,3,6,7-tetramethyl-9,10-di(2-naphthyl)anthracene, 9,9'-bianthryl,
10,10’-diphenyl-9,9’-bianthryl, 10,10'-bis(2-phenylphenyl)-9,9'-bianthryl,
10,10'-bis[(2,3,4,5,6-pentaphenyl)phenyl]-9,9'-bianthryl, anthracene, tetracene, rubrene,
perylene, 2,5,8,11-tetra(tert-butyl)perylene, pentacene, coronene,
4,4’-bis(2,2-diphenylvinyl)biphenyl (DPVBI), and
9,10-bis[4-(2,2-diphenylvinyl)phenyl]anthracene (DPVPA).
[0281]

As an  acceptor  substance, organic compounds such as

7,7,8,8-tetracyano-2,3,5,6-tetrafluoroquinodimethane (Fs-TCNQ) and chloranil, and a
transition metal oxide can be given. In addition, oxides of metals that belong to Group
4 to Group 8 of the periodic table can be given. Specifically, vanadium oxide, niobium

oxide, tantalum oxide, chromium oxide, molybdenum oxide, tungsten oxide, manganese
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145 (XA (&XB) [0362] In this exanple, the

electron affinity and the ionization potential were
wegdtwmetoedbycycl i cvol t ammet r 1SC\/) measur enent byRGT/oRR009/065373

52,5-dipheny1-1,3,4-oxadiaﬂé e and 2- phenyl benzoxazol e

whi ch correspond to the partial structure a

represented by General Formula (G&A). Structural

formul ae of 2,5-di phenyl-1, 3, 4-oxadi azol e and

oxide, %ﬁ%&ﬁ&ﬂ%&z% g)ryr@fasn: H&ﬁ@s]erﬂ?aaslﬂgﬁgle'cﬁoﬁ BE&pting property.

eXanpl e are shown
Ampng tiitisphreolybddnudy dxidx mlaspmallﬁprpfwrwet Seozit xostale inl (e air, has

0364 . In thjis ex I the electron affinit
a105!?1@?h%OPUMIQW&OW%F%%S'%SMT e cal cul ated by cyc?/i c
[02891 tamretry (CV) neasurenent by using

9-phenyl - 9H carbazol e and tri phenyl am ne whi ch
cor riagthsndor the hpls-ipietinglayer Hlce biek moleeareepamonnd (sligomer,

dengRRRE b ek i e BT S % PRl A, T Jalpine bich
mol#ealat!l edcompéitids exampl e grven.s howpolb@V- Oi/liylc{aﬂﬁl@E]]e) (PVK),
poly(4-vinyltriphenylamine) (PVTPA),
poly[N-(4-{N ~-[4-(4-diphenylamino)phenyl]phenyl-

N -phenylamino }phenyl)methacrylamide] (PTPDMA), and
poly[N,N'-bis(4-butylphenyl)-N,N’-bis(phenyl)benzidine] (Poly-TPD). In addition, a
high molecular compound ~doped with acid such as
poly(3,4-ethylenedioxythiophene)/poly(styrenesulfonic  acid) (PEDOT/PSS) or
polyaniline/poly(styrenesulfonic acid) (PAni/PSS) can be used.

[0283]

Note that the hole-injecting layer 111 can be formed using a composite material
of the above high molecular compound, such as PVK, PVTPA, PTPDMA, or Poly-TPD,
and the above acceptor substance. '

[0284]

The hole-transporting layer 112 is a layer containing a substance having a high
hole-transporting property. As the substance having a high hole-transporting property,
the following low molecular organic compound can be used: an aromatic amine

compound such as NPB (or a-NPD), TPD,
4,4’-bis[N-(9,9-dimethylfluoren-2-yl)-N-phenylamino]biphenyl (DFLDPBI), or

4,4’-bis[ N-(spiro-9,9’-bifluoren-2-yl)-N-phenylamino]-biphenyl (BSPB);
4,4’ 4" -tris[N-(3-methylphenyl)-N-phenylamino]triphenylamine (m-MTDATA);
N-[4-(9H-carbazol-9-yl)phenyl]-N-phenyl-spiro-9,9'-bifluoren-2-amine (YGASF),
N,N'-bis[4-(9H-carbazol-9-yl)phenyl-N,N'-diphenylvinyl-4,4’'-diamine (YGABP);
4-(9H-carbazol-9-yl)-2'-phenyltriphenylamine (0-YGA1BP);
4-(9H-carbazol-9-yl)-3'-phenyltriphenylamine (m-YGA1BP);

4-(9H-carbazol-9-yl)-4'-phenyltriphenylamine (p-YGA1BP);
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9- phenyl - 9H car bazol et ri phenyl am ne [ 0366] An
webk@aonemehemnm cal anal yzer (ALS nodel 600A or 6POIZJP2009/065373

manuf actured by BAS Inc.) Wbk used for the CV

nmeasurenent. As a solution used for the CV 5

nmeasur enent, dehydrated di net hyl f ormam de ( DMF,

product of Sigma-Aldrich Inc., 99.8% Catal og No.

t d . .
1 31% IQ(Z] @rg%ﬂlg)%ggeﬁ? 3r(n per Ch?gr‘:%if1 ZLD( HISQV'XNB%%)'DHIP hcdnd’ lgmine
EgTO Yo sGhaaricesigivenchest faye fainly Istlbhtanc@abadmgavhbg an electron

; whi ch was a suppqirtl{zg el ectrol yt
mobmhgse bighen thar 196 cqualvient0 see b haHOV YT - wibpaBgs efer than

the Ogb(}v t E\ﬂ)s @t%t Eﬂi K. |y p&schl ofo"ﬁgeay‘ﬁﬁ 09 SR gfﬂ:e whose

Furt surenent object "was al so di ss
hols-uﬂhspbhﬂtg prbperqomdﬂgﬂdr aliandhe Heetren}ftramrtmgmbérty The layer
Further, as a workin ctrode, . é}latlnume

confajnipers SSATICR A BE 8 LB RS- AERROF i TP BT PRI tO)asmgle

lay@snd4$8br nfSte ?dge%%h{a'nﬁﬁy th%I B6V¢ RdRriaR tRAPAIS B Rtacked.
e1 ectrode (a V counter electrode (5 cm,

[028®nuf act ured by BAS Inc.) was used As a reference

R T S e S

an |J&g})t01\/\/9§1bblt§ﬂ& NOCEntafhall i ethaE aBOYE NRIbbtanes having a high
conducted at a roomtegerature (20 Cto 25 Q. In

holgrtranspoBing proRertycen bspysed at the CV neasurenent was 0.1
[Ozg/@sec in all the nmeasurenents. [0367] [ Cal cul ation
the Potential Energy of the Reference El ectrode
Wi t hMld&ﬁqlB}ety, far thbdoROtrafaponting Ilayeell]lZ a high mélecidér, compound

otent] er f t r ef nce el ectrode
S“C€A§PX %XTS’& %Qg\%ﬂ s, ql%l}? dﬁ‘ﬁcfe with respect
[0 f; the vacuum | evel was cal cul at ed That is, the Ferm

of the Ag/Ag+ el ectrode was calcul at ed. It is _
knoxmletlﬁgn -enfittingxaykat 113nis rackhyer camaipmgensubstangé having a high

f t 0.610.[V . SH i, th. ces
light-EE06E HoPavs ALP Aar B A} GGG LBt ASHE Tl didiemyting
layé;hIl'ﬁt IAANHR. subSlafi&Thivingla Righ, light-eMTtingh®operb9 For eXathple, a

WD 2010/ 027004PCT/ JP2009/ 065373 147
fluorescent compound which emits fluorescence or a phosphorescent compound which

emits phosphorescence can be used. In addition, plural types of substances having a
high light-emitting property may be used without limitation to one type.
[0288] '

Examples of a phosphorescent compound that can be used for the
light-emitting layer are given below. As a light-emitting material for blue and
blue-tinged light emission, the following are given:
bis[2-(4',6'-diﬂuorophenyl)pyridinato-N,Cz']iridium(III)tetrakis(1-pyrazolyl)borate
(FIr6), bis[2-(4',6'-diﬂuorophenyl)pyridinato-N,CZ']iridium(III)picolinate (FIrpic),
bis[2-(3',5'bistriﬂuoromethylphenyl)pyridinato-N,Cz‘]iridium(III)picolinate
(Ir(CF3ppy)2(pic)),
bis[2-(4',6'-diﬂuorophenyl)pyridinato-N,Cz']iridium(III)acetylacctonate (FIracac) and

the like. As a light-emitting material for green and green-tinged light emission, the
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124, No. 1, pp.83-96, 2002). On the other hand, by
using the reference el ectrode used in this exanple,

w0 b@ooxiodat i on-reducti on potential of ferroceneCT/oP2009/065373
met hanol was cal cul ated tolB& +0.11 [V vs. Ag/Agl.
Therefore, it was found that the potential energy of
the reference el ectrode used in this exanple was | ower
than that of the 5standard hydrogen el ectrode by 0.50

68] 4
g8 | A engl'sy or ‘e PhphiipIARCOIRbLPERD, oo 0ror)
bls(w- H&n&l@?ﬁ&ﬁ&totMC@?‘]iﬁdﬂmmét M@étohaﬁe 4.44 eV (Ir(ppy)z(acac))

ef erence: Toshi hiro Chni shi and Tamam Koyamma,

blS(N/tﬂ dipherl- 1Ememdmlat0)(yémm(Hlba@ﬁzﬂpfﬁi@natq)p 64 (E(ntal)z(acaC)) ‘
bls@crgz%r glloﬁnaté)ci)}lctﬁ P]ﬁﬂfgggeﬂ%l%e]ton%?e %b?c&%éi ) ?It(f" hEer(g As a

e use
llgﬁl@ﬁﬁtﬂl |rﬁM€1|1aICf©i:I lyellldxe aﬁdb@llbﬁttﬁ@eﬂ (hlghEemﬂssM the. following are
-4.94 [ 0369] <Measur enent

given: His(?, ﬁiépw@ylll 3- Q}gﬂ@g@t@r]&g‘oplgglum(lll)acetylacetqma{tg(Ir(dpﬁ)a(acac))

bist2g R AR ESE M PRy R el
(Ir('ﬁ_ ;ﬁa\fo(ﬂﬁ@ Ur emp(2- %éﬂg\/ﬁ&iz@lﬁ&@blabﬁﬁ a7 irfdedaglinackGRatelonate

urther, FI'G 13 shows measurenent results of the
(Ir(bt))g(@mt:))oqmdcqhgﬂlgg{ eAp atlight-emitting material for orange and orange-tinged

M R R e R D
(Ir({np‘f{) RR(EPhéR1qiholidif- Wﬁgirmurﬁhﬁgoce?mewnm@ agg@ﬁv@t:%d)ng and

ref erence el ectrode from
the tlfken fAsom ligls@mitting m@tetial \for r@Ban{l red-tinged Aight rempissipm the
f.HFIG 13, in the nea &enent of theIOX|dat|on iven:
ollaymesct er | st?régno"ée%l Sk whi ch PRPat es oxi #&tion doed

bls[QQQ 9&198{11'5 ﬁ%iény@,pﬁiﬁmﬁb -N, E8ffidibng AT Xcet filEdibiRite  €VEN

kK whi ch i ndicat es oX| ation at a
(Ir(Mp)z(ﬂlg@),gr eat er ﬂ)fﬂéhpbﬁnyéqomimdlmaﬂﬁN,ﬁ JidigmIHiacpeyddcetonate

(‘f(égij’léﬂ%a régﬂ?lggﬁye P@ﬁ%ef* 3%%{31%9@% eI Ufewggluaaa?hn&mlﬁlll)
(Ir(F@pcf)ng&th hat the 'pg'lgqt_%'1(7r18%&2?&“)’lQllHof3H-R0rphyr1nplatmum(II)

| pheény1-1, 374 oxadi azole 1's greater than or equal
(PtOBP)tand cthstlike. 26 siverHerl, additéonp ot eare-eaith anetalggomplex rpuch as

i T SRl BB BT oo LAaPEEBIpren)
trls(cl\r?ﬂfpﬁéﬁﬁ -1,3-pRpanddiiiatd) (niphBidntiroBie)&RoiuaRIIY | n t he

measurenent is converted into the HOMO | eve
(EugPBM)s(Phem)p4 - 1. 20) = -6.14eV. Accordingly, it mas or

tris IQ&QHeﬁo@?)t%,t.’u,I?»?triiﬂggflo{i%ti)gﬂoRﬁbﬁ&gﬂe%ntﬁfoline)europium(III)

(Eu(TTA);(Phen)) performs light emission (electron transition between different

multiplicities) from a rare-earth metal ion; therefore, such a rare-earth metal complex
can be used as the phosphorescent compound.
[0289]

Examples of a fluorescent compound that can be used for the light-emitting
layer are given below. As a light-emitting material for blue and blue-tinged light
emission, the following are given:
N,N'-bis[4-(9H-carbazol-9-yl)phenyl]-N,N'-diphenylstilbene-4,4'-diamine ((YGA2S),
4-(9H-carbazol-9-yl)-4'-(10-phenyl-9-anthryl)triphenylamine (YGAPA),
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2, 5-di phenyl-1, 3, 4-oxadi azole is greater than or equal

W0 eo1a2ioeast 6. 14 eV. [0372] FIG 14 shpemJE2009/065373
measurenent results of thelPéduction characteristics
of 2,5-di phenyl-1, 3, 4- oxadi azol e. Note that the
nmeasur enent of the reduction 5characteristics was
conducted by scanning the potential of the working

4- (@1’1 %ﬁiﬂa%ﬁ) W)M"l(ig £3-affhkn d}‘loz e )@ﬁ[ﬂfeﬁ%fhn?é ectr Odng’GR!i‘PA)

GV, an then rom-2.70 Vto
N R GBNGYLN-{4-(10-pheny L@ ahphiny FDE cofazphd atgne - (PCAPA),

t of th h t t th
PerRREduct | on peak ZerBll e Ry B RuBEhTneT\, SRyt hey (TBP),
4- (Irdﬁﬁh&?rl d%ttﬁﬂl)ﬂeeéc RalyEOHL @kbazR3 WhEiphen pAMine (PCBAPA), and

er er or

haI -wave potential (an internediate
the ddeentisad lle@tmém@@tealﬁh Epziperc apd Beeepdinged digbdemissiga, the

follo%n?gg Cilye Tb%y N Pﬁéne/?%ﬁaélg{grgﬁgﬁy-?dﬁffgyl?%ﬁégﬂ@'a%g-gmme

(2P€QIB§*Q] and this energy corresponds to the LUMO | evel .
he potential energ ﬁ of the reference el ectrode

N—[Hé@dm(h 1i-hiphenyd e Whindtanthgy VP lipheayl-9/4-carhazlat- amine
f .
<2Pk%%wm W9 15 e enyTﬁ?Igﬁg\] N RiPrepi T chfhfentdiimine

-4.94 -(-2.45) = . 49 [e\/] Accordl ngly, the
eI ectron affi nity of 2 3, 4- oxadi azol e was
N-[940chis (bl Hiphonyhe- ) zgan@uyufmw?( -triphenyl-1,4-phenylenediamine

(2DPABPhA),

N-[9,10-bis(1,1’-biphenyl-2-yl)]-N-[4- (9H-carbazol -9-yl)phenyl}-N-phenylanthracen-2-
amine (2YGABPhA), N,N,9-triphenylanthracen-9-amine (DPhAPhA), and the like.
As a light-emitting material for‘ yellow and yellow-tinged light emission, rubrene,
5,12-bis(1,1'-biphenyl-4-yl)-6,11-diphenyltetracene (BPT), and the like are given. As
a light-emitting material for red and red-tinged light emission, the following are given:
N,N,N',N'-tetrakis(4-methylphenyl)tetracene-5,11-diamine (p-mPhTD),
7,13-diphenyl-N,N,N',N'-tetrakis(4-methylphenyl)acenaphtho[1,2-a]fluoranthene-3,10-d
iamine (p-mPhAFD), and the like.

[0290]

Note that the light-emitting layer may have a structure in which any of the
above substances having a high light-emitting property (guest material) is dispersed into
another substance (host material). A variety of types of substances can be used for a
material for dispersing the light-emitting substance (host material), and it is preferable
to use a substance whose lowest unoccupied molecular orbital (LUMO) level is higher
than that of a substance having a high light-emitting property (guest material) and
whose highest occupied molecular orbital (HOMO) level is lower than that of the
substance having a high light-emitting property (guest material). Note that in this
specification, “the HOMO level or the LUMO level is high” means that the energy level
is high, while “the HOMO level or the LUMO level is low” means that the energy level
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20 <Measurenent Exanple 2: 2-phenyl benzoxazol e>

Further, FIG 15 shows CV neasurenent results of the
wo@iidariooh characteristics of 2-phenyl benzoxazpCBIP20002065373

measur ement of the oxidatid&characteristics was

performed by scanning the potential of the working

el ectrode with respect to the reference electrode from

-0.18 Vto 1.50 V, and then from1.50 Vto -0.18 V.

is 18\';.[ Oﬁg dxam mple, Subti éehx vings{ HEME: lem ffh% 8 SR eERoMO

e OXl ion C arac I CS,

levéInpliiRisaswex byl 013 N tHAA Subsificedd Fh@ﬁhg ldrH(DMOIIHs)HI ofat5.2 eV and
|l east 1.20 V. Further, even if there were a peak which

higherdiydhd e¥ timui Sitisfanee @tha'amg@IH@Mé) tpvelofer5. 1 €¥n or equal
02Pﬂf 1.20 V, the peak could not be observed due to the
[ | uence of flow of a |large anount of 30current. That

i's, ”flfeo&’?ﬁﬁlbsseﬂﬁ&ﬁduétbr atdhal aesckibad it Mentddidaits Qto 3 has a

pot ent i phenyl benzoxazol e is greater than or

laqu‘m@ﬂ gap and & é»amlarlpmgerw, apdrtbus isneuitablecast 4 Apst m@erial.  The
2010/ 027004 CT/JPZ 09/ 0 73 e .
oreflr SpaEAERT bl ectibad i phbaBREEN 48 R hrgs band e

thug, Qighh emmmnwmmevgﬂesi atefiaDdan B3/bffirtendde bdieidev@hdr @he case
Therefore the oxidatjon potential of 1.20 V.in the CV
whefe a€ues maerial whigh cetibisdlight emissinn ofiavthortavavelangthyispged.  In

TN f thé i¥he-QARERSLIBREN: cahlbe YRRIEPLUN
addtlt th%ﬁg&lnég‘?ozlg ? gnﬂ%oétﬂ‘tﬁlﬁaﬁﬁg% e2|ept'hcea§lny ebenzC oxazol e
[02D2] greater 5than or equal to at least 6.14 eV. [0376]

FI G 16 _shows CV neasure

charfEtheh itg Pigémlﬁfse?“iﬂ?ge S}Pbéﬁ%{?&\a‘iﬁ%é‘bé% Em?)ﬂglﬁﬁe?‘nﬁel to3

has RS lﬂﬁ{(ﬂ@ﬁ@im@fmﬁ Reere@ditfuk] REntCARISA6A Frdn$ tal SfestVafaterial can be
conducted by scanni ng t he potential of the working

efficientdy pbi@inedi avin rie dhecasetwharh@ plwspkdrescentceonspavad ripdised as a
guestl%rél 4?]8% ally 21"n6[i16 (Klssggﬁlht hep rﬁhé?@oi%cenz* C({nlt%[gound which

exhiBERSlgiR NBhissioh éfhe sfh@ﬂuﬁ'hv@éhg@lhaﬁ agt@r h froMmsnent R€fect can be
reducti on peak potential Epc was -2.51V. Further, the

obtgigediat i on peak potential Epa was -2.42V. Therefore,
[0% e hal f-wave potential (an internedi ate potenti al
ween Epc and 15 Epa) can be calculated to be -2.47
V. THumsl sjpesvsf tiaérias phre by lubah 290 taezldse nilaseriﬁd uEexdexaynple, in
an electric ener

47 [V Al
ordgiie, YpPiest F@éﬁﬂﬁﬁgé%cﬁ Siae WhIC PPy F@ryqai'ézatwn such as

rubféQE ahiy & fu%ef $00eQf RIS NP A1§ | R Gt 19&%%@ fdrﬂler added
hi’'s exanple with respect to thé vacuumlevel is -4,

SO [hek/]encagy desmnifordd ahere effidibethetoths subrstance)with evleght@fmttmg
2- henylbenzoxazole was found to be -4.94 -(-2.47) =

PIOPF Va7 [eV].

[0294]

The structure in which a substance having a high light-emitting property (guest
material) is dispersed in another substance (host material) is used for the light-emitting
layer, whereby crystallization of the light-emitting layer 113 can be suppressed. In
addition, concentration quenching due to the increase in concentration of the substance
having a high light-emitting property (guest material) can also be suppressed.

[0295]

The electron-transporting layer 114 is a layer containing a substance having a
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20 Accordingly, the electron affinity of
2- phenyl benzoxazol e was cal cul ated to be 2.47 eV.

wQ 0B#e270edeasur ement Exanpl e 3: phenyl car bazol BGT/JP2009/065373
Further, FIG 17 shows CV mdd&urenent results of the
oxi dation characteristics of phenyl carbazol e. The
measur enent of the oxidation characteristics was
performed 25by scanning the potential of the working

- el ' t oat he 14ef .

higff FAECHogfarhérlnt JBRELy. DAL 168! GOREGS Bl gl for
exafples hawnmetal Fe@Gnpléx isnch hes medsg8hqeimehibolaefo)dlimainum(Ill) (Alq),
. reductjon character,isti th i dati k _
risigmethy |- umelnglaoupsm@EY (her . the reduct ion peakAlmas)
bis@g{hgﬁl;dx?t)ed(%fh]&‘@iﬁol%%@oc?_g@rylliumﬂ')ef ore, the half-waveBeBq,),

ntial (an’internediate poténtial between Epa and
bis(2pusthyladrghimobindlete)(@tphenylphdrelaoRinnintin(B) shows t hat (BAlg),

visB OISR Do) D ereB e Ebeprrolaglaingn, (ZoPBO)
or MZF%nE&hiaﬁﬂ/yﬂﬁﬂenoﬂﬂqzin'@(lls)_ @B Garteeseandyuitker] b&sides

evel . Here, the potential energy of the
the r efabpedice egtelct r eRM@PIgxed An thetgoeyehifpl ccomnroynd espieh  as

. ' . A d I bed ab
R O LIS o T eyt
1,34bis[ H€p-1ekt-BdtyphedylF 1,3 -88adied]-2-yijbenzeie ngl y, t he (OXD-7),

i oni zation potential of ph

Dl I
EhpBeRYbd ST He S PuvpheY by a0 "R G 18 sHAZOD:
A . L4t '
22 e ST P BBV IR BTERY . tha cpe (PP
batliophsnunetirelihe (BPlidng orebhthvdduproind GBER) ean bt usad. wakhe substances

deséﬁt@%ﬁf&gge%qiaﬁﬁggtlﬁrgag E:?gin gtg %Petcltrglll n?cfbil&tl;r %f \ﬁ?grhlélr H%n or equal

to 10° cm?Vs. Note that the electron-transporting layer 114 may be formed of

substances other than those described above as long as the substances have higher
electron-transporting properties than hole-transporting properties.  Further, the
electron-transporting layer 114 may be formed as not only a single-layer structure but
also a layered structure in which two or more layers formed of the above substances are
stacked.

[0296]

For the electron-transporting layer 114, a high molecular compound can be
used. For example, poly[(9,9-dihexylfluorene-2,7-diyl)-co-(pyridine-3,5-diyl)]
(PF-Py), poly[(9,9-dioctylfluorene-2,7-diyl)-co-(2,2'-bipyridine-6,6"-diyl)] (PF-BPy), or
the like can be used.

[0297]

The electron-injecting layer 115 is a layer containing a substance having a high
electron-injecting property. As the substance having a high electron-injecting property,
an alkali metal or an alkaline earth metal such as lithium (Li) or magnesium (Mg), or a
compound thereof such as lithium fluoride (LiF), cesium fluoride (CsF), or calcium

fluoride (CaF;) can be used. For example, a layer formed of a material having an
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10 reference el ectrode from-1.10 Vto -3.00 V, and
then from-3.00 Vto -1.10 V. [0381] As shown

w0 018023008, in the neasurenent of the reducti oPCT/JP2009/065373
characteristics, a peak whilgh indicates reduction does
not appear until about at least -2.70 V. Further, even
if there were a peak which indicates reduction at a
vol tage | ess than or equal to 15 -2.70 V, the peak

eleé‘tﬂiﬁl tgangl%mgg ﬁ?&bo%?tsrvc%gta%ﬁg L ailA mBfal, ua%nﬂﬁalﬁlfe Jal‘tﬁ"ih&ﬁl or a

e anp current> That is, fromthis data, it
compouhd Itlmiedﬂmtchtalsla layed fartied of Pdq wihidhadontins magnesmm (Mg) may
east

ph carbzoelslesth to at
be bezarpls PRFbiehash GUBYR P4 RURL T Pl BrbHpsorting
proéér%p E&ﬁgﬁmgsﬁldalkih H&'taﬁ oA il aBinWichith MRsestthé @lekt6n-injecting
acuum level is -4.94 [eV] as described above.

layéithecafso leb,ctrommjmtﬂdu cftmmﬁlepm(mdtellmmdqf 104iszdficiently pestprmed.
[02 20 neasurenent is converted into the LUMO | evel to
e -4.94 -(-2.70) = -2.24 eV. Accordingly, it was

f oungs hhsabsthie Rraeihdg tht fsedindyelodrqaeeron, Qaﬁlbﬁl,oilﬁalloy,
was | ess than or equal to at l|least 2.24 eV,

eleqmglug@@ﬁ@vegggwpp@dgr a mlxtypfeﬁyqr%gf, ﬁéghgg{kegggﬂx a low work
funcgtﬁogér ég%aﬁga ;&) dggéf?ﬁ'ét enyPGV@IS Hlahsofcgé]uﬁlht% DEleqAL] ﬁgi%erable)

eris rmp am ne nmeasur enment
cantteaiseki dad a specifivasxanipdy ofsutie s cavhedpmafednlyen eleynent that belongs

scannj ng_t he potent.ial, of the wo I trod
to Geupekpr 2dnithe PpUF GG, B oAl R (S:'Efrfove@ iygn f1) or

t.phe
s I TSy it 0h8BBAe Gy o, o

stroptinmn(S)a lan Ebley wastainiag the, elementhibat belorgsrtoduroup dnop2dxuch as

otential Ep, 0. 50 Ther ef ,
Ml AEpS riiieafRrmrial ol o BEPENET ol Wb BV an atoy
thefeBE Jor GRS cAPbE Udedl €A £iln BEad) afk@N . mekhl, &n Sh@l’iﬁe E:zh&t metal, or

triphenylam ne is oxidized by an electric ener
an gloyin¢lydipg thq&g/cn@})e f@mwdthy %V@ﬁé@g@yawaﬂe% pwﬂt?% t éﬂ pddition,
}_g/ollllc?lY(ﬁh%l kﬁﬁ %net!ilh a?l%flfn@l ea?{ﬁe Qfaﬂtlnee formed by a

®rence rode use I'S exanp respect
sputteriid ﬁleﬂﬁﬂuurﬂhi‘thﬁs lthe §ecoﬂd ch{redd 164 cdﬂsher foraeld zblymp@lymg a
Therefore, the HOVD | evel of triphenylam ne was found
silveppasie arthglike by amink-jesmetode\]  Accordingly, the
[Ozb%nl zation potential of triphenylam ne was cal cul at ed
be 5.53 [eV]. [0385] 10FI G 20 shows CV neasurenent
r esuhttbe ofsetwiere doud¢dtom-iojeating tagei $15 bas afunction of promoting

electron injection is provided between the second electrode 104 and the
electron-transporting layer 114, the second electrode 104 can be formed using a variety
of conductive materials such as Al, Ag, ITO, and indium tin oxide containing silicon or
silicon oxide, regardless of their work functions. These conductive materials can be
formed by a sputtering method, an ink-jet method, a spin coating method, or the like.
[0300]

Note that since the organic semiconductor material described in Embodiment 1
exhibits blue light emission, it can be used for the light-emitting layer as a substance
having a high light-emitting property. For example, the oxadiazole derivative
described in Embodiment 3 exhibits light emission ranging from pﬁrple to blue, and

thus can be favorably used for the light-emitting element as a substance having a high
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tri phenyl am ne. Note that the nmeasurenent of the
reduction characteristics was conducted by scanni ng

wo baopotoent i al of the working el ectrode with reCPERWIY@S373
the reference electrode frda7-1.08 V to -3.00 V, and
then from-3.00 Vto -1.08 V. [0386] 15As shown in FIG
20, in the neasurenent of the reduction
characteristics, a peak which indicates reduction does

1ig1ﬁ%‘h%iﬁ§g§ﬁ\§\%¢+gﬁ.i In %Hﬁi% ﬁ'd?gaéﬁc $émitBndfs t&%&t@ﬁ{u deRYG8kd in

a pea cates reduction at a
Embodiihfeges 1 653 hiak arqularemupstrt)t, @nd 2ZhuigCcaY,algohlse rmdkfor: by other

not served due to he i nfluence of fl.ow a
thaf oy 46 ARBLRTVERE aulsvdn (e B aihe o ROEHERCRITIGE qqfuer qnd  the

eleét?t)nt@éiﬁﬁoxttlhgtla}telﬂﬁ rM&%S@éroﬂleﬁﬁézﬁﬁé 'sélhlc@ﬁducag material described
triphenylamne i's | ess than or equal to at |least -2.70

in Pmbpdimnts Aetopdt kast 2 dargemndygapt anHethngfaan ealsoe be used for an

el Rl Oy, 65 BB deidh [eaiBftiste. e organic

semibsHdat@r enatéid deSehitielll @NERBbERIeh! 1 a6 3 Bas/Righ thlpldt hcitation
CV neasurenent is converted into the LUMO | evel

eneggyy and thuggan glspberpyed for an exgiton-blockimedayigl y, it was
HBpggnd that the electron affinity of triphenyl am ne was
s than or 25equal to at |least 2.24 eV. [0387]
TheeAeat foomatidn methodnolf thei Bbilaydrj enpoaiegnof aledfods can be used

heny1-1, 3, 4- oxadi azol e, henyl benzoxazol e,
reg@rdgﬁ% - G BEAFESE A1 B el Riogess pﬁFéﬁ Pﬁ“e 3 YpRUUA Geapgration
o4 1 S AN RO, oo
the Theofredes or the layers may be formed by different deposition methods.

[0302]

For example, the EL layer may be formed using a high molecular compound by
a wet process. Alternatively, the EL layer can be formed using a low molecular
organic compound by a wet process. Further alternatively, the EL layer may be formed
using a low molecular organic compound by a dry process such as a vacuum
evaporation method.

[0303]

The electrode may be formed uéing a sol-gel method by a wet method, or using
a paste of a metal material by a wet method. Alternatively, the electrode may be
formed by a dry process such as a sputtering method or a vacuum evaporation method.
[0304] '

For example, in the case where the light-emitting element of Embodiment 4 is
applied to a display device and the display device is manufactured using a large
substrate, the light-emitting layer is preferably formed by a wet process. When the
light-emitting layer is formed by an inkjet method, selective deposition of the
light-emitting layer for each color can be easily performed even when a large substrate
is used.

[0305]

In the light-emitting element of Embodiment 4 having the above structure,
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El ectron affinitylonization potential Nanme [eV][eV]

2, 5-di pheny1-1, 3, 4- oxadi azol e2. 49a 6. 14
wQ2pheeibbenzoxazol e2. 48a 6. 14 9- phenyl - 9H car bEwor2069/065373

2.245.88 triphenyl ami nes 212%5. 53 General fornula

(&RA) General formula (&B) [0389]

current flows by provision of a potential difference between the first electrode 102 and
the second electrode 104 and holes and electrons are recombined in the EL layer 103,
whereby light is emitted.

[0306]

The emitted light is extracted through one or both of the first electrode 102 and
the second electrode 104. Accordingly, one or both of the first electrode 102' and the
second electrode 104 is/are an electrode having a light-transmitting property. For
example, when only the first electrode 102 has a light-transmitting property, the emitted
light is extracted from the substrate side through the first electrode 102. In the case
where only the second electrode 104 is a light-transmitting electrode, light is extracted
from the side opposite to the substrate through the second electrode 104. In the case
where both the first electrode 102 and the second electrode 104 are light-transmitting
electrodes, emitted light is extracted from both the substrate side and the side opposite
to the substrate through the first electrode 102 and the second electrode 104.

[0307] |

The structure of the layers provided between the first electrode 102 and the
second electrode 104 is not limited to the above structure. Any structure other than the
above structure can be employed as long as a light-emitting region for recombination of
holes and electrons is positioned away from the first electrode 102 and the second
electrode 104 so as to prevent quenching caused by proximity of the light-emitting
region to metal, and the organic semiconductor material described in Embodiment 1 is
provided.

[0308]

In other words, there is no particular limitation on the stacked structure of the
layers; layers formed of a substance having a high electron-transporting property, a
substance having a high hole-transporting property, a substance having a high
electron-injecting property, a substance having a high hole-injecting property, a bipolar
substance (a substance having high -electron-transporting and hole-transporting
properties), and the like may be combined with the organic semiconductor material
described in Embodiments 1 to 3 as appropriate to form the stacked structure.

[0309]

For example, as illustrated in FIG. 2, a structure may be employed in which the
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As apparent from Tabl el, 2, 5-di phenyl1-1, 3, 4- oxadi azol e

and 2- phenyl benzoxazol e have hi gher el ectron
wa@pdioo2tog4 and hi gher ionization potential thanP&r/JP2009/065373

9- phenyl - 9H car bazol e and #29 phenyl ani ne. [ 0390]

Further, the electron affinity of

2,5-dipheny1-1,3,4-oxadiazole and 2-phenyl benzoxazol e

is greater than or equal to 2.4 eV and | ess than or

secgﬁd"ﬁ%ct}(ﬁi 31|Q~acar ctiof] dsNec dﬁtﬁﬂezﬁfe'lﬁglaﬁ‘?} £04, l,fd tlQ:fflrst electrode

e and triphenylamine 's greater
102 fmamdrﬂmg aseqqualode areSstarked/irathis drdesovien ghe smbstaqu hll)l t dn FIG. 2,

6.0 e 9 Accordi n .. as the parti
2 SHGYE L MEICE Y erEonIATNG MO L e o eppding layer 114,
the El‘fgﬁ@érgitﬁﬂé I%?E‘Ieﬁgo ﬂie"%‘i@ﬁﬁﬁs?@ﬁfn§§§)‘& 1Dy &MlitROhle-injecting layer
-(5-phenyl -1, 3, 4- oxadi azo heny! gr oupwhi chi sa

111125e Stackediip s 9menp®r4h®scadmchczlg¢tmd§kl@l4es onploged. a
KBioébenzoxazol-z-yl) group which is a
henyl benzoxazol e skel eton can be preferably used.

As thgtePdat iR Efbodigbat’ 8, he fight-&Mittioa chadak -i6- tysilﬁlcd over
group which has a 9- phenyl 9H car bazol e skel et on,

substrtelj padn P aglsse \Rhrsdisy 0T gthe Ulikenhi Kermation of a plurahty of such
[ I f

llglfi Hﬁaﬁgy&g’iﬁ' {ﬁg 3(3%? Gite® Qut%ﬁ’? ?ﬁ%g&e%rﬂn%}&{n l'bcfeg oplgaéga}%e Cmatrlx

ligltemitogditeicer Adtmatiadlyhfay exanplaea dlie d:’ilmclranmstcm §TFhpmay be

onilr'llgcli tgx%%qlt@gtgatgﬂ%q%e%g%ggt g ugcl)rt téns[ Jj(ggggj \’életse%llttmg element
mag Bd AR HVer BR ORHOQRARA s 3l%tgtncally connected to the TFT. Thus,
an active matrix light-emitting device which controls driving of a light-emitting element
by a TFT can be manufactured. There is no particular limitation on the structure of the
TFT. The TFT may be either of staggered type or of inverted staggered type. In
addition, a driving circuit formed over a TFT substrate may be formed using an N-type
TFT and a P-type TFT, or may be formed using any one of an N-type TFT and a P-type
TFT. In addition, there is also no particular limitation on the crystallinity of a
semiconductor film used for the TFT. Either an amorphous semiconductor film or a
crystalline semiconductor film may be used for the TFT. Alternatively, a single
crystalline semiconductor film may be used. The single crystalline semiconductor film
can be formed by Smart Cut (registered trademark) or the like.

[0311]

Note that Embodiment 4 can be combined with any of the other embodiments
as appropriate.
[0312]
[Embodiment 5]

In this embodiment, a mode of a light-emitting element in which a plurality of
light-emitting units according to an embodiment of the present invention are stacked
(hereinafter, such a light-emitting element is also referred to as a stacked type element)
will be described with reference to FIG. 3. This light-emitting element is a stacked

type light-emitting element that has a plurality of light-emitting units between a first
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By conbining the partial structure a and the parti al
structure b of the conpound described in Exanple 1,

wo ouw/okionls of organi ¢ Sem conduct or mat eri al SPEEIR2009/065373
synt hesi zed. Structural fod#l ae of the synthesized
organi ¢ sem conductor materials are shown bel ow.
5[ 0394] (460) (201) [0395]
944" - (5- phenyl-1, 3, 4- oxadi azol -2-y1)-[1,1':2",1":2", 1

-4 -9 - i i
elel iR R0 RNE Aedtrblit - OThE GRIRGAE ;E’)If %z(icghzofgﬁﬁ giéﬂ%eﬁ]qghﬁg uhifs can

represented by Structural Fornula (421
be 4infifarploethyl dascBibdd o dEtmbabinet ¢ ) phether vgordsipthehlighti-emitting

has 2, b-di phe -1, 3, 4-oxadi azpl e skel eton as, the.
clefiit, S Bt JPUDAEHY b & JBPGRPULPEasEmERt \lyving one
lighileBHRinphin%D DRfhifeAbodIARYI 'aqgh@-@fnhﬁﬁg’ leRnfn® h&HAR aPlurality of
the partial structure b. [ 0396] '
light Baniuting uBitp alhhd dascabed. - oxadi azol - 2-y1) 41, 1': 2", 1"]ter
[03?£Enyl-2-yl]triphenylanin e (Z-DPhAO11l) which is
resented by Structural Formula (460) has a

4- ( Snreny,la-firsSlight @iading 2@tt-531 vhd phedoyl lighoemting inib 852 are
a 2,5-di phenyl-1, 3, 4- oxadi azol e skel eton as the

stagkadl Dpecs pfiidtalgctrode SAhanhaseeand slegirpifedd- arfh AbATEhaeprating
1ay%;r9¥|§ai}éhgr%2{drﬁg§?ﬁwgért RH@%@WgHEeIﬁhﬁhgetlﬂﬁ 331 U0l the second
ligh?@iiting 7e0¥ BCY/ JRR QRO /fB&58éardds4501 and the second electrode 502,
electrodes similar to those in Embodiment 4 can be applied. In addition, the first
light-emitting unit 511 and the second light-emitting unit 512 may have the same
structure or different structures. Structures of the first light-emitting unit 511 and the
second light-emitting unit 512 can be similar to the structure described in Embodiment
4.

[0314]

The charge generating layer 513 is a layer that injects electrons into one of the
light-emitting units and injects holes into the other of the light-emitting units when a
voltage is applied to the first electrode 501 and the second electrode 502. The charge
generating layer 513 may have a single-layer structure or a stacked-layer structure. As
a stacked. structure of plural layers, a structure in which a hole-injecting layer and an
electron-injecting la'yer are stacked is preferable.

[0315]

As the hole-injecting layer, a semiconductor or an insulator, such as
molybdenum oxide, vanadium oxide, rhenium oxide, or ruthenium oxide, can be used.
Alternatively, the hole-injecting layer may have a structure in which an acceptor
substance is added into a substance having a high hole-transporting property. The
layer including a substance having a high hole-transporting property and an acceptor
substance is formed using the composite material described in Embodiment 4 and
includes, as an acceptor substance,
7,7,8,8-tetracyano-2,3,5,6-tetrafluoroquinodimethane (F4-TCNQ) or metal oxide such as

vanadium oxide, molybdenum oxide, or tungsten oxide. As the substance having a
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[ 0397] 944" ' -(benzoxazol-2- yl1)- [1,1"
$2',1": 2", 1" quat er phen y1-4- yl)] -9Hcarb azo le
W@ 2610pPBOk) which is represented by Structural PEDIRR0O®065373
(101) has a 4-(benzoxazol - 23y|)group which has a
2- phenyl benzoxazol e skeleton as the partial 5
structure a, and has a 4-(9H carbazol -9-yl) group
whi ch has a 9-phenyl - 9H car bazol e skel eton as the

. ' t 3 sde Ao s A= ‘. :
higfl ol RynsDhiidy, blofity, (o700 Lol CoRANICAAE s Aroftic. amine
confpbub®) AB@bazolki dérivasives p nesetice diydsoc8tbonst andil highr molecular

201) has, a 10 4-(benzoxazol -2-y1 rou ich ha
compXiAln Gk A5 SNEIEPS. SRBl Brh 90 ARl Fripe Sradc il that a
sub@t’an@enﬂa\ﬁ?%a%o‘f’é %bﬁlﬂ?rﬁﬂ A BRPRRCEY higBECKPprfEMly D8RI & the

tri phenylam ne skeleton as the partial structure b.
subpaB&@9having a highPimleitraaspopiingperdpedy. ofowheseany galpstance other
sem conducfor materiagls, were, measured, .15 . .
thamGhec Ve A6 PYancey YR BiraSt PPl S hSHIS e df) which the
i | &$rof ih ' Since th
o BT RE) LTRSS R Y7 Sce e
comprsiée miteriglambicho intludes ride asubstanee bhviBg appdiigh tholeapransporting
o e BB AER 0SB, 890 B 8 ropey an

carfIB s FEYER - prOferdy, SRMUYO1@Ie UGeeing Odndt M@vLVrrent driving can be
measur enent, dehydrated di net hyl f or mam de ( DVF,
realizedduct of Sigma-Al drich Inc., 99.8% Catal og No.
[03?@[705- 6) was used as a sol vent, and
ra- n- but yl anmoni um perchl orate (n-Bu4NC104, product
of TAkihe eGloaondakectimpdagdry an @sulatok bda seribadugprNaich as lithium

oxilg Sl?vig?iﬁm fluoride, or cesium carbonate, can be used. Alternatively, the
electron-injecting layer may have a structure in which a donor substance is added into a
substance having a high electron-transporting property. As the donor substance, an
alkali metal, an alkaline earth metal, a rare earth metal, a metal that belongs to Group 13
of the periodic table, or an oxide or carbonate of them can be used. Specifically,
lithium (Li), cesium (Cs), magnesium (Mg), calcium (Ca), ytterbium (Yb), indium (In),
lithium oxide, cesium carbonate, or the like is preferably used. Alternatively, an
organic compound such as tetrathianaphthacene may be used for the donor substance.
As the substance having a high electron-transporting property, the materials described in
Embodiment 4 can be used. Note that a substance having an electron mobility of 107°
cm?/Vs or higher is preferably used as the substance having a high electron-transporting
property. Note that any substance that has a higher electron-transporting property than
a hole-transporting property may be used other than the above substances. Since the
composite material of the substance having a high electron-transporting property and
the donor substance has excellent carrier-injecting and carrier-transporting properties,
low-voltage driving and low-current driving can be realized.

[0317]

Further, the electrode materials described in Embodiment 4 can be used for the
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whi ch was a supporting electrolyte, was dissolved in
the sol vent such that the 25 concentration of
wo eqa271ebut yl anmoni um perchl orate was 100 mMmoP¢1/JP2009/065373
Furt her, the neasurenment oBbp&ct was al so dissol ved
such that the concentration thereof was 2 mol /L.
Further, as a working electrode, a platinum el ectrode
(a PTE platinum el ectrode, manufactured by BAS Inc.)

cha :%éﬁ%ﬁ 'ng?gy%gl?:'x%} @ﬁéﬁn@&:,eg{er&ﬁ?gg dger?l'sa"{‘x%g’;l?y@r 513 may be

trode Pt count ectr
formeduivitht ar eambipaBAS dfna. Jayeasinghdihg 30 sAbstanceeheviegce high

el ectrode, an Ag/ Ag+ el ectrode, (an RE7 nonagueous..
ol B AR TEL POPERL BNE STl Fis il o PP e BUCBICEING fil, ) Note

that"@$ayes Blvin tlﬁ%ﬁ W%ht-trﬁ%nﬁﬁﬁ\gtﬂrﬁ isYkeferabf) used as the charge
2010/ 027004PCT/rJPZ009/ 065373 155 conducted at a room

gentatipg layeuinete(m@Qofdight etsac@pn efficieandsli t i on, the scan
[O3ir€|eed at the CV neasurenent was 0.1 V/sec in all the
asurenents. [0401] The neasurenent of the absorption

speqhraafnasy] thdrehaegd g&ieﬂﬁingﬂﬁ?ﬁetr r318) Wagch i imerpbsydBdween the

~using an ul traviol et-visible spectrophotoneter (V-550,

firshlaghtfeaditingamitil 1 pndtio sceppblightieamjting it X134 istaceeptafle as long
i . r | . i . [-

o Ul bR AU o AR SOFALAETODIARRE MR o e

othéradfube Hghtaamitirig uritsovlidnen epleapt is amylied washesfiiiot elacttatd 504 and

e S Do T SARLSR TS £ (OLIRADN e, st
roGRFRI WP P BAbhel sy nle LRI s i, o
structure is acceptable for the charge generating layer 513 as long as the charge
generating layer 513 injects electrons and holes into the first light-emitting unit 511 and
the second light-emitting unit 512, respectively. .

[0319]

Although the light-emitting element having two light-emitting units is
described in this embodiment, a light-emitting element in which three or more
light-emitting units are stacked can be applied in a similar way. By arranging a
plurality of light-emitting units between a pair of electrodes so as to be partitioned by a
charge generating layer as in the light-emitting element of this embodiment, the element
can perform light emission in a high luminance region while keeping a current density
low; whereby the element can have long life. Moreover, a light-emitting device with
low power consumption, which can be driven at low voltage, can be achieved.

[0320]

The light-emitting units emit light of different colors from each other, thereby
obtaining light emission of a desired color as the whole light-emitting element. For
example, in a light-emitting element having two light-emitting units, the emission colors
of the first light-emitting unit and the second light-emitting unit are made
complemehtary, so that the light-emitting element which emits white light as the whole
element can be obtained. Note that “complementary color” means a relation between

colors which becomes an achromatic color when they are mixed. That is, white light
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[ 0402] <Z-CzP011> [0403] The oxidation characteristics
of Z-CzP0Ol1ll were exam ned as follows. The 15 potentia
w@Rotloz7omor ki ng el ectrode with respect to the PEl/ar00u@s373
el ectrode was changed from3®.35 V to 1.01 V, and then
changed from1.01 Vto -0.35 V. This change in
potential was regarded as one cycle, and neasurenent
was perfornmed for 100 cycles. Further, the reduction
[ r X850 I
emﬁ%@ﬁ %gé g)%tol‘;(‘)E 95% ﬁ[ﬁx g? H\glog)éa?r odeBl\?l\n tlﬂﬁtral ggéseégmm the
ligﬁm of cmﬁﬂemnmer)e(c(ﬂoﬂsr obe warae chvabgapplid tbra)hghtacnﬁﬂtnig d¢lement
-2.50 V, and_then changed from 3 .tqQ.-1.51 V. . .
having gf%ﬂ%ﬁ#@ jEmitHng YRty | For %gplﬁe\yﬁ?ra@a\fggqtﬁ%ew@% unit emits
[ oY g itti
red AL B SR T SR L RIS e g RS ik emiing
unit ¢meitobdiue lightowhigé Heht cande Eind@ited2fom Hswhola digtii/emitting element.
[03 surement result of Z-CzP0Ol11l on the reduction side.
25 each of FIGS. 21 and 22, the horizontal axis
I ndi @t afatatHO eAbblment \ban e bR kiritl) aab®ei lea@ddiment as
with respect to the reference electrode, and the
appyariatecal axi s indicates a current value (A) flow ng
[O3g?tmeen the working electrode and the auxiliary
ctrode. In FIG 21, a current indicating oxidation
[Envialimég&jved at 1.04 V (vs. Ag/Ag+ electrode). In FIG
22, a current |nd|Cft|ng red tlo was opserved. at

-2 4p 1}} 0 {n]lf‘élt qcng@g} VIGS Ingcy %lg er%lftﬁlg element of

an &ﬁb&ﬂﬁkﬂﬁo%@ r&réﬂpfdveﬂld;pwfcﬁqg deddrib@$n HRUAhve NBtbodiment
PO11 WO 2010/ 027004PCT/ JP2009/ 065373 156 was a

wﬂhbddmwmbuhnto whi ch both el ectrons and hol es can be
03gﬂiected, that is, a bipolar material. [0405] In spite
[ the fact that 100 cycles of scanning were conducted

r epgatiRldlenbodimént REBEhtRASittirigode vade charinpeakght nGiRt gt slerdént of
the CV curve scarcely changed in the oxidation and the

an p@bgélmeoh of theprespet weution i @ pixel poities WHhbe Zesgrigtl] with
rcference QO IﬁG§n41-osra%§rH]§: Sﬁ&% Qf?zﬂ%&t Q{\ 1g?tt8glv?elw ftﬁehl?ght-cmlttmg
abl'e "agal ns

esent rnvention 1s ex rerml
devidépﬁHIFlIGm’B i3fa drbss-sextiokal ivivw ﬁkéh nledlg tihé ARA’ ditddine B-B’iit FIG.

4A Wa%‘hlfs C)I:Jgrlll(t:j ertnllqt?lglg Zde\(ljlis qg{g—luhg’s 2? ld?lc\:lgrr gﬁgueltm pgretllloln (sgltlr%g I51de driver
circuit) 601 and a driver circuit portion (gate side driver circuit) 603 which are indicated
by dotted lines in order to control the light emission of the light-emitting element
provided in a pixel portion 602. Further, a reference numeral 604 represents a sealing
substrate, a reference numeral 605 represents a sealant, and the inside surrounded by the
sealant 605 is a space 607.

[0324]

Note that a leading wiring 608 is a wiring for transmitting signals input in the
source side driVer circuit 601 and the gate side driver circuit 603. The leading wiring
608 receives video signals, clock signals, start signals, reset signals, and the like from
an FPC (flexible printed circuit) 609 that serves as an external input terminal.

Although only the FPC is illustrated here, this FPC may be provided with a printed

wiring board (PWB). The light-emitting device in this specification includes in its
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10[ 0406] The ionization potential and the

electron affinity of Z-CzP01l were cal cul ated fromthe
wewimwadw enent result. [0407] As shown in Fl GCLJPA060/065373

the nmeasurenent of the oxi d&tion characteristics, the

15 oxi dation peak potential Epa was 1.04 V. Further,

the reducti on peak potential Ep, was 0.85 V.

Therefore, the hal f-wave potential (an internediate

P

el @BLERP! @y AIAFERIERE deap RAM ROIDE IR LA IR B an
FPGEnamﬁMéBattachedlﬁ@deton th| s exanpl e, the potenti al

energy of the reference electrode with respect to the
[033Zcuum I evel is -4.94 [eV]. Therefore, the HOMVD | evel

of P

[e\/]%%c%%r (gll% ﬁ%l?l%ﬁmfugggfjg{neﬂzéﬁ |egﬁtt% tdeeglclgaivm ?éd&%nbed with
refeferiCe RO FIGWHS  CBhecdilina eitctio pixtiob 8@ theepdixel ]ﬁcﬁﬁdﬁ}are formed over

sho in F n t he nmeasurenent of

an PlEmeeh PSR D¢ d (B qage, qRechixeltict eowxﬂea%mn 602 and the
sou%tsﬁfétdrﬁzler ERGiVEA wl%cﬂf% t\ﬂ{e dF Wrldiehit pbARNXe ARGIrREd. Peak

potential Epa was O V. Therefore, the
[03h@If wave potenti al (an |nter medi ate potential between

ﬁﬁfa ft@i ea?% ag?ug'g? g 1Jv1antgtcﬁ ctuqI X EX2CI§I]%)\§ (j_ﬁ%unt ] \Ml1 h an

n- chzfﬂm&lhTFTeé%nmdSa pi—bl&nﬁélt ERT icak a&aebg:,bnw‘d ishiennai er’Eh"tC&rlver
el ectrode with respect to the vacuum |l evel is -

cirquigvnay by doraredrly, vanus CMOS @mﬂSoPM@S:Emw ﬁhé‘IM%rﬂrwﬂs
In tflg egﬁ)odf}n 3 drivers %ﬁ%grggd%y@ng[\ﬂiﬂ:h a’%‘fﬁg atlg gorhgzﬁ k?éler the

ronaflnltyo was ca
subﬂr;ﬁ@ pfosided v[nﬂﬂﬂﬁ]plxdl\@oﬁﬁ)hﬁé ﬂstﬁBd@(ﬁWﬁﬂ(ﬂ&/ P6&37 Biveation is

| G 23A shows a tion spectrumand an em ssion
not Eﬁgeﬁﬁ%mlwr’z E3sBRI R el GG I 7P OURGe L VRS
[03 FI G 23B shows an absorption spectrum and an

em ssion spectrumof a thin filmof Z-CzP01l1l. In FIGS.
23A BrdpizdBportitre 6H2rindoddsed plaxal8y iof ghixods e&:hahaving a switching

length (n nd rtlcal axi.s i tes . .
T} T B plgenecsopizpfine T ol a9 it oo 13115 clecrically
conhsétémea §ﬂhil6f e acu?réﬁtcﬁoﬁhbﬁ’ﬂﬂ VST §PSerNGE it aflifdiMor 614 is
nm |In the case of heto uene sol ution, the

fonn@ddmmeemwdmrl\mvef tiwgﬁ!rht dlegr@ie 513m (Hsrxmtheunsuhtor 614 is

l.e f th hi fil
toriegt Gt § bkt hh et AP B8R 036 "o and 268 hm

[0328) the case of the thin film the maximum em ssion

wavel ength was 407 nm (an excitation wavel ength: 321
nn) .In order to improve the coverage, the insulator 614 is provided such that either

an upper edge portion or a lower edge portion of the insulator 614 has a curved surface
with a curvature. For example, when positive photosensitive acrylic is used as a
material for the insulator 614, it is preferable that only the upper edge portion of the
insulator 614 have a curved surface with a radius of curvature (0.2 pm to 3 pm).
Further, the insulator 614 can be formed using either negative photosensitive acrylic that
becomes insoluble in an etchant due to light irradiation, or positive photosensitive
acrylic that becomes soluble in an etchant due to light irradiation.

[0329]

An EL layer 616 and a second electrode 617 are formed over the first electrode
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10[ 0410] An absorption edge was obtained froma
Tauc plot assuming direct transition with the use of
W0 b@aoab®os pti on spectrum data of the thin fil mP@f/JIP2009/065373
Z-CzP011, and the absorpti dA®edge was regarded as an
optical energy gap. Then, the energy gap was esti mated
to be 3.64 eV. Accordingly, it was found that Z-CzP01ll
has a | arge optical 15 energy gap. [0411] <Z- DPI A011>
613, 04Hat, H}ﬁ)u‘gxrh fs' %no%jlaél%@iil:)'s&dlﬁuetﬁvezmlpg&ﬁg}101"\%xtures
exam ned ential of the workin
thesdlo€ cdrr bﬂjlﬁied/lfd)lfn mespebmf the fitd elepmbdfr &3¢ e Iethe dnstmtmds 613 is
hanged from.-0. V, and .then. cha
pevanage. 8 i pielerati ot chd e 15 iggk dR o fphdShe ' Aol an

all(¥yeQﬁréjé‘c‘i‘rlé’ﬁlyoétﬁldﬁ&weecorﬁﬁ(%rﬂe%? W RiiR0te WRFoRAVRIPTATEZh work
cycles. Further, the reduction characteristics

funoﬁorz(gmﬂamm awegrls femammafdl (észqslhlgiws) anmpreg prohapatprals.  For

exaél}pé% & ot\é%{ éﬁ{é} a()ﬁgtcég gg us%sg%gsqﬁﬁl% ?ayteg%gﬂ%bgrrl S4im tin
oxil O FiimCEsudiRtlg f $ilaeon; %n5iﬂerﬁ chlmaﬁe Yilm] Al Gtafin@n@@ridé® film, a
potential was regarded as one c and neasur enent
chrogéumy &ilmp o3 ﬁ@gstp@? ilpop Zayfime g Pt [ﬁ%\g,lgl] the like; orm gtacksd film, such
I f t
s U8 8 EHFYATTI 5674, B oF Y St B2 o i
comigmeht onfa h@h&&l §troctutehef megitasinmomitfids ifile, d lﬁllmacdsntaining

of FIGS.. 24 and 25, the horizontal axis .jndi es, a
USR5 IS P90 GPMPHREN o gt GPBEY MOHde T (o dRe yhen a

stadk2g sﬁrﬁétﬁfeeﬁcénlgbg&f RE Girst AEL1LAE 618 Hak GG rB3ibtince as a wiring,
I ndi cat es /027004PCT/ JP2009/ 065373 158 a
forme p favorabladhreic(cantact, oudl nap ssevamsean anpde.wor ki ng
KthfCtrOde and the auxiliary electrode. In FIG 24, a
rent indicating reduction was observed at around
0. 65T KN fayePQ16°8 foh&iChy Rdidls nlefhdds Guch?ds, andevapératioh method
Jindicating reduction was observed at around -2.43 V
usifg/an eyaperangn Appskeans vk e desthodsiarkpin epatiagmaeshodsq the like. The

ELrlae}gi'I %ié fe§ e &ganlb SeRBnd YA nERAA described in Embodiments 1

to 3. Any of low molecular compounds, high molecular compounds, oligomers and

use

dendrimers may be employed as the material used for the EL layer 616. As the
material for .the EL layer, not only an organic compound but also an inorganic
compound may be used.

[0331]

As the material for the second electrode 617, various types of metals, alloys,
electrically conductive compounds, and mixtures of these can be used. If the second
electrode is used as a cathode, it is preferable that the second electrode be formed using
a metal, an alloy, an electrically conductive compound, a mixture thereof, or the like
with a low work function (preferably, a work function of 3.8 eV or lower) among such
materials. As an example, an element belonging to Group 1 or Group 2 in the periodic
table, i.e., an alkali metal such as lithium (Li) or cesium (Cs), an alkaline earth metal
such as magnesium (Mg), calcium (Ca), or strontium (Sr), or an alloy containing any of
these (such as MgAg or AlLi); and the like can be given. If light generated in the EL

layer 616 is transmitted through the second electrode 617, the second electrode 617 can
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5Z- DPhAO11 was a material into which electrons and
hol es can be injected, that is, a bipolar material.

WO 0012427004 In spite of the fact that 100 cypCEBIP2009/065373
scanni ng were conducted repéat edly, a peak position at
the CV curve scarcely changed in the oxidation and the
reduction. 10 Fromthe result, it was found that
Z- DPhAO11 which is an organic sem conductor nateri al

be frmkd fisiRl QS®Rk dr BBl @i Fifm QXA %qm%glyar&haéaheuaﬁelfnﬁ,t (indium
repetition of the oxidation and the reduction.

tin osude i(XTQYamndiw tid axidet contddEng\Giliton or siligon Dn@hemimai kl}dc oxide

1z, Ireifin o hairing typesten X eng L e f B2 b e 18R

[038zpom t he CV neasurenent result. [0416] As shown
in FIG 24, in the neasurenent of the oxidation
char&y:taemhsltg te, sehhu@ sudnsdaltel @4 pe&k qbftmantsumtra{@élﬁ)va‘éth the
t her. redu atenti al
seags 303, arhEiaTLtine (REENaPLS AVBOREEE | dF AR 007 Which s
surfolh&dBrindlefent@k Sistrale d16! Mﬁ%@alﬁ%&u@ﬁ%t@ 804Nl thestal@t 605.

cal cul ated to be 0.58V. Since the sane reference
Notg|thastthe space 07 s filled with anfilles sach as s gt gast(digs nitrogen, argon,

Ortﬁ? an(;‘ t&g{aﬁp&%ntlal energy of the reference

respect to the vacuumlevel is -4.94
[03B§V] . Therefore, the HOMO | evel of Z-DPhAO1l was found
to be -4.94 -0.58 = -5.52 [eV]. Accordingly, the
i onlé%ﬁlil%ﬁeqi@tte@ﬁi 4in_ eyfoxy- EEAD1DWEakly| eseilat b additipe, it is

desnalg use %SILloéijlgl]f]télatr g%%vgﬁe%% n o? n’l%lﬁuFE:SOr 09¥%e as little as

renEnt on C aracterls
posﬁletbu ct Aonthpesdalingt subkiratt PG aaslastie. 4Bbstater doitnkeelr ,usitnBeFRP

e e O S (R LT
can %tu‘égde SFdS a%ﬂ E@?s}raféq{f ahﬁaﬁf‘glﬁ% rafed to be -2.37V.
I nce t € Sa reterence electr e as that in
[0339)Exanple 1 is used in this exanple, the potenti al
cT Rl Sk AR RS G e RS R emen
in EMhibo@iERAC0H s calBebldiade 7004PCT/ JP2009/ 065373 159
[0335]

The light-emitting device . described in this embodiment includes the
light-emitting element described in Embodiment 4 or 5. The light-emitting element
described in Embodiment 4 or 5 has high emission efficiency and the driving voltage is
low. Therefore, a light-emitting device which can emit light with high luminance can
be obtained. Further, a light-emitting device with low power consumption can be
obtained.

[0336]

As described above, an active-matrix light-emitting device which controls
driving of a light-emitting element with a transistor is described in this embodiment;
however, a passive-matrix light-emitting device may be used. FIGS. 5A and 5B
illustrate a passive matrix light-emitting device manufactured by applying an

embodiment of the present invention. FIG. 5A is a perspective view of the



10

15

20

25

30

was found to be -4.94 -(-2.37) = -2.57 [eV].
Accordingly, the electron affinity of Z-DPhAOl1ll was
w@alobawved to be 2.57 [eV]. [0418] FI G 26A shpUOEJE2009/065373
absor ption spectrum and anl18hi ssion spectrum of 5
Z- DPhAO11 included in a toluene solution and FIG 26B
shows an absorption spectrum and an em ssi on spectrum
of a thin filmof Z-DPhAOl1l. In FIGS. 26A and 26B, the
llglh(&ﬂlgt gtd%lncexinﬁ é@d5l§?st§§ro§s Mﬁ@ﬁﬂ@%'ta@@ﬂloﬁ%ﬁném in FIG.
vertic axi's indicates intensity (arbitrar
5At hbn BliSe 5afantl 58, ao Elidager 965 ig promided bsiwreph an nlewa@de 952 and an

o GREAEhE nSUSURL A A L5 case o LA, LelenGu o

| 1nsﬁlHﬂu(§Pé9ért%t3' O MRYEIERSN hiyesF54 Biptoviddll dl e @mm@g 14yla¢953

film absorption was observed at around 309
Thd nd@hailsc@fstbe pirtitibe wahli 1ayeri9Sare pgoprasa tﬂmha distanee bﬁween both

mdvﬁ%gen h %z}rg(f' Ioedn t@&%eci( ﬁlletsglt oiy\@lv I%{C I%%?her r\‘;)ords a

on ge wa roma

crof REtiGEaKE Mongll tHeQﬁiechdSraﬁﬁlhElsﬁm iﬁle\(\ﬁf&lh: pdrticib@aldlayehes54 is
absorption spectrumdata of the thin film of
trapezgipplagnd, the doweriside @isidsrphir i 18 dbfesamesdirestjan ave plzge disection

o RS FI5EE380 188 PSS 91 S
the ZipipPh 4id2 1(a hde svhiicr g;emoﬂtel saaie dinectigy aathe [lOE20ire@®n of the

insgfing sy pERS? o0t 9 aningtiv i o Pebine WIEF BEDends cithde can

be ﬁzﬁﬁtrﬂéﬁrﬂéﬂ pevidieahé Bﬁiﬁltﬁ% tbulr lﬁ?&%ﬁ ih @hit RRnh&L eNeagdtion, in a

el ectrode was changed from-0.16 V to 1.10 V, and t hen
passiMangattif rlight-emittidg\/ device,0 a1 elg\bft emiiting cHetigre With 2Bw power

cor\%gg&g(tgi, ?%#%@)t?lg?@ %88&&1@{1 qlé Cl etlng e?eﬁnen?s el[nglbgmlssmn

efficleaéPaidabivadrivisy Wltage GeddPdg wemeerﬁu@mrﬁﬁpbfaﬁe prekdmWBrention.
The potential of the worki ng el ectrode with respect to

[038Re reference el ectrode was changed from-1.24 V to

- 2. 5Iéot thgtnﬁug I%ﬁﬁ)oﬁ ecgnf b rébm& 5 With Qano&re?%, Yodiment as
I al ed nf

This € ange 1 n poten was regar as one
appagpiaeeasur enment was performed for 100 cycl es. 30[ 0422]
[03\3/‘8 2010/ 027004PCT/ JP2009/ 065373
[Embodiment 7] _

In this embodiment, an electronic device according to an embodiment of the
present invention including the light-emitting device déscribed in Embodiment 6 as a
part will be described. The electronic device according to an embodiment of the
present invention has the light-emitting element described in Embodiment 4 or 5, and
thus has a display portion with low power consumption.

[0339]

As examples of an electronic device manufactured using a light-emitting device
according to an embodiment of the present invention, there are a camera such as a video
camera or a digital camera, a goggle type display, a navigation system, an audio
reproducing device (a car audio component, an audio component, or the like), a

computer, a game machine, a portable information terminal (mobile computer, mobile

phone, mobile game machine, an electronic book, or the like), an image reproducing
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160 and FIG 28 shows the CV neasurenent result of
Z- CzPBOx on the reduction side. In each of FIGS. 27
w@rdoA87004 he horizontal axis indicates a potenPCHEIP28)065373
of the working el ectrode wilB# respect to the reference
el ectrode, and the vertical axis indicates a current
value (A) flow ng between the working el ectrode and
the auxiliary electrode. In FIG 5 27, a current
de\h&dh%% RGedof@in tmémuﬁmp&,hﬁ%rc;yaﬂdwlc@f&%&oauaﬁg\é recording
VS Ag+ el eCtrode). 1n FI , a current
medmm smh ny 7 aigital i versatitkes dishs@VRY aatl baving@ dizplay device for

oisine RS A 551 S TSP RS R Ry

exafBI& dfdhesk Rlcetrvhic @bviegd h el ectrons and hol es can be
KBHaieCted that is, a bipolar material. 10[0423]

spite of the fact that 100 cycles of scanning were

condipt S4 FRFALE ke, BRI bl AR Slich includes

intensity a curve scarcely c

howiigCHIDIL o@ s@p@rthfgebase Qmm ,lacdispl&y pertioh 910£$pbéker pbrtioas 9104, a
found that Z- ch is an orPanlc sen conduct or
a

vidpyinpuf tgrmegral %%5 apééléen%lkq nvBrike display periqnetki3 ofdthisjelevision
dev?&allgﬁt Le rh it a(%l&llhglﬂs IQI{rnl\ﬂ/?g td P‘I%SQ ﬁés@ﬂgtt,cpfﬁ tHe gb(wa:eelmbodlments are

reduction. ,
arrzeiged:tmomh’em c allbey lightedphigting] @lémght has a fehheeitbai fight emission

t d.the el ect f£init
oG % gl AR PSS, SRR et B af oot ligiemitting

eleentVMAs laTedthi@ tRat drivingt \hﬂtag@ﬁ}‘é%& HEIBtv. Ofrht @R play portion 9103
oxi dation characteristics he oxi dati on peak

whight iepludes tHep ighisemittings elgment, rllaﬁ@ﬂmllttm&ar@%cﬂh@rﬁffg@aun this
teleQPsEo%%lev# (9\9 p\ﬁ@fér %b Sglmﬁtlo;lih? ragi; b ﬁh tlﬁ!:ﬁ E%ngrgsﬁ di power

nter Ot en et ween

supE@C):lrﬁﬁﬂ che Uéai;lgiﬂflaﬁlﬁ@f hfllub&l Q)I%V«nsﬁieﬂ ci ﬂlbetelia&imon device;
reference_ el ectrode as that in gF e 1 is use

theiefpr@hxeéuets@arnw ze apd Weghd e the h@H@Pwl apf dhg ém%%base

t h 1
NG SRt PSR Hs ol A OGO U Bl oimachy s pover
consumpigon Zhdréduddiodn size and Gle[@\/]are atheoed)itingtfpre, thwetelevision can
I onj zation potent. was cal cul ated to be
be 15‘03’6‘3?@% Pf‘{dﬁ‘&tz‘lél}lc Eﬁb%“té‘ﬁ&‘&\?f [nving-prpyirosgient. , o
[o3gEpsurement of the reduction characteristics, the
reducti on peak potential Epc was -2.41 V. Further the
oxi G 68 ikhestiiates atcomputer offus embodiment, which includes a main body

9201, a housing 9202, a display portion 9203, a keyboard 9204, an external connection
port 9205, a pointing device 9206, and the like. In the display portion 9203 of this
computer, light-emitting elements similar to those described in the above embodiments
are arranged in matrix. The light-emitting element has a feature that light emission
efficiency is high and power consumption is low. In addition, the light-emitting
element also has a feature that driving voltage thereof is low. The display portion 9103
which includes the light-emitting element has similar features. Therefore, in this
computer, low power consumption is achieved. With such features, a power supply
circuit can be significantly reduced or downsized in the computer; therefore, reduction
in size and weight of the main body 9201 and the housing 9202 can be achieved. As

for the computer of this embodiment, low power consumption and reduction in size and
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WO 2010/ 027004PCT/ JP2009/ 065373 161 -2.28 V.

Therefore, the half-wave potential (an internedi ate
weoadlenriosd bet ween Epc and Epa) can be cal cul ap@riIR2009@5373

-2.35V. Since the sane refédp®nce el ectrode as that in

Exanple 1 is used in this exanple, the potenti al

energy of the reference electrode with respect to the

vacuum level is -4.94 [eV]. Therefore, the LUMO | evel

WCI? tv%rc BXd; Sﬁ&férgu{hq dfnRRer Gk plovidedds T prc?du@pwhlch is

Accordingly, the electron afflnlty of 2-Cz
suitable fodnyiroament. t 0 be 2. 60 [eV]. [0427] FI G 29A
[03% OWs an absorption spectrum and an em ssion spectrum
Z-CzPBOx included in a toluene solution and FIG

29B H06E iflstARSOS Binh &R of PIRS hibdtikitn@NshieR ifhdesia0Main body
spectrumof a thin filmof Z-CzPBOx. In FIGS. 29A and

930298, display Iportionof3QR, aahousing aﬁ%ta@seﬁemb evrnegtion par) 9304, a
remoﬂ %311“%} }/e%%%kncggpgse 0§3(H?1 glll t(l:r%% Srebd] 0¥t¥on(@3r%33 Bgt e\f% 9307,

ene SO tl on

an ¥@Ho iR PoaibnaY3 08| @Eﬂdtl&iﬁemmm ah hgepiase poitioh HBIO and the
t ol uene sol uti on, e_maxi mum em ssi on wavel engt h was

like3odn hs dislayt rartiom 9RE% af dhist %meswlgh&)emwtlﬁgtq%@n@a% &ingjfar to
thoéeggesgm&lzgn thghbmsegﬁlggf}ﬂgnt%i;en nggé‘?ﬁ Ytk )@t ﬁ{eoﬁ%lﬂ-emlttlng

9 nm an case o t he
elerfléritrhas tahfeatoreex that hghimmrssmm efmmcgngﬂlighvmsl gdv@erngunsumption is
cit t ion

I
low o 46 AARHER (i ehia e Slraeny Dimnas Folsatusy Shat Aliving oltage

thedbf RAbw! r?ﬂ@ﬂfsbl@? Witfo 9302 wiiéh RkludBethd IBAt-BhitBRg element has
spectrum data o Fhet hin filmof Z-CzPBOx, and the 20

Slmdblsi@ﬂfpmSonTb@Ifg@rms thfe@ared%sdo‘aspomr egrshoatioe Weacgsﬁvgcbp With
e e8GR, B3R a3 BB B 8] Bl n e
cani¥d; i thérbfoed) @Edii¢tiga s&@éﬁ’&‘}ve@t SIRhABL > bady modan'lﬁ%&lchleved.
As %I gngc'p%g@?%;cérﬁﬁédﬂn'egts l(?v]:/ p%wlgfgér?s%lp\{\f)g eangxréa&c?lce)g in size
and weight are achieved; therefore, the camera can be provided as a product which is
suitable for being carried.

[0343]

FIG. 6D illustrates electronic paper according to the present invention which is
flexible and includes a main body 9660, a display portion 9661 which displays images,
a driver IC 9662, a reéeiver 9663, a film battery 9664, and the like. The driver IC, the
receiver, or the like may be mounted using a semiconductor component. In the
electronic paper of the present invention, the main body 9660 is formed using a flexible
material such as plastic or a film. In the electronic paper, the display portion 9661 has
light-emitting elements similar to those described in Embodiments 1 to 3, which are
arranged in matrix. The light-emitting elements have features of a long lifetime and
low power consumption. Since the display portion 9661 including the light-emitting
elements also has similar features, the electronic paper has high reliability and low
power consumption thereof is achieved.

[0344]

FIG. 6E illustrates a cellular phone of this embodiment which includes a main
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potential of the working electrode with respect to the

reference el ectrode was changed fromO0.02 V to 0.80 V,
wa@edowokmm changed from0.80 V to 0.02 V. Thi s BPCEHIMRPE0I/0$5373

potential was regarded as dA@ cycle, and measurenent

was performed for 100 cycles. 30 Further, the

reduction characteristics of Z-DPhABOx were exam ned

as follows. The potential of the working el ectrode

j res ol h t
bodf D) SPRES e BS SEIE] FREEnS03) b A6l ATp FARBAGH 9404, an
audi@ obfpuVportiod 3408 nomhativgektys r9406,- #h 88eMal connkctBth pbrt 9407, an

Thi s an ' t i al ded
antgie” SAORG it DR o RheoP Bt ittionoodii PEdnSGHSky phone,
lightlemin3g SBRAWEs BRI 1dTRIBS USRI e BrlbodRhent- ?PFEAMnged in
on the oxidation 5 side, and FIG 31 shows the
mama:as lTI‘he rhght-eméting teleufenzhismw fxBoxe drat dight eraigsion |eﬁm@|caies high
nd 3 t he,, hot i t
and R gs P omap dncry VFBROTr e R lne b et atso s a

fealtiré fhat @FPRIgtvol@gé Aeerédfienencerid eﬁpra?q@m@nmojwmch includes
vertical axis indicates a current value (A flown

theighivewifting elomsnk ihay sianilas deaderes.anbhareferea ik the ggliplar phone, low
po»%r tn% ved L &a%l:dh%v%g Wd éf @rgf;\i/tg&q%g%&g%g fgﬁqy @ide@f can be

around
mgﬁlflea)ttryoddu)ced lon deWwsiz&lin the caliutaz iphone) dhdraﬂb'rer; geduedorc ini size and

weighief thiampin ot 246k madfis Bouled D3 e o wolEdedhs for the
cell\ﬁ?a? hehe df Eﬂ?@Em%o@ﬁh:ﬂB%wVﬁﬁve? BRIBAPtRIN dndl RdWdtoRNn size and

trons and holes can be injected, that is, a
weighparﬂ achimedde thea¢ford, 632]lulaé phonspian degirovided dsecprotibettwhich is
Slég% cl.es of. cannlng wer e conducted repeatedly, a
u Qb%%g?gf%ﬂ‘ nd a peak intensity at the CV curve
[038spr cel y changed in the oxidation and the reduction.
Fromthe result, it was found that Z-DPhABOx which is
an okl§ini12As ol 86 rillusiratn apsxamplel oba stiwetugy ©F @ngellular phone,

ol PR L RTRLY B0l GESk QL WD o o
vieWNBIG. Z2BRhARGX viesv, 20EFES ﬂQGOh&ﬂé@dld)ﬂmexﬁtvédw e.The cellular phone
in FIGS. 12A to 12C is a so-called smartphone which has both functions of a phone and
a portable information terminal, and incorporates a computer to conduct a variety of
data processing in addition to voice calls.
[0346]

The cellular phone illustrated in FIGS. 12A to 12C has two housings 1001 and
1002. The housing 1001 includes a display portion 1101, a speaker 1102, a
microphone 1103, operation keys 1104, a pointing device 1105, a camera lens 1106, an
external connection terminal 1107, an earphone terminal 1008, and the like, while the
housing 1002 includes a keyboard 1201, an external memory slot 1202, a camera lens
1203, a light 1204, and the like. In addition, an antenna is incorporated in the housing
1001.
[0347]

Further, in addition to the above structure, the cellular phone may incorporate a

non-contact IC chip, a small-sized memory device, or the like.
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[ 0433] The ionization potential and the el ectron

affinity of Z-DPhABOx were cal culated fromthe CV
worease®oent result. [0434] 25As shown in FlI G BOT/JP2009/065373

t he measurenent of the oxi d&lion characteristics, the

oxi dation peak potential Epa was 0.63 V. Further, the

reducti on peak potential Epc was 0.51 V. Therefore,

the hal f-wave potential (an internediate potentia
HB@QF“EGn Epa and Epc) can be cal culated to be 0.57V.

Si'nce the sanme reference el ectrode as that in Exanple

1 i sinubedlispiayt porsiomadhl the lightempitiegdevke dnssridpypd ot thehabove

o SHSFSIER 5 BB IR R BB e
depéndifB DB Me \W3Secl AUAC F’Hleb&lluf&r%oné) iPprovided  wilh [RVgamera lens

Accordingly, the ionization
110pemothe 3700 4EtAve 1920 disple 5 Ppeionc Bl Od b theraferg) thefcellular phone can

be %Qggé\%’n%(ﬁo\ﬁﬁé]e&m@%‘% % g&lﬁl gmg & gndsalmL)Q%A]gd‘;n[agﬁ g:ﬁl be taken with

asurenen
the kg b@tlefy 203amdehelipgit 1208 usingahe @dplay ipofiopekk1 as a viewfinder.

Thegggegﬂér: ;?1'025%;1 ﬁm-iczr(');ffhzon\e/'lli(:)%iJ rctagebre' uéer(]iefo(r))gige%t l:a(flr;, Fr)eeczg)ir(ding,
reproducing, and the like without being limited to voice calls. With the use of the
operation keys 1104, making and receiving calls, inputting simple information such as
e-mail or the like, scrolling the screen, moving the cursor, and the like are possible.
Furthermore, the housing 1001 and the housing 1002 (FIG. 12A), which are overlapped
with each other, are developed by sliding as illustrated in FIG. 12C, and can be used as a
portable information terminal. In this case, smooth operation can be conducted using
the keyboard 1201 and the pointing device 1105. The external connection terminal
1107 can be connected to an AC adaptor and various types of cables such as a USB
cable, and charging, data communication with a computer, and the like are possible.
Furthermore, a large amount of data can be stored and transferred by inserting a
recording medium into the external memory slot 1202.

[0349]

Further, in addition to the above functions, the cellular phone may include an
infrared communication function, a television receiving function, or the like.
[0350]

FIG. 7 illustrates an audio reproducing device, specifically, a car audio system,
which includes a main body 701, a display portion 702, and operation switches 703 and
704. The display portion 702 can be realized with the light-emitting device (passive
matrix type or active matrix type) described in the above embodiment. Further, the
display portion 702 may be formed using a segment type light-emitting device. In any
case, the use of a light-emitting element according to an embodiment of the present
invention makes it possible to form a bright display portion while achieving less power
consumption, with the use of a vehicle power source (12 to 42 V). Further, although

this embodiment describes an in-car audio system, a light-emitting device according to
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5 -2.29 V. Therefore, the half-wave potential (an

i nternmedi ate potential between Epc and Epa) can be
w@eadonkamved to be -2.36V. Since the sane ref erPC/&P2009/065373

el ectrode as that in Exanpl€21 is used in this

exanpl e, the potential energy of the reference

el ectrode with respect to the vacuumlevel is -4.94

[eV]. Therefore, the LUMO | evel of Z-DPhABOx was found

an érﬁb&ﬁmeﬁ]{ %he? relemt Ghven glog "%3’ 18/be uﬁ,‘aclﬂr ka6leYaud stems or

ectron 10a Inity o hABOx was cal cul ated t
audih H8teeds. fof HetB6ise. FI G 32A shows an absorption
03§ﬁ]§(:t rum and an em ssion spectrum of Z- DPhABOX
[ | uded in a toluene solution and FI G 32B shows an

abs ot 8 msﬁ@@%mgnaﬁﬁﬁ & hsON eXBmPIR &aa%awvep;fodaclhg dévice.
filmof Z- DPhABOX ?I 32A and 32B, the

Thendigitalpiayer 1la»strstednm1~‘l;<ét8emchldmw glaémbedy (Hhp dambayt prstion 711,
t
a n}\éﬁ{gr% ggglogl?’h?h an og?r% ﬁi plg O%o%?fo%%aﬁr nest ’zﬁf ¥mH rHle 211(6 ! Note

thatlkaephds 8 wareRE16hrgHches @un bé uﬁmngas@opmeteaq)hbﬂémme The
sol ution, the nmaxi mum eni ssion wavel ength was 450 nm,

disglay poitiani7dh car b resizen with Ge Jight-emjiting devige (Pasyive matrix type
o V0 RO PR PUSFONE AL, K B prion
711waxebefiginkd weing 456gment(tepeclighaicnoningaleeicenginhany ade} the use of
e Bib R e s B B Sk e
posglhﬁa t%%ﬁ‘ﬁ Btﬁrfgﬂt aﬁﬁﬁwﬁéﬁl(ﬁﬁﬁvﬁlcﬁfcah Rigspldy #ndgls BV when using a

x, and the a sorgtlon edge was regarded as an
secmmar)c ahttw\ éa gyckghpydrPgem battdne Oenbtr @ye)gwbllmghlzﬂng less power

confiapt: evasd e o Fpn  apt 1 eaf btcbcg MR A dugpory s

usedNEF& @fa&m@ B fukinigt y NADLyBe ln@ﬁV(ZlaﬁlleOﬂiiemOf)e tithah redording
Z-CzP011, Z-DPhAO011, Z-CzPBOx, Z- DPhABOX, which were
capagitycafi 28 ta 300 gigahitea (3B and aBerA iR He apeetiph §om@pe7 130an image

o S0 Do S Mot s it e oy oo

702 and the display portion 711, white characters are displayed against a black
background, and thus, power consumption can be reduced. This is particularly
effective for portable audio systems.

[0352]

As described above, the applicable range of the light-emitting device
manufactured by applying an embodiment of the present invention is so wide that the
light-emitting device is applicable to electronic devices in various fields. By applying
an embodiment of the present invention, an electronic device which has a display
pdﬂion consuming low power can be manufactured.

[0353]

A light-emitting device to which an embodiment of the present invention is
applied has a light-emitting element with high light emission efficiency, and can also be
used as a lighting device. A light-emitting device to which an embodiment of the
present invention is applied can emit light with high luminance and is preferably used as

a lighting device. One mode of using a light-emitting element to which an
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Structural fornula Abbreviated nanme Electron affinity
[eV] lonization potential [eV] (421) Z-CzP0l11l 2.59

WG 2@9/0¢#60) Z- DPhPALl 2. 57 Eh ??2 PCT/JP2009/065373

embodiment of the present invention is applied for a lighting device will be described
with reference to FIG. 9.
[0354]

FIG. 9 illustrates a liquid crystal display device using the light-emitting device
to which an embodiment of the present invention is applied for a backlight, as an
example of the electronic device using a light-emitting device according to an |
embodiment of the present invention for a lighting device. The liquid crystal display
device illustrated in FIG. 9 includes a housing 901, a liquid crystal layer 902, a backlight
903, and a housing 904, and the liquid crystal layer 902 is connected to a driver IC 905.
The light-emitting device to which an embodiment of the present invention is applied is
used for the backlight 903, and current is supplied through a terminal 906.

[0355]

Since the light-emitting device according to an embodiment of the present
invention is thin and consumes less power, reduction in thickness and power
consumption of a liquid crystal display device is possible by using a light-emitting
device according to an embodiment of the present invention as a backlight of the liquid
crystal display device. Moreover, a light-emitting device according to an embodiment
of the present invention is a plane emission type lighting device, and can have a large
area. Therefore, the backlight can have a large area, and a liquid crystal display device
having a large area can be obtained.

[0356]

FIG. 10 illustrates an example in which a light-emitting device according to an
embodiment of the present invention is used as a desk lamp, which is one of lighting
devices. The desk lamp illustrated in FIG. 10 includes a housing 2001 and a light
source 2002, and a light-emitting device according to an embodiment of the present
invention is used as the light source 2002. Since a light-emitting device according to
an embodiment of the present invention consumes less power, the desk lamp also
consumés less power.

[0357]

FIG. 11 illustrates an example in which a light-emitting device to which an

embodiment of the present invention is applied is used as an interior lighting device

3001. Since a light-emitting device according to an embodiment of the present
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(101) Z-CzPBOx 2.60 5.86 (201) Z-DPhABOx 2.59 5.53

[ 0440] As apparent from Table 2, the ionization
weoadlenriosd s of Z-CzP01ll and Z- CzPBOx whi ch haveCT/he2009/065373

same partial structure b adé4substantially the sane

and 5 substantially the sanme as the ionization

potential of 9-phenyl-9H carbazole shown in Table 1.

Simlarly, the ionization potentials of Z-DPhA0Oll and

. - h i e t. . | d e 3
e R e
the tpigehinvamionaranpetsed ash lightihg dptienjidvng adargbavea. | Moreover,
. Table 1. ILn other words, the ionizafion 8 tential of )

singena Fei-miftio oV Ieg AHEPRIRG 1@ gBsTEhRdimeRy Ot Hie Beentoigvention

con%qmtgshfeagsol%ﬁgerr,lﬁlai é%{lhﬁl e QBB o TRERABb@Iment 8thd bresent

, as to the electron-accepting unit,
investonetac be arsedifasi milightisg afevice GzHoh IcongurDih k84 power.  Thus, a

R A o RERER o AL B AT
inuiy%atér% gxl gr(sl??sminayz Bk @l28d id 2 réom et ReizhosAREhE dSVIEME which
an embodiment of the present invention is applied is used as the interior lighting device
3001, and public broadcasting or movies can be watched there. In such a case, since
both devices consume low power, environmental load can be reduced.
[0358]

Note that this embodiment can be combined with another embodiment as
appropriate.
[Example 1]
[0359]

In this example, an example of an electron-accepting unit and a hole-accepting

unit in an organic semiconductor material according to an embodiment of the present

 invention will be described.

[0360]

As described in Embodiment 1, it is difficult to evaluate the electron affinity
and the ionization potential of an electron-accepting unit and a hole-accepting unit of an
organic semiconductor material according to an embodiment of the present invention.
Therefore, the electron affinity and the ionization potential of each unit were evaluated
using a compound represented by General Formula (G2A) which corresponds to a
partial structure a of an organic semicoﬁductor material represented by General Formula
(G1). Further, the hole-accepting unit was evaluated using a compound represented by
General Formula (G2B) which corresponds to a partial structure b of an organic
semiconductor material represented by General Formula (G1).

[0361]
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[ 0442] Fromthe results, it can be said that in

an organi c sem conductor material according to the
wQ@r@Esmentood nvent i on, extension of conjugation iBCT/JP2009/065373

suppressed by a quater pheny#ene group and interaction

bet ween an el ectron-accepting unit and a 20

hol e-accepting unit in a nolecule are suppressed.

Accordingly, it was found that the organic

sem conductor material according to the present

i nvention nai ntpi-nedspart of properties of an

el ectron-acceptiing upit ang=a\ hol e-accepting unit and

was a bi polar ma & r-gh gan transport both

el ectrons and héles... ,-iLabs-Qonsidered t hat

even when an el ectron-a fpg=Unit Wth |arge

el ectron affinity and o K@ 25unit with a

smal | ionization potenti'e ed.i.-nba nol ecul e at

the sane tine, an organic %2?1 onductor material wth
a

a | arge band gap can be obt ed. WO
2010/ 027004PCT1JP20091065373 165 [ Exanpl e 3] [0443]

In this exanple, an exagple of a lAght-emtting

el enrent to which Eni C H;" uct or materi al
descri bed in Exanple ¥=ts applied\n | be described
wth 5 reference to F 33. Struc fornul ae of
materials used in thK§£%§bnple arétg%@ bel ow. The
material of which structural fornula has already been

shown is omtted. [0444] WO
[0364}1 0/ 027004PCT/ JP2009/ 065373 166

In this example, the electron affinity and the ionization potential were
estimated by cyclic  voltammetry (CV)  measurement by  using
2,5-diphenyl-1,3,4-oxadiazole and 2-phenylbenzoxazole which correspond to the partial
structure a represented by General Formula (G2A).  Structural formulae of
2,5-diphenyl-1,3,4-oxadiazole and 2-phenylbenzoxazole which were measured in this

example are shown below.

[0363]
NN N
oo O
2,5-diphenyl-1,3,4-oxadiazole 2-phenylbenzoxazole
[0364]

In this example, the electron affinity and the ionization potential were
calculated by cyclic voltammetry (CV) measurement by using 9-phenyl-9H-carbazole
and triphenylamine which correspond to the partial structure b represented by General
Formula (G2B). Structural formulae of 9-phenyl-9H-carbazole and triphenylamine
which were measured in this example are shown below.

[0365]
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p- YGAL BP  Ir(ppy)2(acac) BAl g BPhen [0445] A
nmet hod for manufacturing a light-emtting el enent of

wao kiig/ozzoedrpl e wi | | be descri bed bel ow. 5[ 0446] PCT/JP2009/065373
(Light-emtting el erent 1) !f9447] WO
2010/ 027004PCT/ JP2009/ 065373 167

"0
9-phenyl-9H-carbazole : triphenylamine

[0366]

An electrochemical analyzer (ALS model 600A or 600C, manufactured by
BAS Inc.) was used for the CV measurement. As a solution used for the CV
measurement, dehydrated dimethylformamide (DMF, product of Sigma-Aldrich Inc,,
99.8%, Catalog No. 22705-6) was used as a solvent, and tetra-n-butylammonium
perchlorate (n-BusNClO4, product of Tokyo Chemical Industry Co., Ltd., Catalog No.
T0836), which was a supporting electrolyte, was dissolved in the solvent such that the
concentration of tetra-n-butylammonium perchlorate was 100 mmol/L. Further, the
measurement object was also dissolved such that the concentration thereof was 2
mmol/L. Further, as a working electrode, a platinum electrode (a PTE platinum
electrode, manufactured by BAS Inc.) was used. As an auxiliary electrode, a platinum
electrode (a VC-3 Pt counter electrode (5 cm), manufactured by BAS Inc.) was used.
As a reference electrode, an Ag/Ag” electrode (an RE7 nonaqueous solvent reference
electrode, manufactured by BAS Inc.) was used. Note that the measurement was
conducted at a room temperature (20 °C to 25 °C). In addition, the scan speed at the
CV measurement was 0.1 V/sec in all the measurements.

[0367]
[Calculation of the Potential Energy of the Reference Electrode with respect to the
Vacuum Level]

First, potential energy (eV) of the reference electrode (Ag/Ag" electrode) used
in this example with respect to the vacuum level was calculated. That is, the Fermi
level of the Ag/Ag" electrode was calculated. It is known that the oxidation-reduction
potential of ferrocene in methanol is +0.610 [V vs. SHE] with respect to a standard

hydrogen electrode (Reference: Christian R. Goldsmith et al., J. Am. Chem. Soc., Vol.
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First, a filmof indiumtin oxide containing silicon
oxide (ITSO was forned by a sputtering nethod over a
w@b@as®®ubstrate 2101 to forma first el ectrodeCRIRR09/065373
Note that the thickness wa$4110 nm and the el ectrode
area was 2 mmx 2 mm [0448] 5Next, the substrate
provided with the first el ectrode 2102 was fixed to a
substrate hol der provided in a vacuum evaporation
ARRA C at [ ' j
N Y 200D 0e PhME SR, il el clegirode used
in thiessameld, rthe ¢xitlationencdwedtionnpethatiddeof \ierzodenoweine thetlanol was

T S NN e S L IE T "

ene.egigf)ﬂﬂw Fef&@ﬂ&ogﬁgtré‘@sugegr Fethis @Qaﬂf?ﬂet\bfs fdwettthan that of the

ctrode 2102 by co-evaporation o
standiadd hyviredeN-elcctrodp by ByyO-[BVphenyl ami no] bi phenyl ( NPB)
and nol ybdenum(VI) oxi de. The thickness of the |ayer
[0368}11 was set to be 40 nm and the wei ght ratio of NPB

to rapdy bl eniiEM )ha@ﬁi)edﬁo’{%iﬁﬁl Ql%?gﬁ? 8F tiRGtiiatti ydrogen electrode

NPB: nol ybdenum oxi de) . te that” a co-evaporation
withredshed to gicensuuno lavel B v-adpidredf (Rufenertch ddstilyirahoishi and Tamami

evaporation is 15 copcurrepntly conducted f a .
Koyamg, Tk Wekc@%%éf Haresiol Baphist SPBHE Rt ekf foniccordingly
the E)B@Emﬁrene e reference NeXtode used in this example with respect to the

- (9H-carbazol -9-y1)-4' - phenyl tri phenyl am ne ( YGA1BP)
vachsmdepbsitlé He calchlated tabe kit Sk RO 0F4.99 [eM]. by an
gvaporation nmet hod using resistance heating to forma
[03!8hole-transporting | ayer 2112 on the |ayer 2111

<MESF Mk Egaﬁpﬁqmgﬁﬁibﬁeﬂwllf?f,/i-@kadi{l&‘ﬂe@o]
Z-CzP011 which is represented by Structural Fornula
( 42 Bjirsgrid this sxicaswiamenty¢xaynpledicakoulating of the ionization potential and

e S PR

[03f@yr med to a thickness of 40 nm 25 on the
hol e-transporting | ayer 2112. Here, the weight ratio .
of Zughpp F1G113 shops Sy measuaementdesudiajof thecaxidation chargctggstics

of éS-Odi %n&l?f@%@%ﬁ?azofef ( ﬁﬂx)lgx%a@ﬁx%ﬁ)e)l{ 0[’ gﬁes &idation characteristics
SubsequentTy, "Dy an evaporation nethod usi ng

wad p&afdiined &8 deamiingahe potential of the working electrode with respect to the
bi s(2- et hyl - 8- uinolinolato)é4-phenylphenolat§¥alunin

refesgRer eleptrogsafram Wakd Mdods0t\eandthes fron hoBRGOsD-Bt V10 nm

[039ﬂ the light-emtting |layer 2113, whereby a first
el'‘ectron-transporting | ayer 2114A was forned. Moreover,
bat hapbievanih FiG.i 1% in the measurement of the oxidation characteristics, a

peak which indicates oxidation does not appear until about at least 1.20 V. Further,
even if there was a peak which indicates oxidation at a voltage greater than or equal to
1.20 V, the peak could not be observed due to the influence of flow of a large amount of
current. That is, from this data, it is found that the oxidation potential of
2,5-diphenyl-1,3,4-oxadiazole is greater than or equal to at least 1.20 V. Here, the
potential energy of the reference electrode used in this example with respect to the
vacuum level is —-4.94 [eV] as described above. Therefore, the oxidation potential of
1.20 V in the CV measurement is converted into the HOMO level to give —(-4.94

~1.20) = -6.14eV. Accordingly, it was found that the ionization potential of
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WO 2010/ 027004PCT/ JP2009/ 065373 168 (BPhen) was
deposited on the first electron-transporting |ayer
wQldm®e4 as to have a thickness of 20 nm by aPCT/JP2009/065373
evapor ati on nethod using ré48stance heating, whereby a
second el ectron-transporting | ayer 2114B was forned.
[ 0452] SFurthernore, a lithiumfluoride filmwas
deposited to a thickness of 1 nmon the second
2,58 ';ﬁ&h&ﬁﬂ?&%&%ﬁ%lﬁa'i@@reht@y fan 81 441 oaERPY 18R Y,
el'ectron-injecting layer 2115 was fornmed. [0453]
[03F2st 1y, an aluminumfilmwas forned to a thickness of

200 nm the 1 ectron-injectjn ayer, 2115 n. ..
evadiPht ottt PR R RS lsnd R Eanie s dffisgies of

2,595HRAgl- BB 8cixaafigolé 104 Noté@Ushat atid Gitasaftnidnt N@f €tlRMed8uction
1 was manufactured. [0454] (Light-emtting el enent 2

chara\rpteaisti@mw& ceridwicied byt srapmag tf potaetialjofithe wiprlking glgctrode with
t 1, witht f 5
es LR et ool Bt 15 45170 SRR AU 0 v o

-1.8¢ment 2 was manufactured using Z-DPhAO11 which is
represented by Structural Fornula (460) instead of
[03Z3]CzP011. That is, Z-DPhAOl1l and Ir(ppy)2(acac) were

COHCPRRR BT e b A S P, e
redt@lof ekl PSteRtidl igggwhﬁyzs 191 1Rurtide tBe okiaBt e GRtpoteltihE ., was
of Z-DPhAO1l1l to Ir(ppy)2(acac) 20 was adj ust eé) SO as

-2.39V. beTherdfoes thetal foPiveOdatential (anpipterdédiegoyentiahketivagreEgs: and

other than the light-emttjng |layer 2113 were forned )
Epo) sincperfltheion 243 ¥ t Rais SBpws Hist PiShipheini i hgradiazole i
redt?éeﬁ% dlectric energy of —2.45 [V vs. Ag/Ag’], and this energy corresponds to

the LUMO level. Here, the potential energy of the reference electrode used in this

example with respect to the vacuum level is —4.94 [eV] as described above. Therefore,
the LUMO level of 2,5-diphenyl-1,3,4-oxadiazole was found to be —4.94 —(-2.45) =
-2.49 [eV]. Accordingly, the electron affinity of 2,5-diphenyl-1,3,4-oxadiazole was
calculated to be 2.49 eV.

[0374]

<Measurement Example 2: 2-phenylbenzoxazole>

Further, FIG. 15 shows CV measurement results of the oxidation chéracteristics
of 2-phenylbenzoxazole. The measurement of the oxidation characteristics was
performed by scanning the potential of the working electrode with respect to the
reference electrode from —-0.18 V to 1.50 V, and then from 1.50 V to -0.18 V.

[0375]

As shown in FIG. 15, in the measurement of the oxidation characteristics, a
peak which indicates oxidation does not appear until about at least 1.20 V. Further,
even if there were a peak which indicates oxidation at a voltage greater than or equal to
1.20 V, the peak could not be observed due to the influence of flow of a large amount of
current. That is, from this data, it is found that the oxidation potential of

2-phenylbenzoxazole is greater than or equal to at least 1.20 V. Here, the potential
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[ 0455] The thus obtained light-emtting elenents 1 and

2 were sealed in a glove box 25 under a nitrogen
wa@rimospies e Wi t hout bei ng exposed to at nospherPCT/aR2009/065373

Then, the operating charactld?istics of these

light-emitting el enents were neasured. The measurenent

was carried out at a roomtenperature (in the

at nrosphere kept at 25 C). [0456] FIG 34 shows the

enel(l“g); {)ffﬂt? rgt%flﬁ'll:é Xl’eFH&Heﬂﬁ@&% ﬁha&@ﬁhﬂé iwithl r@%e@f to tH@ vaQum level

t-emtting element 1 and the light-e
is &1 MRWI] a3.debdribed 3boed10ViEhek dforey diet (Hgdati(mrp(mamabof 1. 20 V in the
characteristics. FIG 36 shows the | uni nance-curren

CVemeasgremesy icenpvared inte thecdOME dgvebio giyg ‘Fﬁr‘éa943152@h'ow6 14eV.

SBT3 SR B0 P 2 e B e

thafiof bqiabticat l&Ra6.a¢E®r i stics (FIG 36) wer e calculated
0457] In addition, a |ight em ssion spectrum
[0326] current of 1 mMA is shown in FIG 37. Fromthe

r esuys Sl%o nCE/I @h castirembit, Fe@tﬂtsbgf WE ReduldBbn ch%&terlstlcs of

mn33|m10 t-emtting b5elements 1 and
2- phéxghberenimleon Nim: thae mefmcnsuten(qnpyy tl(eacdm)nonlqhaxaawnbts:s was

seen .t hat si nce .an or t
cor 1o 8o SF iy i PORL SOt MG O GLEcgl (] GFppect to the
ref‘fr ﬁ%@fecﬂ%}ie #ohG i3 vas -3, dAO@ bindBlcfltidh -2fe4t Ve —1.43 V.

t-emtting layer, |ight emssion froma
HBﬁmpsphorescent conpound mhlch exhi bits green |ight was

22;?%.? g]gqvgxfg Erlb C; pllél a/r} o3 IEC%I}%E}-E OE (Egnxgﬁ{l](:rt]%gac&naglc{e%sncs the
redhé’tm go@;mglgl@ AL 8 S‘W eFﬁrtlferothg dxffafol eakopcﬁgntlaﬁEg was

gree dSion was exhibited. In addltlon
-2.4DVr e’ﬂhereﬂ‘ofe theehalfrwane petentéal fal intpranetliam pdténtil bntmy:emiEpc and
the light-emtting_ el enent at | um nance of

Epap gmbe Gadewatedta by A2-4A Y- 1éfh@/éhOWéébfé&Phﬁ‘é‘lylbeﬂ%q?ﬁ&g‘?lgtl%@duced
by é'xpqutcing%n (%}ttargygofe | 247 rﬁ/ \:Ls h&g/ ]t ra%HEtll'n}/s Qﬂ&g& %g}rés% 8 to the
LUMO level. Here, the potential energy of the reference electrode used in this
example with respect to the vacuum level is -4.94 [eV] as described above. Therefore,
the LUMO level of 2-phenylbenzoxazole was found to be —-4.94 —(-2.47) = -2.47 [eV].
Accordingly, the electron affinity of 2-phenylbenzoxazole was calculated to be 2.47 eV.
[0378]
<Measurement Example 3: phenylcarbazole>

Further, FIG. 17 shows CV measurement results of the oxidation characteristics
of phenylcarbazole. The measurement of the oxidation characteristics was performed
by scanning the potential of the working electrode with respect to the reference
electrode from -0.13 Vto 1.15V, and then 1.15 Vto -0.13 V.
[0379]

As shown in FIG. 17, in the measurement of the reduction characteristics, the
oxidation peak potential Ep, was 1.02V. Further, the reduction peak potential Eyc was
0.86V. Therefore, the half-wave potential (an intermediate potential between Ep, and

Epc) can be calculated to be 0.94V. This shows that phenylcarbazole is oxidized by an
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15 The voltage and the current density at a | um nance

of 850 cd/n2 were 4.4 V and 1.21 mA/cnR, respectively.
wabeopemes efficiency of the light-emtting el POEM20019/065373

was 501 MW and the lightle¥itting elenment 1 had

extrenmely high power efficiency. Further, energy

conversion efficiency was cal cul ated to be 9. 9% whi ch

was high. Furthernore, it can be seen that fromFIG

. e el !

i E b O OTLAL M R kb PRI fy O v

Hertthe Pbfentifilredefy ofithe/reaonddiehatrode ofedtihehit expniple withtrespgct to
elenent 2 at a | um nance of 830 cd/n2 were x =

0.35
the yaeuum devgl 69 -4 Q4d eyl asdesarird abayssi Bisrefars. dienHM@devel of

I n addi tion, the rrent i-Cd £NC [ ..
Pheaglﬁﬁ‘?’%‘?l‘éf‘ﬁscifgw&@ 1+ B¢ h—ef%q??‘ﬁ s t[{gmje:e Seardingly, the
ionhtiéh potBARABE Fhedlyl Bz 610 W ciRiRted20 B858898V].20. 1%

respectively; thus, the light-emtting el enent 2 had

[038&)t remel y hi gh enission efficiency. The vol tage and

t he rrent, dens, ] c c . .
7 LR e I S ] it o
pheaflchbbagoley Nbtet ket |thghhestietdenn @f ethe nedictidnwamrat¥eristics was

mW and the light-em{ting elenent 2 had, extrenel
conglpeipd RyweFanNBIg| %Femwtlafcmftw@rwg%geﬁ%wec HiheFespess to the

I 5 IR e R T B 0
[038ijght-emitting el ement 2 has extremely high current

vo 2&18140%7 9,10%?&1- {8\3 F:I% 91969 /moeggus;zgle&zgf the reduction characteristics, a
peak which indicates reduction does not appear until about at least -2.70 V.  Further,
even if there were a peak which indicates reduction at a voltage less than or equal to
-2.70 V, the peak could not be observed due to the influence of flow of a large amount
of current. That is, from this data, it is found that the reduction potential of
phenylcarbazole is less than or equal to at least —=2.70 V. Here, the potential energy of
the reference electrode used in this example with respect to the vacuum level is —4.94
[eV] as described above. Therefore, the reduction potential of —2.70 V in the CV
measurement is converted into the LUMO level to give -4.94 —(-2.70) = -2.24 eV.
Accordingly, it was found that the electron affinity of phenylcarbazole was less than or
equal to at least 2.24 eV.
[0382]
<Measurement Example 4: triphenylamine>
[0383]

FIG. 19 shows CV measurement results of the oxidation characteristics of
triphenylamine. The measurement of the oxidation characteristics was performed by
scanning the potential of the working electrode with respect to the reference electrode
from 0.01 Vto 0.73 V, and then 0.73 Vto 0.01 V.

[0384]

As shown in FIG. 19, in the measurement of the oxidation characteristics, the
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efficiency of 72 cd/ A at maxi nrum [ 0460] As seen

fromthe above, by applying an enbodi ment of the
W@e@Eserinood nvention, a light-emtting el ement he@i/mRp009/065373

extremely high enission effiPti ency can be obtained. 5

Further, a light-emtting element with | ow driving

vol tage can be obtained. The emi ssion efficiency is

extrenely high and the driving voltage is reduced;

0x1@l§1ﬁfn3§e§k oteRANEE,, GASDWIPY.! OFurfiRf tﬁ’@re’dﬁé’&tﬁﬁﬁeak[ﬁl‘@ﬁﬁi E,c was
4] 10In thi's exanpl e, an exanpl e of

0.50 \ghtThemfcnre; thg helfevmtpm@tmh(a@hn@nn gtamOéentlal between Ep, and

e L RTS8 BB SRS BROTRoE g o o
elechhié Hﬁérgff af o haowsagglg ahe Eﬁl@%ﬁergﬁ@&résﬁoﬁdﬁl t8 tRXEOM® level.

are shown bel ow. The nateri al ich structura
Herﬁ:othmpbtcnhais%natgyelidl}e isEencstedsstroflg ussdiin thig exa{r@l@ Zﬂlth Ia$pget to

N Em e N
trlpgfrﬁﬁ thid€ SR Gt to 34044 4f)5d Lighis-| @V‘y tA&Q)r&hg&Ei% idization

-em ttingel enent 3wasnmanuf act ur edusi ng
potentlal of triphenylamine was calculated to be 5.53 [eV].

[0385]

FIG. 20 shows CV measurement results of the reduction characteristics of
triphenylamine. Note that the measurement of the reduction characteristics was
conducted by scanning the potential of the working electrode with respect to the
reference electrode from —1.08 V to -3.00 V, and then from -3.00 V to -1.08 V.

[0386]

As shown in FIG. 20, in the measurement of the reduction characteristics, a
peak which indicates reduction does not appear until about at least —2.70 V. Further,
even if there were a peak which indicates reduction at a voltage less than or equal to
-2.70 V, the peak could not be observed due to the influence of flow of a large amount
of current. That is, from this data, it is found that the reduction potential of
triphenylamine is less than or equal to at leasf -2.70 V. Here, the potential energy of
the reference electrode used in this exampie with respect to the vacuum level is —-4.94
[eV] as described above. Therefore, the reduction potential of -2.70 V in the CV
measurement is converted into the LUMO level to give —4.94 —(-2.70) = -2.24¢eV.
Accordingly, it was found that the electron affinity of triphenylamine was less than or
equal to at least 2.24 eV.

[0387]

The electron affinity and the ionization potential of
2,5-diphenyl-1,3,4-oxadiazole, 2-phenylbenzoxazole, 9-phenyl-9H-carbazole, and
triphenylamine, which were calculated in the above measurements, are shown in Table
1.

[0388]



10

15

20

25

tris(8-quinolinolato)alumnun(ill) (A g) instead of
BAlq of the light-emtting element 1 which was used in
wezampk®o8. That is, an Alg fil mwas deposit edP€DIR2009/065373

t hi ckness of 10 WD 2010/ 02%®904PCT/ JP2009/ 065373 171
nmto forma first electron-transporting |ayer
2114A. Except for the first electron-transporting | ayer
2114A, the light-emtting elenent 3 was fornmed in a

Rner simlar to that of the light-emtting el enent

was seal ed in Raglcove box undBlectiomiffingyen laniratigiheatential
wi t hout bei ng exposed to at nospheleVd air. Then [eMé

_gfen}ent2 iphepyiid r‘gﬂxadﬁ@%asur ﬁ‘gnt was carrFéoI1
%’"ﬂ roomﬁ%ggﬁég%%[)g Aid) the atmpgphere kept at 62151

0466] Hows the current
Geresalt y- | WopHRAPCOHCABASIEET | Stics 20d4 t he 5.88
forgbla- eni tting el ement 3. FI G 39 shows the
\(gQB}ige | um tripberylafareact eri sti cs.2.HM G 40 showsS.fhe

and FI G 39 show neasurenent data. Based on the data,
[0389E | umi nance-current efficiency char acteristics (FI G
40)- were cal cul at ed. 15[ 0467 I n addi tion,
| i gh\S enfRPArE sé@é‘% ruditle cdr r epd-dphenyhh3; “so’éqﬁ’é)"\%ﬁlel n and

2-pﬁén lbe?x%oxa': F)QWL z:égi%tr§€9% rhn'ﬁ_ll ‘fghe‘l‘]lonl%tloqg}?btgﬁlal than
9- pBenysb-QH-gdnbazem zaﬁiltnphdman‘mael fr om I r ( ppy) (acac) It
ﬁ@f be seen that since an organic sem conductor
[0358k eri al of the present invention has high triplet.
excif@iheRN HEENGE&Yon DYffiilyNdof zaﬁdfphe@ﬁh FRloRhdirolOT and

the light-emtting |ayer, Ilght eni ssion froma
2-phenylbenzoxazole is greater than or equal to 2.4 €V and less than or equal to 3.5 eV,

and the ionization potential of 9-phenyl-9H-carbazole and triphenylamine is greater than
or equal to 5.0 eV and less than or equal to 6.0 eV.
[0391]

Accordingly, as the pertial structure a of the organic semiconductor material
according to an embodiment of the present invention, a
4-(5-phenyl-1,3,4-oxadiazol-2-yl)phenyl group which is a
2,5-diphenyl-1,3,4-oxadiazole skeleton, or a 4-(benzoxazol-2-yl) group which is a
2-phenylbenzoxazole skeleton can be preferably used. As the partial structure b, a
4-(9H-carbazol-9-yl) group which has a 9-phenyl-9H-carbazole skeleton, or a
4-(diphenylamino)phenyl group which is a triphenylamine skeleton can be preferably
used.

[Example 2]
[0392]

In this example, an organic semiconductor material having the
electron-accepting unit and the hole-accepting unit which are described in Example 1
will be described.

[0393]
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phosphor escent conpound whi ch exhibits green |ight was
obtai ned efficiently. [0468] The CIE
wa@ botofoston£i ty coordi nates of the |ight-emtti nPCEBIE0@&MI65373
3 at a lumnance of 1020 cdP¥2 were x = 0.35 and y =
0.62, and green light em ssion was 25 exhibited. In
addition, the current efficiency and external quantum
efficiency of the light-enmitting elenent 3 at a
| um BANGeHhind ORE GAHiRR sWt@rcﬁg Sl A frks- sQr@cture b of the
respectively; "thus, the light-emtting el enent had
congpcund desayiblad dpn Eeamsls ilo fDlEfkﬁIldSI of roeganicTeaniowiduaige rrmtﬂjlals were

syn rzagiz%ﬁj n%tm dgp%ﬁ@toﬂgé ggr]btpgs\rizgq grfgﬁxﬁgzsglggsgéggctg\{e Indterials
areShdweb&pey of the light-emtting element 3 was 471 30
and the light-emtting el ement 3 had extrenely

[03A#gh power efficiency. Further, energy conversion
efficiency was cal cul ated to be 9. 2% whi ch was hi gh.
@ thermore, WD 2010/ 027004PCT/ }P2Q99/ Q8

06, 2 a=from Fl G 40, o»

‘ R hz i gh cu ntN ef y
§ seen fromthe apeie, /b
t he present inv '
aving extrenely high em ssi on
ef ficiency can be obta d. Further, a light-emtting
el ement wi t@21)ow drivi ng—vol t age can be obt#@ithed. The
em ssion efficiency is extrenmely high and the driving

vol tage is reduced; therefore, power consunption can
reduced. [Exanple 5] 10[0470] In this

nphe, an example of a |ight-¢ {ng
whi Np’ﬂ 2 sem canduct or i ed i n@
Exa be descri bed W t ¢ Lgnce
to FIG 33. ﬁ) N
N O O @
(460) (201)
[0395]

9-[4"""'-(5-phenyl-1,3,4-0xadiazol-2-yl)-[1,1':2°,1":2",1""" |quaterphenyl-4-y1)]-9
H-carbazole (Z-CzPO11) which is represented by Structural Formula (421) has a
4-(5-phenyl-1,3,4-oxadiazol-2-yl)phenyl group which has a
2,5-diphenyl-1,3,4-oxadiazole skeleton as the partial structure @, and has a
4-(9H-carbazol-9-yl) group which has a 9-phenyl-9H-carbazole skeleton as the partial
structure b. '
[0396]

4-[4"-(S-phenyl-1,3,4,-0xadiazol-2-yl)-[1,1’:2’,1"]terphenyl—2-yl]tripﬁenylamin
e (Z-DPhAO11) which is represented by Structural Formula (460) has a
4-(5-phenyl-1,3,4-oxadiazol-2-yl)phenyl group which has a
2,5-diphenyl-1,3,4-oxadiazole skeleton as the partial structure a, and has a
4-(diphenylamino)phenyl group which has a triphenylamine skeleton as the partial

structure b.
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15A method for manufacturing a light-emtting el enent
of this exanple will be described bel ow. [0472]

W@ kiigloe7oesmi tting el enent 4) A light-emtting ePEnErM09065373
was manufactured in a mannédp4sinilar to that of the 20
light-emitting elenent 1 except that Z-CzPBOx which is
represented by Structural Fornmula (101) was used
i nstead of Z-CzPOl1ll of the light-emtting elenment 1

[03P‘?j.(0h was used in Exanple 3. That is, Z-CzPBOx and

r{ppy) 2(acac) were co-evaporated, whereby the

| i gho-{&mi(bdnzogazoRy8l)-AIT D’ &2 fi 6 qeaterpleengl-thil ) Epsabadole

40 nmon the hole-transporting |ayer 2112. Here, the
(Z-4ePBEAK) r athieh ofis Zreprpmaied: oby r (PpiFiWilackeynuls \(4Q1) has a

' t - 0.06 (= ; :
G Dy RS PPl sk ERRtol steon a e paral
strdcti@gble; and hhs Ba-(9&fearb2zbl--ylpe pwupowrhiehl has ad-plamybPH-carbazole

simlar to that of the light-emtting el enent 1.
skefetomyas the paiat Styigire Png el enent 5) 30Wth the use of
[03F@E sanme substrate as the light-emtting elenent 4, a

Ight-emtting el ement 5 was manufactured in a manner

s :q mi 4-@4”-¢bﬁn1dxatc\):;1ﬁ-y]t)-li &,11:2'gH quendrphianyly 2 ol krighenyhmine e pt
that Z- DPhABOX whi ch i ted b
2 DERORGT00MPER P2 00SPSBisar o 7 SRgRTA JorBo (0) Tas o
4-([#?1?9){21268%2@2%1;% Zihie BB - a Etﬁknillﬁenz%xggdwgﬁ%qﬁtgﬁdas the partial

ppy) re co-evaporated, whereby
struchgbite, eamidt basng 4-Gdiphengletgna)aberybrgreup tdiich hhs ekiiphgnyamine

40 nm on the hol e-transporting |ayer 2112. Here, the
Skewg?%?ﬁtg? RETig! Sé'fucg'-ri)é’hABm to I'r(ppy)9(acac) was

[03ggl]' usted so as to be 1:0.06 (=Z- DPhABOx :

Physical properties of these organic semiconductor materials were measured.
Specifically, CV measurement and measurement of an absorption spectrum and an
emission spectrum were performed.

[0400]

The CV measurement was performed under the same conditions as that of
Example 1. An electrochemical analyzer (ALS model 600A or 600C, manufactured by>
BAS Inc.) was used for the measurement. As a solution used for the CV measurement,
dehydrated dimethylformamide (DMF, product of Sigma-Aldrich Inc., 99.8%, Catalog
No. 22705-6) was used as a solvent, and tetra-n-butylammonium perchlora&e
(n-BugNClOy, product of Tokyo Chemical Industry Co., Ltd., Catalog No. T0836),
which was a supporting electrolyte, was dissolved in the solvent such that the
concentration of tetra-n-butylammonium perchlorate was 100 mmol/L. Further, the
measurement object was also dissolved such that the concentration thereof was 2
mmol/L. Further, as a working electrode, a platinum electrode (a PTE platinum
electrode, manufactured by BAS Inc.) was used. As an auxiliary electrode, a platinum
electrode (a VC-3 Pt counter electrode (5 cm), manufactured by BAS Inc.) was used.
As a reference electrode, an Ag/Ag" electrode (an RE7 nonaqueous solvent reference

electrode, manufactured by BAS Inc.) was used. Note that the measurement was
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5Ir(ppy)9(acac)). The layers other than the
light-emtting |ayer 2113 were forned in a manner
wa@2emloz1004 0 t hose of the light-emtting el emeneCBJIP2009/065373
[ 0474] The thus obtaild®d light-emtting el ements
4 and 5 were sealed in a glove box under a nitrogen
at nosphere wi t hout bei ng exposed to atnospheric air.
Then, the 10 operating characteristics of these
conldh&ml B Trbdh ¥én 4r§tﬂ?en¢2§ {0825m@)9.‘urlﬁ Qddi-{ljﬂﬁ, the scan ?peed at the
nmeasurenents were carried out at” a roomtenperature
CV(rh¢nstileteat was@hei/seddapil tid m2dsutdment)475] FIG 42
shows the current density-lum nance characteristics of
[040Rk |ight-enitting element 4 and the light-enitting

elempnt 5. FIG .43 .shows the 15 voltage;l um nance

char O wEefsrRa OF B BmeR, el i The SELBRN Besipum was
perfrink@ | BNy afi hAkravibRA-VEiBIE Sspedttdphddnidiet V5583 nalgfctured by

neasurenent data. Based on the data, the

JASGR| Gerperatien) r e wiytion was puk ARtP ot BpitE celbsand-the absprption
spe8 58 A el PRl B ek Lol o
the Fjuariz tdell weas sititrastedwis showhl GTAR, film saaipldsewseeeachhfatmed by

light emission of the light-emt{ting el enents 4 and, 5
evaparafipyHin @nflNadto ubkiate, i .ﬂzﬁnafJ%OeB@% spetay frgp which the

absBﬁﬁi%ﬁ SPeciiiff ofthe ﬁ@ar?z RBHEAX F2OL$briAefel i@dHows. descr i bed
I n Enbodi nent 2 has high triplet excitation energy, by

[0408f ng it as a host material of the light-emtting

I r, light em ssion froma phosphorescent conpound
<Zﬁﬁ¥gﬂléxhibits green |ight was obtained efficiently.
KM@§][O477] The CIE chromaticity coordi nates of

the light-emtting element 4 at a |um nance of 1080

cd/ ribhenexidation=cliarggerigtigs \of Z-0.zBD11 awiere gexaamindd; ghfollows. The

em ssiqQn was.exhihited...ln addition, .the current
pot T B BRcySRHE ertiiRarioh aRiclid B etdrife Hh S s changea
frotl 015 §Niot 1.00Y/, h8 TRH clthngéd frol MM aNEE —0f351080TKs Ich%nge in
were 49 cd/ A and 13.6% 30respectively; thus, the

pot¢ritighwae régardedgasedmmeyele, anth ankahungmeatives poromied; for dAQ wycles.
Fur-&liggot%gg}uﬁ%? aPcilat??: ng}li%;(gp %T(gz?%%eraet C)?arrlliggg né ?&Fov?sf The
pot&ilihD bP theONMRAL EAFHIR/ Wb reéBect to the reference electrode was changed
from -1.51 V to -2.50 V, and then changed from -2.50 V to —-1.51 V. This change in
potential was regarded as one cycle, and measurement was performed for 100 cycles.
[0404])

FIG. 21 shows the CV measurement result of Z-CzPO11 on the oxidation side,
and FIG. 22 showé the CV measurement result of Z-CzPO11 on the reduction side. In
each of FIGS. 21 and 22, the horizontal axis indicates a potential (V) of the working
electrode with respect to the reference electrode, and the vertical axis indicates a current
value (A) flowing between the working electrode and the auxiliary electrode. In FIG.
21, a current indicating oxidation was observed at 1.04 V (vs. Ag/Ag’ electrode). In
+

FIG. 22, a current indicating reduction was observed at -2.40 V (vs. the Ag/Ag

electrode). Since both oxidation and reduction occurred, it was found that Z-CzPO11
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174 mA/ cnR, respectively. The power efficiency of the

light-emtting elenent 4 was 261 miW and'the
worghv2mod tting el ement 4 had high power effi cPenaB2009/065373

Further, energy conversionlé$ficiency was cal cul ated

to be 5. 3% whi ch was high. Furthernore, it can be seen

that fromFI G 44, the light-emtting el enment 4 has

hi gh current efficiency of 54 5 cd/ A at maxi num

wa% Qﬁéﬂnal into, whith Eboﬁl gle&l%r%nﬁid' RIEY cHPBE DAL I is] Q%lpolar

-emttlngeerrent at a |um nance of 850 cd/
mamaale x =0.35 and y = O 62, and green |ight em ssi on
s exhibited. In addition, the current efficiency and
[O4§B]t ernal quantumefficiency of the 10 light-emtting

el e rﬁ%lté Rlth@fdcH ma@ ‘3109 Q:g@l‘es &P chﬁﬁ%ﬂﬁzw\éﬁr &n%thE&i / ré)eﬁﬁquy,

10. 4 respectively; the light-emtting el ement
peak mardlohlagld aemakgntmme}f fif duee(a%wur%h@axmlyt elpagerthih theeoxidation

rent .densjt | un nan re.5.4 V
andgih SsOR A bl e Bt ) DT FoundiinéR caPOTF mIGFE i apeanie
senh&ﬁldlublﬁhhra&rﬂal bf g p?és@ﬁfeiﬁ{'elﬁloﬂ@§ extZendly WabRN@ainBerepetition of

ht-emtting elenment 5 had hi gh power efficiency.

the priptios andredrgljon 5 Thehiseit syasfousd thet &réaPOddds electrochemically
stab(ié‘l cul ated to be 4.3% which was high. Furthernore, it

can be seen that fromFI G 44, the |light-emtting
[p466fenment 5 has high current effici ency of 55 cd/ A at

cnbolIEn¥aim triehsl SSUAE SHRORAGHD of 28 UL vart dllata
fromhlt @qu.gs[nle%ng}egmnt havi ng ext renel y high em ssion
ef i i

I ci ency can be obtained. Further, a light-emtting
[046T]ement with |ow drivi ng vol tage can be obtai ned. The

T t t he, drivi.
vol i PofieE 2R in erbraremebib e SREthpcraReRi s, te
0x1@2ﬁ1dh%ﬂ§ ﬁgten{lmmﬁ 194 5[ RA8RE, the reductidh pdakpotential E,. was

exanpl e, an exanple of a |ight- emttlng el'ement to
0.8vvi cﬂhawfcupgtén ihglfyeavie potantiel (n intermediafe potensial PriweemhEy, and

Epcfgari:TE gcuhaﬁefﬁ g%b gg AW/ %che Sg{%‘% u% IWP&D efe%frgﬁ 1€ $hat in

Exdmp61-i® ibddl innBis@ixemprey thef pdiditil exagpbethal rbferebﬁe electrode with
descri bed bel ow.

respect to the vacuum level is —4.94 [eV]. Therefore, the HOMO level of Z-CzPO11

was found to be -4.94 -0.95 = -5.89 [eV]. Accordingly, the ionization potential of

Z-CzPO11 was calculated to be 5.89 [eV].

[0408]

As shown in FIG. 22, in the measurement of the reduction characteristics, the
reduction peak potential E,. was —-2.40 V. Further, the oxidation peak potential E,, was
-2.30 V. Therefore, the half-wave potential (an intermediate potential between E,,c and
Ey,) can be calculated to be -2.35V. Since the same reference electrode as that in
Example 1 is used in this example, the potential energy of the reference electrode with
respect to the vacuum level is -4.94 [eV]. Therefore, the LUMO level of Z-CzPO11
was found to be —4.94 -(-2.35) = -2.49 [eV]. Accordingly, the electron affinity of
Z-CzPO11 was calculated to be 2.59 [eV].

[0409]
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[0482] WD 2010/ 027004PCT/ JP2009/ 065373 175
(Light-emtting el enent 6)

Wa@\Rd1gloe7oesm t t i ngel ement 6wasmanuf act ur edusi ng  PCT/JP2009/065373
tris(8-quinolinolato)alum Ah(I11) (A q) instead of
BAlqg of the light-emtting elenment 4 in Exanple 5.
That is, an Alq filmwas deposited to a thickness of
10 nmto forma 5 first electron-transporting |ayer

21144G, BSAERho| O arf Q%s&jgﬁ&ﬁ SE&AIH Ond AN SRMstdnNSpectrum of
| ayer 2114A, the light-emtting el enent 6 was forned
Z-GzR0d 1 ripeindad igi anfollueme tsolutinatand fFIGh23B shyhws amribsorptépn spectrum

el enent. 4. [0483] .The. | i.ght -enjti}) el e t hu
andgyy S Rsign R Bih o6 d Hin G105 /2 CoBRTHnclsr PS4 g3 the
hor2bAfab BRB R ehit QU akEdrpeth ExRPSRA th vaitidRIs RS ihdicatd intensity
Then, the operating characteristics of the

(arhitrggytuné)y tInjthecase tolysne solstien rabsRIptipre Wae abser wadet around

was carnied o at ro . t in..
3025, S BB RSABTIG! Aoty b wpensn v
392Chih l(&xtitad@i §/at dleh il 3PONGR). C ANRC ERE io$ thecthiDfilrh Nebsorpbion was
light-emtting elenent 6. FIG 47 shows the .
obsgryed aty étqum’nzﬁgﬁ’é‘é apth 208 Ok  18tthe sasemiche ARindfilgiathg paximum

e B G T B o o VOB e e

[0410le | umi nance-current efficiency characteristics (FIG
48) AV\I? Elgso(r:gio%ueld?gtca evgzis (Lb%ﬁggcl from a Tauc plot assuming direct transition

with the use of the absorption spectrum data of the thin film of Z-CzPO11, and the

absorption edge was regarded as an optical energy gap. Then, the energy gap was

estimated to be 3.64 eV. Accordingly, it was found that Z-CzPO11 has a large optical

energy gap.

[0411]

<Z- DPhAO11>

[0412]

The oxidation characteristic of Z- DPhAO11 was examined as follows. The
potential of the working electrode with respect to the reference electrode was changed
from -0.31 V to 0.75 V, and then changed from 0.75 V to -0.31 V. This change in
potential was regarded as one cycle, and measurement was performed for 100 cycles.
Further, the reduction characteristics of Z-DPhAQO11 were examined as follows. The
potential of the working electrode with respect to the reference electrode was changed
from -1.36 V to -2.50 V, and then changed from -2.50 V to -1.36 V. This change in
potential was regarded as one cycle, and measurement was performed for 100 cycles.
[0413]

FIG. 24 shows the CV measurement result of Z-DPhAO11 on the oxidation
side, and FIG. 25 shows the CV measurement result of Z-DPhAO11 on the reduction
side. In each of FIGS. 24 and 25, the horizontal axis indicates a potential (V) of the

working electrode with respect to the reference electrode, and the vertical axis indicates
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20l n addition, a light em ssion spectrumat current of

1 mMis shown in FIG 49. Fromthe result shown in FIG
wa10i02706e4n be seen that |ight em ssion of thePCT/JP2009/065373

light-emitting elenent 6 i 58 ght em ssion derived

fromlIr(ppy)2(acac). It can be seen that since an

organi ¢ sem conductor material of the present

i nvention has high triplet excitation energy, by using

a chirefdVafie (A floWRhE beR)ee® thel WOrkid DOEctedlet dniNBe h@MBAry electrode.
light emsSion froma 25 phosphorescent conpound which

In Eihi28i @ sugenteindicatgstg redagsionbwvas plesgrvetifat aramd| 065 Moosspg/Ag’

The (l ogaticity coordinates.of the |ight-emtti
clegRliening 15 25 3 GHHL OGP FEBUH b Sl Shyndss 243 V
(vs2ihd Aég/g OeRérod)d SmBEBxidhGbH aticAaéih YREr8X Nt Riat €slind that

In addi tion, the current efficiency and external

Z-RRheD Linwa$ faj moaterialyintsf whivh edectiong land dwlestdan dpecinjegtedt that is, a
bi af a Leugl]nance of 1150 cd/nm2 were 70 cd/ A and 19. 3%
PPEEFE Vel y; thus, the light-enitting el enent 6 had
[04ext renely high emission efficiency. WO

2010/ 027004PCT/ JP2009/ 065373 176 The vol tage and the

cur rlarfpitg oh dhe Jachthas 100 fyeleh ©f seanningwyercgegpslugied aeppatedly, a

. 1. i . . effiici .
psk i AR Ty SSRGS ot 1 RV L pcion
Frolm gt resaitt itiwgy Eduadehat B-DRIAOLDiwhicdwis aeforganie seymiconductor

Further, energy conversion efficiency was cal culated. .
mateRabel the GUESRRT EHETRE Th AR e ARl HEATS! FeRelg, o Bls oxidation
andRE FeduB@n. f raRt f§! fewad SourddBatl Z2-BPhARII1LE REHUSHE ARy Btable.

has high current efficiency of 70 cd/ A at maxi num

[04[1%87] As seen fromthe above, by applying an
H t- f t h Or. . t . ’ . . i h .
ol enthy Totipttiog EReRURRD? G EE agfity fl 7ETRIAQRR were

cal@®atédPtrdintB€ CV measurement result.
[0416]

As shown in FIG. 24, in the measurement of the oxidation characteristics, the
oxidation peak potential Ep, was 0.65 V. Further, the reduction peak potential E},c was
0.51 V. Therefore, the half-wave potential (an intermediate potential between Ep, and
Epc) can be calculated to be 0.58V. Since the same reference electrode as that in

Example 1 is used in this example, the potential energy of the reference electrode with

. respect to the vacuum level is —4.94 [eV]. Therefore, the HOMO level of Z-DPhAO11

was found to be —4.94 -0.58 = -5.52 [eV]. Accordingly, the ionization potential of
Z-DPhAOQO11was calculated to be 5.52 eV.
[0417]

As shown in FIG. 25, in the measurement of the reduction characteristics, the
reduction peak potential E,. was -2.43 V. Further, the oxidation peak potential Ep, was
-2:31 V. Therefore, the half-wave potential (an intermediate potential between E,c and
Ep,) can be calculated to be -2.37V. Since the same reference electrode as that in
Example 1 is used in this example, the potential energy of the reference electrode with

respect to the vacuum level is -4.94 [eV]. Therefore, the LUMO level of Z-DPhAO11
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10 Further, a light-emtting element with [ow driving

vol tage can be obtained. The em ssion efficiency is
weziwmemwby hi gh and the driving voltage is redPCEIR2009/065373

therefore, power consunptidfP9can be reduced. [Exanple

7] [0488] 15In this exanple, a synthesis nethod of the

organi ¢ sem conductor material according to an

enbodi ment of the present invention which is described

' e il de i [ ' < e
walfaSEP Aot 9 Sesoa e sy, OURSRo iy o
Z-IPhA @1 lwaSeddhdatyd tolbe2.47 pAdi azol -2-y1)- [1,1 ' 2',1":

2" 1" quaterphenyl-4- yl)]-9H carbaz ole (Z-CzP01l1l)
Kmﬁﬁ]ch is represented by followi ng Structural Fornula

oS AhaLy 5 S0 Rlol LA, 5001, kAl ks o
Z-DE R0 10inoRided APCioludhz 601106 38F F1G 26H 9/ Jan absorption spectrum
and an emission spectrum of a thin film of Z-DPhAO11. In FIGS. 26A and 26B, the
horizontal axis indicates a wavelength (nm) and the vertical axis indicates intensity
(arbitrary unit). In the case of the toluene solution, absorption was observed at around
305 nm. In the case of the toluene solution, the maximum emission wavelength was
446 nm (excitation wavelength: 334 nm). In the case of the thin film, absorption was
observed at around 309 nm. In the case of the thin film, the maximum emission
wavelength was 440 nm (excitation wavelength: 322 nm).

[0419]

An absorption edge was obtained from a Tauc plot assuming direct transition
with the use of the absorption spectrum data of the thin film of Z-DPhAOL11, and the
absorption edge was regarded as an optical energy gap. Then, the energy gap was
estimated to be 3.62 eV. Accordingly, it was found that Z-DPhAO11 has a large
optical energy gap.

[0420]
<Z-CzPBOx>
[0421]

The oxidation characteristics of Z-CzPBOx were examined as follows. The
potential of the working electrode with respect to the reference electrode was changed
from —-0.16 V to 1.10 V, and then changed from -1.10 V to -0.16 V. This change in
potential was regarded as one cycle, and measurement was performed for 100 cycles.
Further, the reduction characteristics of Z-CzPBOx were examined as follows. The
potential of the working electrode with respect to the reference electrode was changed
from -1.24 V to -2.55 V, and then changed from -2.55 V to -1.24 V. This change in
potential was regarded as one cycle, and measurement was performed for 100 cycles.
[0422]

FIG. 27 shows the CV measurement result of Z-CzPBOx on the oxidation side,
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[Step 1: Synthesis of
2-(2' - bronobi phenyl-4-yl)-5-phenyl -1, 3, 4- oxadi azol €]

WO 219227004 ) Synt hesi s of 4-i odobenzoyl hydr azi nECHAP2009/065373
synthetic scheme of 4-iodoB€hzoyl hydrazine is shown in
(A-1). [0493] [0494] Into a 200 nL three-neck flask
was put 25 g (90 mmol) of 10 ethyl -4-iodobenzoate, 80
mL of ethanol was added thereto, and the m xture was

anoelfltf REInHWE th%ttm&ﬁémaﬁt rBsulQST-COPBOXAINUKE reddELSH side. In
the stirring, 20 of hydrazi ne nonohydrate was added

cachrof F168e 2% ahdt280 me hotizontab apis ¥adicatespa potemtink € eft thg ovagking

el e Sttt R e A R e e

valt¥ {£) fléWigWRBhéendthe IWtrkifl Xledirode\as] the Rjueltfafeleirode. In FIG.
suction filtration, 15and the solid was collected to

27, @i ovgerztsn@lcaﬁngaremqo@ wrseparved Rearaund 98 W (us-A%Ag" electrode).

In ﬁﬁg 2r§[2 %3%51'% E alga enzlzc_li}?))ng{‘//ausr gl%%er%edAatsarﬁP%d ~2. 41 V (vs. the
edlEctfdkde )L - RREONIth ?ox(wPatﬂoﬁCkhEeﬂ&a@dﬁohhddﬁlﬁéﬂ ni vl'zfs found that

Z- Cszrll’%\g;( \:VQS asrel-atze)rlal into which both electrons and holes can be injected, that is, a

bipolar material.

[0423] .

In spite of the fact that 100 cycles of scanning were conducted repeatedly, a
peak position and a peak intensity at the CV curve scarcely changed in the oxidation
and the reduction. From the result, it was found that Z-CzPBOx which is an organic
semiconductor material of the present invention is extremely stable against repetition of
the oxidation and the reduction. That is, it was found that Z-CzPBOx is
electrochemically stable.

[0424]

The ionization potential and the electron affinity of Z-CzPBOx were calculated
from the CV measurement result.
[0425]

As shown in FIG. 27, in the measurement of the oxidation characteristics, the
oxidation peak potential Ep, was 0.98 V.  Further, the reduction peak potential E,. was
0.85 V. Therefore, the half-wave potential (an intermediate potential between E,, and
Epc) can be calculated to be 0.92V. Since the same reference electrode as that in
Example 1 is used in this example, the potential energy of the reference electrode with
respect to the vacuum level is -4.94 [eV]. Therefore, the HOMO level of Z-CzPBOx
was found to be -4.94 -0.92 = -5.86 [eV]. Accordingly, the ionization potential of
Z-CzPBOx was calculated to be 5.86 -[eV].

[0426]

As shown in FIG. 28, in the measurement of the reduction characteristics, the

reduction peak potential E,c was —2.41 V.  Further, the oxidation peak potential Ep, was
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20[ 0496] [ 0497] Into a 300 nL three-neck

flask was put 15 g (57 mmmol) of

wd26100zvenzoyl hydrazi ne, 15 nlL of PCT/JP2009/065373
N-net hyl - 2- pyrrol i done (NI\/I1>§1 was added thereto, 25 and
the m xture was stirred for 10 m nutes at a noth
tenperature. After the stirring, 50 nL of a m xed
solution of 5 nL of N-nethyl-2-pyrrolidone and 7.9 nL

2589 MLl tf?@ﬂ;ﬁf’wéw Ebt%ﬁtilaq rFHelRRESb it bl ABen £, and

‘sol'ution r oppi ng ?unne uton

E,.)V8sn Bt ichlcgRitedl toabé 0QIBSVENBRIcalthE gahe rreﬂe&:rkte Wiedtrodd tagnthat in
the stirring, water was added into the solution, and a

Examle d levasedpmetbnsmxwaplsdthwrmab engaey af the refsronge igstrode with

t ed uc at The t I
res%& aeV&C‘f Zevgt)guﬁ %tft\ﬂt 0 eraefosr &t tlljlg gtdl‘?@algﬁeé i Z €zpBox
wasSFHuHH'tQ he0fs, 94)dg-lm3 44 ogenesqr barad@ings), ithd @lgctré}ﬂﬁlffmlty of
washed. After the washi ng, "'the m xture was

@Bmwaianlrm;ttolhwﬁﬁﬁ [eMlation to obtain a solid. The
O4Zﬂt ai ned solid was added i nto about 500 nL of water,
[ i rred, and washed. After the washing, the m xture

was m@me QHows &iH Gbb&Ptibi |%)ééﬂ'ﬁrﬁnaﬁd) @DlediRion $pddt@m of
The obtained solid was washed with nethanol to give 20

Z- (E}PBPXalnpbﬂ@Fb inya fitinens sobition and FHG, 7B ghews o absorpiqpuspgrirum
andiit his G SRERD T %L a bl im o Z-GeBR0% PO S ERLE: e
horfz@hﬁ[raxisfl_natcétés IaodmzﬂtmgﬂiXmﬁ) phé k¢ vertRak axix dodiagted éntensity
(art;itsrarirL%\i/\tA)q. ! Irr]l the case of the toluene solution, absorption was observed at around
312 nm. In the case of the toluene solution, the maximum emission wavelength was
390 nm (excitation wavelength: 324 nm). In the case of the thin film, absorption was
observed at around 236 nm, 299 nm, and 317 nm. In the case of the thin film, the
maximum emission wavelength was 410 nm (excitation wavelength: 345 nm).

[0428] _

An absorption edge was obtained from a Tauc plot assuming direct transition
with the use of the absorption spectrum data of the thin film of Z-CzPBOx, and the
absorption edge was regarded as an optical energy gap. Then, the energy gap was
estimated to be 3.46 eV. Accordingly, it was found that Z-CzPBOx has a large optical
energy gap.

[0429]
<Z-DPhABOx>
[0430]

The oxidation characteristics of Z-DPhABOx were examined as follows. The
potential of the working electrode with respect to the reference electrode was changed
from 0.02 V to 0.80 V, and then changed from 0.80 V to 0.02 V. This change in
potential was regarded as one cycle, and measurement was performed for 100 cycles.
Further, the reduction characteristics of Z-DPhABOx were examined as follows. The

potential of the working electrode with respect to the reference electrode was changed
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Into a 300 nL three-neck flask was put 15 g (41 mmol)
of 1-benzoyl-2-(4-iodobenzoyl)hydrazine, 100 nmL of
w@baspbmnyl chl ori de was added thereto. The m RCTIHR008E5373
stirred at 100 C for 5 hout€under a nitrogen stream
After 20 the stirring, phosphoryl chloride in the
solution was distilled off to give a solid. The
obt ai ned solid was washed with water, and then washed
frotf 1 2vS8t 9Bt @ AGHEPHPngQ] HbmO2 94 vs@diiugn oy d‘THQedBange in
carbonate. The ‘obtained s6lid was washed w th met hanol
pot¢mdiayimae regafiied asp bnacybesded meanirementovdsgerformed/foe|160 efcles.
04§ﬁ [0501] 25(vi) Synthesis of
[ (2' - bronophenyl-4-y1)-5-phenyl -1, 3, 4- oxadi azol e
A syFiGhepi ﬁloﬁzﬁhﬁé'f@\pﬁneasurcment result of Z-DPhABOx on the oxidation

2-(2' - bronophenyl-4-yl)-5-phenyl -1, 3, 4- oxadi azole is
sides podF1Gn 31 Ahays tl[eo(SU easyyoment result 'of Z-DPhABOX on the reduction

si d 20 O/ O 70? ﬁf@l 20 ?4 qgsﬁ\(l)\g%oen al atXLSS%g%Ltef e ZPotenqa; E‘{/Ofof the

wo&r(g“elé@ﬂﬁl@ |%’1ﬂ}/rk);péit B Ytferende éleﬁmﬁﬁl addoihe ,Veihcal @(16 ilnfﬂlcates
nmol ) - bronmophenyl 5 boronic acid, 0.032 g
a CYFRt )vakws (aa floand, hitwrzyn theeverking deirage 20d ghy i“’@h%ﬁﬁll"—)amde

%h . A

In @hzggi ?{ﬁ%&y e%l Iogﬁgai%bsgrﬁ'egfat grof f&f‘ gq?fegugs gAg’

cle@ida).i dn RIG. @ntaaaﬁneumndantimg] addaci@r wasiolskedednit ardund -2.18 V
m xture., After this m xture was degassed under

(vsghe AEIAS' elesiEde) np¥ipFepEdatipn and aeﬂ%wnv%gug%gt we%vf@ad that
]ﬁ%}l‘j{rﬁs grﬁ mI h§l fﬁ‘t&@v‘ﬂf&x é’l’é&@%'aﬁ&% le@tcag g B)%'éteﬁ that is, a

ter the reaction, uene was a Into
bipolaemaiexinlir e, the m xture was separated i nto an aqueous
yer and an organic |ayer, and the organic |ayer was
[043Z)shed with a saturated aqueous sol ution of sodi um

car hangfe oariﬂe Pict ARt 1100 tdw%s oF @@Jnnu@f Wvefe ddnAudves hépdiedly, a
magnesi um sul fate was add into the organic |ayer to

peald rppsutlhe agdgamad; m@ygty af tbg(ﬂ‘]’ curve scarcely changed in the oxidation
and the reduction. From the result, it was found that Z-DPhABOx which is an organic

semiconductor material of the present invention is extremely stable against repetition of .
the oxidation and the reduction. That is, it was found that Z-DPhABOx is
electrochemically stable. '
[0433]

The ionization potential and the electron affinity of Z-DPhABOx were
calculated from the CV measurement result.
[0434] |

As shown in FIG. 30, in the measurement of the oxidation characteristics, the
oxidation peak potential Ep, was 0.63 V. Further, the reduction peak potential E,. was

0.51 V. Therefore, the half-wave potential (an intermediate potential between E,, and

E,c) can be calculated to be 0.57V. Since the same reference electrode as that in

Example 1 is used in this example, the potential energy of the reference electrode with
respect to the vacuum level is -4.94 [eV]. Therefore, the HOMO level of
Z-DPhABOx was found to be -4.94 -0.57 = -5.51 [eV]. Accordingly, the ionization
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15After the drying, this mxture was subjected to
suction filtration to give a filtrate. The obtai ned
wo po1oztoed was subjected to suction filtrati on pdr/oreghn/065373
Celite (manufactured by Wak3 Pure Chenical |ndustries,
Ltd., Catal og No. 531-16855) to give a filtrate. The
conpound obt ai ned by concentrati ng the obtained
filtrate was purified by silica gel colum
pot&hfa@ {24 Wl@ﬁ*ﬂx whiale@hidio 665 87REVr aphy was
formed 20 first using toluene as a devel oping
[04§ﬁlvent and then using a n1xed sol vent of toluene and

. gtecy %ﬁ:et 2 @e hu%ﬁﬁg el ngat (?t[r &rF%%%l\((R)ggar%cs:tegstics the
red&&ﬁﬁigﬁﬁﬁ Bét@ﬁ’ﬁal FELQAN0D. 42\@’3 Fdﬂﬁ‘é}‘ the %k%ﬁon péuk potentlal E,, was

irradiation with ultrasoni c waves was perfor med,
-2.20&t dhemwfdre thabalhmwaee poteatiad dan ifiempediats ut¢rdiab Uet:wbm Hpc and

was col lected by suction filtration. The col |l ected

En) 631 Be walulated 0sberPi35¥d winch the spme detstengg |electodg s that in
Exa%o(}]élgqlg Hgégld%qgf%%?‘bgs@l ;F)é%ldé gn% 8t BRWER IR idcfode with
reslib@ﬂ%O?rVeOQ'édlﬂ&PCﬂEdeZQOQV D553V} [ Itepefdre, Sphat REMO tdvel of

9H- car bazol - 9- yObi phenyl - 2- bor oni ¢ aci d] [ 0506]
Z- HR nivaefoundde by —(1;2)4 ﬂraﬁébha%t)ﬁi? [6Vy.1) Ageqrdinglya ths| cdectron
che
afﬁ@"’( épkbr ono ?’éﬁvﬂﬁ?}f?@li egé?—lp%%rs azol e is shown in
[04@g508] Into a 200 nL three-neck flask were put 5.0 g
(17 mp é of 10 4-(9H carbazol - 9-yl ) phenyl bor oni c
aci 1G9 shass n%PoIaPSQfP“(Zn bﬁpéﬁﬂp’éd%‘tfjeﬁ‘?eﬁ%”ssbmoﬁgecémm of

z-dﬁ.pﬁo il)de fn ?g{%ﬁ@ Efﬁ(lbh)an@'f‘%%bﬁ shgalg r?ﬁ aggorgtl((lflsp%ctmm

tr| phosphi ne. After
andtaml emission Spen:trumf ofed thimﬁllm of Z-PPhABOx. 2 Vh &GS 0B2A and 32B, the
hOI‘llS%?)atllfliL I,aglrs] alﬁ&lc o% gsgé ! \?%‘B? 4 gar%% eg)pls |r}t %c:titgse intensity

(arbgl)%&@ﬁﬁﬁt?.’ InNRe 8dsBRF PEORIchE s&lhﬁoﬁ,'aﬁ%‘i'pﬁ@}qw%él BBdeirddt £ dround
310 nm. In the case of the toluene solution, the maximum emission wavelength was
450 nm (excitation wavelength: 319 nm). In the case of the thin film, absorption was
observed at around 318 nm. In the case of the thin film, the maximum emission
wavelength was 450 nm (excitation wavelength : 344 nm).

[0437]

An absorption edge was obtained from a Tauc plot assuming direct transition
with the use of the absorption spectrum data of the thin film of Z-DPhABOX, and the
absorption edge was regarded as an optical energy gap. Then, the energy gap was
estimated to be 3.42 eV. Accordingly, it was found that Z-DPhABOx has a large
optical energy gap.

[0438]

The electron affinity and the ionization potential of Z-CzPO11, Z-DPhAOL11,
Z-CzPBOx, Z-DPhABOx, which were calculated in the above measurement results, are
shown in Table 2.

[0439]
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25

15 nitrogen. This mxture was stirred at 90 C for 5
hours. After the stirring, toluene was added into the
worRoane®oand the organi c |ayer was washed w t hP@r/Jp2009/065373

saturated aqueous sol ution!8# sodi um carbonate and
brine in this order. After the washing, nagnesium

sul fate was added into the organic |ayer to dry the
organic layer. After the drying, this m xture was
subjrgeieed to suction filtration to give a filtrate.
The $obt ai nﬁd fittrate was Ah)ﬂcgt?f;:en ,rgt ed, h@n%/yas
pur i PHEHUBY  siahica; unfCeHTOHBRBYr aphPiZafen

col uﬁnﬂmﬂaomélggfegbﬁidr\b\g@ per f orl6¥d first potintigl [§¥ane

asw nt
of he and &f acetate (hexdane : ethyl acetate =

20 : (46(s a ZdPPEPHPLng sol vent.2.Jhe obtai ned-$2actio
was chqntreg.e_gpgod dried to giye06.0 g of cnge®rl ess

oily Eéﬁét anégi j el d of 86% 5o WO . 553 _
20 S

of 4'-(9H carbazol - 9-yl) bi phenyl -2-boronic acid A
[o42§t hesi s schenme of
4"~ (9H car bazol - 9-yl ) bi phenyl -2-boronic acid is shown
i n (48s 2ppah05i@h Tablg 08,1 1e ionization| potsnGde ef Z-CzPO11 and

- nec | ask were put. 1 xed saol ution of 6.
Z- (et tyeh, hGs s i, RSHE aS1 56, £ 2 5 prialy g Ggme and
subdlan@fllyt fer aedisOfher idRizatldipoted¥idl &f 9-pRenyDIHabdz61R k@S in
degassed under | ow gr essure, the atnosphere in the

Tatfl¢ 45k Siaidarky, Bt iopipatien potentials 9§ EnDPIAL 1S aindt4-HFhAROx which

. - o : hALE
ro i i Sy Gl R M0 A G LI e same o
theniohizhtidr ipbieintiad vA sriphienplaadnavshdwm isyTablegd, dmdthdrewords, the
. solution was stirred at -78 C for .2 hqurs. After the
ionization pagntial ¢f the hofe-pocepting, Yt orubstanially’ thesamennthanaf the
orgMi¥ sHhRo¥@Rtiirhate4. - 78 C for 1 hour, and then

[0441]

On the other hand, as to the electron-accepting unit, the electron affinities of
Z-CzPO11, Z-DPhAO11, Z-CzPBOx, and Z-DPhABOx are substantially the same and
substantially the same as those of 2,5-diphenyl-1,3,4-oxadiazole and
2-pheny1benzoxazole shown in Table 1.

[0442]

From the results, it can be said that in an organic semiconductor material
according to the present invention, extension of conjugation is suppressed by a
quaterphenylene group and interaction between an electron-accepting unit and a
hole-accepting unit in a molecule are suppressed. Accordingly, it was found that the
organic semiconductor material according to the present invention maintained part of
properties of an electron-accepting unit and a hole-accepting unit and was a bipolar
material which can transport both electrons and holes. Further, it is considered that
even when an electron-accepting unit with large electron affinity and a hole-accepting
unit with a small ionization potential are used in a molecule at the same time, an organic

semiconductor material with a large band gap can be obtained.



15 was stirred for about. 24 hours while the

tenperature of the m xture was being gradual |y brought
whawk/0204 oom t enperature. After the stirring, PCDIR200%065373

sol ution was added 50 nL ofl6aAM dilute hydrochloric

acid, and the solution was stirred for 30 mnutes at a

roomtenperature. After the stirring, to this mxture

was added ethyl acetate, and extraction with ethyl
[Exdffpiade was performed. After the extraction, the

extracted solution was 20 conmbined with the organic
[04B3yer and washed with brine. After the washing,

magnesi um sul fate was added..into the grganic | r,to .

ary PRbRGaS F AFaRe e PeRraniiTg: AHeR G WREipe Sreanic
senY¥@Sndubidl afitefalt @eseibdd @ Hxlalplaai BNappliedi WRI ®e described with

filtrate. The obtained filtrate was concentrated and
referenneyte tFAG] 3% e Ptwictural formylag pEmatsrialsrised in tig evaginde are shown

nd xane. i V: ' lid
oeifle SR AP0 R Srdiallon BBt Bt b Eus g sl
ﬁmﬁmﬁlz] [Step 3: Synthesis of Z-CzP0l11l] A synthetic

schenme of Z-CzPOl1l is shown in (E-1). [0513] [ 0514]
Into a 100 nL three-neck flask were put 1.0 g (2.7
mol ) of 2-(2'-bronobi phenyl-4-y1)-5-phenyl-1, 3,

4- oxadi azol e which was synthesized in Step 1 of

Synt hesis Exanple 1, 1.0g (2.7 nmmol) of

4' - (9H car bazol - 9-yl ) bi phenyl -2-boronic 10 acid, 0.010
g (0.045 mmol ) of palladiunm(ll) acetate, and 0.10
g(0.33 mmol ) of tri(o-tolyl)phosphine which were
synthesized in Step 2 of Synthesis Exanple 1. Into the
sol ution were added 15 niL of 1, 2-di net hoxyet hane ( DVE)
and 10 nL of a 2M aqueous sol uti on of potassium
carbonate. After the m xture was degassed under | ow
pressure, the atnosphere in the flask was substituted
by nitrogen. This m xture was



15 stirred at 90C for 10 hours. After the stirring,

chl orof orm was added into the m xture, the m xture was
waepaizioed i nto an aqueous | ayer and an or gani BCT/aB2009/065373

and the organic layer was W&&hed with a saturated

aqueous sol ution of sodium carbonate and brine in this

order. After the washing, magnesium sul fate was added

into the organic layer to dry the organic |ayer. After

the drying, this mxture was subjected to suctj

U
filge=tion 20to give a filtrate. The obt ai nedrate
:mﬁo ected to sugthon filtratien G bt/

actured by ure Chemi ¢ eN, Ltd.,
af al og . -168%5) to give a

Th
. @-7. Ny concentrating the obtain
asNuwi fied by silica gel colum

omat ogr aphy. The¢/ cojyumm chr omat ogr aphy was

eff ormed first ] £ol uene as a devel opi ng sol Nen
and then using & ed sol vent of toluene and -
acet ate (NBBuene : ethyl acetate = 10 : 1) as
devel opi ng solvent. A 5 solid which was obtai ne y
concentrating the obtained fraction was dissolved in
chl orof ormand purified by high performangeYIGAYB®
chr omat ography (HPLC). The chronat ogr aphy was
performed using chloroformas a devel opi hg sol vent.
Th oIy d which was obtained by concentrating the
[@‘ fracti oWlevas recrystallized a m xed

p J

944" 1- ('5- pheny1l- 1, 3, 4- oxadi azol - 2-y
quat er phenyl-4-y1)]-9H carbaz 15 o
[ 0516] , Hereinaf tter, the 111 NWVR dat
LH VARG 0 M) : 8 = 6.79 (d, .
6.88 (d, J = 8.3 Hz, 211), 7.22 (d, J ﬁ%ﬁgi Hz, 2H),
7.25-7.33 (m 4H), 7.39-7.62 (m 13H), 7. (d, =
8.3 20 Hz, 2H), 8.09-8.18 (m 4H) [0517] Further, 1H
NVR charts are shown in FIGS. 50A and 50B. Note that

FI G 50B shows an enl arged chart showi ng the range of

6. mto 8.5 n FI G 50A. [0518]

[0445]
A method fér manufacturing a light-emitting element of this example will be
described below.
[0446]
(Light-emitting element 1)
[0447]
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25Thernogravi netry-di fferential thermal analysis

(TG DTA) was perforned on the obtained Z-CzP0l1l1l. A
\thmnmw@navinetric-differenti?l t her mal anal yzB€T/JP2009/065373

(TG DTA- 320, nmanufact ured 69 Sei ko I nstrunents Inc.)

was used for the neasurenent, and it was found that

the tenperature at which the weight is 95% w th

respect to the weight at the onset of neasurenent

undegirsa M MBPHETHRINPGR SLAE Qok AR xg §iBédnSdxidd (ITSOPWas formed by
tenperature is referred to as "5% wei ght | oss

a spusiepiag anaihad' pvegasglagsubstratp @191 4 formy adisstiglentrode 2102, Note
t erature o -CzPOl11, .whi ch was asured using a

tha e PR S LT AR st B0 158 Susb et S 2ot Goaara

(044814 calorinmetry (Pyris 1 DSC, manufactured by Perkin

El'mer Co., Ltd.), was 119 C. Fromthese results, it
was Nextnthet pehstrte rpoided viwish dherdiretr Flaftrodey PHE was fixed to a

sub PSRRI ol e 57 pr LR ER ¢ YiBon bk Gth Snkr BIPEe on

whiéh [tHe fits?epieaoyd 2108 whs fovnadl Aced dawndardl]l, Wfte?'thel pleksii in a
_henyl -2-yl I tri phenyl am ne (Z-DPhAOllé4represented by .
filmsformation ghangher was dowered fo appreximaiely AR dta, afhayer 2111 containing

a ccgn)ég%iétgérr?zit%rieag %rf Ifﬁ ?)%é@\égﬁscodrggo%rrlicl ba%g ainr}n&ré?ﬁgic%rﬂguéd W.aé kormed
on the first electrode 2102 by co-evaporation of
4,4'-bis[N-(1-naphthyl)-N-phenylamino]biphenyl (NPB) and molybdenum(VI) oxide.
The thickness of the layer 2111 was set to be 40 nm and the weight ratio of NPB to
molybdenum(VI) oxide was controlled to 4:1 (= NPB:molybdenum oxide). Note that
a co-evaporation method refers to an evaporation method by which evaporation is
concurrently conducted from a plurality of evaporation sources in one treatment
chamber.

[0449]

Next, 4-(9H-carbazol-9-yl)-4'-phenyltriphenylamine (YGA1BP) is deposited to
have a thickness of 20 nm by an evaporation method using resistance heating to form a
hole-transporting layér 2112 on the layer 2111 containing a composite material.

[0450]

Z-CzPO11 which is represented by Structural Formula (421) and
bis(2-phenylpyridinato-N,C 2')i‘ridium(III)acetylacetonate (Ir(ppy)(acac)) were
co-evaporated, whereby a light-emitting layer 2113 was formed to a thickness of 40 nm
on the hole-transporting layer 2112. Here, the weight ratio of Z-CzPOll to
Ir(ppy)z(acac) was adjusted so as to be 1:0.06 (=Z-CzPO11: Ir(ppy)2(acac)).

[0451] |

Subsequently, by an evaporation method using resistance heating,
bis(2-methyl-8-quinolinolato)(4-phenylphenolato)aluminum(IIl) (BAlq) was deposited
to a thickness of 10 nm on the  light-emitting layer 2113, whereby a first

electron-transporting layer 2114A was formed. = Moreover, bathophenanthroline
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(460) [0521] [Step 1: Synthesis of

4' - (N, N- di phenyl am no) bi phenyl-2-boroni c acid] [0522]
waipioy7o8ynt hesi s of 4-(di phenyl am no) phenyl boPGHiIR2009/065373

acid A synthetic scheme of 168

4- (di phenyl am no) phenyl boronic acid is showmn in (C1).

[ 0523] [ 0524] 20A solution in which 10 g (31 mol)

of 4-bronotri phenylam ne is dissolved in 200 nL of

e g ks S B M M o «
thickness of 20 nm by an evaporation method using resistance heating, whereby a
second electron-transporting layer 2114B was formed.

[0452] |

Furthermore, a lithium fluoride film was deposited to a thickness of 1 nm on
the second electron-transporting layer 2114B, whereby an electron-injecting layer 2115
was formed.

[0453]

Lastly, an aluminum film was formed to a thickness of 200 nm on the
electron-injecting layer 2115 by an evaporation method using resistance heating to form
a second electrode 2104. Thus, a light-emitting element 1 was manufactured.

[0454]
(Light-emitting element 2)

In a manner similar to that of the light-emitting element 1, with the use of the
same substrate as the light-emitting element 1, a light-emitting element 2 was
manufactured using Z-DPhAO11 which is represented by Structural Formula (460)
instead of Z-CzPO11. ’i‘hat is, Z-DPhAO11 and Ir(ppy):(acac) were co-evaporated,
whereby the light-emitting layer 2113 was formed to a thickness of 40 nm over the
hole-transporting layer 2112. Here, the weight ratio of Z-DPhAO11 to Ir(ppy)2(acac)
was adjusted so as to be 1:0.06 (=Z-DPhAOL11 : Ir(ppy)(acac)). The layers other than
the light-emitting layer 2113 were formed in a manner similar to that of the
light-emitting element 1.

[0455]

The thus obtained light-emitting elements 1 and 2 were sealed in a glove box
under a nitrogen atmosphere without being exposed to atmospheric air. Then, the
operating characteristics of these light-emitting clements were measured. The
measurement was carﬁed out at a room temperature (in the atmosphere kept at 25 °C).
[0456]

FIG. 34 shows the current density-luminance characteristics of the
light-emitting element 1 and the light-emitting element 2. FIG. 35 shows the
voltage-luminance characteristics. FIG. 36 shows the luminance-current efficiency

characteristics. FIG. 34 and FIG. 35 show measurement data. Based on the data, the
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185 After the solution was degassed under | ow

pressure, the atnosphere in the flask was substituted
whygomioeoegen. The sol ution 5 stirred at -78 ECT/oP2000065373

m nutes. After the stirrin\g(,% 24 mL (37 mol ) of hexane

solution of 1.55 nol/L of n-butyllithiumwas dripped

wth a syringe, and the solution was stirred at -78 C

for 2 hours. After the 5 stirring, 8.0 nL (72 mmol) of
lurhinABRidiyrentastficit feyetr RUGRHcHNIG 36 werktdledateds stirred

-78 Cfor 1 hour, and then was stirred for about 24
[04%dLrs while the tenperature of the nixture was being

d : t :
0 S AL RS eSO S 170 o 4 37
Frogin thetresubtyshooalih ®1G.3 76t cdn basekrt thet 1$ght ginisionefahes tighitrentitting

for 30 mnutes at a rooamte eratgdﬂe. After the
clemepts § Agd 2tig light smigsianferivrdsTom 15@auk(aseqly| Iacan b seon that
sin8An CSrohRE { deRficoMdbBof thMEHACEE Bel pYREntPRIVERXISHE Has 'ﬁgéhe kriplet
the extraction, the extracted sol uti on was conbi ne
exaifiatibn tieegyo by asing ifl as\achrostimdtevialsdfable Vightrenittinglayesf tight emission

t he washi ng, .nmagnesi sul fate was added into. the.. .
FroBy RS AR PURR)N PR &1 0CRy ENC VA PRI giiciently.
[048BYi Ng, this m Xxture was subjected to suction

filtration to give a filtrate. The obtained filtrate

was ConddEt chromptighy eaadipates| ofi shed light-pmiting xelespent13 at a

sol vent t ol wene and ane to giye 5.5 f.a . .
ety o s Y OB o SO e ey Tppision was
exhibitddne s additiod- the' cubeRNBIBBRAYY hid eRRATY lq@mtaA Hficiency of the

synt hetic schene of 4-(2'-bronophenyl)triphenyl am ne
lightsemiingnelementcl2yt a luminance qfnd &d%@'o were {70 e&/Anardk 19.5%,

. o, 5 .. I f . .. ..
respt PR At e B R el oy High pisioneficigney
The vllslltaygmng?lli)f) )ellili‘ﬁn :ti,e?ﬁtyOﬂ&dglgﬁgalnbg (_d{lﬁSD)cdﬂlﬁ) we;e 4.4V and 1.21

adl u acetate, and 0. . .) O
mA??pr(, JEIPEFYNS hh oSISHRET epicipnay Pl e I@k%@n&ék@eaaaws >01
m/WO afik-t1fe{ lidhPle HEHiGe e?en‘fgnt Qf hafal &%meg ﬁigﬂ J%gve?kﬁﬁ:fierﬁg.z Meurther,
onate. After t

agueous olution~o pOt assli um car
enengk¢anversivasfiicigacysweas cabadated ovbel?.8%swhieh walkdiigh. Furthermore,

.. atposphere .in flask. was substjtuted by nitr n
it 5 B° ReR S EC i, B53ighBSmanpelemspb ua esiiedy figh current
effiefehéy 807(A¢d/RAEfaRfmmnhours. After the stirring,
t ol uene was added into the m xture and the organic
[0469)er was washed with a saturated aqueous sol ution of
sodiHm b te .and Dri Lh this or . e
was hmeg ﬁrﬁmgﬁ@éﬂ‘ altjl?nﬂ% u'P zﬁ‘?gm\ff\gsofag1 q e(c?llgﬁﬁ%’%m@{% %?légnﬁi% at a

lundiAMRE df B3O /P GveRé GARI0:33 al@ly- = A4 B rantdNGeéll YikMOemiskiOn was
m xture was subjected to 5 suction filtration to give
exhabited; t fmadditiomethe isuaepieefficicney and cxigmat gramtnmy effigigney of the
. puri fi ign_by Sili I I romgt ogna
i i BB OTacY SR RS0 PR SO SR a0 5
respdctisély Uhus)ghé Hxhe@nitsngeldmet Dpadgkticmhal ¢ highoginliséibe Bfficiency.
' a m xed sol vent of hexane and ethyl acetate

The? I?I‘:klga%ﬁ and the gyrend densityeat-a buminangy of $39 cdayewstsi ‘Iwe Vand 1.15
] ' f 31 .
A s pse R T8 Gy TGS B RS RIAELEieRS g 41

m/W| enditheflighbemitfiap28jment 2 had extremely high power efficiency. Further,

energy conversion efficiency was calculated to be 9.8% which was high. Furthermore,

it can be seen that from FIG. 36, the light-emitting element 2 has extremely high current
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(iii) Synthesis of
4' - (di phenyl am no) bi phenyl-2-boronic acid A synthetic
waehnene7oof 4' - (di phenyl am no) bi phenyl1- 2- bor oni BCHEP209/65373
shown in (C3). 15[0529] %- BuLi f THF 2) B(OVe) 3 3) 1M
HCI (G 3) [0530] Into a 300 nL three-neck flask
were put a mxed solution of 4.9 g (12 nmol ) of
efficiency of 72 cd/A at maximum.
[0460]

As seen from the above, by applying an embodiment of the present invention, a
light-emitting element having extremely high emission efficiency can be obtained.
Further, a light-emitting element with low driving voltage can be obtained. The
emission efficiency is extremely high and the driving voltage is reduced; therefore,
power consumption can be reduced.

[Example 4]
[0461]

In this example, an example of a light-emitting element to which an organic
semiconductor material described in Example 2 is applied will be described with
reference to FIG. 33. Structural formulae of materials used in this example are shown

below. The material of which structural formula has already been shown is omitted.

[0462]

[0463]

A method for manufacturing a light-emitting element of this example will be
described below.
[0464]
(Light-emitting element 3)

A light-emitting element 3 was manufactured using
tris(8-quinolinolato)aluminum(III) (Alq) instead of BAlq of the light-emitting element 1

which was used in Example 3. That is, an Alq film was deposited to a thickness of 10
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4- (2- bronophenyl )tri phenyl ami ne and 100 nL of

tetrahydrofuran (THF). After the 20 solution was
walegassmus under IOM/pressur% t he at nospher e i PCT/E2009/065373

flask was substituted by nig}ogen. The sol uti on was

stirred at -78 C for 20 mnutes. After the stirring,

9.5 nL (15 mmol) of hexane solution of 1.55 nol/L of

n-butyllithiumwas dripped with a syringe, and the
nmS @b Ufdr@n awdfrsts teldctrof-tahspofngdC hpdr 2100Ar . EXfeper fok hthe first

stirring, 2.8 nL £25 nmol) of trimethyl borate was
cleglEieliansporting 1aex 2Lk dheiligheemiitting flemiids® i formed it @ manner
. e was stirred for about 18
ﬁnﬁ%ﬁgghéﬁﬁﬁ%:%ﬁg%#gﬁgggg?ﬁggmbf the m xture was being
[0465pdual | y brought back to roomtenperature. After the

stirring, to this solution s.added 50 of 1M

di | ufke ﬁ%?"&t‘mn&‘il@n%ﬁd&“éﬁ g W1 Galel o Resdot by waer 2
. i . r . f or .
mtrg)g%nr ?ﬁd&)ﬂ?&?ﬁ@t %cﬁlgﬁ?gbﬁmas% %%Eﬁleré dif" THRR, the operating
chap@1is6es7 00 drClighxRMIGIe0E6BER W8 mdasdedet Fhe measusmasnt was

a%g extraction with etW&l acetgte was g&gfgrnEd. After
cartigghouhat p 54 fnpertiiredit g AIRPPETE KEPH Ra)conbi ned
[0466f N the organic |ayer and washed with brine. After

t he washi ng, magnesi um sul fate was added into the

or galiGc B&yeshows they qumenbr density-liminance Afhagactaristics of the

tigfiee el 3 6 2o e S o Radifick Harptepisigs, FIC

40 WetwsCBB ¢@ninanéLehrtont effREdnts tchhlatiefistioyl t FI@ 38 addUFIG. 39 show
sol vent of toluene and hexane to give 2.4 of a

megsygiaesny dofai t Based) qnothe datg, thedpgingncesgugrent @ g:iqncy characteristics
(FIG. 40) were calculated. '
[0467]

~ In addition, a light emission spectrum at current of 1 mA is shown in FIG. 41.
From the result shown in FIG. 41, it can be seen that light emission of the light-emitting
element 3 is light emission derived from Ir(ppy).(acac). It can be seen that since an
organic semiconductor material of the present invention has high triplet excitation
energy, by using it as a host material of the light-emittirxg layer, light emission from a
phosphorescent compound which exhibits green light was obtained efficiently.

[0468]

The CIE chromaticity coordinates of the light-emitti'ng element 3 at a
luminance of 1020 cd/m* were x = 0.35 and y = 0.62, and green light emission was
exhibited. In addition, the current efficiency and external quantum efficiency of the
light-emitting element 3 at a luminance of 1020 cd/m® were 69 cd/A and 18.9%,
respectively; thus, the light-emitting element 3 had extremely high emission efficiency.
The voltage and the current density at a luminance of 1020 cd/m” were 4.6 V and 1.48
mA/cm’, respectively. The power efficiency of the light-emitting element 3 was 471
m/W, and the light-emitting element 3 had extremely high power efficiency. Further,

energy conversion efficiency was calculated to be 9.2% which was high. Furthermore,
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[Step 2: Synthesis of Z-DPhAOl11l] A synthetic schene of
Z- DPhAO11 is shown in (E-2). 10[0532] [ 0533]
wo n410/0270000 ni t hree-neck flask were put 1.0 gP¢12/J172009/065373
mrol ) of 2-(2'-bronobi phenyi24-y1)-5-phenyl -1, 3,
4- oxadi azol e whi ch was synthesized in Step 1 15 of
Synt hesis Exanple 1, 0.97 g (2.7 mml) of
- (di phenyl am no) bi phenyl-2-boronic acid whi ch was

it c§rYBé SR5itERdrdn RS20, theHghB¥Mithes en%m'éasfambseexzmmpﬂi@h Qurrent
045 nmol ) of palfadium(ll) acetate, and 0.10

effl@@n%oﬁﬁﬂ)ﬂt@/A@t maginiwnt ol yl ) phosphine. Into the m xture
[O4§§je added 15 nL of 1, 2-di net hoxyet hane (DME) and 15
of a 2M aqueous sol ution of potassium carbonate.

Af t eAs §deq fronx tHerabove yd 9? Bafeth embtelimbMvefRiERidne invention, a
20t he at nosphere in the flask was_ substituted by
lightiertitigenclempnts haying wxemaly Bighr ¢raigsigp dicieneyr cap be obtained.

T

emﬂsﬁSn \m&:lsmyarsaé)ﬂd:mdm highnamal tteodisving weltagn ds esduoedyaherefore,
| ayer, and the org | ayer was washed with a
PO"éeétCBFsé’Péﬁlo&fﬂ’éBEée 8? tion of sodium carbonate and
[besl n this order. After the washing, nagnesium
Ipfate was added into the organic |layer to dry the
[046®]gan| c layer. After drying, the mxture was subj ect ed

ion filtration to give a trate. .

obt ot el e <o@Belechi b HBud it SbEh o, VB the reemic

sentibdruedr GRatelid {dvenbddad lEx@ﬂl ply 2V\sk gpphied ewIh @i dedtribed with
I ndustries, Ltd., Catal og No. 531- 16855) to give a

refarencet@ G 3Bhe compound obt ai ned by concentrating the
[049Eltral ned filtrate was purified by silica gel columm
chr omat ography. The col utm chr omat ogr aphy was
per fA mlmh‘bcf farshanufaongirtgod lighteerasiting dlemehopl this ecindewill be
and t fn using a m xed sol vent of toluene
descrlbed be
[0472]
(Light-emitting element 4)

A light-emitting element 4 was manufactured in a manner similar to that of the
light-emitting element 1 except that Z-CzPBOx which is represented by Structural
Formula (101) was used instead of Z-CzPO11 of the light-emitting element 1 which was
used in Example 3. That is, Z-CzPBOx and Ir(ppy):(acac) were co-evaporated,
whereby the light-emitting layer 2113 was formed to a thickness of 40 nm on the
hole-transporting layer 2112. Here, the weight ratio of Z-CzPBOx to Ir(ppy)2(acac)
was adjusted so as to be 1:0.06 (=Z-CzPBOx: Ir(ppy)z(acac)). The layers other than
the light-emitting layer 2113 were formed in a manner similar to that of the
light-emitting element 1.

[0473]
(Light-emitting element 5)
With the use of the same substrate as the light-emitting element 4, a

light-emitting element 5 was manufactured in a manner similar to that of the

light-emitting element 4 except that Z-DPhABOx which is represented by Structural
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10 and ethyl acetate (toluene : ethyl acetate = 20:1)

as a devel oping solvent. A solid which was obtai ned by
w@omometopat i ng the obtained fraction was di SSoP@EMP2000/065373

chl orof orm and purified by ﬁ?gh performance |iquid

chromat ography (HPLC). The chromat ography was

perfornmed using chloroformas a devel opi ng sol vent.

The solid which was obtained by concentrating the

ForgRil2i 26d) fwactised Me&ad e6f YA (2PBOXed Whith i ODPhABOx and
sol vent of chl orof orm and net hanol to give 0. 60 g of a

Ix(ppoatrsas) Witt ce-exanareted.vherghyethg light-gniting ygui113 was formed to
a th\?ﬁg{eg |48 Emgééltflé i tpa%é[g)(%ﬂli‘?%@%eg 29i2t ergb{h%l &J&th ratio of

rain sub

Z- Dmtptmdx taihh(@lyp;l(acﬁa)t wap a:d;mwtéd sat asom \mmm}éf Q:EZ)C(D.'PhABOx :
under a_20 reduced pressure of

Ir(ppy)atacas))- arB}Efnlaé{?fs@tlFﬁ_/th‘i‘hthealtghE‘SG‘“éng é?yeié%mege formed in a
mal‘ﬂ[g} Simild o S4B bi“iﬂ!: h %ﬁlgg ﬂggbm 0.55 g of an

j ective conpound In ayield of 92%
[0479535] The obt ai ned conpound was analyzed

wher Hi it oGS Hefi-FRBGRE Rlztebivel B AL SHEIG) 4 Elove box
und@r la4nitfo@e ABAYphdre %ﬂho@%@é?@s& ){&)zﬁ]{nésp‘hen@ airl LtTRER, the
hen y1- yI[trlpheEzIan1ne hA011). [0536]

operdingi ghdraeteristicheof] fNWRhehwmttsn& rﬂb%mentsowﬂeNmasured The
me{sﬁr%cnﬁe%ls \gfc:)rg cgglezi?ﬁig at ¢ aéoggn t(:xglpérjﬁ]ure gm él?q_&trﬂo?z_‘}'é)w kept a? 25 °C).
Hmﬁ5p7 7.56 (m 21H), 7.79 (d, J = 8.3 Hz, 2H),

09-8.13 WO 2010/ 027004PCT/ JP2009/ 065373 189

FIG. 42 shows the current density-luminance characteristics of the
light-emitting element 4 and the light-emitting element 5. FIG. 43 shows the
voltage-luminance characteristics. FIG. 44 shows the luminance-current efficiency
characteristics. FIG. 42 and FIG. 43 show measurement data. Based on the data, the
luminance-current efficiency characteristics (FIG. 44) were calculated.

[0476]

In addition, a light emission spectrum at current of 1 mA is shown in FIG. 45.
From the result shown in FIG. 45, it can be seen that light emission of the light-emitting
elements 4 and 5 is light emission derived from Ir(ppy):(acac). It can be seen that
since a benzoxazole derivative described in Embodiment 2 has hith triplet excitation
energy, by using it as a host material of the light-emitting layer, light emission from a
phosphorescent compound which exhibits green light was obtained efficiently.

[0477]

The CIE chromaticity coordinates of the light-emitting element 4 at a
luminance of 1080 cd/m* were x = 0.35 and y = 0.62, and green light emission was
exhibited. In addition, the current efficiency and external quantum efficiency of the
light-emitting element 4 at a luminance of 1080 cd/m* were 49 cd/A and 13.6%,
respectively; thus, the light-emitting element 4 had high emission efficiency. The

voltage and the current density at a luminance of 1080 cd/m® were 5.8 V and 2.22
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(m 2H) [0537] Further, the 1H NVR chart is shown in

FIGS. 51A and 51B. Note that FIG 51B shows an
wepliaog®i chart show ng the range of 6.5 ppm t BCBIEROENGE373

in FIG 51A 5[0538] 174

Therrnogravinetry-differential thermal analysis

(TG DTA) was perforned on the obtained Z- DPhA011l. The

nmeasur enent perforned using a

mA/&RF, r}@ﬁieatw t rTHe shvidr EBAERH! oft tRENIZBI-crANAhY ERinent 4 was 261
TG DT SZOéI@rranuf%Bctured by@Sel ko 1Iglrilstrurrﬁ\g/hts Inc.)

e\aeéltb@ lightemittieg Shemeat ghhad bigh p@weﬁélpwnéy wdgirthes energy
con WﬁrSé(Hl efgimaelsls %Qs zag gt'e& Itg Be %%%Jh% hZ Pﬁll?haé%]ore it can

asur usSi ng ere cann

be §e%h Qhdt Ifﬂini FIG Ry the 1ﬂghDaG;mﬁ@ Bl 4l ha@lhlgh cﬁ’ﬁéﬂm dﬁfl&brr@rof 54
Co., Ltd.), was 99 C Fromthese results, it was found

cd/ArhmazimpAA011 was a material having favorable heat
[OZS i stance. [0539] 15 <Synthesis Exanple 3. Z-CzPBOx >
gtnt hesi snmet hodof
9[ 4" Tl aTiEoxhmaiatizity 1¢odrdindtes f, fHe: ZghttdmittnergdémentlsS4at a
y1)]-9H carbazol e (Z-CzPBOx) represented by
lunstlarxfétqfr&.ﬁ g¥mmee <19 03 nAnt rso%@nefgrs%h?s&'a%}sgon was

exh éég\r/ Ia%‘l, é&cﬁggfst‘ég 6;}]99121'1&6?3?&? gﬁ %teﬁn lﬁ&ﬂ{@ﬁsyfRCﬁn%y of the
lightfenditt{ng' elomento5i gthe nipfnidangt )dfe85bxdav! evefd322¢d/A and 10.4%,
respectively; thus, the light-emitting element 5 had high emission efficiency. The
voltage and the current density at a luminance of 850 cd/m® were 5.4 V and 2.27
mA/cm?’, respectively. The power efficiency of the light-emitting element 5 was 221
m/W, and the light-emitting element 5 had high power efficiency. Further, energy
conversion efficiency was calculated to be 4.3% which was high. Furthermore, it can
be seen that from FIG. 44, the light-emitting element 5 has high current efficiency of 55 |
cd/A at maximum. '

[0479]

As seen from the above, by applying an embodiment of the present invention, a
light-emitting element having extremely high emission efficiency can be obtained.
Further, a light-emitting element with low driving voltage can be obtained. The
emission efficiency is extremely high and the driving voltage is reduced; therefore,
power consumption can be reduced.

[Example 6]
[0480]

In this example, an example of a light-emitting element to which an organic
semiconductor material described in Example 2 is applied will be described with
reference to FIG. 33.

[0481]

A method for manufacturing a light-emitting element of this example will be
described below.
[0482]
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25(1) Synthesis of 4-iodobenzoylchloride WO

2010/ 027004PCT/ JP2009/ 065373 190 A synthesi s schene of
wd2itoazenzoyl chl oride is 852 in (D-1). [054B¢T/®P2009/065373

SOC 2, DMFO OHCI [ 0544] 5In a 200 nL three-neck flask

was put 25 g (0.10 nol) of 4-iodobenzoate and were

added 70 nL of thionyl chloride and 3 drops of

N, N- di net hyl f ormam de (DVMF). The m xture was stirred

(ngmd@mttalgmlé;ﬁaggﬂ gas streamat 80 C for 3 hours. After
the stirring, ionyl chloride in the reaction

sol uli on lightemityng | | eGlembr abr edddsd prieasufpguigdq  using

trlsg%ﬁﬁéﬁlgl]ol% ﬂ; \@yn fég Ré](ﬁ?két&\ﬁ ¢t éXJqufkiﬁé ﬂé}ﬁ?emlttmg element 4
in BxdngploSN- ([Ratig dai Ay fidn W gshdepasitddde aAthiokmedsedfi 10 smherferm a
firs?f gyéno?r%ggét%gqagerr %)iYEKen}yzylic)e?)te?ozratHé %rst e ectsr(r)]r? \t/\gnslpr(])rtlng layer
2114A, the light-emitting element 6 was formed in a manner similar to that of the
light-emitting element 4.

[0483]

The light-emitting element 6 thus obtained was sealed in a glove box under a
nitrogen atmosphere without being exposed to atmospheric air. Then, the operating
characteristics of the light-emitting element were measured. The measurement was
carried out at a room temperature (in the atmosphere kept at 25 °C).

[0484]

FIG. 46 shows the current density-luminance characteristics of the

light-emitting element 6. FIG. 47 shows the voltage-luminance characteristics. FIG.

48 shows the luminance-current efficiency characteristics. FIG. 46 and FIG. 47 show

measurement data. Based on the data, the luminance-current efficiency characteristics

'(FIG. 48) were calculated.

[0485]

In addition, a light emission spectrum at current of 1 mA is shown in FIG. 49.
From the result shown in FIG. 49, it can be seen that light emission of the light-emitting
element 6 is light emission derived from Ir(ppy):(acac). It can be seen that since an
organic semiconductor material of the present invention has high triplet excitation
energy, by using it as a host material of the light-emitting layer, light emission from a
phosphorescent compound which exhibits green light was obtained efficientiy.

[0486]

The CIE chromaticity coordinates of the light-emitting element 6 at a
luminance of 1150 cd/m* were x = 0.35 and y = 0.62, and green light emission was
exhibited. In addition, the current efficiency and external quantum efficiency of the
light-emitting element 6 at a luminance of 1150 cd/m® were 70 cd/A and 19.3%,

respectively; thus, the light-emitting element 6 had extremely high emission efficiency.
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HO 15 [0547] In a 300 nmL three-neck flask were put 10
g (92 mmol ) of 2-am nophenol and 7.0 niL of

wao ei1eopbam ne and was addeq %OO nL of tetrahyPeDIiRR0697065373
(THF). The solution was stiffed at 0 C for 20 m nutes.
After the stirring, a solution in which 0.10 20 nol of
4-i odobenzoyl chloride was dissolved in 100 nL of
tetrahydrofuran (THF) was dropped. The sol ution was

Thé{bltdge dnatthdcierdn® dedsity Qi bumithace of NiJ0r @P@h wekd 621V and 1.66
After the stirring, the solution was added to about

mAZED , (FesPeFtivedy er Therkpvn effidiensysof] thy dighbemittieg elsmenh@gvas 351
i 346 Y ERAE RN R Wi BOGL Bt Ry, enrey
conlvBsionr ¢fficieaicy wye talaratedas he d.0fb twhidh Whs k¥gh. Furthermore, it can
be sze%r]f %a?%r?)%%ﬁﬂlgl tFl)l%ql% {-gr?l?t%gs element 6 has high current efficiency of 70
cd/A at maximum.

[0487]

As seen from the above, by applying an embodiment of the present invention, a
light-emitting element having extremely high emission efficiency can be obtained.
Further, a light-emitting element with low driving voltage can be obtained. The
emission efficiency is extremely high and the driving voltage is reduced; therefore,
power consumption can be reduced.

[Example 7]
[0488]

In this example, a synthesis method of the organic semiconductor material
according to an embodiment of the present invention which is described in Example 2
will be described in detail.

[0489]
< Synthesis Example 1: Z-CzPO11 >

: A synthesis method of
9-[4”’-(5-phenyl-1,3,4-oxadiazol-2-yl)-[1,1’:2’,1":2”,1"’]‘quaterphenyl-4-yl)]-9H-carbaz
ole (Z-CzPO11) which is represented by following Structural Formula (421) and which

is one of the oxadiazole derivatives described in Embodiment 3 will be described.

[0490]
=0~ ~
(421) O
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191 hydrochloric acid, a saturated aqueous sol ution of
sodi um hydr ogen carbonate and brine in this order.
wa@\Rd1e/0210be washi ng, magnesi um sul f at e was addePiCT/mm2009/065373
the organic |ayer to dry tﬁyorganic | ayer. After the
drying, the m xture was subjected to suction
filtration through Celite (manufactured by WAko Pure
Chem cal Industries, Ltd., 5Catal og No. 531-16855) to
[049ive a filtrate. The solid, which was obtained by
condensation of the obtained filtrate, was
[Stapek; Syathasis of 242 viromobiphend - gy vrhenylok.3 dtaxpiagelel at e
(04 d hexane to give 30 g of a powdery white solid in a
gﬂel d of 97% [0548] (iii) Synthesis of

i Kesis@apbashen)y Oghvdixdagel e 10A synthetic scheme of
()%44 odophenyl ) benzoxazole is shown in (D 3). [0549]

HO [4sBheticselemee giobiadobenrorkhydweincts shownig(d-but 15 g
[04§ 4 mol) of 15 4-i ode-N (2-hydroxyphenyl) benzam de

and 24 g (0.14 nol) of para-tol uenesul fonic acid
nnohydgpt e and the atnmosphere in th askpowas

hi tait ed—by nitrogen 300 3d of) was added( 1)
'OE<tt uisthanbke NHNids e Hg® stir at Wik, for A
hours undér a nitrogen gas stream After the sti‘?’ring,

the reaction m xture was added to about 300 niL of
[04%4t er, and then the aqueous |ayer of the nixture was

extnacted whth t hyl ace e. After t Xt HACE |

t he I@)?t r%\c?@@ & u?}fr énl'n\e/vcg(s %:l% i‘ﬁé"d &h‘tth hg érbgatr'#l"g&) of
ethylay RidoBeietoaa SSE 1Vl dihahob asl bdd eokha@tis @né tisomixtue wafstirred

sodi um hydrogen carbonate and brine in _this order,

for A} epinyte® ahers PRTY, teARGIAEEFuMALISS {HE SRS ad} Bl ok §ydrazine

mortgn:srdl%eg aaL Gab@y filto U i end rtﬂé‘ﬂ{iﬁulrea%% stifetd §f 8 B for 5
ryling, the mxture was su Jected 0 suction

houfd. | tAfedrithe stifingl ghouCsD0 tnel ofraat acdstddeed fnto \(lk mitlurecand the

Chemi cal o
mixture was washed. After the washing, the mixture was subjected to suction filtration,

and the solid was collected to give 23 g of a white needle-like solid in a yield of 98%.
[0495]
(ii) Synthesis of 1-benzoyl-2-(4-iodobenzoyl)hydrazine

A synthetic scheme of 1-benzoyl-2-(4-iodobenzoyl)hydrazine is shown in

(A-2).
[0496]
)
o ®_< 00
<:> { Cl < > S <:>
| > | A-2
HN-NH, NMP HN-NH A2
[0497]

Into a 300 mL three-neck flask was  put 15 g (57 mmol) of
4-jodobenzoylhydrazine, 15 mL of N-methyl-2-pyrrolidone (NMP) was added thereto,
and the mixture was stirred for 10 minutes at a room temperature. After the stirring,
50 mL of a mixed solution of 5 mL of N-methyl-2-pyrrolidone and 7.9 mL (69 mmol) of

benzoyl chloride was dripped into the- solution through a dropping funnel, and the
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25l ndustries, Ltd., Catal og No. 531-16855) to give a
filtrate. The solid which was obtai ned by
W@ onometonat i ng t he obt ai ned ;%Itrate was recr yBCHIPA0ax®hS373
with a m xed sol vent of etﬁ acetate and hexane to
give 11 g of a powdery white solid in a yield of 75%
[0551] WD 2010/ 027004PCT/ JP2009/ 065373 192 (i V)
Synt hesi s of 2-(2'-bronobi phenyl-4-yl)benzoxazole A
soluiy)mt\h&t ititredlci@mpomftemperature for 18 hours.  After the stirring, water was
heny benzoxazol e i s, shown

add(:(b_lgrt)o Q‘T:Ogg n, and %@ggl\é )was pre(:1pftﬁtteg I%&%d)r?ﬁ_pltated solid was

coll%&%@ %PI @ﬁ&lﬁ)nf hﬂl%ﬁoﬂ\’erfh@éﬁllezre@ sB1id as 'EHH&() 111% about 500 mL of a
2- (4-1 odophenyl ) benzoxazole, 4.4 .g (22 mol) of

satuzatbd aquisine sglubon ofisedinwi ltydr@e@@rhyn@@, stirredehd wekhed.  After
the tquskudlgt grn( I I%H%gg/%? %E@je&&g tg 'sfllgti(gl( Eiltl%timl))ob%{in a solid. The
obtained solid was added into about 500 mL of water, stirred, and washed. After the
washing, the mixture was subjected to suction filtration to obtain a solid. The obtained
solid was washed with methanol to give 20 g of a powdery white solid in a yield of
97%.
[0498]
(iii) Synthesis of 2-(4-iodophenyl)-5-phenyl-1,3,4-oxadiazole

A synthetic scheme of 2-(4-iodophenyl)-5-phenyl-1,3,4-oxadiazole is shown in

(A-3).
[0499]
< > 4 —_— _< >_< | -
HN- Nw ! N-N A9)
[0500]

Into a 300 mL three-neck flask was put 15 g (41 mmol) of
1-benzoyl-2-(4-iod0ben20yl)hydrazine, 100 mL of phosphoryl chloride was added
thereto. The mixture was stirred at 100 °C for 5 hours under a nitrogen stream. After
the stirring, phosphoryl chloride in the solution was distilled off to give a solid. The
obtained solid was washed with water, and then washed with a saturated aqueous
solution of sodium hydrogen carbonate. The obtained solid was washed with methanol
to give 9.0 g of a powdery white solid in a yield of 63%.

[0501]
(vi) Synthesis of 2-(2'-bromophenyl-4-yl)-5-phenyl-1,3,4-oxadiazole

A synthetic scheme of 2-(2-bromophenyl-4-yl)-5-phenyl-1,3,4-oxadiazole is
shown in (A-4).

[0502]
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10 Into the m xture were added 60 nL of

1, 2-di net hoxyet hane (DVME) and 30 nL of a 2M aqueous
wa@oln2m of pot assi um car bggglte. After the m RCTIIR200%85373

degassed under | ow pressure,”the atnosphere in the

flask was substituted by nitrogen. This m xture was

stirred at 90C for 10 hours. After the stirring,

tol uene was added into the m xture and the organic

| ayer was washed w t h=ansat ur ated aqueous sol ution of

sodi um car bonate 15 s@o ne in this order. Aifef the

washi ng, nmagnesi um s at e was added into the dni c

| ayer to hdH@)gBNi cBt ayer. After the
m xture ubjected to suctyon filtratid 0 ggre aA-4)

A tr © obt ai meflofich] r at e mas s
Konlfil tration posesgh, Cel ige / ctured by
ko RiNe cnen cal olrklesd LS ., ®Htal og No.

531-16855) to give a ppfgTate. The obtained filtrate
was concentrated, and 20 purification by silica gel
[0508] um chr omat ogr aphy was performed. The col um

chr omat ogr aphy was perforne i rst using m X
sol VB & 184 8Hor BieR25H h&?gnéﬂe{%h%'r oi B & :(elgex‘ﬁﬁ‘@l) of

of orm and héxane m : hexane
borenit acid] 0.038 @(QtY eimql) of) paltddiengll) stntatshiand 09 ¢ (LOthwol) of

iSRRG 2L 1 o el PG PR GE Ts SRLF o 2n
aquebdsOESIGEMoR [Fbt436 AN @arbBndde UPere - allded GhtodthOmElaing. WAiftee this

solid in ayield of 29% [0554] [Step 2: Synthesis of
mixurerEIegassedupdardopzmesarcthe fpmophaes ip e flayk was substituted

hesi.s .sch f Z- ol i ] .
o SRR BB AR IR, DA DR Bl

wad #dded TR theQhixture, the mixture was separated into an aqueous layer and an

' 2-(4;'-(i)(11d;(/)gﬁétn)@$5 -?ll}]‘fj'%‘rf-q | 0RL4Hi SR/ €Blo 8%7 3%%1 2 rﬁgrfl%l? | 50 AbfintdPhenyl

organic layer, and the organic layer was washed with a saturated aqueous solution of
sodium carbonate and brine in this order. After the washing, magnesium sulfate was
added into the organic layer to dry the organic layer.

[0504] '

After the drying, this mixture was subjected to suction filtration to give a
filtrate. The obtained filtrate was subjected to suction filtration through Celite
(manufactured by Wako Pure Chemical Industries, Ltd., Cataldg No. 531-16855) to give
a filtrate. The compound obtained by concentrating the obtained filtrate was purified
by silica gel column chromatography. The column chromatography was performed
first using toluene as a developing solvent and then using a mixed solvent of toluene
and ethyl acetate (toluene : ethyl acetate = 10:1) as a developing solvent. The obtained
fraction was concentrated, methanol was added thereto, and irradiation with ultrasonic
waves was performed, so that a solid was precipitated. The precipitated solid was
collected by suction filtration. The collected solid was recrystallized with a mixed
solvent of ethanol and hexane to give 3.1 g of a powdery white solid in a yield of 58%.

[0505]
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2-(2' - bronobi phenyl-4-yl)benzoxazol e whi ch was
synthesized in Step 1 of Synthesis Exanple 3, 2.0 ¢
w@ 2018/0me04 ) of 4' - (9H car ba%%- 9-yl ) bi phenyl - 2PODIRM0065373
aci d which was synt hesi zed Step 2 of Synthesis
Exanple 1, 0.020 g (0.089 mmol) of palladiun(ll)
acetate, and 0.20 g (0.65 mml) of :
tri(o-tolyl)phosphine. Into the 10 m xture were adde
[Ste}2: Wynfiesid of 4 diomRERBINOEDDANEPHePME) -barAictidIL of a 2M
aqueous sol ution of potassium carbonate. After the
[0586}kt ure was degassed under | ow pressure, the

. atnosphere in the flas supstituted by nitrogen.
O Sl are R aer b ISP 10 hour's, Af et tne
SUI rAT NBinehb! QUOHLOT 8P ¥ '-&%ﬁﬁ)%hé -y Ab4oR i@RAown i
t he orgg}gniec | ayer was shed 'trﬁﬁa )tsgturat ed aqlljeou%wn "
(B-3pl uti on of sodium carbonate and 15 brine in this
058 der. After the washing, magnesium sul fate was added
[ o the organic layer to dry the organic |ayer. After

the drying, the m xture was subjected tg_suction
(HO)pBation to give a filtrate. The obtgi Ny filtrate

was Subjected to suctiofirf\Itration th gk lite
(may tured by Wako R Chem cal Induxtri&s, Ltd.,
Cat &l og No. 531-16855) Fe<give a filtrat The
obtaimed filtrate was ponc@prated, and fication

aphy per f or med(B-1)

el colu @ tography was pferforned by
e as a glr%/ &B I%é solvent. A §Nlid
(o-t0lyl)3
2M K,CO3aq.
Toluene
EtOH

[0508]

Into a 200 mL three-neck flask were put 50 g (17 mmol) of
4-(9H-carbazol-9-yl)phenylboronic acid, 9.9 g (35 mmol) of 2-bromoiodobenzene,
0.039 g (0.17 mmol) of palladium(Il) acetate, and 0.37 g (1.2 mmol) of
tri(o-tolyl)phosphine.  After 30 mL of toluene, 5 mL of ethanol, 15 mL of a 2M
aqueous solution of potassium carbonélte were added into the mixture and this mixture
was degassed under low pressure, the atmosphere in the flask was substituted by
nitrogen. This mixture was stirred at 90 °C for 5 hours. After the stirring, toluene
was added into the mixture and the organic layer was washed with a saturated aqueous
solution of sodium carbonate and brine in this order. After the washing, magnesium
sulfate was added into the organic layer to dry the organic layer. After the drying, this
mixture was subjected to suction filtration to give a filtrate. The obtained filtrate was
concentrated, and was purified by silica gel column chromatography. The column
chromatography was performed first using hexane as a developing solvent and then
using a mixed solvent of hexane and ethyl acetate (hexane : ethyl acetate =20 : 1) as a
developing solvent. The obtained fraction was concentrated and dried to give 6.0 g of

colorless oily substance in a yield of 86%.
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whi ch was obtai ned by concentrating the obtained
fraction was dissolved in chloroform WO
WQRwoNIATH04PCT/ JP2009/ 065373 194 and puri fi edP@Y/JIFR0QH065373
performance |iquid chromatd§taphy (HPLC). The
chr omat ogr aphy was perforned using chloroformas a
devel opi ng sol vent. The solid which was obtai ned by
concentrating the obtained fraction was recrystallized
[05)04'9 h a m xed sol vent of chloroformand nethanol to
e 2.6 g of a powdery white solid in a 5 yield of
(ii) B 2bhe$i® 5571 (9H-carbazoBQbl jbigtien piR2-baronid acéd i on of 2.6 g
of the obtained white solid was perfornmed by a train
subl A seathesis pehemsdf 41'K8HSQ§E}PGZ%?1YBHIP§GMIQ E‘HPP’Grﬁc%’at? shown
m(ﬁeﬁforrred under a reduced pressure of 7.0 Pa, with a
o?wrate of argon at 4 nL/mn, at 250 C for 15 10
[oshours to give 2.3 g of an obj ective conmpound in a

yield of 88% [0558] The obt ai ned conpound was
anal y by nucl ear nagnetic reson S
neay nt vvhereby it was confir
co < L|/THF
944" " - benzoxazol %gﬂl@y@z I llquat er phenyl -
-y1) L5 car bazol% PB()<) . @
- (B-2)
N | N: l!
[0511]

Into 300 mL three-neck flask were put a mixed solution of 6.2 g (16 mmol) of
9-(2'-bromophenyl)-9H-carbazole and 100 mL of tetrahydrofuran (THF). After the
solution was degassed under low pressure, the atmosphere .in the flask was substituted

by nitrogen. The solution was stirred at —78 °C for 20 minutes. After the stirring, 12

“mL (19 mmol) of hexane solution of 1.55 mol/L of n-butyllithium was dripped with a

syringe, and the solution was stirred at =78 °C for 2 hours. After the stirring, 4.0 mL
of trimethyl borate was added and the mixture was stirred =78 °C for 1 hour, and then
was stirred for about 24 hours while the temperature of the mixture was being gradually
brought back to room temperature. After the stirring, to this solution was added 50 mL
of 1M dilute hydrochloric acid, and the solution was stirred for 30 minutes at a room
temperature.  After the stirring, to this mixture was added ethyl acetate, and extraction
with ethyl acetate was performed. After the extraction, the extracted solution was
combined with the organic layer and washed with brine. After the washing,
magnesium sulfate was added into the organic layer to dry the organic layer. After the
drying, the mixture was subjected to suction filtration to give a filtrate. The obtained
filtrate was concentrated and recrystallized with a mixture solvent of chloroform and

hexane to give 3.2 g of a powdery white solid in a yield of 55%.
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Hereinafter, the 1H NMR data i s shown.
1H NVR (CDC13, 300 MHz) : = 6.78 (d, J = 8.3 Hz, 2H),
woG2@d/0tp4 J = 8.3 Hz, 2H), 78%5'7' 62 (m 19H), PCT/JP2009/065373
7.72-7.77 (m 1H), 7.95 (d}!®3 = 8.3 Hz, 2H), 8.16 (d,
J =7.8 20 Hz, 2H) [0560] Further, the 1H NWR chart is
shown in FIGS 52A and 52B. Note that FIG 52B shows an
enl arged chart showing the range of 6.5 ppmto 8.5 ppm
[0s1z] FI G 52A. [0561] 25Thernogravi metry-differenti al
thermal analysis (TG DTA) was perforned on the
[Stqvofi:éﬁymé@&zoté )1lThe neasurenment was conducted by
usin ' i ' ] differenti al
¢ ner s RERchaRy Pl B R s R
[05T% DTA 2410SA). When the neasurenment was carried out
under a nitrogen stream (flow rate: 200 nli/m n) under
normal pressure at a tenpgrature

C/mn, he rel
ght and t gravi metyry), that the 5%
ight loss t 95.2 C

NZORP/ 027004PCl= 95 [ 056 I'n

‘ad¢fl tion, a thernal f Z-CzP measur ed

g.a differential scanni cal ori net er
a5t ur ed by Perki nEl ner, Phc. | Pyris 1)=
sany was heat ed Pd¢@Ack0 C up to 350 C &

t enper ri si ngP(eatadylpf 40 C/mn, 5 aj
coobed to - BME,&0449.C/ m n. After ;
wasth S up to 29MDKIEt a tenperature rising

10 U mn, thereby obtaining a DSC chart. The
showi ng the glass transition tenperature(gﬂz- Z PR
was observed in the DSC chart and it was'ftound thaj
the glass transition tﬁér_girature_(Tg) was 110 C.
the result, it was fouhd that Z-CzPBOx has a hi gh
glass transition tenperature. 10 Accordingly, it was

[Osfﬂnfi rmed that Z-CzPBOx- in this synthesis exanpl e has

hi'gh heat resistance. [0563]
Into a 100 mL three-neck flask were put 1.0 g (2.7 mmol) of

2-(2'-bromobiphenyl-4-yl)-5-phenyl-1, 3, 4-oxadiazole which was synthesized in Step 1
of Synthesis Exainple 1, 1.0g (2.7 mmol) of 4'-(9H-carbazol-9-yl)biphenyl-2-boronic
acid, 0.010 g (0.045 mmol) of palladium(Il) acetate, and 0.10 g(0.33 mmol) of
tri(o-tolyl)phosphine which were synthesized in Step 2 of Synthesis Example 1. Into
the solution were added 15 mL of 1,2-dimethoxyethane (DME) and 10 mL of a 2M
aqueous solution of potassium carbonate. After the mixture was degassed under low
pressure, the atmosphere in the flask was substituted by nitrogen. This mixture was
stirred at 90 °C for 10 hours. After the stirring, chloroform was added into the mixture,
the mixture was separated into an aqueous layer and an organic layer, and the organic
layer was washed with a saturated aqueous solution of sodium carbonate and brine in
this order. After the washing, magnesium sulfate was added into the organic layer to
dry the organic layer. After the drying, 'this mixture was subjected to suction filtration
to give a filtrate. The obtained filtrate was subjected to suction filtration through

Celite (manufactured by Wako Pure Chemical Industries, Ltd., Catalog No. 531-16855)
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<Synt hesi s Exanple 4. Z- DPhABOx> Asynt hesi snmet hodof
15 444" -(benzoxazol-2-yl)- [1,1
wo0 201pA02joquat er phenyl1l- 2-yl Jt r%gghenyl am ne (Z- DPh&BOX)D09/065373

which is represented by foﬂ OwW ng Structural Fornula

(201) and which is one of the benzoxazol e derivatives

descri bed in Enbodinment 2 will be described. [0564]

(201) 20[0565] [Step 1: Synthesis of Z-DPhABOX] A
to giyaalfiiahe. sTherwompbunt SRhiABMbYI coOnedrumating nhe &btdined filtrate was
purgf?e%(sg;/ sil\i/c\g églgélgégoglﬁggg{oéfa% 9.9/ %Eg 3cZ) urr}r? 6(:hrorinatography was
performed first using toluene as a developing solvent and then using a mixed solvent of
toluene and ethyl acetate (toluene : ethyl acetate = 10 : 1) as a developing solvent. A
solid which was obtained by concentrating the obtained fraction was dissolved in
chloroform and purified by high performance liquid chromatography (HPLC). The
chromatography was performed using chloroform as a developing solvent. The solid
which was obtained by concentrating the obtained fraction was recrystallized with a
mixed solvent of chloroform and methanol to give 0.30 g of a powdery white solid in a
yield of 18%.
[0515]

The obtained compound was analyzed by nuclear magnetic resonance (NMR)
measurement, whereby it was confirmed that the compound was
9-[4'""-(5-phenyl-1,3,4-0xadiazol-2-yl)-[1,1":2',1"":2",1"""]quaterphenyl-4-yl)]-9H-carbaz
ole (Z-CzPO11).

[0516] v

Hereinafter, the 'H NMR data is shown.

'H NMR(CDCl3, 300 MHz) : § = 6.79 (d, J = 8.3 Hz, 2H), 6.88 (d, J = 8.3 Hz,
2H), 7.22 (d, J = 8.3 Hz, 2H), 7.25-7.33 (m, 4H), 7.39-7.62 (m, 13H), 7.84 (d, J = 8.3
Hz, 2H), 8.09-8.18 (m, 4H)

[0517]

Further, 'H NMR charts are shown in FIGS. 50A and 50B. Note that FIG.
50B shows an enlarged chart showing the range of 6.5 ppm to 8.5 ppm in FIG. 50A.
[0518]

Thermogravimetry-differential thermal analysis (TG-DTA) was performed on
the obtained Z-CzPO11. A thermogravimetric-differential thermal analyzer
(TG/DTA-320, manufactured by Seiko Instruments Inc.) was used for the measurement,
and it was found that the temperature at which the weight is 95% with respect to the
weight at the onset of measurement under atmospheric pressure (hereinafter, this

temperature is referred to as “5% weight loss temperature”) was 387 °C. The glass

transition temperature of Z-CzPO11, which was measured using a differential scanning
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[ 0567] Into a 100 nL three-neck flask were put
1.0 g (2.9 mmol) of
waz2qi/o2wpomobi pheny1- 4-yl ) bepzoxazol e whi ch waBCT/JP2009/065373
synthesized in Step 1 of S ﬁ%hesis 5 Example 3, 1.0g
(2.9 mmol ) of 4'-(di phenyl am no) bi phenyl-2-boronic
acid which was synthesized in Step 1 of Synthesis
Exanple 2, 0.010 g (0.045 nmol) of palladiun(ll)

calRéR ¢Py@Nd BSE0 nehnufhcRBed ™! Perkin Elmer Co., Ltd.), was 119 °C.
tri(o- toY yl ) phosphine. Into fhe mxture were added 15

| From_th@se neSQLtS;hltrmah oupdtthaing-GzBUR) veasca IBterial baving Fayorable heat

agueous sol uti on of potassium carbonate. After the
resiflt%ir e was degassed under |ow pressure; the 10
[os@gosphere in the flask was substituted by nitrogen.
The m xture was stirred at 90C for 10 hours. After the
<SythasisiFrgmplo? et ladded into the nixture, and the

orgaglc | ayer was ﬂfk vvith brine. AfLprqthe
washi ng, magnesi um-sul fate was added |nto the organi c

4-[4"agRpheng]-UBy, oR&diFoy2ny1¥-[1, &VEJ’I”]t&?)heﬁylimﬁ]tﬁbkéﬂﬂamﬁlBe

m xture was subjected to suction I[tration to give a

(z- DPhAD&tl)srepment%bmSﬁ@etwallﬁqr@p@ (#89) whishdsg pee of ghe oxadiazole
f db
derfifibisitscibalin ERRDURLA! ZHER dERelgkd. (T SeNG! 0 Y

[052()1- 16855) to give a filtrate. The obtained filtrate
was concentrated, and purification by silica gel

i ography was perfornmed. The col um
{ was perforned first using a m xed

solvent o st EeNnE) and e Ql uene : hexane = 1:1)
as a devel opi nglisofyen sing toluene as a
devel opi ng 20 sHlk % ta| ned by
concentrating the obt a| ned fra stallized
with a m xed solvent of c anol to
give 1.0 g of a powdery n iy yi eld of 61%

WO 2010/ 027004PCT/ JP2009/ O
Sublimtion purification of 1.0 g of the
white solid was perforned by a train subl MB
met hod. The sublimation pur€/4f6 tion was perforned
under a reduced pressure of 7.0 Pa, with a flowrate
[OSEI] argon at 4 nml/mn, at 230 C for 20 5 hours to give

[tqpo Stnesi OF AL iy HEROBIRGRA Weni 381 zod by

@yjcl ear magnetic resonance (NVR) neasurenent, whereby
I't" was confirned that the conpound is 4-

(1) S vithesisrodf dx@ipdlen@aminohehylbdrqnid acid

Fr ¢k BB scferte ot HAIRFR A Rebrone st Showiri -,

[0523]
1)n-BuLi/THF
Q 2)B(OMe)s Q
Br <:> N 3)IM HCI . . (HO)QBO'N (C-1)

[0524]

A solution in which 10 g (31 mmol) of 4-bromotriphenylamine is dissolved in

200 mL of tetrahydrofuran (THF) was put into a 500 mL three-neck flask and stirred.
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1H NMR(CDC13, 300 MHz) : 8 = 6.45 (d, J = 8.3 Hz, 2H)

6.71 (d, J = 8.3 Hz, 2H), 6.85 (d, J = 8.3 Hz, 2H)
woG2@08/027004 (m 7H), 7.23-7.57_(m 14H), 7.71- 7p@BIK2099/065373

1H), 7.92 (d, J = 7.8 Hz, 3 15[ 0571] Further, the 1H

NMR chart is shown in FIGS. 53A and 53B. Note that ‘

FIG 53B shows an enlarged chart show ng the range of

6.5 ppmto 8.5 ppmin FIG 53A [0572] In addition, a

Aftth fen@ilutihopey Hdgasded Amdeh AR presaisieNthe utihesphiefd figthe B3k was
differential scanning calorineter (DSC, manufactured

Subbtytuwélrlwi mEpm Tihﬂéolutlpy s smyred M T'/s& C forg8rpingtagas After the

sirpGpc b Lsod) oD AR ety o B dG8T BT bn Bl ffpum was
dri@kd‘wﬁg HsPringd afd thlutiofr WRNABERM X’ﬂa-378h@f&d2 HOurkO After the

C at a tenperature rising rate of 10C/ mn, thereby
stirgihg,a§.0 inrlg (& mlbhﬁntmethﬂebq@@awa§r®dpm gnd He lgmsu@ was stirred

sition te erature o s,.observe
74 {ERCh R Brtwit 0 o AR oo h g (Edemptiaturt O the
mv&fn@r\ﬁdst BePhk él%ﬁﬁ%ﬁfyaﬁrﬁﬁgxt(b-ﬁg}} tdVgsony ?brﬁ‘pe%tul':er Or)slffe'i‘ €he stirring, to
result, it was found That DPhABOx has a hi gh gl ass

thist sedwtiin wes addadpl atlﬁ Pk lMAddvﬁtr: dlyldgro;alonct acw!asanddhe isphatign was
sirfedoc SO padohe BRbAET1 aBh BT EadE 2o Tof it was

addelli gthiylan@thgr efty ekie@iopowatheethhly a&dtzfter\eibC @erfodfdd. After the
extr%gtligr{, %?ng?élggcll— 15351%19)1? Sv)vlacs) %g%{)?ne%i%)ith%éloygnic layer and washed with
brine. After the washing, magnesium sulfate was added into the organic layer to dry
the organic layer. After the drying, this mixture was subjected to suction filtration to
give a filtrate. The obtained filtrate was concentrated and recrystallized with a mixture
solvent of toluene and hexane to give 5.5 g of a powdery white solid in a yield of 62%.
[0525]

(ii) Synthesis of 4-(2'- bromophenyl)trlphenylammc

A synthetic scheme of 4-(2'-bromophenyl)triphenylamine is shown in (C-2).

Q er - Ng c-2)

@ Toluene,EtOH,2M K,CO3aq.
Pd(OAC)Z,P(O-tO|Y|)3

[0526]

(HO)ZB—ON

[0527]

Into a 200 mL three-neck flask were put 55 g (19 mmol) of
4-(diphenylamino)phenylboronic acid, 11 g (38 mmol) of 2-bromoiodobenzene, 0.043 g
(0.19 mmol) of palladium(II) acetate, and 0.41 g(1.3 mmol) of tri(o-tolyl)phosphine.
Into the mixture were added 30 mL of toluene, 5 mL of ethanol, and 15 mL of a 2M
aqueous solution of potassium carbonate. After the mixture was degassed under low

pressure, the atmosphere in the flask was substituted by nitrogen. The mixture was



10

15

20

25

1. An organic sem conductor material represented by

Ceneral Formula (Gl): (Gl) 5 wherein: EA represents
w@ro1el0gmv4 on- accepti ng unit nd HA r epr esent SPET/JP2009/065373

hol e-accepting unit. 102. +ﬁ§ or gani ¢ sem conduct or

mat eri al according to claim1, wherei n EA

represents any one of a nitrogen-containing 6-nenbered

aromatic ring, a 1,2-azole group, a 1, 3-azol e group,

stirfddtht 30PC! A2 AbBrsI" A¥Rr the stirrin dg Soluditewad giiet Gnto the mixture and
sem conductor material according to claim1, 15wherein

the tdrgani{playepmas emshechwathea sauratsd aquepnshealeticmpbsrdivm carbonate
o g Y5085, A SR B, sl B o o
orghit Nled td BIXthy: lorgaif} B9E0/ MF&WWB@?ZM%QﬁW& Sbfkected to
sucEig-n filtration to give a filtrate. The obtained filtrate was concentrated, and
purification by silica gel column chromatography was performed. The column
chromatography was performed first using hexane as a developing solvent and then
using a mixed solvent of hexane and ethyl acetate (hexane : ethyl acetate = 20 : 1) as a
developing solvent. The obtained fraction was concentrated and dried to give 4.9 g of
colorless oily substance in a yield of 65%.
[0528]
(iii) Synthesis of 4'-(diphenylamino)biphenyl-2-boronic acid

A synthetic scheme of 4'-(diphenylamino)biphenyl-2-boronic acid is shown in
(C-3).
[0529]

-BULi/THF
Br Q ;;B(ollj\nék B(OH), Q
NC S “ ©3
[0530]

- Into a 300 mL three-neck flask were put a mixed solution of 4.9 g (12 mmol) of

4-(2-bromophenyl)triphenylamine and 100 mL of tetrahydrofuran (THF). After the
solution was degassed under low pressure, the atmosphere in the flask was substituted
by nitrogen. The solution was stirred at —78 °C for 20 minutes. After the stirring, 9.5
mL (15 mmol) of hexane solution of 1.55 mol/L of n-butyllithium was dripped with a
syringe, and the solution was stirred at =78 °C for 2 hours. After the stirring, 2.8 mL
25 inmol) of trimethyl borate was added to the mixture and the mixture was stirred at —
78 °C for 1 hour, and then was stirred for about 18 hours while the temperature of the
mixture was being gradually brought back to room temperature. After the stirring, to
this solution was added 50 mL of 1M dilute hydrochloric acid, and the solution was

stirred for 30 minutes at a room temperature. After the stirring, to this mixture was



10

15

20

Ari Ar2 (BOX1) wher ei n: Ari and Ar2 each

i ndependently represent a substituted or unsubstituted
wa@eylb/ogroeup having 6 to 13 ¢ r7bon atons; and 5POI/RR009/065373

each i ndependently represeﬂ% any of hydrogen, an al kyl

group having 1 to 4 carbon atons, an unsubstituted

aryl group having 6 to 10 carbon atons, or hal ogen. 5.

The organi ¢ sem conductor material according to claim

addéd dfyhecdats, Aid eafitlctionC athoathol adetate ewho pdedrhal. eakfier the
other directly or through sulfur, oxygen, or nitrogen. .
extgictiqhdhe pyfEastcd sobrtion grasrombinedayidh thorganie laypngnd washed with

briflscrf it varying, ros SR RERMGA el i RIFUE BRERHPo an
therorgamg &ayer.  After the drying, the mixture was subjected to suction filtration to
give a filtrate. The obtained filtrate was concentrated and recrystallized with a mixture
solvent of toluene and hexane to give 2.4 g of a powdery white solid in a yield of 55%.
[0531]
[Step 2: Synthesis of Z-DPhAO11]

A synthetic scheme of Z-DPhAO11 is shown in (E-2).

[0532]

B(OH), Q
NN//O @» O
O 'Pd(OAC), O O
) 2uKCOma 9
Br
DME o
(E-2) | @

Into a 100 mL three-neck flask were put 1.0 g (2.7 mmol) of

[0533]

2-(2'-bromobiphenyl-4-yl)-5-phenyl-1, 3, 4-oxadiazole which was synthesized in Step 1
of Synthesis Example 1, 0.97 g (2.7 mmol) of 4'-(diphenylamino)biphenyl-2-boronic
acid which was synthesized in Step 1 of Synthesis Example 2, 0.010 g (0.045 mmol) of
palladium(II) acetate, and 0.10 g (0.33 mmol) of tri(o-tolyl)phosphine. Into the
mixture were added 15 mL of 1,2-dimethoxyethane (DME) and 15 mL of a 2M aqueous
solution of potassium carbonate. After the mixture was degassed under low pressure,
the atmosphere in the flask was substituted by nitrogen. This mixture was stirred at

90 °C for 10 hours. After the stirring, toluene was added into the mixture, the mixture
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7. The organi c sem conductor material according to

claimd4, wherein the organi c sem conduct or
woraiie/2@b4 i s represented by %neral For mul a ( BEX2yp20607@h5373

WO 2010/ 027004PCT1JP20091068373 201 wher ei n

R11 to R2 each independently represent any of

hydr ogen, al kyl group having 1 to 4 carbon atons, or a

substituted or unsubstituted aryl group having 6 to 13

was Sépatited@ i@ Bn dgquous liaferodndadt Orgaridi 1@5aa“rdul¢d tHe oRRAGIEI1@fer was
according to claim7, wherein carbon of the

waghed avithea sathenteshiqueonsssaletinmeef s0diym far&ﬁaata agd bpigp iy thig order.
Afdf ﬂled{wlésgﬁ%é me gﬁﬁjnts ﬁ@%s%cﬂﬁﬁ 1n£'00?1 i g}ltésnﬁrﬁ%'}' fo dry the

sem condu eri a according to c
orgnﬁierla‘:)iel’l aAﬁar dging)fthd éxthenwaensutjeotgl whiushion Silbatived give a
and a carbon of the be%ene ring

&8 f‘&t@ﬁcﬁjjq’@flﬂ’ér&‘mugh Celite
(mahfdtachliEs 6 9ARD PuRECHERRAMGH AR LEL ) @Ataﬁgw 9519 6855) to give

claim?7, wherein RL to each are ogen.
a filtrete. orlj:}amctoanmmnd ot oy cmemratmlg the obtamedgflltr@tem'm purified

by g%iﬂt) /g6 el A Mrﬁg@%@g 53%(5 5%%‘3{n°9ﬁ8mato\§9phy was performed
first using toluene as a developing solvent and then using a mixed solvent of toluene
and ethyl acetate (toluene : ethyl acetate = 20:1) as a developing solvent. A solid
which was obtained by concentrating the obtained fraction was dissolved in chloroform
and purified by ‘ high performance liquid chromatography (HPLC). The
chromatography was performed using chloroform as a developing solvent. The solid
which was obtained by concentrating the obtained fraction was recrystallized with a
mixed solvent of chloroform and methanol to give 0.60 g of a powdery white solid in a
yield of 37%.

[0534]

Sublimation purification of 0.60 g of the obtained white solid was performed
by a train sublimation method. The sublimation purification was performed under a
reduced pressure of 7.0 Pa, with a flow rate of argon at 4 mL/min, at 230 °C for 18
hours. After the sublimation purification, 0.55 g of an objective compound was
obtained in a yield of 92%.

[0535]

The obtained compound was analyzed by nuclear magnetic resonance (NMR)
measurement, whereby it was confirmed that the compound was
4-[4"-(5-phenyl-1,3,4,-0xadiazol-2-yl)-[1,1':2",1""]terphenyl-2-yl]triphenylamine
(Z-DPhAO11).

[0536]

Hereinafter, the 'H NMR data is shown.

'H NMR (CDCls, 300 MHz): § = 6.44 (d, J = 8.8 Hz, 2H), 6.72 (d, J = 8.8 Hz,
2H), 6.86 (d, J = 8.8 Hz, 2H), 6.97-7.56 (m, 21H), 7.79 (d, J = 8.3 Hz, 2H), 8.09-8.13
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(OXD1) wherein Arli, Arl2, and Arl3 each
represent a substituted or unsubstituted aryl group
whaoo/groé4 t o 13 carbon atons. 513. The organi cPCT/JP2009/065373
sem conductor material accd®ding to claim 12,
wherein Arll and a carbon of a are bonded to each
other directly or through any of oxygen, sulfur, or
nitrogen. 14. The organi c sem conductor nateri al
(m, ording to claim12, 10wherein Aril and Arl2 are
borided to each other directly or through any of
[058%}ygen, sulfur, or nitrogen. 15. The organic

sem conduct ok i,al. accordi.n im

oner et ik TR B RAERUE T ERap L STe. Note that PG
515 SHvaSANEn®de & cepn@bwinghtRé Fanka ofl 6.5(fpDR) 8.5 ap@ in WL, S1A.

2010/ 027004PCT/ JP2009/ 065373 203 wherein R31 to

[0588] r epresent any of hydrogen, an alkyl group having 1

L gv i“'lr“]lge%gg%v%qugcrligg%enggloﬁgﬁﬂgSﬁafﬁ}se(q‘(‘?-b\’flA) g)[f.%ulperformed on
the obtained Z-DPhAOL11. The measurement performed using a
thermogravimetric/differential thermal analyzer (TG/DTA 320, manufactured by Seiko
Instruments Inc.) revealed that the 5% weight loss temperature was 395 °C. The glass
transition temperature of Z-DPhAO11, which was measured using a differential
scanning calorimetry (Pyris 1 DSC, manufactured by Perkin Elmer Co., Ltd.), was 99
°C. From these results, it was found that Z-DPhAO11 was a material having favorable
heat resistance.
[0539]
<Synthesis Example 3: Z-CzPBOx >

A synthesis method of

9-[4'""-(benzoxazol-2-yl)-[1,1":2',1":2",1"""|quaterphenyl-4-yl)]-9H-carbazole
(Z-CzPBOx) represented by Structural Formula (101) which is one of benzoxazole

derivatives described in Embodiment 2 will be described.

[0540)
o
©:N’ O O Q
W .
(101)
[0541]

[Step 1: Synthesis of 2-(2'-bromobiphenyl-4-yl)benzoxazole
[0542] ‘
(i) Synthesis of 4-iodobenzoylchloride
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16. The organic sem conductor material according to

cl aim 15, 5wherein a carbon of the benzene ring which
wo sotbprmded to R31 and a carbon of a are directPgT/iRR0eEEs373

to forma carbazole ring. 3¥ The organic

sem conductor material according to claim15,

wherein a carbon of the benzene ring which is bonded

to R35 and a carbon of 10 the benzene ring which is

bondg gyﬂtﬁes%lscﬁérﬁe of 4.96ddb¥nRRNAesHdeqs SIRJwh @ (PRIpazol e

ring. . The organi c sem conductor material according
Kﬁﬁﬁlclaln115 wherein Arl3 represents a

substituted or unsubstituted phenyl group or a

substituted or unsubstituted naphthyl group. 15 19.

The or iC (pnicqyg@géqunaterial aeordidg to claim

15|‘®%erei n Ar1% repngse phsyi t ut ed(D-1)

pheny oup n unsubstituted 1-nap yl oup, or an

unsubstitute&) - napht hyl group. 2020. The(%[ganic

sem conductor material according to claim15, wherein
[05#8h to R4 each are hydrogen. 21. A light-enitting

el enent .

or gantse SR BicHecl oA Lol pyeHEE (020 RRD, B iBthacpte and
wereaidded @0 @ pf thionyl chloride and 3 drops of N,N-dimethylformamide (DMF).

The mixture was stirred under a nitrogen gas stream at 80 °C for 3 hours. After the
stirring, thionyl chloride in the reaction solution was distilled under a reduced pressure
and removed to give a light-yellow oily substance.
[0545]
(ii) Synthesis of 4-iodo-N-(2-hydroxyphenyl)benzamide

A synthetic scheme of 4-iodo-N-(2-hydroxyphenyl)benzamide is shown in
(D-2).
[0546]

Cl THF

; 2 O
H,N OH ——< >-—<
|—©—(O 12 . | HN@ (D-2)
HO

[0547] ,

In a 300 mL three-neck flask were put 10 g (92 mmol) of 2-aminophenol and
7.0 mL of triethylamine and was added 100 mL of tetrahydrofuran (THF). The
solution was stirred at 0 °C for 20 minutes. After the stirring, a solution in which 0.10
mol of 4-iodobenzoyl chloride wa:ls dissolved in 100 mL of tetrahydrofuran (THF) was
dropped. The solution was stirred at 0 °C for 5 hours under a nitrogen stream. After
the stirring, the solution was added to about 300 mL of water and an aqueous layer of
the obtained mixture was extracted with ethyl acetate. After the extraction, the

extracted solution was combined with the organic layer and washed with 1 M
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represents an el ectron-accepting unit; and HA

WO epoes®m s a hol e-accept i nq unit. 22. A |i ght PEnIR20091®5373
el enent conprising: a pair 8t electrodes; and an
organi ¢ sem conductor nateri al represented by Cenera
Formula (BOX 1), (BOX1) 10wherei n: Arl and
Ar2 each independently represent a substituted or

hydi&%%ﬁé r.dlartaeéauaﬁtudr a%le@upsrﬁlﬁﬁd)rﬂgf fdien hidreaEDeb@ia@dEid brine
each |nde?endentgiwrepresent any

in tbrs drder ogdier tlemwashxryg r@ergmeumaw fatg was #lded datobe, organic layer
to @rgr g'ge nor§tanll<’l:n al)J/QrSti er & e%r\ﬂng %11?91\{4 s sr}b?ec}e% to suction
filtration through Celite (manufactured by Wako Pure Chemical Industries, Ltd.,
Catalog No. 531-16855) to give a filtrate. The solid, which was obtained by
condensation of the obtained filtrate, was recrystallized with a mixed solvent of ethyl
acetate and hexane to give 30 g of a powdery white solid in a yield of 97%.
[0548]
(iii) Synthesis of 2-(4-iodophenyl)benzoxazole

A synthetic scheme of 2-(4-iodophenyl)benzoxazole is shown in (D-3).

[0549]
o
I—@—( TsOH - H,0 o)
< 0 |4®_<\ D (D-3)
Toluene N
HO
[0550]

Into a 300 mL three-neck flask were put 15 g (44 mmol) of
4-iode-N-(2-hydroxyphenyl)benzamide and 24 g (0.14 mol) of para-toluenesulfonic
acid monohydrate and the atmosphere in the flask was substituted by nitrogen. 300
mL of toluene was added to the mixture. The mixture was stirred at 110 °C for 4 hours
under a nitrogen gas stream. After the stirring, the reaction mixture was added to
about 300 mL of water, and then the aqueous layer of the mixture was extracted with
ethyl acetate. After the extraction, the extracted solution was combined with the
organic layer and washed with a saturated aqueous solution of sodium hydrogen
carbonate and brine in this order. After the washing, magnesium sulfate was added
into the organic layer to dry the organic layer. After the drying, the mixture was
subjected to suction filtration through Celite (manufactured by Wako Pure Chemical
Industries, Ltd., Catalog No. 531-16855) to give a filtrate. The solid which was
obtained by concentrating the obtained filtrate was recrystallized with a mixed solvent
of ethyl acetate and hexane to give 11 g of a powdery white solid in a yield of 75%.
[0551]
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(wfs A% &quz -BRomdbf 915%236&95(&0@@ conpri sing a
I'ght-emtting ele rein the light-emtting
el en&ndynchetipr scheme (af pali-bomobiphehyletighberangazblams shown in
organi ¢ sem conductor material represented by Ceneral
(D-#prnul a

[0552]

0o (HO)ZB<:2Br
-O$0 - QrOSID e
N DME,2M K,CO;aq.,
Pd(OAc),, P(o tolyl)3
[0553]

Into a 100 mL three-neck flask were put 7.0 g (22 mmol) of
2-(4-iodophenyl)benzoxazole, 4.4 g (22 mmol) of 2-bromophenylboronic acid, 0.049 g
(0.22 mmol) of palladium(Il) acetate, and 0.46 g(1.5 mmol) of tri(o-tolyl)phosphine.
Into the mixture were added 60 mL of 1,2-dimethoxyethane (DME) and 30 mL of a 2M
aqueous solution of potassium carbonate. After the mixture was degassed under low
pressure, the atmosphere in the flask was substituted by nitrogen. This mixture was
stirred at 90 °C for 10 hours.  After the stirring, toluene was added into the mixture and
the organic layer was washed with a saturated aqueous solution of sodium carbonate
and brine in this order. After the washing, magnesium sulfate was added into the
organic layer to dry the organic layer. After the drying, the mixture was subjected to
suction filtration to give a filtrate. The obtained filtrate was subjected to suction
filtration through Celite (manufactured by Wako Pure Chemical Industries,' Ltd.,
Catalog No. 531-16855) to give a filtrate. The obtained filtrate was concentrated, and
purification by silica gel column chromatography was performed. The column
chromatography was performed first using a mixed solvent of chloroform and hexane
(chloroform : hexane = 1 : 4) as a developing solvent and then using a mixed solvent of
chloroform and hexane (chloroform : hexane = 1 : 1) as a developing solvent. An
obtained fraction was concentrated to give a solid. The obtained solid was
recrystallized with a mixed solvent of chloroform and hexane to give 2.2 g of a powdery
white solid in a yield of 29%.

[0554]
[Step 2: Synthesis of Z-CzPBOx]



10

15

20

(BOX 1), and Arl Ar (BOX1) wher ei n: Ari
and Ar2 each independently represent a substituted or
waieEoostons ut ed aryl 15 grou? having 6 to 13 carP@DmP2009/065373
at ons; and Rl to R4!¥hch independently
represent any of hydrogen, an al kyl group having 1 to
4 carbon atonms, an unsubstituted aryl group having 6
to 10 carbon atons, or hal ogen. WO
20104 QA RRARCHIAESODUPBTX/3 skn in (E-3) 25. An electric
devi ce having a display portion, the display portion
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el ectrodes; and B @ani ¢ seni conduct or

@erial repre ns Fo@g (OXD1), and
o)

O -

N=

Q Pd(OAc), g O O

P(o-tolyl)z

D MR QL
' N
>

Into a 200 mL three-neck flask were put 2.1 g (5.7 mmol) of

[0556]

2-(2'-bromobiphenyl-4-yl)benzoxazole which was synthesized in Step 1 of Synthesis
Example 3, 2.0 g (5.7 mmol) of 4'-(9H-carbazol-9-yl)biphenyl-2-boronic acid which
was synthesized in Step 2 of Synthesis Example 1, 0.020 g (0.089 mmol) of
palladium(II) acetate, and 0.20 g (0.65 mmol) of tri(o-tolyl)phosphine. Into the
mixture were added 30 mL of 1,2-dimethoxyethane (DME) and 30 mL of a 2M aqueous
solution of potassium carbonate. After the mixture was degassed under low pressure,
the atmosphere in the flask was substituted by nitrogen. The mixture was stirred at
90 °C for 10 hours. After the stirring, chloroform was added into the mixture, and the
organic layer was washed with a saturated aqueous solution of sodium carbonate and
brine in this order. After the washing, magnesium sulfate was added into the organic
layer to dry the organic layer. After the drying, the mixture was subjected to suction
filtration to give a filtrate. The obtained filtrate was subjected to suction filtration
through Celite (manufactured by Wako Pure Chemical Industries, Ltd., Catalog No.
531-16855) to give a filtrate. The obtained filtrate was concentrated, and purification
by silica gel column chromatography was performed. The silica gel column
chromatography was performed by using toluene as a developing solvent. A solid

which was obtained by concentrating the obtained fraction was dissolved in chloroform
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and purified by high performance liquid chromatography (HPLC).  The
chromatography was performed using chloroform as a developing solvent. The solid
which was obtained by concentrating the obtained fraction was recrystallized with a
mixed solvent of chloroform and methanol to give 2.6 g of a powdery white solid in a
yield of 77%.

[0557]

Sublimation purification of 2.6 g of the obtained white solid was performed by
a train sublimation method. The sublimation purification was performed under a
reduced pressure of 7.0 Pa, with a flow rate of argon at 4 mL/min, at 250 °C for 15
hours to give 2.3 g of an objective compound in a yield of 88%.

[0558]

The obtained compound was analyzed by nuclear magnetic resonance (NMR)
measurement, whereby it was confirmed that the compound was
9-[4"""-(benzoxazol-2-yl1)-[1,1":2,1"":2" 1""|quaterphenyl-4-yl)]-9H-carbazole
(Z-CzPBOx).

[0559] .

Hereinafter, the 'H NMR data is shown. ‘

'H NMR (CDCls, 300 MHz) : § = 6.78 (d, J = 8.3 Hz, 2H), 6.87 (d,J = 8.3 Hz,
2H), 7.15-7.62 (m, 19H), 7.72-7.77 (m, 1H), 7.95 (d, J = 8.3 Hz, 2H), 8.16 (d,J = 7.8
Hz, 2H)

[0560]

Further, the '"H NMR chart is shown in FIGS. 52A and 52B. Note that FIG.
52B shows an enlarged chart showing the range of 6.5 ppm to 8.5 ppm in FIG. 52A.
[0561]

Thermogravimetry-differential thermal analysis (TG-DTA) was performed on
the obtained Z-CzPBOx. The measurement was conducted by using a high vacuum
differential type differential thermal balance (manufactured by Bruker AXS K.K,
TG/DTA 2410SA). When the measurement was carried out under a nitrogen stream
(flow rate: 200 mL/min) uﬂder a normal pressure at a temperature rising rate of
10 °C/min, it was found,‘ from the relationship between weight and temperature

(thermogravimetry), that the 5% weight loss temperature was 395.2 °C.
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[0562] '

In addition, a thermal property of Z-CzPBOx was measured using a differential
scanning calorimeter (DSC, manufactured by PerkinElmer, Inc., Pyris 1). First, a
sample was heated from —10 °C up to 350 °C at a temperature rising rate of 40 °C/min,
and then it was cooled down to —10 °C at 40 °C/min. After that, Z-CzPBOx was
heated up to 290 °C at a temperature rising rate of 10 °C/min, thereby obtaining a DSC
chart. The peak showing the glass transition temperature of Z-CzPBOx was observed
in the DSC chart and it was found that the glass transition temperature (7g) was 110 °C.
From the result, it was found that Z-CzPBOx has a high glass transition temperature.
Accordingly, it was confirmed that Z-CzPBOx in this synthesis example has high heat
resistance.

[0563] _
<Synthesis Example 4: Z- DPhABOx>

A synthesis method | of

4-[4"-(benzoxazol-2-yl)-[1,1":2,1""|quaterphenyl-2-yljtriphenylamine ~ (Z-DPhABOx)

which is represented by following Structural Formula (201) and which is one of the

- benzoxazole derivatives described in Embodiment 2 will be described.

[0564]
o .
@N o
o
(201)
[0565]

[Step 1: Synthesis of Z-DPhABOx]
A synthesis scheme of Z-DPhABOx is shown in (E-4).
[0566]
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o, OO @ s
Q Pd(OAC), g O O

P(o-tolyl)s

Br 2M K,COsaq.
DME
O

Into a 100 mL three-neck flask were put 1.0 g (2.9 mmol) of

[0567]

2-(2'-bromobiphenyl-4-yl)benzoxazole which was synthesized in Step 1 of Synthesis
Example 3, 1.0g (2.9 mmol) of 4'-(diphenylamino)biphenyl-2-boronic acid which was
synthesized in Step 1 of Synthesis Example 2, 0.010 g (0.045 mmol) of palladium(II)
acetate, and 0.10 g (0.33 mmol) of tri(o-tolyl)phosphine. Into the mixture were added
15 mL of 1,2-dimethoxyethane (DME) and 15 mL of a 2M aqueous solution of
potassium carbonate. After the mixture was degassed under low pressure, the
atmosphere in the flask was substituted by nitrogen. The mixture was stirred at 90 °C
for 10 hours. After the stirring, toluene was added into the mixture, and the organic
layer was washed with brine. After the washing, magnesium sulfate was added into
the organic layer to dry the organic layer. After the drying, the mixture was subjected
to suction filtration to give a filtrate. The obtained filtrate was subjected to suction
filtration through Celite (manufactured by Wako Pure Chemical Industries, Ltd.,
Catalog No. 531-16855) to give a filtrate. The obtained filtrate was concentrated, and
phrification by silica gel column chromatography was performed. The column
chromatography was performed first using a mixed solvent of toluene and hexane
(toluene : hexane = 1:1) as a developing solvent and then using toluene as a developing
solvent. The solid which was obtained by concentrating the obtained fraction was
recrystallized with a mixed solvent of chloroform and methanol to give 1.0 g of a

powdery white solid in a yield of 61%.
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[0568]

Sublimation purification of 1.0 g of the obtained white solid was performed by
a train sublimation method. The sublimation purification was performed under a
reduced pressure of 7.0 Pa, with a flow rate of argon at 4 mL/min, at 230 °C for 20
hours to give 0.84 g of an objective compound in a yield of 84%.

[0569]

The obtained compound was analyzed by nuclear magnetic resonance (NMR)
measurement, whereby it  was confirméd that the compound is
4-[4"-benzoxazol-2-y1)-[1,1":2',1""] quaterphenyl-2-yl]triphenylamine (Z-DPhABOx).
[0570] _

Hereinafter, the 'H NMR data is shown.

"H NMR(CDCls, 300 MHz) : 8 = 6.45 (d, J = 8.3 Hz, 2H), 6.71 (d, J = 8.3 Hz,
2H), 6.85 (d, J = 8.3 Hz, 2H), 6.98-7.17 (m, 7H), 7.23-7.57 (m, 14H), 7.71-7.75 (m, 1H),
7.92 (d,J = 7.8 Hz, 2H)

[0571]

Further, the 'H NMR chart is shown in FIGS. 53A and 53B. Note that FIG.
53B shows an enlarged chart showing the range of 6.5 ppm to 8.5 ppm in FIG. 53A.
[0572]

In addition, a thermal property of Z-DPhABOx was measured using a
differential scanning calorimeter (DSC, manufactured by PerkinElmer, Inc., Pyris 1).
First, a sample was heated from -10°C up to 350°C at a temperature rising rate of
40°C/min, and then it was cooled down to -10°C at 40°C/min. After that,
Z-DPhABOx was heated up to 290°C at a temperature rising rate of 10°C/min, thereby
obtaining a DSC chart. The peak showing the glass transition temperature of
Z-DPhABOx was observed in the DSC chart and it was found that the glass transition
temperature (7g) was 98.4 °C. From the result, it was found that Z-DPhABOx has a
high glass transition temperature. Accordingly, it was confirmed that Z-DPhABOx in

this synthesis example has high heat resistance.

This application is based on Japanese Patent Application serial no.

2008-229129 filed with Japan Patent Office on September 5, 2008, the entire contents
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of which are hereby incorporated by reference.
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CLAIMS

1. An organic semiconductor material represented by General Formula (G1):

2O
WaWal

(G1)

wherein:
Ea represents an electron-accepting unit; and

Ha represents a hole-accepting unit.

10 2. The organic semiconductor material according to claim 1,
wherein E4 represents any one of a nitrogen-containing 6-membered aromatic

ring, a 1,2-azole group, a 1,3-azole group, and a polyazole group.

3. The organic semiconductor material according to claim 1,

15 wherein the Ha represents a m-electron rich heteroaromatic substituent or a

diarylamino group.

4. An organic semiconductor material represented by General Formula

(BOX1):
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(BOX1)

wherein:
Ar' and Ar® each independently represent a substituted or unsubstituted aryl
group having 6 to 13 carbon atoms; and :
5 R! to R* each independently represent any of hydrogen, an alkyl group having
1 to 4 carbon atoms, an unsubstituted aryl group having 6 to 10 carbon atoms, or

halogen.

5. The organic semiconductor material according to claim 4,
10 wherein Ar' and a carbon of a are bonded to each other directly or through

sulfur, oxygen, or nitrogen.

6. The organic semiconductor material according to claim 4,
wherein Ar' and Ar” are bonded to each other directly or through sulfur, oxygen,

15  or nitrogen.

7. The organic semiconductor material according to claim 4,
wherein the organic semiconductor material is represented by General Formula

(BOX2), and
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R 12 13
R2 N R R
O S

R R

RS O

R4 o R15
()N o
R16 R19

(BOX2) "RV R18

wherein R" to R® each independently represent any of hydrogen, alkyl group
having 1 to 4 carbon atoms, or a substituted or unsubstituted aryl group having 6 to 13

carbon atoms.

8. The organic semiconductor material according to claim 7,
wherein a carbon of the benzene ring which is bonded to R'! and a carbon of o

are directly bonded to each other.

10 9. The organic semiconductor material according to claim 7,
wherein a carbon of the benzene ring which is bonded to R' and a carbon of

the benzene ring which is bonded to R® are directly bonded to each other.

10. The organic semiconductor material according to claim 7,

15 wherein R’ to R* each are hydrogen.

11. The organic semiconductor material according to claim 7,

wherein R to R* each are hydrogen.

20 12. An organic semiconductor material represented by General Formula .

(OXD1):
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(OXD1)

wherein Ar'!, Ar'%, and Ar" each represent a substituted or unsubstituted aryl

group having 6 to 13 carbon atoms.

5 13. The organic semiconductor material according to claim 12,
wherein Ar'! and a carbon of o are bonded to each other directly or through

any of oxygen, sulfur, or nitrogen.

14. The organic semiconductor material according to claim 12,
10 wherein Ar'! and Ar'? are bonded to each other directly or through any of

oxygen, sulfur, or nitrogen.

15. The organic semiconductor material according to claim 12,
wherein the organic semiconductor material is represented by General Formula

15 (OXD2), and

IO g,

| 31
Ar13J\O o R R34
OO =
R36 R40
37 ng

(OXD2) R™ Ros
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wherein R*! to R* represent any of hydrogen, an alkyl group having 1 to 4

carbon atoms, or an unsubstituted aryl group having 6 to 13 carbon atoms.

16. The organic semiconductor material according to claim 15,
wherein a carbon of the benzene ring which is bonded to R’! and a carbon of o

are directly bonded to form a carbazole ring.

17. The organic semiconductor material according to claim 15,
wherein a carbon of the benzene ring which is bonded to R*® and a carbon of

the benzene ring which is bonded to R* are directly bonded to form a carbazole ring.

18. The organic semiconductor material according to claim 15,
wherein Ar'® represents a substituted or unsubstituted phenyl group or a

substituted or unsubstituted naphthyl group.

19. The organic semiconductor material according to claim 15,
wherein Ar" represents a substituted phenyl group, an unsubstituted 1-naphthyl

group, or an unsubstituted 2-naphthyl group.

20. The organic semiconductor material according to claim 15,

wherein R*! to R*” each are hydrogen.

21. A light-emitting element comprising:
a pair of electrodes; and

an organic semiconductor material represented by General Formula (G1),
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wherein:
E4 represents an electron-accepting unit; and

Ha represents a hole-accepting unit.

5
22. A light-emitting element comprising:
a pair of electrodes; and
an organic semiconductor material represented by General Formula (BOX1),
R1
RZ N
O~
R3 s O o Ar1
) DaWa
Ar?
(BOX1)
10 wherein:
Ar' and Ar’ each independently represent a substituted or unsubstituted aryl
group having 6 to 13 carbon atoms; and
R’ to R? each independently represent any of hydrogen, an alkyl group having
1 to 4 carbon atoms, an unsubstituted aryl group having 6 to 10 carbon atoms, or
15  halogen.

23. A light-emitting element comprising:

a pair of electrodes; and
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an organic semiconductor material represented by General Formula (OXD1),

O

13
Ar a Al

AN,

Ar

(OXD1)

wherein Ar'!, Ar'?, and Ar" each represents a substituted or unsubstituted aryl

group having 6 to 13 carbon atoms.

5
24. An electric device having a display portion, the display portion comprising
a light-emitting element, _
wherein the light-emitting element comprises:
a pair of electrodes; and
10 an organic semiconductor material represented by General Formula
(BOX1), and
R’
R2 N
)
R3 O o 1
4 Ar
R /
N\
Ar?
(BOX1)
wherein:

Ar' and Ar® each independently represent a substituted or unsubstituted aryl

15  group having 6 to 13 carbon atoms; and
R! to R* each independently represent any of hydrogen, an alkyl group having
1to4 carbon atoms, an unsubstituted aryl group having 6 to 10 carbon atoms, or

halogen.
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25. An electric device having a display portion, the display portion comprising
a light-emitting element,
wherein the light-emitting element comprises:
5 a pair of electrodes; and

an organic semiconductor material represented by General Formula

(OXD1), and
)
Ar3” 70 CRNC
/
)N
“Art2

(OXD1)

wherein Ar'!, Ar'?, and Ar"® each represents a substituted or unsubstituted aryl

10  group having 6 to 13 carbon atoms.



