HETEROCYCLI C COMPOUND, LI GHT- EM TTI NG ELEMENT, LI GHT-EM TTI NG DEVI CE,
ELECTRONI C DEVI CE, AND LI GHTI NG DEVI CE 5BACKGROUND OF THE | NVENTI ON 1.
Field of the Invention [0001] The present invention relates to a
het erocyclic conpound, a light-emtting elenent, a light-emtting device,
an electronic device, and a lighting device. 10 2. Description of the

Rel ated Art [0002] In recent years, research and devel opnent have
been extensively conducted on light-emtting elenments utilizing

el ectrol um nescence g%li? In the basic structure of 15 such a
li ght - eni tting BEBRRRICYQAGGEOMRAHND, MeYTEMIFRING BLEMEYTsubst ance i s

nter posed. betemamaPRivGHEVICES FistamoRIc MENIRIS ARPLIGAY TR 1O 1 °

el enent, light em ssion fromthe t-emtting stance can be obt ai ned.
[ 0003] Since such light-emitting ellEeIIE are sel f-1um nous el ements, they
have 20 advantages over liquid crystal displays in having high pixel
visibility and elimnating the need for backlights, for exanple, thereby

bei ng donsi dered as sui t FACKEGROUNIMOFJHRINVENBION el enent s.

Li ght -em tlt%%gjcﬁjtl? n%riioare al so highly advantageous in that they can be
thin and Irgh meid% Y*'EGPt her nor e, very hi gh speed response is one of the
features dg00Elch el ements. 25[ 0004] Furt hernore, since such
light-emtting enents .can _be formed ip a fil.mform they nmake .it possible
o br ovi de. pl aniPS PTG BHGSE SHStAde  Hitfigraytic sP BBty arlg RS ar ge. ar ca
can be easddnynt, anightemifitigiielise,ankRafreHiedslidef dnaul lightifs @i N Wi th poi nt

| i ght zjources typi fied by incandescent |anps and LEDs or |inear |ight

sour cé typified by 30fluorescent |anps. Thus, light-emtting el enents al so

have greaty pRiepliboés BSRALRAAL | | ght sources applicable to lightings and
the |ike. [0002]
In recent years, research and development have been extensively conducted on
light-emitting elements utilizing electroluminescence (EL). In the basic structure of
15 such a light-emitting element, a layer containing a light-emitting substance is interposed
between a pair of electrodes. By voltage application to this element, light emission
from the light-emitting substance can be obtained.
[0003]
Since such light-emitting elements are self-luminous elements, they have
20  advantages over liquid crystal displays in having high pixel visibility and eliminating
the need for backlights, for example, thereby being considered as suitable for flat panel
display elements. Light-emitting elements are also highly advantageous in that they
can be thin and lightweight. Furthermore, very high speed response is one of the
features of such elements.
25 [0004]
Furthermore, since such light-emitting elements can be formed in a film form,
they make it possible to provide planar light emission. Accordingly, elements having a
large area can be easily formed. This is a feature difficult to obtain with point light
sources typified by incandescent lamps and LEDs or linear light sources typified by
30 fluorescent lamps. Thus, light-emitting elements also have great potential as planar
light sources applicable to lightings and the like.
f0005]



[ 0005] Such light-emtting elenents utilizing el ectrolum nescence
can be broadly classified according to whether a |ight-emtting substance
is an organi c conpound or an inorganic conpound. In the case of an organic
EL element in which a | ayer containing an organi c conpound used as a

| ight-emtting substance is provided between a pair of 5 electrodes,
application of a voltage to the light-emtting el enent causes injection of
el ectrons froma cathode and holes froman anode into the |ayer containing
t he organic congound having a light-emtting property and thus a current
fl ows. The injectdd 1&“%‘%‘?‘@&5‘"%@%6‘%@“& H%ﬁ‘itrP]é%PeP‘Wé“’oP@hrli’Pc r@%ﬁ‘rﬁpound
having a |d1ﬁ§i‘%ie@ﬂacBPd1ﬂ'ggtoWh‘é@1%f 4 Mgtt@nditifg Satelah&Gs 8 8iginic WHRP&IM ok hght

em ssion is obtained fromthe excited organi c conpound 10having a

| i ght - eni tinprggpipeesmennd.  Ingipoepe of an org Ieséémtléep whigh @ l4y6¥ ¢AsgINYE an
organi ¢ copgy iagl i,Fed state.
Em'gssi on frorr’tnFtbe&glFbr?lgaﬁ %tﬁs egxaglgtlgggt %‘%gﬁglb%%qs glg)lvﬁigg%%bwggée éigr(t)ge and
em ssi on faeitrodése applicplicnt ofex apitagd tatthe égfqtﬂm)lttmg ed;fatlleinédalpbﬂ)sm@bmegﬁence. 15

In additio ti.Sti ' | ' ~emtting
el emont || lesyRCh & faftbhe o R b ndaBidyd dld ML Dahfld bd i1 |
conpound whimphusbhavérg 8 thtatrgiytingf ptap@tyngtdethuextcdmdt ﬂom e 'lihntiojebtb@ ht

em ssion (herein 9LE36¢ ound room
Cenper at urdetuoby g Bl A B B plen 3o Rplyn B0 TRE et CHROEIRHR S eocence)
i s not obslesraxeﬁbdvdmw evhareby ligh exsi$stm if bmamém&omltlmémtteceo«game@brqioahe

(fluorgscence) i.s obs rved. Therefore the internal quantum efficiency (the
ratioﬁjf Slbaﬁ é'i‘tl’@at'?)rﬂ tf%r%*teglnjected carriers) of a light-emtting

el ement usjoagsja fl uorescent corrpound is assuned to have a theoreti cal limt
of 25 % based on the rati o of Stot whj ch |sréf3 25% 084
contrast, in a cOWFHIRGSHIRITEMeE oy 7R Praenissapgorrgrean b 2 pigplet cxalied “it%‘c’i state

into |i 9htoreﬁntﬁﬁlbp@x&t@@rs%lt@afﬁlﬁirssmﬁ ef ot NRd siPleP SxdeBNARONBNERCEIMED
conpound), em ssion fromthe triplet excited state (phosphor escence) is

observed. fgrdsbance, and emlqamofxpho&leyqéﬁtemmmmﬂ ) isicalted nhntpépmn@m crossing
(i.e. a [o Lo SXG ited.state ri xcited state)
easi | yf%ccqarsdﬂf %ent%#lgr’t{g;fﬁ Gant u lon i |t§f’r§cr’tcy canolgee |trttc eea%néettt% 75 %to
100 % i n tdeasitiared forbe@b idlowsos R =~ I.Bte eni ssion efficiency can be three to
four ti rre[z (?7 much as that of a fluorescent conmpound. For this reason,
light-emt P 3 el ements usi ng phosphorescent conpounds are now under active

devel opment in @ defontpPusic dhichCcdavalY ¥nedyf b b &itigldti &bkedesthik tihiddlighk enent s.
[0009] 5When a light-enmtting |layer of alight-emtting elenment is forned
using a emission (hereinafter, referred to as a fluorescent compound), at room temperature,
20  emission from the triplet excited state (phosphorescence) is not observed while only
emission from the singlet excited state (fluorescence) is observed. Therefore the
internal quantum efficiency (the ratio of generated photons to injected carriers) of a
light-emitting element using a fluorescent compound is assumed to have a theoretical
limit of 25 % based on the ratio of $” to T which is 1:3.
25  [0008]
In contrast, in a compound which converts energy of a triplet excited state into
light emission (hereinafter, referred to as a phosphorescent compound), emission from
the triplet excited state (phosphorescence) is observed. Further, in a phosphorescent
compound, since intersystem crossing (i.e. transfer from a singlet excited state to a

30  triplet excited state) easily occurs, the internal quantum efficiency can be increased to

75 % to 100 % in theory. In other words, the emission efficiency can be three to four



phosphor escent conpound descri bed above, in order to suppress concentration
quenchi ng or quenching due to triplet-triplet annihilation in the
phosphorescent conpound, the light-emtting layer is often fornmed such that
t he phosphorescent conpound is dispersed in a matrix of another conpound.
Here, the conpound serving 10 as the matrix is called a host material, and
the conpound di spersed in the matri x, such as a phosphorescent conpound, is
called a guest material. [0010] In the case where a phosphorescent
conmpound is a guest material, a host material needs to have higher triplet
exci t at i orfiiePgiuetnay dhagef aefuqresrenti qomponrnt e Fosis ieasan alighteowttingt at e and

a triplet gonchntafingtib&hofd@: {MHRRASRE 5 SH é}tacﬁwmueg?ﬁt% bider

Furthernore, since singlet excitation energy (an energy erence between
a ground stﬁéﬁaéz%lngﬂﬂaeaﬁwgtieaht@mraa@demctm-e) is higher than triplet
excitatioqogﬁ&rgy, a substance that has high triplet excitation energy al so
has high singlfet excitation energy. 20Therefore the above substance that
has hi gh tripl eWhera lightiemittiopdaypy df s Hkkteemdfting odlémvant iin farmieid gistngeari t t i ng

el ement usj r a light-emtting substance. [0012]
Studi s hatDhpieiceHC I GREEMy SOTRRUE eR% i GRRS BT BB oS HBRE | ne

ri ngs, whiqubnchimg ex agpphohigoflud he thipkt-triphit esnnitlilatisre dn whe npl@syhbasghor escent

conmpound 25is a guest. material, (e.g.,.see Patent cupents and 2).

[ Ref er encés ]npf”t%!lg% E’§F§Wmﬁ§cﬁ%gng t_'lt?tenP(gﬁm‘Ie W Ahatoths) phlgfﬂjh"feéﬁeflf on No.
03/ 058667 cempeud iDoBpureidtin 2 madipef s tePttupoahtd HRaé,ehd codphhdadvign No.
2007- 11%90%]3' tl?eomast%% (I::gﬁeg; h-cl)l_tﬁna{té\r'};/a ,’\glldcgl\é lo?r%]éﬂd dispersed in the matrix, such

as a phosphorescent compound, is called a guest material.
{0010]
In the case where a phosphorescent compound is a guest material, a host
material needs to have higher triplet excitation energy (a larger energy difference
15  between a ground state and a triplet excited state) than the phosphorescent compound.
[0011]
Furthermore, since singlet excitation energy (an energy difference between a
ground state and a singlet excited state) is higher than triplet excitation energy, a
substance that has high triplet excitation energy also has high singlet excitation energy.
20 Therefore the above substance that has high triplet excitation energy is also effective in
a light-emitting element using a fluorescent compound as a light-emitting substance.
[0012]
Studies have been conducted on compounds having dibenzo[f,h]quinoxaline
rings, which are examples of the host material used when a phosphorescent compound
25 is a guest material (e.g., see Patent Documents 1 and 2).
[References]
[0013]
Patent Document 1: PCT International Publication No. 03/058667
Patent Document 2: Japanese Published Patent Application No, 2007-189001
30
SUMMARY OF THE INVENTION
[0014]



However, the above conpounds havi ng di benzo[f, h]quinoxaline rings have a
pl anar structure, and accordingly, these conpounds are easily crystallized.
Alight-emtting el enment using a conpound that is easy to crystallize has a
short lifetine. Further, if another skeleton is directly bonded to the

di benzo[f, h]quinoxaline ring so that 5 the conpound has a

three-di nensionally bul ky structure, the conjugated system coul d possibly
extend to cause a decrease in triplet excitation energy. [0015]

Further, in order to realize a light-emtting device, an electronic device,
and a |ighting HEVFY®E BachowrArmgurtdieeg dikrRerl kigrisaraknr sinenARvert gh

reliabilityanap slxﬂacmiel CHla- %Ebkﬁﬁggg fkmesh &ﬁ&\ié NGe |é&¥,\ll)drdr%tdil&eé10| tage, a
light-enitting el enent having high curren? ficiency, or ight-emtting

el ement hdighhemidtingofement paipg Prﬁomﬁ‘%}’é‘dﬂ’éf’érlﬁ @ﬁqurwalhfeo@w]shmﬁé&@mr e an
obj ect of wng.eFaAdhdRr V\#}let&f) difec t?o%ﬁéﬁ to tﬂé’cﬁgédzgﬂh%q%ﬂo‘;?aime%flEQ§ﬂﬁt 15 novel

het erocycli ¢ cobnpound e used for a ting elenent, as a
host net erthakomgound |hasgmthrefmhmens1gxaﬂimbsﬂ<y| Sﬁ’uwm‘ecﬁleevohjugmd gisfert ¢awdd subst ance

i s disper ﬁ’?ﬁs&“g@x‘%k 'cﬁﬁge%rdecr@as Vﬁ %Q&y }gg'hcorrpound whi ch can be

suitably ost naterla orescent conpound is used
as a |ight@em]tti ng substance. [0017] 20Another obj ect of one enbodi nent of

the present | v eIAL9aiokick % REA e iRk SSILL b O RUSTRc A 19 Tow

driving voltage er o Ones enbodr ren present
i nventi on lightihg deviow i ceh ahakrmghtedemlt powg edmumpiionhand rigghhirgtabiity, r €nt

ef ficigncy. ,Anot her of . one. enbo present invention is to
o ovt o o gt GTER § Rerd Sy S e R ROLEe Pisg v e ootk i hor

obj ect of «fRent2bfficRABO tirn® NighOémittiey Breﬁﬁﬁtnhaﬂulig\/anldngnhfbﬁmé ChaPé (iéksle a
light-emtting device, an electronic device, and a |ighting device each
havi ng reddé ower consunption by use of any of these light-emtting

el ements. [pOFI8] A conpound with a quinoxaline skeleton has a high

el ectron-transport property, 30 and use of such a conpound for a
light-emtting &he rﬁar\e%%rfegorter?@b@fi@rﬁémf tP%PWWéIWVE‘WOGrW%H’i@V‘%‘Hage

Howevers,  aoQbll RRRX@lybIREcodtiRlfd ARich@sn Be Qsleéfl“@{ a ﬁélﬁ-léﬁﬁt’dﬁ@ elex%bﬁ‘tcﬁ‘s #ng&pnpound
havi ng a pl anar structure is easily crystallized formed into a film

use of sueﬁeréal@ér&pléﬂbﬁ@nﬂmg laygfhin which taulrﬂ@t-@némse@stéwgéshsm%%ll@nents to
have a sh ah c%laL Lélf’fﬁterfgrpﬁé‘c% Iﬁ‘ﬁwﬁ‘mﬂUAM%h&flgu%a%'sﬁthBﬁ ﬁla?era?or at

accepting en a conpoun at cannot easi accept es is used as
a host matlerwhaih &Ifhosphbregttmt@mnounﬁg usedasra lighhemittagi sobstaske.el ect r on- hol e
reconbinaHbgp”concentrates on an interface of the

20 Another object of one embodiment of the present invention is to provide a
light-emitting element having low driving voltage. Yet another object of one
embodiment of the present invention is to provide a light-emitting element having high
current efficiency. Another object of one embodiment of the present invention is to
provide a light-emitting element having a long lifetime. Still another object of one

25 embodiment of the present invention is to provide a light-emitting device, an electronic
device, and a lighting device each having reduced power consumption by use of any of
these light-emitting elements.

[0018]
A compound with a quinoxaline skeleton has a high electron-transport property,

30  and use of such a compound for a light-emitting element enables the element to have
low driving voltage. However, a quinoxaline skeleton has a planar structure. Since a

compound having a planar structure is easily crystallized when formed into a film, use



5 light-emtting layer, leading to a reduction in the lifetine of the
light-emtting elenent. It is likely that these problens wll be solved by
i ntroduction of a hole-transport skeleton into the nolecule. However, if a
hol e-transport skeleton is directly bonded to a quinoxaline skeleton, the
conj ugated system extends to cause a decrease in band gap and a decrease in
triplet excitation energy. 10[ 0019] Nevert hel ess, the present
inventors have found that the above problens can be solved by using, for a
l'ight- enlttlnahelenent a conmpound in which a dlbenzo& gqU|noxaI|ne ring
and a hol @fsPeha perRousd dprelighireniting elaments easeugR clemen Aee yEti? 15[ 0020]

One enbodi e, OfFukfanRFe SCRind@HRNR & Sook 1 *a&cesmg héig_QUER!

i ncl udi ng a conpound in which a benzo[ M qui noxal i he T1ng and

hol e- transc;gmpﬂu@ktéatétawt&aselywméholﬁwou aSamh@t yateriel ofrolight- e{m}@@g] 20A
conmpound gppl.i v

hol e- trans%g#tﬁgé& g?gﬁeﬁnigg%ﬂg?%ﬁﬁ%ghg&h? Nnzo ﬁ}%g%g nggﬁﬁa maki ng

it easy tdightemitinghlayessleadiegioradiedigitipn ithihe duﬁfﬂlmﬂof’tth@hgiﬁprngi elament. host
mat eri al e t Wi e I ine,.in the
l'i ght-em tE 1@1&{:12*1 at {%Ste ft)rﬁglellrg &lhsbep%)(gg%({)pg%{ltg&gﬁ%glr g@% 1% Frrt(:)Pegr ease in
the lifet |skdeioﬁ uttb}élelm@mmeemﬁotwmq, Jélaé:nbmanspo%skﬁctohhedmtlg botided to
|ntroduct|oqmgg f %BF ort skel Fton e g es thgk Q% q?d to have a

t hr ee- di mEnSIEAAMS® gt eSSy SERFHNE OHBsUh T o I gm 1o
crystal I | mdmﬁd&?ezfseﬁmmﬂletéﬁcﬁawonfmbﬂgy By the use of the conmpound for a
Iight Qw@ el enent, the elenent can have a long lifetinme. Mreover, in
this ch J since a di benzo[fh]quinoxaline ring and a hol e-transport

skel eton ar e bondegthelRis) U@ hréstnt itEnfY hA8 €oGiAhR thel Rk € pHBRmsRaPBOd gap and
triplet ex0|t tion energ can_be prevented as conpared with a conmpound in

whi ch a disB®¥FR%opY, “HP&Ulbe%l#ﬁ@“??ﬁﬂgaﬁ&“&nhoﬁefpﬁ@ﬁ@ﬁbr@-éﬂé@bt%n are
directly kgneest nBinbffind SheOhnd BEhAQIRAPHE sﬂc@le-toﬁ arE'lQJlﬂﬁecF@ﬂrB%gsi'Lngn ﬁl ement,

t he el ement can have high current efficiency.

conpound dedeqe BaP- above can be sui tably used as a naterlal for an organic
devi cgssughy a light-emtting el ement or an organic transistor. 5[0023]
As the hol'e-tfansport skeleton, a it-electron rich heteroaromatic ring is
preferable. As Pne embodimenttof dire pressht m@némaera)hgltt1emmt1nglglenwantoa¢lb<ang>l e ring,

a_di benzof ol whith § SHREHARLILSLARE fink 12 @mgra%gpg ﬂ?éeﬁt e L e

aryl ene group, any a su unsu ne group and a
substitutémn@ﬁ¢MNggb$tmyhn@ynm@blphenyldlyl group is preferable [ 0024]
Since a Iig@g-enitting el ement of one enbodi ment of the present invention
which is J 'ned as above has low driving voltage, high current
ef fici2ncy, andAacdmtgndnafpphwrm ofe | englotiingsfit toff | thE piSuntC vémisahhazsa an | mage
di'spl ay d%\/ trz?ns;lyjosrl Q(%leton in addition to a dibenzo[f,hlquinoxaline ring, making it easy to
accept holes. Accordingly, by use of the compound as a host material of a
light-emitting layer, electrons and holes recombine in the light-emitting layer, so that it
is possible to suppress the decrease in the lifetime of the light-emitting element.
25  Furthermore, the introduction of a hole-transport skeleton enables the compound to
have a three-dimensionally bulky structure, and the compound is difficult to crystallize
when formed into a film. By the use of the compound for a light-emitting element, the
element can have a long lifetime. Moreover, in this compound, since a
dibenzo[f;]quinoxaline ring and a hole-transport skeleton are bonded through an
30  arylene group, decreases in band gap and triplet excitation energy can be prevented as
compared with a compound in which a dibenzo[f,h]quinoxaline ring and a

hole-transport skeleton are directly bonded. By the use of the compound for a



15 light-emtting el enent can have reduced power consunption. Thus, one
enbodi nent of the present invention is a light-emtting device including
any of the above light-emtting elenments. One enbodi nent of the present
invention also includes an electronic device using the light-emtting
device in its display portion and a |lighting device using the

light-emtting device inits light-emtting portion. 20[0025] The
light-emtting device in this specification covers an inage display device
using a light-em tting el ement and al so the fol | owi ng devices: a nodul e

i ncl udi ng lghF prglinecsisragnt. e deraent pn hage Righ chrent eBisiseeY or such as an

ani sotropl[gomnductl ve film a TAB (tape automated bondi ng) tape, or a TCP
(tape carrier package) is attached; a 25 nodule in which the top of a TAB
tape or a TCP i $hy g@iceémowdtdﬁswbﬁduabrtV@cfaWP Pygblyoedias amatsaal fer ph whi ch an
| C (integr ) emtting el ement by
a COG (chl&éﬁ% &lvfa?g%cthtaé%% ?ﬂq%ng?&g%ﬁ%ﬂmrﬁgP%nﬁlt}éih%mérm tting device used
for a I3 gHPP33d device and the |ike. [0026] 30As the conpound in which a

ci penzol 1. N aut AR RSB R0l L L ABRSROG SRLEIANE! 8P qnded

t hrough an aryl ene Rét erocyctli ¢ conp él b gl ven.

[ 0027] g preferablee egbgt&b rmmlecefm tII‘Ikﬂl nfe%ﬁ@iﬁmatlﬁvﬁﬂgl Qn chx%a@}ld’lfﬁéhfgr oa:yc: ic
conpoun represente y CGeneral, Formul a el ow. 5 0028 em ca
Formul a 1] di Weif“’(awg{@(%b "“F‘PF ’@’i"Fé‘Fé’i“ngd?rﬁ)W’g e( Gi\)St eA?"Y HeHh8Y any of a
subst i t ut eg Psubsiated ri dnsiRGuid RAa%OLLp GAid®dRBubinfedof Lhdbfuted
unsubsti tuted di benzot hi ophenyl group, andpa substituted or unsubstituted
di benz¥f urtiphenyldivbeisur roreferapieg separately represent any of hydrogen, an
al kyl gro QOMW ng | to 4 carbon atons, and a substituted or unsubstituted
aryl group having 6 to 13 carbon atons, and Ar represents an arylene group
having 6 to 13 Salcmnhght@mﬁtmglqunw%n@ gmbedimentiyofthe @resent ioventior e

substi t Uenffen ﬁ%%ta&&g as above has low driving voltage, high current efficiency, and a long

lifetime, a light-emitting device (such as an image display device) using this
15 light-emitting element can have reduced power consumption. Thus, one embodiment
of the present invention is a light-emitting device including any of the above
light-emitting elements. One embodiment of the present invention also includes an
electronic device using the light-emitting device in its display portion and a lighting
device using the light-emitting device in its light-emitting portion.
20  [0025]
The light-emitting device in this specification covers an image display device
using a light-emitting element and also the following devices: a module including a
light-emitting element to which a connector such as an anisotropic conductive film, a
TAB (tape automated bonding) tape, or a TCP (tape carrier package) is attached; a
25  module in which the top of a TAB tape or a TCP is provided with a printed wiring
board; a module in which an IC (integrated circuit) is directly mounted on a
light-emitting element by a COG (chip on glass) technique; and further a light-emitting
device used for a lighting device and the like.
[0026]
30 As the compound in which a dibenzo[f,A]quinoxaline ring and a hole-transport

skeleton are bonded through an arylene group, a heterocyclic compound below can be



15substituents may be bonded to forma ring. [0030] Anot her

enbodi nent of the present invention is a heterocyclic conpound represented
by General Fornmula (&-1) below [0031] 20 [Chem cal Formula 2] [0032]

In General Formula (&2-1), Z represents oxygen or sulfur, R' to R19 and R21
to R27 separately represent hydrogen, an al kyl group having 1 to 4 carbon
atons, or a 5 substituted or unsubstituted awl group having 6 to 13 carbon
atons, and Ar represents an arylene group having 6 to 13 carbon atons. The
aryl ene group nmay have one or nore substituents, and the substituents may
be bonded &% orma ring. [0033] Anot her enbodi ment of the
present inggntion is a heterocyclic conpound 10 represented by General
Formul a (G2-2) below. [0034] [Chem cal Fornula 3] [0035] 15In General
Formul a (G2-2), Ome embqiimergnef B proser3vertjvar &t @l %etp@py@secmnnwdd ogen, an
al kyl groqgﬂggﬁ%gg %k%&aﬁhﬁﬁ&@Q@l?%&W@’ or a substituted or unsubstituted
aryl group havl ng % to 13 carbon atons, and Ar represents an aryl ene group
havi ng % ti8028 carbon atons. The aryl ene group may have one or nore

substi tue bstituents nmay be bonded to forma ring. [0036]
In GEneraﬁtﬁgPﬁaﬁgggﬁ%éTl) and (02-2), Ar is preferably any of a
substituted or unsubstituted phenykene group and a substituted or
unsubstituted bi phenyldiyl graqup, ipagticularly a substituted or

hernmore, Ar is nuch

R4 Sr—Ar-A
R15 Pu

N R!S
R16 R18

[0029]
In General Formula {G1), A represents any of a substituted or unsubstituted
10 carbazolyl group, a substituted or unsubstituted dibenzothiophenyl group, and a
substituted or unsubstituted dibenzofuranyl group, R'' to R'® separately represent any of
hydrogen, an alkyl group having 1 to 4 carbon atoms, and a substituted or unsubstituted
aryl group having 6 to 13 carbon atoms, and Ar represents an arylene group having 6 to
13 carbon atoms. The arylene group may have one or more substituents, and the
15 substituents may be bonded to form a ring.
[0030]
Another embodiment of the present invention is a heterocyclic compound
represented by General Formula (G2-1) below.
[0031]
20 [Chemical Formula 2]



S5preferably a substituted or unsubstituted m phenylene group so as to have
a high triplet excited energy level (Ti level). [0037] Anot her
enbodi ment of the present invention is a heterocyclic conpound represented
by General Fornmula (G3-1) below 10[0038] [Chemi cal Formula 4] R12R43 R
3R11 R42 R14 . 11N 1213 N R19 R4 R1IR18 R27 R26 (03-1) [0039] In Ceneral
Formula (G&3-1), Z represents oxygen or sulfur, R' to 1219, R21 to

(G2-1)

[0032]
In General Formula (G2-1), Z represents oxygen or sulfur, R'" to R' and R*' to
R?" separately represent hydrogen, an alkyl group having I to 4 carbon atoms, or a
5  substituted or unsubstituted aryl group having 6 to 13 carbon atoms, and Ar represents
an arylene group having 6 to 13 carbon atoms. The arylene group may have one or
more substituents, and the substituents may be bonded to form a ring.
[0033]
Another embodiment of the present invention is a heterocyclic compound
10 represented by General Formula (G2-2) below.
[0034]

[Chemical Formula 3]

{0035]

15 In General Formula (G2-2), R to R" and R* to R® separately represent
hydrogen, an alkyl group having 1 to 4 carbon atoms, or a substituted or unsubstituted
aryl group having 6 to 13 carbon atoms, and Ar represents an arylene group having 6 to
13 carbon atoms. The arylene group may have one or more substituents, and the

substituents may be bonded to form a ring.



15R27, and R41 to R44 separately represent hydrogen, an al kyl group having
1 to 4 carbon atons, or a substituted or unsubstituted aryl group having 6

to 13 carbon atons. [0040] Yet anot her enbodi ment of the present
invention is a heterocyclic conpound represented by CGeneral Formula (G3-2)
bel ow. 20[ 0041] [Chem cal Formula 5] (G3-2) [0042] I n General

Formula (G3-2), RHto R19, R31 to R38, and R4l to R44 separately represent
hydr ogen, an al kyl group having 1 to 4 carbon atonms, or a substituted or
S5unsubstituted aryl group having 6 to 13 carbon atons. [0043] The
above het dP®jclic conpounds are al so categorized as the already described
conpound i n whi | f I i,ne ri nd a.hol.e-transport

skel eton are bo%%g%e?ﬂrgg%ﬁ ea(gzgﬂg%#%@ggir’ouﬁs.prﬁigl%ggan%ﬁga%u i) {eﬁé’ﬁt of the
present 1Quswbssmtadqrhehylertchgour avka sulsstitutegihdr- wisitbstitungl Ebbawhliyligaalpudi ng any

of the abaove. het.erocycgli.c, co unds., Al s one e i rent of .the present
Chventi on DeBiPLY R i O PRI et AR ens e C P Bt A d moghy o
lightirsg desfeablyeaubstitited ocimgbstiged A @hénydeiie tgkoupGo @k @RIV a HigDdiblet 150ne
embodi nent_of the %eslle@i inﬁenti on can provide a novel heterocyclic
conpound HFPEH CEEY LS EEBY 2 light-emitting el ement, as a host materi al
of a lightjegsmtting layer in which a light-emtting substance is dispersed.

Anot her enbodi ment of the present invention can provide a light-emtting
el enent havi ng%WhB"r FPeliingy) fathe. Present gsrtinar isedribsgrasesiic efmroyad pr esent
i nventi on 5@Bschie@by dRn@adQrinh@hG3aybiibivng el ement having high current
efficiency. Still another enbodi nent of the present invention can provide a
I ight-lé’m' t[f)ﬁ)}% el enent having a long lifetime. By using the light-emtting
el enent, gpgLheh wERedisent of the present invention can provide a
light-em tting device, an electronic device, and a |lighting device each
havi ng reduced power consunpt’®on. 25 Rr#

R13 R‘H R42

(G3-1)
[0039]
In General Formula (G3-1), Z represents oxygen or sulfur, R"' to R!”, R* to
15 R¥ and R" to R* separately represent hydrogen, an alkyl group having 1 to 4 carbon
atoms, or a substituted or unsubstituted aryl group having 6 to 13 carbon atoms.
[0040]
Yet another embodiment of the present invention is a heterocyclic compound
represented by General Formula (G3-2) below.
20 [0041]

{Chemical Formula 5]



BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0045] FIGS. | A and I B each
illustrate a light-emtting el enent of one enbodi nent of the present
invention. 5FIGS. 2A and 2B each illustrate a light-emtting el enent of one
enbodi ment of the present invention. FIGS. 3A and 3B illustrate a
light-emtting device of one enbodi nent of the present invention.

FIGS. 4A and 4B illustrate a light-emtting device of one enbodi nent of the
10present invention. FIGS. 5A to 5D each illustrate an electronic
devi ce of one enbodi nent of the present invention. FIG 6
illustrates a liquid crystal display deyice of one enbodinent of the
present invention. 15FIG Z,4 | hr Les; a | /YT ng devi ce of one enbodi nent
of the present invention. FI'g i 5T ] ﬁghtlng devi ce of one
enbodi ment of the present Lmnwe howlHNMRchar t sof

2[ 3- (di benzot hi ophen- 4- yOpaen |ne(abbreV|at|on
2nDBTPDBg-11). 20FIGS. 10A a :
and an em ssion spectrum oR'a~toRifene solqﬁ
FIGS. 11A and 11B show respectR'Vely an abs i on spectrun1and an emi ssion

spectrumof a thin filmof 2nDBTPDBg-11. FIGS. 12Aand12BshowlHNVRchar t sof
(G3-2)

[0042]

In General Formula (G3-2}, R" to R”, R* to R*®, and R* to R* separately
represent hydrogen, an alkyl group having 1 to 4 carbon atoms, or a substituted or

5  unsubstituted aryl group having 6 to 13 carbon atoms.

[0043]

The above heterocyclic compounds are also categorized as the already
described compound in which a dibenzo[f,z]quinoxaline ring and a hole-transport
skeleton are bonded through an arylene group. Hence, one embodiment of the present

10  invention further covers a light-emitting element including any of the above
heterocyclic compounds. Also, one embodiment of the present invention covers a
light-emitting device, an electronic device, and a lighting device each including the
light-emitting element.

[0044]

15 One embodiment of the present invention can provide a novel heterocyclic
compound which can be used for a light-emitting element, as a host material of a
light-emitting layer in which a light-emitting substance is dispersed. Another
embodiment of the present invention can provide a light-emitting element having low
driving voltage. Yet another embodiment of the present invention can provide a

20 light-emitting element having high current efficiency. Still another embodiment of the
present invention can provide a light-emitting element having a long lifetime. By
using the light-emitting element, another embodiment of the present invention can
provide a light-emitting device, an electronic device, and a lighting device each having
reduced power consumption.

25

10



25244- ( 3, 6- di phenyl-9H car bazol - 9-yl ) phenyl ] di benzo[ a] qui noxal i ne( abbr evi at
ion: 2CzPDBg-1I11). FIGS. 13A and 13B show respectively an absorption
spectrum and an em ssion spectrum of a toluene solution of 2CzPDBqg-111.

FI GS. 14A and 14B show respectively an absorption spectrum and an em ssion
30 spectrumof a thin filmof 2CzPDBg-111. FIG 15 shows vol tage vs.
| um nance characteristics of light-emtting el enments of Exanple 3.

FIG 16 shows |um nance vs. current efficiency characteristics of the
light-emtting el ements of Exanple 3. FIG 17 shows results of
reliability tests of tHHBRIEFJMESEIPTION QFTEPRANVIDIGEXanpl e 3. 5FIG 18
illustrat ﬁ§0§ light-emtting el enent of Exanpl es.

FI GS. 19Aandl éshovleNl\/Rchartsof

2[ 4- (di benzot hi 6B¥edAkngd |l Beadnyibstditdehgi{eflitigg clansal of ned eblsdéuem bl on:
2DBTPDBg- 14 ) sresent invention, 1 3> 20A and 20B show respectively an absorption
spectrum and*an em ssion 10 spectrum of a toluene solution of 2DBTPDBqg-1I1.
FI GS. Z1A and 2FRi%Reavwnd @Bpadi illvataye atigladsitipg clomestpd ohd embaidderanf em ssi on
spectrum . & thin filmof 2DBTPDBg-11. FIGS. 22Aand22BshowlHNVRchar t sof

243" - (di bé %%YF??PE‘SH%WP&-W ) bi phenyl - 3-yl ] di benzo[ / h] qui noxal i ne( abbrevi ati o
n: 15 2nDBTBPDBEIGY.)3A and 3B ilfdstafie adipAt-anthing3®vER O ohe $RB6dinésd of tad
absorption spectrum and an em ssion spectrum of a toluene solution of
2nDBTBPDBAXSFUt Invention. oy o5 24A and 24B show respectively an absorption

spectrum and anfFriS. I f4 AP aGkiratdaQfghBehiting ddvicd @fone RBIBRPRY the
10 present invention.
FIGS. 5A to 5D each illustrate an electronic device of one embodiment of the
present invention.
FIG. 6 illustrates a liquid crystal display device of one embodiment of the
present invention.
15 FIG. 7 illustrates a lighting device of one embodiment of the present invention.
FIG. 8 illustrates a lighting device of one embodiment of the present invention.
FIGS. 9A and 9B show 'H NMR  charts  of
2-[3-(dibenzothiophen-4-yl)phenyl]dibenzo[f,#]quinoxaline (abbreviation:
2mDBTPDBg-II).
20 FIGS. 10A and 10B show respectively an absorption spectrum and an emission
spectrum of a toluene solution of 2mDBTPDBq-I1.
FIGS. 11A and 11B show respectively an absorption spectrum and an emission
spectrum of a thin film of 2mDBTPDBg-I1.
FIGS. 12A and 12B  show 'H NMR  chats  of
25  2-[4-(3,6-diphenyl-9H-carbazol-9-yl)phenyl]dibenzo[f,h]lquinoxaline (abbreviation:
2CzPDBg-11I).
FIGS. 13A and 13B show respectively an absorption spectrum and an emission
spectrum of a toluene solution of 2CzPDBq-II1.
FIGS. 14A and 14B show respectively an absorption spectrum and an emission
30 spectrum of a thin film of 2CzPDBgq-IIL.
FIG. 15 shows voltage vs. luminance characteristics of light-emitting elements

of Example 3.

il



20FI GS. 25Aand25Bshow HNVRchar t sof
243- (2, 8- di phenyl di benzot hi ophen- 4-yf| phenyl ] di benzo[ f, h] qui noxal i ne

(abbrevi ation: 2nDBTPDBg-111). FI GS. 26A and 26B show respectively an
absorption spectrum and an em ssion spectrum of a toluene solution of
2nDBTPDBg-111. 25FI GS. 27A and 27B show respectively an absorption spectrum

and an em ssion spectrumof a thin filmof 2nDBTPDBg-1I1 1

FI GS. 28Aand28Bshow HNVRchart sof 243

- (di benzot hi ophen- 4-yl ) phenyl] - 3- phenyl di benzo [ M qui noxal i ne(abbrevi ati on:
3Ph- 2nDBTPDBg- | FIG: 3D Fhaws égwaapm 3O grusRhy CHEigel t shpectpriglivs apk shpt i on
spectrum an. 1 .$S) | of a toluene solution of
3Ph-2nDBTgE%agﬁ?$ﬁ$%%%%&§§%§§%?ggBS show respectively an absorption

spect rum and anFEni Ksihows ropdst ofumelighlier tests of fthe helifengfing 241 RDBE- | | .

FI GS. 31Aa WLHNMRchar t sof

2- [ 3- (di benzot uran-4-yl) phenyl ] di benzo[ f h] qui noxal i ne(abbr evi ati on:
2nDBFPDBg- 1 1) . BEk GBilleAcamiiglB2BitihpeemespEéEsammésy an absor ption spectrum
and an em ssion ctr of a tol e sol uti ongof FPDBg- ) I .

FI GS. 33A and SEEﬁghomﬂg%spe%Fiveﬂgﬂan g%?ﬁrptﬁgn égggtrsﬁﬁg%d aﬁfenission
spect r um d-[4a(ditishzviiophen-atyl Dh&BHRDBoEol /2]quinoxaline (abbreviation:

2DBTPDBq-II).

FIGS. 20A and 20B show respectively an absorption spectrum and an emission
10 spectrum of a toluene solution of 2DBTPDBqg-I1.

FIGS. 21A and 21B show respectively an absorption spectrum and an emission
spectrum of a thin film of 2DBTPDBg-II.

FIGS. 22A  and 22B  show 'H NMR  charts  of
2-[3'-(dibenzothiophen-4-yl)biphenyl-3-yl]dibenzo[ £, #]quinoxaline (abbreviation:

15  2mDBTBPDBg-II).

FIGS. 23A and 23B show respectively an absorption spectrum and an emission
spectrum of a toluene solution of 2mDBTBPDBg-II.

FIGS. 24A and 24B show respectively an absorption spectrum and an emission
spectrum of a thin film of 2mDBTBPDBg-IL

20 FIGS. 25A and 25B show 'H NMR charts of
2-[3-(2,8-diphenyldibenzothiophen-4-yl)phenyl}dibenzo{f /A ]quinoxaline (abbreviation:
2mDBTPDBg-III).

FIGS. 26A and 26B show respectively an absorption spectrum and an emission
spectrum of a toluene solution of 2mDBTPDBqg-II1.

25 FIGS. 27A and 27B show respectively an absorption spectrum and an emission
spectrum of a thin film of 2DBTPDBg-11I.

FIGS. 28A and 28B show 'H NMR  charts  of
2-[3-(dibenzothiophen-4-yl)phenyl]-3-phenyldibenzo{f,A]quinoxaline {abbreviation:
3Ph-2mDBTPDBg-II).

30 FIGS. 29A and 29B show respectively an absorption spectrum and an emission
spectrum of a toluene solution of 3Ph-2mDBTPDBg-1I.

FIGS. 30A and 30B show respectively an absorption spectrum and an emission

12



FI GS. 34Aand34BshowlHNMRchar t sof

10243' - (9H car bazol - 9-yl ) bi phenyl - 3-yl ] di benzo[ f h] qui noxal i ne(abbr evi ati on:
2nmCzBPDBQ) . FI GS. 35A and 35B show respectively an absorption
spectrum and an em ssion spectrum of a toluene solution of 2nCzBPDBq.

FI GS. 36A and 36B show respectively an absorption spectrum and an em ssi on
15 spectrumof a thin filmof 2nCzBPDBg. FI GS. 37Aand37BshowlHNMRchart sof
243- ( 3, 6-di phenyl-9H- car bazol - 9-yl ) phenyl ] di benzo[ f h] qui noxal i ne(abbrevi at i
on: 2nCzPDBg-111). FI GS. 38A and 38B show respectively an

absor pt i orfPeqsaat ¢firthis Admah 3B BBIRDRY-Epect rum of a tol uene sol ution of

2mCzPDBg-I'11.  gigg.  FR{5 324 anq1$98 QW re ectﬂug{ﬁl y [gbsorption
spectrum and an em ssion spectrumof a thin filmof 2mCzPDBg-111.
Fl GS. 40AarkddoBdlhuzefipivRybahany Gdibenzo[f,z]quinoxaline (abbreviation:

214-(9- pheﬂﬁm%;-ﬂ?_}? arbazol - 3-yl ) phenyl ] di benzo[ Nqui noxal i ne( abbrevi ati on: 25
PCPDBq) . %gp 41A and 41 B show respectively an absorption spectrum
and an3em ssi onFEpeG2Aand 32B shavotesingvaphnishsormptiof sfeCRDBEnd an emissiod-| GS.  42A

a0 428, MU SERNE Vi, AAHEE Gy Spoctfum and,an, e on spect rum
243- (di benzot hi Bliten3AR-ayd }3b el leshdognstpMi sigoipriox glecmeh ahdieshasibon:
2nDBTPDBA) ¢ trum of a thin film of 2mDBFPDB-IL.

FIGS. 34A and 34B  show 'H NMR  charts  of

10 2-[3'-(9H-carbazol-9-yl)biphenyl-3-yl}dibenzo[fA]quinoxaline (abbreviation:
2mCzBPDBg).

FIGS. 35A and 35B show respectively an absorption spectrum and an emission
spectrum of a toluene solution of 2ZmCzBPDBg.

FIGS. 36A and 36B show respectively an absorption spectrum and an emission

15  spectrum of a thin film of 2ZmCzBPDBy.

FIGS. 37A and 37B  show 'H NMR  charts  of
2-[3-(3,6-diphenyl-9H-carbazol-9-yl)phenyli]}dibenzo[f,A]quinoxaline (abbreviation:
2mCzPDBg-III).

FIGS. 38A and 38B show respectively an absorption spectrum and an emission

20 spectrum of a toluene solution of 2mCzPDBq-III.

FIGS. 39A and 39B show respectively an absorption spectrum and an emission
spectrum of a thin film of 2mCzPDBq-II1.

FIGS. 40A and 40B show 'H NMR charts of
2-[4-(9-phenyl-9H-carbazol-3-yl)phenyl]dibenzo[f,#]quinoxaline (abbreviation:

25 PCPDBg).

FIGS. 41A and 41B show respectively an absorption spectrum and an emission
spectrum of a toluene solution of PCPDBgq.

FIGS. 42A and 42B show respectively an absorption spectrum and an emission

spectrum of a thin film of PCPDBgq.

30 FIGS. 43A and 43B  show 'H NMR  charts  of
2-[3-(dibenzothiophen-2-yl)phenyl]dibenzo[f,#]lquinoxaline (abbreviation:
2mDBTPDBq).

I3



FI GS. 44A and 44B show respectively an absorption spectrum and an em ssi on
spectrum of a toluene solution of 2nDBTPDB(Q. FI GS. 45A and 45B show
respectively an absorption spectrum and an em ssion spectrumof a thin film
of 2nDBTPDBq. 5FI G 46 shows voltage vs. |um nance characteristics of a

light-emtting el enent of Exanple 13. FIG 47 shows | um nance vs.
current efficiency characteristics of the light-emtting el enent of Exanple
13. FIG 48 shows results of reliability tests of the
light-emtting el ement of 10 Exanple 13. FIG 49 shows voltage vs.

| umi nance char aEl@}-i44iapd 448 show 1@@?@\% £ Fh99IPEP R RSHITD AndIREISEOn 4

FIG 50 s@?%maq@@%Sgﬁmoggfﬁgﬁgrpbﬁgm ency characteristics of the
l'ight-emt el enent of Exanple 14. 15FIG 51 shows results of

reliability tesﬂg%f‘ﬁt\ﬁéd Hﬁ%nlmvewﬁchf;wﬂjy@@mempemn@rmmsswn FI G
52 shows vgécé‘qjg{aof\ésthmlﬂﬁglo@aﬂé%-@gﬁ acteristics of a light-emtting el enent

of Exanpl e ows | um nance vs. current efficiency
char actderi st i csFHEE 46 kkov@Otaltggr vse hintinanae clsfrastrgisticsoff afighhgrhidtingslement FI G
54 shows V?f%%gﬁie‘ﬁ | um nance characteristics of a light-emtting el enent
of Exanpl e FI G 55 shows | um nance vs. current efficiency
characteri sti csFih tlheshloiwghtmrémﬂnt:«tivsg airente rtficdncExdnpiceridtcs 286Rh&G. 56

shows vol ta nm nan teristics of a light-emtting el enent of
Exanpl e 17hg%?emﬁtm%ﬁq@e"g9f§’f?8?ﬁi‘ ﬁCJm nance vs. current efficiency
characteristics FIG 4$hehdwsghesulenct kdliabiliel ersnét die Etaemitdang Alement of

FI G 5 ? tage vs. lum nance characteristics of a light-emtting
el eman]t 3 ’81‘“ Brhple 18. FIG 59 shows |umnance vs. current

ef ficiency char autapiskdwCrol@fe v RinihgldE cleididrisi@ Flagigném@ingErangt e 18.
of Example 14.
FIG. 50 shows luminance vs. current efficiency characteristics of the
light-emitting element of Example 14.
15 FIG. 51 shows results of reliability tests of the light-emitting element of
Example 14.
FIG. 52 shows voltage vs. luminance characteristics of a light-emitting element
of Example 15.
FIG. 53 shows luminance vs. current efficiency characteristics of the
20  light-emitting element of Example 15.
FIG. 54 shows voltage vs. luminance characteristics of a light-emitting element
of Example 16.
FIG. 55 shows luminance vs. current efficiency characteristics of the
light-emitting element of Example 16.
25 FIG. 56 shows voltage vs. luminance characteristics of a light-emitting element
of Example 17.
FIG. 57 shows luminance vs. current efficiency characteristics of the
light-emitting element of Example 17.
FIG. 58 shows voltage vs. luminance characteristics of a light-emitting element
30  of Example 18.
FIG. 59 shows luminance vs. current efficiency characteristics of the

light-emitting element of Example 18.

14



FIG 60 shows voltage vs. |um nance characteristics of a light-emtting

el enent of Exanple 19. FIG 61 shows | um nance vs. current

ef ficiency characteristics of the light-emtting el enent of Exanple 19.
5FI G 62 shows voltage vs. |um nance characteristics of a light-emtting
el ement of Exanple 20. FIG 63 shows | um nance vs. current
efficiency characteristics of the light-emtting el ement of Exanple 20.
FIG 64 shows current density vs. |um nance characteristics of
light-emtting 10 el ements of Exanple 21. - FIG 65 shows vol tage vs.
| uni nance char a&t@ 0P showssvalipge e lumingice ehfractansdcseif aright-emigingmlamgst e 21.
FIG 66 shywg.hpgiipance vs. current efficiency characteristics of the
light-emtting el ements of Exanple 21. 15FIG 67 shows voltage vs. current
characteristi csFBf fheshowghlumiranee | vig aimente sffcienty Exdmmgtesstts. oDREFAI LED

DESCRI PTI Cﬂ}ﬁ%ﬁ[ﬁ%ﬁp{%}%}%@@@@] 20Enmbodi nents of the present invention

w Il now be desc reference to the acconpanyi ng drawi ngs. Note

t hat tHe i nvent FEn 62 shovest vdltagd vsebintinanch chageswrisiigstdf @lighedoiningadbamdnt wi | | be
easily “”do?ﬁﬁﬁglgzﬁy those skilled in the art that various changes and
nodi fications can be made w thout departing fromthe spirit and scope of
the invention. FHeré3 oshewst heinaaventsi orurshio ekfitionoy Hercehsidsuefl tas bei ng

L AR R B e oo ng Erbodiment . (0047
enbodi nent of t FEG pHehent cumete dbhsdiy w4 lumilkicel eBaadi@ttes of light-emitting
10 elements of Example 21.
FIG. 65 shows voltage vs. luminance characteristics of the light-emitting
elements of Example 21.
FIG. 66 shows luminance vs. current efficiency characteristics of the
light-emitting elements of Example 21.
15 FIG. 67 shows voltage vs. current characteristics of the light-emitting elements

of Example 21.

DETAILED DESCRIPTION OF THE INVENTION
[0046)]

20 Embodiments of the present invention will now be described with reference to
the accompanying drawings. Note that the invention is not limited to the description
below, and it will be easily understood by those skilled in the art that various changes
and modifications can be made without departing from the spirit and scope of the
invention. Therefore, the invention should not be construed as being limited to the

25  description in the following Embodiments.

[6047]
(Embodiment 1)

In Embodiment 1, a heterocyclic compound of one embodiment of the present
invention will be described.

30 [0048]

One embodiment of the present invention is the heterocyclic compound

represented by General Formula (G1).

15



30[ 0048] One enbodi nent of the present invention is the heterocyclic
conpound represented by CGeneral Fornula (Gl). [0049] [Chem cal Fornula 6]
R12 (01) [0050] 5In CGeneral Formula (@), A represents any of a
substituted or unsubstituted carbazolyl group, a substituted or
unsubsti tuted di benzot hi ophenyl group, and a substituted or unsubstituted
di benzof uranyl group, R11 to R19 separately represent any of hydrogen, an
al kyl group having 1 to 4 carbon atons, and a substituted or unsubstituted
aryl group having 6 to 13 carbon atons, and Ar represents an aryl ene group
having 6 tlB9%813 carbon atons. The aryl ene group may have one or nore
substitueqt§mnﬁgq%hg@agﬁbstituents may be bonded to forma ring. [0051]
Anot her enbodi ment of the present invention is the heterocyclic conpound
represented by CGeneral Formula (@21) bel ow. 15[0052] [Chem cal Fornmula 7]
R13 R‘H

R O Na—nar-a
R Q N/ R‘IQ
R?G R18

R17
G1)

[0050]

5 In General Formula (G1), A represents any of a substituted or unsubstituted
carbazolyl group, a substituted or unsubstituted dibenzothiophenyl group, and a
substituted or unsubstituted dibenzofuranyl group, R" to R'® separately represent any of
hydrogen, an alkyl group having 1 to 4 carbon atoms, and a substituted or unsubstituted
aryl group having 6 to 13 carbon atoms, and Ar represents an arylene group having 6 to

10 13 carbon atoms. The arylene group may have one or more substituents, and the
substituents may be bonded to form a ring.
[0051]
Another embodiment of the present invention is the heterocyclic compound
represented by General Formula (G2-1) below.
15 [0052]

{Chemical Formula 7]

[0053]
In General Formula ((G2-1), Z represents oxygen or sulfur, R" to R'® and R*' to

20 R” separately represent hydrogen, an alkyl group having 1 to 4 carbon atoms, or a

16



[ 0053] In General Formula (&2-1), Z represents oxygen or sulfur,
RH to R19 and R21 to 20R22 separately represent hydrogen, an al kyl group
having 1 to 4 carbon atons, or a substituted or unsubstituted aryl group
having 6 to 13 carbon atonms, and Ar represents an arylene group having 6 to
13 carbon atons. The aryl ene group nmay have one or nore substituents, and
the substituents nay be bonded to forma ring. [0054] 5Anot her enbodi nent
of the present invention is the heterocyclic conpound represented by
General Formul a (GQ 2) bel ow. [0055] [Chem cal Formula 8 (&2-2) 10[ 0056]
I n Gener alSUps§iyas l@@ﬁmwwwdﬁndgeamﬁmgmaﬁdORérmﬂ@nmeews nfeprejentepr esent
hydrogen, aan ﬂéy%ro&ﬂ Hé’lrﬁ)ng:;@‘l’d g carbbiPathmS 2T PRNardeRBrouf m ag mVOshd bt ed or
unsubstitute rou aving 6 to 13 carbon” at ofts, represents an
aryl ene gﬂ@ﬁﬁ“ﬁﬁW@ﬁ@S@n @ei@mé&ww@nwabeh@nk¢hehanyrege group may have one
or nore syfgyhtuents, and the 15substituents may be bonded to forma ring.

[ 0057] n GEneraI Fornmulae (&-1) and (&-2), Ar is preferably any of
a subsPitut ed oAnetherudsshodimenef ive prgbean énvgntoampisahel hatesapdici doutpetndr
unsubsti t cularly a substituted or

unsubsti tg%pg% p‘!ﬁgﬁﬁéﬁ%‘%l&‘gﬁﬁ@ﬁm‘?%re Ar is nmuch 20 preferably a
substi t ut ¢@036F unsubstituted m phenyl ene group so as to have a high triplet

excited eT@ﬁQ%cb?%gﬁmﬁg} | evel ). [0058]

R32 -
R 7
,.,,__\ R34
R37 R36
(G2-2)

10 [0056]

In General Formula (G2-2), R" to R" and R* to R separately represent
hydrogen, an alkyl group having 1 to 4 carbon atoms, or a substituted or unsubstituted
aryl group having 6 to 13 carbon atoms, and Ar represents an arylene group having 6 to
13 carbon atoms. The arylene group may have one or more substituents, and the

15 substituents may be bonded to form a ring.
[0057]

In General Formulae (G2-1) and (G2-2), Ar is preferably any of a substituted or
unsubstituted phenylene group and a substituted or unsubstituted biphenyldiyl group,
particularly a substituted or unsubstituted phenylene group. Furthermore, Ar is much

20 preferably a substituted or unsubstituted m-phenylene group so as to have a high triplet
excited energy level (T1 level).
[0058]

Another embodiment of the present invention is the heterocyclic compound

represented by General Formula (G3-1) below.
25  [0059]
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Anot her enbodi ment of the present invention is the heterocyclic conpound
represented by General Formula (G3-1) below. 25[0059] [Chem cal Formnula 9]
R12 (&3-1) [0060] In General Fornula (&3-1), Z represents oxygen or
sulfur, R" to R19, R21 to 5R27, and R4l to R44 separately represent
hydrogen, an al kyl group having 1 to 4 carbon atons, or a substituted or
unsubstituted aryl group having 6 to 13 carbon atons. [0061] Yet
anot her enbodi nent of the present invention is the heterocyclic conpound
represent ed by §Ener%I Formul a (G3-2) below. 10[0062] [Chem cal Fornula 10]
(G3-2) [odhgmical Formula®) ' Gaperal Fornula (G3-2), 1211 to R19, R31 to R3S,
and R41 to R44 separately 1§ggpresentR@ydrogen, an al kyl group having 1 to
4 carbon atons, or a subgﬁdtutggaqu/

(G3-1)

[0060]
In General Formula (G3-1), Z represents oxygen or sulfur, R"' to R'%, R* to
5 R and R* to R* separately represent hydrogen, an alkyl group having 1 to 4 carbon
atoms, or a substituted or unsubstituted aryl group having 6 to 13 carbon atoms.
[0061]
Yet another embodiment of the present invention is the heterocyclic compound
represented by General Formula (G3-2) below.
10 [0062]
[Chemical Formula 10]

R43 R31 R32
R4

R12
R‘IS R11 R42 R44 R33
R O Ny ~N R
R%ﬁ s 19 i e
l N R R38 N/ R

R‘iﬁ \f’ R18

Rﬁ RS? RGS

(G3-2)

[0063]
In General Formula (G3-2), R to R”, R*! to R® and R* to R* separately
15  represent hydrogen, an alkyl group having 1 to 4 carbon atoms, or a substituted or
unsubstituted aryl group having 6 to 13 carbon atoms.
{0064]
Examples of the specific structures of Ar in General Formulae (G1), (G2-1),
and (G2-2) include substituents represented by Structural Formulae (1-1) to {1-15).

18



unsubstituted aryl group having 6 to 13 carbon atons. [0064] Exanpl es of
the specific structures of Ar in General Fornulae (Gl), (&-1), and (02-2)
i ncl ude substituents represented by Structural Forrmulae (1-1) to (1-15).
[0065] [Chemical Formula 11] (1-2)(1-3)(1-4)(1-5)(1-6)
(1-7)(2-8)(1-9)(1-10) (1-12)(1-13)(1-14)(1-15) [0066] SExanples of the
specific structures of R" to R19, R21 to R27, R31 to R38, and R41 to R44 in
General Formulae (Gl), (&-1), (&X-2), (G&B-1), and (G3-2) include
substituen})ésésrepresent ed by Structural Formulae (2-1) to (2-23). [0067]

[Chemical Formula 11]

@@ﬁj

(1-1) (1-2) (1-3) (1-5)

31311

{1-7) (1-8) {1-10) (1-11)

- & 88 8¢

(1-12) (1-13) (1-14) (1-15)

[0066]

5 Examples of the specific structures of R'' to R'%, R*' to R¥”, R* to R*, and R*!
to R* in General Formulae (G1), (G2-1), (G2-2), (G3-1), and (G3-2) include
substituents represented by Structural Formulae (2-1) to (2-23).

[0067]
[Chemical Formula 12]

19



[ Chem cal Fornula 12] pH, CH3H3C, 2CHH2C..cH H3C, pH3 CH |11
Eg-i)fsgzig)(l%?,)(z-ll)(z 5) (2-10)(2-11)(2-12)(2-13)(2-14) (2-15)

CHa

HyC, CH
H CHy HSC~(I:H2 HZC‘(l;‘H;,-_ ? cH :
(2-1) (2-2) (2-3) {(2-4) (2-5)
HC-ch, CHy CHy CHy
HoCoopy, HSC.CHCHZ HzCp (CHs H3C\(‘:,CH3
| | ( i
(2-6) (2-7) (2-8) (2-9)
(2-10) 2-11) (2-12) (2-14) (215)
: f }% J :
(2-16) (2-17) (2-18) (2-19) (2-20)
GHa
HgC“C"CH3 CH3 CH3
H30£>CH3
(2-21) (2-22) (2-23)

[0068]
Specific examples of the heterocyclic compound represented by General
Formula (G1) include, but are not limited to, heterocyclic compounds represented by
5  Structural Formulae (100) to (174), (200) to (274), (300) to (374), (400) to (487), (500)
to (574), and (600) to (674).
[0069]
[Chemical Formula 13]
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H3C CH3

(102)
W,
(105)
{
(108)

0 HN&Q S be
S0=0° QL0 sWe

o )

(101)
O
(104)
(D
(107)

= L
QF At g

H3C-C-CH3 CH3 CH3

@,
S
(100)
()
S
o
(103)
(D
-
(108)

(2-18) (2-19) (2-20) CH3
[0070]

[Chemical Formula 14]
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(2-21) (2-22) (2-23) [ 0068] Speci fic exanples of the

het erocycl i ¢ conpound represented by General Fornmula (Gl) include, but are
not limted to, heterocyclic conpounds represented by 5Structural Fornmnul ae
(100) to (174), (200) to (274), (300) to (374), (400) to (487), (500) to
(574), and (600) to (674). [0069] [Chemi cal Fornula 13] (100)(101)(102)
(103) (104) (105)

(109) (110) (111)

[0071]
[Chemical Formula 15}

22



(106) (107) (108) [0070] [Chem cal Fornula 14] (109)(110) (112)(113)
(114) [0071] [Chem cal Formula 15] [0072] [Chem cal Formula 16]

[0072]
[Chemical Formula 16]



(133) (134) (135) (136) (137)(138) (139)(140)(141) [0074] [ Cheni cal
Formul a 18]  (142)(143)(144) (145)(146) (147)(148)

(130) (131) (132)

[0073]

[Chemical Formula 17}

24



(149)(150) [0075] [Chemi cal Formula 19] 26 [0076] [Chem cal Fornmula 20]
. NN 4. 4. 4. /4. * [0077] [Chem cal Fornula 21] (170) (171)(172)

a%aINats

{0074}
[Chemical Formula 18]



(212) (213)

(203) (204) ( 205)

(209) (210) (211)

(200) (201) ( 202)

(173)(174) [0078] [Chem cal Fornula 22]
(206) (207) (208) [0079] [Chem cal Formula 23]

(144)

(150)

(149)

[0075]

[Chemical Formula 19]
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(214) [0080] [Chem cal Formula 24] [0081] [Chem cal Formula 25]
(224) (225)(226) (227)(228)(229) (230)(231)(232) [0082] [Chemi cal Formula
26]

[0076]
fChemical Formula 20]

27



(233) (234) (235) (236) (237)(238) (239)(240)(241) [0083] [Chem cal
Formula 27] [0084] [Chem cal Fornula 28] [0085] [Chem cal Fornula 29]

N N
CH, HsC,

atatate
CHs HaC
(165)
[0077]
fChemical Formula 21]

28



(303) (304) (305) (306)(307)(308) [0088] [Chenical Fornula 32]
(309) (310) (311) (312)(313)(314) [0089] [Chenical Formula 33]
(318) (319) (320) (321)(322)

N _ F
9 44 ”
4!.' (= “!’ 4!!> HaC 4!‘sihll> CH,
H,C CHj {ii» 4!!}
(167) (168) (168)

e OO0
(173) (174}
[0078]
[Chemical Formula 22]
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[ 0090] [Chem cal Fornula 34] (323)(324)(325) [0091] [Chem cal Formula
35] (331)(332)(333) [0092] [Chem cal Formula 36] [0093] [Chem cal

Formula 37] [0094] [Chem cal Fornula 38]

e {3 o g
N/\N N/\N NN Q
9,
A O OO0
{203) (204) {205}
>
~ L o0 O
~ oo IEazxate
—~ Nf\N N/\N
N N
o0 o0
(208) (207) (208)

[0079]
[Chemical Formula 23]
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[ 0095] [Chem cal Fornmnula 39] (367)(368) (369) (370) (371) (372)
(373)(374) [0096] [Chem cal Fornula 40] [0097] [Chem cal Fornula 41]

(209) (210) (211)

[0080]
{Chemical Formula 24]
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HC (419) (420)

(411) (412) [0098] [Chenical Formula 42] 49

(409) (410)
(423) (424)

(217)

(216)

(215)

(220)

(219)

(218)

[0081]

[Chemical Formula 25]
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[0100] [Chem cal Fornula 44] (427)(428) (429)(430) [0101] [Chem cal
Formul a 45] 52  (433)(434) (435)(436) (438)(437) [0102] [ Chenical
Formul a 46]

[0082]
{Chemical Formula 26]
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53 (439) (440) (441) [0103] [Chemi cal Fornula 47] [0104] [Chem ca

For nul a 48] (456) [0105] [Chem cal Formula 49] [0106]

N N N e
e
(239} (240) (241)
[0083]
[Chemical Formula 27]



[0108] [Chem cal Fornul a

<
-
o
_ @
w !
= OQ
j —
S )
23 909¢
(9\]
N~ W0 =
< — %
j —
— o Qz Q
— O x
N~ O
< —
j —
—~~
N
< ™ 7\
NPT -
—~~
o © O
3 g
~E 1909
= &
_lm \Nm.t/
— = \
=3 0
o O
W=
26
| S E—
o
L —
o
)
S -
oo
.m[
)
oW
[5

(250)

(249)

[0084]

[Chemical Formula 28]
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(503) (504) (505) (506)(507)(508) [0111] [Chem cal Fornula 55]
(518) (519) (520) (521)(522)(523) [0113] [Chem cal Fornmula 57]
(530) (531)(532) [0114] [Chem cal Fornmula 58]

[0085]
[{Chemical Formula 29]
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(533) (534) (535) (536)(537)(538) (539)(540)(541) [0115] [Chem cal
Formul a 59] (549) (550) [0116] [Chem cal Fornula 60] [0117] [Chem cal
Forrmul a 61]

[0086]
{Chemical Formula 30]
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[0118] [Chemical Formula 62] (601) (602) (600) (603)(604)(605)

(606) (607) (608) [0120] [Chem cal Formul a 64]

$
)
e
)
()
O

o OO0
(273) @74
[0087]
[Chemical Formula 31]
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(618) (610) (620) (621)(622)(623) [0122] [Chenical Formula 66]
(630) (631) (632) [0123] [Chenical Formula 67]  (633)(634)(635)
(636) (637) (638) (639) (640) (641)

N/ \N N N NN
S OO OO0
(303) (304) (305)
5° 0 "* .
() e NN
7N
o S 00
{306) (307) (308)

[0088]
[Chemical Formula 32]
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[0124] [Chem cal Fornula 68] [0125] [Chem cal Fornula 69]

[0089]
[Chemical Formula 33]
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[0090]
[Chemical Formula 34]
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[0091]
[Chemical Formula 35]
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{333)

(332)

(331)

(336)

(335)

(334)

QO
™
I

(337)

[0092]

[Chemical Formula 36]
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[0127] [Chem ca

(657)(658) [0126] [Chem cal Fornula 70]

NN\ NNNN

Fornmul a 71]

(670) (671) (672)

(667) (668) (669)

(342)

(345)

(350)

(349)

[0093]

[Chemical Formula 37]
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[0128] A variety of reactions can be applied to a nethod of synthesizing a
het erocycl i ¢ conpound of one enbodi nent of the present invention. For
exanpl e, synthesis 5 reactions described bel ow enable the synthesis of a
het er ocycl i ¢ conpound of one enbodi nent of the present invention
represented by General Formula (Gl). Note that the nethod of synthesizing a
het erocycl i ¢ conpound which is one enbodi nent of the present invention is
not limted to the synthesis nethods bel ow. [0129] <Method | of

Synt hesi zi ng Heterocyclic Conpound Represented by General Formula (Gl)>

S5First, Synthesis Schene =1l) is illustr bel ow. [0130 Chem cal
Formula 72] R12 R13RI i
fgi ?Z§§ 2::t
HC

{351) (352) {353)

[0094]
[Chemical Formula 38]
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R1:1 N R19 R16R19 R17 Compound 1 R910 1 B-Ar-A R500/ RIvO Compound 2 R12
(Gl) [0131] 10The heterocyclic conmpound (d) of one enbodi nent of the
present invention can be synthesized as illustrated in Synthesis Schene
(A-1). Specifically, a halide of a dibenzo[fh]quinoxaline derivative
(Conpound 1) is coupled with boronic acid or an organoboron conpound of a
carbazol e derivative, a dibenzofuran derivative, or a dibenzothi ophene
derivative (Conpound 2) by a Suzuki-M yaura reaction, whereby the

15het erocyclic conmpound (Gl) described in this enbodi nent can be obtai ned.
[0132] In Synthesis Schene Jkl) A represents any gt a substituted or
unsubstituted carbazolyl gr i
di benzot hi ophenyl grou
group. Ar represents a
aryl ene group may hﬁ e

3591—9‘ : (380) !—QN

substituted or¢ stituted di benzof uranyl
ryly group 20 havi

N N
CHa CH —
H3C§H3 O QQQ \_/
(361) (362)

P! e
@@

H,3C

[0095]
[Chemical Formula 39]
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and the substituents may be bonded to forma ring. R11 to R19 separately
represent any of hydrogen, an al kyl group having 1 to 4 carbon atons, and
a substituted or unsubstituted aryl group having 6 to 13 carbon atons. R5
and R51 separately represent hydrogen or an al kyl group having 1 to 6
carbon atons. In Synthesis Schenme (A-1), R5 and R51 may be bonded to each
other to forma ring. Further, X1 represents a 5hal ogen. [0133]

Exanpl es of the palladiumcatal yst that can be used in Synthesis Schene
(A-1) include, butarenotlimtedto, palladiun(ll)acetate,
tetrakis(triphenyl phosphi ne) pal | adi un{Q)=hi s(tri phenyl phosphi ne) pal | adi un{
) 10dichloride, and t i ke. [0134] ‘ib xanpl es of e ligand of the
pal | adi um cat al yst whi ch ce used in Syn sis Sche A— 1) include, but
are not limted to, tri(orthg tri phenyl )i ne,

t ol yl ) phgsgh @
tricycl ohexyl phosphi ne nd the |ike. Ex es” of the base
that can be used in S esis Schenme (A1) include, b re not limted to,
or gani ¢ bases such sodium tert-bytoxjde, inorganic es such as

a
pot assi um car bonat eNani sodi um car boy , and the || [0136] 20Exanpl es
of the solvent that ' 3 (A1)

i nclude, but are

not limted to, 30l vent o A and wat,e Q ' xed sol vent of

t ol uene, al cohol $#€h &s{et hanol../and water; disfi p-s0l yefitla of xyl ene and
water; a m xed ¥8l vent ofCHgyl e aI coholch as , and water; a

m xed sol vent of benz§gﬁ and water ; 3 5x-- solventv\gﬁ9 enzene, al cohol
such as et hanol, and ter; a m xed solvent 25 of tér and an et her such

as et hyl ene gl ycol dinethyl

use a m xed sol vent of t

is nore preferable to
vent of tol uene,

ether; and the |iKke.
ater, a m xed

et hanol, and water, or a1 Xgtdhsol ven wat er anif g er such as
et hyl ene gl ycol dinmethyl eN [ 0137N-80As a coup y-eaction illustrated
in Synthesis Schenme (A- t he Suz yaur a readt jsgniusi ng the
or ganobor on conpound or e boroni i NN
NN ate
(A~ we oy O
{370) {(371) (372)

[0096]
[Chemical Formula 40]
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represented by Conpound 2 may be replaced with a cross coupling reaction
using an organoal um num conpound, an organozirconi um conpound, an
organozi nc conpound, an organotin conpound, or the |ike. However, the
present invention is not limted thereto. [0138] 5Further, in the

Suzuki - M yaura Coupling Reaction illustrated in Synthesis Schenme (A-1), an
or ganoboron conpound or boronic acid of a dibenzo[a] qui noxal i ne derivative
may be coupled with a halide of a carbazol e derivative, a dibenzofuran
derivative, or a dibenzothi ophene derivative or with a carbazole
derivative, a dibenzofupan derivative, or a e hi ophene derivative
which has a triflate g as a 10stbs @by e Suzuki - M yaur a
reaction. [0139] Thus, h g ‘ yooyi ment can be

synt hesi zed. [0140] ] S| #Cl i ¢ Conpound
Represented by Genera A er nettod of synthesizing
the heterocyclic conpoar et ed by General Formﬂ'a '(‘Gl) wll be
descri bed bel ow. Fi ene (B-1) in whic hor on compound of
Ais used as a matexidl is i . [0141] em cal Formul a
73] R17 (Gl) [0242] AsHIustratedln Synthe5|s Scheme (B-1), a

hal i de of a di beNzo[Nf, h] qui noxal i ne derivative (Conpound 3) is coupled with
an organoboron cund or boronic a@obd of 5 a carbazaske derivative, a
di benzof uran dg 3 , or a dibenzot hi ophene deri‘ative (Conpound 4) by a

D

Suzuki - M yaur a —"‘ n, V\,he y, the het er ocyclic ound (01) described

in this enbodi nent be ob $
-,
N N N/ \N Q

OOQ a2

F RN e e
- Bease

N
N N ;
N
-0 5
(405) (408)
[0097]
[Chemical Formula 41]
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[0143] In Synthesis Schene (B-1), A represents any of a substituted or
unsubstituted 10 carbazolyl group, a substituted or unsubstituted
di benzot hi ophenyl group, and a substituted or unsubstituted di benzof uranyl
group. Ar represents an arylene group having 6 to 13 carbon atons. The
aryl ene group nmay have one or nore substituents, and the substituents may
be bonded to forma ring. R11 to R19 separately represent hydrogen, an
al kyl group having 1 to 4 carbon atons, or a substituted or unsubstituted
15 aryl group having 6 to 13 carbon atons. R52 and R53 separately represent
hydrogen or an al kyl groups=having 1 to 6 carbon ato I n Synt hesis Schene
(B-1), R52 and R53 nmay bnded to each other to f’(;r@a ring. Further, X2
represents a halogen or a firiflate group, and, as a haljogen, preferably
i odi ne or brom ne. [0144]_20E<anpl es of the pall adi pm
used in Synthesis Sche .@g"g
i ncl ude, butarenot!limtedto, pal | adiunm(11) acetsa
tetral ci s(triphenyl phg i ne) pal | adi um( 0), bis{ nyl phosphi ne) pal | adi un{
1) dichloride, and the-like. [0145] 5Exgjfphgs of the ligand of the
pal | adi um cat al yst ch can be used in hesi s Schene (B-1) include, but
are not limted tg i ; ==\ t ri phenyl phosphi ne,

] Exanpl es of the base
Synt hesi s Schene (B-1) include, but 10are not limted
g as sodiun1tert-butoxide,@Dﬁﬂijgnic bases such as

yst that can be

to, organic b

pot assi um car b
Exanpl es of the sol veftf”t
but are not limted to, a
sol vent of toluene, 15

ev=and sodi um carbonate, and the | . [0147]

q:s can be used in Synthes Schenme (B-1) include,
m/xed sol vent of tol uene a aat er; a m xed

Napd e ; a m xed sol vent

of xylene and water; a 2 sohol “such as et hanol,
and water; a mxed satwent e Mg@izne and wat{er )4 m xed sol vent of
benzene, al cohol W a¥ et \_And wat ef; M 4!?
{

olY such as et hanq

ed sol vent of water and
an ether such as ethyl epe g di met hyl__¢ : and the like. It is nore
preferable to use X sol vent of toI water, a m xed sol vent of

t ol uene,

410)

[0098]
[Chemical Formula 42]

49



20 ethanol, and water, or a m xed solvent of water and an ether such as

et hyl ene glycol dinethyl ether. [0148] As a coupling reaction
illustrated in Synthesis Schene (B-1), the Suzuki-M yaura reaction using

t he organoboron conpound or the boronic acid 25 represented by Conpound 4
may be replaced with a cross coupling reaction using an organoal um num
conpound, an organozi rconi um conpound, an organozi nc conpound, an organotin
conpound, or the like. However, the present invention is not limted
thereto. Further, in this coupling, a triflate group or the like nmay be
used ot her than a hal ogen; hovvev t he present inventii s not limted
thereto. 30[0149] Furt her,Net t he Suzuki - M yaura gaupli ng Reaction
illustrated in Synthesis Schepe Rnpound or boronic

W th a halide of
48 li.henzot hi ophene
@ of uran derivative, or a

g, D as a substituent, by
¢ Jugoy

hesi ze the heterocyclic

GB-1), an organobor

a carbazol e derivative, f
derivative or with a carbazble derivative, a di
di benzot hi ophene deri vy
t he Suzuki-M yaura rea 0150]
conpound r epresent ed e N Formul a ( @ ch Ais a substituted or
unsubsti tuted N cambazol t he fol Nowidg “Synt hesis Schene (B-2) is

corrpound represented by
.@ la 74] RI2 RIR' Ri4 Ar. X3

Gener al
Rl
(414)

[0099]
[Chemical Formula 43]
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Conmpound 3 (&-2) [0152] As illustrated in Synthesis Schene (B-2), a
hal i de of a di benzo[ Nqui noxal i ne 15derivative (Conmpound 3) is coupled with
a 9H carbazol e derivative (Conmpound 5) using a netal catalyst, netal, or a
metal compound in the presence of a base, whereby the heterocyclic conpound
(&X-2) described in this enbodi mrent can be obtained. [0153] In Synthesis
Schene (B-2), R' to R 9 separately represent hydrogen, an al kyl group
having 1 to 4 carbon atons, or a substituted or unsubstituted aryl group
having 6 to 13 carbon atoms. Ar represents an arylene group having 6 to 13

carbon atons. The arylene gr oup have one or mor e sub, tuents, and the
substituents nay be bo ring. R3 , ately represent
hydr ogen, an al kyl N to 4 carb : a substituted or
unsubstituted aryl g,-\ i F , X3
represents a hal ogeh, o preferably

i odi ne or brom ne. 3 | ﬁp whepg t He rtmng Buchwal d
reaction is perfor Eﬁ

[0100]
[Chemical Formula 44)]
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[ 0155] Exanpl es of the ligand of the palladium catal yst which can
be used in Synthesis Schene (B-2) include tri(tert-butyl)phosphi ne,
tri(n-hexyl)phosphi ne, 15tricycl ohexyl phosphine, and the |ike. [0156]
Exanpl es of the base that can be used in Synthesis Schene (B-2) include
organi ¢ bases such as sodiumtert-butoxide, inorganic bases such as

pot assi um carbonate, and the |ike. 20[0157] Exanpl es of the sol vent
that can be used in Synthesis Schene (B-2) include toluene, xylene,

benzene, tetrahydrofuran, and the |ike. [0158] QO her than the
Hartw g- Buchwal d reacti the Ul mann reac on or | i ke 25may be used,
and the reaction that c be used is not limted t hese. [0159] Thus, the
het erocyclic conpound. ol this enbodi ment Mmthe5|zed [0160] A

het er ocycl i ¢ conpou : R eybodi #E ’ Rvention has a 30
wi de band gap. Ac Se Ofy. 8uf G s./conpound for a

l'i ght - enlttlng Sl gm {host mat ep i itting layer in

be obt ai ned. In particul a heterocycllc conpound 6t \one enbodi nent of
the present invention is y used as a hqsk, ,@, n which a
phosphor escent conpd4 ger sed. Further, since~a heterocyclic
conmpound of this enbogé nt |s a substance hgyiﬁ@sa hi gh el ectron-transport
property, it can be su 0 u as a materi w aectron-transport
5 layer in a light-emtting e t. By the usé ¢ et ér ocycl i ¢ conpound
of this enbodinent, a |ight—-emtting el enent havi ow driving voltage can
be realized. In addition, ght-emtting el enmen Avi ng hi gh current

[ ent having a long lifetine
is light-emtting

ef ficiency can be realiz--\
gvice, and a 10 |lighting

can also be realized. F yer nore, by the use of
devi ce each having regd d power consunptlon ¢ay, be obtained. [0161]

elenent, a light-emtting=tlevice, an el ectronic)d

[0101]
[Chemical Formula 45}
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(Enbodi ment 2) I n Enbodi nent 2, light-emtting el enents of

enbodi nent of the present invention will be described with reference to

FIGS. A and 1B. 15[ 0162] One enbodi ment of the present invention is

alight-emtting elenent including a conpound in which a

di benzo[ t h] qui noxaline ring and a hol e-transport skel eton are bonded

t hrough an aryl ene group. [0163] 20A conmpound with a qui noxaline skel eton

has a high electron-transport property, and use of such a conpound for a

light-emtting el ement enables the elenment to have | ow driving vol tage.

However, a qui noxal i ne skel eton a planar structure. @Grfce a conpound

havi ng a pl anar struct i éii§ crystal li =1, f O dintoa film

use of such a co N -emtting.e s the elenents to

have a short a 25° ™ her mor e, ayqufi noxal i pe~skel eton i s poor at

accepting hol es. A t hat cannot easily acegept holes is used as

a host nmateri al ight-emitting |ayer, y#& region of electron-hole

reconbi nati on co S on an interfa e light-emtting |ayer,

| eading to a redu® n the lifetinme of e \=ght-emtting elenent. It is

l'i kely that these problemsiw || bg solved by theqsiamtroduction of a

hol e-transport 30 skeleton_int “t Re nol ecul e. However,a hol e-transport

skeleton is directlg 2 i 5k8lef o, tHe conj ugat ed

system extends t'G D a{ decrease in triplet

excitation energys‘ Nevert hel 55y the prggﬁnt i nventors have

found that the above.p an be sol ved using, ¥Yor a light-emtting
A aline ring and a

: 2 ryI ene group. [0165]

The above-descri bed conmpound has a hol e-transport skeleton in addition to a

di benzo[ f h] qui noxal i ne r %y, nmeking it easy to d¢¥pt hol es. Accordingly,

of

by use of the conpound as a host eri of a light-emtting |ayer,

el ectrons and hol eg=t ecprpi ne= 10 th ight-emtting | r, so that it
is possible to DI criease in t«i}i i e of light-emtting
el ement. Furthenpofe i gict i on of &

, angpgrt skel et on enabl es

t he conmpound to haveya fyhree-di ‘ O Ne

conmpound is difficul o crystallize when f&mid i il m By the use of

t he conpound for m'tti ng el enment, el enent can have a | ong

lifetime. Moreover n his 15 conpound, €I nke di benzo[ M qui noxal i ne ring

and a hol e-transport skelg%on are bonded tWfougi’an aryl ene group,

decreases in band gap an#°thiplet excitation endffy can be prevented as

conpared wi th aygonpound in which dibeﬂﬂj Jd qui noxal i ne rjng and a

hol e-transport skaket af e /i ec@ i By the use of conpound for
0 Re Lrienent \Ccé : gt

alight-emtting ®l ¢ @- ficiency.
20[ 0166] Jhas, € conpouypd. descri 8_suitably used as a

material for an %rg.siéNdevice ch as a hifew tting gnent or an
organi ¢ transistor. O -
-0
(438) (437)
[0102]
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[0167] As the hole-transport skeleton, a n-electron rich heteroaromatic
ring is 25 preferable. As the n-electron rich heteroaromatic ring, a
carbazol e ring, a dibenzofuran ring, or a di benzothi ophene ring is
preferable. As the arylene group, any of a substituted or unsubstituted
phenyl ene group and a substituted or unsubstituted bi phenyldiyl group is
preferable. [0168] 300ne enbodi nent of the present invention is a
light-emtting el enent including a heterocyclic conmpound represented by
General Formula (GO below. [0169] [Chemical Fornula 75] E-Ar-A (GO
[0170] 5In Ceneral For a (&), Aregresents any of a substituted or
unsubsti tut ed carbazol group, a sub tuted or unsubstituted

di benzot hi ophenyl group, Na i ad unsubstituted di benzof uranyl
group, E represents sy 3
and Ar represents an , v-N1g 6 to 13
group may have one et UETH and th
bonded to formg riRg “bodi ment®
light-enitting etengnts each inclyuding N
2[ 3- (di benzot hi ophiern 4-yl ) phenyl §idi Benzo[ f h] qui ngxa

t ed di benzo[ f h] qui noxal i ne,

on atons. The aryl ene
stituents nmay be
\descriptions of

e

evi ati on:

2nDBTPDBg- I 1) For nul i n Enbodi nent 1,
which is 15 an npounds, to FIGS. | A and
18. [0172]
(441)
N
N N
HaC CH
(442) Q (443) Q
(O—~) NO (= ND
N/ \N ‘ \N
H3C CHy CH; HiC
CHy  HiC HaC CHz
(444) (445)
[0103]
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In a light-emtting elenent of this enbodinent, the EL | ayer having at

|l east a light-emtting |layer is interposed between a pair of electrodes.

The EL | ayer may al so have a plurality of layers in addition to the
light-emitting |layer. The plurality of layers 20 is a conbination of a

| ayer containing a substance having a high carrier-injection property and a
| ayer containing a substance having a high carrier-transport property which
are stacked so that a light-emtting region is forned in a region away from
the electrodes, that is, so that carriers reconbine in a region away from
the electrodes. In this specification, the |ayer con ing a substance
having a high carrier-injectiga~pr 25 -transport prppefrty is also referred
to as a functional |ayer whicﬁ!’ nctions to | N ransport carriers,

for exanple. As a functtona ayer, a hole-i Ij{ﬁﬁ, a
=l Nj i an tron-transport

hol e-transport | ayer,

| ayer, or the like 73] N Ninthe light-enmitting el enent
EL |l ayer 102 having a

pai r of electrodes, a first

| ayer 102 includes a

312, the light-emtting

an el ectron-injection

light-emtting | ayep=413 is provided be
¢ d electrode 1

| ayer 113, an
| ayer 115. The

ansport |a
ng el ement

ght -em tti ng Na
e el ectron- |e

@- 115 whi ch
01 in tH@rs,order, ang=the second
lé:fﬁote thaty in the light-enmitting

RS ectrode 101 functions as
an anode and the second ectrode 103 func a cathode. [0174]
The substrate 100 is a support ei tting el enent. For
exanpl e, gl ass, quar ic, or the ed for the substrate
100. A flexible 15/s i
substrate that canybg

e¢t1 on | ayer 111,
the hol e-transport | ayef4112, i3, the

el ectron-transport |ayer 4
are stacked over the fir st

el ectrode 103 provi ded the

h as a \ 3 made of
pol ycar bonat e, p# 4 exanple. A film (nmade
of pol ypropyl eng, pol yester, v >I, pol yvi iy! fl uefide, vinyl chloride, or
the like), an inorgani ¢ {4 forned by evaporati®f) or the 1ike can al so be
used. Note that materials other ¥han these can be used as |ong as they can
function as a 20support of the Light-emtting elenent. [Q175] For
the first el ectrode 101, et , . an all oy, an electri .@ conducti ve
conpound, a m xture ther t i ke which has a_ht wor k function
(specifically, a work eV or @@: ably used.
Speci fic exanpl es incNud® 25 indi um oxi de-tin_oX thZQZdiun1tin

containing silicongr¥gilicon oxi , 1 ndi um

Kum oxi de contai ni ng tungsten

oxide), indiumtin oxi :
oxi de-zi nc oxide (I1ZQO ddum zi nc oxi de), i

G the |ike. of these conductive netal
%ol - gel method or the

oxi de and zi ncHexi de ao GIEYi ¢

oxi des are usual g Sput terinfe :

i ke may al so be juged. exanpl e, a filmof indium oxide-zinc oxide (1Z0O
can 30 be forndel by a spit>Periarg net hod using a &P get obtained by adding 1
wo%to 20 wt % of zinc oxide to indiumoxide. A filmof indiumoxide (IWO
cont ai ni ngofoapgst en oxi de and zinc oxide can be formed by a sputtering

met hod using a target obtained by adding 0.5 wt%to 5 wt% of tungsten

oxi de and [Ghemigaldiofmula 44k o5 of zi nc oxi de to indi um oxide. Further, gold,

pl ati num nickel, tungsten, chrom um nolybdenum iron, cobalt, copper,
palladium nitrides of nmetal materials (e.g., titaniumnitride), and the

| i ke can be given. 5[0176]
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However, when a |ayer which is in contact with the first electrode 101 and
included in the EL layer 102 is fornmed using a conposite material including
an organi c conpound and an el ectron acceptor (an acceptor) described |ater,
the first electrode 101 can be formed using any of a variety of netals,

all oys, and electrically conductive 10 conpounds, a m xture thereof, and
the like regardl ess of work function. For exanple, alumnum silver, an
all oy containing alumnum (e.g., A -Si), or the like can al so be used.
[0177] The EL | ayer 102 fornmed over the first electrode 101 includes at
least the 15 light-emtting |ayér 3113, and part of the¢El | ayer 102
contains a heterocyclic conpoungwhich is one enbodi nent t he present

i nvention. A known substénde

)-8l SO be used f fy the EL layer 102,
and either a | ow nol ecul

\ un a high m c und can be
used. Note that subst form ng t4te EL | ayer

st of organic
conpounds or nmay incl an i norgani c conpou

].aSs a part. 20[0178]
As illustrated iz FI AvangHiB, thergt | A @ﬁb Q2 ¢18, formed by stacking
as appropriate the ection |ayexc e hy

3 - r+{, phe hoheckyansport |ayer 112,
t he electron-tr%ﬁéport | ayer a1, the el

&eron-injedHion | ayer 115, and the
like in conbination as wekf2yas the light-emttings)ayer 113. 25[0179]
The hole-injection layer 111 is a layer including a substance having a high
hol e-i njection property. Exanpl es,of the substance havi pg~a high
hol e-i nj ection property which ca 4i des such as
nol ybdenum oxi de, titani um oxide oxi de, ruthenium
oxi de, chrom um oxi de, z‘]%e- T ~tant al um oxi de,
silver oxide, tungsten oxfde, “ahd %E:panese oxi de. A pht ha yani ne- based
compound such as phth ani ne (abbeui : or copper(l1)

b [ 0180] Any of

0l ecul ar organic
i no)triphenyl am ne

the foll ow ng
conpounds can
(abbrevi ation: TDATA);
54,4',4"-tris[N-(3-rmet hylphaenyl) - N- phenyl am no] {4skphenyl am ne(abbr evi ati on:
MIDATA) ; 4, 4' - bi s[ N- (4- di phenyl am nophenyl) - N- phenyl am no] bi phenyl

(abbrevi ati on: DPAB) ; 4, 4" -bi s(N-1

44/ V- ( 3- met hyl pheny1) - Y- phenyl am nol phenyl | - N.pR
(abbrevi ati on: DNTPD);
1,3,5-tris[N-(4-di phenyl am nophenyl) - ¥
10( abbr evi ati on: DPA3B) ;
34N- ( 9- phenyl car bazol - 3-y1) - N- phenylagm

enyl am no) bi phenyl

1 no] benzene

car bazol e(abbrevi ati on:
y1l) - N- phenyl am no] - 9- phenyl car bazol e

[0105]
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(abbrevi ati on: PCzPCA2) ; 3

AN- ( 1- napht hyl ) - N- ( 9- phenyl car bazol - 3- yf | am no] - 9- phenyl car bazol e
(abbreviation: 15PCzPCN 1); and the like. [0181] Hi gh nol ecul ar
conmpounds (such as oligoners, dendriners, or polynmers) can al so be used.
The foll ow ng high nol ecul ar conpounds can be given as exanpl es:

pol y(N-vi nyl carbazol e) (abbreviation: PVK); poly(4-vinyltriphenylam ne) 20
(abbrevi ation: PVIPA);

pol y[ N- (4-{N [ 4- (4-di phenyl am no) phenyl ] phenyl - NCphenyl am no

| phenyl ) met hacryl a m de] (abbreviation: PTPDMA)y
pol y[ N, Ar - bi s(4-butyl phenyl)-Nfi-bis(phenyl) pepzi di ne] (abbreviation:
Poly-TPD); and the like. A high nol eguRar /T ﬂﬁound to which acid is added,
such as 25pol y(3, 4- et hyl enedi oxyt hi ophe j yrenesul foni c acid)
(PEDQOT/ PSS), or polyaniline/poly(styfenesul foni cid) (PAni/PSS), can also
be used. [0182] For the hoI- i™hj ion layer ill, a conposite

mat eri al including an organi d_an el ectron acceptor (an
acceptor) may be used. Sugl gnpo poepi al is excellent in a

hol e-i njection property and ‘@\hol"&-t ranspo property because the el ectron
acceptor causes generation of & es. Iﬁﬁghis case, the organic conpound is
preferably a material excellent in t#gspsporti t he generated holes (a
substance having a high hol e-transport » [0183] As the organic
conmpound used for the conposite mater ani ety of 5 conpounds can be
used, such as aromatic am ne conpounds ' "ZOMEZzerivatives, aromatic
hydrocarbons, and hi gh nol ecul ar coapdunds (suc ol i goners, dendriners,
or polyners). The organic conpound ysed for the conposite material is
preferably an organic co -ou 6 , gh hol e-transport property.
Specifically, a substan- * ' of 10-6 cn2Ns or nore is
preferably used. Note t #4bst ances, any substance
that has a property of tr.- han el ectrons may be used.
The organi ¢ conpounds wh ‘ onposite material are
specifically given bel ow |0184] ExaqPIes of the organi ¢ conpounds that can
be used for the conposite

’Nq.

QO

Q
HyC CH, O Q

(459) (460}

[0106]
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15 material include: aromatic am ne conpounds such as TDATA, MIDATA, DPAB,
DNTPD, DPA3B, PCzPCAl, PCzPCA2, PCzPCNL1,
4, 4" -bi s[ N-(1- napht hyl ) - N- phenyl am no] bi phenyl (abbreviation: NPB or
a- NPD), and
N, Ar - bi s( 3- et hyl phenyl) - N, Nr-di phenyl -[ 1, 1' - bi phenyl ] -4, 4' -di am ne
(abbrevi ation: TPD) 4-phenyl-4'-(9-phenylfluoren-9-yl)triphenylam ne
(abbrevi ation: BPAFLP); and 20carbazol e derivatives such as

, 4" -di (N-carbazol yl ) bi phenyl (abbreviation: CBP), 1,3,5 -tris
[ 4- (N-car bazol yl ) phenyl ] benz (abbrevi ati on: TCPB)
9-[4-(10- phenyl-9-ant hryl) ph 1] - 9H car bazol e (abb I ation: CzPA),
9- phenyl - 344- (10- phenyl - 9- ant hyyL) phenyl ] - 9H car bazol g_(abbrevi ati on:
PCzPA), and 1, 4- bi s[4- ( N- cayb@zdl y) §
25[ 0185] Any of the f
used: 2-tert-butyl-9, 10-dj
2-tert-butyl -9, 10- di ( 1- ndph)

2-tert-butyl-9,10-bis A-ohenylphenyflanthracqqe\&abbreviation 30t - BubDBA) ;
9, 10-di (2- napht hyl ) ant hedcene(abbr evi ati on: DNg=( 9, 10- di phenyl ant hr acene
(abbrevi ation: DPANnth E1TE ; .tlon t - BuAnt h) ;
9, 10- bi s(4- et hyt*! ' DM
9, 10- bi s[ 2- (1- naphthyl)phenyl) 2-tert- butylanthracene
9, 10- bi s[ 2- (1- napht hy! ) p#&Hyl ] ant hr acene; . (462)
2,3,6,7-tetramet hyl49%L0-di (1- naphthyl)anu
follomjng aromatic Hocarbon conpounds ca

2,3,6, 7- tetranethyl-. aphthytn€iﬁf%.€£}
10, 10'

acene.

5[0186] Any of the

10, 10' - di pheny1-9

10, 10" - bi s[ (2, 3, 4!
tetracene; rubrene;
pent acene; cor onene,

® [
SO0 SO0
\ 4 7N 7w
N N
(465) (466)

[0107]
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4, 4' -bi s(2, 2-di phenyl vi nyl ) bi phenyl (abbrevi ati on: DPVBI ) ; and

9, 10- bi s[ 4- (2, 2-di phenyl vi nyl ) phenyl ] ant hracene (abbrevi ati on: DPVPA).

[ 0187] Ast heel ectronacceptor, or gani cconpoundssuchas 15
7,7,8,8-tetracyano-2, 3,5, 6-tetrafl uoroqui nodi net hane (abbreviation:

F4-TCNQ and chloranil and transition netal oxides can be given. Oxides of
nmetals belonging to Goups 4 to 8 in the periodic table can be also given.
Speci fically, vanadi um oxi de, ni obium oxi de, tantal um oxide, chrom um

oxi de, nol ybdenum oxi de, tungsten oxi de, manganese oxide, and rheni um oxide
are preferable since thelr electron accepting 20 propqléy i s high. Anong

t hese, nol ybdenum oxi I N o its stability in
the air and | ow hygrose agperty, is espet y praf el e. [ 0188]

Not e that the conpog 'é may be forned using™ghi gh nol ecul ar
conpound such as PV . , or Pohy-"WPD and &n el ectron acceptor,
25whi ch are descr] , SO as to be us for the hol e- i njection | ayer
111. [0189] A b e-transport | ay s a layer including a
substance having & hi gfihol e-transport p er As the substance having a
hi gh hol e-transport proﬁéﬁiy, any of the follow f#§®ar onmgtic am ne conpounds
can be used, for exanp NRBH: PRy 30BPAFLP;

4, 4" - bIS[N-(9 9- dlne “ Hyl)-N—phen ! ' (abbrevi ation:
DFLDPBI ) ; and4, 4' - bi S[NF(spi 1=, 9' - bi fl uor en-/ N [ y-am no) bi phenyl
(abbrevi ati on: BSRP) “y The suhstinces give . ai nl y subst ances
havi ng a hol e nobi @Ky of 10-6" cn2Ns or noke xt” ot her than these
subst ances, any e that has a propef af transporting nore hol es

t han el ectrons ed. The layer i @ﬂh- g/ a substance having a high

hol e-transport property(h%)not limted to a S|ng§905 | ayer, and nmay be a
stack of two or nore layers contaipning any of th gbove subst ances. [0190]
For the hole-transport |ayer 112, carbazol e derivative such as CBP, CzPA,

or PCzPA or an anthracene deriya isD such as t- BuDI\lI_iAC DNA, Cidy  DPANt h may
t he hol e-transpor a112 a high

al so be used. 10[ 019
nol ecul ar conpound PVTPA, PTPDMA, ‘e v TPD can al so be
o 6 Jor{ PPy TED

used.

[0108]
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[0192] The light-emtting layer 113 is a layer including a light-emtting
substance. 15 Note that in Enbodi nent 2, the case where 2nDBTPDBQ- | |
described in Enbodinent 1 is used for the light-emtting layer is
described. For the light-emtting |layer in which a light-emtting substance
(a guest material) is dispersed in another substance (a host material),
2nDBTPDBg- 11 can be used as the host nmaterial. The guest material which is
a light-emtting substance is dispersed in 2nDBTPDBg-11, whereby |ight

em ssion 20 can be obtained fromthe guest material. Thus, a conmpound of

one enbodi nent of the;present inventitg, cin which a dikenzg[ a] qui noxal i ne
ring and a hoIe-transp&Nt kel et on dk€~bonded t hrough ‘Ebylene group, is
i alMi | i ght-em ﬁing | ayer. [0193]

effective in its use [g-
L ances can bhe % as t he

25In addition, nore

subst ances (host i n whi ch)tte Iight-enittiﬁp.- $t ance (guest
emytting | ayer may thus i ncl ude anot her

material as a host on to 2nDBTPDBGy I . [0194] 30As the

light-emtting § § a fluorescent/conmpound which emts

f1 uorescence or a=phosphorescen! cBnpound whi ch ,eq

s ~£#i ts phosphorescence can
~4§5&a escent conpy ds that can Me Msed for the
0| ayer ) i 1¢_Bedoi Yen.

material) is disp

be used. The p

light-emttin y¥ the materials that
emts blue light include
/'V, N- bi s[ 4- (9H car Bagol - 9-yl ) phetyb)] - N, N- di ph&t beiéd4, 4' - di ani ne
(abbrevi ation: YGA2S),
4- (9H car bazol -9-y1)-4' - (1Q+henyl - 9-ant hryptri
(abbrevi ati on: YGAPA), 54 -(10-phenyl-9-anthryl)
-yl )triphenyl am ne (abbrevi on: PCBAPA), and ;
exanples of the nmaterials thg§t emts green |ight~fncltude
N- (9, 10-di phenyl-2-anthryl) - N, i pheny1-9H car ba?
2PCAPA), N49, 10-bis(1, 11- -2-yl)-2-ant hg
1-3 -amne

7
QD
]
(d

i ne
henyl- 9H car bazo 1-3
@ | n addition,

[0109]
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10 (abbrevi ati on: 2PCABPhA) ,

N- (9, 10-di phenyl-2-anthryl)-N, NWttiphenyl -1, 4- phenyl enedi am ne(abbrevi atio
n: 2DPAPA),

N-[9, 10-bis(1,1 -bi phenyl-2-y1l)-2-anthryl]-N, Nci Vi -triphenyl-1, 4- phenyl ened
i am ne (abbreviation: 2DPABPhA), 15N-[9, 10-bis(1,1 cbi phenyl-2-y1)] -N44
-(9H carbazo 1-9-yl)phenyl]-N phenyl ant hracen-2- am ne (abbreviation:
2YGABPI i A), N, N, 9-triphenyl ant hracen-9-am ne (abbrevi ati on: DPhAPhA), and
the |ike. Further, exanples of the materials that emts yellow |ight

i ncl ude rubrene, 5 12- bi , - bi_ pheny1-4- yl) 'ohenyltetracene
(abbrevi ation: BPT), . >¢ of the materials
that emts red Ilght

N
N, N, WN -tetrakls(4NneNhyIph@uyl)tetracene b, I1l- di aniLae (abbreviation
p- nPhTD),
7, 14-di phenyl - gt r aki s(4- net hyl nap o[ 1, 2-a] f |l uor ant hene

-3,10-d i am ne (akby ali on: p-nPhAFD), ‘as e/ | i ke. [0195] I'n
addi ti on, the phosphorescent conpounds that can be used for the

25l i ght-enmitting |ayer 1®8will be given. Exanpl@&of the materials that
emts green light include tris(2-phenylpyridin -N, C2))iridiun(lIl)
(abbrevi ation: Eir(ppy) $t), ?;5

bi s(2- phenyl pyri di ngge~N C2" )iridiun(lll)acetyl dc

[17(ppy)2(acac)]), \
bi s(1, 2-di phenyl- 1H benzi=m
(abbreviation: [Ir(pb02(ac#cT
bi s(benzo[ h] qui nol i nato)i rikdi;un(111)acetyl acet onat g tabbrevi ati on:
30[Ir(bzqg)2(acac)]), tris @ h] qui nol i nato)iridupi111) (abbreviation:
[Ir(bzqg)3]), and the I|i pes of the materi g hat emts yellow |ight
i ncl ude

bi s(2, 4-di pheny1-1, 3-oxazol ato-N, C2" )iridiun(lI
on: [Ir(dpo)2(acac)D, 484

bi s[ 2- (4' - (perfl uorophenyl phep
(abbrevi ation:
[1r(p-PF-ph)2(acac)]), bi s(2«phenyl benzot hi azol at o- N Yiridiun(lll)acetyla
cetonate 5(abbreviation:| ) acac)D, (acetyl fpat o) bis [2,3

- bi s(4-fl uorophenyl) - 5- neyt i i i

etonat e (abbreviation:

acet yl'acet onat e(abbrevi at i
48&

N N N 4 \N
OO
(486) (487)
[0110]
[Chemical Formula 54]

61



(acetyl acet onat 0) bi s[ 2- (4- met hoxypheny1l) - 3, 5-di net hyl pyrazi nato]iridiun(l]
) (abbreviation: [Ir(dnunoppr)?2(acac)]), and the |like. Exanples of the
materials that 10emts orange |ight include

tris(2-phenyl quinolinato-N, CLl)iridiun(ll1) (abbreviation: [Ir(pq)3]),

bi s(2- phenyl qui nolinato-N, C2")iridiun(l11)acetyl acet onat e(abbreviation:
[Ir(pg)2(acac)]), (acetyl acet onato) bi s(3, 5-di met hyl-2-phenyl pyrazinato)iridi
um(I'11) (abbreviation:[Ir(nmppr-M)2(acac)]),

(acetyl acet onat o) bi s(5-i sopropyl - 3- et hy1- 2- phenyl pyrazi nato)iridiun(l11)
15(abbrevi ation: [Ir( S4.Pr) 2(acac)]), J.thelike. Exanples of the
materials that emtsr cl udeor gano @ I onpl exessuchas bi s
[2-(2'-benzo [4,5- a]t) nyppyr|d| iy

(abbrevi ation:[1413tpR2(acac)i),
bi s( 1- phenyl i soqui nG ato-N, C2")irAdi I'1)acetylacetbnat e(abbrevi ati on
20[ It (pi q) 2(acacp,— 4 7N

N N N
(acetyl acetonato bi N 2, 3- bi s(4- frT gl ophenyl ) qui noxal o] iridiunm(lll)
pq) 2(acac)
, 5-tri yaZ| nato)lrl(abbrevi ation:

i val oyl met hanat o) bi s(2, 3, 5- trlzphenyl pyrazinato)iridi
CFJP r(tppr)2(dpn®®)’ and

25(2,3,7,8,12,13,17, 18- ocf aet hyl- 21H, 23H p0| phi ne)pl atinunm(l11)

(abbrevi ation: Pt CEP) ‘Q s !
be used as a phosphore
conmpound: tri s(acetyl acg

[0111]
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[ Tb(acac) 3(Phen)]);
tris(1l, 3-di phenyl-1, 3- propanedi onat 0) (nonophenant hr ol i ne) europi un(111)
30(abbrevi ation: [ Eu(DBM 3(Phen)]); and
tris[1-(2-thenoyl)-3,3,3-trifluoroacetonato] (nmonophenant hrol i ne)europ
um(111) (abbreviation: [Eu(TTA)3(Phen)]), because light em ssion is froma
rare-earth netal ion (electron transfer between different nultiplicities)
in such a rare-earth nmetal conplex. [0196] Note that in a conpound which is
one enbodi nent of the present invention, in 5 which a

di benzo[ f, h] qui noxal i ne r‘ﬂi and a hol e-transport skel ¢ are bonded

t hrough an aryl ene group, “a#dibenzo[f, h]quinoxaline s 3on i s consi dered
as the skel eton where the LIUMO | evel is pre@lgminantly | ogafed. Further, the
conpound has a deep LUMO | @ ¢ . eV or @ specifically
-2.9 eV or less on the basi5s of cyclhi=¢ v amretry [Easur ements. For
exanpl e, the LUMO | ¢
measurenents. Furth
phosphor escent conp

i ne skel eton,

[1r(nppr-M)2(aca {;QQE% ac)], [Ir(tpkr)®(acac)], or
y €qgual ly deep. Thérefare, when a

[Ir(tppr)2(dpm) —
@G hcl udes a conpound of one t of the present

light-emtting
invention, in wifch @ 15di benzo[f, h] qui noxal i ne rIfig affid a hol e-transport
skel eton are bonded thypugh an aryl engs,gfoup, as a hd3t) material, and a

phosphor escent conpound havgnga_pyrazi ne skel eton as

m ni num and extrenely driving can bgé = [0197] 20As the
light-em tting substan a high nol ecul ar conp an be used.

Speci fically, exanpl f~QFhe material s that e |light include

pol y(9, 9-di octyl fl uoFehec; 7-di yl) (abbrevi at }on; ,

pol y[ (9, 9-di octyl f rene-2,7-diyl)-co -(ZN“ i oxybenzene-1, 4-diyl)]

(abbrevi ation: PF- , 25pol y{
(9, 9-dioctyl flug iﬁ} ﬂ\7-diy1)-co-[N,Ar-,'<i} but yl phenyl) -1, 4- di am nobenze
ne]l (abbrevi atq on: @ PFH), and the Ii Kur her, exanpl es of the

materials that emts (512) (513)
greenlightincludepoly(p-p%enylenevinyIene)(abbreV|ation:PPV),
pol y[ (9, 9-di hexyl fl uorene-2, {-dd yl1l)-a/t-co-(benzo
[2,1,3]thiadi azol e-4,7-diy evi ati on: PFBT) ,
30pol y[ (9, 9-di octyl- 2, 7H [ | uorenyl ene)-a/t-co-
| hexyl oxy) -1

[0112]
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, 4-phenyl ene)], and the |like. Furthernore, exanples of the materials that
emts orange to red light include

pol y[ 2- met hoxy- 5- (2' - et hyl hexoxy) -1, 4- phenyl enevi nyl ene] (abbreviation:

MEH PPV), pol y(3-butylthiophene-2,5-diyl) (abbreviation: R4-PAT), pol y{

[9, 9-di hexyl-2, 7-bi s(1-cyanovi nyl ene)fl uorenyl ene]-alt-co-[2,5-bis(N, N -dip
henyl am no)-1, 4- phenyl ene]}, 5pol y{

[ 2- met hoxy- 5- ( 2- et hyl hexyl oxy) - 1, 4- bi s(1- cyanovi nyl enephenyl ene)] -al t-co42,
5- bis(N,./si-diphenyl am no)-1, 4- phenyl enel | (abbreviation: CN PPV-DPD),
and the |ike [0198] The~el ectron-transport ggayer 114 is a | ayer

i ncl udi ng a substance havi ng igh.el ectron-transpgft property. As the
substance having a hig r-n-ﬂignsport propertyl 10 the foll ow ng neta
conpl exes having a q skel eton or a benzoquiﬂﬂ i ne skel eton

canbegi ven: tri s(8- ol i nol gt o) al um nun( abbrevi.a ;
tris(4-methyl - 8- quinoji nol atI um nun( abbf evi

bi s( 10- hydr oxybenz g} i UTT(
bi s(2- et hyl - 8- gdi R | at 0) (4- phenyl pky
BAl ). A 15netal havi ng an oxazo}
such as bis[2-(2-hydrd&V@henyflbenzox
bi s[ 2- (2- hydr oxyphenyl ) benzot hi azol at @

nun1(abbreV|at|on

t hi azol e- based | i gand,
C zinc(abbreviation:Zn(BCM)Z)or
bbrevi ation: zZn(BTZ)2), or

the like can aIsobeused.Ctngthannetalco nlexesm1n HsC
2- (4-bi phenylyl)-5-(4-tert-h @: 4- oxadi azol e(ahbrevi ati on: PBD),
20 1, 3-bis[5-(p-tert-butyl phenyl)-1,3,. 4 adiHazol - 2-yl ] b ene

(abbrevi ation: OXD
3- (4- bi phenyl y1) - 4-%
(abbreviation: TAZ

Q I phenyl)

?4tt-é zol e
Rt hrolin Ha(abbr-v'atlon hen),

bat hocupr oi ne (akbr @ |at|on ') or the |ikg’ cawn be used. The substances
descri bed here arg i : al.s having an gFectron nobility of 10-6
cn2Ns or nore. < pn-t ransp Aydr is not 25limted to a

single |ayer, Y By
t he above substances(gkﬁ st acked. &g%?Q]

H3C

QQ

/
N
(521) (522) (523)

[0113]
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The el ectron-injection layer 115 is a layer including a substance having a
hi gh el ectron-injection property. For the electron-injection |ayer 115, an
al kali metal, an 30al kaline-earth netal, or a conpound thereof, such as
lithium cesium calcium Ilithiumfluoride, cesiumfluoride, calcium
fluoride, or lithiumoxide, can be used. Arare-earth netal conpound |ike
erbium fluoride can al so be used. The above-nenti oned substances for
formng the electron-transport |ayer 114 can al so be used. [0200]

Al ternatively, a conposite material including an organic conpound and an 5
el ectron donor (a donor) na be used ! e el ectron-ithfection layer 115.
Such a conposite material i &

tion property

and an el ectron-transport p operty b-@!ﬁ ext he eIectron QY. causes
generation of electrons. In AQis case ™ or gani ¢ cohPou die preferably a
material excellent in transpopting t br at ed electroigm Speci fically,
for exanple, the substances flor formng tf ansport | ayer

114 (e.g., a netal conplex @
descri bed above, can be usegs
showi ng an el ectron
Specifically, an al
netal are preferagp
ytterbium and the

al kal i ne-earth Jn

oxi de, barium

et C @@ dwhich are

4 ¥4 y v " i
& 2 Ikallne ear'th netal and a rare-earth
and I|th| ,-~ .. N m calcium er bi um
|ke 15 z \‘ @' t al oxi des or

i des preferable andeHfHUH1OXIde cal cium

as
[ 0201] 20The
t he Iight-enitting

can al so be

tetrat hi af ul val (abbreV|at|on ‘
-
: |, the hole-fré&nsport |ayer

hol e-i nj ection I8
| ayer 113, the el ect
| ayer 115, which are ¢egcribed above Ach be fokne a method such
as an evaporation mnet{ [ [ '
met hod, or a coating.y
functions as a cat Kode
a netal, an alloy, At eIectrlcdlIchonduct|ve AN) e , a mxture thereof,
or the like havi @ | quemo ncgion (preferapty a work function of 3.8

g
eV or less). Sped¢iKically, an§ Q GE; e used: elenents
bel onging to G o@‘ or G oup™
netal s such a tf and 30 cesi 8
i hi.

that is, alkali
@ﬁﬂnetals such as

magnesi um cal ci um andsa,'

Al -Lip; rare-earth netals

Cils , My-Ag or
C or alloys thereof;
alum num silver; and the |} S

530) (531} (532)
[0114]
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However, when a |layer which is in contact with the second el ectrode 103 and
included in the EL layer 102 is fornmed using a conposite material including
an organi c conpound and an el ectron donor (a donor) described above, a
variety of conductive 5 materials such as alum num silver, ITO and
indiumtin oxide containing silicon or silicon oxide can be used regardl ess
of work function. [0204] Note that the second el ectrode 103 can be
formed by a vacuum evaporation nmethod or a sputtering nethod. In the case
where a silver paste or the like is used, a 10 coating nethod, an inkjet

met hod, or the liKgKeszcan be used. [0205] In & above-descri bed
light-emtting elepent, a current flows due to a potential difference
generated between the first electrgode 101 and the sgcond el ectrode 103, and
light is

gh one or both
or both of the
ffave a property

e of the layers

first el ectrode 101 ‘&n
of transmtting visiblg

provi ded between the fhL$ * ecaond el ectrode 103
is not limted to t@- Wy O] 1 ped . A qt upey ot her than the

above may alternati 8
whi ch hol es and el ec rons reconbine | s provided in rtion away fromthe
first electrode 101 &d the second @Péctrode 103 inﬁgﬁﬁer to prevent
quenching due to pChximty of the Iight-enitting regison to netal. 25[0207]
I n ot her words, gre is no parti ar limtation_ en a stack structure of
the | ayers. A | ayer |nclud|ng ; tance havi 2

property, a subst‘/ 5 Hq%' e- -nsgg}t
having a high ele
hol e-i nj ection property, /a blpolaq1§ bs 2
el ectron-transport property and a hlghqhome transport property) a

hol e- bl ocking material =§r the |ike e reely be conbl th a
light-emtting Iayer N ng 2erBT as a host | . [0208]
Si nce 2nDBTPDBQg- I | tance haw i gh el ect\=¢ nsport

property, 2nDBTPDBq u&mgan also be wsed for the el ecsggn-transport |ayer.
I n other words, a conmpound of one enbodi nent of the present invention, in
which a 5 dibenzo[f; h]quinoxaline ring and a hol e-transport skeleton are
bonded through an aryl ene greup, can be us for the electr transport

| ayer. [0209] nd of one enb hent of the
present invention, il noxal 1 pg ri ahd a
hol e-transport skel HaC
H3C 3
bgc
(539) (540) (541)
[0115]
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10 an arylene group, is applied to both the light-emtting |ayer
(especially as a host material in the light-emtting |layer) and the

el ectron-transport |ayer, extremely | owvoltage driving can be reali zed.
[0210] In the light-emtting elenent illustrated in FIG | B, the EL |ayer
102 is 15 provided between the first electrode 101 and the second

el ectrode 103 over the substrate 100. The EL | ayer 102 incl udes the

hol e-injection layer 111, the hole-transport |layer 112, the light-emtting
| ayer 113, the electron-transport |layer 114, and the el ectron-injection

| ayer 115. The light-emtting elenent in FIG /TR i ncl udes the second

el ectrode 103 serving as a cathode over the s t he

el ectron-injec 'n e-r 15 @ 3 3 : a 5he114’ t he

l'ight-em tting
hol e-injection |3 ¢ N2 _
this order, and Nhenfirst ctroqLé Pl pro @

an anode. [0211] /28A nethod of forpifNg the light-emstting element will now
be specificall \bed. [0212] O In a |} tting el enment of

t hi s enbodi nen ‘e=EL | ayer is t eepOsed betweén ¥ pair of el ectrodes.
The EL layer has aisp east the lighteesitting Iayerwmﬁnd 30 the

light-emtting |ayer is forned g 2 @aD'DBq-II as 'a Ifo mat eri al .
Further, the EL 1 a fuRc /g, the
hol e-injection |ay _ ~ fNsH g on-transport

| ayer, or the elec
| ayer. The el ect Hddes
light-emtting | ayer,
wet processes such as
spin coating nethoo
vacuum 5 evaporatio
process allows formation'®s

‘ the light-emtting

electrﬂgg he second el ectrode), the

t he functi onal ay be fornmed by any of the

opl et di schargi ng od (an inkjet nethod), a
printing net hod, A dry processes such as a

a CVD nethod, &nd_a Sputtering nmethod. A wet

pspheri c pressd?ﬂ”m@th a sinple device and

by a sinple process, ther % l'ifying the process

and i nproving productivit n~eontrast, a dry g s~ does not need

di ssolution of a materigl/and enabl es use_of a fraterial that has | ow

solubility in a sol uti @ trange of materi al

10choi ces. [0213] HsC Al'l the thin filmng i uded in a light-emtting

el ement may be formeg/ by, a wet nmethod. In § case, the light-emtting

el enent can be manuf ared with only faci hiki es needed for a wet process.
Alternatively, the fd | pwing nethod nay pe pl oyed: formation of the
AT ey
t
V4

N

e
he

stacked | ayers up i ggazpf the I|i tkg | ayer i s performed by
a wet process wher exfunctional |ayer, fi'rst el ectrode, and the
ayer are forned by a dry
et hod may be enpl oyed: the

| i ke which are sta or the light-emtti
process. Further altegndtively, the foll &%

second el ectrode andpt hi 4!3, onal | ayer g QIb- sy a dry process
&= | { emtting yEr gr eas t he

before the formation p&(th
light-emtting | ayf urict i onal | ay ed®t héreover, and the first
el ectrode are fornmd./by\a/wet process. to say, this enbodinent is
not limted to these, angsg light-emtting el eggpt can be fornmed by
appropriate selection froma wet nethod and a dry nethod depending on a

mat eri al t[@iI6¢ used, necessary filmthickness, and the interface state.

[Chemical Formula 60]
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25[ 0214] In this enbodinent, a light-emtting elenent is fabricated
over a substrate nade of glass, plastic or the like. By formng a plurality
of such light-emtting elenments over one substrate, a passive nmatrix
light-emtting device can be manufactured. Further, a light-emtting

el ement may be fabricated in such a manner that a thin film 30 transistor
(TFT), for exanple, is be fornmed over a substrate made of glass, plastic,

or the like and the elenent is forned over an el ectrode electrically
connected to the TFT. Thus, an active matrix light-emtting device in which
the TFT controls the driving gf the light-egr4ting el enengrgan be

manuf actured. Note that therd i no particuliardlimtation
of the TFT. Either a FT o =Avelted Fragger TFT may be

enpl oyed. In additio & Iirri gn>t he
crystallinity of a selfcondtct or Us id for the TF) \and an anor phous

sem conduct or or quﬁ stalline 5 Nsenmi conduct or Nmaw be used. In addition, a
driver circuit forned over a TFT gebstrate may be=fornmed wi th both

n- channel TFTs nnel TFA : @@ th either n-channel
TFTs or p-chann [ 0215] ¥ o/t t Mg gl,enent can be
fabricated using 2nDBTPRBg- HKC-3) descr ibed; i p~ErpotiCrent 1. By the use of a
conpound of one enbodi ment of t k8sprlsent ithvention, iGawhi ch.a

di benzo[ t h] qui noxaisene ring apd a hagteytrangpgrt k8l et on .Egﬂbonded

t hrough an aryl ene group, light-emtt el engn Ight-emtting
el enent can have | ow gt Vi Rg hicgrrent ' @ § and a | ong
lifetime. [0216] 15F ) ghtt -en¥t ti ng deyice (such as an image

di spl ay device) using i i -t ng el enent off oge enbodi nent of the
present invention p Nas above can haye | ow power
consunpti on. @ﬂ} mtting el enent
described in thig bri cate a passive

(83
matrix |ight-emYt

which a thin fj Sysi ~ & ﬂﬂb i vi Rg of the

i npl enented i n"appropriate conbirati
enbodi ments. [0219] (EBAbodi nent 3)/‘

[0117]
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In this enbodi nent, nodes of light-emtting el enments having a structure in
which a plurality of light-emtting units is stacked (hereinafter, referred
to as a 30 stacked-type elenment) will be described with reference to FIGS.
2A and 28. These light-emtting element are each a light-emtting el enent
including a plurality of light-emtting units between a first electrode and
a second el ectrode. [0220] In FIG 2A, a first light-emtting unit
311 and a second light-emtting unit 312 are stacked between a first

el ectrode 301 and a second el ectrode 303. In this enbodi nent, the first

el ectrode 301 functions as an apsde and the second el ectgc
functions as a cathode. The firk
303 can be the sane as }
light-emtting unit 311
same or different strhctl

ei t her of the units mEy\be the same as
Further, a char At Nop, | ayer 313 | .
li ght - enlttlng uni t d the second HiE ght=
voltage is applied betwaey the f
303, the charge generati grigl ay=
light-emtting unit and
unit. In this enbodinep
301 so that the poteandm t hereof i i nythat of the second

el ectrode 303, th% ch : 'njects el ectrons into the
first |ight-enmtd AR r second
light-emtting unich, , eneration |ayer 313
preferably has a properg%1pf trag,nlttlng VISIQ&% Ilght interns of |ight
extraction efficiency urther, !ﬂa char ge generatlon | aygr {313 functions
even when it has | ower cqngduc 'y than the first 301 or the
second el ectrode 303. { 5313 may have
either a structure incluu high

hol e-transport an acceptor) or a
structure incl h electron-transport
property and a f these
structures nmay ; structure in
which an el ectron acceptor is added to an organi c conmpound having a high
hol e-transport property®®a&hy of the followi ng dbfétances ¢an be used as

hodi nt 2. 10[ 0221]
e*@%ben the first

i 312. \Wen a

second el ectrode

aromati c anmi ne conmpounds & @ BB, TPD, TDATA,
4,4" -bi sS[ N-(spiro-9,9'-bi prdor ér 2-y1)-
(abbrevi ation: BSPB);off/

CHa HsC
/\/ O
CH3

CHs
(565)

[0118]
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5 the like. The substances given here are mainly materials having a hole
nmobility of 10.6 cn2Ns or nore. Note that other than the above substances,
any organi ¢ conpound that has a property of transporting nore hol es than
el ectrons may be used. [0225] Further, astheel ectronacceptor, 10
7,7,8,8-tetracyano-2, 3,5, 6-tetrafl uoroqui nodi net hane (abbreviation:

F4- TCNQ, chloranil, and the like can be given. In addition, transition
nmet al oxi des can be given. Mreover, oxides of netals belonging to Goups 4
to 8 of the periodic table can be given. %Eecifically, vanadi um oxi de,

ni obi um oxi de, tantalun1OX|oe chr om um_ox¥P-dex, nol ybdenum oxi de, tungsten
oxi de, manganese oxi de, i i hecause t hey
have a hi gh el ectron-ac X des,

nmol ybdenum oxi de, whi ch wing to its

il [ n contrast, in the

case of the structure ded to 20 an organic
conmpound having a h'g as the organi c conmpound
havi ng a high el ect’ , a metal cenpl ex having a
qU|noI|ne skel et of Lie $ eh as Al g, Al ng3, BeBgz,

conpl ex havi ng an
s“Fn(BOX) 2 or
Zn(BTZ) 2 can al §o be used.® &l . corrpl exes, PBD, OXD-7,
TAZ, BPhen, BCP, or tk#7)i ke can be (&€d. The subst &fges given here are
nalnly naterlals having an electron mobility of 10.6 cn2Ns or nore. Note
that other than the above bst ances, any or gani6, conpound that has a
property of transporting m ons than hal es may be used. [0227]
30Further, as the electron 8 al kal i ne-earth
netals, rare-earth netal s, 3 0 3 the periodic
tabl e, or oxides or carbon, es thereo e used. Spetifically, lithium
cesi um magnesi um cal ci ¢ i i oxi de, cesium
carbonate, or the like i gonpound such as

t et r at hi anapht hacene @y\ﬁlso be used_a he el ect r. [0228]
Note that by the fornatien of the charge-gengratio er/313 using a
material 5 des ' I bI'E4t 0 seppress a ncrease in
driving vol t age *Fﬁe EL Ia9ﬁ¢~ In this

enbodi ment, the Tight-esmfting el enent graving two |ight-emtting units is
described, and a light-emtting el ement having a stack of three or nore
light-emtting 10 units can also be enployed as illustrated in FIG 2B. A
plurality of |ight- e|ng units which arrtltloned by a charge
generation | ayer is argFa qed bet ween a pai t_electrodes, as in the
light-emtting el ements.a i : PNy, \ ereby it is possible
to realize an el enent hau a={ ong lifetine emt light with a

hi gh | um nance whil e curre \den5|ty i s kept

(573) (574)

[0119]
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15[ 0230] Wth light-emtting units having em ssion colors different
fromeach other, the light-emtting el enment as a whole can be nade to em t
light with a desired color. For exanple, in alight-emtting el enent having
two light-emtting units, the em ssion colors of the first light-emtting
unit and the second light-emtting unit are nmade 20 conpl enentary; thus,
the light-emtting el enment which emts white light as a whol e can be
obtained. Note that the term "conpl enentary” neans color relationship in
whi ch an achromatic color is obtained when colors are m xed. That is, white

| i ght em ssion can be obtained by m xture ight obtained from substances
emtting lights with cgm tary colors &gﬂ' can be applied to a
light-emtting el ement\uh as ghtsepmyti units. For
exanple, the light-emgting el ement ol e can i phite |ight when

t he em ssion col or
color of the second
the third |ight- gy

phe first | {red, the em ssion

Ight-emttiMg Mnit is green, ard tNHe em ssion col or of

i tfi ng unit is/T [ 0231] 30Note§§9d t hi s enbodi nent
ng

can be conbi ned wK any ot her . yent as appraf G!»[OZBZ]

(Enbodi ment 4) * ¥, a light-em gevi ce having a
light-emtting @ @ of one enbodi nent of the present invention will be
described with reference to FIGS. 3A®ahd 3B. Note they FIG 3A is a top
view illustrating thé®®%ght-emtting device, and FIG 53Bis a

cross-sectional view take v [ 0233]

In FIG 3A, reference tion (a
source driver circuit) Y] portion, and
reference nunmeral 403 S [ [ y ate driver
circuit), which are\e3 i ndi '1!@ ¢s. Reference nuneral 404
denotes a seal i ng S« v 405 denotes a seal ant, and a
portion encl osed 4 Note that a

| ead wiring 408 ig
inputted to the ‘ ate driver circuit 403,
and receives a %= o signal, a clock signat, tart signal, a reset
signal, and the |ike m an FPC (fl exj.ble printed gircuit) 409 which
serves as an externaﬁ&%ﬁput terninalgéﬁjthough onlfg#%e FPCis illustrated
here, a printed wring boaPe-tPWB) may be attz

light-emtting device i KS_$
light-emtting device ipsélf but alsg

-
(606) (607) (608)
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20[ 0235] Next, a cross-sectional structure will be described with
reference to FIG 3B. The driver circuit portion and the pixel portion are
fornmed over an el ement substrate 410. Here, the source driver circuit 401
which is the driver circuit portion and one pixel in the pixel portion 402
are illustrated. 25[0236] Note that as the source driver circuit

401, a CMOS circuit which includes an n-channel TFT 423 and a p-channel TFT
424 is forned. The driver circuit nmay be any of a variety of circuits
formed with TFTs, such as a CMOS circuit, a PMOS circuit, or an NMOS
circuit. Although a driver tegrated type in which a o er circuit is

5, described in this enbodi'nent, the present

invention is not limted to Ni e~driver cincylt can be forned
outside the substrate. [02 @ orti on 402 j ncl udes a
plurality of pixels haV|no 7 i i 411, a cut ontrol TFT 412,
and a first el ectrode ¥ annected to a ai n of the current

control TFT 412. Not}y i NSt 214 is formed }e(cover an end
portion of the first electrode atdr £H4 is fornmed by
using a positive 2 Ne phot ose :cryllc resi fNfiNm [0238] I'n
order to inprove_g¢ovgrage, the T ator 414 is pro Qiyro such that either
an upper end u@:-@ Ydul ¥t or 414 has a
curved surface Wirth & curvature. For exanple, when | ve phot osensitive
acrylic is used as a erial for 10 ghg insulator 444, is preferable
that only an upper end portion of the |nsulator 414 haqua curved surface
with a radius of curvature 0j2 gmto 3 um. For theiims af or 414, it is
al so possible to use ei k¢ ggayi ve type that JbeeGw 3ol ubl e in an
etchant by light irradihtilon or a positive type t becones soluble in an

et chant by |ight |rr| n. 15[ 0239] mtting | ayer 416
'jﬂgre formed over th

and a second el ectro #l ectrode 413. Here,
as a material for form ng unctioni ng as the anode,
a material havingya Wi gh work function is greferal¥y used. For exanple, it

is possible to use S|ngle layer of an ITO=KHIm an indiumtin oxide film
t hat incl udes %@ n, an indi um oxi dg @ hhat includes 2 ww%to 20
wt % of zi nc oxi te taniumnitride fi fromum film a tungsten

film a zZn film a Pt figmm or the liKke, a stackaﬂsjayer of atitanium
nitride filmand a filmthat mainly includes alum num a_three-|ayer
structure of a titaniumnit "“‘fl|ﬁl a filmthat mainl ncl udes al um num
and a titaniumnitride fil 8 |ike. Note that, wh a stacked | ayer
structure is enployed, of awringis Iom1.we a favorabl e
ohm c contact is obtal I n addition, t light-emtting

| ayer 416 is fornmed : evapor ati on net hod

usi ng an evaporati on)s a dropl et dlschargln Pike an i nkj et
met hod, a printin:, g dJ and a spin coatlng/-rthod The
N N
(614) (615)
[0121]
{Chemical Formula 65]

72



30light-emtting |layer 416 includes a heterocyclic conpound described in

Enbodi nent 1. Further, another material included in the light-emtting
| ayer 416 may be a |l ow nolecular material, an oligonmer, a dendrimer, a
hi gh nmol ecul ar material, or the like. [0241] As a material used for

t he second el ectrode 417 which is formed over the light-emtting |ayer 416
and serves as a cathode, it is preferable to use a material having 5 a | ow
work function (e.g., A, My, Li, Ca, or an alloy or a conpound thereof such
as Mg-Ag, Mg-In, Al-Li, LiF, or CaF2). In order that light generated in the
light-emtting |ayer 416 be tramsmtted through the Sgcond el ectrode 417, a
stack of a netal thin film ha ‘ educed t hi ckne and a transparent
conductive film(e.qg., O, /=t ¥i de containing 2 w%to 20 wt % of zinc
oxi de, indium oxide-ti
zinc oxide) is prefergbly useg for the second
The sealing substrate ®04 is @

ached to t -ﬁ

[ 0242]

seal ant 405; thus, ght -emTting el enent /418 is\provided in the space
407 encl osed by t BNt substrate 41Q¢ e sealg ng substrate 404, and
t he seal ant 405. t the 15 space 40¢ may b |led with filler such

v th the seal ant 405. [0243]
Not e that as the seal ant 405, an epoxyibas esin is preferably used. Such
a material is desirably a mgterial that transmtgsgs |itgte noisture or
oxygen as possible. 20 As a mterial use or the sealingtsubstrate 404, a

gl ass substrate, a quartz s & piCagt i C subsjtr formed of FRP
@1 i bed above, the

(fiberglass-reinforg pal yvi nyl uol-=<e
acrylic, or the Iik¢ 44 S

haviéig a 25 Jight-en,tting el ement of
i fvention can bg’ ol ai ned.” [(0245]
a passive matr|j

active matrix ligh
@ of the prese i nvention can be used for
@ ice as he above active matrix
light-emtting\ds FIGS. 4A and 4B illu at perspective view and a

cross-sectional viewgfs,a 30 passivyg 5ratrix l'i ght-em,Lting device using a
. ol (818) (519)"" . 20) .
light-emtting elenent of the present invention. Note that FIG 4A is a
perspective view of the light-emtting device, and FIG 4B..

cross-sectional view takﬁnC alcqlgg line X-Ycaif FIG A4A @@
3 H3C—1CH,

Further, a |light-

N/ \N N/ \N N/ \N
(621) (622) (623)

[0122]
[Chemical Formula 66]
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In FIGS. 4A and 4B, an EL | ayer 504 is provided between a first el ectrode
502 and a second el ectrode 503 over a substrate 501. An end portion of the
first electrode 502 is covered with an insulating |ayer 505. In addition, a
partition layer 506 is 5 provided over the insulating |ayer 505. The
sidewal I s of the partition | ayer 506 are aslope so that a di stance between
both the sidewalls is gradually narrowed toward the surface of the
substrate. In other words, a cross section taken along the direction of the
short side of the partition layer 506 is trapezoidal, and the base (side
facing in a direction par el to the plape dlrectlon f the insulating
| ayer 505 and being in cohta i it égslnsulatlng | aygr 505) is shorter
@ rection paral to the plane
‘ot bei ng h o#it-gef Wi th the
partition faygk 506 in such a
electricity or

direction of the insulatin
i nsul ating | ayer 505). By
manner, a defect of a ligh

the like can be prevented 247] 15Thus e pag At Fix light-emtting
devi ce having a |i ght g eleg ¥ ohe e @Zﬁ' ®f the present
i nvention can be oftarne 90248] B light-em tting devices

N

described in thig—¢nbodi ment (t-- active matriix Night-emtting device and

i ment of

g§sent invention, thereby
24t this embodi ment can be
a--roprlate %29 0250] (Enbodi nent 5)

@ i ncluding a

venti on descri bed

light-emtting de

in Enbodi nent 4 as a ps 'TJExaane . _the el ectronig 86VIC€S i ncl ude
caneras such as 30 vidao-{caneras ang_di gital 5,/ goggl e type
di spl ays, navigation sy$§ , i ¢<Ek|ng deV|€E$. y., car audio

systens and audi o syst
termnals (e.g., nobi \
machi nes, and el ectrop books), iwage reprodUC|no.=eV|ces in which a

recordi ng medi um i g pxovi ded (spesifically, /Caﬁ that are capabl e of
reproduci ng recording ngshiza su digital versatile discs (DvDs) and

provided with a a - av devi cg u ‘ cga&dlspli. and the like.
Speci fi c exanpl e ‘ se eI 5devi &@ﬁ* I(g%% )rated in FIGS. 5A
to 5D. CHg HsC O CHs
(630) (632)
[0123]
[Chemical Formula 67]
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[ 0251] FIG5A illustrates a television set according to one

enbodi nent of the present invention, which includes a housing 611, a
supporting base 612, a display portion 613, speaker portions 614, video
input termnals 615, and the like. In this television set, a 10
light-emtting device of one enbodi nent of the present invention can be
applied to the display portion 613. Since a light-emtting device of one
enbodi ment of the present invention has |ow driving voltage, high current
efficiency, and a long lifetine, by the application of the light-emtting
device of one emphe®inment of the present invention, -axtelevision set having
high reliability g/ obt ai ned. 15[ 0252]
FIG 5B iIIustrat- di mrent of the present

i nvention, which 622, a display portion
a pointing device

626, and the |likeg 2 > | &
present invention ca 0 bhé 2B=di Yomy-623. Since a

dr|V|ng vol tage, highNeu i ~_ \g £ iMetNne, by the

application of the Ij @ ' |
@ m e of one

i nvention, a conput

can be obtalned [0 p

enbodi nent of the pré&ént invention®4hich incl udes &5min body 631, a
housi ng 632, a displfay portion 633, an audio |nput‘ﬁbrt|on 634, an audio
out put portion 63 operation keyS$™36, an extern onnection port 637, an
antenna 638, and | i ke. I nnid ular pha e light-emtting
device of the preg ; 3 N portion 633.
Since a 30 light-em esent invention
has | ow dri ving volta% ong lifetinme, by
the application of th diNdrent of the
present invention, a_c and reduced
power consunption cd f ai ned. [ : strates a
canmera of one enbodi the presé&mt imvention, wh ‘h ifiel udes a main
body 641, a display ﬁﬁﬁtlon 642, a ﬁ@US|ng 643, an €ft&rnal connection

f,;hlgh curﬁeﬁt : |C|ency, ay
Iﬁbht emtting ¥ ce of one endig
ar phone ng high reli abf

N N N N TN
a%e a%e
(639) (640) (641)
[0124]
[Chemical Formula 68]
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5 port 644, a renote control receiving portion 645, an inage receiving
portion 646, a battery 647, an audio input portion 648, operation keys 649,
an eyepi ece portion 650, and the like. In this canera, a light-emtting
devi ce of one enbodi ment of the present invention can be applied to the

di splay portion 642. Since a light-emtting device of one enbodi nent of the
present invention has |ow driving voltage, high current 10 efficiency, and
along lifetime, by the application of the light-emtting device of one
enbodi nent of the present invention, a canera having high reliability and
reduced power consunption can be obtained. [0255] As thus descri bed,
application range of a light-emtting device o 15 enbodinent of the
present inventyon i guyte mnde 5 ' evi ce can be
applied to el ey 3 ' 3e of a
light-emtting dem hon, an

el ectroni c devi cé i
be obtai ned. [ 02586] , itti &N _ce of one enbodi nment
of the present
illustrates an Si i 7S ey dev ce using a
light-emtting devi c&4df one enbgdi i
backlight. The |iHghi d crystal di
a housing 701, a | i/goy&Hsg t A

FIG 6 includes
and a housing

frent is supplied to the
backl i ght 703 t hrough erm nal 706. [0257 ing a light-emtting

devi ce of one embodi/ment the present in .G!FS 30 a backlight of a
liquid crystal display ce as described &bbve=a backlight having
reduced power consunpti off4€an be obt ai ned. Nbr@ﬁ@er, since a light-emtting
devi ce of one enbodi nent of g Py esent invention |'i ghting device for
pl anar |ight em ssion and epd argenent of t : F-emtting device is
possi bl e, the area of the -.ckllght can also be de larger. Thus, a liquid
crystal display device b sunption and a |l arge area
can be obt ai ned. [qggg] Y | R-dxanpl e in which a
light-emtting device one enbodi nent of e present invention is used
for a desk lanp whichiiNa l'ighting devi ceN THe desk lanp illustrated in
FIG 7 has a housi ng_801X

Yok t he present
source 802. Since t¥e ligHt-em tting devitT ==0ne enbodi ment of the
present 10 invention has®%3dWw driving voltage $8h current efficiency, and
along lifetinme, by.d ts/~\PI|cat|on a desk | having high reliability

on can be obtai ned
H3C

[0125}
[Chemical Formula 69]
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FIG 8 illustrates an exanple in which a light-emtting device of one 15
enbodi nent of the present invention is used for an indoor |ighting device
901. Since the light-emtting device of one enbodi ment of the present
invention can have a larger area, it can be used as a lighting device
having a |l arge area. Further, since the light-emtting device of one
enbodi nent of the present invention has |ow driving voltage, high current
efficiency, and a long lifetime, by the application of the 20
light-emtting device of one enbodi nent of the present invention, a

| i ghting device having high r uced power cersunption can

eliability and peg
be obtained. In a roomwhere {thg |ight-emtting device of ﬂﬂ@ enbodi ment  of
the present invention,_i S thesiqdos ghti nye e 1901 as above, a

tel evision set 902 of ) aniidn as descri bed
referring to FIG 5A ¢ s |nstaI/io so that pubig 25 broadcasting and

i y [0260] N NNote that whi v enbodi ment can be
enbodi nment appropri at &=\[ Exanpl e 1] 30[ 0261]

[ 3 ‘ d of a met hod of

conmbi ned with any
[ Synt hesi s Exanplse
synt hesi zi ng
2[ 3- (dlbenzothhg-hen 4- W) plrediy dlben/.th
2nDBTPDBg- | 1) represeq&ﬁg by t h&Hsol Hefwi ng
[ Chemical Formula 76] 5(101)#1-0268§2)[ Synt

1O XiapC we(abbreV|at|on
rucé:£alfﬁhr (101). [0262]

[0126]
[Chemical Formula 70]
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A schene for the synthesis of 2nDBTPDBg-11 is illustrated in (C1). [0264]
10 [ Chem cal Formula 77] [ 0265] In a 2-L three-neck flask were
put 5.3 g (20 nrnol) of 2-chlorodi benzo[th]quinoxaline, 6.1 g (20 mmol) of
15 3-(di benzot hi ophen-4-yl ) phenyl boronic acid, 460 ng (0.4 nunol) of
tetraki s(tri phenyl phosphi ne) pal | adi um(0), 300 nmL of toluene, 20 nL of

et hanol, and 20 nL of a 2M aqueous potassi um carbonate solution. This

m xture was degassed by stirring under reduced pressure, and the air in
the flask was replaced with nitrogen. This m xture was stirred under a
nitrogen streamat 100 C for 7.%h

the obtained mxture was filtergg
obtained by the filtrati
order, and then dried.
hot toluene, followed/k
Wako Pure Chem cal | n¥
(produced by Wako P
wher eby a cl ear HgE

suction filtration e gh Celite (produced by
ries, Ltd., Catal og No/ 531-16855) and Fl ori si
cal | ndust rices, Catcalb og No. 540-00135),

hot tol uerié®%s a :@ opi ng sol vent.
Acet one and et hanol were ;sdee—-oc;he solid obt aj fol |l owed by
irradiation with ultrasoR avgs.” Then, the gen & pended solid was
- was dried to gi.we 7.85 g of a white powder
in 80 %vyield, which Was M he substance to be Njr dduced. 15[ 0266] The
above produced su% ' diel atively sol ublyesin hot toluene, but is a
material that g 629y ) acllBjyf at e WAeh,_cp @Q ffer, the substance
was poorly sol ubl e, =t/ q@fgani ¢ sohue uch=4 et one and et hanol .
Hence, the utilization q%T;hese di

ferent degr eggyof éolub
a high-yield synthesis by a sinp PO net hod as above. Sp
the reaction finished, t :

ity resulted in
ically, after

Leg-By filtration, ~ impurities
were able to be easily rem " Further, by the cg@ “hr omat ogr aphy with
hot tol uene as a ent, the produgédisubstance, which is easy
to precipitate, i i fi By a train
subl i mati on nmetjo In the
purification, t\ae _ . j
Pa with a flow rate of argon gas
of athermwkrvmsoﬁ%hwdin.
to be produced.

{0127]
[{Chemical Formula 71]
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30[ 0268] A nucl ear magnetic resonance (NVR) nethod identified this conpound
as 243-(di benzot hi ophen-4-yl) phenyl ] di benzo[ 1h] qui noxal i ne( abbr evi ati on:
2mDBTPDBg-11), which was the substance to be produced. [0269] 1H NWVR data
of the obtained substance are as follows: ill NWVR (CDCI3, 300 5 MHz): 8
(ppm = 7.45-7.52 (m 2H), 7.59-7.65 (m 2H), 7.71-7.91 (m 7H), 8.20-8.25
(m 2H), 8.41 (d, J =7.8 Hz, 1H), 8.65 (d, J = 7.5 Hz, 2H), 8.77-8.78 (m
1H), 9.23 (dd, J = 7.2 Hz, 1.5 Hz, 1H), 9.42 (dd, J = 7.8 Hz, 1.5 Hz, 1H)
9.48 (s, 1H). [0270] FIGS. 9A and 913 illustrate the 111 NWR
charts. Note that FIG 913 d4s a chart 10 Pewinng an enl arged part of FIG
b

9A in the range of 7.0 s-«g‘;l ppm Furt FI G 10A
shows an absorption speé ¥ a tol uepe/sol uti on of 2 PDBg- 11, and
FIG 10B shows an em ssi/on spectrum t eof. FIG 11A Wws ‘an absorption

of 2nDBTPDBg-\.L/ and FI G 11B-shows an 15 em ssion
pegt rum was nmeasung
uItravioIet-visibI%/sa ct rophot onet erN (V- 550, prod
Cor poration). The @

a nmanner that the

obt ai ned by evapt

quartz ceaﬂagnd the thin filmwas

bnt 0 a guaft z=siubst e/ | ﬁs rption spectrum of
t he sol ution &Sby ) hé?(;OSO . i@?? spectra of
Hose

quartz and tol uéne from qgquartz d the solution, and the

absor pti on spectrum oftéé¢he thin fil m@&&s obtai ned bysgubtracting the
absorption spectrumof a quartz substrate fromthose of the quartz
substrate and the thin fil and FIGS. 11A and 11B,
the horizontal axis represefits ] d the vertical axis
represents intensity (arbitpe : \ 25 tol uene

sol ution, an absorption peak . and em ssion
wavel engt h peaks were 386 _n
nm. In the case of the ¢
250 nm 312 nm 369 run,
426 run (at an excitatjyon, wavel ength @

[ Synt hesi s Exanpl e 2] O Q
O OHADA) e

(670)

() (
o~ o~

N/ \N N/ \N
HsﬂiCHs (O~ . W,
(673) (674)

[0128]
A variety of reactions can be applied to a method of synthesizing a heterocyclic
compound of one embodiment of the present invention. For example, synthesis
5 reactions described below enable the synthesis of a heterocyclic compound of one
embodiment of the present invention represented by General Formula (G1). Note that

the method of synthesizing a heterocyclic compound which is one embodiment of the
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Thi s exanpl e gives descriptions of a nethod of synthesizing

244- (3, 6-di phenyl- 9H car bazol - 9-yl ) phenyl ] di benzo[ f; h] qui noxal i ne
(abbreviation: 2CzPDBg-111) represented by the followi ng Structural Fornula
(338). 5[0273] [Chemical Forrmula 78] (338) [0274] [Synthesis of
2CzPDBg-111] 10A schene for the synthesis of 2CzPDBg-H is illustrated in
(CG2). [0275] [Chem cal Formula 79] [0276] In a 50-nL three-neck
flask were put 0.6 g (2.3 nunol) of 2-chlorodi benzo[fh]quinoxaline, 1.1 g
(2.5 mml) of 5 4-(3,6-djphenyl-9H carbazol-9-yfl phenyl boronic acid, 10 nL
of tol uené’resfnﬁﬂv@flo’étsﬁlﬁhwltedatﬁ&h"?yﬁﬁl}e%? methody bela¥eous pot assi um car bonat e
sol ution. [pme m xture was degassed by stirring under reduced pressure, and
the air |n the flask was replaced with nitroge To this m xture was added
89 my (75 ﬁ\/lﬁ*bw; 1of Svéwsaw&{iﬁﬁer%wéwﬂmp%%ﬁ@qudw Gereoy Fommply ni xture
was stirr der a nitrogen 10 streamat 80 C for 5 hours. After a

predet er m ned time had el apsed, water was added to the obtained m xture,

and or ¢ani c subEFanﬁﬁghﬂﬁéﬁéh@m@h&lédIWﬁfmﬁ‘Pﬁﬂ@vaqueous layer with

chl or of or\rlr&b 'IZJ]e obt ai ned solution of the extracted organi c substances was
conbi ned t the organic layer, the m xture was washed wi th saturated
brine, andGhbmicelkyemizke Zhyer was dried with nagnesium sul fate. The obt ai ned
mxture was gravity 15 filtered, and the filtrate was concentrated to give
a solid. The obtaj rﬁsd fl id was dissolved in tol uene, and the tol uene

sol ution was su wf11tered throu%}g Celite (produced by Wako Pure

Chem cal | ndust . t al og \531 16855), Florisil (produced by
Wako Pure Chenmi e usjrl es, +Ltd., Catahogh No. 540-00135), and al um na,
and the fiItrate“ Covceétitrated tqeeive a solid. After methanol was added
to this solid ami#hearet hanol suspension was irradiated with ultrasonic
waves, the solid mas?suctlon filtetpghdupodl ve a solid. This obtained solid
was washed with Ef%b"'b%nﬁ 4The obtained solid vvasu,recrystal lized from

t ol uene, giving 9 a yel | ow powder Irk@. I%{d of 65 % which was the
substance to be produced 5[ 0277]

R S Ar-A
B R1.J N R19
{A-1)

R?G R18
R1?
(G1)

[0131]
10 The heterocyclic compound (G1) of one embodiment of the present invention

can be synthesized as illustrated in Synthesis Scheme (A-1). Specifically, a halide of a
dibenzo[f,hlquinoxaline derivative (Compound 1) is coupled with boronic acid or an
organoboron compound of a carbazole derivative, a dibenzofuran derivative, or a
dibenzothiophenc derivative (Compound 2) by a Suzuki-Miyaura reaction, whereby the
15  heterocyclic compound (G1) described in this embodiment can be obtained.
[0132]
In Synthesis Scheme (A-1), A represents any of a substituted or unsubstituted
carbazolyl group, a substituted or unsubstituted dibenzothiophenyl group, and a
substituted or unsubstituted dibenzofuranyl group. Ar represents an arylene group
20  having 6 to 13 carbon atoms. The arylene group may have one or more substituents,

and the substituents may be bonded to form a ring. R'' o R separately represent any
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By a train sublimtion nethod, 0.97 g of the obtained yell ow powder was
purified. In the purification, the yell ow powder was heated at 350 C under
a pressure of 2.4 Pa with a flowrate of argon gas of 5 nL/mn. After the
purification, 0.92 g of a yell ow powder was obtained in a yield of 95 %
whi ch was the substance to be 10 produced. [0278] A nucl ear magnetic
resonance (NVR) nethod identified this conmpound as

244- ( 3, 6- di phenyl- 9H- car bazol - 9-yl ) phenyl ] di benzo[ f h] qui noxal i ne
(abbreviation: 2CzPDBg-111), which was the substance to be produced.

15[ 0279] of hydrogen, an alkyl grpgp hanpR dae o Garbpmertaht aindedl sybssisutedh oe a;e as49
follows: I JuthVR é/glgg' = Hs8h, (@5 = 2H), 7.
(t, J = 7.‘12115?42, iﬁ%%?bélg%?ﬁ? J :138%6%2%’3%4) h et 7.3%@%%‘{ fey "8 42 (d,
J = 1.5 Hzwdmgpn ogarsalkgl goun hqvingH) to © cabergatp@s.( nin Syidhesis Sdleng: @81 m 1H),
9.50 (s, : 50 I ill r.at he 11-1 NWR
chartg. Nojitti);,a'f]l % @gbclbfgd?ds%a%gﬁt%@stﬁg%é%gﬁ' en zilr'ege}gl %gl(r%fenct) ‘FlG 12A
in the argbgef. 7.0 ppmto 10.0 ppm [0281] Further, FIG |3A shows an
absorptiongspgctrum of a tol uene solution of 25 2CzPDBg-111, and FIG 13B
shows an gm%ii on spectrumthereof. FIG 14A shows an absorption spectrum
of a thin film @ka2@zRiiBhe pdiladiumndtahisGhatlebB bs eattin SPnthesissSdheine @f)eﬁ;t rum "

t hereof. Th bsorptj on spectrum was. sured usin n traviol et-visible
spectropho‘f“gwg er MSSO?'%pr odifted Ev‘qfeisco or po‘?"g'f*&ﬁ’ﬁ;ﬁ) The®S#8 s ur ement s
wer e per f attrakib(tiphdhyphogphas)plapan@l i n susR(ApHRPPRssphiRapalldatngah ut i on was
put inla ggcwar(%z cell..and the thin fil mwas obtai ned by evaporation onto a
quartzosu s, angipe sorption spectrum of the solution was obtai ned by
subtractingiide absorption spectra of quartz and toluene fromthose of
quartz and the solution, and the absorption spectrumof the thin filmwas

obt ai ned by subEramlengf ithe ligpnco Pptheo walladie reatalyst whidusan be sispdtiRate from
those of tslaﬁaﬁs@rgcﬁerﬁy RAL 1Y2knB1uad) dbudt Ne tridk Ninfitel Mo, 'tH(oEAh@Bézkxﬁﬁz R 1 3B and

FIGS. 14A and 14B, the horizontal axis represents wave "and t he
vertical Hrhgrylphesphinedepicioientlehosphive, aad edikary unit). In the case of the
tol ueng sqpjision, an absorption peak was observed at around 385 nm and an
em ssion wavelength peak was 436 rim (at an excitation wavel ength of 385
nm . In the casExahplehel thibasefthat gan bhesed pn Bymthgsseicheme (A& 1pbsbidedat at  ar ound

267 rim . T n. emssi vel engt h, peak was 469 nm
(at an excaa?{géti I%teagge%g%é{ f?f[%% &gggglson(ﬁ . ebe‘E?(%ﬁrr%luéor% lc'[ %sziuC%S I n

t hi s exanyotgssismichphbatemdisoding mttementandfthedike. enbodi nent of the present

i nvention [}5“1316 be described referring to FIG 18. Chem cal fonnul ae of
material s*used in this exanple are illustrated bel ow

20 Examples of the solvent that can be used in Synthesis Scheme (A-1) include,
but are not limited to, a mixed solvent of toluene and water; a mixed solvent of toluene,
alcoho! such as ethanol, and water; a mixed solvent of xylene and water, a mixed
solvent of xylene, alcohol such as ethanol, and water; a mixed solvent of benzene and
water; a mixed solvent of benzene, alcohol such as ethanol, and water; a mixed solvent

25 of water and an ether such as ethylene glycol dimethyl ether; and the like. It is more
preferable to use a mixed solvent of toluene and water, a mixed solvent of toluene,
ethanol, and water, or a mixed solvent of water and an ether such as ethylene glycol
dimethyl ether.

[0137]

30 As a coupling reaction illustrated in Synthesis Scheme (A-1), the

Suzuki-Miyaura reaction using the organoboron compound or the boronic acid

represented by Compound 2 may be replaced with a cross coupling reaction using an
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15[ 0283] [Chemi cal Fornul a 80] BPAFLP PCBAl BP [ 0284] [ Chem cal
Formul a 81] [0285] Met hods of fabricating Light-emtting El enent
1, Light-emtting Element 2, Reference Light-emtting Elenment 3, and

Ref erence Light-emtting Elenent 4 of this 5exanple will be descri bed

bel ow. [0286] (Light-emtting El enrent 1) First, indiumtin oxide
containing silicon oxide (I TSO was deposited over a glass substrate 1100
by a sputtering nethod, whereby a first electrode 1101 was forned.

organoaluminum compound, an organozirconium compound, an organozinc compound,
an organotin compound, or the like. However, the present invention is not limited
thereto.

[0138]

5 Further, in the Suzuki-Miyaura Coupling Reaction illustrated in Synthesis
Scheme (A-1), an organoboron compound or boronic acid of a dibenzo{f,A]quinoxaline
derivative may be coupled with a halide of a carbazole derivative, a dibenzofuran
derivative, or a dibenzothiophene derivative or with a carbazole derivative, a
dibenzofuran derivative, or a dibenzothiophene derivative which has a triflate group as a

10 substituent, by the Suzuki-Miyaura reaction.
[0139]
Thus, a heterocyclic compound of this embodiment can be synthesized.
[0140]
<Method 2 of Synthesizing Heterocyclic Compound Represented by General Formula
15  (Gl)>
Another method of synthesizing the heterocyclic compound represented by
General Formula (G1) will be described below. First, Synthesis Scheme (B-1) in
which a boron compound of A is used as a material is illustrated below.
[0141]
20 [Chemical Formula 73]
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10 Note that its thickness was set to 110 nmand the el ectrode area was set
to 2 Mmx 2 mm Here, the first electrode 1101 is an el ectrode that
functions as an anode of the light-emtting elenment. [0287] Next ,
as pretreatnment for formng the light-emtting el enent over the substrate
1100, after washing of a surface of the substrate wth water and baking
that was perfornmed at 200 C for one hour, UV ozone treatnent was perforned
for 370 seconds. 5[0288] After that, the substrate was transferred
into a vacuum evaporati on apparatus where the pressure had been reduced to
approxi mately 10-4 Pa,, and subjected to vacuum baking at 170 C for 30

m nutes in a heati:ng|chapber of the vacuum evaporati on apparatus, and then
the substrate 11 ay”~'cool ed down for out 30 mi nutes. 10[ 0289]

Next, the substr aje~11QON Mhped\Mtf1ﬁ first electrode 1101 was fixed
to a substrate halsges Qfﬁgcuun+evapngy%oﬁ apparatus so that a surface
on which the first dct PodR 71101 was provi ded faced downward. The pressure
in the vacuum evapbrét irdh appar at us s red %ed to about 10-4 Pa. Then, by
an evaporation nethol'” 15 using resigggﬁ?gnﬁeating,
4-pheny|-41-(9-pqﬁﬁﬁlfl%Péen-g-yl)triphenylanine (abbrevi ati on: BPAFLP) and
nmol ybdenum(VI') ox PO co-evaporated tf9°forma hole-injection layer 1111
over the first electrode 1101. The thﬁi}'-.'1bf the hol e-injection | ayer
1111 was set to 40 nm and the weight Qﬁﬂhh oaf BPAFLP to nol ybdenunm(Vl)

oxi de was adjusted to 4:2 (-c- BRAFLPRmpl en\ T4 oxige). 20 Note that
the co-evaporation nethod refers to aﬁ gV apornt Ildh net hod 1 n which
evaporation is carried out froma plugal rf evaporation sources at the

sanme tine in one treatnment chanber. [029Q Next, a BPAFLP film
was fornmed to a thickness of 20 run over the 25hol e-injection |ayer 1111,
whereby a hol e-transport |ayer 1112 was & ned. [ 0291] Furt her,

244- ( 3, 6-di phenyl-9H- car bazol - 9-yl ) phenyl ] di benzo[ f, h] qui noxal i ne
(abbrevi atlPA?] 2CzPDBg-111) synthesized in Exanple 2,

& phe gg) L ReeRKlaRd P ARG e Rankd BT, RRARK AT dient PRGN RO
30( acet y| atsgvoivatGybpang 35 isdionpleh yith 20 prenybquyr earnpoand i bardiicagit of) (abbr evi
L T
2CzPDBQ- | {CotpoR@BADBR Saumaki{Miiyéurp practide) Rhaehe fhk WaeadjtteedipodndQGip: 0. 06
described in this embodiment can be obtained.
[0143]
In Synthesis Scheme (B-1), A represents any of a substituted or unsubstituted
10 carbazolyl group, a substituted or unsubstituted dibenzothiophenyl group, and a
substituted or unsubstituted dibenzofuranyl group. Ar represents an arylene group
having 6 to 13 carbon atoms. The arylene group may have one or more substituents,
and the substituents may be bonded to form a ring. RY to R' separately represent
hydrogen, an alkyl group having 1 to 4 carbon atoms, or a substituted or unsubstituted
15  aryl group having 6 to 13 carbon atoms. R’?and R separately represent hydrogen or
an alkyl group having 1 to 6 carbon atoms. In Synthesis Scheme (B-1), R*?and R*
may be bonded to each other to form a ring. Further, X* represents a halogen or a
triflate group, and, as a halogen, preferably iodine or bromine.

[0144]
20 Examples of the palladium catalyst that can be used in Synthesis Scheme (B-1)
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2CzPDBqg- | I | : PCBA1BP1I r (nppr - Me) 2(acac)]). The thickness of the

light-emtting |ayer 1113 was set to 40 nm 5[ 0292] Further, a
2CzPDBg-111 filmwas formed to a thickness of 10 nmover the light-emtting
| ayer 1113, whereby a first electron-transport |ayer 11 14a was forned.

[ 0293] Then, a bat hophenant hroline (abbrevi ati on: BPhen) fil mwas

formed to a 10t hi ckness of 20 nmover the first electron-transport |ayer
1114a, whereby a second el ectron-transport |layer 1114b was forned. [0294]
Further, a lithiumfluoride (LiF) filmwas forned to _a thickness of 1 nm

over the SBdbifd el &8tron2erandort Majed 1119b byPadedipstiht i orfceifer eby an
el ectron- i @86k Phend Bl {ne)'lpjaﬁéﬁmﬁ@),f or fTEdbis%%&%ﬁ]}lghosphine)p&%,{uhﬁ(lz) an

alumnumfilmwas fornmed to a thickness of 2 y evaporation as a
second el editherils, amiohe fikenct i oni ng as a cat hode. Thus, Light-enitting

El ement 1 g{yihis exanple was fabricated. 20[0296] Note that, in the
above evaprgrat]i on process, evaporation was all perforned by a resistance
heat i nd met hod. Ex@@#y of Lthghigamiriof tthe) galiidame ataPst Miidhecdn ghitusedriin t i ng

| ayer 111 .i -em ttin t . f.ormed - .1.on of

2[ 3- (di be%?g‘h?il"ég‘%%‘-g%@f ]:)p%glﬁl)j/%ﬁ'{? b%% z“\g?ﬁﬁ‘%ﬁrﬁbé I ‘%g ‘?i@ﬁ%@’}‘% i on:
2nDBTPDB(- tribhensiphbdpbsic zeidyd ehe bl plmsplend, anPGBAKBP, and [ | r (nppr- Me) 2(acac)] .
The wei ght I io of 2nDBTPDBg-I11 to PCBA1BP and [Ir(nppr-M)2(acac)i was
adj ust ed t[8 20.25:0.06 (= 30 2nDBTPDBg-11:PCBA | BP : [Ir(nppr-M)2(acac)]
) . The t hi ckness ERémplbeof theg biscahdt ichn bguded e Byithdsd Svhsms €B-1) inclide,ime [ 0298]

160 are not limited to, organic bases such as sodium tert-butoxide, inorganic bases such as
potassium carbonate and sodium carbonate, and the like.
[0147}
Examples of the solvent that can be used in Synthesis Scheme (B-1) include,
but are not limited to, a mixed solvent of toluene and water; a mixed solvent of toluene,
15 alcohol such as ethanol, and water; a mixed solvent of xylene and water; a mixed
solvent of xylene, alcohol such as ethanol, and water; a mixed solvent of benzene and
water; a mixed solvent of benzene, alcohoi such as ethanol, and water; a mixed solvent
of water and an ether such as ethylene glycol dimethyl ether; and the like. It is more
preferable to use a mixed solvent of toluene and water, a mixed solvent of toluene,
20 ethanol, and water, or a mixed solvent of water and an ether such as ethylene glycol
dimethyl ether.
[0148)]
As a coupling reaction illustrated in Synthesis Scheme (B-1), the
Suzuki-Miyaura reaction using the organoboron compound or the boronic acid
25  represented by Compound 4 may be replaced with a cross coupling reaction using an
organoaluminum compound, an organozirconium compound, an organozinc compound,
an organotin compound, or the like. However, the present invention is not limited
thereto. Further, in this coupling, a triflate group or the like may be used other than a
halogen; however, the present invention is not limited thereto.
30 [0149]
Further, in the Suzuki-Miyaura Coupling Reaction illustrated in Synthesis

Scheme (B-1), an organoboron compound or boronic acid of a dibenzo[f,/]quinoxaline
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The first electron-transport l|layer 1114a of Light-emtting El enent 2 was
formed wth a 10-nmthick 2nDBTPDBg-H fil m The conponents other than the
light-emtting layer 1113 and the first electron-transport |ayer 1114a were
formed in the 5 sanme manner as those of Light-emtting Element 1. [0299]
(Reference Light-emtting El enent 3) The light-emtting |layer 1113
of Reference Light-emtting El enent 3 was fornedbyco-evaporationof 10 244-
(3, 6-di phenyl-9H carbazol -9 -yOphenyl] -3 -phenyl qui noxal i ne (abbreviati on:
Cz1PQ 111), PCBA1BP, and [Ir(nppr-M)2(acac)]. The weight ratio of

Cz1PQ 11| deov@eBAndy BP cawpled Mmithng helidved 2 aetheidle Wearvagiolg, us disnzodurdn 0. 3: 0. 06

(= Cz1PQ 14l ALBP: [ I - Zgg% ). Tk hi.ckness ,of tf.he

| i ght-em t%ebﬁggga%gral%ﬁ%pg% %i 0 8)/Jnn°1r %FO%OJ@]%&Z% demf‘ e ffr st

el ect r on- tdiangqforan deawadive, b i dibendotiReflenedaativeghlticlehdstatttifige Bloapansd 3 was
formed wth,a, 10- thick .Cz1PO-11] .film The conponents other than the

i ght-em tstu})sﬁiéuef’%\@g?he?ff@lﬁﬁa'?ﬂéeaﬁl%t el ectron-transport |ayer 1114a were
formedsi n {phs]same nmanner as those of Light-emtting Element 1. 20[0301]

(Reference Light-emttin | ement.. 4 The | -enmLtin er 1113
of Reference Li gﬁfﬂﬁ*?ﬁsizf’ ?rﬁgwﬁf‘?é:ﬁ‘élfﬁ")oﬁlpﬁ&%d ?B?W@&dﬁg%Prg‘L%W%dca of
PCBALEP, "q |11 JopT M) 2 a0, The. vl ant. Pt 0 ok o BOATTS" || 1o

: I pr - ca e g rati o Q - o]
PCHA1HP ag{‘}ﬂfé‘?( T 9%%%?%?5&% %é“%%‘;gé?‘é‘@CYCCB‘C f‘.”@P‘i‘E‘.d@?%?ﬁe’(‘@d By
nDBTPTp- | IGReBAERY r-Me)2(acac)]). The thickness of the
Iight-en‘itting | ayer 1113 was set to 40 nm [0302] The first
el ect ridn- tIPHH: port |ayer 1114a of Reference Light-emtting El enment 4 30 was
fornmed W tiphamitQr-etimhilizgk mDBTPTp-11 film The conponents other than the

light-emtting |ayer 1113 and the first electron-transport |ayer 1114a were
formed in the sane ganner as t hose of Li ggt-en‘itti ng Elenent 1. [0303]

23
Ris‘ Rﬂ R31 R
R4 N— A3 RM
RS O P + HN
N"TR™ // R35
38
R?ﬁ /. R18~ R0 ™y ‘R36
RY R37
Compound 3 Compound 5
R¥ 3
R‘H R31 R
R34
N
} » = Ar—NnN
PN = R3S (B-2)
N" R REEN
R18 6
R37

[0152]
As illustrated in Synthesis Scheme (B-2), a halide of a dibenzo[f,h]quinoxaline
15 derivative (Compound 3) is coupled with a 9H-carbazole derivative (Compound 5)
using a metal catalyst, metal, or a metal compound in the presence of a base, whereby

the heterocyclic compound (G2-2) described in this embodiment can be obtained.
[0153]

In Synthesis Scheme (B-2), R'' to R separately represent hydrogen, an alkyl
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Table | shows el enent structures of Light-emitting Elenents 1 and 2 and
Reference Light-emtting Elenents 3 and 4 obtained as descri bed above.
5[ 0304] [Table 1] First electrode Hole -injection |ayer Hole -transport
| ayer Light-emtting layer First electront -transport |ayer Second

el ectron

group having I to 4 carbon atoms, or a substituted or unsubstituted aryl group having 6
to 13 carbon atoms. Ar represents an arylene group having 6 to 13 carbon atoms.
The arylene group may have one or more substituents, and the substituents may be
bonded to form aring. R*' to R* separately represent hydrogen, an alkyl group having
5 1 to 4 carbon atoms, or a substituted or unsubstituted aryl group having 6 to 13 carbon
atoms. Further, X° represents a halogen or a triflate group, and, as a halogen,
preferably iodine or bromine.
[0154]
In the case where the Hartwig-Buchwald reaction is performed in Synthesis
10 Scheme (B-2), bis(dibenzylideneacetone)paliadium(0), palladium(Il) acetate, or the like
can be given as the palladium catalyst that can be used.
[0155]

Examples of the ligand of the palladium catalyst which can be used in

Synthesis Scheme (B-2) include tri(fert-butyl)phosphine, tri{n-hexyl)phosphine,
15  tricyclohexylphosphine, and the like.
[0156]

Examples of the base that can be used in Synthesis Scheme (B-2) include
organic bases such as sodium fert-butoxide, inorganic bases such as potassium
carbonate, and the like.

20 [0157]
Examples of the solvent that can be used in Synthesis Scheme (B-2) include
toluene, xylene, benzene, tetrahydrofuran, and the like.
[0158]
Other than the Hartwig-Buchwald reaction, the Ullmann reaction or the like
25  may be used, and the reaction that can be used is not limited to these.
[0159]

Thus, the heterocyclic compound of this embodiment can be synthesized.
[0160]

A heterocyclic compound ocf one embodiment of the present invention has a

30 wide band gap. Accordingly, by use of such a heterocyclic compound for a
light-emitting element, as a host material of a light-emitting layer in which a

light-emitting substance is dispersed, high current efficiency can be obtained. In
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-transport

el ement

10

15

20

25

30

| ayer El ectron- injection |ayer Second el ectrode Light
| TSO 110nm BPAFLP: MoOx (=4:2) 40nm BPAFLP 20nm

particular, a heterocyclic compound of one embodiment of the present invention is
suitably used as a host material in which a phosphorescent compound is dispersed.
Further, since a heterocyclic compound of this embodiment is a substance having a high
electron-transport property, it can be suitably used as a material for an electron-transport
layer in a light-emitting element. By the use of a heterocyclic compound of this
embodiment, a light-emitting element having low driving voltage can be realized. In
addition, a light-emitting element having high current efficiency can be realized. A
light-emitting element having a long lifetime can also be realized. Furthermore, by the
use of this light-emitting element, a light-emitting device, an electronic device, and a
lighting device each having reduced power consumption can be obtained.

fo161]

{Embodiment 2)

In Embodiment 2, light-emitting elements of embodiment of the present
invention will be described with reference to FIGS. 1A and 1B.
[0162]

One embodiment of the present invention is a light-emitting element including
a compound in which a dibenzo[f,z]quinoxaline ring and a hole-transport skeleton are
bonded through an arylene group.

[0163]

A compound with a quinoxaline skeleton has a high electron-transport property,
and use of such a compound for a light-emitting element enables the element to have
low driving voltage. However, a quinoxaline skeleton has a planar structure. Since a
compound having a planar structure is easily crystallized when formed into a film, use
of such a compound for light-emitting elements causes the elements to have a short a
lifetime. Furthermore, a quinoxaline skeleton is poor at accepting holes. When a
compound that cannot easily accept holes is used as a host material of a light-emitting
layer, the region of electron-hole recombination concentrates on an interface of the
light-emitting layer, leading to a reduction in the lifetime of the light-emitting element.
It is likely that these problems will be solved by the introduction of a hole-transport
skeleton into the molecule. However, if a hole-transport skeleton is directly bonded to
a quinoxaline skeleton, the conjugated system extends to cause a decrease in band gap

and a decrease in triplet excitation energy.
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2CzPDBg- I11: PCBA1BP : , [Ir(nppr-M)2(acacdi (=1:0.15:0.06) 40nm
2CzPDBg- 111 | Ohm BPhen 20nm LiF I nm Al 200nm Light -emtting el ement 2
| TSO

[0l64]

Nevertheless, the present inventors have found that the above problems can be
solved by using, for a light-emitting element, a compound in which a
dibenzoff,hlquinoxaline ring and a hole-transport skeleton are bonded through an

5  arylene group.
[0165]

The above-described compound has a hole-transport skeleton in addition to a
dibenzo[f,#]quinoxaline ring, making it easy to accept holes. Accordingly, by use of
the compound as a host material of a light-emitting layer, electrons and holes recombine

10 in the light-emitting layer, so that it is possible to suppress the decrease in the lifetime of
the light-emitting element. Furthermore, the introduction of a hole-transport skeleton
enables the compound to have a three-dimensionally bulky structure, and the compound
is difficult to crystallize when formed into a film. By the use of the compound for a
light-emitting element, the clement can have a long lifetime. Moreover, in this

15 compound, since a dibenzo[f,h]quinoxaline ring and a hole-transport skeleton are
bonded through an arylene group, decreases in band gap and triplet excitation energy
can be prevented as compared with a compound in which a dibenzo{f,s#]quinoxaline ring
and a hole-transport skeleton are directly bonded. By the use of the compound for a
light-emitting element, the element can have high current efficiency.

20 [0166]

Thus, the compound described above can be suitably used as a material for an
organic device such as a light-emitting element or an organic transistor.

[0167]

As the hole-transport skeleton, a m-electron rich heteroaromatic ring is

25  preferable. As the n-electron rich heteroaromatic ring, a carbazole ring, a
dibenzofuran ring, or a dibenzothiophene ring is preferable. As the arylene group, any
of a substituted or unsubstituted phenylene group and a substituted or unsubstituted
biphenyldiyi group is preferable.

[0168]
30 One embodiment of the present invention is a light-emitting element including

a heterocyclic compound represented by General Formuia (GO) below.
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110nm BPAFLP: MbOx (=4:2) 40nm BPAFLP 20nm 2nDBTPDBg- U PCBA | BP :

[Ir(mlacac)]r-Me) pp2 (=1:0.25:0.06) 40nm 2nDBTPDBg- |1 | Ohm BPhen 20nm Li F
1nm

[0169]

[Chemical Formula 75]

E—Ar—A
(GO)
[0170]
5 In General Formula (GO0), A represents any of a substituted or unsubstituted

carbazolyl group, a substituted or unsubstituted dibenzothiophenyl group, and a

substituted or unsubstituted dibenzofuranyl group, E represents substituted or

unsubstituted dibenzo[f,4]quinoxaline, and Ar represents an arylene group having 6 to

13 carbon atoms. The arylene group may have one or more substituents, and the
10 substituents may be bonded to form a ring.

[0171]

Embodiment 2 gives descriptions of light-emitting elements each including
2-[3-(dibenzothiophen-4-yl)phenyl]dibenzo[f;#]quinoxaline (abbreviation:
2mDBTPDBq-II) represented by Structural Formula (101) in Embodiment 1, which is

15 an example of the above compounds, referring to FIGS. 1A and 1B.
[0172]

In a light-emitting element of this embodiment, the EL layer having at least a
light-emitting layer is interposed between a pair of electrodes. The EL layer may also
have a plurality of layers in addition to the light-emitting layer. The plurality of layers

20 is a combination of a layer containing a substance having a high carrier-injection
property and a layer containing a substance having a high carrier-transport property
which are stacked so that a light-emitting region is formed in a region away from the
electrodes, that is, so that carriers recombine in a region away from the electrodes. In
this specification, the layer containing a substance having a high carrier-injection or

25  -transport property is also referred to as a functional layer which functions to inject or
transport carriers, for example. As a functional layer, a hole-injection layer, a
hole-transport layer, an electron-injection layer, an electron-transport layer, or the like
can be used.

[0173]
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Al 200nm Reference light t tting element 3 T. | SO1 Om-emtting BPAFLP:
MoOx (=4:2) 40nm BPAFLP 20nm Cz1PQ 111 : PCBA1BP : , (=l :0.3:0.06)

In the light-emitting element of this embodiment illustrated in FIG. 1A, an EL
layer 102 having a light-emitting layer 113 is provided between a pair of electrodes, a
first electrode 101 and a second electrode 103. The EL layer 102 includes a
hole-injection layer 111, a hole-transport layer 112, the light-emitting layer 113, an
5 electron-transport layer 114, and an electron-injection layer 115. The light-emitting
element in FIG. 1A includes the first electrode 101 formed over a substrate 100, the
hole-injection layer 111, the hole-transport layer 112, the light-emitting layer 113, the
electron-transport layer 114, and the electron-injection layer 115 which are stacked over
the first electrode 101 in this order, and the second electrode 103 provided thereover.
10 Note that, in the light-emitting element described in this embodiment, the first electrode
101 functions as an anode and the second electrode 103 functions as a cathode.
[0174]
The substrate 100 is used as a support of the light-emitting element. For
example, glass, quartz, plastic, or the like can be used for the substrate 100. A flexible
15  substrate may also be used. The flexible substrate is a substrate that can be bent, such
as a plastic substrate made of polycarbonate, polyarylate, or polyether sulfone, for
example. A film (made of polypropylene, polyester, vinyl, polyvinyl fluoride, vinyl
chloride, or the like), an inorganic film formed by evaporation, or the like can also be
used. Note that materials other than these can be used as long as they can function as a
20 support of the light-emitting element.
[0175]
For the first electrode 101, a metal, an alloy, an electrically conductive
compound, a mixture thereof, or the like which has a high work function (specifically, a
work function of 4.0 eV or more) is preferably used. Specific examples include
25  indium oxide-tin oxide (ITO: indium tin oxide), indium tin oxide containing silicon or
silicon oxide, indium oxide-zinc oxide (IZO: indium zinc oxide), indium oxide
containing tungsten oxide and zinc oxide (IWZO), and the like. Films of these
conductive metal oxides are usually formed by sputtering; however, a sol-gel method or
the like may also be used. For example, a film of indium oxide-zinc oxide (IZO) can
30  be formed by a sputtering method using a target obtained by adding 1 wt% to 20 wt% of
zinc oxide to indium oxide. A film of indium oxide (IWZQ) containing tungsten oxide

and zinc oxide can be formed by a sputtering method using a target obtained by adding
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40nm Cz1PQ M| Onm BPhen 20nm Li F I nm Al 200nm Ref erence 110t ng -em tting
element 4 1 TS() 110nm BPAFLP . MoOx . (=4:2) 40nm BPAFLP

0.5 wt% to 5 wt% of tungsten oxide and 0.1 wt% to 1 wt% of zinc oxide to indium
oxide. Further, gold, platinum, nickel, tungsten, chromium, molybdenum, iron, cobalt,
copper, palladium, nitrides of metal materials (e.g., titanium nitride), and the like can be
given.

5 [0176]

However, when a layer which is in contact with the first elecirode 101 and
included in the EL layer 102 is formed using a composite material including an organic
compound and an electron acceptor (an acceptor) described later, the first electrode 101
can be formed using any of a variety of metals, alloys, and electrically conductive

10 compounds, a mixture thereof, and the like regardless of work function. For example,
aluminum, silver, an alloy containing aluminum (e.g., Al-Si), or the like can also be
used.

[0177]

The EL layer 102 formed over the first electrode 101 includes at least the

15 light-emitting iayer 113, and part of the EL layer 102 contains a heterocyclic compound
which is one embodiment of the present invention. A known substance can also be
used for part of the EL layer 102, and either a low molecular compound or a high
molecular compound can be used. Note that substances forming the EL layer 102 may
consist of organic compounds or may include an inorganic compound as a part.

20 [0178]

As illustrated in FIGS. 1A and 1B, the EL layer 102 is formed by stacking as
appropriate the hole-injection layer 111, the hole-transport layer 112, the
electron-transport layer 114, the electron-injection layer 115, and the like in
combination as well as the light-emitting layer [13.

25 [0179]

The hole-injection layer 111 is a layer including a substance having a high
hole-injection property. Examples of the substance having a high hole-injection
property which can be used include metal oxides such as molybdenum oxide, titanium
oxide, vanadium oxide, rhenium oxide, ruthenium oxide, chromium oxide, zirconium

30 oxide, hafnium oxide, tantalum oxide, silver oxide, tungsten oxide, and manganese
oxide, A phthalocyanine-based compound such as phthalocyanine (abbreviation:

HaPc), or copper(Il) phthalocyanine (abbreviation: CuPc) can also be used.
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20nm nDBTPTp- U. PCBA | BP : [Ir(nppr-Me)2(acac)] (=1 :0.15:0.06) 40nm
nDBTPTp- Il | Onm BPhen 20nm LW 1nm Al 200nm [0305] In a gl ove box
containing a nitrogen atnosphere, Light-emtting Elements 1 10 and 2 and
Ref erence Light-emtting Elements 3 and 4 were sealed with a gl ass
substrate so as not to be exposed to air. Then, operation characteristics
of these elenents were neasured. Note that the neasurenents were carried
out at roomtenperature (in the atnosphere kept at 25 C). [0306]

[0180]
Any of the following aromatic amine compounds which are low molecular

organic compounds can also be used: 4,4",4"-tris(V,N-diphenylamino)triphenylamine

(abbreviation: TDATA),
5 4,447 trisf N-(3-methylphenyl)-N-phenylamino]triphenylamine (abbreviation:
MTDATA); 4,4’-bis[ N-(4-diphenylaminophenyl)-N-phenylamino Jbiphenyl
(abbreviation: DPAB);

4,4’ -bis(N-{4-[ N'-(3-methylphenyl)-N'-phenylamino]phenyl}-N-phenylamino)biphenyl
(abbreviation: DNTPD); 1,3,5-tris[N-(4-diphenylaminophenyl)-N-phenylamino}benzene

16 (abbreviation: DPA3B);
3-[N-(9-phenylcarbazol-3-yl}-N-phenylamino]-9-phenylcarbazole (abbreviation:
PCzPCALl); 3,6-bis[ N-(9-phenylcarbazol-3-yl)-N-phenylamino]-9-phenylcarbazole
(abbreviation: PCzPCA2);

3-[ N-(1-naphthyl)-N-(9-phenylcarbazol-3-yl)amino]-9-phenylcarbazole  (abbreviation:
15 PCzPCNI); and the like.
[0181]

High molecular compounds (such as oligomers, dendrimers, or polymers) can
also be used. The following high molecular compounds can be given as examples:
poly(N-vinylcarbazole) (abbreviation: PVK), poly(4-vinyltriphenylamine)

20  (abbreviation: PVTPA);
poly[N-(4-{ N “[4-(4-diphenylamino)phenyl]phenyl-N “phenylamino }phenyl)methacryla
mide] (abbreviation: PTPDMA);
poly[N,N'-bis(4-butylphenyl)-N,N'-bis(phenyl)benzidine] (abbreviation: Poly-TPD);
and the like. A high molecular compound to which acid is added, such as

25  poly(3.4-ethylenedioxythiophene)/poly(styrenesulfonic  acid) (PEDOT/PSS), or
polyaniline/poly{styrenesulfonic acid) (PAni/PSS), can also be used.

[0182]

For the hole-injection layer 111, a composite material including an organic
compound and an electron acceptor {(an acceptor) may be used. Such a composite

30  material is excellent in a hole-injection property and a hole-transport property because

the electron acceptor causes generation of holes. In this case, the organic compound is
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FIG 15 shows the voltage vs. |um nance characteristics of Light-emtting
Elenents 1 and 2 and Reference Light-emtting Elenments 3 and 4. In FIG 15,
the horizontal axis represents voltage (V) and the vertical axis represents
| um nance (cd/nR2). In addition, FIG 16 shows the |um nance vs. current
efficiency characteristics of the 5 elenents. In FIG 16, the horizontal
axis represents |um nance (cd/n2) and the vertical axis represents current
efficiency (cd/A). Further, Table 2 shows the voltage (V), current density
(m¥cnR), CIE chromaticity coordinates (x, y), current efficiency (cd/A),
and ext er ridflerpbbym natensl fexesllenidy trengporsing decteneragh holen{a substepce hevieme at a

| um nance ) n2. 10[ 0307] [Table 2] Voltage (V) Current
density (%%%?H%P%Qng{bpgﬁ)y Chromaticity xY Lum nance (cdinR) Current

ef ficiencyi0{#d/ A) External quantum efficiency

As the organic compound used for the composite material, a variety of
5  compounds can be used, such as aromatic amine compounds, carbazole derivatives,
aromatic hydrocarbons, and high molecular compounds (such as oligomers, dendrimers,
or polymers). The organic compound used for the composite material is preferably an
organic compound having a high hole-transport property. Specifically, a substance
having a hole mobility of 10 cm?/V's or more is preferably used. Note that other than
10 these substances, any substance that has a property of transporting more holes than
electrons may be used. The organic compounds which can be used for the composite
material are specifically given below.
[0184]
Examples of the organic compounds that can be used for the composite
I5  material include: aromatic amine compounds such as TDATA, MTDATA, DPAB,
DNTPD, DPA3B, PCzPCAL, PCzPCA2, PCzPCNI,
4,4’-bis[ N-(1-naphthyl)-N-phenylamino Jbiphenyl (abbreviation: NPB or ¢-NPD), and
N,N'-bis(3-methylphenyl)-N,N'-diphenyl-[ 1,1"-biphenyl]-4,4’-diamine ~ (abbreviation:
TPD) 4-phenyl-4'-(9-phenylfluoren-9-yl)triphenylamine (abbreviation: BPAFLP); and
20 carbazole derivatives such as 4,4-di(N-carbazolyl)biphenyl (abbreviation: CBP),
1,3,5-tris[4-(N-carbazolyl)phenyl]benzene (abbreviation: TCPB),
9-[4-(10-phenyi-9-anthryl)phenyl}-9H-carbazole (abbreviation: CzPA),
9-phenyl-3-[4-(10-phenyl-9-anthryl)phenyl]-9H-carbazole (abbreviation: PCzPA), and
1,4-bis{4-(N-carbazolyl)phenyi-2,3,5,6-tetraphenylbenzene.
25  [0185]

Any of the following aromatic hydrocarbon compounds can be used:
2-tert-butyl-9,10-di(2-naphthyl)anthracene (abbreviation: t-BuDNAY},
2-tert-butyl-9,10-di( 1-naphthyl)anthracene, 9,10-bis(3,5-diphenylphenyl)anthracene
(abbreviation: DPPA); 2-fert-butyl-9,10-bis(4-phenylphenyl)anthracene (abbreviation:

30 t-BuDBA), 9,10-di(2-naphthyl)anthracene (abbreviation: DNA);
9,10-diphenylanthracene (abbreviation: DPAnth); 2-fert-butylanthracene (abbreviation:
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ting elenent 1 2.8 1.3 0.540.46 850 65 24 Light -emtting

(% Light -enmitti
9 1.4 0.540.46 860 64 23

el ement 2 2.

t-BuAnth);  9,10-bis(4-methyl-1-naphthyDanthracene  (abbreviation: DMNA);
9,10-bis[2-(1-naphthyl)phenyl)-2-tert-butylanthracene;

9,10-bis{2-(1-naphthyl)phenyl]anthracene; and
2,3,6,7-tetramethyl-9,10-di(1-naphthyl)anthracene.
5  [0186]

Any of the following aromatic hydrocarbon compounds can be used:
2,3,6,7-tetramethyl-9,10-di(2-naphthyl)anthracene; 9,9’-bianthryl;
10,10"-diphenyl-9,9"-bianthryl; 10,10’-bis(2-phenyiphenyl)-9,9"-bianthryl;
10,10’-bis[(2,3,4,5,6-pentaphenyl)phenyl}-9,9’-bianthryl; anthracene; tetracene; rubrene;

10 perylene; 2,5,8,11-tetra(fert-butyl)perylene; pentacene; coronene,
4 4"-bis(2,2-diphenylvinyl}biphenyl (abbreviation: DPVBI); and
9,10-bis[4-(2,2-diphenylvinyl)phenyl]anthracene (abbreviation: DPVPA).

[0187]

As the  electron  acceptor, organic compounds such  as
15  7,7,8,8-tetracyano-2,3,5,6-tetrafluoroquinodimethane  (abbreviation: F4-TCNQ) and
chloranil and transition metal oxides can be given. Oxides of metals belonging to
Groups 4 to 8 in the periodic table can be also given. Specifically, vanadium oxide,
niobium oxide, tantalum oxide, chromium oxide, molybdenum oxide, tungsten oxide,
manganese oxide, and rhenium oxide are preferable since their electron-accepting
20  property is high. Among these, molybdenum oxide, which is easy to handle owing to
its stability in the air and low hygroscopic property, is especially preferable.
[0188]

Note that the composite material may be formed using a high molecular

compound such as PVK, PVTPA, PTPDMA, or Poly-TPD and an electron acceptor,
25  which are described above, so as to be used for the hole-injection layer 111.
[0189]

The hole-transport layer 112 is a layer including a substance having a high
hole-transport property.  As the substance having a high hole-transport property, any of
the following aromatic amine compounds can be used, for example: NPB; TPD;

30  BPAFLP; 4,4"-bis| N-(9,9-dimethylfluoren-2-yl)-N-phenylamino]biphenyl (abbreviation:
DFLDPBI); and 4,4’-bis[ N-(spiro-9,9’-bifluoren-2-yl)-N-phenylaminoJbiphenyl
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10

15
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25

30

(abbreviation: BSPB). The substances given here are mainly substances having a hole
mobility of 10 cm?/Vs or more. Note that other than these substances, any substance
that has a property of transporting more holes than electrons may be used. The layer
including a substance having a high hole-transport property is not limited to a single
layer, and may be a stack of two or more layers containing any of the above substances.
[0190]

For the hole-transport layer 112, a carbazole derivative such as CBP, CzPA, or
PCzPA or an anthracene derivative such as t-BuDNA, DNA, or DPAnth may also be
used.
[6191]

For the hole-transport layer 112, a high molecular compound such as PVK,
PVTPA, PTPDMA, or Poly-TPD can also be used.
[0192]

The light-emitting layer 113 is a layer including a light-emitting substance.
Note that in Embodiment 2, the case where 2mDBTPDBq-II described in Embodiment
1 is used for the light-emitting layer is described. For the light-emitting layer in which
a light-emitting substance (a guest material) is dispersed in another substance (a host
material), 2ZmDBTPDBq-II can be used as the host material. The guest material which
is a light-emitting substance is dispersed in 2mDBTPDBg-II, whereby light emission
can be obtained from the guest material. Thus, a compound of one embodiment of the
present invention, in which a dibenzo[f,h]quinoxaline ring and a hole-transport skeleton
are bonded through an arylene group, is effective in its use as a host material in a
light-emitting layer.
[0193]

In addition, more than one kind of substances can be used as the substances
(host materials) in which the light-emitting substance (guest material) is dispersed.
The light-emitting layer may thus include another material as a host material in addition
to 2ZmDBTPDBg-II.
[0194]

As the light-emitting substance, for example, a fluorescent compound which
emits fluorescence or a phosphorescent compound which emits phosphorescence can be

used. The phosphorescent compounds that can be used for the light-emitting layer 113
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18 [0308] As shown in Table 2, the CIE chromaticity coordinates (x, y) of
Light-emtting 15 Elenent 1 were (0.54, 0.46) at a | um nance of 850 cd/nR.
The CIE chromaticity coordinates (x, y) of Light-emtting El enent 2 were
(0.54, 0.46) at a lum nance of 860 cd/nR2. The CIE chromaticity coordi nates
(x, y) of Reference Light-emtting Element 3 were (0.53, 0.46) at a

| um nance of 1200 cd/nR2. The CIE chromaticity coordi nates (x, y) of

Ref erence Light-emtting Element 4 were (0.55, 0.45) at a |um nance of 970
cd/n2. It is found that all these light-emtting el ements_exhibited Iight
eni ssi on f¥ImbEI f¥eppr - Regmplec ) the [Daougls Fhed  enjtsy djueq) light pigelude

Light - em t ,bv'lgisﬁ@@é}%&g@%@ﬁglf«pglaasﬁ%n)ll%&eia;y&.agmiée vol tage and hi gh

current efficre stru a erence I n the conpounds each used as a
host nmat er(ablirevation: | YGARS)e m-{9H-pagbizal ey )oed Weghenil G thyirdphemdpnkihenent 2
and Refer%g&f Ligpt-enitting Element 4 is that a dibenzo[fhkg#' xal i ne
skel et on i@PY R ed in Light-emitting Element 2 while a tri b ene

skel et on ig(liomessdSchntidyRaf.-er gReA-JA-6dibaze N Sl)trpledyiamaat @bbr¥¥iagdh: of a

di benzo[ f, h] qui noxal i ne_skel eton or a 10 tri phenyl ene skel eton was i ncl uded

0
made a di fECBAReand theliket dgaddision) sxamplen eb the el ethpisemitssereitdightini nance

vs. current.igdd if\f;d99.@(iﬂp}ﬁh%tﬁ§ﬂtﬁ?hW,b-gﬁahp@}tl%rﬁaiz&tﬁ-alﬁmet%ﬁ%iﬁicﬁﬁe nt 2 and
Ref erence Light-emtting Element 4. It is thus confirned that, like a
het er ocycl3t&Ad¥ipound of one enmbodi ment of the present invention, a

conpound hgyy E&bﬁq1df’-'§§3@l\élxglfzi-y&g1i-‘3%@z|’fﬁ'9i1 AN 2L RBao R 3 ‘rlf‘e;“ ve in 15

real i zi ng htgh voltfa nan characteristics adg h | um nance vs.
currento ef@blredmay: characteri stics. [0310] Next, LERMABRmAXtI ng

cub oot ad VA G PRRMP e TN a7 AR o PR | |1 JrEerihr e shown

in 20 FIGppapa)ln FIG 17, the vertical axis represents nornalized
| um nance (%9 with an initial |umnance of 100 % and the horizontal axis

r epr esent sV &bisg t ibinhery 2-di-2 wpabdl-¥ABAL-ivheayltlfepheaylengdianing t ests, the

light-emtting . etements of this exanple were driven under ,hHpgpepadi tions
where the @urrénf)density was constant and the initial Iuninancggaas 5000

cd/ n2. 151 GV-[4, TO-bisek-bifhaty 2i-g)TtN-S4r FF-c arbpzBl- @ wbplieny) | Rephengiantiaoén-2-25 t he

initial lum.na aft.ter dgiwvi f.or hour.s and Light-emtting Elenent 2
copt | 89 o6 B Nehratcm G e N SRR G e i “RhbrbtAfert

| 'um nance DPhATRA! SRL e Llikght Figrthict, tekgpled efmhitmddetiiCthanasiss yalob2lightof the
initial lum nance after_ 210 ho e | um nance of Reference

hours, and th I .
Li ght - eni tipfluée ETUBFEA %l?d@efrlela%%w%-“aé)j% blrhenylteraceney| (abbiigyigitice after
210 hour s. gPesf heake. t FutherhBf, %ﬁrﬁ;ﬁ\%‘dﬁ'tﬁe%nét&%ﬁh&t?e&ﬁ@!r&ﬂliéﬂ@ fclude

30Light-emtting Elenents 1 and 2 each had a long lifetinme.” Note that, from
t hese esuVisy Nitterakistremiethyiphery Dtatmteraricld -digmBe 0 (ebbekvingion't lremPiiPhance hal f

life of LI ﬂi‘i-a{?)ﬁ@&yﬁ-ifd}’im N -tetrakis(4-methylphenyl)acenaphtho[ 1,2-a}fluoranthene-3,10-d

iamine (abbreviation: p-mPhAFD), and the like.

[0195]

In addition, the phosphorescent compounds that can be used for the
25 light-emitting layer 113 will be given. Examples of the materials that emits green light
include  tris(2-phenylpyridinato-N,C*}iridium(Ill)  (abbreviation:  [Ir(ppy)s]),
bis(2-phenylpyridinato-N,C? )iridium(IlDacetylacetonate (abbreviation: [Ir(ppy)z(acac)]),
bis(1,2-diphenyl-1 H-benzimidazolato)iridium(IH)acetylacetonate (abbreviation:
[Ir(pbi)x(acac)]), bis(benzo[A]quinolinato)iridium(IIDacetylacetonate  (abbreviation:
30 [Ir(bzq)afacac)]), tris(benzo[A]quinolinato)iridium(HI) (abbreviation: {Ir(bzq)s]), and the

like. Examples of the materials that emits yellow light include
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El ement 2, whose lifetinme was the longest, is estimated at about 6000
hours. Wen the initial |umnance is changed to 1000 cd/ nR2, which is of
practical use, this lum nance half life corresponds to 150000 hours,
indicating that the lifetime is extrenely long. [0311] 5A
di benzo[ f h] qui noxal i ne skeleton is included in Light-emtting El enment 1
whi |l e a qui noxaline skeleton is included in Reference Light-emtting
El ement 3. \Wether a di benzo[fh] qui noxaline skeleton is included or not
made a difference in the results of the reliability tests between
Li ght - em this(Ag-diphenpint,3-0xanitoR¥iCE hisdiom(Iiapetyleniondte ng El e@bbrbvidtion:t i s t hus
confi rrrednl;&/rggto a{ciaclﬁﬁ a heterocyclic conpound of 10one enbodi nent of the
present i i"zcg_n, aving a dibenzo[f; h] qui noxaline skeleton is effective
I n real i zivig244'Wpetttorephenyiphghybbaidiito i diknMURbethlaghdatd elabBrbiibiidny . [ 0312]
As described above, b)g t he use of 2nDBTPDBg- | Iég,r‘o.d_uced in Exanple 1 and
2CzPDBg- | | I(RsPBahgad) . Ex Rispd-Bhepylbenzethiazglato-Nes diriduméHDagetydeoetgnate
l'i ght - emi thimevili@yer. 15the light-emtting el ements havi lopg lifetime
wer e able (Elo bel fabricated. [Exanple 4] [0313] [Synthesi QREQ%W%’B] Thi s
exanpl e gi(eestylastomaiopis[dADistd-fnomphenpt-Sonetbylpyzisatajindjum (i)
202[ 4- (di oliigphen- 4-yl ) phenyl ] di benzo[ f h] qui no h.ne . TPDBg-11)
repr esent g(g%y 1 l?e' following Structural Formula (10%?&1#8%%:]6‘0[6 em cal
For mul a 8ZXpcetdistometotis] 1d-methoxyphenyl)-3,5-dimethylpyrazinato]iridium(III)

(abbreviation: [Ir(dmmoppr):(acac)]), and the like. Examples of the materials that

10 emits orange light include tris(2-phenylquinolinato-N,C?)iridium(Ill) (abbreviation:

[Ir(pq)s]), bis(2-phenylquinolinato-N,C?)iridium(IIDacetylacetonate  (abbreviation:

[Er(pq)afacac)]), (acetylacetonato)bis(3,5-dimethyl-2-phenylpyrazinato)iridium(I11)

(abbreviation: [Ir{mppr-Me).(acac)]),

(acetylacetonato)bis(5-isopropyl-3-methyl-2-phenylpyrazinato)iridium(1)

15  (abbreviation: [Ir(mppr-iPrh(acac)]), and the like. Examples of the materials that

emits red light include organometallic complexes such as

bis[2—(2’-benzo[4,5-0(]thienyl)pyridinato-N,Cy)iridium(III)acetylacetonate

(abbreviation: [Ir(btp)(acac)]),

bis(1-phenylisoquinolinato-N,C*)iridium(IIIacetylacetonate (abbreviation:

20 [Ir{piq)2(acac]), (acetylacetonato)bis[2,3-bis(4-fluorophenyl)quinoxalinato]iridium(III)

(abbreviation: [Ir(Fdpq)z(acac)]),
acetylacetonato)bis(2,3,5-triphenylpyrazinato)iridium(IIT) (abbreviation:
[Ir(tppr)a(acac)]), (dipivaloylmethanato)bis(2,3,5-triphenylpyrazinato)iridium(I1I)
{(abbreviation: [Ir(tppr)2(dpm)]), and

25 (2,3,7,8,12,13,17,18-octaethyl-21 4,23 H-porphine)platinum(Il) (abbreviation: PtOEP).
Any of the following rare-earth metal complexes can be used as a phosphorescent

compound: tris(acetylacetonato)(monophenanthroline)terbium(III)  (abbreviation:

[Tb{acac);(Phen)]);
tris(1,3-diphenyl-1,3-propanedionato)(monophenanthroline)europium(I1I)
30 (abbreviation: [Eu(DBM)s(Phen)]); and

tris[ 1-(2-thenoyl)-3,3,3-triflucroacetonato](monophenanthroline)europium(II)
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(100) 25[0315] [ Synthesis of 2DBTPDBqg-11] A schene for the synthesis of
2DBTPDBg-11 is illustrated in (C3). In a 100-nL three-neck fl ask
were put 2.7 g (10 mmol ) of 2-chl orodi benzo[f, h] qui noxaline, 3.4 g (11
nunol ) of 4-(di benzot hi ophen-4-yl)phenyl boronic acid, 80 nL of toluene, 8.0
inL of ethanol, and 10 15 nL of a 2M aqueous potassi um carbonate sol uti on.
The m xture was degassed by stirring under reduced pressure, and the air in
the flask was replaced with nitrogen. To this m xture was added 0. 24 ny
(0.20 mmol ) of tetrakis tr| henylphosphlne)palladlun(O) This mixture was
stirred ur@eirevatigng EEd’éE %‘ﬁ]ﬁh becawg light qppisspon iy digins? rapg-gasth metpligRiet er ni ned

time had e('eﬁ@t?&ptrangﬂaﬁbé%v@&'d?ﬁ'ér@ﬁt%ltlpﬁwﬁfég)' 19 smsa racatR hefal Lérfsied to give a

solid. Ethanol was added to this solid, followed by irradiation with
ul trasoni dOWfles. The solid was suction filtered to give a solid. The

obtained solid yag flSF9lc @ﬁoﬂnﬂ WIS BGe gﬂﬁﬂh&@r& otf‘t'éﬂe %nﬁ%éﬁhbr? iy WaS

suction filtered through (produce 0 Pu Chem cal ’I'ndustries,
Ltd., Cat avligh Ndlbeﬁ'@if lﬂ@a@sc)ahmdnamim h@le-tramott skelétph tlﬂedloed@ﬂa@r%lehcent r at ed

t | i | ] [y ! i 3.2
of 3' Vel ol Hrlithe s o Bl ARNBRo BELYBERR GGLEEH HOLEAR fad VO S- 2 O
met hod, 1.tBe HUMO ﬂehrel islpr@iomiedny;e Idcated.p dintider, dmscopppirfd led a deep LHMO

ifi t t.h t 310 C u 3.0
B 1 BT g AE i P BORE BRI BRoRY R fest ot i Bl B R or 1 5 o

of a 5 yelyohampruy @CV yasadbingntedFbnex@mpieeid 10fMB5 el ommﬂmqtme
subst ance to be produced. [0319] A nucl ear neti c resonance
(NVR) Het hisdourddabr 288 Vhbs C¥onprstisteas: Furthermore, the LUMO level of the

2- [ 4- (di be #%9&& sQHtE:% mgﬂos¥ﬁér9&aﬁyL&ﬂ&ﬁ@zgg{vhgh]aqyyraaﬁéldkae(oabtgﬁ&v'a@t' on: 10

2DBTPDBQ- | he substance to be produced
I1-1 NMVR o[élt(aperMs)z(@ca@b]t dilnGeppraBbgecand e Uattepraacdal, | (o (PR 6 CDCI 3,

290 88, gl dnt iy e, (oG8 ol SRl b 139,
J = 7.8 HzconBiehnd 9080 ofield embodiment of the present invention, in which a

15 dibenzo{f,#]quinoxaline ring and a hole-transport skeleton are bonded through an
arylene group, as a host material, and a phosphorescent compound having a pyrazine
skeleton as a guest material, traps for clectrons in the light-emitting layer can be
reduced to a minimum, and extremely low-voltage driving can be realized.

[0197]

20 As the light-emitting substance, & high molecular compound can be used.
Specifically, examples of the materials that emits blue light include
poly(9,9-dioctylfluorene-2,7-diyl) {(abbreviation: PFO),
poly[(9,9-dioctylfluorene-2,7-diyl)-co-(2,5-dimethoxybenzene-1,4-diyl)] (abbreviation:
PE-DMOP),

25  poly{(9,9-dioctylfluorene-2,7-diyl}-co-[N,N'-di-(p-butylphenyl)-1,4-diaminobenzene] }
(abbreviation: TAB-PFH), and the like. Further, examples of the materials that emits
green light include poly(p-phenylenevinylene) (abbreviation: PPV),
poly[(9,9-dihexylfluorene-2,7-diyl)-alt-co-(benzo[2,1,3]thiadiazole-4,7-diyl)]
(abbreviation: PFBT),

30 poly[(9,9-dioctyi-2,7-divinylenefluorenylene)-alt-co-(2-methoxy-5-(2-ethylhexyloxy)-1

,4-phenylene)], and the like. Furthermore, examples of the materials that emits orange
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157.8 Hz, 1.8 Hz, 1H), 9.49-9.51 (m 2H). [0321] FIGS. 19A and 19B
illustrate theNVMR charts. Note that FIG 19B is a chart showi ng an enl arged
part of FIG 19A in the range of 7.0 ppmto 10.0 ppm [0322] 20Furt her,

FI G 20A shows an absorption spectrum of a toluene solution of 2DBTPDBg-11,
and FI G 20B shows an emi ssion spectrumthereof. FIG 21A shows an
absorption spectrumof a thin filmof 2DBTPDBg-I11, and FIG 21B shows an
em ssion spectrumthereof. The absorption spectrum was neasured using an

ul travi ol et-visible spectrophotoneter (V-550, produced by JASCO

Cor por at i dn) .red hdight aswhdae noly[ 2hethore Sk dtiorlnedxy)i A pbauyiphednyperepar ed i n

such a nma r that t tio S put .in tz cel.l .an thin film
was obt ai r"}tg% r Vgleo\l}apl\gggfsfﬁ]' (}ﬁ’ & préﬁgutﬁﬁlg?ghf “%‘gfég‘ﬁflit @?hrﬁsf‘}%tloélbg%‘i'g& Jon
spect r um qfolt{[%9-gikekili20Nbisd scyaitvariyluad) fiayreaylohd) At dorg, sthig Nabslghghylon spectra

of quartz and toluene fromthose of quartz and the solution, and the
absor pt i orf™pckt-088kn¢lhe thin fil mwas obtained by subtracting the

absor ptd 0 M E & ISUDSE & & _Lhe guartz

Subst ot o Pona et B o diI R B Bk Bt G RS 7

t he hori zdid(AINV alxihsnylapines EAtphenydone] e algirévidtion) CHEFPV-DEDY, and ihedike. axi s
represent s.,.1 iensity (arbitrary unit). In the case of the toluene solution,
absorpti oﬁoL% ks were observed at around 294 nm 309 inn, and 375 nm and
eni ssi on wavel emgé Blefmksany@ir€lagd 101 DRferddbudiifa 6@staddl B sigtaaRibPN

wavel engt h of 350 nn&. In the case of the thin film absorption peaks were
observed #CCHPHTALPOR PrOpRty- 26 ¢ subgigpceriying adigh AeORIENRAY PEPOEN ssi on
wavel engt hnpRakwitesndi 3omplek@thadfly 8%GinbAld B EL 80BbMIRIISRIA0) -

[ Exanpl e 5] [0323] [Synthesis Exanple 4] 10This exanpl e gives descriptions
of a methdd@mof 8ynt h&¥PE ng tris(8-quinolinolato)aluminum (abbreviation: Alg);

2431-(di b JT bR ANEaYA- 3-yI ] di fidibl.aui noxal i figfabbrevi atio
n: ZMTBgang-nHtm{sgd&Ffebg}eﬂr)}t _e?j by the foll ow’le%g St (llt}ct ural For m%{q% (109).

[ 0324] [C}’mqﬁQ;hy rqpmbpmqo&:]gln]nolmato)berylhum (abbreviation: BeBgy); and

bis(2-methyl-8-quinolinolato)(4-phenylphenolato)aluminum (abbreviation: BAlg). A

15 metal complex having an oxazole-based or thiazole-based ligand, such as
bis[2-(2-hydroxyphenyl)benzoxazolato]zinc (abbreviation: Zn(BOX),) or
bis[2-(2-hydroxyphenyl)benzothiazolato]zinc (abbreviation: Zn(BTZ),), or the like can
also be used. Other than metal complexes,
2-(4-biphenylyl)-5-(4-tert-butylphenyl)-1,3,4-oxadiazole (abbreviation: PBD),

20 1,3-bis[5-(p-tert-butylphenyl)-1,3,4-oxadiazol-2-yl]benzene (abbreviation: OXD-7),
3-(4-biphenylyl)-4-phenyl-5-(4-tert-butylphenyl)-1,2 4-triazole (abbreviation: TAZ),
bathophenanthroline (abbreviation: BPhen), bathocuproine (abbreviation: BCP), or the
like can be used. The substances described here are mainly materials having an
electron mobility of 10® cm*/Vs or more. Further, the electron-transport layer is not

25  limited to a single layer, and may be a stack of two or more layers containing any of the
above substances are stacked.

[0199]
The electron-injection layer 115 is a layer including a substance having a high
electron-injection property. For the electron-injection layer 115, an alkali metal, an

30  alkaline-earth metal, or a compound thereof, such as lithium, cesium, calcium, lithium

fluoride, cesium fluoride, calcium fluoride, or lithium oxide, can be used. A rare-earth
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15(109) [0325] [Synthesis of 2nDBTBPDBg-11] A scheme for the synthesis of
2nDBTBPDBg-11 is illustrated in (CG4). [0326] 20 [ Chem cal Fornmul a 85]

(109) [0327] In a 200-nmL three-neck flask were put 0.83 g (3.2 nmol)
of 2-chl orodi benzo[f; h]quinoxaline, 1.3 g (3.5 mMmuvl) of 5

3' - (di benzot hi ophen- 4-y1) - 3-bi phenyl boronic acid, 40 nL of toluene, 4 nL of
ethanol, and 5 nL of a 2M aqueous potassi um carbonate solution. This

m xture was degassed by stirring under reduced pressure, and the air in the
flask was replaced with nitrogen. To this m xture was added 80 ng (70 unol)
of tetrakiBgtal coynesi plikss e ) frwride diapnglen) beTwged. mlhe abevenmenticngd r ed under
a ni {1 00eMybQaeh! £RMrfingIhe fedidh-ubflsddRthyer 1 A dufluspopliglet er mi ned time had

el apsed, the precipitated s was separated by filtration to give a
yel | ow sol P&0]Et hanol was added to this solid, followed by irradiation with

ul trasoni c waves, | i YRS L.an ]t gi ' The
obt ai ned solid \%alltg Eﬁ‘é%’gldvgo | nlt€§%hééﬁg}1{dadr?hgﬁgoﬁgg?lgec\églpggﬁ%l#(gﬁn was

suct i orf f idi¢cgordiondr Gudinod| mas ba useddfoCahd tlect{qpriociomdiapgr MakoSeulr & Cheni cal
15 Industrjes, .Ltd. tal o 531- 1685 nd t.he fil t

concent r at® ptb%llégil\?%teré%yg%l %%éﬁg% ti d% égrt %F?I%pﬂ?cgmrgoﬁoc?%&gs%Irl%lg?ﬂ;l/st allized
from t ol uesietbo-tighspert Jprdpegty dleczmsey el edavtrpo\ddmrr dansed gefératioal of. eldcG3R3]

By a trai bl i mati on et hod .1 of .the obtain el | ow powder was
Stpur i 1 edn R cesos ARkerE P if RSP § R RRai R lal SRRt 550"
under a prgasdfee ebctonl P8psdifidallg fdrowanple thé abgomegadr dbrmiibg nthé M n.

After the purification, O. of a yell ow powder was obtained in a yield
of 73 W “ilienm e rPRetHae R % ont SppER. Bad eteroatomstic compound)

which are described above, can be used. The electron donor is preferably a substance
showing an electron-donating property with respect to the organic compound.
Specificaily, an alkali metal, an alkaline-carth metal, and a rare-carth metal are
preferable, and lithium, cesium, magnesium, calcium, erbium, ytterbium, and the like

15 can be given. Alkali metal oxides or alkaline-earth metal oxides are also preferable
and lithium oxide, calcium oxide, barium oxide, and the like can be given. A Lewis
base such as magnesium oxide can also be used. An organic compound such as
tetrathiafulvalene (abbreviation: TTF) can also be used.

[0201]

20 The hole-injection layer 111, the hole-transport layer 112, the light-emitting
layer 113, the clectron-transport layer 114, and the electron-injection layer 115, which
arc described above, can each be formed by a method such as an evaporation method
(including a vacuum evaporation method), an inkjet method, or a coating method.
[0202]

25 When the second electrode 103 functions as a cathode, the second electrode
103 is preferably formed using a metal, an alloy, an electrically-conductive compound, a
mixture thereof, or the like having a low work function (preferably, a work function of
3.8 eV or less). Specifically, any of the following can be used: elements belonging to
Group 1 or Group 2 of the periodic table, that is, alkali metals such as lithium and

30  cesium, alkaline-earth metals such as magnesium, calcium, and strontium, or alloys
thereof (e.g., Mg-Ag or Al-Li]); rare-earth metals such as europium or ytterbium or

alloys thereof; aluminum,; silver; and the like.
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[ 0329] A nucl ear magnetic resonance (NVR) nethod identified this
conpound as

52431- (di benzot hi ophen- 4-yl) bi pheny1-3-yl]di benzo[ f h] qui noxal i ne(abbrevi at i
on: 2nDBTBPDBg-11), which was the substance to be produced. [0330]

111 NWR data of the obtained substance are as follows: 111 NWR (CDC13, 300
MHz): 8 = 7.46-7.50 (m 2H), 7.61 (d, J = 4.5 Hz, 2H), 7.67-7.89 (m 10H),
8.17-8.24 10(m 3H), 8.35 (d, J =8.1 Hz, 1H), 8.65-8.70 (m 3H), 9.24-9.27
(m 1H), 9.44-9.48 (m 2H). [0331] FIGS. 22A and 22B illustrate the
11-1 NVR dA#*s. Note that FIG 22B is a chart showing an enl arged part of

FIG 22A in thep,ae68 Whenla Q%(&RURiEIpis]iQ 'CQIixtQ(RrQithltﬁ{i Q334d ele%Uogﬁdg$r§E%§r , FIG

23A shows an absorption spectrumof a toluene solution of g-11,
and FI G 2sgudedanghedl eyersl9P anfospedesingn edmnosisf maerid inclading droovganin

ab sorpti Orboﬁ@g{fl{drm '8{ el@tftﬁolﬁ[lsﬁrnrnl %%ﬂor)?&%@ﬁ’ %9\7&3' Ia’va?ie (Ffl C%hdl% 1§e 5“0"‘5 an
em ssion spectrum thereof. e absor pt'i on spectrum was rmeasured using an 20
ul t r avisol epatgtialy bich aspdwninophelwndley ad/isHon tpr @dde exhtdiying ABCG or

Cor porat i %a}cbn Qe gﬁ%%?ﬁgégle%({ﬁw%ﬁfn%&w wi th sanples prepared in such

a manner at the solution Ina quartz cell and the thin filmwas
obt ai ned H$2@&Naporation onto a quartz substrate. The absorption spectrum of

the solution wa bt ai ned by .subtracti.ng the. abs tion spectra .of quartz
and t ol uene fro%‘)%h%%etrﬁgfsecd’\ﬂlgrekéfa%%dfq}h%nsb& @W%ﬁgyaﬁﬁc‘l“ﬁgwafgm%%or ption
spect r um afiethdieort hipnttéridgnmphsd. olih stienack Wiers ubily@qiake @r tHeaikahs ese] 4 ON
spectrumof a quajtz substrate frogm those of the quartz substrate and the
thin f]iL(j)I mcof‘tﬁlg%’&o.&% lfﬁﬁ‘eé]gﬁ Oéﬁlfllti‘le@’g.‘b"z‘ifﬁ&and 24B, the horizontal axis
represent goyesyel ength (nm and the vertical axis represents intensity

(arbitrary uni tl. In the case of the toluene solution, absorption peaks
ver e observed al? doaprresisicrivad diedt-oputingmelegsat, 3 cumrtsflows g ePehgt h peaks

vere 385 paiansl dGentd gedradd bveld Mk PR NRN¥EILNAAd Ue RBGhdctrobd the case
of the thin film absorption peaks were observed at around 207 rim 250

nm 313 rileP, @uhalgspndzdstrany reserabingan tekL lwer K2, corithnsilight Memittadngt h peak
was 428 oAl RnEXE] g iOKMBYE RN R ond8Pbdth Bk thd fXPTRIRabhof 0333l
and the second electrode 103. One or both of the first electrode 101 and the second
electrode 103 are thus have a property of transmitting visible light.
[0206]
Further, the structure of the layers provided between the first electrode 101 and
20  the second electrode 103 is not limited to the above described structure. A structure
other than the above may alternatively be employed as long as a light-emitting region in
which holes and electrons recombine is provided in a portion away from the first
electrode 101 and the second electrode 103 in order to prevent quenching due to
proximity of the light-emitting region to metal.
25 [0207}
In other words, there is no particular limitation on a stack structure of the layers.
A layer including a substance having a high electron-transport property, a substance
having a high hole-transport property, a substance having a high electron-injection
property, a substance having a high hole-injection property, a bipolar substance (a
30 substance having a high electron-transport property and a high hole-transport property),
a hole-blocking material, or the like may freely be combined with a light-emitting layer
including 2mDBTPDBg-II as a host material.
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5[ Synt hesi s Exanpl e 5] Thi s exanpl e gives descriptions of a nethod of
synt hesi zi ng

243- (2, 8- di phenyl di benzot hi ophen- 4-yl ) phenyl ] di benzol[ f h] qui noxal i ne
(abbreviation: 2nDBTPDBg-111) represented by the follow ng Structural
Forrmul a (116). [0334] 10 [Chem cal Forrmula 86] (116) [0335] [Synthesis of
2nDBTPDBg-111] A schene for the synthesis of 2nDBTPDBg-I111 is illustrated
in (CG5). 15[0336] [Chemi cal Forrmula 87] [0337] In a 100-nL
three-neck flask were put 0.40 g (1.5 mol) of

2- chl or odiB&%4oY, | dqui noxaline, 0.68 g (1.5 mml) of 5

3-(2, 8-di phenyl @;&@Q&@meﬁgmm%a&m@mlﬁga Afgh GledbilirankBorihropdrnyt Ol uene,

2.0 nmL of ethanol, and a 2M aqueous pota55|un1carbonate sol ution.

This nixt &%D%%Da@éla%eﬂs%‘gﬁ wsefl for the elﬂ%@rtrm@a%éﬂebr &s etheeworlida t he air

in the flagkaas rep! aged eYMbB&lm@htI r98Cthe Tﬁeéeﬂé S jfeAtlod! elﬂ‘ﬁ%vh?éﬂdeg 51 nyg
(43 prol ) of tetrakls(trlpheny hosphi ne) pal | adi um(0). This m xture was

stirred undesnzel/ hlavinotaine rings ep anh@lc~tx8n‘ﬁp@1f&kplewnh@9r@nd¢¢ fhrpugh an
pr edet er mé}ﬁgne{)%@ﬁ@%e%s@r?i%‘?%e YT %@% gd to the obtained mxture,

and organi Cc” su ces were extracted e aqueous |ayer with tol uene.
The obt ai n@@%Yol uti on of the extracted organlc subst ances was conbined with

the organt ¢ |y ele bt HEGdIRS R0 S Wb oG 3hSth HicMfien 300 LN

organi c | ayer was nesi um su Stalned mxture was
gravity fivhiel edjbendfyf, Iﬂqkdnch:&ahnd nhg aralt ®holesranspne eldletadt ek Hoaddgi tinmugh sol i d.

The obiained solid was d| and the tolu ne i on was
St olF s ot b S nPRG heaPe SRRty 5P et bR B cher cal

| ndust ri esin tht dight-&aitadeo tiyMo. and4@le QLG -tramport Aoy drt extfepeddUusedolge VVAkOo Pur e
Chem cal | ustrlg g(g Cat al og No. 531-16855), and the obtained
filtrate NgSE BRFPHFED t o give a solid. The obtained solid was washed
wth tolagmﬁ) and added to nethanol, and the methanol suspension was

irradiated wth uItrasonlc waves. A solid was_col |l ected b¥ suction
filtration to gi%dheligh-emiingelgnent dllpssinrdr o RIGE 115y, the dile 1a¥ghilOR as t he

subst afce §:8vil& RHREMGRIfrst electrode 101 and the second electrode 103 over the substrate
100. The EL layer 102 includes the hole-injection layer 111, the hole-transport layer
112, the Hght-emitting layer 113, the electron-transport layer 114, and the
electron-injection layer 115. The light-emitting element in FIG. 1B includes the
second electrode 103 serving as a cathode over the substrate 100, the electron-injection
20 layer 115, the electron-transport layer 114, the light-emitting layer 113, the
hole-transport layer 112, and the hole-injection layer 111 which are stacked over the
second electrode 103 in this order, and the first electrode 101 provided thereover which
serves as an anode.
[0211]
25 A method of forming the light-emitting element will now be specifically
described.
[0212]
In a light-emitting element of this embodiment, the EL layer is interposed
between the pair of electrodes. The EL layer has at least the light-emitting layer, and
30 the light-emitting layer is formed using 2mDBTPDBg-II as a host material. Further,
the EL layer may include a functional layer (e.g., the hole-injection layer, the

hole-transport layer, the electron-transport layer, or the electron-injection layer) in
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[0338] 5By a train sublimation nethod, 0.59 g of the obtained white powder
was purified. In the purification, the white powder was heated at 330 C
under a pressure of 2.7 Pa with a flowrate of argon gas of 5 nL/mn. After
the purification, 0.54 g of a white powder was obtained in a yield of 90 %
whi ch was the substance to be produced. [0339] 10A nucl ear nagnetic
resonance (NVR) nethod identified this conmpound as

243- (2, 8- di phenyl di benzot hi ophen- 4-yl ) phenyl ] di benzo][ f, h] qui noxal i ne
(abbreviation: 2nDBTPDBqg-111), which was the substance to be produced.

[ 0340] 111adejvRn dethe light-emistingblerirn eBheselesitodercithenfist glectfodé prsithe sedohd NIVR

CDCL3, 30§cckSde (ot Berm e £11), - wf - 90-7.98
(m 30, e oo dale P negityd i P rdcpey e g p@forl gy Wi og - 2P

(m 1H), 9hewef @ehcegessichasHy draplel ditchargibg)metBodd Gan( willjet dnethod), & biﬁn 2.1 Hzoi
IH), 9.51 . ) .S, 2 il te.theNVR charts. e
i 712! G Pl R LR D Gl
range df T7evBpqrpimntroeth@d, @ GYihmdtiiagkl 24d Fupdtkeeng nfethcd. 26 Aves ipesssadtloadsor pt i on

spectrum of a.toluyene solution of 2pDBTPDBg-J 11, and FIG._26B shows an

oni 51 on SRR A TREeEEr bR yARCR B 8 feR5 GPR oR LBREAFMFD & thi n
filmof 2nBBTRDBdg the effads bf SmpARBgsthe wsocass ﬁﬁl iﬁiﬂii‘(ﬁf&igf);ﬂ'oaﬁ;ﬁﬁit% i-lmlt her eof .
The absorption spectrumwas neasur ed. usin ul traviol et-visi

spect r ophgctOBH%Sf’ Efgfy\prg%e(ﬁ%,\%ﬁ?so‘lﬂﬁd‘&E‘Fgﬂ?s"j‘ﬁ@%@afnc%F‘ﬁf?Pﬁ pgngnablep usegbayr enent s
wer e per f ansreghl Whdt has RRPSBSIRY epareritibn therety é’xpﬁﬁcﬂié‘?fhetrbﬁée dMRar&@H Ut i on was
put in a artz cell and the thin filmwas obtained by evaporation onto a
quart z sulddf¥&te. The absorption spectrum of the solution was obtained by

subtracti ngztfe

All the thin films included in a light-emitting element may be formed by a wet
method. In this case, the light-emitting element can be manufactured with only
facilities needed for a wet process. Alternatively, the following method may be

15  employed: formation of the stacked layers up to formation of the light-emitting layer is
performed by a wet process whereas the functional layer, the first electrode, and the like
which are stacked over the light-emitting layer are formed by a dry process. Further
alternatively, the following method may be employed: the second electrode and the
functional layer are formed by a dry process before the formation of the light-emitting

20 layer whereas the light-emitting layer, the functional layer stacked thereover, and the
first electrode are formed by a wet process. Needless to say, this embodiment is not
limited to these, and a light-emitting element can be formed by appropriate selection
from a wet method and a dry method depending on a material to be used, necessary film
thickness, and the interface state.

25 [0214]

In this embodiment, a light-emitting element is fabricated over a substrate
made of glass, plastic or the like. By forming a plurality of such light-emitting
clements over one substrate, a passive matrix light-emitting device can be manufactured.
Further, a light-emitting element may be fabricated in such a manner that a thin film

30 transistor (TFT), for example, is be formed over a substrate made of glass, plastic, or the
like and the element is formed over an electrode electrically connected to the TFT.

Thus, an active matrix light-emitting device in which the TFT controls the driving of the
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30 absorption spectra of quartz and toluene fromthose of quartz and the
sol ution, and the absorption spectrumof the thin fil mwas obtai ned by
subtracting the absorption spectrumof a quartz substrate fromthose of
the quartz substrate and the thin film In FIGS. 26A and 26B and FIGS. 27A
and 27B, the horizontal axis represents wavel ength (nm and the verti cal
axis represents intensity (arbitrary unit). In the case of the tol uene

sol ution, absorption peaks were observed at around 281 nm 297 nm 359 nm
5 and 374 inn, and emnission wavel ength peaks were 386 tun and 405 nm (at an

exci t at i ontigeeftingFlement caye Wﬁsufaqﬂﬁeq hé\‘%g@t Bererin o pHPeplas limifatighsor pt i on
peaks wer eyRs @&-ﬁéﬁﬁle 8t th@'TP‘FndE@lﬁga@B%ge?&izﬂﬁT B a3 RGerRsta@ftde 33T by and an

em ssi on wavel engt gga was 462 nm (at an excitation wavel ength of 383

nm . [ Exanysi @nrrl])yeﬂ()[ adlitiqnofherey éssna PEkigwd Bmggtion on theTgyysfaliniBingl @ gi ves

descripti Shd@ 1Tl GorCthe SYAE NAS Al Hbrobd duct talli
(dlbenzotﬁﬁ%p en-t -i‘? %en§ -3 - phenyléﬁbeﬁ;%mwo?LﬁfaJFﬁkﬁ Flﬁge

(abbrew at aemmon@trqﬁprmn[sahmlp aﬂ@mm@edwemwwttfm@eﬂ overa ng swestralet ur al

F I f
aph- 2moerPLeReY s RENEMEA TAS T Brchlingt D BRI T °
iIIustratedﬂmrnﬁhmﬂﬁlTFF@@Qﬁpmp@HQWﬂEaI Formul a 89]

[0215]

Thus, a light-emitting element can be fabricated using 2mDBTPDBg-II

10 described in Embodiment 1. By the use of a compound of one embodiment of the
present invention, in which a dibenzo{f,#]quinoxaline ring and a hole-transport skeleton
are bonded through an arylene group, for a light-emitting element, the light-emitting
element can have low driving voltage, high current efficiency, and a long lifetime.
[0216]

15 Furthermore, a light-emitting device (such as an image display device) using a
light-emitting element of one embodiment of the present invention which is obtained as
above can have low power consumption,

[0217]
Note that, by the use of a light-emitting element described in this embodiment,

20 it is possible to fabricate a passive matrix light-emitting device or an active matrix
light-emitting device in which a thin film transistor (TFT) controls the driving of the
light-emitting element.

[0218]
This embodiment can be implemented in appropriate combination with any of

25  the other embodiments.

[0219]
{Embodiment 3)

In this embodiment, modes of light-emitting elements having a structure in
which a plurality of light-emitting units is stacked (hereinafter, referred to as a

30  stacked-type element) will be described with reference to FIGS. 2A and 2B. These
light-emitting element are each a light-emitting element including a plurality of

light-emitting units between a first electrode and a second electrode.
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(142) [0347] In a 100-nL three-neck flask were put 1.2 g (2.5 mol)
of 2-(3-bronophenyl) - 3-phenyl di benzo[ f h] qui noxaline, 0.63 g (2.8 mol) of 5
di benzot hi ophene-4-boronic acid, 0.12 g (0.39 mmol) of
trifortho-tolyliphosphine, 25 nL of toluene, 5.0 nL of ethanol, and 3.0 nL
of a 2M aqueous potassi um carbonate solution. This m xture was degassed by
stirring under reduced pressure, and the air in the flask was replaced with
nitrogen. To this m xture was added 40 ng (0.18 mmol ) of palladiun(ll)
acetate. This m xture was stirred under a nitrogen streamat 80 C for 7 10
hours. Aftl@22H predeternmined time had el apsed, water was added to the

obt ai ned m xtur 0 -GS tracted f.romthe aqueous
Cayer w th tol uShER Ticr apt APned eRurial re  RE-DEFb Al
subst ancesiravatackaitbetmeeh i fitst teletrodeg 301 anl ay eegontt hedeatiiodt (BOB. Was thimshed with

a saturated.,aqueo spl ut.ion of.spodi um hydrogen carbonate and s rat ed
brine, and I?q?glr%ern Eglrlﬁ @rs{jeé‘f/cgrro 52! %P?tb%‘s \‘ﬁ/ ?rhar%ée AR W&é‘f"aﬂ&‘ﬁ?‘ ofp nghe

obt ai néd nfundtisneasvastigdav i The firitlcleetredt, 30andd tHeaedonl eleafi@ie\303 caphcat rated to
give a solid. The obtai .solid s, purified.tw ce by siljca gel colum
chr omat ogrsﬁﬁ‘ﬁfs?ﬁﬁerfn;érgg wgﬁi%g\ﬁgm’%em" %‘Ft P%trtifgﬂ%méﬁ’&‘tt#éia‘ﬁ‘g t&‘?l aratio
of 1:1). Fetdndelight-emmisd ahil BrAkiagmalé od dapleu@nafanst fRihadkol TeaYe: 0. 65 g of
a white p% er in 46 % Xielﬂi mhicq, s the substance to be produced.

20[ 0348] Bif omittne s 2 e sheand dig femiginging 33¢ maydedhi wmsad st t e powder
was  puri fih @hbollinchie op biflick bEME LMl miy R WO R8I EMBIIAGARed at 285 C
under a pressure of 2.5 Pa with a flow rate of argon gas of 5 nL/mn. After
t he puMﬁfi@%ﬁﬂon, 0.54 g of a white powder was obtained in a yield of 87 %
whi ch was the SF@ﬁﬁeff‘,nge chfgd &eREREHIC 88 er [ D349 ﬁg\gmlb%@geemgeh}s?

resonance (NVR) nethod identitied this conpoun

243- (di ber2dt-emitigennin 3\ ¥ laph ey sgcosl hakirppitingamito] 2h] dlienox abltage (imbbr evi at i
: 3Ph-2 - i t . 50
on TBRHED ko e iisE R1cfAS1c! 301 SHPIAALESpd Rodd ?%Ctﬁ»%ﬁh%r 1131 200

111 NVR data of the obtailne Stance are as
generation layer 313 functions to inject electrons into one light-emitting unit and inject

15 holes into the other light-emitting unit. In this embodiment, when a voltage is applied
to the first electrode 301 so that the potential thereof is higher than that of the second
electrode 303, the charge generation layer 313 injects electrons into the first
light-emitting unit 311 and injects holes into the second light-emitting unit 312.

[0222]

20 Note that the charge generation layer 313 preferably has a property of
transmitting visible light in terms of light extraction efficiency. Further, the charge
generation layer 313 functions even when it has lower conductivity than the first
electrode 301 or the second electrode 303.

[0223]

25 The charge generation layer 313 may have either a structure including an
organic compound having a high hole-transport property and an electron acceptor (an
acceptor) or a structure including an organic compound having a high electron-transport
property and an electron donor(a donor). Alternatively, both of these structures may
be stacked.

30 [0224)]

In the case of the structure in which an electron acceptor is added to an organic

compound having a high hole-transport property, any of the following substances can be
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10MHz): 8 = 7.33 (d, J =7.8 Hz, 1H), 7.44-7.60 (m 7H), 7.72-7.85 (m 9H),
8.10-8.20 (m 3H), 8.65 (d, J = 7.8 Hz, 2H), 9.36 (td, J = 7.8 Hz, 1.5 Hz,
2H) . [ 0351] FIGS. 28A and 28B illustrate the 1H NVR charts. Note that
FIG 28B is a chart showi ng an enlarged part of FIG 28A in the range of
7.0 ppmto 10.0 ppm 15[0352] Further, FIG 29A shows an absorption
spectrum of a toluene solution of 3Ph-2nDBTPDBg-11, and FIG 29B shows an
eni ssion spectrumthereof FIG 30A shows an absorption spectrumof a thin
filmof 3Ph-2nDBTPDBg-11, and FIG 30B shows an em ssion spectrum thereof
The absor pisFbas tiseezanisriompeuthayinecthigh hals-tearsmrot RIPPGRY o5 [CAORIE S| e

spect 1 opholpaRLefic Qé/méoﬁﬁds RE %{«‘Jsﬁlemé Jﬁ%r&%pg{veﬁﬁ&n)m{daﬁ ARASUr enent s

were perforned”wth sanp epared in such a manner that the sol ution was

put in a gwapewndsel | Swhd tH'é th ABf i | MTRRs obiAed bMEBEWABbr at iadth onto a
quartz SUb4'S Il’,[f"s&éﬁ é 1roe9 ?’bosﬁllio%rl Q?p%ﬁ@rx H&Hi ogbigﬁ'eg:y§ galleIte\/BH IoiﬁJll ned by

subtracting orpi i on spec uene Trom those of
quart z sandhe like. s Ao butstncargiveh here ﬁém%&mﬂbmaﬁh@p@@thoi&mdjﬂmywwﬁl nfilm

was obt ai ned subtra n tion ectrumof a quartz substrate
from t hose® ‘%f\p%/ﬂr ma{farﬁ)[? @B ‘%}g%fﬁg atbﬂ‘ée f‘ﬁmﬁn(feis’lafﬂy(fr% BEPYBA and 298
and FI GS. @&hagingrodet; oftthaspoatigandtt Ableathhs cleepne aapbs usedvel ength (nm) and
the vertic %Rﬁms represents intensity (arbitrary unit). In the case of the

t ol uene s absorpti on peaks were observed at around 303 nm and 377

nm and an 30 e%ﬁﬁéron vvavel gg\gth peakhenas 406 srttat an exchdcaptbOn
wavel ength of 378 nm he case of the thin film, absorptl on.peaks were

obser vEH af.’ §1gdﬁtl‘ﬂfy??22 ?’r?ﬁﬁ totgaflugrpquinogimetigpe 30 Aabhsviatipy: nmFaafdN@B5 nm  and

an eni ssi 0&1&@1ﬁﬁla§mtemk9%akbéf\g$aﬂ1@n hddTidrbradiidxRéhialids cupyesiongt h of 385
nm. [Exanple 8T [ 0353] 5[ Synthesis Exanp e 7] This exanple gives

descri pti OMgregf/eraomsmfdn@;ﬁls gny}q)pg‘l@gﬁg ﬁq’@ups 4 to 8 of the periodic table can be
2[ 3- (di bengo, ﬂur %Eec‘%f H%ﬁm&h @m@w&%gym@%ﬂmﬁ%xmgm g &dide

represente ow ng Structural Fornul [ 0354] 10 fChem cal
For mul a golpolghcﬂﬂnpm\gxaiq twngsten oxide, manganese oxide, and rhemum oxide are preferable

15  because they have a high electron-accepting property. Among these metal oxides,
molybdenum oxide, which is easy to handle, is preferred owing to its stability in air and
low hygroscopic property.

[0226]
In contrast, in the case of the structure in which an electron donor is added to

20 an organic compound having a high electron-transport property, as the organic
compound having a high electron-transport property, a metal complex having a
quinoline skeleton or a benzoquinoline skeleton, such as Alg, Almgs, BeBqy, or BAlq,
or the like can be used, for example. A metal complex having an oxazole-based ligand
or a thiazole-based ligand, such as Zn(BOX), or Zn(BTZ), can also be used. Other

25  than such metal complexes, PBD, OXD-7, TAZ, BPhen, BCP, or the like can be used.
The substances given here are mainly materials having an electron mobility of 107

m?/Vs or more. Note that other than the above substances, any organic compound
that has a property of transporting more electrons than holes may be used.
[0227]

30 Further, as the electron donor, any of alkali metals, alkaline-earth metals,

rare-carth metals, metals belonging to Group 13 of the periodic table, or oxides or

carbonates thereof can be used. Specifically, lithium, cesium, magnesium, calcium,
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(201) [ 0355] [Synthesis of 2nDBFPDBg-11] A schenme for the synthesis of
2nDBFPDBg- 11 is illustrated in (G 7). 15[0356] [Chem cal Formula 91]

[ 0357] In a 200-nm. three-neck flask were put 1.0 g (3.8 mml) of
2-chl or odi benzo[fl ] quinoxaline, 1.2 g (4.2 mmol) of 5

3- (di benzofitran-4-yfl phenyl boronic acid, 50 inL of toluene, 5.0 nL of
ethanol, and 5.0 nL of a 2M aqueous potassi um carbonate solution. This

m xture was degassed by stirring under reduced pressure, and the air in the
flask was replaced with nitro To this m xture was added 0.10 ng (0.10
mol ) of t¥terarnsipdinmg phge;ymlm)cp@pma@mﬂ(edjke iTpricErablyesede Ams stirred
at 80 C foy t ermned tine
had el apse(igﬁucffjoq)npd8 gﬁq%}“?gﬁﬁa@g% El{v?\ilagésmgg‘al g?sg,%g@%l a‘§§:h elaﬁiér%gr llqg(rr}l Lo give a
white sol il@228urther, water and tol uene were added to the filtrate, and

or gani ¢ substan r the agueou I r.of t obt ai ned
filtrate with t%ﬁeetﬁgt.b%‘llﬁé%r%%& |%€1th% A eXt Y At aefg%?élglﬁlg@ “ézﬁ ances was
conbi ned vdeschib@mabmrega’miscpolsabderto shjfpeesyiaxt increaseds dniigedhitakd baded bp
sat ur at ed Lﬁb }:Sldi ution of sodi um hydrogen carbonate and saturated

Yancla

bri ne, foI‘°1 yffig with magnesi um sul fate. The obtai ned m xture was
gravity fl[DP.Bjed and then the filtrate was concentrated to give a brown

solid. The obtained salid onbi.ned, . t he obt ai ned, solids were

di ssol ved in toihhg’h*e isiydhe Beteitas Flsmen hanke t%’ﬂg’tgfslb‘?mlﬁmgtl@t‘ted t hr ough
al umi na ang déetibddgakdod pgiueﬁﬁkubg elWhkmt HRUnE a GREKLE treedf mtd BNt eRitting t d.

Catal og No. 531-16855). The obtained filtrate was_ concentrated to gi ve a

whi t e Dol i Huts §45 dlsoghs qnaﬂ%?é ap istratedgingYGIE | dhplyelitgd| lighherpingimite gr aphy
(wWth a denel ari paiseiedeRt aQlhatep! é@%tlﬁﬂﬁygﬁ@&%ﬂg@d %eﬁ@:@b Od plir 1¢10) . The

obt ai ned fractl ons were concentrated to give a yel lTow powd Further, this
sol i d was SleEpgest & ipithekighteniHinnelons apeprding o tisgabgdigieny vgb@rquw inowder in

33 % yi el dhosithib &8 rehiBe 3D THARE ] 165 BRtME QIUGEELn emit light with a high

luminance while current density is kept low.
15 [0230]

With light-emitting units having emission colors different from each other, the

light-emitting element as a whole can be made to emit light with a desired color. 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
20 complementary; thus, the light-emitting element which emits white light as a whole can
be obtained. Note that the term “complementary” means color relationship in which
an achromatic color is obtained when colors are mixed. That is, white light emission
can be obtained by mixture of light obtained from substances emitting lights with
complementary colors. The same can be applied to a light-emitting element which has
25 three light-emitting units. For example, the light-emitting element as a whole can emit
white light when the emission color of the first light-emitting unit is red, the emission
color of the second light-emitting unit is green, and the emission color of the third
light-emitting unit is blue.
[0231]
30 Note that this embodiment can be combined with any other embodiment as
appropriate.
[0232]
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5[ 0358] By a train sublimtion nethod, 0.68 g of the obtained yell ow
powder was purified. In the purification, the yell ow powder was heated at
280 C under a pressure of 2.2 Pa with a flow rate of argon gas of 10
m./mn. After the purification, 0.43 g of a yellow powler was obtained in a
yield of 67 % which was the substance to be 10produced. [0359] A
nucl ear magneti c resonance (NMR) nethod identified this conpound as 243

- (di benzo furan-4-yl)phenyl] dibenzo [f; h]quinoxaline (abbreviation:
2mDBFPDBg-11), which was the substance to be produced. 15[0360] 11-1 NWR
data of tHESBEisAY substance are as fol | ows: NVR (CDC13, 300 MHz): 5 =
7.41 (t, 3 = 7.8 Hobohintdhe 4.7 A Fnfiing Wevichhavidy S8ighGemiting Gerflenklor 1H)
7.76-7.84 (m 6H), 8.02-8.10 (m 3H), 8.41 (d, J =7.8 Hz, 1H), 8.67 (d, J
= 7.8 Hz, @eembgdiggnigofgie prgpent jventpnogilldeaigsqriped wigh reforegce t9 BGS( 2H) .

20[ 0361] F : Ld : Tk : te that
FIG 31B ia}snngéharlN%t% ‘2%?&’&?393%%}“3&”32%*‘%%‘?%&%? gﬁ!l:tlj"&]’[ll mg,}%/% ‘iﬁﬁ%'tﬁfg}?lrd;ﬁge of
7.0 pprfi t B3BLB.aCrqspectipOB G tBkantaumg linky 4B FRA-DdidG.ah. absor pti on spectrum

of a tol ue[qug3 olution of 25 2nDBFPDBg-11, and FIG 32B shows an em ssion
spectrum thereof. FIG 33A shows an absorption spectrumof a thin film of
2nDBFPDBg- | |, aihd FREGA, 38Bresbromsnaal 4 d&esdien asipizet civaittpodoadh shimee

absorption, spectru S _nmeasure iy, N | t.ravi ol et ; vi.si bl

spect r ophol BFEE &gt ’\/r\-é%gﬁl? © 6?“38rﬁ€%dc?s %‘i/rgﬁeigc%‘ "c':&%}é%’?’aﬁ lltldo%e)f&&%ﬁ g’unrrig?% ur enent s
were perf of03eiinved b deivorpirest pordpalaeghtd drived cincuit),neliiciearetehat indosied by ut i on 30
was pu artz |1 and th i hed_.b evagggagtl on onto

a quar {Ozl g‘l?gtggﬁlﬁ?se R% erﬁﬁé‘&?’ﬁ?ﬁéhrlélg‘é%‘!ﬁslr%ﬁ?véﬁﬁg t%ﬁt g'§t81 TRESTERee tai ned by
subtract i ngstdagotes a sealant, and a portion enclosed by the sealant 405 is a space.
[0234]
Note that a lead wiring 408 is a wiring for transmitting signals that are to be
inputted to the source driver circuit 401 and the gate driver circuit 403, and receives a
15  video signal, a clock signal, a start signal, a reset signal, and the like from an FPC
(flexible printed circuit) 409 which serves as an external input terminal. Although
only the FPC is illustrated here, a printed wiring board (PWB) may be attached to the
FPC. The light-emitting device in this specification includes not only a light-emitting
device itself but also a light-emitting device to which an FPC or a PWB is attached.
20 [0235]

Next, a cross-sectional structure will be described with reference to FIG. 3B.
The driver circuit portion and the pixel portion are formed over an element substrate
410, Here, the source driver circuit 401 which is the driver circuit portion and one
pixel in the pixel portion 402 are illustrated.

25 [0236]

Note that as the source driver circuit 401, a CMOS circuit which includes an
n-channel TFT 423 and a p-channel TFT 424 is formed. The driver circuit may be any
of a variety of circuits formed with TFTs, such as a CMOS circuit, a PMOS circuit, or
an NMOS circuit. Although a driver-integrated type in which a driver circuit is

30  formed over the substrate is described in this embodiment, the present invention is not
limited to this type, and the driver circuit can be formed outside the substrate.
[0237]
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absorption spectra of quartz and toluene fromthose of quartz and the

sol ution, and the absorption spectrumof the thin fil mwas obtai ned by
subtracting the absorption spectrumof a quartz substrate fromthose of the
gquartz substrate and the thin film In FIGS. 32A and 32B and FIGS. 33A and
33B, the horizontal axis represents wavelength 5 (tun) and the verti cal
axis represents intensity (arbitrary unit). In the case of the tol uene

sol ution, absorption peaks were observed at around 361 nm and 374 nm and
em ssi on wavel ength peaks were 386 rimand 403 rim (at an excitation

wavel engt h of 3 rixakportipp4@hacludese pivrakityef pixels havipge SEE@WF&)TEBﬁUpeaks wer e

obser ved aatc@{e%ﬂﬁ OFe T 418, anP? fifk Blectr Rt 49 4”%1%@1231%’@ Fg‘i?? d eXCéll ?‘g{and

emi ssi on wavel engt h peaks were 425 10 nm an I on
wavel engt H-h@fmw cmﬁol TFEx&Fp| &8 thp086BFuIpGY A hésfosmed tnpdver 8} end

Thi s exa | f WAl .
15243 - ( OUOHSY IR AEREHABAL S Blos P uffiAiIRth 21 MBRREAI o posiive

h] qui ndxal tyreethalslsersitivanirghc re2im@BPDBq) represented by the fol |l owi ng
Structural f@ﬁrrul a (309). [0364] [Chemi cal Formula 92] (309) 20[0365]
[ Synt he5|4 2nCzBPDBg] A schene for the synthesis of 2nCzBPDBq i s

Il lustrated i n [Gei@r to[iiped chEhepe] thalinskaromndll 4isGadvided such that either an

upper end portion or a lower end portion of the insulator 414 has a curved surface with a
curvature. For example, when positive photosensitive acrylic is used as a material for

10 the insulator 414, it is preferable that only an upper end portion of the insulator 414
have a curved surface with a radius of curvature (0.2 um to 3 um). For the insulator
414, it is also possible to use either a negative type that becomes insoluble in an etchant
by light irradiation or a positive type that becomes soluble in an etchant by light
irradiation.

15 [0239]

A light-emitting layer 416 and a second electrode 417 are formed over the first
electrode 413. Here, as a material for forming the first electrode 413 functioning as
the anode, a material having a high work function is preferably used. For example, it
is possible to use a single layer of an ITO film, an indium tin oxide film that includes

20 silicon, an indium oxide film that includes 2 wi% to 20 wt% of zinc oxide, a titanium
nitride film, a chromium film, a tungsten film, a Zn film, a Pt film, or the like, a stacked
layer of a titanium nitride film and a film that mainly includes aluminum, a three-layer
structure of a titanium nitride film, a film that mainly includes aluminum and a titanium
nitride film, or the like. Note that, when a stacked layer structure is employed,

25  resistance of a wiring is low and a favorable ohmic contact is obtained.

[0240]

In addition, the light-emitting layer 416 is formed by any of various methods
such as an evaporation method using an evaporation mask, a droplet discharging
method like an inkjet method, a printing method, and a spin coating method. The

30  light-emitting layer 416 includes a heterocyclic compound described in Embodiment 1.

Further, another material included in the light-emitting layer 416 may be a low
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(309) [0367] In a 200-nL three-neck flask were put 1.0 g (4.0 nunol)
of 2-chl orodi benzo[ M qui noxaline, 1.6 g (4.4 mvol) of 5

3' - (9H car bazol -9-y1) - 3- bi phenyl boronic acid, 50 nL of toluene, 5 nL of

et hanol, and 6.0 inL of a 2M aqueous potassi um carbonate sol ution. This

m xture was degassed by stirring under reduced pressure, and the air in the
flask was replaced with nitrogen. To this m xture was added 0.10 g (90
.tnol) of tetrakis(triphenyl phosphine)palladiunm(0). This m xture was
stirred under a nitrogen streamat 80 C for 16 hours. After a 10

pr edet er mi Aelgcularmaterial ap phgared, @ dradaner,g bish mpdgulapmetsrial of e k%, and

organi ¢ supsignces were extracted fromthe aqueous |ayer of the obtained
filtrate with toluene. The solution of the extracted (_)rtgani c substances was
conbi ned with tHe pmgierrkusedfar thet sgeond ddegivode fdd wiketh Edtofmed, ogersthe ur at ed

agueous Sol\ﬁléikg-hﬂﬂtixg lay @ & Qﬁ({%ﬁ%‘é’g?é‘c&ﬂé&é?i@?stﬁef@faglcﬁé‘héér a%a@ﬂmmg%i I;" | oved

by drying magnesi um sul fate. The 15 obt'ained m xture was gra
filtered, aleeh whknfundiienf(e.pt AdtMewhais Caovrcamallositasd compgindethgresiosuchl as Thi s
solid was Qqurd f ked:.by,; st ki o t 150 .8 el opi ng
sol vent ofﬂ;l ﬁ%e elna)étljihé‘ilg%éa?%)'a%gﬁk cr)ﬁ%? H%ﬁ %3 Q&%ﬁ&;%cf ét'[\qéémné:gn@?%cti ons
wer e concényeard @de transgiivel thresigh ek, sefandtebeetroda €10, g stagk bf z enefabthid fibnm t ol uene

gave 0. 32 of a i .powder. ;i %0 Vi 2010368 rain

subl i mati o}%v%tahrgaﬁe%%%nﬁs oafndtar%a%g%atr%%{ ﬁg%gc “l%ti{gglp%\'éﬂ’e& b\?\%‘éﬁu pﬁ’ruld?i ed. In
the purifi®ating 2 Wi b ey pdwhe oxidssinbaal @ideatin 30 Gatifcadesailgbessur e of
5.1 Pa with a flow rate of argon ?e?% of &g)nﬁn‘i n.. After the purification,
0.12 gt o stisPr exifopREERe GEde)dnpraferdly y8d foriheeepngrelossody 41ihi ch was t he
subst ance [pggdje produced. 5[ 0369] A nucl ear nmagnetic resonance (NWVR)
met hod identified this conpound as )

243" - (9H car bazdhe geajing subtiatey4043is\attnhed A b SleFsnthaRstrath d1Q 28t &%i at i on:
2Cz BPDBO) seawhli 05, MBS alifRt-ShiR NG nt 9108 pRIVREH G the %&%74@% eddbdcdBR data of
t he obtained substance are as follows: 11-1 NWR ( 3, 300 MHz):" 3 =
7.26-7. 35 therplement sutptia-4204he geplin@sybstrate 4@, @ud thg sealant 40347 Nogeghat theg1- 7. 88

565567 P Sy RT e shéhshyind e, fibeerorifsd Al 2T
1.5 Hz, 1Hhss@laabd(Ss, 1H). [0371] 15FIGS. 34A and 34B illustrate the 1H NMR
charts. g4fihat FIG 34B is a chart showing an enlarged part of FIG 34A
in the rgﬂge (;f 7.0 ppmto 10.0 ppm [0372] Further, FIG 35A shows
an absorption speatthermsalie sakol 405nen g@ixyibaed redfin BcBlRbBgpscdandublt & 3513
shows an errrgtgr?eixlcfsn dgs%gglgf raunrlr};\tlérri]a rtl?a?ftrarlfsln%s a%qibt‘tles Qﬁ%‘l’g%urg gr oxygen as possible.
20  As a material used for the sealing substrate 404, a glass substrate, a quartz substrate, or
a plastic substrate formed of FRP (fiberglass-reinforced plastics), PVF (polyvinyl
fluoride), polyester, acrylic, or the like can be used.
[0244]
As described above, the active matrix light-emitting device having a
25  light-emitting element of one embodiment of the present invention can be obtained.
[0245]
Further, a light-emitting element of the present invention can be used for a
passive matrix light-emitting device as well as the above active matrix light-emitting
device. FIGS. 4A and 4B illustrate a perspective view and a cross-sectional view of a
30  passive matrix light-emitting device using a light-emitting element of the present

invention. Note that FIG. 4A is a perspective view of the light-emitting device, and

FIG. 4B is a cross-sectional view taken along line X-Y of FIG. 4A.
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20 absorption spectrumof a thin filmof 2nCzBPDBq, and FI G 3613 shows an
em ssion spectrumthereof The absorption spectrum was neasured using an

ul travi ol et-visible spectrophotoneter (V-550, produced by JASCO
Corporation). The neasurenents were perfornmed with sanples prepared in such
a manner that the solution was put in a quartz cell and the thin filmwas
obt ai ned by evaporation onto a quartz substrate. The 25 absorption
spectrum of the solution was obtai ned by subtracting the absorption spectra
of quartz and toluene fromthose of quartz and the solution, and the
absor pti or%#dctrum of the thin filmwas obtained by subtracting t he

b t.
Sobot bt o angt ELHR AR UB! SERUBR! SRS IR bGRE Ot BEURRSE | oo
the hori Z(ﬁlﬁﬂalsemad@qc@mee%)émvsr W\a\beﬂr%ﬂgiih (Amgndgnodtianive theefitst dedtro8@axi s
represent Sgjnt engi,ty 4@@9&&3@@9 s0d ﬁ%ﬁd&%ﬁ,g%gmﬁlﬁs ik 48RS sol uti on,

absor ption peaks were nm " am ¥nn, and
em ssi én vmvﬂﬂ@nqteh theppalistingdayer 386. nTihcasidevAl3 ofinhe pdrtiton yerd 108t dron

observed deins 3¢ 5u" Sbisaik bISsSTRT Tl el nE53N SRR 60
rim and 38face afithessnbstate. edn Sﬁero.ﬁbrdﬁ‘aefceﬂgichorpﬁhéﬁa&@%tiﬂéldird’chﬂi?] 6Bthe an I
excitati ony e of . 38 Ex 10 0373 Synt hesi s Exanpl e
9] ch ggé‘ﬁrﬁaglt{fp g%)éc tﬁ%e%ﬁéﬁ’o?“ ﬂ"%re aﬁ%(ﬁm&‘? Yt Wedi zi ng
243- (3 6- chnpbnmy;ﬂaraldt mn@pm@é di%ecyibh p@e Yitshtihe pral st r&@pﬁFIth aﬁﬁor w&bl gr ?\:?2 g;n 0

[0374) 07 e Q8 IR FEORD) by RO ANSIPPESIS ASHaE BrbospoRg- | 11] A
schene forpatdier eyA¢ PrRsd &r&ﬁo@ BEEPRRAatihg 1ay8r 305! 448 oAb&RL IncdafacObith [ 0376]

the insulating layer 505). By providing of the partition layer 506 in such a manner, a

defect of a light-emitting element due to static electricity or the like can be prevented.

[0247]

15 Thus, the passive matrix light-emitting device having a light-emitting element

of one embodiment of the present invention can be obtained.

[0248]

The light-emitting devices described in this embodiment (the active matrix

light-emitting device and the passive matrix light-emitting device) are both formed
20 using a light-emitting element of one embodiment of the present invention, thereby

having low power consumption.

[0249]

Note that this embodiment can be combined with any other embodiment as
appropriate.

25 [0250]
(Embodiment 5)

Embodiment 5 will give descriptions of electronic devices including a
light-emitting device of one embodiment of the present invention described in
Embodiment 4 as a part. Examples of the electronic devices include cameras such as

30  video cameras and digital cameras, goggle type displays, navigation systems, audio
reproducing devices (e.g., car audio systems and audio systems), computers, game

machines, portable information terminals (e.g., mobile computers, cellular phones,
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[ Chem cal Formula 95] [0377] In a 100-nL three-neck flask were put
0.54 g (2.0 mmol ) of 2-chl orodi benzo[ Nqui noxaline, 0.94 g (2.1 mmpol) of 5
3- (3, 6-di phenyl-9H- car bazol - 9-yfl phenyl boroni ¢ acid, 20 nL of toluene, 2.0
m. of ethanol, and 2.0 nL of a 2M aqueous potassi um carbonate sol ution.
This m xture was degassed by stirring under reduced pressure, and the air
in the flask was replaced with nitrogen. To this m xture was added 46 ny
(39 Rnol) of tetrakis(triphenyl phosphine)palladium(0). This m xture was
stirred under_a nitrogen 10 streamat 80 C for 11 hours. After a

pr edet er ni BEgbleigame wyameﬁ%ﬁ%éectw&@eboomslr%?@aéﬁpr%wtnﬁéiewsfwa@aclm xture,

and or ganl&c&am?trﬁéaﬁ% 1é"'8fo%xd%6t(§pié61tfﬁﬂ 'El@ﬂ?:éshﬁata&}b'%%h%lé 8y Fe'brdﬂh& iz t ol uene.
The obtai ned solution of the extracte ?mr}l ¢ substances was COIT%I ned with

t he or ganitgcdrdipg medishuchagrdigial \Xﬁ@at%élﬁé%l PR angk eroxided withi hdispland t he
organic | a&’e‘%{ce\fﬁé B 8iSSayu {h Qf?&thk' s Ul §RESic dRpIEDEAMAR YL € Was

gravity 15 I'tered, and the 'trate was ‘concentrated to give a solid.
The obt3i n@dlcsmrﬁdlmecﬁinsfgﬁﬁvfeﬁtolwtoI uene, and the toluene solution was
suction f| ﬁflred t hrough alum na, Florisil (produced by Wako Pure Chem cal

I ndustri es, t]d Cat al og No. 540-00135), and Celite (produced by Wako Pure
Cheni cal | ndust fFi@éA ilingdrages @lavisign big ac@&?ling 688&6)cmbaduhenhef thbpabened

filtrate agen 1819(:\%%& %%l%ges cgllm\ﬁ r?zill SO up&drtl;[%gasg%tliu n(?&)i%%/ ?ﬁ/\@?j i purified

by silica ge calu rofat ogra evelopin ol uene
and hex anespearkeapasmbmscﬁ 1df viﬂeci)npuﬂ:tﬂﬁmhﬂs 615, ead yiet lildel | haﬁusaalefzmmmsétoh uene gave

0. 90 el l wd whi ch. b t b
o oquolll RS RRBNEC ond edfaaia i e ROV EiGion 6T SEMHRL KSRt o e

Kel I O\év povd@law\pc&udgmmfl &thce Ianlﬁha?pmg &dv&ﬁtdf(hlﬁe einbediyehd @Nh@?m was f
eated at 310 C under res ureo 3.0 Pa_Wwth a wrate of argon gas o
5 i/ min. DYREen P %3@? g i fagfy, high gyt sfF'*%?n%PP%aﬁ ghmGely BBt ai ned i n

a yield ofapBBcafon \WhitiehighRemitig SRSiARGE emBodifeft! (TANE fdsend VBRI a A

nucl ear magnetjc resonance (NVMR) nethod identified this conpound as

243- (3, 6- oﬁelﬁh’é&‘ﬁ} f@tmleahwaz@abéﬂsmdgﬁ@m PV SHBHBRTILTARIL L ‘iaﬁ’éd

(abbr ey atE 3y 2nCzPDBg-111), which was the substance to be produced.

[ 0380] 1511-1°NWVR data of the obtained substance are as follows: 11-1 NWR
(CDC13, 300 MHz FIG@B-iljusggiey & computer7 agropding torpne gmigplipent of the pregerd Hz | 4H) |

g gg (8d46‘]1{1ven gﬁ)\b%gh udeg §7 sif bgég 651 alﬂdﬂ%lgé%ﬁB Qﬁspla}J port&)n86zl3izl_|%, 1|:[|)|_|)

9.36 (dd, Keyboard 824s2n e&te@al-wnnqcml) p01962ISZ a(pslntlmgi)lew?eo%ﬂmdzbﬂl&. I87A and
37B i1l USttﬁliastc%mﬁagf%r, e I]igﬂ}lmitﬁngrdé\%e Dok p}quﬁt n'fJe%im?Z«ﬁ l!)esap%lied to the

20  display portion 623. Since a light-emitting device of one embodiment of the present
invention has low driving voltage, high current efficiency, and a long lifetime, by the
application of the light-emitting device of one embodiment of the present invention, a
computer having high reliability and reduced power consumption can be obtained.
[0253]

25 FIG. 5C illustrates a cellular phone of one embodiment of the present invention,
which includes a main body 631, a housing 632, a display portion 633, an audio input
portion 634, an audio output portion 635, operation keys 636, an external connection
port 637, an antenna 638, and the like. In this cellular phone, the light-emitting device
of the present invention can be applied to the display portion 633. Since a

30 light-emitting device of one embodiment of the present invention has low driving
voltage, high current efficiency, and a long lifetime, by the application of the

light-emitting device of one embodiment of the present invention, a cellular phone
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chart showi ng an enlarged part of FIG 37A in the range of 7.0 ppmto 10.0

ppm [0382] Further, FIG 38A shows an absorption spectrumof a

tol uene solution of 2nCzPDBg-111, and FIG 38B shows an em ssion spectrum
t hereof FI G 39A shows 25 an absorption spectrumof a thin film of
2nCzPDBg-111, and FIG 39B shows an em ssion spectrumthereof. The

absorption spectrum was neasured using an ultraviolet-visible

spect rophot onet er (V-550, produced by JASCO Corporation). The neasurenents
were perforned with sanples prepared in such a manner that the solution was
put in a duainghigharliabiiiy andyedudel powér consuenptiobran vadbtdinedevapor ati on onto a
quart z 30§[H§§ﬂrate. The absorption spectrum of the solution was obtai ned by
subtracting the absorption spectra of quartz and toluene fromthose of
quartz and the &8bdbD itnstratesd cemnera ofbsosngiodomens pthe presend fnvedtent Wwhich f i | m was

obtai ned b tractin e. abhsor pt i.on egtrum a quartz substrate from
those of t' %lﬁgeggrrﬁazl“s)% s@r‘iai1 glsglﬁﬁg?rﬁlgntéﬁﬁﬁq}oﬁlﬂ% ‘{3n a?f? 'aé@&n% d*38B and
FI GS. 39A mnd64BI9B, retbe dvatrblzendieing oitonr@s es anig jeaiehg poition (436) aand t he
vertical agxis represents.intensit arbitrar it). In the case of the 5
t ol uene soa&f”?'o(ﬁ?’ %%‘&’%WBW%@%@%P@M&B@@%@ggb’a%“ APRYETTPOIY Mtk 360 nm
and 374 nmndakdlilen Bfﬁh%daﬁi&aa\l\/ﬁ\lightedmgtmgﬁieaﬂﬁ% wﬂ@}fe%a)l oﬂmbeﬁaéfmp@m tz;ti on
wavel ength _of .375 nm. |n. t case of the thin fi absorption peaks were
observed dtVERIEHAH %ﬁ’pbff:ﬁl to3§13 q‘ﬁﬂﬁ‘yw‘ft‘mman lnﬁ?seq]‘rgmenélﬁ&‘gafﬁvt%@si on
wavel engt honpeakboiberd bt the fratenBin@XGod dal Q6w V@HEAE RBIALcOThigdS dufdh) -

10[ Exanpl e 11] [0383] . [ Synt hesi s Exampl e 10] Thi s exanpl e gives

descri ]& i FALCIEY-2Weh kg8 lg?tlrgfg, MY HEg pgghﬁ@uon of the light-emitting device of one

244- (9- ph JeRienyl i ' i DB
44-(9-p %u%@%glalfélzﬁﬂese%z YioeRREN W dbeRe Azakd (L)lﬂg@}f%g@ﬁ}é%@@ q)

represented by the followi ng Structural Fornula (4 em cal
For nul a 96IoWEhHsEHRIEm; cam be obtpingh) [ 0385]
[0255]

As thus described, application range of a light-emitting device of one

15 embodiment of the present invention is quite wide, and this light-emitting device can be
applied to electronic devices of a variety of fields. With use of a light-emitting device
of one embodiment of the present invention, an electronic device having high reliability
and reduced power consumption can be obtained.

[0256]

20 Moreover, a light-emitting device of one embodiment of the present invention
can be used as a lighting device. FIG 6 illustrates an example of a liquid crystal
display device using a light-emitting device of one embodiment of the present invention
as a backlight. The liquid crystal display device illustrated in FIG. 6 includes a
housing 701, a liquid crystal layer 702, a backlight 703, and a housing 704. The liquid

25 crystal layer 702 is electrically connected to a driver IC 705. The light-emitting device
of one embodiment of the present invention is used as the backlight 703, and a current is
supplied to the backlight 703 through a terminal 706.

[0257]
By using a light-emitting device of one embodiment of the present invention as

30 a backlight of a liquid crystal display device as described above, a backlight having
reduced power consumption can be obtained. Moreover, since a light-emitting device

of one embodiment of the present invention is a lighting device for planar light emission
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20 [ Synthesis of PCPDBq] A schene for the synthesis of PCPDBq is
illustrated in (G 10). [0386] [ Chem cal Formula 97] (400) [0387] In a
200-nmL three-neck flask were put 1.2 g (4.0 mmol) of 5

2- chl or odi benzo[ f, h] qui noxaline, 1.6 g (4.4 mmol) of

4- (9- phenyl - 9H car bazol - 3-yf | phenyl boroni ¢ acid, 11 ng (0.05 nmol)

pal l adiun(I1l) acetate,

of

30 ng (0.1 mmol ) of tris(2-nethyl phenyl)phosphi ne,

30 nL of toluene, 3 nL of ethanol, and 3 nL of a 2M agueous potassi um
sol ution. The m xture was degassed by stirring under_ reduced

pressure. addhe enlprgementiof the hd-cmdting chd??d‘s Popihledha orearg e backlight ogen

car bonat e

at mospher g3ty 18 hemid? rlal‘gQr h(?Hz'isS a HqH#

had el apsed, this m xed was filtered d washed Wi th wat er
t ol uene |ﬂmpﬁmﬁﬂ@nééiaMMWéﬂdeEPQN@@ﬂgbta|ned by the filtration was
purified H? ghlica gel colum chromatography. At this time, toluene was
5 &eveloplng sol vent for the chromat ography. The obtai ned
fractions were E¥acéntlpstratd, amrrdamplehénothidas Heldethitineréwvise ¢bhlonewed by

i rradiati 0 i“t:hn%% & I&\Q/éen(f ﬁ.%)\{t?o% is Ia Jo %%anﬁt\?éjﬁﬁc? al 43@@%}% Id%{?%é

was t he sUH@t@s]c@rnp)llmtrqjccbmJEIéﬁ'? Ha®38®pising 801 and a light source 802, and a

used as a

suction f|

10

15

20

25

30

light-emitting device of one embodiment of the present invention is used as the light
source 802. Since the light-emitting device of one embodiment of the present
invention has low driving voltage, high current efficiency, and a long lifetime, by its
application, a desk lamp having high reliability and reduced power consumption can be
obtained.

[0259]

FIG. 8 illustrates an example in which a light-emitting device of one
embodiment of the present invention is used for an indoor lighting device 901. Since
the light-emitting device of one embodiment of the present invention can have a larger
area, it can be used as a lighting device having a large area. Further, since the
light-emitting device of one embodiment of the present invention has low driving
voitage, high current efficiency, and a long lifetime, by the application of the
light-emitting device of one embodiment of the present invention, a lighting device
having high reliability and reduced power consumption can be obtained. In a room
where the light-emitting device of one embodiment of the present invention is used as
the indoor lighting device 901 as above, a television set 902 of one embodiment of the
present invention as described referring to FIG. 5A can be installed so that pubic
broadcasting and movies can be watched.

[0260]

Note that this embodiment can be combined with any other embodiment as
appropriate.
[Example 1]

[0261]
[Synthesis Example 1]

This example gives descriptions of a method of synthesizing
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The Rf val ues of the produced substance and 2-chl orodi benzo[ f h] qui noxal i ne
were respectively 0.28 and 0.38, which were found by silica gel thin | ayer
chromat ography (TLC) (with a devel opi ng sol vent of ethyl acetate and hexane
inaratio of 1:10). 5[0390] A nucl ear nagnetic resonance (NVR)

met hod identified this conpound as

244- (9- phenyl- 9H car bazol - 3-yl ) phenyl ] di benzo[ f h] qui noxal i ne (abbrevi ati on:
PCPDBq), which was the substance to be produced. [0391] 1011-1 NWR data of
t he obtained substance are as follows: NVR (CDC13, 300 MHz): 8 = 7.32-7.37
(m 1H), 7-adpesmtiipphenidyy)phendldibea®([fitquingtpling. 74- 7. 86 (abpreBfign: 7. 97 (d,

J =8.1 Hz p = : 3H), 8.66 (d, J =
7.8 He, 2@?6@%@%?@‘}4"%%3&3{8%% .f{fg’f”é’;.%%‘“fﬁ]“ﬁ?ﬁ&‘ﬁ? B@g&] 15F1 GS. 40A and
40B i | | ustlPa§?d t heNVR charts. Note that FIG 40B is a chart showi ng an

enl ar ged I in the range of 7.0 ppmto 10.0 ppm [0393]

Furt her, 9?%?”%&H§Eﬁ%ﬁ§gﬁn absorption spectrum of a toluene solution of
PCPDBgq, and FI G 41B shows an em ssion spectrumthereof. FIG 42A shows an
20 absorption spectrumof a thin fi PDBg, and FIG 42B shows an

em ssi on spectrumthereof The absor N spectrum was neasured using an

ul travi ol et-visible spectrophot ong & 550, produced by JASCO

Cor poration). The neasurenents mﬂgngerfoiﬁJo wi th sanples prepared in such
a manner that the solution was pyt \n a quartz cell and the thin filmwas
obt ai ned by evaporation onto a/Zq substrate. The 25 absorption
spectrum of the solution was o in by subtracting the absorption spectra
of quartz and toluene fromthose ?%H?uartz and the solution, and the

absor ptsi on spectrum of the thin fi was obtai ned by subtracting the
absorptioq %gﬁctrun1of a quartz substrate fromthose of the quartz
substrate 8 the thin film In FIGS. 41A and 41B and FI GS. 42A and 42B

t he hori zdBymhestdf SMDEIPREIRANF wavel ength (nn) and the vertical 30axis
represents intensity (arbitrary unit). In the case of the toluene solution,
absor pti on peakg‘s\ﬁ)é%’éﬂgb F%%%Qtor}%m&’%lﬁﬁﬂl“%?dﬁﬂcéhd 385 nm and an
em ssion [wessgl ength peak was 428 nm (at an excitation wavel ength of 385
nm. In the case of the thin film absorption peaks were observed at around
251 nm0 2dShemicaldiosmplgy77B15 nm 353 nm and 392 nm and an eni ssion

wavel engt h peak was 490 nm (at an excitation wavel ength of 397 nn).

’
CA

Pd{PPhs), Q O

2M K,CO4 aqg. -

S
- NN i!m (C-1)
Toluene, Ethanol

(101)

[0265]

In a 2-L three-neck flask were put 53 g (20 mmol) of
2-chlorodibenzo[f,#]quinoxaline, 6.1 g (20 mmol) of

15 3-(dibenzothiophen-4-yl)phenylboronic  acid, 460 mg (0.4 mmol) of
tetrakis(triphenylphosphine)palladium(0), 300 mL of toluene, 20 ml of ethanol, and 20

mL of a 2M aqueous potassium carbonate solution. This mixture was degassed by
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Thi s exanpl e gives descriptions of a nethod of synthesizing 243

- (di benzot hi ophen- 2-yl ) phenyl ] di benzo [f; i]quinoxaline(abbreviation: 10
2nDBTPDBqg) represented by the follow ng Structural Formula (515). [0395]

[ Chem cal Fornula 98] (515) [0396] 15 [Synthesis of 2nDBTPDBg] A schene
for the synthesis of 2nDBTPDBgq is illustrated in (C11). [0397] [Chem cal
Formula 99] (515) [0398] In a 100-nL three-neck flask were put 0.32
g (1.0 nunol) of 2-chlorodi benzo[f h]quinoxaline, 0.32 g (1.1 mol) of 5
3- (di benzot hi ophen- 2-yl ) phenyl boronic acid, 10 inL of toluene, 1 nlL of

et hanol , a¥igring poder r C%ip PIAsHE @t dhepit s die sk 47as dpplted SuupitsEen: Thi s

m Xt ure wefy; gg&g t oL LIGROCRLES S UbEs. MBertDBle@i I 1N the
flask was re%ﬁaoe %S?ﬁ%n%%nﬁéﬂg{e&%?%%%rﬁ%s m Xt ure was aédgg %r(f nﬁ (20 lino
of tetrakit(room pimgreydtphobpbbtmegdaldtedwan{ilyred ngige aivkitasubstanee. stliher ed under
a Nt 0gen Bl &8 Bylined by Gnb Hiudliod Whswadibd Glon it wRIL U6 SHIANIGH i ™ had

el apsed, water an PO ugne et & added 10 1 Ai's m xture, and organic

subst antcesordar enextienabtedd Thopbtined aglikowus diayleed w wbout H00enk.of The sol uti on

of the extracte r i ¢ _substances wa ined wit he, organi.c.l ayer,
The m xt ur B FRSHRR Sy P BHEAEE hat R SRTBRE b b Buf SR By ogen
c ﬁr bo Bat e Rakusal LdatadldgMNde3 1-ﬂGﬂslspm?rlTthSiic{pi;ddm@d\Mthhmﬁ’meGEMS ul f ate.
The obtained m. xture 1 S it iltered, and then the fiJ]trate was
concentr a?lé‘gusttlbesg# e Cétag’@}lﬁcb Sgé'ﬁéf 33%%}18?%8 a§g‘fif Pgss Hirategyas é’hgafq‘?gt ol uene,
and the tofuendiaidutfil@fe Wass S uGice@tdd | dn@r edrifitr obighsindaundenacalgnCel i t e,

and the obtained filtrate was concentrated to give a solid., The obtained
sol i d s Fheunsiegraphy; 2 der FYRMREETRNE W el Ouy AsEeohotaiofint fSpdwder in a

yield of 2&.%opihi oieks AcBRns Whstanas herebaiden ad uhedolid ObRIRA] here,

followed by irradiation with ultrasonic waves. Then, the generated suspended solid
was filtered and the obtained solid was dried to give 7.85 g of a white powder in 80 %
yield, which was the substance to be produced.

15 [0266]

The above produced substance was relatively soluble in hot toluene, but is a
material that is easy to precipitate when cooled. Further, the substance was poorly
soluble in other organic solvents such as acetone and ethanol. Hence, the utilization of
these different degrees of solubility resulted in a high-yield synthesis by a simple

20  method as above. Specifically, after the reaction finished, the mixture was returned to
room temperature and the precipitated solid was collected by filtration, whereby most
impurities were able to be easily removed. Further, by the column chromatography
with hot toluene as a developing solvent, the produced substance, which is easy to
precipitate, was able to be readily purified.

25 [0267]

By a train sublimation method, 4.0 g of the obtained white powder was purified.
In the purification, the white powder was heated at 300 °C under a pressure of 5.0 Pa
with a flow rate of argon gas of 5§ ml./min. After the purification, 3.5 g of a white
powder was obtained in a yield of 88 %, which was the substance to be produced.

30 [0268]

A nuclear magnetic resonance (NMR) method identified this compound as
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A nucl ear magnetic resonance (NVR) nethod identified this conmpound as 243
- (di benzot hi ophen- 2-yl ) phenyl]clibenzo [f; h]quinoxaline (abbreviation:
2nDBTPDBg), whi ch was the substance to be produced. [0400] 51H NWVR data of
t he obtai ned substance are as follows: 111 NWVR (CDCl 3, 300 MHz): -=
7.50-7.53 (m 2H), 7.72-7.93 (m 8H), 8.02 (d, J = 8.4 Hz, 1H), 8.28-8.31
(m 1H), 8.36 (d, J =7.5 Hz, IH, 8.50 (d, J =1.5 Hz, 1H), 8.67-8.70 (m
3H), 9.27 (dd, J = 7.8 Hz, 1.8 Hz, 1H), 9.46 (dd, J = 7.8 Hz, 1.8 Hz, 1H),
9.51 (s, IH%. [0401] 10FIGS. 43A and 438 illustrate the 111 NWR charts.
Not e t hat Fl3gdibeg®thigphendhdiphenyiiditienzp[Silqentatived part of (abbréviad®A i n t he
range of 7 ] E her, FIG 44A shows an
absorpti onzng?)ggﬁr)%ﬁg%&lgd?g uﬂel%gu%g%hett?gﬁplgfj H‘rfiir%DBTPDBq, and FI G 44B shows
an em ssi di2&€fdectrum t hereof . FI G 45A shows an 15 absorption spectrumof a
thin filmof 2 | FI.G. 458 shows an 1SSl e m,t.her eof .
The absorpti onm;%ec rgi%mm%qghen%bgagﬂer(g%‘bﬁ%ﬁwﬁga P\ ﬁﬂ]‘i’?’%v W—@%ﬂbﬁé&

spect r gphauvelze tsepphy/=5645-7.5 aduziey] 7i59-7dS@O 2B)1 por-atoilqm), 7HY,&e200easur enent s
were perfornmed with sgﬂgl es prepared in _such a manner that the solution was
s andad:

put in a et & @ bnd st 1 §6% @ hr st BEd $568 8§ (BvHPePa? (dh onto a
quartz Subslyayg, ) S1e, A, ahsIRyLONs APACS A MeAlo kiR, paf uti on was obt ai ned

by subtracting the Sorption Spectra of quartz an uene from those of
quartz and92HB sol ution, and the absorption spectrumof the thin filmwas

obt ai ned by sub td.ng the..absarptii ect rum . of substrate from
t hose of t%e qutzla:;?g' déu éitéigfl@m%an% ehWn&}aftf‘mﬁ?tﬁ%}ggg@tgkﬁﬂaé%ﬁt44B and
FI GS. UBA shoetingm8 enlhized pat o ZHRIGH P4 iratké mnpepl 26 pph o YBYppengt h (nm) and t he
verti cal ﬁﬁ ?xis represents intensity (arbitrary unit). In the case of the
tol uene s EIP] on, absorption peaks were observed at around 362 nmu and 374

run, and eni ssi arth&yBIE@NGAhsheakn WekoeptidB GpBlirva df 406 et (safutiad ogXCi t ati on

wavel engt 4 i he case of the thin film absorption peaks were
obser ved m%ﬁﬁﬁ“m& é@% shys anpgnisgipn “?E’E‘@“ﬁ’?ﬁr{he@?g S HAehsEa rim and
eni ssi on VAVAseRgbh spRats el erif4Bmnar AADBTEDHBLUN dnatFian 130 s8¥@d kAt 1 on
wavel ength of 384 nm. [Exanple 13] [0403] In this exanple, a

| i ght - B (TP SBIFEHD. d1ereshe S0 AYSREANED ofPEEtFEm pivess aRfesyipd aitingofb wi | | be
descri bed yigfy@siEdngblt Qp&hSpholSnet @M RabrkiRd v i @]B%pr%%ilag)? gﬁ@d in this

exanple are illustrated below. Note that the chem cal e of the
mat eri al s BtRWMeRcRs were ferfempagdtvaith sapwles prapared i uch d manoerglt the solution

was put in a quartz cell and the thin film was obtained by evaporation onfo a quartz
substrate. The absorption spectrum of the solution was obtained by subtracting the

20 absorption spectra of quartz and toluene from those of quartz and the solution, and the
absorption spectrum of the thin film was obtained by subtracting the absorption
spectrum of a quartz substrate from those of the quartz substrate and the thin film. In
FIGS. 10A and 10B and FIGS. 11A and 11B, the horizontal axis represents wavelength
(nm) and the vertical axis represents intensity (arbitrary unit). In the case of the

25  toluene solution, an absorption peak was observed at around 375 nm, and emission
wavelength peaks were 386 nm and 405 nm (at an excitation wavelength of 363 nm).
In the case of the thin film, absorption peaks were observed at around 250 nm, 312 nm,
369 nm, and 385 nm, and an emission wavelength peak was 426 nm (at an excitation
wavelength of 385 nm).

30  [Example 2]
[0272]
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[ Chem cal Fornula 100] [0405] 10A nethod of fabricating Light-emtting
Elenent 5 of this exanple wll be described below [0406] (Light-emtting
Element 5) First, ITS() was deposited over the glass substrate 1100 by a
sputtering nmethod, whereby the first electrode 1101 was formed. Note that
its thickness was set to 110 nmand the el ectrode area was set to 2 mmx 2
mm Here, the first electrode 1101 is an el ectrode that functions as an
anode of the light-emtting element. [0407] 5Next, as pretreatnent for
formng the light-emtting el enent over the substrate 1100, after washing
of a surfdésnthgsixBrampispdtrate with water and baking that was perfornmed at
200 C for one h , nfpEONGikE € Nt sypenf o f onds.
[0408] After thgyg tﬁg subs ?ﬁ%eq%gga%?ﬁﬁs?grFed&gﬁﬁ% gﬁvgéﬁgﬁﬁgggporation
appar at us 2:0-(fediphenyk Hcabarnl-G-yhwbicryldiberzstfudeinazeling pr okebbraviatign: 1 e Pa,
and subje ) I f 1 in a heating chanber
of the vagﬁﬁ%Féﬁggggggg%ﬁagbggﬁg%ﬁ%%ggﬁgw?ﬁgﬁg?ﬂgggﬁggtrate 1100 was cool ed
down fdr aB2TA] 30 m nutes. [0409] Next, the substrate 1100 provided with
the first Lectrode 1 ]mas fixed to a 15 substrate holder in a vacuum
that a surface on which the first electrode 1101

evaporati apparé¥ﬁ§ SO
was provided faced downward. The pressure in the vacuum evaporation
Pa. Then, by an evaporation nethod

apparatus was reduced to about 10
usi ng resistance heating, BPAFLP an{d nol ybdenum(VI) oxide were
1111 over the first

co-evaporated to formthe hole-inje

el ectrode 1101. The thickness of th ( jection layer 1111 was set
to 40 nm and the weight ratio of BPA i
adjusted to 4:2 (= BPAFLP: nol ybdenuu oxide). Note that the
co-evaporation nethod refers to a 4;>aporation met hod in which evaporation
is carried out froma plurality of/vaporation sources at the sane tine in
one treatnment chanber. 25[0410]N‘“

(338)
[0274]
[Synthesis of 2CzPDBq-111]
10 A scheme for the synthesis of 2CzPDBgq-III is illustrated in (C-2).
[0275]

[Chemical Formula 79]
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Next, a BPAFLP filmwas fornmed to a thickness of 20 nm over the

hol e-i njection |ayer 1111, whereby the hole-transport |ayer 1112 was
formed. [0411]

Furt her, 2[ 4- (di benzot hi ophen- 4-yfi phenyl | di benzo[ t h] qui noxal i ne 30

(abbrevi ati on: 2DBTPDBg- I | ) synt hesi zedi nExanpl e4, 4,4' -di (1-naphthyl)-4"

- (9- phenyl - 9H- car bazol - 3-yl ) tri phenyl am ne(abbrevi ati on:. PCBNBB), and

(di pi val oyl met hanat o) bi s( 3, 5-di net hyl- 2- phenyl pyrazinato)iridiunm(lll)
(abbreviation: [Ir(nmppr-M)2(dpn)]) were co-evaporated to formthe
light-emtting |ayer 1113 over the hol e-transport |ayer 1112. The wei ght
rati o of 2DBTPDBg-I1 to PCBJ and [|r¢nppr-Me)2(dpm)] was adjusted to
0.8:0.2:0.05 (= 5 2DBHPDBQ- N~ =(ppr - Me) 2(dpm]). The thickness of
the light-emtting J-ayer 1113 0 40 rim [0412] Further, a
2DBTPDBqg- 11 fil m whs f ¢ ness of 10 nmover the light-emtting
| ayer 1113, where e first elecfron-transport |layer 1114a was forned.

10[ 0413] T Phen fi l s for to a thickness of 20 rimover
the first electromtransport |aye 114a, wiereby the second

el ectron-transport |ayer 1114b masmbg%ned. PQ414] 15Further, a LiF fil mwas

D3
DD

’

formed to a thickness of 1 rimover the seqond el ec{Ton-transport |ayer
1114b by evaporation, whereby the el ectron-ifj gct¥o ayer 1115 was forned.
[ 0415] Lastly, p@rp@hum num fil m wa fed to a thickness of 200
run by evaporation 20 g@xgﬂgaaecond el ectr 1103 functioning as a

cat hode. Thus, Light . ments of pifs exanple ma%}gabricated.

[ 0416] Not e t hatgiudnB, Btfmoabove evapoy.ati on process, ev%poration was

all perfornmed by a resistance heating

[0276]
In a 50-mL three-neck flask were put 0.6 g (2.3 mmol) of
2-chlorodibenzolf,h]quinoxaline, 1.1 g (2.5 mmol) of
5  4-(3,6-diphenyl-9H-carbazol-9-yl)phenylboronic acid, 10 mL of toluene, 2 mL of
ethanol, and 3 ml. of a 2M aqueous potassium carbonate solution. This mixture was
degassed by stirring under reduced pressure, and the air in the flask was replaced with
nitrogen. To this mixture was added 89 mg (75 umol) of
tetrakis(triphenylphosphine)palladium(0). This mixture was stirred under a nitrogen
10 stream at 80 °C for 5 hours. After a predetermined time had elapsed, water was added
to the obtained mixture, and organic substances were extracted from the aqueous layer
with chloroform. The obtained solution of the extracted organic substances was
combined with the organic layer, the mixiure was washed with saturated brine, and the
organic layer was dried with magnesium sulfate. The obtained mixture was gravity
15 filtered, and the filtrate was concentrated to give a solid. The obtained solid was
dissolved in toluene, and the toluene solution was suction filtered through Celite
(produced by Wako Pure Chemical Industries, Ltd., Catalog No. 531-16855), Florisil
(produced by Wako Pure Chemical Industries, Ltd., Catalog No. 540-00135), and

alumina, and the filtrate was concentrated to give a solid. After methanol was added to

119



Tabl e 3 shows an el enent structure of Light-emtting Elenent 5 obtained as
descri bed above. [0418] [Table 3] First electrode Hole . Injection |ayer
Hol e -transport layer Light-emtting |ayer First electron -transport |ayer

this solid and the methanol suspension was irradiated with ultrasonic waves, the solid
was suction filtered to give a solid. This obtained solid was washed with toluene.
The obtained solid was recrystallized from toluene, giving 1.0 g of a yellow powder in a
yield of 65 %, which was the substance to be produced.

5  [0277]

By a train sublimation method, 0.97 g of the obtained yellow powder was
purified. In the purification, the yellow powder was heated at 350 °C under a pressure
of 2.4 Pa with a flow rate of argon gas of 5 mL/min.  After the purification, 0.92 g of a
yellow powder was obtained in a yield of 95 %, which was the substance to be

10 produced.
[0278]

A nuclear magnetic resonance (NMR) method identified this compound as
2-[4-(3,6-diphenyl-9H-carbazol-9-yl)phenyljdibenzo[f,k]quinoxaline (abbreviation:
2CzPDBq-I11), which was the substance to be produced.

15 [0279]

'H NMR data of the obtained substance are as follows: '"H NMR {CDCls, 300
MHz): & (ppm) = 7.35 (t, } = 7.2 Hz, 2H), 7.49 (t, } = 7.2 Hz, 4H), 7.63 (d, ] = 8.1 Hz,
2H), 7.73-7.90 (m, 12H), 8.42 (d, J = 1.5 Hz, 2H), 8.62-8.69 (m, 4H), 9.25-9.28 (m, 1H),
9.45-9.48 (m, 1H), 9.50 (s, 1H).

20 [0280]
FIGS. 12A and 12B illustrate the '"H NMR charts. Note that FIG. 12B is a
chart showing an enlarged part of FIG. 12A in the range of 7.0 ppm to 10.0 ppm.
[0281]
Further, FIG. 13A shows an absorption spectrum of a toluene solution of
25  2CzPDBg-HI, and FIG. 13B shows an emission spectrum thereof. FIG 14A shows an
absorption spectrum of a thin film of 2CzPDBg-III, and FIG. 14B shows an emission
spectrum thereof. The absorption spectrum was measured using an ultraviolet-visible
spectrophotometer (V-550, produced by JASCO Corporation). The measurements
were performed with samples prepared in such a manner that the solution was put in a
30  quartz cell and the thin film was obtained by evaporation onto a quartz substrate. The

absorption spectrum of the solution was obtained by subtracting the absorption spectra
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Second electron -transport |ayer injection |ayer Second el ectrode Light
-emtting elenment 5 ITS() 110nm BPAFLP: MoOx (=4:2) 40tun BPAFLP

of quartz and toluene from those of quartz and the solution, and the absorption spectrum
of the thin film was obtained by subtracting the absorption spectrum of a quartz
substrate from those of the quartz substrate and the thin film. In FIGS. 13A and 13B
and FIGS. 14A and 14B, the horizontal axis represents wavelength (nm) and the vertical

5  axis represents intensity (arbitrary unit). In the case of the toluene solution, an
absorption peak was observed at around 385 nm, and an emission wavelength peak was
436 nm (at an excitation wavelength of 385 nm). In the case of the thin film,
absorption peaks were observed at around 267 nm, 307 nm, and 399 nm, and an
emission wavelength peak was 469 nm (at an excitation wavelength of 396 nm).

10 [Example 3]

[0282]

In this example, a light-emitting element of one embodiment of the present
invention will be described referring to FIG. 18. Chemical formulae of materials used
in this example are illustrated below.

15 [0283]
[Chemical Formula 80]
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20nm 2DBTPDBg- 11 : PCBNBB: [1r(nppr-M)2(dpm] (=0.8:0.2:0.05) 40nm
2DBTPDBg- 11 | Onm BPhen 20nm Li F I nm Al 200nm [0419] In a gl ove box
containing a nitrogen atnosphere, Light-emtting Elenent 5 was sealed with
a glass substrate so as not to be exposed to air. Then, operation 5
characteristics of the elenent were neasured. Note that the neasurenents
were carried out at roomtenperature (in the atnosphere kept at 25 C).

PCBA1IBP

ir(mppr-Me)acac

[0284)]
[Chemical Formula 81]
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[0420] FIG 46 shows the voltage vs. |um nance characteristics of
Light-emtting Elenent 5. In FIG 46, the horizontal axis represents voltage
(V) and the vertical axis 10 represents |um nance (cd/nm2). In addition, FIG
47 shows the |um nance vs. current efficiency characteristics of the
element. In FIG 47, the horizontal axis represents |um nance (cd/nR2) and
the vertical axis represents current efficiency (cd/A). Further, Table 4
shows the voltage (V), current density (mAcnR), CIE chromaticity
coordinates (x, y), current efficiency (cd/A), and external quantum
efficiency (%9 of the ight-emtting element at a | um nance of 1100

cd/ n2. [0421] [Table 4 (V) Current density (mAd/ cnR) Voltage
ChromaticityChromaticity xy Lum nance Current (cd/A) External quantum

ef ficiency
N
7N
N/\
AW
2CzPDBg-lI 2mDBTPDBg-II
()
LA~ )
oS -
QO OB G
e,
afe
\_/
Cz1PQ-ill mDBTPTp-II
[0285]

Methods of fabricating Light-emitting Element 1, Light-emitting Element 2,
Reference Light-emitting Element 3, and Reference Light-emitting Element 4 of this
5  example will be described below.
[0286]
(Light-emitting Element 1)
First, indium tin oxide containing silicon oxide (ITSO) was deposited over a
glass substrate 1100 by a sputtering method, whereby a first electrode 1101 was formed.
10 Note that its thickness was set to 110 nm and the electrode area was set to 2 mm x 2 mm.
Here, the first electrode 1101 is an electrode that functions as an anode of the

light-emitting element.
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(%9 Light -emtting elenent 5 2.8 1.6 0.550.45 1100 67 25 [0422] 20As
shown in Table 4, the CIE chromaticity coordinates (x, y) of Light-emtting
El ement 5 were (0.55, 0.45) at a |um nance of 1100 cd/nR2. It is found that
Light-emtting Elenment 5 exhibited light em ssion from/[Iffnppr-M)2(dpm].
[0423] FIG 46 and FIG 47 reveal that Light-emtting Element 5 has | ow
driving 5voltage and high current efficiency. It is thus confirnmed that a
conpound to which one enbodi nent of the present invention is appliedis
effective in realizing high voltage vs.
[0287]
Next, as pretreatment for forming the light-emitting clement over the substrate
1100, after washing of a surface of the substrate with water and baking that was
performed at 200 °C for one hour, UV ozone treatment was performed for 370 seconds.
5 [0288]
After that, the substrate was transferred into a vacuum evaporation apparatus
where the pressure had been reduced to approximately 10" Pa, and subjected to vacuum
baking at 170 °C for 30 minutes in a heating chamber of the vacuum evaporation
apparatus, and then the substrate 1100 was cooled down for about 30 minutes.
10 [0289]
Next, the substrate 1100 provided with the first electrode 1101 was fixed to a
substrate holder in a vacuum evaporation apparatus so that a surface on which the first
electrode 1101 was provided faced downward. The pressure in the vacuum
evaporation apparatus was reduced to about 10 Pa. Then, by an evaporation method
15 using resistance heating, 4-phenyl-4'-(3-phenylfluoren-9-yl)triphenylamine
(abbreviation: BPAFLP) and molybdenum(VI) oxide were co-evaporated to form a
hole-injection layer 1111 over the first electrode 1101. The thickness of the
hole-injection layer 1111 was set to 40 nm, and the weight ratio of BPAFLP to
molybdenum(VI) oxide was adjusted to 4:2 (= BPAFLP:molybdenum(VI) oxide).
20 Note that the co-evaporation method refers to an evaporation method in which
evaporation is carried out from a plurality of evaporation sources at the same time in
one treatment chamber.
[0290]
Next, a BPAFLP film was formed to a thickness of 20 nm over the
25  hole-injection layer 1111, whereby a hole-transport layer 1112 was formed.
[0291]
Further, 2-[4-(3,6-diphenyl-9H-carbazol-9-y)phenyl]dibenzo[f,#]quinoxaline
(abbreviation: 2CzPDBg-11I) synthesized in Example 2,
4-phenyl-4’-(9-phenyl-9H-carbazol-3-yl)triphenylamine (abbreviation: PCBA1BP), and
30 (acetylacetonato)bis(3,5-dimethyl-2-phenylpyrazinato)iridium(III) (abbreviation:

{Ir(mppr-Me)z(acac)]) were co-evaporated to form a light-emitting layer 1113 over the
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| um nance characteristics and high | um nance vs. current efficiency
characteristics. [0424] As descri bed above, by using 2DETPDBQg- | |
produced in Exanple 4 as a host 10material of a light-emtting |ayer, a
light-emtting el ement having | ow driving voltage and hi gh current
efficiency was able to be fabricated. [0425] Next, Light-emtting
El enent 5 was subjected to reliability tests. Results of the reliability
tests are shown in FIG 48. In FIG 48, the vertical axis represents 15
normal i zed |lumnance (%9 wth an initial |um nance of 100 % and the

hor i zont al hodiransparplesentld2.dr T rrpight neti¢ rof HEzRDNG-B] dordi{iBAIBY tahé

reliability, Nt | i ght tti ment of thi q_ﬂ?sj driven
under the [cgrrrllgﬁﬁtl n@gh\%ﬂere t%éncurrem%{ug%gnm tyt(avvas cznglisa and t%ﬁe initial
| um nance Ax¥DBQUULREBAIBP: Bt(BppréBleptmong])t hdbe thickresseof thei lightkhameagt 5 kept
82 % of thlg qu)lt?,l‘gssett pance after driving for 430 hours. These results

200f the r i1t ™ eveal ed that Li ght-emitting Elenment 5 had a
| ong | i5f etfioRa] [0426] As descri bed above, by the use of 2DETPDBQg- | |

roduced in Exa teri a l ayer, a
Fi ght-enitting Wé’n? aﬁé@?ﬁ%ﬁ fﬂ%n ?QF@F‘; v%é‘glz‘?ﬂﬁ? g}tlb) “Bg tﬁ?cat ed.
25[ Exanpl dighébm{t@b2Ad¥er 1113, wheﬂeayahtsselemaﬂm@sp@t xhyegmmmdstfd)rﬁﬁdel enment of

one enbodi g&% of the present invention will be described referring to FIG
18. Cheni d ornmul ae of materials used in this exanple are illustrated

bel ow. Note thatrhéha @ﬂﬁﬂ@&ﬁéntﬁr@ﬁﬁwg&%ﬁr&fatléﬁeBpﬁéﬂzrﬂiﬁ‘ﬂ ﬁ/aés%mie@htoaﬁ e

illustrated above are omtted 042 Chem cal Formul a
ZnDBTglﬂDBqth:p]mess of 20 nm over the ﬁrst electron~transport layer 1114a, whereby a second

electron-transport layer 1114b was formed.
[0294]

Further, a lithium fluoride (LiF) film was formed to a thickness of 1 nm over
the second electron-transport layer 1114b by evaporation, whereby an electron-injection

15  layer 1115 was formed.

[0295]

Lastly, an aluminum film was formed to a thickness of 200 nm by evaporation
as a second electrode 1103 functioning as a cathode. Thus, Light-emitting Element 1
of this example was fabricated.

20 [0296]

Note that, in the above evaporation process, evaporation was all performed by a
resistance heating method.
[0297]
(Light-emitting Element 2)

25 The light-emitting layer 1113 of Light-emitting Element 2 was formed by
co-evaporation of 2-[3-(dibenzothiophen-4-yl)phenylidibenzo[f,/]quinoxaline
(abbreviation: 2mDBTPDBg-II) synthesized in Example 1, PCBAIBP, and
[Ir(mppr-Me)s(acac)]. The weight ratio of 2mDBTPDBg-II to PCBAIBP and
[Ir{mppr-Me),(acac)] was adjusted to 1:0.25:0.06 (=

30 2mDBTPDBg-II:PCBAIBP:{Ir{mppr-Me):(acac)]). The thickness of the
light-emitting layer 1113 was set to 40 nm.
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[ 0429] A method of fabricating Light-emtting Elenment 6 of this
exanple will be 5described below [0430] (Light-emtting El enent 6)

First, the first electrode 1101, the hole-injection layer 1111, and the

hol e-transport layer 1112 were fornmed over the glass substrate 1100 in the
sanme manner 10as those of Light-emtting Elenent 5 described in Exanple 13.
[ 0431] Next, 213' - (di benzot hi ophen-4-yl) bi phenyl - 3-yl ] di benzo|[ f,

h] qui noxal i ne (abbrevi ation: 2nDBTBPDBg-11) synthesized in Exanple 5,
PCBNBB, and [lr(nmppr-M)2(dPm]) were co-evaporated to formthe
Iight-enit@? | ayer 1113 over the 15 hole-transport |layer 1112. The wei ght

ratio of 2nDBTBREBI efe@rdd %%%rﬁm@er 1114a of Light-emitting Element 2 was
[1r(mppr-M)2(dPni nwasadj ust edt 00. 8 2:0.05

2nDBTBPDBoformedrREhEs!f m%brmw@aﬁwl] ﬁlnrhe"f‘heh%wmégrgs gtheg fhan the

li ght - em tﬂ;%h@gmhaa{gerayérlﬁﬁz. WREmS Gkt ERHAR- RS pdrOdR2 ] 1 PARMLL ﬁfr‘ﬁxed % the
2nDBTBPDBQ- I'mwas forned to a thlckness of " 10 tun over the

| i ght - émi t @iegnanagras thosd of Lighteamahipg Blgment kst el ectron-transport |ayer 1114a
was formedy,§fH433] Then, a BPhen filmwas forned to a thickness of
20 rimover the first electron-transport | ayer 111 4a, whereby the second
el ect r on- t Rafispoe LighaywittiglRldbend@s 25f or med.

The light-emitting layer 1113 of Reference Light-emitting Element 3 was
formed by co-evaporation of
16 2-[4-(3,6-diphenyl-9H-carbazol-9-yl)phenyl]-3-phenylquinoxaline (abbreviation:
Cz1PQ-IIT), PCBAI1BP, and [Ir(mppr-Me):(acac)]. The weight ratio of Cz1PQ-III to
PCBAIBP and [Ir(mppr-Me){acac)] was adjusted to 1:0.3:006 (=
Cz1PQ-IIL.PCBAI1BP:[Ix(mppr-Me)s(acac)]). The thickness of the light-emitting layer
1113 was set to 40 nm.
15 [0300]

The first electron-transport layer 1114a of Reference Light-emitting Element 3
was formed with a 10-nm-thick CzI1PQ-III film. The components other than the
light-emitting layer 1113 and the first electron-transport layer 1114a were formed in the
same manner as those of Light-emitting Element 1.

20 [0301]
(Reference Light-emitting Element 4)

The hght-emitting layer 1113 of Reference Light-emitting Element 4 was
formed by co-evaporation of 4-[3-(triphenylen-2-yl)phenylidibenzothiophene
(abbreviation: mDBTPTp-I1), PCBA1BP, and [Ir(mppr-Me):(acac)]. The weight ratio

25  of mDBTPTp-II to PCBAIBP and [Ir{mppr-Me),(acac)] was adjusted to 1:0.15:0.06 (=
mDBTPTp-I.PCBA1BP:[Ir(mppr-Me):(acac)]). The thickness of the light-emitting
layer 1113 was set to 40 nm.

{0302]

The first electron-transport layer 1114a of Reference Light-emitting Element 4

30  was formed with a 10-nm-thick mDBTPTp-II film. The components other than the

light-emitting layer 1113 and the first electron-transport layer 1114a were formed in the
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[ 0434] Further, a LiF filmwas fornmed to a thickness of 1 nm over
the second el ectron-transport layer 111 4b by evaporation, whereby the

el ectron-injection layer 1115 was formed. [0435] 5Lastly, an alum numfilm
was formed to a thickness of 200 nm by evaporation as the second el ectrode
1103 functioning as a cathode. Thus, Light-emtting Elenent 6 of this

exanpl e was fabricated. [0436] Note that, in the above
evaporati on process, evaporation was all perforned by a 10 resistance
heati ng met hod. [0437] Table 5 shows an el enent structure of
Light-emtting El enent 6 obtained as descri bed above. [0438] 15[ Tabl e 5]
First Hole . -Injection_ |ayer Hole

sam¢ manner as those of Light-emitting Element 1.

[0303]

Table 1 shows element structures of Light-emitting Elements 1 and 2 and
Reference Light-emitting Elements 3 and 4 obtained as described above.

5 {0304]
[Table 1}
First Second
. Hole Hole Electron-
ei:::tis; do -injection | -transport | Light-emitting layer electron clectron injection Second
-transport -transport electrode
layer layer layer
layer layer
Light BPAFLP: 2§§;3ﬁ%$F:
-elmitting ITSO MoOx | BPAFLP [Ir(mppr-Me) (a;cac)} 2CzPDBq-IE BPhen LiF Al
element | 110nm 20 i
1 (=4:2) nm (=1:0.15:0.06) 10nm 20nm Inm 200nm
40nm 40nm
‘elmitting ITSO MoOx | BPAFLP [Ir(mppr Me)z(s;cac)] 2mDBTPDBg-I | BPhen LiF Al
element | 110 )
. nm (=4:2) 20nm (=1:0.25:0.06) 10nm 20nm Inm 200nm
40nm 40nm
Reference BPAFLP: CzIPQ-1I:
light : .
~en‘1§uing 1I;roso MoOx | BPARLP Hr(m‘;(;?& L‘?anc)] Cz1PQ-I BPhen | LiF Al
nm =4:2 20nm R
element Sionm) (=1:0.3:0.06) 10nm 20nm Inm 200nm
3 40nm
Reference BPAFLP: mDBTPTp-1I :
light ITS ) PCBAIBP: .
emitting 0 MoOx | BPAFLP (Tr(mppr-Me)s(acac)] mDBTPTp- I BPhen LiF Al
clement | 110nm &=04n§1) 20nm (=1:0.15: 02' 06) 10nm 20nm lom 200nm
4 40nm
[0305]

In a glove box containing a nitrogen atmosphere, Light-emitting Elements 1
10 and 2 and Reference Light-emitting Elements 3 and 4 were sealed with a glass substrate
so as not to be exposed to air.  Then, operation characteristics of these elements were
measured. Note that the measurements were carried out at room temperature (in the
atmosphere kept at 25 °C).
{0306]
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-transport layer Light-emtting |ayer ayer First electron -transport |ayer
Second el ectron -transport |ayer Electron-injection |ayer Second el ectrode
Light -emtting element 6 1 TS()

FIG. 15 shows the voltage vs. luminance characteristics of Light-emitting

Elements 1 and 2 and Reference Light-emitting Elements 3 and 4. In FIG. 15, the

horizontal axis represents voltage (V) and the vertical axis represents luminance (cd/m?).

In addition, FIG. 16 shows the luminance vs. current efficiency characteristics of the

5 elements. InFIG. 16, the horizontal axis represents luminance (cd/mz) and the vertical

axis represents current efficiency (cd/A). Further, Table 2 shows the voltage "),

current density (mA/cm?), CIE chromaticity coordinates (x, y), current efficiency (cd/A),

and external quantum efficiency (%) of each light-emitting element at a luminance of
around 1000 cd/m?,

10 [0307]
[Table 2]
Current Current External
Voltage . Chromaticity Chromaticity | Luminance . quantum
(V) density X ( dfmz) efficiency offici
(mA/cm?) y (cd/A) (‘ye)ncy
(1]
Light
-emitting 2.8 1.3 0.54 0.46 850 65 24
element 1
Light
-emitting 2.9 1.4 0.54 0.46 860 64 23
element 2
Reference
Light | 4, 2.0 0.53 0.46 1200 61 2
-emitting
element 3
Reference
Light |, 1.9 0.55 0.45 970 52 18
-emitting
element 4
[0308]

As shown in Table 2, the CIE chromaticity coordinates (x, y) of Light-emitting
15  Element 1 were (0.54, 0.46) at a luminance of 850 cd/m®. The CIE chromaticity
coordinates (x, y) of Light-emitting Element 2 were (0.54, 0.46) at a luminance of 860

cd/m?.

The CIE chromaticity coordinates (x, y) of Reference Light-emitting Element 3
were (0.53, 0.46) at a luminance of 1200 cd/m®>. The CIE chromaticity coordinates (x,

y) of Reference Light-emitting Element 4 were (0.55, 0.45) at a luminance of 970 cd/m>.
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110nm BPAFLP: MOx (

Hr (nppr - Me) 2(dpm) ] (
Inm Al

4:2) 40nm BPAFLP 20nm 2nDBI BPDBg- |1: PCBNBB:
0.8:0.2:0.05 40nm 2nDBTBPDBg-11 | Onm BPhen 20nm Li F

It is found that all these light-emitting elements exhibited light emission from
[Ir(mppr-Me)z(acac)].
[0309]
FIG. 15 reveals that Light-emitting Elements 1 and 2 each have low driving
5 voltage and high current efficiency. A structural difference in the compounds each
used as a host material of a light-emitting layer between Light-emitting Element 2 and
Reference Light-emitting Element 4 is that a dibenzo[f,#]quinoxaline skeleton is
included in Light-emitting Element 2 while a triphenylene skeleton is included in
Reference Light-emitting Element 4. Which of a dibenzo[f,k]quinoxaline skeleton or a
10 triphenylene skeleton was included made a differences in voltage vs. luminance
characteristics and luminance vs. current efficiency characteristics between
Light-emitting Element 2 and Reference Light-emitting Element 4. It is thus
confirmed that, like a heterocyclic compound of one embodiment of the present
invention, a compound having a dibenzo[f,h]quinoxaline skeleton is effective in
15  realizing high voltage vs. luminance characteristics and high luminance vs. current
efficiency characteristics.
[0310]
Next, Light-emitting Elements 1 and 2 and Reference Light-emitting Elements
3 and 4 were subjected to reliability tests. Results of the reliability tests are shown in
20 FIG 17. In FIG. 17, the vertical axis represents normalized luminance (%) with an
initial luminance of 100 %, and the horizontal axis represents driving time (h) of the
clements. In the reliability tests, the light-emitting elements of this example were
driven under the conditions where the current density was constant and the initial
luminance was 5000 cd/m”.  FIG. 17 shows that Light-emitting Element 1 kept 82 % of
25 the initial luminance after driving for 230 hours and Light-emitting Element 2 kept 89
% of the initial luminance after driving for 230 hours. The luminance of Reference
Light-emitting Element 3 decreases to 62 % of the initial laminance after 210 hours, and
the luminance of Reference Light-emitting Element 4 decreases to 69 % of the initial
luminance after 210 hours. These results of the reliability tests revealed that
30 Light-emitting Elements 1 and 2 each had a long lifetime. Note that, from these results,

when the initial luminance is 5000 cd/m’ the luminance half life of Light-emitting
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200nm [0439] In a glove box containing a nitrogen atnosphere,
Light-emtting Elenent 6 was sealed with a gl ass substrate so as not to be
exposed to air. Then, operation 20 characteristics of the el enent were
measured. Note that the neasurenents were carried out at roomtenperature
(in the atnosphere kept at 25 C). [0440] FIG 49 shows the voltage vs.

| um nance characteristics of Light-emtting Elenent 6. In FIG 49, the
horizontal axis represents voltage (V) and the vertical axis 25represents

[ um nanceyécd/ nﬂa,% In addition, FIG 50 shows the |um nance vs. current
ef fi ci encyElgReH e tdppes hichme Jfasthioloapestrdh estinatedat gbowp00p hautsor Wit al axi s

reprei ent syl U &GRarcE §Y dika e@@@l@d@ecd)‘{ﬁ?f weﬁlls @f’ﬁr&tlﬁﬁ%@ftﬁg\hﬁmﬁa%é ent
ef ficiency icd/A) Furt her, gl' shows the voltage (V), current density

(mA cnR) , lelfitife pereaseande i Voe%hwrmmdec@we&thawe lifetime erpxtremelydongncy (cd/ A),
and extern[@%, guantum efficiency (%9 of the 5 light-emtting elenent at a

| um nance o 000 cd/nR2. [0441] [Table 6] Voltage gl\/) Current
5 A dibenzo[f,h]quinoxaline skeleton is included in Lig

t-emitting Element 1
while a quinoxaline skeleton is included in Reference Light-emitting Element 3.
Whether a dibenzo[f,h]quinoxaline skeleton is included or not made a difference in the
results of the reliability tests between Light-emitting Element 1 and Reference
Light-emitting Element 3. It is thus confirmed that, like a heterocyclic compound of

10 one embodiment of the present invention, having a dibenzo[f,#]quinoxaline skeleton is
effective in realizing a light-emitting element with much higher reliability.

[0312]
As described above, by the use of 2mDBTPDBq-1I produced in Example 1 and
2CzPDBq-III produced in Example 2, each as a host material of a light-emitting layer,

15  the light-emitting clements having a long lifetime were able to be fabricated.

[Example 4]
[0313]
[Synthesis Example 3]
This example gives descriptions of a method of synthesizing

20  2-[4-(dibenzothiophen-4-ylphenyl]dibenzo[f,A]quinoxaline (abbreviation:

2DBTPDBq-II) represented by the following Structural Formula (100).
[0314]
[Chemical Formula 82]

25  [0315]
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density (inA/cnR) ChromaticityChromaticity xy Lum nance (cd/ nR) Current
efficiency External quantumefficiency (% Light -emtting elenent 6 2.9
1.4 0.530.47 1000

[Synthesis of 2DBTPDBg-I1]

A scheme for the synthesis of 2DBTPDBg-II is illustrated in (C-3).
[0316}
[Chemical Formula 83]

Ci B{OH),

~ S |
O

Pd(PPhy)4 Y

2M K5CO; aq. —
I N N (C-3)
Toluene, Ethanol
-0
5 (100
[0317]
In a 100-mL three-neck flask were put 2.7 g (10 mmol) of
2-chlorodibenzo[f,h]quinoxaline, 3.4 g (11 mmol) of

4-(dibenzothiophen-4-yl)phenylboronic acid, 80 mL of toluene, 8.0 mL of ethanol, and
10 15 mL of a 2M aqueous potassium carbonate solution. The mixture was degassed by
stirring under reduced pressure, and the air in the flask was replaced with nitrogen. To
this mixture was added (.24 mg 0.20 mmol) of
tetrakis(triphenylphosphine)palladium(0). This mixture was stirred under a nitrogen
stream at 80 °C for 24 hours.  After a predetermined time had elapsed, the precipitated
15 solid was suction filtered to give a solid. Ethanol was added to this solid, followed by
irradiation with ultrasonic waves. The solid was suction filtered to give a solid. The
obtained solid was dissolved in toluene, and the toluene solution was suction filtered
through Celite (produced by Wako Pure Chemical Industries, Ltd., Catalog No.
531-16855) and alumina, and the filtrate was concentrated to give a solid. This solid

20 was recrystallized from toluene to give 3.2 g of a yellow powder in 65 % yield.
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71 25 [0442] 10As shown in Table 6, the CIE chromaticity coordi nates (X,
y) of Light-emtting Element 6 were (0.53, 0.47) at a |um nance of 1000
cd/n2. It is found that Light-emtting Element 6 exhibited |ight em ssion
from [Ir(nmppr-Me)2(dpm]. [0443] FIG 49 and FIG 50 reveal that
Light-emtting Elenment 6 has |ow driving 15 vol tage and hi gh current
efficiency. It is thus confirned that a conpound to which one enbodi nent of
the present invention is applied is effective in realizing high voltage vs.
| um nance characteristics and high | um nance vs. current efficiency

charact eril8%i8s. [0444] As described above, by using 2nDBTBPDBg- |

produced in Examls)laetémaﬁ;bﬁna@&pﬂietﬁasatw 2lofQhe 3blaindd erﬁcﬁ'ﬂrtﬂo'w@& Layer, a
light-emitting el enent having Iom/dr|V|ng vol t age an current

ef fi ci encypuidied.atnéhe pyrificatiosbihi yellavy poydea 283 hWéf;@tat 319 &vn%ﬁmqswge El ement 6
was subj eclﬂtf‘é% %ﬂiw{tﬁhlf%péa{eté% aFg[%ﬁgﬁs ot%eﬁuﬂ/rfuﬁ O fib G @ﬁﬁ&ﬁbﬁ 21513’g begts are

shown in vertical axis rep esents nor mal i zed

| um narsce )(e%wwict\ﬁdeamvais nibtaised nuamyiedd o€ 85f %1 6a86h aagd thicheuthandéezonbal axi s

r epr esent ving tinme (h) of the elenent. In the reliability tests, the
l'i ght - en1tW?%ﬁ‘£lenent of this exanple was driven under the conditions
where the pynnent density was constant and the initial |um nance was 5000
cd/n2. FIG 51 sho that Light-emt El ement. 6 _kept .82 % of the initial
| um nance after AdPVC\\BI/‘?aﬁd“‘"’IgB?“"?Té‘“ﬁ‘BfFr w%%%eéhqde?ﬁ?tﬂ{ed ‘ﬁ“st FRERoERd &bl ity

tests reveajedideRaihibpidhls-AiphtdyiRbeREMaindahad a | ong | jab@bvifmon: [ 0446]

10 2DBTPDBg-II}, which was the substance to be produced.

[0320]

'"H NMR data of the obtained substance are as follows: '"H NMR (CDCls, 300
MHz): & = 7.50-7.53 (m, 2H), 7.62-7.65 (m, 2H), 7.80-7.91 (m, 5H), 8.03 (d, ] = 8.4 Hz,
2H), 8.23-8.26 (m, 2H), 8.56 (d, J = 8.1 Hz, 2H), 8.70 (d, J = 7.8 Hz, 2H), 9.30 (dd, J =

15 7.8 Hz, 1.8 Hz, 1H), 9.49-9.51 (m, 2H).

[0321]

FIGS. 19A and 19B illustrate the 'H NMR charts. Note that FIG. 19B is a
chart showing an enlarged part of FIG. 19A in the range of 7.0 ppm to 10.0 ppm.
[0322]

20 Further, FIG. 20A shows an absorption spectrum of a toluene solution of
2DBTPDBg-I1, and FIG. 20B shows an emission spectrum thereof. FIG. 21A shows an
absorption spectrum of a thin film of 2DBTPDBq-II, and FIG. 21B shows an emissicn
spectrum thereof. The absorption spectrum was measured using an ultraviolet-visible
spectrophotometer (V-550, produced by JASCO Corporation). The measurements

25  were performed with samples prepared in such a manner that the solution was put in a
quartz cell and the thin film was obtained by evaporation onto a quartz substrate. The
absorption spectrum of the solution was obtained by subtracting the absorption spectra
of quartz and toluene from those of quartz and the solution, and the absorption spectrum
of the thin film was obtained by subtracting the absorption spectrum of a quartz

30  substrate from those of the quartz substrate and the thin film. In FIGS. 20A and 20B
and FIGS. 21A and 21B, the horizontal axis represents wavelength (nm) and the vertical
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5As descri bed above, by using 2nDBTBPDBqg-|1 produced in Exanple 5 as a host
material of alight-emtting layer, a light-emtting el enent having a | ong
lifetime was able to be fabricated. Further, particularly when an aryl ene
group in a conpound included in a light-emtting elenent, through which a
di benzo[ a] qui noxaline ring and a hol e-transport skeleton are bonded, is a
bi phenyl diyl group, it is found possible to 10extend the lifetinme of the
light-emtting el enent. [Exanple 15] [0447] In this exanple, a
light-emtting el ement of one enbodi mrent of the present invention wll be
descri bed F*&fEpIEISHE itgnsity @rbigry umsd i ladhe dase edthawlushe palutéan; abtserptised 15i n
this exa e of the
mat eri al gmﬁﬁ&gpiééeﬁhuE%:?g:;:?%ﬂﬁ%\;@'@tgﬁeﬁom&'ﬁ a%F %ﬁ% J&%[ﬂ%%ﬁl Formul a
102] 2nDREABBYere BP8 A 494 49p nm (at an excmmwwleogthfoébﬁﬁ) os.i nlg thé gdst - emi tting
El ement 7 e 4 Li.ght-em tting
El enent 7)&2%‘%:&'#12 Fﬁﬁ( aaﬁpérﬁl r sééak%)g’(%%rog)g&b%eﬁla?ﬂnﬁvh Qnérig% jngenC t3?g(;rr1’m| ayer

1111, &nd andé386 hul andtanamepomtwavalgagth padkowaset6d nfrojatecexoitdiontwieelghgs s
substrate(&%ggxh t he sane manner as those of Light-emitting Elenent 5
descri bed Ep

[Example 5]
[0323]
[Synthesis Example 4]

10 This example gives descriptions of a method of synthesizing
2-{3'-(dibenzothiophen-4-yl)biphenyl-3-yl]dibenzo[f,/#]quinoxaline (abbreviation:
2mDBTBPDBq-II) represented by the following Structural Formula (109).

[0324]
[Chemical Formula 84]

15 {109)

[0325]

[Synthesis of 2mDBTBPDBg-II]
A scheme for the synthesis of 2mDBTBPDBg-II is illustrated in (C-4).
[0326]
20 [Chemical Formula 85}
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[ 0451] Next,

243- (2, 8-di phenyl di benzot hi ophen- 4-yf| phenyl ] di benzo[ f h] qui noxal i ne 5
(abbreviation: 2nDBTPDBqg-111) synthesized in Exanple 6, PCBNBB, and
[1r(nppr-Me)2(dpm]) were co-evaporated to formthe light-emtting |ayer
1113 over the hole-transport |layer 1112. The weight ratio of 2nDBTPDBg- | |
to PCBNBB and [Ir(nppr-Me)2(dpm)] was adjusted to 0.8:0.2:0.05 (=

2nmDBTPDBg- | 1 | : PCBNBB: Dr ( mppr - Me) 2(dpm]) . The thi ckness of the
10light-emtting layer 1113 was set to 40 nm [0452] Further, a
2nDBTPDBg- 1 Il filmwas fqQrmed to a thicknegSipf 10 nmover the

light-emtting |ayer 1113, whereby the
was formed. [0453] 1%Theh, a BPhen filR
over the first electrg

el ectron-transport [ 0454] Further, a LiF
filmwas forned to hie¥ness of er the second 20el ectron-transport
| ayer 1114b by evaporation, whereby the electron-injection |ayer 1115 was
formed. [0455] Lastly, an alum numfilmwas fornmed to a thickness
of 200 nm by evaporation as the seco : ode 1103 functioning as a

cat hode. Thus, Light-emtting El enent thi s _exanple was fabricated.

2bR#HJ ON-transport |ayer 1ll4a
pjas formed to a thickness of 20 nm

[ 0456] Not e t RAEP"94 the abew atq O ocess, evaporation was
all perforned by a régﬂ%? e hea 30Tédbte 7 shows an

el enent structure ofT&&QQE&ggﬁtt I l.enment 7 obtained as descri bed above.

[0327]
In a 200-ml. three-neck flask were put 083 g (3.2 mmol) of
2-chlorodibenzo[f,A]quinoxaline, 1.3 g 3.5 mmol) of
5 3'-(dibenzothiophen-4-yl1}-3-biphenylboronic acid, 40 ml of toluene, 4 mL of ethanol,
and 5 mL of a 2M aqueous potassium carbonate solution. This mixture was degassed
by stirring under reduced pressure, and the air in the flask was replaced with nitrogen.
To this mixture was added 80 mg (70 imol) of
tetrakis(triphenylphosphine)palladium(0). This mixture was stirred under a nitrogen
10 stream at 80 °C for 16 hours. After a predetermined time had elapsed, the precipitated
solid was separated by filtration to give a yellow solid. Ethanol was added to this solid,
followed by irradiation with ultrasonic waves. The solid was suction filtered to give a
solid. The obtained solid was dissclved in toluene, and the toluene solution was
suction filtered through alumina and Celite (produced by Wako Pure Chemical
15  Industries, Litd., Catalog No. 531-16855), and the filirate was concentrated to give a
yellow solid. Further, this solid was recrystallized from toluene to give 1.1 g of a
yellow powder in 57 % yield.
[0328]
By a train sublimation method, 1.1 g of the obtained yellow powder was
20 purified. In the purification, the yellow powder was heated at 300 °C under a pressure

of 6.2 Pa with a flow rate of argon gas of 15 mL/min. After the purification, 0.80 g of
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[0458] [Table 7] First electrode Hole . . . -injection |layer Hole
-transport layer Light-emtting |ayer First electron -transport |ayer
Second el ectron -transport

a yellow powder was obtained in a yield of 73 %, which was the substance to be

produced.
[0329]
A nuclear magnetic resonance (NMR) method identified this compound as
5 2-{3-(dibenzothiophen-4-yl)biphenyl-3-yl]dibenzo[f,k]quinoxaline (abbreviation:
2mDBTBPDBqg-II}, which was the substance to be produced.
[0330]

'H NMR data of the obtained substance are as follows: 'H NMR (CDCl3, 300

MHz): § = 7.46-7.50 (m, 2H), 7.61 (d, ] = 4.5 Hz, 2H), 7.67-7.89 (m, 10H), 8.17-8.24
10 (m, 3H), 8.35 (d, J = 8.1 Hz, 1H), 8.65-8.70 (m, 3H), 9.24-9.27 (m, 1H), 9.44-9.48 (m,

2H).

[0331]

FIGS. 22A and 22B illustrate the "H NMR charts. Note that FIG. 22B is a
chart showing an enlarged part of FIG. 22A in the range of 7.0 ppm to 10.0 ppm.

15 [0332]

Further, FIG. 23A shows an absorption spectrum of a toluene solution of
2mDBTBPDBq-II, and FIG. 23B shows an emission spectrum thereof. FIG 24A
shows an absorption spectrum of a thin film of 2mDBTBPDBq-II, and FIG. 24B shows
an emission spectrum thereof. The absorption spectrum was measured using an

20 ultraviolet-visible spectrophotometer (V-550, produced by JASCO Corporation). The
measurements were performed with samples prepared in such a manner that the solution
was put in a quartz cell and the thin film was obtained by evaporation onto a quartz
substrate. The absorption spectrum of the solution was obtained by subtracting the
absorption spectra of quartz and toluene from those of quartz and the solution, and the

25  absorption spectrum of the thin film was obtained by subtracting the absorption
spectrum of a quartz substrate from those of the quartz substrate and the thin film. In
FIGS. 23A and 23B and FIGS. 24A and 24B, the horizontal axis represents wavelength
(nm) and the vertical axis represents intensity (arbitrary unit). In the case of the
toluene solution, absorption peaks were observed at around 361 nm and 374 nm, and

30 emission wavelength peaks were 385 nm and 405 nm (at an excitation wavelength of

363 nm). In the case of the thin film, absorption peaks were observed at around 207
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| ayer Electron- injection . injection |layer Second el ectrode Light
-emtting elenent 7 I TS 110nm BPAFLP: MoOx (=4:2) 40nm BPAFLP 20nm
2nDBTPDBg- 11E :

nm, 250 nm, 313 nm, 332 nm, 368 nm, and 384 nm, and an emission wavelength peak
was 428 nm (at an excitation wavelength of 383 nm).
[Example 6]
[0333]
5  [Synthesis Example 5]

This example gives descriptions of a method of synthesizing
2-[3-(2,8-diphenyldibenzothiophen-4-yl)phenylidibenzo[f,A]quinoxaline (abbreviation:
2mDBTPDBg-III) represented by the following Structural Formula (116).

[0334]
10 [Chemical Formula 86]

[0335]
[Synthesis of 2mDBTPDBq-I1I]

A scheme for the synthesis of 2mDBTPDBg-II is illustrated in (C-5).
15 [0336]

[Chemical Formula 87]
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PCBNBB: iir(nPWMh(dPnl A (=0.8:0.2:0.05) 40nm 2nDBTPDBg- |11 | Onm BPhen
20nm 200m LiF mm Al [0459] In a glove box containing a nitrogen

at nosphere, Light-emtting Elenent 7 was 5 sealed with a glass substrate
so as not to be exposed to air. Then, operation characteristics of the

el ement were neasured. Note that the measurements were carried out at room
tenperature (in the atnosphere kept at 25 C). [0460] FIG 52 shows the
voltage vs. lum nance characteristics of Light-emtting 10 Elenment 7. In

FI G 52, the horizontal axis represents voltage (V) and the vertical axis
represents |um nance (al/nR2). In addi , FIG 53 shows the | um nance vs.
current efficiency characterjstics of ¥=Re element. In FIG 53, the

hori zontal axis rep{esents ' cd/ n2) and the vertical axis
represents curremg & ficienty Furt her, Table 8 shows the voltage
(V), current denss rnﬁ/cmZ),

Pd(PPh,)
2M K,CO4 aq.

Toluene, Ethanol N N

(118)

[0337]
In a 100-mL three-neck flask were put 0.40 g (1.5 mmol) of
2-chlorodibenzoff,h]quinoxaline, 0.68 g (1.5 mmol) of
5 3-(2,8-diphenyldibenzothiophen-4-yl)phenylboronic acid, 15 mL of toluene, 2.0 mL of
ethanol, and 1.5 mL of a 2M aqueous potassium carbonate solution. This mixture was
degassed by stirring under reduced pressure, and the air in the flask was replaced with
nitrogen. To this mixture was added 51 mg (43 pumol) of
tetrakis(triphenylphosphine)palladium(0). This mixture was stirred under a nitrogen
10 stream at 80 °C for 4 hours. After a predetermined time had elapsed, water was added
to the obtained mixture, and organic substances were extracted from the aqueous layer
with toluene. The obtained solution of the extracted organic substances was combined
with the organic layer, the mixture was washed with saturated brine, and the organic
layer was dried with magnesium sulfate. The obtained mixture was gravity filtered,
15  and the filtrate was concentrated to give a solid. The obtained solid was dissolved in
toluene, and the toluene solution was suction filtered through alumina, Florisil
(produced by Wako Pure Chemical Industries, Ltd., Catalog No. 540-00135), and Celite
(produced by Wako Pure Chemical Industries, Ltd., Catalog No. 531-16855), and the

obtained filtrate was concentrated to give a solid. The obtained solid was washed with
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15(x, y), current efficiency (cd/A), and external quantumefficiency (% of
the light-emtting elenent at a | um nance of 910 cd/ nR2. [0461] [Table 8]
Voltage (V) Current density OnA/cnR) ChromaticityChromaticity xy Lum nance
(cd/m2) Current (cd/A) efficiency External quantum efficiency

toluene, and added to methanol, and the methanol suspension was irradiated with
ultrasonic waves. A solid was coliected by suction filtration to give 0.60 g of a white
powder in 61 % yield, which was the substance to be produced.

[0338]

5 By a train sublimation method, 0.59 g of the obtained white powder was
purified. In the purification, the white powder was heated at 330 °C under a pressure
of 2.7 Pa with a flow rate of argon gas of 5 mL/min. After the purification, 0.54 gofa
white powder was obtained in a yield of 90 %, which was the substance to be produced.
[0339]

10 A nuclear magnetic resonance (NMR) method identified this compound as
2-[3-(2,8-diphenyldibenzothiophen-4-yl)phenyl]dibenzo{f,A]quinoxaline (abbreviation:
2mDBTPDBg-III), which was the substance to be produced.

[0340]

'H NMR data of the obtained substance are as follows: 'H NMR (CDCls, 300

15 MHz): & = 7.37-7.55 (m, 6H), 7.73-7.84 (m, 10H), 7.90-7.98 (m, 3H), 8.44-8.48 (m,
3H), 8.65 (dd, J = 7.8 Hz, 1.5 Hz, 2H), 8.84-8.85 (m, 1H), 9.27 (dd, J = 7.2 Hz, 2.7 Hz,
1H), 9.46 (dd, J = 7.8 Hz, 2.1 Hz, 1H), 9.51 (s, 1H).

[0341]

FIGS. 25A and 25B illustrate the '"H NMR charts. Note that FIG. 25B is a

20  chart showing an enlarged part of FIG. 25A in the range of 7.0 ppm to 10.0 ppm.

[0342]

Further, FIG. 26A shows an absorption spectrum of a toluene solution of
2mDBTPDBg-III, and FIG. 26B shows an emission spectrum thereof. FIG. 27A shows
an absorption spectrum of a thin film of 2mDBTPDBq-III, and FIG. 27B shows an

25  emission spectrum thereof. The absorption spectrum was measured using an
ultraviolet-visible spectrophotometer (V-550, produced by JASCO Corporation). The
measurements were performed with samples prepared in such a manner that the solution
was put in a quartz cell and the thin film was obtained by evaporation onto a quartz
substrate. The absorption spectrum of the solution was obtained by subtracting the

30  absorption spectra of quartz and toluene from those of quartz and the solution, and the

absorption spectrum of the thin film was obtained by subtracting the absorption
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(%9 Light -emtting elenent 7 2.9 1.4 0.550.45 910 65 24 20[ 0462]

As shown in Table 8, the CIE chromaticity coordi nates (x, y) of
Light-emtting Elenent 7 were (0.55, 0.45) at a |um nance of 910 cd/nR2. It
is found that Light-emtting Elenment 7 exhibited light em ssion from
[1r(nmppr-Me)2(dpm]. [0463] 5FIG 52 and FIG 53 reveal that Light-emtting
El enent 7 has |l ow driving voltage and high current efficiency. It is thus
confirmed that a conpound to which one enbodi nent of the present invention

is applied is effective in realizing hitgh vol tage vs. |um nance
char act er | PEFIEMN ahdl Gy substipierfeme thogesof the avasiatsubdifalecind i/ thish@mactler i sti cs.

[0464] 10A5G8e56K bRPSSEARRMAGSDY7 A5 d "9y BIETED R A s B8 RHRSFhvbRndacamp! e 6

as a
(nm) and the vertical axis represents intensity (arbitrary unit). In the case of the

toluene solution, absorption peaks were observed at around 281 nm, 297 nm, 359 nm,

5 and 374 nm, and emission wavelength peaks were 386 nm and 405 nm (at an excitation
wavelength of 375 nm). In the case of the thin film, absorption peaks were observed at
around 266 nm, 302 nm, 366 nm, and 383 nm, and an emission wavelength peak was
462 nm (at an excitation wavelength of 383 nm).
[Example 7]

10 [0343]
[Synthesis Example 6]
This example gives descriptions of a method of synthesizing

2-[3-(dibenzothiophen-4-yhphenyl}-3-phenyldibenzo[f,h]quinoxaline (abbreviation:
3Ph-2mDBTPDBq-II) represented by the following Structural Formula (142).

15 [0344]
{Chemical Formula 88]
(142)
[0345]
[Synthesis of 3Ph-2mDBTPDBg-11]
20 A scheme for the synthesis of 3Ph-2mDBTPDBq-II is illustrated in (C-6).
[0346]

{Chemical Formula 89]
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host material of a light-emtting layer, a light-emtting el enent having
| ow driving voltage and high current efficiency was able to be fabricated.
[ Exanpl e 16] [0465] 15In this exanple, a light-emtting el ement of one
enbodi nent of the present invention will be described referring to FIG 18.
Chem cal formulae of materials used in this exanple are illustrated bel ow.
Note that the chem cal formulae of the materials which are illustrated
above are omtted. [0466] 20 [ Chemi cal Formula 103] 3Ph-2nDBTEDBe- 11
[ 0467] A nmet hod of fabricating Light-emtting Element 8 of this
exanple will be . bel ow. 25[0468] (Light-emtting El enent 8)
First, the first ct+'ode 1101, the e-injection layer 1111, and the
hol e-transport |ayeri1112 were f er the glass substrate 1100 in the
same manner as t hdse/of Ligh#—e ~8g El enent 5 described in Exanple 13.
i benzot hi ophensdryOphenyl ] -3

etli nbxal i ne (abbrevi ati on: 3Ph-2nDBTPDBg-11) synt hesi zed
in Exanple 7, PCB? '““and [l r(nppr-M)2(acac)]) were co-evaporated to form
the light-emtting |ayer 1113 over the hole-transport layer 1112. The
wei ght ratio of 3Ph-2nDBTPDBq-Ad4Ack PCBA1 pr-Me)2(acac)] was
adjusted to 1:0.15:0.06 10 Plo-Tolyl)s
3Ph- 2nDBTPDBg- | | : PCBAI BP: [ | r ppcoMn) 2(acac) }).dhe thi gknesg.gf the

- N N

Toluene, Ethanol 4
‘ §

(142)

[0347]
In a 100-mL three-neck flask were put 1.2 g (2.5 mmol) of
2-(3-bromophenyl)-3-phenyldibenzo[f,h]quinoxaline, 0.63 g (2.8 mmol) of
5  dibenzothiophene-4-boronic acid, 0.12 g (0.39 mmol) of tri(ortho-tolyl)phosphine, 25
mL of teluene, 5.0 mL of ethanol, and 3.0 mlL of a 2M aqueous potassium carbonate
solution. This mixture was degassed by stirring under reduced pressure, and the air in
the flask was replaced with nitrogen. To this mixture was added 40 mg (0.18 mmol) of
paliadium(Il) acetate. This mixture was stirred under a nitrogen stream at 80 °C for 7
10 hours. After a predetermined time had elapsed, water was added to the obtained
mixture, and organic substances were extracted from the aqueous layer with toluene.
The obtained solution of the extracted organic substances was combined with the
organic layer, the mixture was washed with a saturated aqueous solution of sodium
hydrogen carbonate and saturated brine, and the organic layer was dried with
15 magnesium sulfate. The obtained mixture was gravity filtered, and the filtrate was
concentrated to give a solid. The obtained solid was purified twice by silica gel
column chromatography (with a developing solvent of toluene and hexane in a ratio of
1:1). Further, recrystallization from toluene and methanol gave 0.65 g of a white
powder in 46 % yield, which was the substance to be produced.
20 [0348]
By a train sublimation method, 0.62 g of the obtained white powder was
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light-emtting |ayer 1113 was set to 40 nm [0470] Further, a
3Ph-2nDBTPDBg-I1 filmwas forned to a thickness of 10 nm over the
light-emtting |ayer 1113, whereby the first electron-transport |ayer 1114a

was 15forned. [0471] Then, a BPhen filmwas forned to a thickness of
20 nmover the first electron-transport |ayer 1114a, whereby the second
el ectron-transport |ayer 1114b was forned. 20[0472] Further, a LiF

filmwas fornmed to a thickness of 1 nmover the second el ectron-transport
| ayer 1114b by evaporation, whereby the electron-injection |ayer 1115 was
szw@])éd

f or med. 25lnethe pyrificationa (thenivimterpobidenwasbeafedrat @85 £© uader hipséssess of 200
nm by evap eclr 110 nctl at hode.
Thus, U1 are o € P83 bR RF 20 P urE ko ot e, 83 8B

Not e t hat, winte ﬁmeabmmnmnmagtekwf {Iropotssh wavta@amaﬁan@rto v prodhdedper f or ned
by a 30 rﬁﬁbiﬁance heati ng method. [0475] Table 9 shows an el enent
structure ight-emtting Element 8 obtained as described above. [0476]

[ Tabl e ]  Fi r stA nuclear magnetic resonance (NMR) method identified this compound as
2-[3-(dibenzothiophen-4-yl)phenyl]-3-phenyldibenzo([f,#]quinoxaline (abbreviation:
3Ph-2mDBTPDBq-II), which was the substance to be produced.

[0350]
'H NMR data of the obtained substance are as follows: 'H NMR {CDCl;, 300
10 MHz): §=7.33(d, ] = 7.8 Hz, 1H), 7.44-7.60 (m, 7H), 7.72-7.85 (m, 9H), 8.10-8.20 (m,
3H),8.65(d, J=7.8 Hz, 2H), 9.36 (td, J = 7.8 Hz, 1.5 Hz, 2H).
[0351]

FIGS. 28A and 28B illustrate the 'H NMR charts. Note that FIG. 28B is a

chart showing an enlarged part of FIG. 28A in the range of 7.0 ppm to 10.0 ppm.
15 [0352]

Further, FIG. 29A shows an absorption spectrum of a toluene solution of
3Ph-2mDBTPDBq-11, and FIG. 29B shows an emission spectrum thereof. FIG 30A
shows an absorption spectrum of a thin film of 3Ph-2mDBTPDBgq-II, and FIG. 30B
shows an emission spectrum thereof. The absorption spectrum was measured using an

20 ultraviolet-visible spectrophotometer (V-550, produced by JASCO Corporation). The
measurements were performed with samples prepared in such a manner that the solution
was put in a quartz cell and the thin film was obtained by evaporation onto a quartz
substrate. The absorption spectrum of the solution was obtained by subtracting the
absorption spectra of quartz and toluene from those of quartz and the solution, and the

25  absorption spectrum of the thin film was obtained by subtracting the absorption
spectrum of a quartz substrate from those of the quartz substrate and the thin film. In
FIGS. 29A and 29B and FIGS. 30A and 30B, the horizontal axis represents wavelength
{(nm) and the vertical axis represents intensity (arbitrary unit). In the case of the
toluene solution, absorption peaks were observed at around 303 nm and 377 nm, and an

30 emission wavelength peak was 406 nm (at an excitation wavelength of 378 nm). In

the case of the thin film, absorption peaks were observed at around 212 nm, 246 nm,
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el ectrode Hole -injection |layer Hole -transport layer ..ion Light-emtting
| ayer First transport |ayer Second el ectron -transport |ayer Electron-
injection . injection |ayer

265 nm, 322 nm, 370 nm, and 385 nm, and an emission wavelength peak was 416 nm
(at an excitation wavelength of 385 nm).
[Example 8]
[0353]
5  [Synthesis Example 7]

This example gives descriptions of a method of synthesizing
2-[3-(dibenzofuran-4-yl)phenyl]dibenzo[f,4]quinoxaline (abbreviation:
2mDBFPDBq-II) represented by the following Structural Formula (201).

[0354]
10 [Chemical Formula 90]

()
N N O1§|
(201)

[0355]
[ Synthesis of 2mDBFPDBg-11]
A scheme for the synthesis of ZmDBFPDBq-II is illustrated in (C-7).
15  [0356]
[Chemical Formula 91]
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Second el ectrode Light -emtting element 8 I TS() 110nm BPAFLP: MOx (=4:2)
40nm BPAFLP 20nm 3Ph-2nDBTPDBg- |1 PCBAI BP : [fr(nppr-M)2(acac)]
(=1:0.15:0.06) 40nm

cl
7
N N

Pd(PPha)y Q O

2M KC045 aq.
—_— 7 O
Tol Ethanol o Q (©n
oluene, no
gs
(201)
[0357]
In a 200-mL three-neck flask were put 1.0 g (3.8 mmol) of
2-chlorodibenzo[f,h]quinoxaline, 1.2 g 4.2 mmol) of

5 3-(dibenzofuran-4-yl)phenylboronic acid, 50 mL of toluene, 5.0 ml. of ethanol, and 5.0
mL of a 2M aqueous potassium carbonate solution. This mixture was degassed by
stirring under reduced pressure, and the air in the flask was replaced with nitrogen. To
this mixture was added 0.10 mg (0.10 mmotl) of
tetrakis(triphenylphosphine)palladium(0). This mixture was stirred at 80 °C for 8

10 hours under a nitrogen stream. After a predetermined time had elapsed, the
precipitated solid was separated by filtration to give a white solid. Further, water and
toluene were added to the filtrate, and organic substances were extracted from the
aqueous layer of the obtained filtrate with toluene. The solution of the extracted
organic substances was combined with the organic layer, the mixture was washed with a

15 saturated aqueous solution of sodium hydrogen carbonate and saturated brine, followed
by drying with magnesium sulfate. The obtained mixture was gravity filtered, and
then the filtrate was concentrated to give a brown solid. The obtained solids were
combined, the obtained solids were dissolved in toluene, and the toluene solution was
suction filtered through alumina and Celite (produced by Wako Pure Chemical

20 Industries, Ltd., Catalog No. 531-16855). The obtained filtrate was concentrated to

give a white solid. This solid was purified by silica gel column chromatography (with
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3Ph-2nDBTPDBg- |1 | Onm BPhen 20nm 200nm Li F 1= Al 5[ 0477] In a
gl ove box containing a nitrogen atnosphere, Light-emtting El enent 8 was
sealed with a glass substrate so as not to be exposed to air. Then,
operation characteristics of the elenent were nmeasured. Note that the
measurenents were carried out at roomtenperature (in the atnosphere kept
at 25 C). 10[0478] FI G 54 shows the voltage vs. |um nance
characteristics of Light-emitting Element 8. In FIG 54, the horizontal

axi s represents voltage 0g/) and the vertical axis represents | unm nance
(cc/nR) . Ihdeyglepingsplventiobicdeene gadieene n 4Rfinghéd Ok s The gbteisd fiaftiangi ency

characterigid %&&ﬁtrété@to?i@%low'ﬂ&wﬁé@ Farher, tH8 sORT W2OREB alBXdSHdrg PT €sent s
15 lum nance (cd/ nR2) and the vertical axis re(i)/; esents current efficiency

(cd/ A) . Fueluses to ghe €8 g 0f s hidinyy pavaley i 3344 oviqd)whidhuwgsehe substandetty be my cn) |
CE chrorr%_io&%c%g coordi nates (x, y), current efficiency (cd/A), and

ext er nal ntumefficiency (%9 of the light-emtting elenment at a

| um nante [B5810 cd/ nR. [0479] 20[ Table 10] Voltage (V)

By a train sublimation method, 0.68 g of the obtained yellow powder was
purified. In the purification, the yellow powder was heated at 280 °C under a pressure
of 2.2 Pa with a flow rate of argon gas of 10 mL/min. After the purification, 0.43 g of
a yellow powder was obtained in a yield of 67 %, which was the substance to be

10 produced.

[0359]

A nuclear magnetic resonance (NMR) method identified this compound as
2-[3-(dibenzofuran-4-yl)phenyl]dibenzo{f,A]quinoxaline (abbreviation:
2mDBFPDBg-II), which was the substance o be produced.

15 [0360]

'H NMR data of the obtained substance are as follows: 'H NMR (CDCls, 300
MHz): § = 741 (t, J = 7.8 Hz, IH), 7.49-7.61 (m, 2H), 7.68 (d, J = 8.4 Hz, 1H),
7.76-7.84 (m, 6H), 8.02-8.10 (m, 3H), 8.41 (d, J = 7.8 Hz, 1H), 8.67 (d, ] = 7.8 Hz, 2H),
8.96-8.97 (m, 1H), 9.25-9.28 (m, 1H), 9.47-9.51 (m, 2H).
20 [0361]
FIGS. 31A and 31B illustrate the '"H NMR charts. Note that FIG. 31B is a
chart showing an enlarged part of FIG. 31A in the range of 7.0 ppm to 10.0 ppm.
[0362]
Further, FIG. 32A shows an absorption spectrum of a toluene solution of
25  2mDBFPDBq-II, and FIG. 32B shows an emission spectrum thereof. FIG. 33A shows
an absorption spectrum of a thin film of 2ZmDBFPDBqg-II, and FIG. 33B shows an
emission spectrum thereof. The absorption spectrum was measured using an
ultraviolet-visible spectrophotometer (V-550, produced by JASCO Corporation). The
measurements were performed with samples prepared in such a manner that the solution
30  was put in a quartz cell and the thin film was obtained by evaporation onto a quartz

substrate. The absorption spectrum of the solution was obtained by subtracting the
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Current density (mA enR) ChromaticityChromaticity xy Lum nance (cdinR)
Current efficiency (cd/A External quantumefficiency (% Light -emtting
elemrent 8 3.0 1.6

absorption spectra of quartz and toluene from those of quartz and the solution, and the
absorption spectrum of the thin film was obtained by subtracting the absorption
spectrum of a quartz substrate from those of the quartz substrate and the thin film. In
FIGS. 32A and 32B and FIGS. 33A and 33B, the horizontal axis represents wavelength
5 (nm) and the vertical axis represents intensity (arbitrary unit). In the case of the
toluene solution, absorption peaks were observed at around 361 nm and 374 nm, and
emission wavelength peaks were 386 nm and 403 nm (at an excitation wavelength of
374 nm). In the case of the thin film, absorption peaks were observed at around 207
nm, 260 nm, 304 nm, 369 nm, and 384 nm, and emission wavelength peaks were 425
10 nm and 575 nimn (at an excitation wavelength of 382 nm).
[Example 9]
[0363]
[Synthesis Example 8]
This example gives descriptions of a method of synthesizing
15 2-[3'-(9H-carbazol-9-yl)biphenyl-3-yl]dibenzo|f,#]quinoxaline (abbreviation:
2mCzBPDBq) represented by the following Structural Formula (309).

[0364]
[Chemical Formula 92]
NN ,N
826
(309)
20 [0365]

[Synthesis of 2mCzBPDBq]

A scheme for the synthesis of 2mCzBPDBq is illustrated in (C-8).
[0366]
[Chemical Formula 93]
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0. 550.45 810 52 20 [0480] As shown in Table 10, the CE

chromaticity coordi nates (X,

y) of Light-emtting Elenment 8 were (0.55,

0.45) at a lum nance of 810 cd/nR2. It is found 5that Light-emtting El enent
8 exhibited light em ssion fromffr(nppr-M)2(acac)]. [0481]

and FI G

realizing high voltage vs.
VS. current eff|C|ency characteri st
usi ng 3Ph- 2nDBTPDB o pr oduceg
light-emtting | ayely a |ight-¢
and high current g

[ 0483]

the present in

FIG 54

55 reveal that Light-emtting Element 8 has | ow driving vol tage
and high current efficiency. It is thus confirmed that a conpound to which
one enbodi nent of the present invention is applied is effective in

10l um nance characteristics and high | um nance

[ 0482] As descri bed above, by
7 as a host material of a

tlng el enent having | ow driving voltage

i ci engy was able to be fabricated. 15[ Exanple 17]

anple t emtting element of one enbodi nent of
bed referring to FIG 18. Chem cal

formul ae of naterlals used |n thls exanple are illustrated bel ow. Note that
the chem cal formulae of the materials 20 h ace illustrated above are

omtted.

10

15

20

[0484] [Chem cal pgpplj,a 104]
2M K,CO5 ag

| NN § “.D
Toluene, Ethanoi

{309)
[0367]
In a 200-mL three-neck flask were put 1.0 g (4.0 mmol) of
2-chlorodibenzo[f,#]quinoxaline, 1.6 g (4.4 mmol) of

3’-(9H-carbazol-9-yl)-3-biphenylboronic acid, 50 mL of toluene, 5 mL of ethanol, and
6.0 mL of a 2M aqueous potassium carbonate solution. This mixture was degassed by
stirring under reduced pressure, and the air in the flask was replaced with nitrogen. To
this mixture was added 0.10 g (90 {imol) of tetrakis(triphenylphosphine)palladium(0).
This mixture was stirred under a nitrogen stream at 80 °C for 16 hours. After a
predetermined time had elapsed, water was added to this mixture, and organic
substances were extracted from the aqueous layer of the obtained filtrate with toluene.
The solution of the extracted organic substances was combined with the organic layer,
the mixture was washed with a saturated aqueous solution of sodium hydrogen
carbonate and saturated brine, followed by drying with magnesium sulfate. The
obtained mixture was gravity filtered, and then the filtrate was concentrated to give a
solid. This solid was purified by silica gel column chromatography (with a developing
solvent of toluene and hexane in a ratio of 1:3). The obtained fractions were
concentrated to give a solid. Further, recrystallization from toluene gave 032 g of a
white powder in 15 % yield.
[0368]

By a train sublimation method, 0.32 g of the obtained white powder was
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2nDBFPDBg- 1| [ 0485] 25A nethod of fabricating Light-emtting El enment 9 of
this exanple will be described below. [0486] (Light-emtting El enent 9)
First, the first electrode 1101, the hole-injection layer 1111, and the
hol e-transport layer 1112 were fornmed over the glass substrate 1100 in the
same manner 5as those of Light-emtting Elenent 5 described in Exanple 13.
[ 0487] Next, 2[ 3-(di benzofuran-4-yl)phenyl]di benzo[th]quinoxaline
(abbrevi ation: 2nDBFPDBqg-11) synthesized in Exanple 8, PCBNBB, and

[ r(rrppr-NE)_Z(dPr?@]&l were co-evaporated to formthe light-emtting |ayer
1113 over mdichol la-the puriffsetion, lthpehitelpoy@ier was atedvot Boh{C uader @ rodssure

(= oroprpotc | P2 RN FAE ARt I ABTANARAED. bogd © =7 >

| i ght - emi t4 iwhite lpawder id 3bmmsd deta {ield4er B8N%, 04881 was the substdnté thee, a
2nDBFPDBg- 1| filmwas forned to a thickness of 10 nm over the

151 i ght - erRPRRY 1 ayer 1113, whereby the first electron-transport |ayer
1114a vgas [pesored. [ 0489] Then, a bat hophenant hroline (abbreviation:
BPhen) filmwas fornmed to a thickness of 20 tun over the first

el ect ron-t r anspdy PUqledy dnagnqticq sesongres ENVRY Haethed: lsatifagde sy eporouad @port | ayer
1114b was i—{y‘—mcarg&foﬂé%bip%wnfl&~ylﬁWeﬁiW hjq@nddafifd UM Tl uoGbelRvikeddr) film

was formed to a thickness o nmover the second el ectron-transport |ayer
1114b by eirapdiPAIBOnvhighwpethy suhstanes tabe peusad ecti on | ayer 1115 was for med.

[ 0491] [0370]
10 '"H NMR data of the obtained substance are as follows: 'H NMR (CDCl, 300
MHz): 8 = 7.26-7.35 (m, 2H), 7.43-7.49 (m, 2H), 7.56 (d, J = 8.4 Hz, 2H), 7.61-7.88 (m,
9H), 7.97-7.99 (m, 1H), 8.19 (d, J = 7.8 Hz, 2H), 8.33-8.36 (m, 1H), 8.65-8.67 (m, 3H),
9.25 (dd, J = 7.8 Hz, 1.8 Hz, 1H), 9.41 (dd, J = 7.8 Hz, 1.5 Hz, 1H), 9.45 (s, 1H).

[0371]

15 FIGS. 34A and 34B illustrate the 'H NMR charts. Note that FIG. 34B is a
chart showing an enlarged part of FIG. 34A in the range of 7.0 ppm to 10.0 ppm.
[0372]

Further, FIG. 35A shows an absorption spectrum of a toluene solution of
2mCzBPDBq, and FIG. 35B shows an emission spectrum thereof. FIG. 36A shows an

20 absorption spectrum of a thin film of 2mCzBPDBq, and FIG. 36B shows an emission
spectrum thereof. The absorption spectrum was measured using an ultraviolet-visible
spectrophotometer (V-550, produced by JASCO Corporation). The measurements

were performed with samples prepared in such a manner that the solution was put in a
quartz cell and the thin film was obtained by evaporation onto a quartz substrate. The

25  absorption spectrum of the solution was obtained by subtracting the absorption spectra
of quartz and toluene from those of quartz and the solution, and the absorption spectrum

of the thin film was obtained by subtracting the absorption spectrum of a quariz
substrate from those of the quartz substrate and the thin film. In FIGS. 35A and 35B

and FIGS. 36A and 36B, the horizontal axis represents wavelength (nm) and the vertical

30 axis represents intensity (arbitrary unit). In the case of the toluene solution, absorption

peaks were observed at around 341 nm, 362 nm, and 374 nm, and emission wavelength
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25Lastly, an alumnumfilmwas forned to a thickness of 200 nm by
evaporation as the second el ectrode 1103 functioning as a cathode. Thus,

Light-emtting Elenent 9 of this exanple was fabricated.

[ 0492]

Note that, in the above evaporation process, evaporation was all perforned
by a 30resistance heating nmethod. [0493] Table 11 shows an el enent

structure of Light-emtting Elenent 9 obtained as described above. [0494]
[ Tabl e 11] First el ectrode Hole . . . -injection |ayer Hole -transport

| ayer Light-emtti | ayer

n
peaks were 38g nm and 403 nm (at an excitation wavelength of 374 nm). In the case

of the thin film, absorption peaks were observed at around 208 nm, 253 nm, 294 nm,

313 nm, 328 nm, 345 nm, 369 nm, and 384 nm, and an emission wavelength peak was

444 nm (at an excitation wavelength of 382 nm).
5 [Example 10]
[0373]
[Synthesis Example 9]
This example gives descriptions of a method of
2-[3-(3,6-diphenyl-9H-carbazol-9-y1)phenyl]dibenzo{f,A]quinoxaline
10 2mCzPDBq-III) represented by the following Structural Formula (326).
[0374]
[Chemical Formula 94]
<

T,

7
N::N N

(326)

[0375]
15  [Synthesis of 2mCzPDBq-III]

synthesizing

(abbreviation:

A scheme for the synthesis of 2mCzPDBg-III is illustrated in (C-9).

[0376]
[Chemical Formula 95]
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First electron -transport |ayer Second el ectron -transport |ayer El ectron-
I njection |ayer Second el ectrode Light -emtting element 9 I TSO

Pd(PPhy},

OM K,COs aq. pN

(C-9)

Toluene, Ethanol =

(326)

[0377]
In a 100-mL three-neck flask were put 0.54 g (2.0 mmol) of
2-chlorodibenzo[f,]quinoxaline, 0.94 g 2.1 mmol) of
5 3-(3,6-diphenyl-9H-carbazol-9-yl}phenylboronic acid, 20 mL of toluene, 2.0 mL of
cthanol, and 2.0 mL of a 2M aqueous potassium carbonate solution. This mixture was
degassed by stirring under reduced pressure, and the air in the flask was replaced with
nitrogen. To this mixture was added 46 mg (39 umol) of
tetrakis(triphenylphosphine)paliadium(0). This mixture was stirred under a nitrogen
10 stream at 80 °C for 11 hours. After a predetermined time had elapsed, water was
added to the obtained mixture, and organic substances were extracted from the aqueous
layer with toluene. The obtained solution of the extracted organic substances was
combined with the organic layer, the mixture was washed with saturated brine, and the
organic layer was dried with magnesium sulfate. The obtained mixture was gravity
15  filtered, and the filtrate was concentrated to give a solid. The obtained solid was
dissolved in toluene, and the toluene solution was suction filtered through alumina,
Florisil (produced by Wako Pure Chemical Industries, Ltd., Catalog No. 540-00135),
and Celite (produced by Wako Pure Chemical Industries, Ltd., Catalog No. 531-16855),

and the obtained filtrate was concentrated to give a solid. The obtained solid was
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110nni BPAFLP: MOx (

[1r(mppr-Me)2(dpm] (
200nm Li F | am

4:2) 40nm BPAFLP 20nm 2nDBFPDBg- |1: PCBNBB:
0.8:0.2:0.05 40nm 2nDBFPDBg- 11 1 Onm BPhen 20nm

purified by silica gel column chromatography (with a developing solvent of toluenc and
hexane in a ratio of 2:1). Further, recrystallization from toluene gave 0.90 g of a
yellow powder in 70 % yield, which was the substance to be produced.
[0378]
5 By a train sublimation method, 0.89 g of the obtained yellow powder was

purified. In the purification, the yellow powder was heated at 310 “C under a pressure
of 3.0 Pa with a flow rate of argon gas of 5 mL/min. After the purification, 0.80 g of a
yellow powder was obtained in a yield of 89 %, which was the substance to be
produced.

10 [0379]

A nuclear magnetic resonance (NMR) method identified this compound as
2-[3-(3,6-diphenyl-9H-carbazol-9-yl)phenyl]dibenzo{f,hlquinoxaline (abbreviation:
2mCzPDBq-III), which was the substance to be produced.

[0380]

i5 '"H NMR data of the obtained substance are as follows: 'H NMR (CDCl;, 300
MHz). 6 =737 (t, ) = 7.2 Hz, 2H), 7.50 (t, ] = 7.2 Hz, 4H), 7.63 (d, J = 8.4 Hz, 2H),
7.71-7.84 (m, 11H), 7.88 (t, ] = 7.8 Hz, 1H), 8.43-8.46 (m, 3H), 8.64-8.68 (m, 3H), 9.25
(dd, J= 7.8 Hz, 1.8 Hz, 1H), 9.36 (dd, J = 7.8 Hz, 1.5 Hz, 1H), 9.47 (s, 1H).
[0381]

20 FIGS. 37A and 37B illustrate the "H NMR charts. Note that FIG. 37B is a
chart showing an enlarged part of FIG. 37A in the range of 7.0 ppm to 10.0 ppm.
[0382]

Further, FIG. 38A shows an absorption spectrum of a toluene solution of

2mCzPDBqg-1II, and FIG. 38B shows an emission spectrum thereof. FIG 39A shows
25  an absorption spectrum of a thin film of 2mCzPDBq-11l, and FIG. 39B shows an
emission spectrum thereof. The absorption spectrum was measured using an
ultraviolet-visible spectrophotometer (V-550, produced by JASCO Corporation). The
measurements were performed with samples prepared in such a manner that the solution
was put in a quartz cell and the thin film was obtained by evaporation onto a quartz
30 substrate. The absorption spectrum of the solution was obtained by subtracting the

absorption spectra of quartz and toluene from those of quartz and the solution, and the
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Al 5[ 0495] In a gl ove box containing a nitrogen atnosphere,
Light-emtting Elenent 9 was sealed with a gl ass substrate so as not to be
exposed to air. Then, operation characteristics of the el enent were
measured. Note that the neasurenents were carried out at roomtenperature
(in the atnosphere kept at 25 C). 10 [ 0496] FIG 56 shows the voltage
vs. lum nance characteristics of Light-emtting Elenment 9. In FIG 56, the
hori zontal axis represents voltage (V) and the vertical axis represents

| um nance (t@d/ n2). In addition, FIG 57 shows the |um nance vs. current

ef fi ci encyabspratierspedtym ef tsf thimefilal seembtained By GuiBRctingh ¢hehabsommional  axi s

1 o oncy Treara) ™ RERE bl i 5. LRe Ko 6Bl GERTRET: 30 densi 1y
(m¥ cnR), EIIQS é%ﬁk onh38R ad/FIES0 B amdt 398, (the hqszpntehnxdsampresmfsi wdvelagth( cd/ A),
um nance o b8 R TRl S HPHoniG But gy oL oy SrFaRt Paans: 1y
(mA cn) Olohmmamlmmyﬁﬂmomn ipeaks wexg/oﬂzsammamxeux(cbzﬁm E!Drmﬁ,rﬁnd 374
nm, and an emission wavelength peak was 443 nm (at an excitation wavelength of 375
nm). In the case of the thin film, absorption peaks were observed at around 264 nm,
304 nm, 367 nm, and 380 nm, and an emission wavelength peak was 462 nm (at an
excitation wavelength of 381 nm).
10 [Example 11]
[0383]
[Synthesis Example 10]
This example gives descriptions of a method of synthesizing
2-[4-(9-phenyl-9H-carbazol-3-yl)phenylidibenzo[f,A]quinoxaline (abbreviation:
15 PCPDBq) represented by the following Structural Formula (400).
[0384]
[Chemical Formula 96]

[0385]
20 [Synthesis of PCPDBqg]

A scheme for the synthesis of PCPDBq is illustrated in (C-10).
[0386]
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efficiency (cd/A) External quantumefficiency (04) Light -emtting el enent
9 3.0 1.5 0.550.45 990 64 24 [0498] As shown in Table 12, the CE
chromaticity coordinates (x, y) of Light-emtting Element 9 were (0. 55,
0.45) at a lum nance of 990 cd/nR2. It is found 5 that Light-emtting

El ement 9 exhibited light emssion from/[Ilr(nppr-M)2(dpm]. [0499]

[Chemical Formula 97]

G

B(OH),
PA(OAC), (C-10)
P(O—Toiyt)3
2M K,COj3 aq. Si\j

N
- N
Toluene, Ethanol p
\/

(400)

[0387]
In a 200-mL three-neck flask were put 12 g (4.0 mmol) of
5  2-chlorodibenzo[f,h]quinoxaline, 1.6 g (4.4 mmol) of
4-(9-phenyl-9f-carbazol-3-yl)phenylboronic acid, 11 mg (0.05 mmol) of palladium(II}
acetate, 30 mg (0.1 mmol) of tris(2-methylphenyl)phosphine, 30 mL of toluene, 3 mL of
ethanol, and 3 mL of a 2M aqueous potassium carbonate solution. The mixture was
degassed by stirring under reduced pressure. Then, the mixture was heated and stirred
10  under a nitrogen atmosphere at 85 °C for 40 hours.
[0388]
After a predetermined time had elapsed, this mixed liquid was filtered and
washed with water and toluene in this order. The substance obtained by the filtration
was purified by silica gel column chromatography., At this time, toluene was used as a
15  developing solvent for the chromatography. The obtained fractions were concentrated,
and methano! was added thereto, followed by irradiation with ultrasonic waves. The
precipitated solid was collected by suction filtration to give 1.2 g of a yellow powder in
55 % yield, which was the substance to be produced.
[0389]
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FIG 56 and FIG 57 reveal that Light-emtting Element 9 has |ow driving
vol tage and high current efficiency. It is thus confirnmed that a conpound
to whi ch one enbodi nent of the present invention is applied is effective in
realizing high voltage vs. 10l um nance characteristics and high | um nance
vs. current efficiency characteristics. [0500] As descri bed above, by
usi ng 2nDBFPDBg-11 produced in Exanple 8 as a host material of a
light-emtting layer, a light-emtting el enent having | ow driving vol tage
and high current efficiency was able to be fabricated. 15[ Exanple 18]

[ 0501] | n TihpiRf vekrama}/ e produpgghsubstaicetand §-cblaspdibrnzofff, hblnmomodl ment of
t he prese n cr e em cal
formﬁl ae 2‘%61]?7&%% hf)égy\llj\%%é J}ﬁ ?%ﬁs ‘*ed?grg Vflggaf;ogh?%yt%lfgt Cih "Not e t hat
t he cheni c%iirorﬁajogrmfadebC) {high mvelopmlg%lzaat\m pthjl ae®tei antl ms)tanatzedraabove are
om tted. [(950 [Chem' cal Formula 105] 2nmCzPDBg-I111 [0503] A

nmet hod of bricating Light-emtting Elenent 10 of this exanple wll be
descri bed [989@w. [0504] (Light-emtting EI enment 10) 5First, the first I

el ectrode 1101, the.hole ection I d e hol e transport | ayer
1112 were formed B\X/%?artrﬂaﬁn'%' §e§°’§aﬁﬁ% ]%?fl }d%n?ﬁ% WAL S as t hose
of Li ght - ex¥{4-(9-pigndl G iredibazol-8lgHpienbRdibénzoF% fftoRaling. (abbreviation:

PCPDBq), which was the substance to be produced.
[0391]

10 "H NMR data of the obtained substance are as follows: '"H NMR (CDCl,, 300
MHz): § = 7.32-7.37 (m, 1H), 7.43-7.53 (m, 4H), 7.59-7.68 (m, 4H), 7.74-7.86 (m, 5H),
7.97(d, J=8.1 Hz, 2H), 8.25 (d, J = 7.2 Hz, 1H), 8.47-8.50 (m, 3H), 8.66 (d, ] = 7.8 Hz,
2H), 9.23-9.27 (m, 1H), 9.45-9.49 (m, 2H).

[0392]

15 FIGS. 40A and 40B illustrate the '"H NMR charts. Note that FIG, 40B is a
chart showing an enlarged part of FIG. 40A in the range of 7.0 ppm to 10.0 ppm.
[0393]

Further, FIG. 41A shows an absorption spectrum of a toluene solution of

PCPDBg, and FIG. 41B shows an emission spectrum thereof. FIG. 42A shows an

20 absorption spectrum of a thin film of PCPDBq, and FIG. 42B shows an emission
spectrum thereof. The absorption spectrum was measured using an ultraviolet-visible
spectrophotometer (V-550, produced by JASCO Corporation). The measurements

were performed with samples prepared in such a manner that the solution was put in a
quartz cell and the thin film was obtained by evaporation onto a quariz substrate. The

25  absorption spectrum of the solution was obtained by subtracting the absorption spectra
of quartz and toluene from those of quartz and the solution, and the absorption spectrum

of the thin film was obtained by subtracting the absorption spectrum of a quartz
subsirate from those of the quartz substrate and the thin film. In FIGS. 41A and 41B

and FIGS. 42A and 42B, the horizontal axis represents wavelength (nm) and the vertical

30 axis represents intensity (arbitrary unit). In the case of the toluene solution, absorption

peaks were observed at around 306 nm, 343 nm, and 385 nm, and an emission
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[ 0505]

Next , 243- ( 3, 6- di phenyl- 9H car bazol - 9-yl ) phenyl ] di benzo[ f h] qui noxal i ne 10
(abbreviation: 2nCzPDBg-111) synthesized in Exanple 10, PCBNBB, and
[1r(nmppr-Me)2(dPm]) were co-evaporated to formthe light-emtting |ayer
1113 over the hole-transport |layer 1112. The weight ratio of 2nCzPDBg-1 |

to PCBNBB and [Ir(nppr-Me)2(dPI T was adjusted to 0.8:0.2:0.05 (=
2mCzPDBg-111: PCBNBB: [ | r ( nmppr-Me) 2(dpm]). The thickness of the
light-emtting 15l ayer 1113 was set to 40 rim [0506] Further, a
2Cz PDBQq- | Wavefanpth ngals wab - Herm (3 a8 ckeilatiRh ey@gel@?rgtlw Sy efn thpsase of

i ght - eni tﬁﬂaFlﬂ ﬁ?{ee{bsér%&gh pelRELER L fod dt bt @b S hOBGA £ANEBGRY, Shaver 11142
was forned 0507]" 20T a BPhen Imwas formed to a thicknéss of 20 rim
over the fims5knwetand oL rumsingr an leayssion avgiengtivhraals hyast 49 smcEhdn

el ectron- tééﬂé ﬂﬁﬁw%@X ﬁ mas formed. [0508] Further, a LiF
filmwas forne to a t ness of 1 rimover the second
25e|ect&onﬁhwapbﬂé}t Iayer 1114b by evaporation, whereby the

el ectron-i t|on | ayer 1115 was fornmed. [0509] Lastly, an

al um num fi n1mas formed to a thickness of 200 rim by evaporation as the
second el e[Synthekas Axdfipld Lifct i oni ng as a cat hode. Thus, nght emtting

in the above

El ement 3010 ofgéhls exanp l e, Qas(&gbrlcated %9510 §$
evaporatlon pro r§P18n IPHPES o 8f ¢ hB% a @’1§§5W§e heati ng
net hod. 2-[3-(dibenzothiophen-2-yl)phenyl]dibenzolf,Alquinoxaline (abbreviation:
10 2mDBTPDBq) represented by the following Structural Formula (515).
[0395]
[Chemical Formula 98]
“ ]
L.
SaVa
NN
-0
(515)
{0396]

15  [Synthesis of 2mDBTPDBg]
A scheme for the synthesis of 2mDBTPDBq is illustrated in (C-11).
[0397]
[Chemical Formula 99]
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[ 0511] Table 13 shows an element structure of Light-emtting El enent 10
obt ai ned as descri bed above. 5[0512] [Table 13] First el ectrode Hol e
-injection layer Hole -transport layer Light-emtting |ayer First electron
_transport |ayer

Cl S
A Y
* 7\ ~B(OH),

ate -

“
\
8
Pd(PPhs)4 O 0
2M K,CO0sag.
o
Toluene, Ethanol N.N (€11)
oluene, Ethano O
(515)
[0398]
In a 100-mL three-neck flask were put 032 g (1.0 mmol) of
2-chiorodibenzo[f,h]quinoxaline, 0.32 g (1.1 mmol) of

5 3-(dibenzothiophen-2-yl)phenylboronic acid, 10 mL of toluene, 1 ml. of ethanol, and
2.0 mL of a 2M aqueous potassium carbonate solution. This mixture was degassed by
stirring under reduced pressure, and the air in the flask was replaced with nitrogen. To
this mixture was added 30 mg (20 pmol) of tetrakis(triphenylphosphine)palladium(0).
This mixture was stirred under a nitrogen stream at 80 °C for 8 hours. After a

10 predetermined time had elapsed, water and toluene were added to this mixture, and
organic substances were extracted from the aqueous layer with toluene. The solution
of the extracted organic substances was combined with the organic layer, the mixture
was washed with a saturated aqueous solution of sodium hydrogen carbonate and
saturated brine, followed by drying with magnesium sulfate. The obtained mixture

15 was gravity filtered, and then the filtrate was concentrated to give a solid. The
obtained solid was dissolved in toluene, and the toluene solution was suction filtered
through alumina and Celite, and the obtained filtrate was concentrated to give a solid.
The obtained solid was recrystallized from toluene to give 0.13 g of 2 white powder in a
yield of 26 %, which was the substance to be produced.

200 [0399]
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Second electron _transport |ayer Electron- injection |ayer Second el ectrode
Light -emtting elenent 10 | TSO 110nm BPAFLP: MoOx (=4:2) 40nm

A nuclear magnetic resonance (NMR) method identified this compound as

2-[3-(dibenzothiophen-2-yl)phenyl}dibenzo{f,A]quinoxaline (abbreviation:
2mDBTPDBq), which was the substance to be produced.
[0400]

5 "H NMR data of the obtained substance are as follows: 'H NMR (CDClts, 300

MHz): & = 7.50-7.53 (m, 2H), 7.72-7.93 (m, 8H), 8.02 (d, J = 8.4 Hz, 1H), 8.28-8.31 (m,
1H), 8.36 (d, ] = 7.5 Hz, 1H), 8.50 (d, J = 1.5 Hz, 1H), 8.67-8.70 (m, 3H), 9.27 (dd, J =
7.8 Hz, 1.8 Hz, 1H), 9.46 (dd, J = 7.8 Hz, 1.8 Hz, 1H), 9.51 (s, IH).
[0401]
10 FIGS. 43A and 43B illustrate the '"H NMR charts. Note that FIG. 43B is a
chart showing an enlarged part of FIG. 43A in the range of 7.0 ppm to 10.0 ppm.
[0402]
Further, FIG. 44A shows an absorption spectrum of a toluene solution of
2mDBTPDBg, and FIG. 44B shows an emission spectrum thereof. FIG. 45A shows an
15  absorption spectrum of a thin film of 2mDBTPDBq, and FIG. 45B shows an emission
spectrum thereof. The absorption spectrum was measured using an ultraviolet-visible
spectrophotometer (V-550, produced by JASCO Corporation). The measurements
were performed with samples prepared in such a manner that the solution was put in a
quartz cell and the thin film was obtained by evaporation onto a quartz substrate. The
20 absorption spectrum of the solution was obtained by subtracting the absorption spectra
of quartz and toluene from those of quartz and the solution, and the absorption spectrum
of the thin film was obtained by subtracting the absorption spectrum of a quartz
substrate from those of the quartz substrate and the thin film. In FIGS. 44A and 44B
and FIGS. 45A and 458, the horizontal axis represents wavelength (nm) and the vertical
25  axis represents intensity (arbitrary unit). In the case of the toluene solution, absorption
peaks were observed at around 362 nm and 374 nm, and emission wavelength peaks
were 386 nm and 406 nm (at an excitation wavelength of 374 nm). In the case of the
thin film, absorption peaks were observed at around 204 nm, 262 nm, 295 nm, 313 nm,
370 nm, and 384 nm, and emission wavelength peaks were 443 nm and 571 nm (at an
30  excitation wavelength of 384 nm).
[Example 13]
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BPAFLP 20nm 2ntCzPDBg- 1i f : PCBNBB: uroupor_noopm (=0.8:0.2:0.05) 40nm
2nCzPDBg- 111 | Onm BPhen 20nm Li F Irm Al 200nm [0513] In a gl ove box
containing a nitrogen atnosphere, Light-emtting Elenent 10 10 was seal ed
with a glass substrate so as not to be exposed to air. Then, operation
characteristics of the elenent were neasured. Note that the neasurenents
were carried out at roomtenperature (in the atnosphere kept at 25 C).

[0403]

In this example, a light-emitting element of one embodiment of the present
invention will be described referring to FIG. 18. Chemical formulae of materials used
in this example are illustrated below. Note that the chemical formulae of the materials

5  which are illustrated above are omitted.
[0404]
[Chemical Formula 100]

PCBNBB

2DBTPDBg-! {irfmppr-Me)(dpm))

[0405]
10 A method of fabricating Light-emitting Element 5 of this example will be
described below.
[0406]
(Light-emitting Element 5)
First, ITSO was deposited over the glass substrate 1100 by a sputtering method,
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[0514] FIG 58 shows the voltage vs. |um nance characteristics of
Light-emtting 15 Elenent 10. In FIG 58, the horizontal axis represents
voltage (V) and the vertical axis represents |um nance (cd/n2). In
addition, FIG 59 shows the [um nance vs. current efficiency characteristics
of the elenment. In FIG 59, the horizontal axis represents |um nance
(cd/n2) and the vertical axis represents current efficiency (cd/A).
Further, Table 14 shows the voltage (V) current density (nA/cn2), CE
chromati ci t%/%ZOcoor di nat es rrent efficiency (cd/A), and external

quant um ef Vil fipsbglegiiods ﬁuﬁjll‘%’/ ﬁ?m?ﬁh tNPWdhaéI‘t%FPé?ﬁ‘eSét ag St oy e of 870
cd/ m2. [O054ulhé dRBRIe bt was svp!otﬁ% k\é)mgur HRRL tHe PR o i TBL ki t Y

Chromaticity xy Lum nance nance (cd
electrode that functions as an anode of the hght-emlttmg clement,

[0407]

5 Next, as pretreatment for forming the light-emitting element over the substrate
1100, after washing of a surface of the substrate with water and baking that was
performed at 200 °C for one hour, UV ozone treatment was performed for 370 seconds.
[0408]

After that, the substrate was transferred into a vacuum evaporation apparatus
10 where the pressure had been reduced to approximately 10" Pa, and subjected to vacuum
baking at 170 °C for 30 minutes in a heating chamber of the vacuum evaporation
apparatus, and then the substrate 1100 was cooled down for about 30 minutes.
[0409]
Next, the substrate 1100 provided with the first electrode 1101 was fixed to a
15 substrate holder in a vacuum evaporation apparatus so that a surface on which the first
electrode 1101 was provided faced downward. The pressure in the vacuum
evaporation apparatus was reduced to about 10 Pa. Then, by an evaporation method
using resistance heating, BPAFLP and molybdenum(VI) oxide were co-evaporated to
form the hole-injection layer 1111 over the first electrode 1101. The thickness of the
20  hole-injection layer 1111 was set to 40 nm, and the weight ratio of BPAFLP to
molybdenum(VI) oxide was adjusted to 4:2 (= BPAFLP:molybdenum(VI} oxide).
Note that the co-evaporation method refers to an evaporation method in which
evaporation is carried out from a plurality of evaporation sources at the same time in
one treatment chamber.
25 [0410]
Next, a BPAFLP film was formed to a thickness of 20 nm over the

hole-injection layer 1111, whereby the hole-transport layer 1112 was formed.

[0411]
Further, 2-[4-(dibenzothiophen-4-yl)phenyl]dibenzolf,Alquinoxaline
30  (abbreviation: 2DBTPDBg-II) synthesized in Example 4,
4,4’ -di(1 -naphthyl)-4" -(9-phenyl-9H-carbazol-3-yl)triphenylamine (abbreviation:

158



Current efficiency (cd/A) External quantumefficiency (% Light -emtting
element 10 3.0 1.3 0.550.45 870 69 26 [0516] As shown in Table 14,
chromaticity coordi nates (x, y) of

10

15

20

25

PCBNBB), and (dipivaloylmethanato)bis(3,5-dimethyl-2-phenylpyrazinato)iridium(I1I)
(abbreviation: [Ir(mppr-Me);(dpm)]) were co-evaporated to form the light-emitting
layer 1113 over the hole-transport layer 1112. The weight ratio of 2DBTPDBg-II to
PCBNBB and [Ir(mppr-Me)(dpm)] was adjusted to 0.8:0.2:0.05 (=
2DBTPDBq-ILPCBNBB:[Ir(mppr-Me),(dpm)]). The thickness of the light-emitting
layer 1113 was set to 40 nm.

[0412]

Further, a 2DBTPDBqg-1! film was formed to a thickness of 10 nm over the
light-emitting layer 1113, whereby the first electron-transport layer 1114a was formed.
[0413]

Then, a BPhen film was formed to a thickness of 20 nm over the first
electron-transport layer 1114a, whereby the second electron-transport layer 1114b was
formed.

[0414]

Further, a LiF film was formed to a thickness of 1 nm over the second
electron-transport layer 1114b by evaporation, whereby the electron-injection layer 1115
was formed.

[0415]

Lastly, an aluminum film was formed to a thickness of 200 nm by evaporation
as the second electrode 1103 functioning as a cathode. Thus, Light-emitting Element 5
of this example was fabricated.

[0416]

Note that, in the above evaporation process, evaporation was all performed by a
resistance heating method.
[0417]

Table 3 shows an element structure of Light-emitting Element 5 obtained as
described above.
[0418]

[Table 3]
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Light-emtting El ement 10 were (0.55, 0.45) at a |um nance of 870 cd/nR.

It

Is found 5 that Light-emtting Elenent 10 exhibited |light em ssion from

[1r(nppr-Me)2(dpm].

[ 0517]

FIG 58 and FIG 59 reveal
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Light-emtting Elenent 10 has | ow driving voltage and hi gh current

efficiency.
t he present

10l um nance characteristics and high | um nance vs.
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el ectrode 1101
1112 were for 49

g

M- et g o enernt |
t he hol e-injection | ayer

)

Errst—tire

1111, and the hol e-transport
bver the glass substrate 1100 in the same manner as those

IDL

| ayer

of Light-emtting bhegRW box HRgiaHEBEMokd: FXRPRYE LigBt-emitting Element 5 was

10

15

sealed with a glass substrate so as not to be exposed to air.

Then, operation

characteristics of the eclement were measured. Note that the measurements were

carried out at room temperature {in the atmosphere kept at 25 °C).

[0420]

FIG. 46 shows the voltage vs. luminance characteristics of Light-emitting

Element 5.

represents luminance (cd/m?).
efficiency characteristics of the element.

luminance (cd/m?) and the vertical axis represents current efficiency (cd/A).

In FIG. 46, the horizontal axis represents voltage (V) and the vertical axis
In addition, FIG. 47 shows the luminance vs. current
In FIG. 47, the horizontal axis represents
Further,

Table 4 shows the voltage (V), current density (mA/cm?), CIE chromaticity coordinates

(x, y), current efficiency (cd/A), and external quantum efficiency (%) of the

light-emitting element at a luminance of 1100 cd/m?.

[0421]
[Table 4]

Voliage
™)

Current
density
(mA/cmz)

Chromaticity Chromaticity
X y

Current
cfficiency
(cd/A)

Luminance
(cd/m?)

External
quantum
efficiency
(%)

L

-emitting
element 5

ight
2.8

1.6

0.55 045

1100 67

25

20

[0422)

As shown in Table 4, the CIE chromaticity coordinates (x, y} of Light-emitting
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10[ 0523] Next, 244 -(9 -phenyl-9H carbazol -3 -yOphenyl ] di benzo[ a] qui noxal i ne
(abbrevi ation: PCPDBg) synthesized in Exanple 11, PCBNBB, and
[1r(nppr-Me)2(dP1n)]) were co-evaporated to formthe light-emtting | ayer
1113 over the hole-transport |layer 1112. The weight ratio of PCPDBqg to
PCBNBB and 15[ 1 r (nppr- M) 2(dpm ] wasadj ust edt 00. 8: 0. 2: 0. 05

PCPDBg: PCBNBB: [ 1r (nppr-Me) 2(dPm) ). 1113 was set to 40 rim [0524] The

t hi ckness of the light-emtting | ayer Further, a PCPDBq film
was formed to a thickness of 10 run over the 20light-emtting |ayer 1113,

wher eby t h@empitsf werectlrSn-44%natparluminages of 1110 aiém’. f dit niedoufd38] Then, a

bat hophen L kil R0k evliahikQn; : ' @@ﬁ ] gﬁg o0 a thickness
of 20 runaiggg&%lﬁfeﬁgélrst el\éec%llﬁeggzg%l{r?’é;nﬁgg%r}{r&f% r iﬁﬂz V\)/i'ereby t he second
el ectron-tiP4¥-port layer 111 4b was forned. [0526] Further, a

L uer B d PR LR M CIERR b © (e
el ect r dn- i wltegt andrhighaoperentletfiGensms Kt Grthwschonfirmed that a compound to which one
embodiment of the present invention is applied is effective in realizing high voltage vs.
luminance characteristics and high luminance vs. current efficiency characteristics.
[0424]
As described above, by using 2DBTPDBg-1I produced in Example 4 as a host
10 material of a light-emitting layer, a light-emitting element having low driving voltage
and high current efficiency was able to be fabricated.
[0425]

Next, Light-emitting Element 5 was subjected to reliability tests. Results of

the reliability tests are shown in FIG. 48. In FIG 48, the vertical axis represents
15  normalized luminance (%) with an initial luminance of 100 %, and the horizontal axis

represents driving time (h) of the element. In the reliability tests, the light-emitting

element of this example was driven under the conditions where the current density was

constant and the initial luminance was 5000 cd/m’. FIG. 48 shows that Light-emitting

Element 5 kept 82 % of the initial luminance after driving for 430 hours. These results
20 of the reliability tests revealed that Light-emitting Element 5 had a long lifetime.

[0426]

As described above, by the use of 2DBTPDBq-II produced in Example 4 as a
host material of a light-emitting layer, a light-emitting element having a long lifetime
was able to be fabricated.

25  [Example 14]
[0427]

In this example, a light-emitting element of one embodiment of the present
invention will be described referring to FIG. 18. Chemical formulae of materials used
in this example are illustrated below. Note that the chemical formulae of the materials

30 which are illustrated above are omitted.
[0428]
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[0527] Lastly, an alumnumfilmwas fornmed to a thickness of 200 rim by
evaporation as the second el ectrode 1103 functioning as a cathode. Thus,
Light-emtting Elenent 1011 of this exanple was fabricated. [0528]

Note that, in the above evaporation process, evaporation was all perforned
by a resistance heating nmethod. [0529] 15Table 15 shows an el enent
structure of Light-emtting Elenent 11 obtained as descri bed above. [0530]
[ Table 15] First electrode Hole -injection |ayer Hole -transport

[Chemical Formula 101]

o0
N N 4!;’ ali

2mDBTBPDBqg-|

[0429]
A method of fabricating Light-emitting Element 6 of this example will be
5  described below.
[0430]
(Light-emitting Element 6)

First, the first electrode 1101, the hole-injection layer 1111, and the

hole-transport layer 1112 were formed over the glass substrate 1100 in the same manner
10 as those of Light-emitting Element § described in Example 13.
[0431]

Next, 2-[3'-(dibenzothiophen-4-yl)biphenyl-3-ylldibenzo{f,s]quinoxaline
(abbreviation: 2mDBTBPDBq-II) synthesized in Example 5, PCBNBB, and
[Ir(mppr-Me)2(dpm}]) were co-evaporated to form the light-emitting layer 1113 over the

15 hole-transport layer 1112. The weight ratio of 2mDBTBPDBg-II to PCBNBB and

[Ir(mppr-Me)(dpm}] was adjusted to 0.8:0.2:0.05 (=
2mDBTBPDBq-H:PCBNBB:[Ir{mppr-Me),(dpm)}). The thickness of the
light-emitting layer 1113 was set to 40 nm.
[0432]

20 Further, a 2mDBTBPDBg-II film was formed to a thickness of 10 nm over the

light-emitting layer 1113, whereby the first electron-transport layer 1114a was formed.
[0433]
Then, a BPhen film was formed to a thickness of 20 nm over the first
electron-transport layer 1114a, whereby the second electron-transport layer 1114b was
25  formed.
[0434]
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layer Light-emtting layer First electron -transport |ayer Second el ectron
-transport |ayer Electron- .. injection |ayer Second el ectrode Light
-emtting el ement

Further, a LiF film was formed to a thickness of 1 nm over the second
electron-transport layer 1114b by evaporation, whereby the electron-injection layer 1115
was formed.

[0435]

5 Lastly, an aluminum film was formed to a thickness of 200 nm by evaporation
as the second electrode 1103 functioning as a cathode. Thus, Light-emitting Element 6
of this example was fabricated.

[0436]
Note that, in the above evaporation process, evaporation was all performed by a
10 resistance heating method.
{0437]

Table 5 shows an element structure of Light-emitting Element 6 obtained as
described above.
[0438]}

15  [Tabie 5]

Hole Hole First Second Electron-
First S . . electron electron | 7). Second
clectrode -injection | -transport | Light-emitting layer -transport —transport | Tuection electrod
tayer layer laygro laygro layer ¢
Light BPAFLP: Zml)}}? ggsggq-ﬁ :
-emitting | ITSO MoOx | BPAFLP [Ir(mppr-Me) (;jpm)] 2mDBTBPDBg-1I | BPhen LiF Al
element | 110nm 20nm P : 10nm 20nm inm 200nm
6 =4:2) (=0.8:0.2:0.05)
40nm 40nm

[0439]
In a glove box containing a nitrogen atmosphere, Light-emitting Element 6 was
sealed with a glass substrate so as not to be exposed to air. Then, operation
20  characteristics of the element were measured. Note that the measurements were
carried out at room temperature (in the atmosphere kept at 25 °C).
[0440]
FIG. 49 shows the voltage vs. luminance characteristics of Light-emitting
Element 6.  In FIG. 49, the horizontal axis represents voltage (V) and the vertical axis

25  represents luminance (¢cd/m®). In addition, FIG. 50 shows the luminance vs. current
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11 1 TSO 110nm BPAFLP: MdOx (=4:2) 40nm BPAFLP 20 nm PCPDBq: PCBNBB:
[Ir(mppr-Me)2(dP rnA (=0.8:0.2:0.05) 40nm PCPDBg | Onm BPhen 20nm Li F

efficiency characteristics of the element. In FIG. 50, the horizontal axis represents
luminance (cd/m?) and the vertical axis represents current efficiency (cd/A). Further,
Table 6 shows the voltage (V), current density (nA/cm?), CIE chromaticity coordinates
(x, ¥), current efficiency (cd/A), and external quantum efficiency (%) of the
light-emitting element at a luminance of 1000 cd/m®.

[0441]

[Table 6]

Current

efficiency
(cd/A)

Current
Voltage density

) (mAfcmz) X y

Chromaticity Chromaticity | Luminance
(cd/m’)
(%)

Light
-emitting 2.9 1.4 0.53 0.47 1000 71 25
element 6

10

15

20

23

[0442]

As shown in Table 6, the CIE chromaticity coordinates (x, y) of Light-emitting
Element 6 were (0.53, 0.47) at a luminance of 1000 cd/m®. It is found that
Light-emitting Element 6 exhibited light emission from [Ir(mppr-Me);(dpm)].

[0443]

FIG. 49 and FIG. 50 reveal that Light-emitting Element 6 has low driving
voltage and high current efficiency. It is thus confirmed that a compound to which one
embodiment of the present invention is applied is effective in realizing high voltage vs.
luminance characteristics and high luminance vs. current efficiency characteristics.
[0444)]

As described above, by using 2mDBTBPDBq-II produced in Example § as a
host material of a light-emitting layer, a light-emitting element having low driving
voltage and high current efficiency was able to be fabricated.

[0445]

Next, Light-emitting Element 6 was subjected to reliability tests. Results of
the reliability tests are shown in FIG. 51. In FIG 51, the vertical axis represents
normalized luminance (%) with an initial luminance of 100%, and the horizontal axis
represents driving time (h) of the element. In the reliability tests, the light-emitting

element of this example was driven under the conditions where the current density was
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Inm Al 200nm 20[ 0531] In a glove box containing a nitrogen

at nosphere, Light-emtting Elenent 11 was sealed with a glass substrate so
as not to be exposed to air. Then, operation characteristics of the el enent
were neasured. Note that the nmeasurements were carried out at room
tenperature (in the atnosphere kept at 25 C). 25[0532] FIG 60
shows the voltage vs. |um nance characteristics of Light-emtting El enent
11. In FIG 60, the horizontal axis represents voltage (V) and the vertical
axis represents |um nance (cd/n2). In addi t| on, FIG 61 shows the | um nance
VS. cur r entongthitiasgl dhredyitighamaenes wat 3068 cd/ﬁn t hBIGe5&mwhows tharLight@mising t he

hori zont al ,@xi m nance . he ver tical .axis
repr esent SEISWFI}SI&IFB{ ﬁ‘?’coltfghﬁcuﬁm 8‘712\53“""&11 ﬁnvmg ff’aggo B‘lué ‘'sh h\ﬁ%e TS vol t age
(V), curr estithehelishility tdstsrévealeR Yhat Clght-ehitipeitlemedt 6 adalshignadélre. (X, V),
current ef[{Oicttﬁ ency (cd/A), and external quantumefficiency (% of the
light-emt ég} el emrent at a | um nance of 860 cd/nR2. [0533] 10[ Tabl e 16]

Vol tages (V) Cur igndesddes above( BALGHE PmDBTBPIEG-B ipkdtduBé OBt dagiple/s as a
host material of a light-emitting layer, a light-emitting element having a long lifetime
was able to be fabricated. Further, particularly when an arylene group in a compound
included in a light-emitting element, through which a dibenzo[f,A]quinoxaline ring and a
hole-transport skeleton are bonded, is a biphenyldiyl group, it is found possible to
10 extend the lifetime of the light-emitting element.

[Example 15]

[0447]

In this example, a light-emitting element of one embodiment of the present

invention will be described referring to FIG. 18. Chemical formulae of materials used
15  in this example are illustrated below. Note that the chemical formulae of the materials

which are illustrated above are omitted.

[0448]

[Chemical Formula 102]

2mbBBTPDBg-ll

20 [0449]
A method of fabricating Light-emitting Element 7 of this example will be
described below.
[0450]
(Light-emitting Element 7)
25 First, the first electrode 1101, the hole-injection layer 1111, and the
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xy Lum nance (cdinR) Current efficiency ciency (cd/A) External quantum
efficiency (%9 Light -emtting elenent 11 2.8 1.6 0.550.44 860 54

hole-transport layer 1112 were formed over the glass substrate 1100 in the same manner
as those of Light-emitting Element 5 described in Example 13.
[0451]
Next, 2-[3-(2,8-diphenyldibenzothiophen-4-yl)phenyl]dibenzo[f,#]quinoxaline
5 (abbreviation: 2mDBTPDBg-III} synthesized in Example 6, PCBNBB, and
[Ir(mppr-Me)>(dpm)]) were co-evaporated to form the light-emitting layer 1113 over the
hole-transport layer 1112. The weight ratio of ZmDBTPDBq-III to PCBNBB and
[Ir(mppr-Me):(dpm)] was adjusted to 0.8:0.2:0.05 (=
2mDBTPDBg-III:PCBNBB:[Ir{mppr-Me)(dpm)]). The thickness of the
10 light-emitting layer 1113 was set to 40 nm,
[0452]

Further, a 2mDBTPDBq-HI film was formed to a thickness of 10 nm over the
light-emitting layer 1113, whereby the first electron-transport layer 1114a was formed.
[0453]

15 Then, a BPhen film was formed fo a thickness of 20 nm over the first
electron-transport layer 1114a, whereby the second electron-transport layer 1114b was
formed.

[0454]

Further, a LiF film was formed to a thickness of I nm over the second

20 electron-transport layer 1114b by evaporation, whereby the electron-injection layer 1115
was formed.

[0455]

Lastly, an aluminum film was formed to a thickness of 200 nm by evaporation
as the second electrode 1103 functioning as a cathode. Thus, Light-emitting Element 7

25  ofthis example was fabricated.

[0456]

Note that, in the above evaporation process, evaporation was all performed by a

resistance heating method.
[0457]
30 Table 7 shows an element structure of Light-emitting Element 7 obtained as

described above,

[0458]

166



21 [0534] As shown in Table 16, the CIE chromaticity coordinates (x, y) of
Light-emtting Elenent 11 were (0.55, 0.44) at a |lum nance of 860 cd/nR. It
is found 15 that Light-emtting Elenent 11 exhibited |light em ssion from
[1r(nppr-Me)2(dpm]. [0535] FIG 60 and FIG 61 reveal that
Light-emtting Elenent 11 has | ow driving voltage and hi gh current
efficiency. It is thus confirned that a conpound to which one enbodi nent of
the present invention is applied is effective in realizing high voltage vs.
20l um nance characteristics and high | um nance vs. current efficiency
characteri sti cprablg §536] As descri bed above, by using PCPDBq produced
i N Exappte—ii-as—arhest—Hatorial—of—a-~bight-enitting.layer,
light-pmtti 9 el ememfoehdvigage | pw drivi ng vol t adgéstand hiSedend y i
ef ficigncy V‘“ﬁeclés.%e ¢-ifj@tidng -fandpbri C RigRGmitRD lafdrf anpi €Y 20] [O‘S‘?’?‘L E{fﬁiﬁ, Secqug
this ekanple I ghtevenilt tveg el enent of one @ Pl rren“f’?f‘cr f heayar g SEfifede
i nvent —e—gesertied—referit+pg—to—titt—y Ghens ol ad..of
mat eri Bl sgidsed i n {BrArLexanpl e atzg‘t:jé

chem cplemftop puitae Of MePre |rERtBLH 2!
5[ 0538 ei["@éﬁlé@rn ROy 4 2O

40nm 40nm

T\ T O O OTT

tTatled bel ow. Not e that t hd
agn?]e*zzhbismﬁm Echraoye @F e [omat t gd.
(i)- lj [ 05&&q 20nm inm 200nm

[0459]
In a glove box containing a nitrogen atmosphere, Light-emitting Element 7 was
5 sealed with a glass substrate so as not to be exposed to air. Then, operation
characteristics of the element were measured. Note that the measurements were
carried out at room temperature {in the atmosphere kept at 25 °C).
[0460]
FIG 52 shows the voltage vs. luminance characteristics of Light-emitting
10 Element 7. In FIG. 52, the horizontal axis represents voltage (V) and the vertical axis
represents luminance (cd/m’). In addition, FIG. 53 shows the luminance vs. current
efficiency characteristics of the element. In FIG. 53, the horizontal axis represents
luminance (cd/m?®) and the vertical axis represents current efficiency (cd/A).  Further,
Table 8 shows the voltage (V), current density (mA/cm?), CIE chromaticity coordinates
I5  (x, y), current efficiency (cd/A), and external gquantum efficiency (%) of the

light-emitting element at a luminance of 910 cd/m>.

[0461]
[Table 8]
External
Voltage S:;:T:;’: Chromaticity Chromaticity | Luminance egﬁiﬂ:m quantum
M | marend) X y (cd/m®) (od/ :)cy efficiency
Light =
18
-emitting 2.9 1.4 0.55 0.45 910 65 24
element 7
20 [04627
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A method of fabricating Light-emtting Element 12 of this exanple will be
10descri bed bel ow. [0540] (Light-emtting El enent 12) First, the
first electrode 1101, the hole-injection |ayer 1111, and the hol e-transport
| ayer 1112 were fornmed over the glass substrate 1100 in the sane manner
15as those of Light-emtting Elenment 5 described in Exanple 13. [0541]
Next, 7[ 3- (di benzot hi ophen- 4-yl ) phenyl ] di benzo[ t h] qui noxal i ne (abbrevi ati on:
7nDBTPDBg-11) (whose synthesis nethod is described in Reference Exanple 3),

PCBALBP, and [IrAspRwaNErskiagame a%\éﬁroﬁllaﬁaf}ﬁ%@%a%sqg, );)Q:ffld%l%}nﬂﬁ%ge wei ght

20light-emtting |layer 1113 over the hole-transport |ayer

ratio of 7kEFRDEgWere (B.SRCBAS) R dwainpree( apfHOMY/{acdic)y fowed & usted to
the |7 ght- G TTRG S e TaRaEan i SR ol e BEAGhRH oy T 2o
7nDBTPDBg- [0468] | m was formed to a thickness of 10 nmover the
07 S5 e g S O P ISR i oL
over the fvoléage ehdbigh omrdnt effisipocyt [ty s tdiifitmed viaes eypduné tsehiohdne
el ectron-t rsr%ggd%%reﬁt olf e?‘ﬁleefgrvss]f‘n:lit]‘ é@en\{\%ﬁ is applied is effective in realizing high voltage vs.
luminance characteristics and high luminance vs. current efficiency characteristics.
[0464]
10 As described above, by using 2mDBTPDBg-III produced in Example 6 as a
host material of a light-emitting layer, a light-emitting element having low driving
voltage and high current efficiency was able to be fabricated.
[Example 16]
[0465]
15 In this example, a light-emitting element of one embodiment of the present
invention will be described referring to FIG. 18. Chemical formulae of materials used
in this example are illustrated below. Note that the chemical formulae of the materials
which are illustrated above are omitted.
[0466}
20 [Chemical Formula 103]

N, N s

3Ph-2mDBTPDBg-li

[0467]
A method of fabricating Light-emitting Element 8 of this example will be
described below.
25  [0468]
(Light-emitting Element 8)
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formed. 5[0544] Further, a LiF filmwas forned to a thickness of 1 nm over
the second el ectron-transport |ayer 1114b by evaporati on, whereby the

el ectron-injection |ayer 1115 was fornmed. [0545] 10Lastly, an alum num film
was formed to a thickness of 200 nut by evaporation as the second el ectrode
1103 functioning as a cathode. Thus, Light-emtting Element 12 of this
exanpl e was fabricated. [0546] Note that, in the above evaporation process,
evaporation was all performed by a 15resistance heating met hod. [ 0547]
Tabl e 17 shows

I t t h t bt ai ned
as descri bed abougte gﬁfs B %ﬂg{gug]‘k%g?g?an01m1 Tﬁn m%? 5 !

hole-transport layer 1112 were formed over the glass substrate 1100 in the same manner
as those of Light-emitting Element 5 described in Example 13.
[0469]

5 Next, 2-[3-(dibenzothiophen-4-yl)phenyl}-3-phenyldibenzo[fh]quinoxaline
(abbreviation: 3Ph-2mDBTPDBq-1I) synthesized in Example 7, PCBAIBP, and
[Ir{mppr-Me)x(acac)]) were co-evaporated to form the light-emitting layer 1113 over the
hole-transport layer 1112. The weight ratio of 3Ph-2mDBTPDBg-1I to PCBA1BP and
[Ir(mppr-Me)2(acac)] was adjusted to 1:0.15:0.06 =

10 3Ph-2mDBTPDBq-II:PCBA1BP:[Ir(mppr-Me),(acac))). The thickness of the
light-emitting layer 1113 was set to 40 nm.

[0470]

Further, a 3Ph-2mDBTPDBqg-IT film was formed to a thickness of 10 nm over
the light-emitting layer 1113, whereby the first electron-transport layer 1114a was

15  formed.

[0471]

Then, a BPhen film was formed to a thickness of 20 nm over the first
electron-transport layer 1114a, whereby the second electron-transport layer 1114b was
formed.

20 [0472]

Further, a LiF film was formed to a thickness of 1 nm over the second
electron-transport layer 1114b by evaporation, whereby the electron-injection layer 1115
was formed.

[0473]

25 Lastly, an aluminum film was formed to a thickness of 200 nm by evaporation
as the second electrode 1103 functioning as a cathode. Thus, Light-emitting Element 8
of this example was fabricated.

[0474]

Note that, in the above evaporation process, evaporation was all performed by a

30  resistance heating method.

[0475] _
Table 9 shows an element structure of Light-emitting Element 8 obtained as
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el ectrode .o
Light-emtting | ayer

Hol e

-injection |ayer
First electron -transport

Hol e -transport

| ayer

| ayer

Second el ectron

-transport |layer Electron-injection i njection |layer Second el ectrode
Li ght ‘
described above,
[0476]
[Table 9]
First Second
First Hole Hole . o electron- electron | Liectron- Second
clectrode -injection | -transport | Light-emitting layer transport -transpott injection clectrode
layer layer i jayer
ayer layer
3Ph-2mDBTPDBq- I -
Light BPAFLE: PCBAIBP:
-elmittintg 1I;rosn?n MoOx B;’&FHI:P (Ir(mppr-Mé)s(acac)] 3Ph—2ml?(l)3TPDBq~]I gghen ;JiF 2031
i (=4:2) (=1:0.15:0.06) e o o o
40nm 40nm
5 [0477]
In & glove box containing a nitrogen atmosphere, Light-emitting Element 8 was
sealed with a glass substrate so as not to be exposed to air. Then, operation
characteristics of the element were measured. Note that the measurements were
carried out at room temperature (in the atmosphere kept at 25 °C).
10 [0478]
FIG. 54 shows the voltage vs. luminance characteristics of Light-emitting
Element 8. In FIG. 54, the horizontal axis represents voltage (V) and the vertical axis
represents luminance (cd/m”). In addition, FIG. 55 shows the luminance vs. current
efficiency characteristics of the element. In FIG 55, the horizontal axis represents
15  luminance (cd/m’) and the vertical axis represents cutrent efficiency (cd/A). Further,
Table 10 shows the voltage (V), current density (mA/em?), CIE chromaticity
coordinates (X, y), current efficiency (cd/A}), and extemal quantum efficiency (%) of the
light-emitting element at a luminance of 810 cd/m’.
[0479]
20  [Table 10]
Current - . Current External
Voltage - Chromaticity Chromaticity | Luminance . quantum
V) den51ty2 X y (cd/m%) efficiency efficiency
{mA/cm®) (cd/A) (%)
Light
-emitting 3.0 1.6 0.55 045 810 52 20
element 8

170




-emtting element 12 I TS 110nm BPAFLP: MoOx (=4:2) 40i un BPAFLP 20nm
7nDBTPDBg- 11: PCBA I BP : Hr(nppr-M)2(acae)l (=1:0.15:0.06) 40nm
7nDBTPDBg- |a | Onm BPhen

[0480]

As shown in Table 10, the CIE chromaticity coordinates (x, y) of

Light-emitting Element 8 were (0.55, 0.45) at a luminance of 810 cd/m*. It is found
5  that Light-emitting Element 8 exhibited light emission from [Ir(mppr-Me),(acac)].
[0481]

FIG. 54 and FIG. 55 reveal that Light-emitting Element 8 has low driving
voltage and high current efficiency. It is thus confirmed that a compound to which one
embodiment of the present invention is applied is effective in realizing high voltage vs.

10 luminance characteristics and high luminance vs. current efficiency characteristics.
[0482]

As described above, by using 3Ph-2mDBTPDBq-II produced in Example 7 as
a host material of a light-emitting layer, a light-cmitting element having low driving
voltage and high current efficiency was able to be fabricated.

15 [Example 17}
[0483]

In this example, a light-emit”ting' element of one embodiment of the present
invention will be described referring to FIG. 18. Chemical formulae of materials used
in this example are illustrated below. Note that the chemical formulae of the materials

20 which are illustrated above are omitted.
[0484]
[Chemical Formula 104]

2mDBFPDBg-H

[0485]
25 A method of fabricating Light-emitting Element 9 of this example will be

described below.
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as those of Light-emitting Element 5 described in Example 13.
[0487]

Next, 2-[3-(dibenzofuran-4-yi)phenyl]dibenzo[fh]quinoxaline (abbreviation:
2mDBFPDBg-II) synthesized in Example 8, PCBNBB, and {Ir(mppr-Me),(dpm)]) were
co-evaporated to form the light-emitting layer 1113 over the hole-transport layer 1112.
The weight ratio of 2mDBFPDBg-II to PCBNBB and [Ir(mppr-Me),(dpm)] was
adjusted to 0.8:0.2:0.05 (= 2mDBFPDBq-Il:PCBNBB:[Ir(mppr-Me);{(dpm)]). The
thickness of the light-emitting layer 1113 was set to 40 nm.

[0488]

Further, a 2ZmDBFPDBq-II film was formed to a thickness of 10 nm over the
light-emitting layer 1113, whereby the first electron-transport layer 1114a was formed.
[0489]

Then, a bathophenanthroline (abbreviation: BPhen) film was formed tfo a
thickness of 20 nm over the first electron-transport layer 1114a, whereby the second
electron-transport layer 1114b was formed.

[0490]

Further, a lithium fluoride (LiF) film was formed to a thickness of 1 nm over
the second electron-transport layer 1114b by evaporation, whereby the
electron-injection layer 1115 was formed.

[0491}]

Lastly, an aluminum film was formed to a thickness of 200 nm by evaporation
as the second electrode 1103 functioning as a cathode. Thus, Light-emitting Element 9
of this example was fabricated.

[0492]

Note that, in the above evaporation process, evapoeration was all performed by a

resistance heating method.
[0493]
Table 11 shows an element structure of Light-emitting Element 9 obtained as
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Voltage (V) Current density (mA cn2) ChromaticityChromaticity xY Lum nance
(cd/n2) Current (cd/A) efficiency External quantumefficiency (% Light
-emtting element 12 3.0

described above.

[0494]
[Table 11]
First Second
First -ingezlteion -tr:\{n(;le rt | Light-emitting layer electron electron g?:é:?n- Sccond
electrode IJ PO & g 1ay ~transport -transport HECUOR | o ectrode
ayer iayer layer
layer layer
2mDBFPDBg-1I :
Light BPAFLP: " CBNB;‘:
-emitting | ITSO MoOx | BPAFLP 2mDBFPDBg-11 | BPhen LiF Al
element | 110nm 20nm | Ur(mppr-Me):(dpm)] 10nm 200m | Inm | 200am
g =42 (=0.8:0.2:0.05)
40nm 40nm
5 [0495]
In a glove box containing a nitrogen atmosphere, Light-emitting Element 9 was
sealed with a glass substrate so as not to be exposed to air. Then, operation
characteristics of the element were measured. Note that the measurements were
carried out at room temperature (in the atmosphere kept at 25 °C).
10 [0496]
FIG. 56 shows the voltage vs. Juminance characteristics of Light-emitting
Element 9. In FIG 56, the horizontal axis represents voltage (V) and the vertical axis
represents luminance (cd/m?). In addition, FIG. 57 shows the luminance vs. current
efficiency characteristics of the element. In FIG. 57, the horizontal axis represents
15  luminance (cd/m®) and the vertical axis represents current efficiency (cd/A).  Further,
Table 12 shows the voltage (V), current demsity (mA/em?), CIE chromaticity
coordinates (x, y), current efficiency (cd/A), and external quantum efficiency (%) of the
light-emitting element at a luminance of 990 cd/m®.
[0497]
20  [Table 12]
Current . . Current Exteral
Voltage ) Chromaticity Chromaticity | Luminance ) quantum
) dvansn:y2 x y (cd/m?) efficiency efficiency
{mA/cm”) (cd/A) (%)
Light
-emitting 3.0 1.5 0.55 0.45 990 64 24
element 9
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1.4 0.540.46 720 50 19 [0552] 15As shown in Table 18, the CIE chromaticity
coordinates (x, y) of Light-emtting Elenment 12 were (0.54, 0.46) at a

| um nance of 720 cd/nR2. It is found that Light-emtting El enent 12
exhibited light em ssion from[Ilr(nppr-M)2(acac)]. [0553] FIG 62 and FIG
63 reveal that Light-emtting Elenment 12 has | ow driving 20 vol tage and
hi gh current efficiency. It is thus confirned that a conpound to which one
enbodi ment of the present invention is applied is effective in realizing
hi gh vol tage vs. |um nance characteristics and high | um nance vs. current
efficiency characteristics. [0554] As descri bed above, by using
7nDBTPDBg- [0498k a host material of a 25light-emitting |ayer, a

light-emtting e havi I i, V¢ a i rr.8n
effici ency was a‘;%fregﬁ?%“bg“ (Rple % gﬁé t‘{%"\é‘ﬁ‘;pﬂt‘@&g{] E%?%% B his
exanpl e, alighghmiténd Eleingyt wereel@t5500.46nat echindntinge at U /e dt éssfonnd

matori als GebheBlai AR GRS R ol Bnlshh SO RBR I The”
chemical f@Ha8]) ae of the materials

FIG. 56 and FIG. 57 reveal that Light-emitting Element 9 has low driving
voltage and high current efficiency. It is thus confirmed that a compound to which one
embodiment of the present invention is applied is effective in realizing high voltage vs.

10 luminance characteristics and high luminance vs. current efficiency characteristics.
[0500]

As described above, by using 2mDBFPDBq-II produced in Example 8 as a host
material of a light-emitting layer, a light-emitting element having low driving voltage
and high current efficiency was able to be fabricated.

15 [Example 18]
[0501]

In this example, a light-emitting element of one embodiment of the present
invention will be described referring to FIG. 18. Chemical formulae of materials used
in this example are illustrated below. Note that the chemical formulae of the materials

20  which are illustrated above are omitted.

[0502]
[Chemical Formula 105]
()
B
N\/N
-
2mCzPDBq-Hl!
[0503]
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which are illustrated above are omtted. [0556] [Chem cal Fornula 108]
2PDBg 10[ 0557] Met hods of fabricating Light-emtting El enent 13 and
Ref erence Light-emtting Element 14 of this exanple will be described

bel ow. [0558] (Light-emtting Element 13) 15First, the first el ectrode
1101, the hole-injection layer 1111, and the hole-transport |layer 1112 were
formed over the glass substrate 1100 in the sanme manner as those of
Light-emtting Elenent 5 described in Exanple 13. [0559] Next,

2nDBTPDBg- | 1, PCBALBRI arﬂbﬁdaﬁﬁgmmg}nmtaﬁ%m&ﬁ Ierch@anaﬁPl'eeMﬁPQJ ated to
formthe light-emtting | ayer 1113 over the hole-transport layer 1112. The

wei ght r at {5 dted PRIBTPDBg- 11 to PCBALBP and [Ir(nppr- M) 2(acac)] was

adj ust ed t@s5d410.25:0.06 (= 2nDBTPDBg-11:PCBA | BP: [Ir(nppr-Me)2(acac)]).
The thickness of the light-emtting |ayer 1113 was set to 40 nm [0560]
25Fur t her , (LaghtemBtippBlement ¥ m was formed to a thickness of 10 nm over the

L\;gh; o?jr?e Ejti nflo'%%af?rmllﬁ?gt WB&EAPY 11d1e thi ' Rbe- Bl &EbA Oy LY 3PRPOLL |Ryer 11ll4a
hole-transport layer 1112 were formed over the glass substrate 1100 in the same manner
as those of Light-emitting Element 5 described in Example 13.
[0505]
Next, 2-[3-(3,6-diphenyl-9 H-carbazol-9-yl}phenyl]dibenzo[f,h]quinoxaline

10 (abbreviation: 2mCzPDBgq-III) synthesized in Example 10, PCBNBB, and
[Ir{mppr-Me)>(dpm)]) were co-evaporated to form the light-emitting layer 1113 over the
hole-transport layer 1112. The weight ratio of 2mCzPDBg-1II to PCBNBB and
[Ir(mppr-Me),(dpm)] was adjusted to 0.8:0.2:0.05 (=
2mCzPDBq-III:PCBNBB:{Ir(mppr-Me):(dpm)]). The thickness of the light-emitting

15  layer 1113 was set to 40 nm.

{05063

Further, a 2mCzPDBg-III film was formed to a thickness of 10 nm over the
light-emitting layer 1113, whereby the first electron-transport layer 1114a was formed.
[0507]

20 Then, a BPhen film was formed to a thickness of 20 nm over the first
electron-transport layer 1114a, whereby the second electron-transport layer 1114b was
formed.

[0508]
Further, a LiF film was formed to a thickness of 1 nm over the second

25  electron-transport layer 1114b by evaporation, whereby the electron-injection layer 1115
was formed.

[0509]
Lastly, an aluminum film was formed to a thickness of 200 nm by evaporation
as the second electrode 1103 functioning as a cathode. Thus, Light-emitting Element

30 10 of this example was fabricated.

[0510]

Note that, in the above evaporation process, evaporation was all performed by a

175



Then, a BPhen filmwas fornmed to a thickness of 20 nm over the first

el ectron-transport |ayer 1114a, whereby the second el ectron-transport |ayer
1114b was forned. 5[0562] Further, a LiF filmwas forned to a

t hi ckness of 1 tun over the second el ectron-transport |ayer 1114b by
evaporati on, whereby the electron-injection |layer 1115 was formed. [0563]
10Lastly, an alumnumfilmwas fornmed to a thickness of 200 nm by
evaporation as the second el ectrode 1103 functioning as a cathode. Thus,
Light-emtting Element 13 of this exanple was fabricated. [0564] Note that,
in the above evapora rocess evaporation was all perfornmed by a

15r esi st ance hgﬁgﬁﬁﬁ Wﬁﬁﬁg od [0565] (Reference Light-emtting El enent 14)
The light-em tfasng | ayer 1113 of Reference Light-em tting El ement 14 was
formed by co-evapor al i bbyevi ati on:
2PDBg), 20 PCBALBP, %é’lhgﬂ P‘gwgﬂnmg’%ﬁ) g‘%‘:g‘?e gfq]['ghmi‘ﬁ%mée e‘“n?‘% fged 2PDBg t 0
PCBALBP and [ | Agrrbed abgs 2(acac)] was adjusted to 1:0. 25 0. 06

2PDBq: PCBALBP: [ostajmppr - Me) 2(acac)]). The thickness of the light-emtting

| ayer 1113 was L0 40 nm [0566] 25The first electron-transport |ayer
1114a of Referéﬁc% ight-emtting Elenent 14 was forned with a 10-nmthick

2PDBg fi I m The conponent$ ot herf than the |1 pht- em ttiing T ayer 1TI3and he
first g ectron-ﬁganspﬁ@% Ia?@k 1114a were fof tedd tf%ka%geEanmeLséam
t hose Li ghpeteeroiad It TEf RN SRR | 138 POBBAY B0 Tabhgord 9 | ShQBG: |EWEHN L iccrode
struct ures of] Li ght} tiing”El dnent 13 and Refesence| tayer | 2V
Light BPAELP: meczgggg_m :
-emitting | ITSO | MoOx | BpAFLP ) 2mCzPDBqg-II | BPhen LiF Al
clement | 110nm 20nm | Lr(mppr-Me(Gpm)] 10nm 200m | Inm | 2000m
10 (=4:2) (=0.8:0.2:0.05)
40nm 40nm

[0513]}
In a glove box containing a nitrogen atmosphere, Light-emitting Element 10
10 was sealed with a glass substrate so as not to be exposed 1o air. Then, operation
characteristics of the element were measured. Note that the measurements were
carried out at room temperature (in the atmosphere kept at 25 °C).
[0514]
FIG. 58 shows the voltage vs. luminance characteristics of Light-emitting
15  Element 10. In FIG. 58, the horizontal axis represents voltage (V) and the vertical axis
represents luminance {¢d/m’). In addition, FIG. 59 shows the luminance vs. current
efficiency characteristics of the element. In FIG 59, the horizontal axis represents
Juminance (cd/m”) and the vertical axis represents current efficiency (cd/A). Further,
Table 14 shows the voltage (V), cument density (mA/em®), CIE chromaticity
20 coordinates (x, y), current efficiency (cd/A), and external quantum efficiency (%) of the
light-emitting element at a luminance of 870 ¢d/m?.
[0515]
[Table 14)]
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Light-emtting El ement 14 obtained as described above. [0568] [Table 19]
First electrode Hole -injection |ayer Hole -transport |ayer Light-emtting
| ayer First electron -transport |ayer Second

Current . . . . Current External
Voltage densi Chromaticity Chromaticity | Luminance efficiency | duantum
2 ( mA/c;yz) b'e y (cd/m?) (cd/ A)}' efficiency
(%)
Light
-emitting 3.0 L.3 0.55 0.45 870 69 26
element 10
[0516]

As shown in Table 14, the CIE chromaticity coordinates (x, y) of

Light-emitting Element 10 were (0.55, 0.45) at a [uminance of 870 cd/m®. It is found
5 that Light-emitting Element 10 exhibited light emission from [Ir(mppr-Me)y(dpm)).
[0517]

FIG. 58 and FIG. 59 reveal that Light-emitting Element 10 has low driving
voltage and high current efficiency. It is thus confirmed that a compound to which one
embodiment of the present invention is applied is effective in realizing high voltage vs.

10 luminance characteristics and high luminance vs. current efficiency characteristics.
[0518]

As described above, by using 2mCzPDBq-III produced in Example 10 as a host
material of a light-emitting layer, a light-emitting element having low driving voltage
and high current efficiency was able to be fabricated.

15  [Example 19]
[0519]

In this example, a light-emitting element of one embodiment of the present
invention will be described referring to FIG. 18. Chemical formulae of materials used
in this example are illustrated below. Note that the chemical formulae of the materials

20 which are illustrated above are omitted.
[0520]
[Chemical Formula 106]
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el ectron -transport |ayer Electron- injection |layer Second el ectrode Light
-emtting elenent 13 I TS 110nm BPAFLP: MoOx (=4:2) 40nm BPAFLP

PCPDBg
[0521]
A method of fabricating Light-emitting Element 11 of this example will be
described below.
5 [0522]

(Light-emitting Element 11)

First, the first electrode 1101, the hole-injection layer 1111, and the
hole-transport layer 1112 were formed over the glass substrate 1100 in the same manner
as those of Light-emitting Element 5 described in Example 13.

10 [0523]

Next, 2-[4-(9-phenyl-9H-carbazol-3-yl)phenyl]dibenzof,i]quinoxaline
(abbreviation: PCPDBq) synthesized in Example 11, PCBNBB, and
[Ir(mppr-Me);(dpm)]) were co-evaporated to form the light-emitting layer 1113 over the
hole-transport layer 1112. The weight ratio of PCPDBq to PCBNBB and

15 [Ir(mppr-Me):(dpm)] was adjusted to 0.8:0.2:0.05 (=
PCPDBq:PCBNBB:{Ir(mppr-Me)(dpm)]). The thickness of the light-emitting layer
1113 was set to 40 nm.
[0524]
Further, a PCPDBq film was formed to a thickness of 10 nm over the
20 light-emitting layer 1113, whereby the first electron-transport layer 1114a was formed.
[0525]
Then, a bathophenanthroline (abbreviation: BPhen) film was formed to a
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20nm 2nDBTPDBg- 11 @ PCBA 1BP : [Ir(nppr-M)2(acac)] (=1:0.25:0.06) 40nm
2nDBTPDBg- |1 I Onm BPhen 20nm Li F 1nm Al 200nm Reference light -emtting
el ement 14

thickness of 20 nm over the first electron-transport layer 1114a, whereby the second
electron-transport layer 1114b was formed.
[0526}

Further, a lithium fluoride (LiF) film was formed to a thickness of 1 nm over

5 the second electron-transport layer 1114b by evaporation, whereby the

electron-injection layer 1115 was formed,
[0527)]

Lastly, an aluminum film was formed to a thickness of 200 nm by evaporation
as the second electrode 1103 functioning as a cathode. Thus, Light-emitting Element

10 11 of this example was fabricated.

[0528]
Note that, in the above evaporation process, evaporation was all performed by a
resistance heating method.
{05297
15 Table 15 shows an element structure of Light-emitting Element 11 obtained as
described above.
[0530]
[Table 15]
First Second
First -inlj-lef:’:l:iton -n'&Ix{n(;l:ort Light-emitting layer electron | electron ﬁ:f:é:ﬁ: Second
clectrode -transport | -transport electrode
layer layer 1 layer . .
ayer layer
PCPDBq:
Light BPAFLP: b CBNB% :
-emitting | ITSO | MoOx | BpAFLP e PCPDBq | BPhen LiF Al
ppr-Me);(dpm)]
element | 110nm 20nm 10nm 20nm Inm 200nm
11 (=4:2) (=0.8:0.2:0.05)
40nm 40nm
20 [0531]

In a glove box containing a nitrogen atmosphere, Light-emitting Element 11
was sealed with a glass substrate so as not to be exposed to air. Then, operation
characteristics of the element were measured. Note that the measurements were
carried out at room temperature (in the atmosphere kept at 25 °C).

25 [0532]
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|
[

TSO | |

Onm BPAFLP: MbOx (=4:2) 40nm BPAFLP 20nm 2PDBq :
(=1: 0. 25: 0. 06) 40nm 2PDBq |

I r(nppr-Me)2(acac)]

Element 11.

PCBA |

BP :

Onm BPhen 20nm Li F |

FIG. 60 shows the voltage vs. luminance characteristics of Light-emitting

In FIG. 60, the horizontal axis represents voltage (V) and the vertical axis

represents luminance (cd/m®). In addition, FIG. 61 shows the luminance vs. current
efficiency characteristics of the element. In FIG 61, the horizontal axis represents
luminance (cd/m?) and the vertical axis represents current efficiency {cd/A). Further,
Table 16 shows the voltage (V), current density (mA/cm?), CIE chromaticity

coordinates (x, y), current efficiency (cd/A), and external quantum efficiency (%) of the

light-emitting element at a luminance of 860 cd/m?,

[0533]

10  [Table

16)

Voltage
V)

Current
density
(mA/cmz)

Chromaticity Chromaticity
X y

Luminance
(cd/m?)

Current
efficiency
- {cd/A)

External
guantum
efficiency
(%)

Light
-emitting
element 11

2.8

1.6

0.55 0.44

860

54

21

15

20

25

[0534]

As shown in Table 16, the CIE chromaticity coordinates (x, y) of
Light-emitting Element 11 were (0.55, 0.44) at a luminance of 860 cd/m®. It is found
that Light-emitting Element 11 exhibited light emission from [Ir(mppr-Me),(dpm)].
[0535]

FIG. 60 and FIG. 61 reveal that Light-emitting Element 1 has low driving
voltage and high current efficiency. It is thus confirmed that a compound to which one
embodiment of the present invention is applied is effective in realizing high voltage vs.
luminance characteristics and high luminance vs. current efficiency characteristics.
[0536] |

As described above, by using PCPDBq produced in Example 11 as a.host
material of a light-emitting layer, a light-emitting element having low driving voltage
and high current efficiency was able to be fabricated.

[Example 20]
[0537]
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Al 200nm [0569] In a glove box containing a nitrogen atnosphere,
Light-emtting Elenent 13 5 and Reference Light-emtting El enent 14 were
sealed with a glass substrate so as not to be exposed to air. Then,
operation characteristics of these elenents were neasured. Note that the
measurenents were carried out at roomtenperature (in the atnosphere kept
at 25 C). [0570] 10FIG 64 shows the current density vs. |um nance
characteristics of Light-emtting Element 13 and Reference Light-emtting

El ement 14. 1n FhGhis G4ampiBea Mehi ARt el of QRE RRMBYTachL b BRI prdRAST LY
(mVcn?) and the vertical axis represents |um nance (cd/n2). I'n addition,
FIG 65 sh@ﬁ%ﬂt{oﬁé“ﬁ@ﬁdaifé‘b%f.‘*fqrﬂ% 19dibiel& n {rhemiicat farmpleg of materiplusgb, t he
hor i zont al inalis x4rBiE B2AMsHal@lbtRAE N¥le BRI BRMNES Frh@lac 1P hehidiSidiEPT €SENt S
| um nance (¢d/n2). FIG 66 shows the |um nance vs. current efficiency

char act er i Which are illystpiecsabyg arq graittadyr j zont al axi s represents | umi nance

(cd/ n2)s anghsgdfle vertical axis represents current efficiency (cd/A). FIG 67
shows the voltage vs. current characteristics. In FIG 67, the horizontal
axi s repr edgmical lormalpelO7Y) and the vertical axis represents current (m).
Further, Table 20 shows the voltage current 20 density (mAknR2), CIE
chromaticity coordinates (x, y), CU ficiency (cd/A), and external
guantum efficiency (%9 of the |ight i ti{ng el ement at a | um nance of 1100
cd/ nm2. [0571] [Table 20] Voltag\/) Cérpent density

7mDBTPDBg-H

f0539]
A method of fabricating Light-emitting Element 12 of this example will be
10 described below.
[0540]
(Light-emitting Element 12)

First, the first electrode 1101, the hole-injection layer 1111, and the

hole-transport layer 1112 were formed over the glass substrate 1100 in the same manner
15 as those of Light-emitting Element 5 described in Example 13.
[0541]

Next, 7-[3-(dibenzothiophen-4-yl)phenyl]dibenzo[f;4]quinoxaline
(abbreviation: 7mDBTPDBqg-II) (whose synthesis method is described in Reference
Example 3), PCBAIBP, and [Ir(mppr-Me):(acac)]) were co-evaporated to form the

20 light-emitting layer 1113 over the hole-transport layer 1112. The weight ratio of
TmDBTPDBq-II to PCBA1BP and [Ir(mppr-Me)(acac)] was adjusted to 1:0.15:0.06 (=

TmDBTPDBg-II:PCBA1BP:[Ir{mppr-Me),(acac)]). The thickness of the
light-emitting layer 1113 was set to 40 nm.
[0542]

25 Further, a 7mDBTPDBg-II film was formed to a thickness of 10 nm over the

light-emitting layer 1113, whereby the first electron-transport layer 1114a was formed.
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(iniNcnR) Chromaticity Chromaticity xy Lum nance (cd/n2) Current
efficiency u (cd/A) External quantumefficiency (% Light -emtting el enent
13 3.4 2.2 0.540.45 1100 48 19

[0543)

Then, a BPhen film was formed to a thickness of 20 nm over the first
electron-transport layer 1114a, whereby the second electron-transport layer 1114b was
formed.

5 [0544]

Further, a LiF film was formed to a thickness of 1 nm over the second
electron-transport layer 1114b by evaporation, whereby the electron-injection layer 1115
was formed.

[0545)
10 Lastly, an aluminum film was formed to a thickness of 200 nm by evaporation
as the second electrode 1103 functioning as a cathode. Thus, Light-emitting Element
12 of this example was fabricated.
[0546]
Note that, in the above evaporation process, evaporation was ali performed by a
15  resistance heating method.
[0547]

Table 17 shows an element structure of Light-emitting Element 12 obtained as
described above.
[0548)

20  [Table 17]

First Second
First  Hole Hole . - electron electron | L0OOM" | g ond
electrode | Tiniection | -transport Light-emifting layer transport transport injection clectrode
layer layer layer layer layer
Light BPAFLP: 7m?g;§?§gf 1
-emitting | ITSO MoOx | BPAFLP 0 r(mppr_Me)z(écac)] 7mDBTPDBq- I | BPhen LiF Al
element | 110 20 10 20nm 1 200
i (=42 i (=1:0.15:0.06) nm o o
401m 40nm
[0549]

In a glove box containing a nitrogen atmosphere, Light-emitting Element 12
was sealed with a glass substrate so as not to be exposed to air. Then, operation

25  characteristics of the element were measured. Note that the measurements were
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Reference light -emtting element 14 4.6 44 0.530.47 1100 2.4 0.9 [0572]
As shown in Table 20, the CIE chromaticity coordinates (x, y) of
Light-emtting Elenent 13 and Reference Light-emtting El enent 14 were
respectively (0.54, 0.44) and (0.53, 0.47) at a luminance of 1100 cd/n2. It
Is found that 10 Light-emtting El enent 13 and Reference Light-emtting

El enent 14 each exhibited Iight em ssion from[Ilr(nppr-M)2(acac)] [0573]
FIG 67 reveals that, in a region at voltage |ower than the voltage (of
about 2V) at which light em ssion starts, a larger current flows in

Ref erence &h%togfﬁ‘r$&ﬁ {é%:?gérﬂ @?@QE&JJ&M% g&%gdg’ﬁn_ this exanple than in

Light-emtting enent tron di cates that the current
ef fi ci encyl08%0]Ref erence Light-enmitting Element 14 is significantly | ow.

This is consi deli:@ 620 %Sbﬁlgg}én&e F)Sgﬁe&nﬁgﬁ h?irac%e t{calcghélé h] ggr :, ther

1113 of Reference Lig IS Crys
| eakage OcElement 120] EEFIQ] 62, the horizontal axis represents voltage (V) and the vertical axis

5  represents luminance (cdfmz). In addition, FIG. 63 shows the luminance vs. current
efficiency characteristics of the element. In FIG. 63, the horizontal axis represents
luminance (cd/m?) and the vertical axis represents current efficiency (cd/A).  Further,
Table 18 shows the voltage (V), current density (mA/ecm?), CIE chromaticity
coordinates (x, y), current efficiency (cd/A), and external quantum efficiency (%) of the

10 light-emitting element at a luminance of 720 cd/m?,

[0551]
[Table 18]
Current Current External
Voltage densi Chromaticity Chromaticity | Luminance ffici quantum
V) t::/suyz X y (cd/m?) © 1((:11}210)! efficiency
(mA/om’) NI R
Light
-emitting 3.0 1.4 0.54 0.46 720 50 19
element 12
[0552]
15 As shown in Table 18, the CIE chromaticity coordinates (x, y) of

Light-emitting Element 12 were (0.54, 0.46) at a luminance of 720 cd/m®. It is found
that Light-emitting Element 12 exhibited light emission from {Ir(mppr-Me),(acac)].
[0553]
FIG. 62 and FIG. 63 reveal that Light-emitting Element 12 has low driving
20 voltage and high current efficiency. It is thus confirmed that a compound to which one
embodiment of the present invention is applied is effective in realizing high voltage vs.
luminance characteristics and high luminance .vs. current efficiency characteristics.
[0554]
As described above, by using 7mDBTPDBg-II as a host material of a
25  light-emitting layer, a light-emitting element having low driving voltage and high

current efficiency was able to be fabricated.
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In contrast, FIG 64, FIG 65, FIG 66, and FIG 67 denonstrate that
Light-emtting Elenent 13 has | ow driving voltage and hi gh current
efficiency. It is thus confirmed that a conmpound to which one enbodi nent of
the present invention is applied is effective in realizing high voltage vs.
| um nance characteristics and high |um nance vs. current efficiency
characteristics. [0575] As descri bed above, by using 2nDBTPDBg- |

as a host material of a light-emtting layer, a light-emtting el ement
havi ng | owmRtaiypiered] vol t age and high 5current efficiency was able to be
fabricated 576] (Reference Exanple 1) A nmet hod of synthesi zi ng
4-pheny|-4H§% - phenyl fl uoren-9-yfltri phenyl am ne (abbreviati on: BPAFLP)

used in Exanpl e 13 tﬁ@féx&rhee,ukightadi’ﬂbtﬁlgw'lédwr@%f%ﬁ@@hfbb@iﬁ‘lehb’oﬂ-@ﬂ%ﬁ@srehtbed- The
structure of BPAFLP is illustrated below [0577] [Chem cal Formula 109]

BPAF LP [ Oglyg]nogzg[i%tbg }ges_gnbgg,ﬁq% © KE Hod (‘dpmical ormulae of materials used

9- (4- BronopheR¥lamgle RRAMEIHBEBRE] Note that thdlcRmiQP fifnulBbe8rRedd ask, 1.2
g (50 nunol) of magnesium was heated and stirred under reduced pressure for

30 m nut esWhigharedlystrated abaygpessomifiedas activated. After the flask was cool ed
to room tefgegat ure and was made to have a nitrogen atnosphere, several
drops of dibronoet hane were added, so that foam formati on and 20 heat

gener at i on{GhemécatBormivtan¥®8] After 12 g (50 nmol ) of 2-bronobi phenyl

di ssolved in 10 nL of diethyl ether wgsyslowy dripped into this m xture,
the m xture was stirred and heated reflux for 2.5 hours, whereby a
7N

Gignard reagent was prepared. [0579
N N

2PDBq

10 [0557]
Methods of fabricating Light-emitting Element 13 and Reference
Light-emitting Element 14 of this example will be described below.
[0558]
(Light-emitting Element 13)
15 First, the first electrode 1101, the hole-injection layer 1111, and the
hole-transport layer 1112 were formed over the glass substrate 1100 in the same manner
as those of Light-emitting Element 5 described in Example 13.
[0559]
Next, 2mDBTPDBq-1I, PCBAIBP, and [Ir(mppr-Me)(acac)]) were
20 co-evaporated to form the light-emitting layer 1113 over the hole-transport layer 1112.
The weight ratio of 2mDBTPDBq-II to PCBAI1BP and [Ir{mppr-Me),(acac)] was
adjusted to 1:0.25:0.06 (= 2mDBTPDBq-II:PCBAI1BP:[Ir(mppr-Me)(acac)]). The
thickness of the light-emitting layer 1113 was set to 40 nm.
[0560]
25 Further, a 2mDBTPDBq-II film was formed to a thickness of 10 nm over the
light-emitting layer 1113, whereby the first electron-transport layer 1114a was formed.
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In a 500-nmL three-neck flask were put 10 g (40 mmol ) of 4-bronobenzophenone
and 100 inL of diethyl ether. After the Gignard reagent prepared as above
was slowy dripped into this mxture, the m xture was heated and stirred
under reflux for 9 hours. 5[0580] After reaction, this mxed liquid
was filtered to give a substance. The substance obtained by the filtration
was dissolved in 150 nL of ethyl acetate, and 1N-hydrochloric acid was
added to the m xture, which was then stirred for 2 hours until it was nade
acid. The psgenic | ayer of this liquid was washed with water. Then, 10

nagnesiun1su|fatﬁ1mas ded_thereto so that npisture is renoved. This
suspensi on was fithef it reqnfilm s deungd; fong thickpesared Ihameenerether fised to

gi ve a hi gllkotroniitf@epbst lay@ Uil dda, WIBRBY the second eledtfdndraaOidis & UPRY flask
were put this highly vigcous quuid% 50 ﬁfld$eglgciaﬁgéce fc acl ,Sand 1.0

mL of hydr@@ﬁﬁbric acid. The m xture was heated and 15stirred under a

ni trogen afosesphere at 130 C for 1.5 hours to be reacted. [0582]

After reaction, this reaction mxed liquid was filtered to give a

subst ance. The dupS¢ranckiFofimiwasdfopyed ke af thicknessi dfnl wars owers fhedseapridh wat er |

an agqueousgsqfh ' j . anol..in thi rder.
Then, the st i 46158 fibneRuichh RbenyRCo T IARE 1 Fisg o
yi el d, whi ¥hs fpEmed he substance to be produced. The reaction scheme of the
synt hesi s gﬂod is illustrated in the following (D-1). [0583] [Chem ca
Formul a 11@? Br [ 0584]

10 Lastly, an aluminum film was formed to a thickness of 200 nm by evaporation

as the second electrode 1103 functioning as a cathode. Thus, Light-emitting Element
13 of this example was fabricated.
[0564]

Note that, in the above evaporation process, evaporation was all performed by a

15  resistance heating method.

[0565)
(Reference Light-emitting Element 14)

The light-emitting layer 1113 of Reference Light-emitting Element 14 was
formed by co-evaporation of 2-phenyldibenzo[f;#]quinoxaline (abbreviation: 2PDBq),

20 PCBAIBP, and [Ir(mppr-Me)x(acac)]. The weight ratio of 2PDBq to PCBA1BP and
[Ir(mppr-Me),(acac)] was adjusted to 1:0.25:0.06 (=
2PDBq:PCBA1BP:[Ir(mppr-Me)(acac)]). The thickness of the light-emitting layer
1113 was set to 40 nm.

[0566]

25 The first electron-transport layer 1114a of Reference Light-emitting Element
14 was formed with a 10-nm-thick 2PDBq film. The components other than the
light-emitting layer 1113 and the first electron-transport layer 1114a were formed in the
same manner as those of Light-emitting Element 13.

[0567]

30 Table 19 shows element structures of Light-emitting Element 13 and Reference
Light-emitting Element 14 obtained as described above.

[0568]
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[Step 2: Synthesis Method of

4- Phenyl-41-(9- phenyl fluoren-9-yl)tri phenyl am ne (abbreviation: BPAFLP) ]
5In a 100-nlL three-neck flask were put 3.2 g (8.0 mml) of

9- (4- bronophenyl) - 9- phenyl fl uorene, 2.0 g (8.0 nunol) of

4- phenyl - di phenylam ne, 1.0 g (10 nmol) of sodiumtert-butoxide, and 23 ng

(0.04 mol ) of bis (dibenzylideneacetone)palladiun(0). The air in the flask

was replaced with nitrogen. Then, 20 nL of dehydrated xyl ene was added to

this m xture.

pressure,

sol uti

0. 2{%&(9]1 mnol) of tri(tert-butyl)phosphine (a 10 wt % hexane
the mxture, This mxture was heated and stirred

After the m xture was 10 degassed by stirring under reduced

under bgen at nbs| her rpIllO C for 2 hour suf:0 be| sgant %%#0585]

15Af t i Bt ROQ Ral dded dearchhe I @aagbd O TR edecond

l'i qui Hietgods Jgncgcgﬁogi or;a f#?l]t %m‘{‘ﬁ 13% § ougtansBdror i jsirdnsporpf O Eﬁ%deiwodaako
Pur e em cal ] ndustries, Ltd Cat a aI oq No 540‘9@9135) alpygr pr odug¢ed
by Wako Pure| Chem }?JAF pcustrl esszBTPDBq@at alog No. b53l-1685

filtrate wasicancentyaied, t heP¢Br8BPL i NQ f{}%} tance was b
silicqd Qoo vin £hr omat gé h;ilr(rr\mprtl\ﬂp)z&cf@})d% 3‘ sdj ben I Héne
and hdgxane i h a ra}liG+df Thé= g &iosed frac |ons were c & 1ol
and acdet one and nel héamsl Were added 40ant he m xture. Thie m xt NS
irradijated W th ultrasonifc wavels angbpghen recrystalll zZgd to T g of a
whi t e #lin 92/ BPATEIld, whilch pasaibhe sybstance tof be pr The
reacti th. 'c heresof t%e xsy BPREP |{Irgpihah@es)] | | | uspbsat ed igphdnh DWW Jig
(D-2) | Ll5E) 18pehprigal |Fetmulja 1d3d,sh887]  10am The| Ribawa H0iEn
produgedi1subst ance{ 9- (4-bronophenyl)-9-phenyl fl uorene, and

4- phedy! - di phenyl ajri Hemwgr e r espect i4Pety 0.41, 0.51, and 0.2 h wer
found 10 by silica gel thin [ayer chronat ography (TLO " (wmt

sol vent The

conpound

10

15

20

of et _fwg%)acet ate and hexane in a ratio of 1:10). [0588]
obt ai'ne

t hrough the above Step 2 was subjected to a nucl ear
magneti c resonance It AigRyve et trothininEheninepes aneshee, Heltamitie Blean ibel ow. The
15 nmeasur enentynd Rsbibdcs Ligﬂpénﬁﬁlhg Efefd@h 15 Q6 ORIAWAR Y gﬁ&@é&ﬁ&g sovﬁ%otEEPAFL P,

which is a fluorene derivative.

be exposed to air. Then, operation characteristics of these elements were measured.
Note that the measurements were carried out at room temperature (in the atmosphere
kept at 25 °C).

[0570]

FIG. 64 shows the current density vs. luminance characteristics of
Light-emitting Element 13 and Reference Light-emitting Element 14. In FIG. 64, the
horizontal axis represents current density (mA/cm®) and the vertical axis represents
luminance (cd/m?). In addition, FIG. 65 shows the voltage wvs. luminance
characteristics. In FIG. 65, the horizontal axis represents voltage (V) and the vertical
axis represents luminance (cd/m?). FIG. 66 shows the luminance vs. current efficiency
characteristics. In FIG. 66, the horizontal axis represents luminance (cd/m?) and the
vertical axis represents current efficiency (cd/A). FIG. 67 shows the voltage vs.
current characteristics. In FIG. 67, the horizontal axis represents voltage (V) and the
vertical axis represents current {mA). Further, Table 20 showé the voltage (V), current
density (mA/em?®), CIE chromaticity coordinates (x, y), current efficiency (¢cd/A), and
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[ 0589] 1H NVR (CDCl 3, 300 MHz): 8 (ppm) = 6.63-7.02 (m
3H), 7.06-7.11 (m 611), 7.19-7.45 (m 18H), 7.53-7.55 (m 2H), 7.75 (d, J
= 6.9Hz, 2H). 20[0590] (Reference Exanple 2) Amet hodof synthesi zing

(di pi val oyl net hanat o) bi s( 3, 5-di net hy1- 2- phenyl pyrazinato)iridium(111)
(abbreviation: [Ir(nmppr-Me)2(dpn)]) used in Exanple 13 and the |ike above
w Il be specifically described. The structure of [Ir(nmppr-M)2(dpm] is
illustrated bel ow. [0591] 5[ Chem cal Fornula 112] flr(nmppr-M)2(dpm]

[ 0592] First, 20 nL of 2-ethoxyethanol, 1.55 g of a binuclear conplex
di - p-chl or gl 1l abbrevi at
i on 10 [ (r%xgh%{r ELIII\/E%“‘%;ﬂ é?%ew%%f%ﬁeo?g‘g%%%%?%’ E&uan‘é‘g %éé g of

sodi um car te were m xed. The m xture was i rradl at ed vvlth m cr owaves
under argongdypbling for 30 minutes, whereby the mixture was reacted. After
reaction, the reaction solution was cool ed down to roomtenperature, and
wat er was a#beLOhereto. This mixture sol ution was separat ed |nto an

Oor ganifc I ayer gndan] aqueouy ayer; —and organg-stbstanges—wer§ n?’&,‘
extradted fron | UGwotest | g chl or.omet hane. [Thaurehg3 eIIn%‘y pr
was cqmbi ned w ?g,?g% dembityl i Q%n%?au[cﬁ% %W&E?‘%W"C aﬂbisﬁo@rc‘gg >
m xturle was washed wi hAsmi)r, ol owed by dryiind® AngeLan oY S 5i um
sul f atre &"%‘er that—the—m-{ture—was g'm“fy f'!tered, nd—thelfikfJatf was
concertr to dry and_harden. is soli recrystallized firoma ntxed
sol vent F‘ ’chl cojr“omat haﬁe dnd Qtsganol to‘)%ﬁ a Z‘ég ed| poftdler {in ¥ yi &l d
of 67 [SHE hat—t-he—t+r+aghat-i-on—w-th mr‘rmﬂav_es_ms_perfnrnrd usingia
m crowa% ergﬁ‘? thesis system (|Di scover, manufactyred by CEM Corpdration)| The
synt hgs e 4@f thiagstgp i 958l lustraggrinithgipel | pwipg (B-1)g¢ [ 0p93]

element 14

5

[0572]

As shown in Table 20, the CIE chromaticity coordinates (x, y) of
Light-emitting Element 13 and Reference Light-emitting Element 14 were respectively
(0.54, 0.44) and (0.53, 0.47) at a luminance of 1100 cd/m?. It is found that

10 Light-emitting Element 13 and Reference Light-emitting Element 14 each exhibited
light emission from [Ir{mppr-Me)(acac)].
[0573]
FIG. 67 reveals that, in a region at voltage lower than the voltage (of about 2V)
at which light emission starts, a larger current flows in Reference Light-emitting
15 Element 14 fabricated in this example than in Light-emitting Element 13. In addition,
Table 20 indicates that the current efficiency of Reference Light-emitting Element 14 is
significantly low. This is considered to be because 2PDBq used for the light-emitting
layer 1113 of Reference Light-emitting Element 14 is crystallized and current leakage
occurs,
20 [0574}

In contrast, FIG. 64, FIG. 65, FIG. 66, and FIG. 67 demonstrate that
Light-emitting Element 13 has low driving voltage and high current efficiency. It is
thus confirmed that a compound to which one embodiment of the present invention is

applied is effective in realizing high voltage vs. luminance characteristics and high
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[ Chem cal Fornula 113] or(npunne)2(cluni)l [0594] Note that a

nucl ear magneti c resonance (1H NMR) nethod identified this conpound as an
organonetal lic conplex [Ir(nppr-M)2(dpm], which was the 5 substance to be
produced. The obtained 1H NVR analysis results are shown bel ow. [0595]

1H NVR. 8 (CDCI3): 0.90 (s, 1H), 2.59 (s, 6H), 3.04 (s, 6H), 5.49 (s, 1H
6.32 (dd, 2H), 6.70 (dt, 2H), 6.88 (dt, 2H), 7.86 (d, 2H), 8.19 (s, 2H

[ 0596] 10 (Reference Exanple 3) Anethodof synt hesi zi ng

7[ 3- (di beng@tifne®He Burdeny biRREAYIhicRERER[ f h] qui noxal i ne (abbrevi ation
7nDBTPDBq-II% used in Exanple 20 and the like will be specifically

descri bed. (OR8] structure of 7nDBTPDBg-11 is illustrated bel ow. 15[0597]

[ Cheni cal Formul g kddlived %@%g%ﬂéé _ilnloél?ﬁl]’l)éé}ff"apeasiehgst?%la%ggi’;gf%w ] A

schene for the synthesis of I's illustrat
light-emifting layer, a light-emitting element having low driving voltage and high

5  curent efficiency was able to be fabricated.
[0576]
(Reference Example 1)
A method of synthesizing 4-phenyl-4’-(9-phenylfluoren-9-yl)triphenylamine
(abbreviation: BPAFLP) used in Example 3 and the like above will be specifically
10 described. The structure of BPAFLP is illustrated below.
[0577]
[Chemical Formula 109]

BPAFLP

[0578]
15  [Step 1: Synthesis Method of 9-(4-Bromophenyl)-9-phenylfluorene]
In a 100-ml. three-neck flask, 1.2 g (50 mmol) of magnesium was heated and
stirred under reduced pressure for 30 minutes, whereby the magnesium was activated.
After the flask was cooled to room temperature and was made to have a nitrogen
atmosphere, several drops of dibromoethane were added, so that foam formation and
20 heat generation were confirmed. After 12 g (50 mmol) of 2-bromobiphenyl dissolved
in 10 mL of diethyl ether was slowly dripped into this mixture, the mixture was stirred
and heated under reflux for 2.5 hours, whereby a Grignard reagent was prepared.
[0579]
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7nDBTPDBg-11 [0600] In a 50-mL three-neck flask were put 1.2 g (4.0 mol)
of 10 7-bronodi benzo[ 1, h] qui noxaline, 1.3 g (4.3 nmol) of

3- (di benzot hi ophen-4-yl) phenyl boroni ¢ acid, 20 nL of toluene, 4 nL of

et hanol, and 4 nL of a 2M aqueous potassi um carbonate solution. This

m xture was degassed by stirring under reduced pressure. To this m xture
was added 93 ng (81 pnol) of tetrakis(triphenyl phosphine)palladium0). This
m xture was stirred under a nitrogen 15streamat 80 C for 7 hours. After a
predeterm ned ti ne had el apsed, water was added to the obtained m xture,
or gani ¢ subst anesawee-next thies-eaekf ritpsk t heereaagpetou) | ay A0 wintthol) oloiene. The
obt ai ned s}, Utbo Lae s3d h c st \@qg with the
organi c | ayer, ﬁ]z%mhexutre mg&mgggﬁgég%ni’lhe%efqﬂpgﬁsat rngétarer% %erl ne, and

t he or ganlmeﬂa@ﬁ@s ahave Wes sdwiy ddipped grte shis mistutd, deemixfine svasiheatad endas
gravity fidl Jiltrate was concentrated to give a solid. The
obt ai ned sofrg%gr\?\‘ﬁgreﬁug?cgl lQ‘a’by silica gel colum chromatography (with a
devel opi ndOS;&ﬂl]vent of toluene) and recrystallized fromtoluene to give 1.4
g of a pale yell d i ch s.the substance, to be

pr oduced. [0601]A \Agor{ rté}snméxﬁg/l %’f‘é‘i B WEHLE elve agsug?mlcﬁe EBT ai ned

pal e yell Cmbqlxﬁmde)btam&ﬂlhyhthmﬂﬂtrﬁthﬁ wmdisstﬂ&dsiublsstoamﬁeof sed Rutatef agd. | n the
purificati h rod ced bst ance, eate t 255 der ressure
"5 5 pa WSS adeih S ae ofe v Bt fard ot nel

purl ficatiipwas a8 ag@idOf Te Pighfic Y8t OMUHRONGGE WidSwARRERIWRRvddt. aThdnel d of 42
% N@R was the supstance to be produced., 15[ 0602]

11-1 daaBReYm Shidate pias pAded BerEOr Sonthat mpistuEsispsIP YRl : This SYsnARROT CDCL3,

300M—Izvﬁizeﬁ7aﬁ,1rm 7.92 (m
6H) 8 2)8 s Filtéreft [and tielred l.nfsz;rate%wlgg%’orfgglitrga?edTo 1\@ |ﬂ¥g§1 I%zmoouzh@ﬁ%d ] (: -

dd Hz,
, Sﬂ-l) 891893(m3|—|) 9.24 (dd, J:72Hz 2.1 Hz, 1H), 9.31

(d J = 8.4 Hz, e Patent
hobl i cat i on s6r ol as o s AUSE T R AR S3acRaRl IMRATEES o on

March 1, 20rel acdiies asid, iané Icbmlenk bydsechigniccavidir dhiemiabye iwas degod andd by

refer §4C€ stirred under a nitrogen atmosphere at 130 °C for 1.5 hours to be reacted.

[0582]

After reaction, this reaction mixed liquid was filtered to give a substance. The
substance obtained by the filtration was washed with water, an aqueous sodium
hydroxide solution, water, and methanol in this order. Then, the mixture was dried to

20 give 11 g of a white powder in 69 % yield, which was the substance to be produced.
The reaction scheme of the synthesis method is illustrated in the following (D-1).
[0583]
[Chemical Formula 110]
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VWHAT | S CLAI MED 1| S. 1. A heterocyclic conpound including a

di benzo[fl ] qui noxaline ring and a hol e-transport skel eton which are bonded
to each other through an aryl ene group. 52. The heterocyclic conpound
according to claim1l, wherein the hole-transport skeleton is a it-electron

rich heteroaromatic ring. 3. The heterocyclic conmpound accordi ng
to claim2, wherein the it-electron rich heteroaronmatic ring is a carbazole
ring, a dibenzofinan ring, or a dibenzothi ophene 10ri ng. 4. The

het er ocycl i ¢ conpound according to claim 1, wherein the aryl ene group has
one or nore substitugnts. 155. The heterocyclic conmpound according to claim
4, wherein the st Pt uents are bonded to forma ring. 6. The

het erocycl i c conoulnd .accor di & &2bhBp.AtNe" wherein the arylene group is
any of a substituted unsubstituredphenyren& group, a substituted or
unsubstituted 20 bi phe Idix# gr p,\and a _substituted or unsubstituted

m phenyl ene group. ihel icygl i c compound according to claim
1, wherein: the heterocyclic conpotngis-regresented by General Fornul a
(01): R12 25(Gl) A represents any of substituted or unsubstituted
carbazolyl group, a substituted or unslbstituted di benzothi ophenyl group,
and a substituted or unsubstituted di benz§furanyl group; each of R
to R19 represents any of hydrogen, an al kyi, group having 1 to 4 carbon
atons, and a substituted or unsubstitutedl aryl group having 6 to 13 carbon
5 atons; and -

3) HCI, ACOH

(0-1)

[0584]
[Step 2. Synthesis Method of 4-Phenyl-4'-(9-phenylfluoren-9-yl)triphenylamine
(abbreviation: BPAFLP)]

5 In a 100-mL three-neck flask were put 32 g (8.0 mmol) of
9-(4-bromophenyl)-9-phenylfluorene, 2.0 g (8.0 mmol) of 4-phenyl-diphenylamine, 1.0
g (10 mmol) of sodium fert-butoxide, and 23 mg (0.04 mmol) of bis
(dibenzylideneacetone)palladium(0). The air in the flask was replaced with nitrogen.
Then, 20 mL of dehydrated xylene was added to this mixture. After the mixture was

10  degassed by stiming under reduced pressure, 02 mL (0.1 mmol) of
tri{fert-butyl)phosphine (a 10 wt% hexane solution) was added to the mixture. This
mixture was heated and stirred under a nitrogen atmosphere at 110 °C for 2 hours to be
reacted.

[0585]

15 After reaction, 200 mL of toluene was added to the reaction mixed liquid, and
this suspension was filtered through Florisil (produced by Wako Pure Chemical
Industries, Ltd., Catalog No. 540-00135) and Celite (produced by Wako Pure Chemical
Industries, Ltd., Catalog No. 531-16855). The filtrate was concentrated, and the
resulting substance was purified by silica gel column chromatography (with a

20  developing solvent of toluene and hexane in a ratio of 1:4). The obtained fractions

were concentrated, and acetone and methanol were added to the mixture. The mixture
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Ar represents the arylene group having 6 to 13 carbon atons. 8. The
het erocycl i ¢ conpound according to claim?7, wherein the aryl ene group has
one or nore substituents. 10 9. The heterocyclic conpound according
to claim8, wherein the substituents are bonded to forma ring.

10. The heterocyclic conpound according to claim7, wherein Ar is any of a
15substituted or unsubstituted phenyl ene group, a substituted or
unsubstituted bi phenyldiyl group, and a substituted or unsubstituted

m phenyl ene group 11. The heterocyclic _conpound according to claim
7, wher ei nwaszma%éteﬁe‘tl@rlﬂtfwweﬂ%m% fhgn jrecrysigdlized dotgine by e@frrewhite For nul a

( @ 1, %%/déxﬁg 92/ %&e]d}lvm& washhEhbshés HH8 pll%lelE?J ﬁlg?ea&on scheme

of the synthesis method is illustrated in the following (D-2).
[0586]
5  [Chemical Formula 111}

Br Q\
N

H

Pd{dba),
(tBu)sP,
tBUONa,

Xylene

BPAFLP

[0587]
The Rf values of the produced substance, 9-(4-bromophenyl)-9-phenylfluorene,
and 4-phenyl-diphenylamine were respectively 0.41, 0.51, and 0.27, which were found
10 by silica gel thin layer chromatography (TLC) (with a developing solvent of ethyl
acetate and hexane in a ratio of 1:10).
[0588]
The compound obtained through the above Step 2 was subjected to a nuclear
magnetic resonance (NMR) method. The measurement data are shown below. The
15  measurement results indicate that the obtained compound was BPAFLP, which is a
fluorene derivative.
[0589]
'H NMR (CDCls, 300 MHz): 8 (ppm) = 6.63-7.02 (m, 3H), 7.06-7.11 (m, 6H),
7.19-7.45 (m, 18H), 7.53-7.55 (m, 2H), 7.75 (4, J = 6.9Hz, 2H).
20 [0590]
(Reference Example 2)

A method of synthesizing
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Z represents oxygen or sulfur; and each of R21 to R27 represents
hydr ogen, an al kyl group having 1 to 4 carbon atons, or a substituted or

unsubstituted aryl group having 6 to 13 carbon atons. 25 12. The
het er ocycl i ¢ conpound according to claim 11, wherein the arylene group has
one of nore substituents. 13. The heterocyclic conpound according

to claim12, wherein the substituents 5 are bonded to forma ring.
14. The heterocyclic conpound according to claim11l, wherein Ar is any of a

substituted or unsubstltutedﬁggenylene roup, a substltuted or
unsubst i t dBeialoyppiape@Risc ghyignphenylpyiseinate indamgtl) u {ebhsetistiont ed

m phenyl er[ﬁ‘(lﬁﬁﬁl}ﬂe)g(aﬁm)]?] used mlixar;[;kls Reher QféYFﬂJ;d BoR O PAURI s ARERY Ng t O
claim 11, wherein erocyclic conpound is regresente by Genera

For mul a ( @gscriped. (@sﬂct&@@w prr-mmpal)hmﬂlrsgﬁtﬁ@ ®f¥s hydrogen, an al kyl

group havirpgyd to 4 carbon atons, or a substituted or unsubstituted aryl

group having to 13 carbon atons. 16. The heterocyclic conpound
accor disng [fbemicaliformsla lWHer ei n R42 and R43 are bonded to R43 and R44
respectively to forma ring. 20 17. The heterocyclic conmpound
according to claim7,/ wher ; HyC ST

CH3

(ir(mppr-Me)z(dpm)]

[0592]
First, 20 mL of 2-ethoxyethanol, 1.55 g of a binuclear complex
di-pt-chloro-bis[bis(3,5-dimethyl-2-phenylpyrazinato)iridium(III}] (abbreviation:
10 [Ir(mppr-Me),Cl]»), 0.8 ml of dipivaloylmethane, and 1.38 g of sodium carbonate were
mixed. The mixture was irradiated with microwaves under argon bubbling for 30
minutes, whereby the mixture was reacted. After reaction, the reaction solution was
cooled down to room temperature, and water was added thereto. This mixture solution
was separated into an organic layer and an aqueous layer, and organic substances were
15 extracted from the aqueous layer with dichloromethane. The organic layer was
combined with the solution of the extracted organic substances, the mixture was washed
with water, followed by drying with anhydrous magnesium sulfate. After that, the
mixture was gravity filtered, and the filtrate was concentrated to dry and harden. This
solid was recrystallized from a mixed solvent of dichloromethane and ethanol to give a
20 red powder in a yield of 67 %. Note that the irradiation with microwaves was
performed using a microwave synthesis system (Discover, manufactured by CEM
Corporation). The synthesis scheme of this step is illustrate in the following (E-1).
[0593]
[Chemical Formula 113]
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the heterocyclic conpound is represented by CGeneral Formula (02-2),

each of R31 to R38 represents hydrogen, an al kyl group having 1 to 4 carbon
atons, or a substituted or unsubstituted aryl group having 6 to 13 carbon
atons. 518. The heterocyclic conmpound according to claim17, wherein the
aryl ene group has one or nore substituents. 19. The heterocyclic
conpound according to claim 18, wherein the substituents are bonded to form
aring. 10 20. The heterocyclic conmpound according to claim17,
wherein Ar is any of a substituted or unsubstituted phenyl ene group, a
substituted or unsubstituted bi phggyl diyl group, and a substituted or

1 . 'Nhe hetergeychj c conpound accordi ng

to claim17, wherei h *er c cpnpound i sf@presented by Ceneral

Formula (&3-2),/ (G3 egefiof R gL re?r ts hydrogen, an al kyl

group havi ng 1 itfhC4 »ﬁbad'\tgv a /subst it @I unsubstituted aryl
e

group having 6 to }3 ganbon ato 22. ,erocyclic conpound
according to clam 2L, erein RA2 and/R43 are befded to R43 and R44
respectively to Yornt%&/ribng. 5 23. Alight-enitting el enent
conprising a conpound including a dibenzo[fli]quinoxaline ring and a

hol e-transport skel eton which are bonded t eacnﬁpéngr t hrough an aryl ene

group. oy
Na,CO3 . _lr/0>
- H3 e TN
2-ethoxyethanot 7N o ngs (E-1)
H

i
N O
CHs /
[Ir(mppr-Me),(dpm)]

[0594]

Note that a nuclear magnetic resonance (‘'H NMR) method identified this

compound as an organometallic complex [Ir(mppr-Me):(dpm)], which was the
5  substance to be produced. The obtained 'H NMR analysis results are shown below.
[0595]

'"H NMR. § (CDCls): 0.90 (s, 1H), 2.59 (s, 6H), 3.04 (s, 6H), 5.49 (s, 1H), 6.32
(dd, 2H), 6.70 (dt, 2H), 6.88 (dt, 2H), 7.86 (d, 2H), 8.19 (s, 2H).

[0596]
10 (Reference Example 3)

A method of synthesizing
7-[3-(dibenzothiophen-4-yl)phenyl]dibenzo[f,h]quinoxaline (abbreviation:
7mDBTPDBq-II) used in Example 20 and the like will be specifically described. The
structure of 7mDBTPDB(q-II is illustrated below.

15 [0597]
{Chemical Formula 114]

193



1024. The light-emtting el enent according to claim 23, wherein the

hol e-transport skeleton is a n-electron rich heteroaromatic ring.

25. The light-emtting el enment according to claim 24, wherein the
it-electron rich heteroaromatic ring is a carbazole ring, a di benzofuran
ring, or a dibenzothi ophene 15ri ng. 26. The light-emtting el ement
according to claim 23, wherein the arylene group has one or nore
substituents. 2027. The light-emtting el ement according to claim 26,
wherein the substituents are bonded to forma ring. 28. The
light-emtting el enent according tg 23, wherein the arylene group is
any of a substituted or unsubstitu yl ene group, a substituted or
25unsubsti t ut ed blphenyldlyl gr ops ajsubstituted or unsubstituted

m phenyl ene group. 29. ﬁ!ﬂ i ng device conprising the
light-emtting el enent according tg _clai m23. 3030. An electronic device
conprising the light-emttinge¢desi£eVNaccording to claim29. 31. A lighting
devi ce conprising the |ight-enfiting’devi ce according to claim?29. 532. A
light-emtting elenment conprising a light-emtting material and a conpound
i ncluding a di benzo[ f h] qui noxal i reDBTRTBgAINd a hol e-transport skel eton which

are bonded to each other through an aryl ene group. 33. The

l'i ght - eni tIP$%%g el ement according to clai m 32, wherein the 10hol e-transport
skel et on | het er oar onat i ¢ ring. 34. The

l'i ght-em tt Yﬁh&hc@hﬁ%ﬁf@ﬁ%@i% to claim33, wherein the it-electron rich

het er oar omati c r\lsnlgsmesfoatheaymmmIOMmDBQ",P%qdﬁ aHusvhtedam(B-ng, or a
dibenz%th%Baﬂﬁne ring. 15

[Chemical Formula 115]

Oﬁ
~§iil’ B(OH);

Pd{PPh3)4

2M ¥,C0;5 ag. F-1)

Y

Toluene, Ethano!

7mDBTRPDBg-H
[0600]
In a 50-ml. three-neck flask were put 1.2 g (4.0 mmol) of
10 7-bromodibenzo[f,h]quinoxaline, 1.3 g (4.3 mmol) of

3-(dibenzothiophen-4-yl)phenylboronic acid, 20 mL of toluene, 4 mL of ethanol, and 4
mL of a 2M aqueous potassium carbonate solution. This mixture was degassed by
stirring under reduced pressure. To this mixture was added 93 mg (81 pmol) of
tetrakis(triphenylphosphine)palladium(0). This mixture was stitred under a nitrogen

15  stream at 80 °C for 7 hours. After a predetermined time had elapsed, water was added
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35. The light-emtting elenment according to claim 32, wherein the aryl ene

group has one or nore substituents. 36. The light-emtting
el enent according to claim35, wherein the substituents 20 are bonded to
forma ring. 37. The light-emtting elenment according to claim 32,

wherein the arylene group is any of a substituted or unsubstituted

phenyl ene group, a substituted or unsubstituted blphenyldlyl group, and a
substituted or unsubstituted m phenylene group. 25 . A
light-emitting device conprising the light-emtting el enent accordlng to
cl ai m 32. to the obtained mixtugg organicshbstancesivere detvictd famn‘p'maguemgs tdyer with

i ght em tghﬂ% ?K%S@talﬁgé:%rhﬂlog fh% e§9‘gét9d 6IE<’§I§C s%bstgnﬁes was Olltltl)llqgi 1%1'\1“ ce

COFTDI'I Si ng t ttin eVI ce accor
the organic layer the mixutre was washed with water and saturated brine, and the

organic layer was dried with magnesium sulfate. This mixture was gravity filtered,
5  and the filtrate was concentrated to give a solid. The obtained solid was purified by

silica gel column chromatography (with a developing solvent of toluene) and

recrystallized from toluene to give 1.4 g of a pale yellow powder in 61 % yield, which

was the substance to be produced.

[0601]

10 By a train sublimation method, 1.4 g of the obtained pale yellow powder,
which was the produced substance, was purified. In the purification, the produced
substance was heated at 255 °C under a pressure of 2.5 Pa with a flow rate of argon gas
of 5 mL/min, After the purification, 0.60 g of a pale yellow powder was obtained in a
yield of 42 %, which was the substance to be produced.

15 [0602]

'H NMR data of the obtained substance are as follows: 'H NMR (CDCls, 300
MHz): 8 = 7.47-7.51 (m, 2H), 7.62 (d, J = 4.8 Hz, 2H), 7.68-7.92 (m, 6H), 8.08 (dd, J =
8.4 Hz, 1.5 Hz, 1H), 8.19-8.24 (m, 3H), 8.74 (dd, J = 7.8 Hz, 1.5 Hz, 1H), 8.91-8.93 (m,
3H), 9.24 (dd, J = 7.2 Hz, 2.1 Hz, 1H), 9.31 (d, ] = 8.4 Hz, 1H).

20

This application is based on Japanese Patent Application serial no.
2010-044720 filed with the Japan Patent Office on March 1, 2010, the entire contents of

which are hereby incorporated by reference.
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WHAT IS CLAIMED IS:
1. A heterocyclic compound including a dibenzo[f,#]quinoxaline ring and a

hole-transport skeleton which are bonded to each other through an arylene group.

2. The heterocyclic compound according to claim 1, wherein the hole-transport

skeleton is a n-electron rich heteroaromatic ring.

3. The heterocyclic compound according to claim 2, wherein the m-electron
rich heteroaromatic ring is a carbazole ring, a dibenzofuran ring, or a dibenzothiophene

ring.

4. The heterocyclic compound according to claim 1, wherein the arylene group

has one or more substituents,

5. The heterocyclic compound according to claim 4, wherein the substituents

are bonded to form a ring.

6. The heterocyclic compound according to claim 1, wherein the arylene group
is any of a substituted or unsubstituted phenylene group, a substituted or unsubstituted

biphenyldiyl group, and a substituted or unsubstituted m-phenylene group.

7. The heterocyclic compound according to claim 1,
wherein:

the heterocyclic compound is represented by General Formula (G1):

Rto]j, ST R19
R16 s "R18

G1)

A represents any of a substituted or unsubstituted carbazolyl group, a
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substituted or unsubstituted dibenzothiophenyl group, and a substituted or unsubstituted
dibenzofuranyl group;
each of R'' to R'” represents any of hydrogen, an alkyl group having 1 to 4
carbon atoms, and a substituted or unsubstituted aryl group having 6 to 13 carbon
5  atoms; and

Ar represents the arylene group having 6 to 13 carbon atoms.

8. The heterocyclic compound according to claim 7, wherein the arylene group
has one or more substituents,
10
9. The heterocyclic compound according to claim 8, wherein the substituents

are bonded to form a ring.

10. The heterocyclic compound according to claim 7, wherein Ar is any of a
15  substituted or unsubstituted phenylene group, a substituted or unsubstituted
biphenyldiy! group, and a substituted or unsubstituted m-phenylene group.

11. The heterocyclic compound according to claim 7,
wherein:

20 the heterocyclic compound is represented by General Formula (G2-1),

(G2-1)

Z represents oxygen or sulfur; and
each of R*' to R? represents hydrogen, an alkyl group having 1 to 4 carbon
atoms, or a substituted or unsubstituted aryl group having 6 to 13 carbon atoms.
25
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12. The heterocyclic compound according to claim 11, wherein the arylene

group has one of more substituents.

13. The heterocyclic compound according to claim 12, wherein the substituents

5 are bonded to form a ring.

14. The heterocyclic compound according to claim 11, wherein Ar is any of a
substitutied or unsubstituted phenylene group, a substituted or unsubstituted
biphenyldiyl group, and a substituted or unsubstituted m-phenylene group.

10

15. The heterocyclic compound according to claim 11,

wherein:

the heterocyclic compound is represented by General Formula (G3-1),

(G3-1)

15 each of R* to R* represents hydrogen, an alkyl group having I to 4 carbon

atoms, or a substituted or unsubstituted aryl group having 6 to 13 carbon atoms.

16. The heterocyclic compound according to claim 15, wherein R* and R® are
bonded to R** and R* respectively to form a ring.
20
17. The heterocyclic compound according to claim 7,
wherein:

the heterocyclic compound is represented by General Formula (G2-2),
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15

{G2-2)

each of R’ to R*® represents hydrogen, an alky! group having 1 to 4 carbon

atoms, or a substituted or unsubstituted aryl group having 6 to 13 carbon atoms.

18. The heterocyclic compound according to claim 17, wherein the arylene

group has one or more substituents.

19. The heterocyclic compound according to claim 18, wherein the substituents

are bonded to form a ring.

20. The heterocyclic compound according to claim 17, wherein Ar is any of a
substituted or unsubstituted phenylene group, a substituted or unsubstituted

biphenyldiy! group, and a substituted or unsubstituted m-phenylene group.

21. The heterocyclic compound according to claim 17,
wherein:

the heterocyclic compound is represented by General Formula (G3-2),

(G3-2)

each of R*' to R* represents hydrogen, an alkyl group having 1 to 4 carbon
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30

atoms, or a substituted or unsubstituted aryl group having 6 to 13 carbon atoms.

22. The heterocyclic compound according to claim 21, wherein R* and R® are

bonded to R** and R* respectively to form a ring.

23. A light-emitting element comprising a compound including a
dibenzo[f,h]quinoxaline ring and a hole-transport skeleton which are bonded to each

other through an arylene group.

24. The light-emitting element according to claim 23, wherein the

hole-transport skeleton is a R-electron rich heteroaromatic ring.

25. The light-emitting element according to claim 24, wherein the 7t-electron
rich heteroaromatic ring is a carbazole ring, a dibenzofuran ring, or a dibenzothiophene

ring,

26. The light-emitting element according to claim 23, wherein the arylene

group has one or more substituents.

27. The light-emitting element according to claim 26, wherein the substituents

are bonded to form a ring.
28. The light-emitting element according to claim 23, wherein the arylene
group is any of a substituted or unsubstituted phenylene group, a substituted or

unsubstituted biphenyldiyl group, and a substituted or unsubstituted #-phenylene group.

29. A light-emitting device comprising the light-emitting element according to

claim 23.

30. An electronic device comprising the light-emitting device according to

claim 29,
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30

31. A lighting device comprising the light-emitting device according to claim
29.

32. A light-emitting element comprising a light-emitting material and a
compound including a dibenzo[f,h]quinoxaline ring and a hole-transport skeleton which

are bonded to each other through an arylene group.

33. The light-emitting element according to claim 32, wherein the

hole-transport skeleton is a n-electron rich heteroaromatic ring.

34. The light-emitting element according to claim 33, wherein the n-electron
rich heteroaromatic ring is a carbazole ring, a dibenzofuran ring, or a dibenzothiophene

ring.

35. The light-emitting element according to claim 32, wherein the arylene

group has one or more substituents.

36. The light-emitting element according to claim 35, wherein the substituents

are bonded to form a ring.
37. The light-emitting element according to claim 32, wherein the arylene
group is any of a substituted or unsubstituted phenylene group, a substituted or

unsubstituted biphenyldiyl group, and a substituted or unsubstituted m-phenylene group.

38. A light-emitting device comprising the light-emitting element according to

claim 32.

39. An electronic device comprising the light-emitting device according to

claim 38.
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38.

40. A lighting device comprising the light-emitting device according to claim

202



