10

15

20

25

30

35

,DESCRIPTICN CHARGE- TRANSPORTI NG VARNI SH 5 TECHNICAL

FI ELD The present invention relates to a
charge-transporting varnish and its products in the
form of charge-transporting thin film organic

el ectrol um nescence (abbreviated as 10 organic EL
hereinafter) elenent, and solar cell. BACKGROUND ART
Organic EL el enents are béﬁggkégﬁiﬁiSified into | ow
wei ght nol ecul ar type org ED for short
hereinafter) 15 &HARSE-SRANSPORYINEVABNESHrgani ¢ EL
(PLED for short hereinafter) elenents. It has been
reported that an OLED elenent is inproved in initia
characteristic properties (such as |ow drive voltage

and high [um nous efficipgeaMicandrigde if it is 20
provided with a copper phthalocyanine (CuPC) |ayer as

the holRf iBHRREN ot IVEPELOn RELBESE ot oA PaEFE - transporting

Betiid ahd iAgpbreduBlgsifsthet &, oﬂdJS:haﬂﬁ_ﬂﬁ-stﬁ&isportlng
een reported t

2160 2162) at a PL
Sl Gk redtho MRThEFRI A afigsed as
mﬂam@labevelnhfrterﬂsezémmbw aell seltdr acdidl e
transporting | ayer (buffer layer) made froma
pol yaniline type material or a pol ythi ophene type
material. (For the for mEACKGRONNDt ARTon- Pat ent
Docurrerdr nlcl\@wre@..emgﬂtsl_ﬁgg bi‘@édl%@laé’é&ffgg D 1ow

atent Docunent ysics Letters,

and :
§1gf§9m0198pla§4tyge 35931244‘5 l-'*%24('f3'1“’?f"“:br fqmshont fereinatter)
edletientte AlBA- Ba]LWérDBﬁplﬂBrmtgarﬂic Apl(irekiPaest Ghort

P%Q_.e%gfgfy&dli ?nﬁﬁ Olr72 pp. 2660-2662) It has

een-rep ganic EL elenent is inproved
i n inititahashheeaot eepsritedptbperan BLEY element is 1mproved

0 ' t
B0 thitdalolyhiictablonte Shiledt 4y AREHEE BBy grive
weléapal and Npigh b&mH@OQ$e¢ﬁﬁlQiﬁﬂﬂmﬂ ﬁ@@bﬁﬂibodﬁhéﬁtls
ErobE&ngﬁﬂf‘ﬁa&téQﬁ% ﬁ%ié&}arg%\é q@RPyS124%3 as the
VO gE 1245 48);. netal "hal
hole injec&tion layer. (Refer to Non Patent Document 1:
Applied Physics Letters, US, 1996, vol. 69, pp. 2160-2162)
It has been reported that a PLED element is also

improved as in the case of OLED mentioned above if it is

‘provided with a hole transporting layer (buffer layer) made

from a polyaniline type material or a polythiophene type

material. (For the former, refer to Non-Patent Document 2:

Nature, UK, 1992, vol. 357, pp. 477-479, and Non-Patent

Document 3: Applied Physics Letters, US, 1994, vol. 64,

pp.1245-1247. For the latter, refer to Non-Patent Document

4: Applied Physics Letters, US, 1998, vol. 72, pp. 2660-2662)
It has been reported that an organic EL element is

--improved in initial characteristic properties if it is

provided (at its cathode side) with an electron injection
layer made from any of the following materials. Metal oxide
(refer to Non-Patent Document 5: IEEE Transaction on Electron

- Devices, US, 1997, vol. 44, pp. 1245-1248); metal halide '
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-1 (refer to Non-Patent Docunent 6: Applied Physics
Letters, US, 1997, vol. 70, pp. 152-154); netal
conplex (refer to Non-Patent Docunent 7: Japanese
Journal of Applied Physics, 1999, vol. 38, pp.
1348-1350) 5 The hole injection material for CLED

ef mfEyt $d Non+Patkeytapsateentl 6 § Aprdairas PhyedlcsThetters, US,
vantag of a er | for posi t.i Qn at. it
AR08, 2By TOREhR) LAl PRP IS, (R o
sﬂmlﬁﬂ:aﬁ@elta@oamaplbom é@pamese i fowtmall wfbdpplied Physics,
l%? ln@gle 33 ggouhg4gay§5@ od heat resistance, 10
h

it shoul e an adequate ionization potentia

(1P fortheshstle ﬁ@rnaqtappem?tewi% B9E LivEh el Rmendrs diis

hlb%ﬂl@n&en@fterﬁaml ¢erf @ép@@i@idrﬁ' sthar dﬂ@ﬁ&ﬁhht@@e of a
t her _di sadvant age a materj al for deposition i

rdak £eT %PPHSgFéEPr?%aW%F Hopihpldreet severa
&mpxi\tambage prlayﬁr&m@mt dti ahoiad depasi amonpAdus solid,

i Pophdicbe' SeTufalie P Al R, 480 paat peggstance.

@nid ditesbpuidnhave anvade@uite alsaratzacnmnlpptmaaﬂol( &, for
's@ﬂo%‘i‘:t h@EeE?%f’Eéfb hafh % *&1%'3h¥anltl£1gégﬂhf£ov?§am?ﬁe 2Pghge of

dver sel ects aracterls ﬁertles even
shencs #erymgﬁantah%afﬁn@ems:lm%m ehBother dsad¥@rtage of

ar fakeeihayebr d8Sos Pt for rANHG i tiRlse ik dh feQéchEaally
'sl enents _shoul d neet such requirenents as h|

PRABBor tTHRy LIRAFEAE%Ee PrENEBI S0P ‘i“f‘§eFﬁa%u &?ﬂ?gﬁltl‘m
fooml arhibusipg| § Neigh seltdrRs Hreinspoet iagd pedEguatace. The

rosu it d Phrt "Cnd (SR Rl SR ket R ne Lov.
SuPfeas saveomnonly agvechtlugles iasidddiiloowmatemépl bast ai highly
%?E@?uﬁér%ﬁg#%%%g%%k%ﬂlﬁf‘t CRILHLE o ghwa@% gcleam

enents range of Ol Ce
BEPDERE bohoRveR SVRRn 14 AaTY Al SNt EY Pheyitapgters the

btgbfeof?aﬁgc apgy&gati on. They are restricted in
nethodi 0 uniformfilm Manwhile, there

moe o tnh hol LA pt e i s L At HLEDh & AR et

shouldand®t newdh aregfiirens0lid ia@ hiwhi ¢harge transporting
performance, insolubility in a solvent for luminous polymer
such as toluene, and adequate I,. Polyaniline type material
and polythiophene type material, which are commonly used at
present, suffer several disadvantages as follows. They
contain water as a solvent which might accelerate degradation
of elements. They have a limited range of choice for
solvents because of their low solubility. They are liable to
aggregation. They are restricted in methods for forming
uniform £ilm.

Meanwhile, there has recently been found a charge
transporting,varnish (in the form of organic'sblution) which
contains a low-molecular-weight oligoaniline type material as
the charge-transporting substance. It has been reported that
an organic EL element exhibits outstanding characteristic
properties -if it is provided with a hole injection layer made
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contains a | ow nol ecul ar-wei ght oligoaniline type
material as as the charge-transporting substance. It
has been reported that an organic EL el ement exhibits
out standi ng characteristic propertiesifit is provided
with a hole injection [ayer made -2 fromthe charge

t2 fggmrigllqb; &gaygéntﬁ&sﬁdiﬁ]ﬁfg tv%r@ﬁ%?nt ﬁ@fé&t BY phteh?
e e arge ransporting

vg?ﬁluglﬁ % %’ﬁ}?@g T@%r’&ﬁ | ecul ar - wei ght
char ge- Homesrpmrt thg embﬁgmr(s@ﬁxdﬁn@vﬁi&nibh containing
i r a e ptin nt _suhs nce

o8 Rlre B et A O AR e A BRPECR o HURI B (whion
Ilnaﬁd’éﬁt iagorperaked|witthas c@alr@w valcgept.mg depani esubstance)
| PPesEhBL0R1 EE PSP h FehShA C& Hagndy| eYfobey! afn

qﬂ hence a | ow vi scosi rnls
K %’Fé%su 1Y uPrles &ass agilow ¥idseped tynbearneristhe

CelRatog- ﬁr@ﬁmmgorsduéﬂaﬁce hak- hehoﬁp&l@yé&ma@%lgnt and
t.he |ike. mon )yto ad ust . t he wscosH‘%

VRIS Lo I b g ThE TRRRLER grl W e vieresity
rpteserts oci:l.ffimﬂrtpm’samnngatrheuﬁabeatﬂhgmpfdsn@ss by printing,

tfﬂl@— &%%ﬁq{a{a%%dl—q\‘)@vg change in the _rml ecul ar

wei gh "G&- tTansporting material is
accon”pahl eemmgn way et astiausde then vilsgosddly pfopearnisis,is by
"R G IRSRS! bBGnLPEE" PhEPREEerddl ox

soI ubl | |£t? and _nor phol og hus 1t
e?d}‘i%‘quq%tixﬂ%d@é PRtRriAduYithangEhickentng Zgent .

physi callopéeRe) tdlﬁzgeoint Imeom%chaa@ wéﬁlgﬂf POF aEh@N
W|tha t hi ckeni.n to deteriorate the

agent
%ﬁ’f&?ﬁtlﬁ BEPFEJP ﬁﬁeac%fﬂp?%’a%%r%Y a great change
nmntplmmcbedbmpemtties dehithcast ch@rg@dﬁﬂmlﬁhytiafﬁ ust

WRE00ARL Y ol ORWALILT IO kbt Phdd se 1

pdififdawicdo "ﬂldéupﬂ:eshﬁt vmoeaitrmwmhowbmpha;tmg rother
lﬁh%l@‘alt BRopkt888i Nton |thd S J:OQL I%?o@a%i%ﬂt with a
i;gl\égtm@gg)ﬁg %igpgg:méleggs a1r:10 deéggforate t ee tcrhaar.]rg?e.o rtti.lar}lsportlng
performance.

For reasons mentioned above, it is difficult to
adeguately adjust the viscosity of the varnish while
maintaining other properties such as charge transporting
performance.

The present invention was completed in view of the
foregoing. It is an object of the present invention to
provide an improved charge-transporting varnish and its
products in the form of charge-transporting thin f£ilm,
organic EL element, and solar cell. The above-mentioned
charge-transporting varnish exhibits highly uniform
film-forming performance even in the system containing &
low-molecular-weight charge transporting substance and a
charge accepting dopant substance. When used in an OLED

element or a PLED element, it exhibits outstanding EL




30 products in the formof charge-transporting thin
film organic EL elenent, and solar cell. The
above-nmentioned charge-transporting varnish exhibits
highly uniform filmform ng performance even in the
system contai ning-a | ow nol ecul ar-wei ght charge
transporting substance and a 35 charge accepting
digaactenbstiarce sutheas used dm venveLEye elhdgbni uninaus
RIEDeLeAPNtand hiogyhiPEds outstanding EL -3
characteristics, stch as |ow drive voltage, high

| um nous eff|C|ency and long life. DI SCLOSURE OF

| NVENTI ON The i nvernmyca.ogredorhatveanyesni sh

cont aifin [ i C rge-transpostin substance

partlgﬁlagpggntgrgaﬂm%ﬁggﬁg%o e VAR50 9 % %.ékalnlng

mm@éFLCav}@@@@tmﬁn@@@rmng\ewmtme hipghet cuhaml 16 G0,

@l&@@h&@gclﬁn@lﬁﬁhyﬁﬁh.h@ﬂgérLQWé&é@%'ﬂdT%cuﬁgrawéi H% no
E rEace ¢Q§e ul"ari ti es, due to aggregation af

gbﬁ PEatiah AN s oISt vEdapBr At FOHE 5§ﬁ§§ P ﬁh%eaﬁlse

gpeatfnhMewnmmemwﬂﬁmcef¢mcegdh&r1tnes-dde sbaekbnggation

%&E@Eta§§§hc4¥¥856aha 895§ﬁt'éb:ﬁ %hblﬁé%?h%§“¥l has a

polymeric materials aV|n C|e tl
%PéEqu%freRWé’llgﬁtllalofqrw@ Ba@,u%,o oift~ lfChEEa@flmﬁi ﬁéfe@heand

PEBSENL s i PYEIEOriH @a@pbesl@yhay SHdrEpAflymek$c materials

esearches achi eve, th ntlon
PR T dctnt O MY PR oRAE e Oyt ookt SPR Rehe of
@haﬁgélndlmmspdmtmmgssubsiam@nthH @rried out a series of

Qa&ggegféﬁé§°E5'Jghfgﬂéa%%% aggbgthéhafgﬁQﬁ e As a

ch arge transportl ng subst ance an opant
§P88oFvett o ufiT et gpErEREsh nC%ptam%gv s §B§r99~
sobuepbrwind Auspaack ¢oyi §C@1$3F]ﬁge4mr@po@@ﬂﬁ@r@i<lyamcy

| t rventsterra n sol vent
B O B S S Rl Rb B i) s herie 230
fprenbi Whigh fior dassohvedhes, unifowdniddhpgrved i se

h@gﬁ vEBQBEYt#”%JIVéHﬂ|W1%hfh|gbéé?%l@aW&gﬁbéf%%dh%§ the

ion layer of organic¢c EL el enents.
Fé’E‘HF‘FPE Veug]ém & Haaﬁé%ﬁtgn%r%rq‘fﬁm taeha%eal%v@nd
- dpilvenvoftageag@regatipoded kunsadusnefdiaicandyonaad the

@ngxg%ngfgmlféfhaéq%%§?‘rhus, the varnish gives rise to a
highly uniform thin film that can be used as the hole

injection layer of organic EL elements. The resulting
organic EL elements are found to have a low drive voltage, an
improved luminous efficiency, and an extended life. These
findings led to the present invention.

In a first aspect, there is provided a charge-
transporting varnish which comprises a charge-transporting
substance composed of a charge-transporting monomer or a
charge-transporting oligomer having a number-average
molecular weight of 200 to 5,000, or polymer having a
number—-average molecular weight of 200 to 500,000, or a
‘charge-transporting organic material composed of said
charge-transporting substance and an electron accepting
dopant substance or hole accepting dopant substance, and a

-solvent containing at least one species of

—-4-




findings led to the present invention. In a first
aspect, there is provided a charge- transporting
varni sh whi ch conprises a charge-transporting

subst ance conposed of a charge-transporti ng nononer or
a charge-transporting oligoner having a
nunber - average nol ecul ar wei ght of 200 to 5, 000, or

1@9 a{mrsd&@y_tggs@lve@ﬁn%hﬁgeé a\&%aase%?%@rm/veaog Bbootpa s
9 500,000, or a charge-trans organi c

ﬁjét% i G %%GQQH%T‘CE%%PO]@%@“ FSﬁ%‘ﬁ%r?]F nfg}ﬁarge-
sudissamce randraanet end ol #c dafinigndisdopead stihsiidealy

85_8 S%Qaqglegtél,}l;agS?P\P&[g S.Slékl%it %Hgﬁge ngﬂan%_ﬁboa_’%ll n!ﬂ nomer

al ni ng at eas one 'species 0 VI SCOSI
aof vetaHR hgsaconiegriiad) st tsobedne ook HEsE one 29@3165

§@l@c1§étﬁrﬂ%mt EABSPOf it SURgkanse Bit&Da@edi— to tetra-

ort.i.n nmat erj.al .bei ng di ssol ved or

TR A 8o B dTie o Fhadfy ohytarts By 012,
etkwqxidneangpnylem@}rph&nnieneandaphtmﬁﬂnne hasmthracene,
fﬁ&&éﬁ@&@dOQQ%Bﬁethﬁﬁi%Ldl%ashu R&1 dﬁino§§h§ﬁéed

fron1subst|tuted or unsubstitute to tetra-
TR SRR, BT ghHEhe, PYéFlf“Hiji“ﬁer fm%%@ﬂwpr ol e,

pﬁénymdﬂEWinyYEﬂyjefEhoﬂﬁh&nyb@ﬂﬂazé&éﬁ?ﬂﬁﬂdﬁ?&amlne, metal-
e Z oxadl azo
égﬁggwﬁﬁﬁ br ﬁg%gf'fkeé p é%Fngya%+$?(xﬁp& EﬁFF&lne

qU|no gui noxal
@@nﬁaﬁrmn@eorpmgt@hfr@e pelrphyrénevsald evejubiedeneits

r@mgehéb@é YA Ayt 1AL 1y COPL B JHNG0being
free Ehth | ocyani_.ne, and hetal - ‘cont ai ni ng-or

?ﬁﬁ%ﬁong§8u oFPRYFFHHIONY @T€BRPEdat ed units bei ng
'honmgenehmmgeﬁurans@bmmmﬂgsbybatmang@@yobebalﬂgarge—

é#% 89%93 ﬁ§M££Eﬂ§ﬁ¥E cgﬁﬁﬁggféb dﬁl s or a charge-

e- tra ance e acC g
ttﬁ@@ﬁ@ﬁéiiw%gomwér wnabu ﬁgn@t@b@m@meé@g@nm@ egplar weight
Fhangetot 5@@@%&1 edMaihit 3, NsERercRVRIRERd

mal_ec Iar 0 to 5000 havi con ate
iR Zﬁ%ﬁqﬁﬁ?&%&d Sl PRC BRI HorBEERESRS kPR
lrxecmtrpganesmsl anrd aageldmdy beraggyediet er ogeneous and
gﬁg?g@e%?xgg g%ggadun%—\l?ec&? rBeUgﬁt %Qag’é' né€ %e%%_e%t s%ﬁ@érced
from substltuted or unsubstituted and di- to tetra-valent
~aniline, thiophene, dithiin, furan, pyrrole, ethynylene,
vinylene, phenylene, naphthalene, anthracene, imidazole,
oxazole, oxadiazole, guinoline, quinoxaline, silole,
silicone, pyridine, pyrimidine, pyrazine, phenylenevinylene,
fluorene, carbazole, triarylamine, metal-containing or
metal-free phthalocyanine, and metal-containing or metal-
free porphyrin.

The charge-transporting substance may be an oligoaniline
derivative represented by the formula (1) or a
‘guinonediimine derivative which is an oxidized form of an

oligoaniline derivative represented by the.formula (1).




fromsubstituted or unsubstituted and di- to
tetra-valent aniline, thiophene, dithiin, furan,
pyrrol e, ethynylene, vinylene, phenylene,
napht hal ene, anthracene, im dazole, oxazole,
oxadi azol e, quinoline, quinoxaline, silole, silicone,
pyridine, pyrimdine, pyrazine, phenylenevinylene,
~fluorene, carbazole, triarylamne, netal-containing or
net al - free pht hal ocyani ne, and netal-contalnlng or

netal - free porphyrin. The chargR®{ransporting
subst ance nay. be an ollgo n|I|ne erivative '
represented by the U|no??g||n1ne

derivative which |s an OX|d|zed of mof an

ol i goani I'i ne deri vatli ve r sent etinby t he fornula

(). -5 R~ ANRZJ] R3 (1 ) n m(where R, R2, and R3

|ndependently denot e hydrogen, "hydroxyl group,

hethaage ' gr Y P an@MRAOL H QIR dehi: @NQkn GF O Lf&fdf(ﬂ% hydroxyl

égéﬁﬁ) Hgigbgéy group msulfoplc aci r Qup, osp or|c :
grode T inHESBRat 8mERP eF 2HQﬂu§1jé§F@r9§Fﬁﬁb

I Wes tterbgrydpgroap deudf oupe amidchﬁupu)phnnphﬁﬂﬁﬁﬂaC1d

dWesinC @h@%@)hﬁ%@u Este?r %@‘ngy e&eg gy&n%g r Qﬂfggg}&? group,

anosl grod r ganot
""8‘}’6%29 suF’flGﬁé’ @F@HE @ﬁaoméﬁat maﬁfeﬁ@@ﬁl@i@mgpoup,
aeyaotcexya di val ent group represented by the fornula (2)
(3) below R4 R6 (2) R7 6 Rs RIO R6 (3) RLY 5

-85a-




(where R to R' independently denote hydrogen,
hydr oxyl group, hal ogen group, am no group, silano
group, thiol group, carboxyl group, sulfonic acid
group, phosphoric acid group, phosphate ester group,
g£6hpl @wgaubaﬁiﬁdmﬁfi?pgnﬁgﬁmoaﬁtye fidogpouprgantbitbio group,
u nonoval ent rocarbon_grou 049
a%¥§ %%% ¥ no’ groG%,Iy é%nog'l ng$o§%§ %rﬁﬁ8é¥ﬁn§éﬂyfy
demotp,a dmgdlthnqroun'nﬂﬂrbenatngUp thﬁdfﬁrmﬁaan(2) or (3)
béﬁ gependently denote an integer of 1 and above, such
at mtn s 20.)) 15 The charge-transporting substance
may be a 1,4-dithiin derivative represented by the
formula (4). Rlz+X Y-JR'R13 R®I | r (4) RI14 R15 q
(where R12, R13, R14, and RY¥5 |ndependently denot e
hydr ogen, hydr oxyl al ogen group, am no group,
silanol group, 20 tht —car bok&) group,
sul fonic acid group, -6 acid group,
phosphat e ester 'group, o %roup, t hi oester group,
am de group, nitro grodﬁ noRoval ent hydrocar bon
group, organoxy group, Organoam no group, organosilyl
-group, organothio group, acyl group, or sulfone
group; X and Y each d&iote BI- | east one species
sel ected from substitut unsubstituted, di- to
tetra-val ent aniline, fur pyrrol e,
et hynyl ene, vi nyl erft; t hal ene,
ant hracene, i m dazol e, _ oIe oxadi azol e,
qui nol'i ne, quinoxaline, /slIgle, silicon, pyridine,
5 pyrim di ne; pyrazine, -henyl&ﬁeV|nerne fl uorene,
carbazole, triarylamne, netal-containing or
(wiBke! rfres Iﬁ’htbﬁh8§¥ﬁﬁéﬁ€ly &é‘ﬁ’of@tlﬁdﬁ@&éﬁ' nh*}‘&r@i:yl group,
‘ nmetal -free porphyrin;, the dithiin ring na
hadpPgRRi §5R1Be @mﬁﬁooﬂrﬂPPhl?hﬁ??&*cﬁ???ﬂm %}RﬂmﬂrOEP

caﬁﬁﬂxﬁllQﬁ@ﬁﬁndﬁﬁlf&nﬂénébﬁdogﬁﬁuﬁvlpﬁﬁéﬁﬁﬁri& dcifidgroup,
above, such that The e#ectron

Ph3BESER neE Lot RARPOR b F L cTHASD T ST VO 4o0p ¢ amide

16 grdepi| vait¥e group, monovalent hydrocarbon group, Organoxy
group, organoamino group, organosilyl group, organothio group,
acyl group, or sulfone group, and m and n independently

Nene,

denote an integer of 1 and above, such that m+n =< 20.))

15 The charge-transperting substance may be a
1,4-dithiin derivative represented by the formula (4).

'-R12 { ¥ }p J[S\I { Y_]_r_Rw
_ 14

R R15
Jq

(where R'?, R¥, R, and R' independently denote hydrogen,
hydroxyl group, halogen group, amino group, silanol group,
20 thiol group, carboxyl group, sulfonic acid group, phosphoric




represented by the fornula (5). R1l7 /SO3H (5) D R16
(where D denotes a benzene ring, naphthal ene ring,

ant hracene ring, phenanthrene ring, or heterocyclic
ring; and R16 and R17 independently denote a carboxyl
group or hydroxyl group.) In a second aspect, there

is provided a charge transporting thin filmwhich is
mackcid girotRe Rhesrieter apcporatiowy. eaFed sdroap, delhierater

i N gshf ahﬁ@egﬂﬂﬁ@faﬁb@mﬁQﬁ%ﬁpeemoﬂébéiehQ'ﬁ§ﬁé53§¥%bn

there i s provi an organi c el ectrol um nescent

el TP \AﬁFEﬂn‘PfSé YCREP ¢ hAF GO BR sHEHR n gL ERRIP H¥LnP o,
as aefdrretiiaboveup,- Ackh gheumr ganisolbes tgrouplri KeswkM each

ﬁcg@r;Hq ASLIFLNDncaBANE o d IR 1EARLACELAATRREL LML or

m can I njection aero

Aspdstihgtedy - A iae?wﬁftaﬁeagp@ythr@heia@?@ener
IOr ofti:ded PyspbE4, @thnym&nech vllslyn_raﬂ@ vpﬂéhyulaaephar ge

trans tlng vanlrﬁh as edlln ?t zode
par's éﬁl %bﬁ% 758 e %ﬁ%ﬁﬁ@ Ffa%§ ot %} ’
carqthamélaﬁ, adaiqeardéing scddotly, saxﬂemovmemymtdms, nrade

fr Cﬁpﬁmei\ﬁé‘m&@%k%e Weinghl 1 0859 1 Ehe@NSPYERE, carbazole,
substancg Ther ef ore, it |S adaptable to various

 CodHAGY S5 HH o BE CRR DRI R e HBRE L BPE RIA L ppvanine,
gi sl meseltooretaiabaygger tistgpdite nPotdhyrin;| Bhehdcthiin

s ]:fJ_ln hmﬁﬂ%%'ﬁ@h%lno% goﬂfﬁ -Q}edf 191%15&9(?93 quLElbhnéﬂld joF

varn nto a har ranspor
fi Igm agdarwmd@pﬁnfié@thbrdeln@yér Of@r arar%rmegam et B and
el @pore, Fhehtthas pbt gi hed<hdl® -i Phectlientroo hegentimay

COMELIN LubBeLEOuSad Hel Youdidaee, lamianed e |

| um ous efti ci enc
CARRth@e@UEdﬂHE1ﬂhmﬁﬁﬂﬂmﬂ«5

(5
R /SO3H (5)

R‘IG

(where D denotes a benzene ring, naphthalene ring,
anthracene ring, phenanthrene ring, or heterocyclic ring;
-and R and RY independently denote a carboxyl group or
hydroxyl group.)

In a second aspect, there is provided a charge transporting
thin film which is made from the charge transporting
varnish as defined in any of the paragraphs above.

In a third aspect, thqre is provided an organic
electroluminescent element which has the charge

transporting thin film as defined above.




The invention wll be described belowin nore detail.
is The charge-transporting varni sh according to the
present invention conprises a charge-transporting
substance conposed of a charge-transporting nonomer
or a. charge-transporting oligonmer or polymer having a
nunber - aver age nol ecul ar wei ght of 200 to 500, 000, or
a 20 charge-transporting organic material conposed of
t he aboveheremtdaomied edkartgelumangpaeht ngl sndyst ane edeahiched
a ct t S a 0

AR R R saPshont Ing- tEREEEn YallBE 2 ok
atnjegakionn2¥pedres dollsi grapspessing saysent havi ng
a viscosi 4 yr@lrthD 42?0 #Hase 23 Blo¢f&edtdesolar cell
charge-transport.ing substance or charge-transportin
oV@éﬁPclﬁdFae‘% RS GE<ePy E42BFPOLR RO r AR ISh a
dispensédin rarthe s dhee piarakeaehst Bbotrer m
"charge-transporting” is synonynous wth
"electrically conductive", and it inplies any of so
hol e-transporting, electron-transporting, and hol e-
and electron-transporting. The charge-transporti ng
varni sh according to the present invention may be the
one which exhibits charge-transporting, property by
itself; it may also be the one which gives rise to a
solid filmwhich exhibits 35 charge transporting
property. The charge-transporti ng substance accordi ng
to the present invention is not specifically
restricted so long as -g it is a charge-transporting
nonomer or a charge-transporting oligomer or polymer
which is soluble or uniformy dispersible in a
solvent. It should preferably be a charge-transporting
nmononer havi ng conjugated units or a
charge-transporting 5 oligoner with a nunber-average
nol ecul ar wei ght of 200 to 5000 having conj ugat ed
units, the conjugated units being honbgeneous and
conti nuously arranged or bei ng heterogeneous and
random y arranged. The conjugated units are not
specifically restricted
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to so long as they are atons, aromatic rings, or
conjugated groups capable of transporting charges.
Considering high solubility in organic solvents and

good charge-transporting performnce, they should
preferably be substituted or wunsubstituted and di- to
tetra-valent aniline, thiophene, 1s dithiin, furan,

perIh@| %halaq])}zﬁ§p§m%rt1\ﬂgnypéﬁ%sh m@npp%e&m adequate viscosity

eveHaMﬁ1ﬁ|teHS,ma?l{E @r@ﬁteﬂelowiﬂod@éﬁi& u@i@lﬁe: Ehargei transporting
silol.e, sili

oxadi azol e ui nol i pe, oxal.i_ne,
subsansige, TB?Fgﬁ?H?nelt 1% aa%m@ D16 &9y VETROMSy IS8 a1y
me tHddy en m&hgz mlethodbrl a{qﬁmerxa inegdvesomtisienitog a

Qr tal-fre I C
chafged rﬁnsfp gﬁ ?ll %ﬂ nC| ent:'a?f'Pdfi@II ne&g%{?{%t ed
unilfiviris  nEhe;| oharg@germmzttnﬁm maa:mﬂ% ngat ¢ made Anto a
cha S IR RD Qreaﬂgntﬁm fElﬁaﬁé Sa Héfe BN BN o

% he “Com| uni t be |ndepen ently hydrq en

an Wana@m Egr Ggﬁmeﬁﬁl og'Jéer gtrfm?p obiainsd &E}gectl

- silanol £ hi boxyl. f
 Tayasi 89 6UBLEBRUEANGP £oRUCaGRBaRe B %é%ﬁafei*é‘ Fapes

1umdhQUR, efesteEndiQURNdt bixeestietd grgup, ami de group,
nitro group, nonoval ent hydr ocar bon group, organoxy

group, ﬁn‘i&rﬂﬂ“%oé? r&%&yx%gﬁf}‘i's Infzi Iﬁ{rﬁH@Ion .

organot n group, —or 30 suf fone
The@befunwenmmah gmé&pbenﬂgshawbeﬁhwelqwknnrm@ye detail.

f
un%ﬁ'O?gorgEoﬂgénﬁgerEEhﬁ varki S%led ps e€$g$%$ps

hydroca n=group exenp
preggu@hlggenﬁ;%g|cgm@x*se%tqnqhaggqnﬁ;aqﬁgﬂﬁﬂ1%ﬁ(ﬁﬂps ance
comﬂH&&i GEOHPchar It’fal%ﬁbkph %ncﬂr{e@:"‘@r 3 octyl

roug and decy %g% cl oal oups (such as
chagger E%HFWerb%pOJah Sl Y‘%%?P@ &cl oal kyl
numBEBURGerd §él Gho BScil & Gty |oigrmm)to adoe,rqﬂo grati s I
as Vi rou r.open [open

ohaXF e pran B R Gt A Hom Rl o HL00
above sméntiated-dhawmy+ txanepnrtany d\.ﬂ)sanwicegraoub)qn adgctron
accc%gf)llgg %SUC enﬁu@é‘@ﬂée U0 lfpdl%y%&%eptgf Eﬁ;')qioﬂéﬂé/ 5substance,

gr oup; ~and na
and & ancWergr aupet oy @&t li@mzzw Cgreomquﬁ@n)ﬂfet hyl
hlgﬂHJEHEoéﬁg& solvent having a viscosity of 10 to 200 mPa‘s
at 20°C, the charge-transporting substance or

charge-transporting organic material being dissclved or

uniformly dispersed in the solvent.

Here, the term "charge-transporting® is synonymous
with "electrically conductive", and it implies any of
hole-transporting, electrop-transporting, and hole- and'
electron-tiansporting. The charge-transporting varnish
according to the present invention may be the one which
exhibits charge-transporting property by itself; it may also
be the one which gives rise to a solid film which exhibits

charge transporting property.
The charge-transporting substance according to the

- present invention is not specifically restricted so long as
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phenyl cycl ohexyl group). The nonoval ent hydrocarbon

group may have its hydrogen atons substituted partly

or entirely by halogen atons, hydroxyl groups, and/or

al koxyl group. The organoxy group is exenplified by

al koxy group, to alkenyloxy group; and aryl oxy group.
TheVisaee dhasek -@¢rahBfor 8 2RE MdrhdMerd 't cMafeRYkransporting

d
eRnet va° gPoaeFe P Shots 1Stk FH B A gpemsLble
@dsweh saé.vmtthyl At stvowrd ypre fetrapllgmbeoagebapge 1€ransporting
I
HogBHe 01000 LA P00 AR SBEHporeing
@é{lﬁpalmro Wa tr gupumbepngverigr nylagmlake o'sellsilmtn ef 200 to

@b@@phaeaﬁglaghxhaat@& Gﬁfﬂ@) théﬂéﬂdqﬂgaﬂa@ouaaegpﬁelng

such as dinmeth y am no group, am no rou
PRrEBNEINSnE G 6OPEinneas 1y ﬁﬁ%ﬁﬂ%w b@(}ng heterogeneous

dhae phybamiyo agi-aged di hexyl am no group, di heptyl am no

9 o0, ik SRR BEER kSRR P, i soten
sor phogi as gheyparéh&t@mgﬁﬂh:ﬁﬂ@ﬂ1qynmngs s oex epphufaedd
?¥°EPS”E%E¥*&F| X% therLﬁ) 1;3{ IRQ::S'el ! gBRé’PderJ.ng high

group group
spilpbm;«tm ILpI oggwpc sqlwrmd;ﬂ smqllgooglr ebprge-transporting
BSEEM&H&H@EhY£ﬁé&Yéh&ﬁ£&‘ 4%?%? s&xkugeeuer
oct yl di et group,” an ecyl yIS| ¥
gvﬁubstﬂrhgteiig%%m diffHas valemt .amulé-én@y hiophene,

akkyiinj Ofuﬁaﬂuppyﬁm aSeﬂmjdyNetnl@ 0 vdh§uRnest Blkhiilene,

O K O . T ety

- geipdliime, ggoimoxabive f hilalequsildecyl t byriddneyppyrimidine,

I £.hi Lhified b
BRfar ity prbAe BptPiny i S R SaERAR 1 11 1

Eﬁiﬁ$ylaﬁtm@tym?iakﬁqnntaiﬁin@apermetgdoigee|waapéppyanlne,
e Liﬂbté‘i‘-dc&?f‘éﬁ\/in%r&u Pne tH1S £22QV ©0oPPRLXAREd Incidentally,

nmonoval ent hydrocarbon groups or anOxy groups,
Yy FRIHIRE A JUpLts may giajan dogekhegr $@pd ormr Qaﬁ@?ﬂ}lﬁated
EHOUD Svh el ey | OIS FQic parts.

The substituent groups in the conjugated unit may be
independently hydrogen, hydroxyl group, halogen group, amino
group, silancl group, thiol group, carboxyl group, sulfonic
acid group, phosphoric acid group, phosphate ester group,
ester group, thiocester group, amide group, nitro group,
monovalent hydrocarbon group, organoxy gdgroup, organoamino
group, organosilyl group, organothio group, acyl group, or
sulfone group. These functional groups may have any
arbitrary functional groups. _

In this case, the monovalent hydrocarbon group may be
exemplified by alkyl groups (such as methyl group, ethyl
group, propyl group, butyl group, t-butyl group, hexyl group,
octyl group, and decyl group), cycloalkyl groups (such as
cyclopentyl group and cYclohexyl group}, bicycloalkyl groups
{such as bicyclohexyl group), alkenyl groups (such as vinyl
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not specifically restricted in the nunber of carbon
atons. Their carbon nunber is usually 1 to 20,
preferably 1 to 8. The desirable substituent groups
are fluorine, s sulfonic acid group, substituted or

lgrnﬁnﬂiIinnhbewmgamgxyuugQbmmopahhylggbupp iaogropenyl group,
ulsti t,uen r 0

preiéergkgl ﬁ’%gb%ﬁ Igﬁ'%% etitért2 ChéFgg ?#gﬁé‘gm }l:ﬂ:guP' and

Mmﬂarﬂ;@umoc 6x¥iin groypshd sychs aat pheapEht §5AUPY hélel

ﬁﬁ‘ rgﬁﬂgﬁa@§ﬁﬁﬁ;'@ﬁfﬁ%g§ﬁa@§%uﬁo”Hﬁ&eﬂaﬁﬁthyl group) and

ﬁﬁgq transportlng oner ner s have
SERIT1 SEONEE WSEBy P DOREYENETERD20BNPBY SEBhBH0ITOR, and

ﬂméﬁyﬂdy%ﬂo@W&&l|gﬁbhp)lt Thé | mdovesit iNydrocarbon group
erfornmanc excessive

TBRL AT o LOPS P RERLB5ER PP LLFRLRR PARE IG5 aBRELre1Y bY
ﬁﬂﬂnfgm stenses hydebyyllogreapsbi hnay?r na];k)?xght grolips

er - ver
o hi oie ibnbys Bl 15, SHenbli¢10aPbG B1RBY HBur.

adgenyflosmh gheuBt aﬁagoaﬁylgx.vu grogped 'lgxﬂ}utﬁnei thagefl on the

. §9]n\ée ﬁ&ﬁylFefougha&ﬂﬁeh&ﬁ”éﬁ@ﬁb' N&né& fnﬁféu% ay& NHeRtioned

unber - aver age nol ecul ar wel ght of 00"t o 500, 000
P°V§ *desirable to use at |east one species of hlghly

di ssol wheg ozghy8anInoMeRbUPNEE ekaﬁ@nfiadonsiealk?lammo
rai se their_ sol ubi The hi y ﬁhwsoIV|ng
JEPYRTL £SHEY PR 'B?%‘b’éi?‘?lg‘él SOy RBF AT ST
phapgﬁamiausgnmmpngbsupsamnn@ drobe, ysadty Tdaneimd | gooep,
104 - be one

Rereiafhd "Sodnr uPrFaftidndlhy el aalEy oy
rg@wl@mm@l groyp. acﬂnicmham;mm greuR)e- amhrfsqwryla:gmo group),

éf% %ﬁ?ﬁ¢@ %%%%U?%gﬁgmyﬂgffpernea o

@#ﬁ%@mm [Grqum, (&HPEORY Lai 0| gﬂgqt}p.e@buqykamlno group,
oani | i ne ?’Eé‘m SR AP LA B ld‘"‘ﬁg ef f I@Wi@nlﬁ@ group,
il

rivatjve represented Ig the formla_ (

it Ig‘éYJc&W%e%‘fff‘?ﬁnéiné‘?? R
Qﬁ‘bm) hasychorgxyeinitid | ghou0athd hudhd Tans pprdumg

D R o g {Ty UG98 o1 b O EA L £F: B8 67 ke S s511
group, triethylsilyl group, tripropylsilyl group,
tributylsilyl group, tripentylsilyi group, trihexylsilyl
group, pentyldimethylsilyl group, hexyidimethylsilyl group,
octyldimethylsilyl group, and decyldimethylsilyl group.

| The organothio group is exemplified by alkylthio
groups such as methylthio group, ethylthio group, propylthio
group, butylthio group, pentylthio group, hexylthio gréup.

- heptylthio group, octyithio group, nonylthio group, decylthio

group, and laurylthio group.

The acyl groﬁp is exemplified by formyl group, acetyl
group, propionYl group, butylyl group, isobutylyl group,
vareryl group, isovareyl group, and benzoyl group.

The above mentioned monovalenit hydrocarbon groups,

Organoxy groups, organcamino groups,'
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shoul d preferably undergo reduction with hydrazine.
-it Rz. R ANB-1 : (1) n m(where R, R2, and R
i ndependent |y denote hydrogen, hydroxyl group,

hal ogen group, am no group, silanol group, thio
group, 5 carboxyl group, sulfonic acid group,

BE@%B%%&Q?laﬁkguﬂéOUQrQQH@§Ef@I§r6E§§”'d&ﬁoubylegteﬁps are
group, thioeSter group, am de ou nitr ggh ¢
RofoPREEHELRFULB CEPBbRL GOt ptD ‘%"g%ﬁﬁwer 03 g atoms.
Qh@a.&O%mrbangﬁﬁmperomaﬂ@ﬁaiw prewueo Olpg‘alfeh:hbdy 1 to 8.
gr oup, V. e gro
|ndepe Aﬁ? gggnngsg gP%%Fe%¥°€# represen d
ulﬁbalboaumﬂagtdwpors@8$t1tm¢eﬂwoﬁ%ﬂﬂﬂ&b@Zﬁtum¢d5ORganoxy
0 d
E?gu geﬁﬁkﬁ% §g§éﬁ F%%%pOE%%a og roup aﬁ?ﬁ%ég?%kﬁfltuent
groaps| shevlg, preferablvupe absend tg:j

sHhigR- ‘E:@ﬁbﬂoﬂfﬁ?ﬂ pehesAhR e, aci d grOUD, phOSDhate
ester oup, ester %roup, thloesterQégﬁup, am de

gr oup, Afcordiggotip, thBnBTSFERt YR TyorF Bt oup,
eheagexyrafspopting gﬁtﬂlﬁmﬁk@e Eamiins el @FN ehialrgle -grangporting

Lhi L ol
e
wbdght efcR00hbd 50, @0030 Yniear thesfpwernligibupst will be

ﬁBEeiﬁnEﬁ%rag Egaﬁ épéfkofﬂgi W eORES eFeessive

e~ con| ug edun nmenti oned -12 above.
Thdetiduby:i tven Weowpparyl iMdfe aﬁyWé@-FaePeaFB\l??B?“? due to

éﬁéé&bwﬁ.m{r %@Ué’éluﬂ—i‘flé)*'maébi\}é}ﬂ:éje“ vative is

exenp||f ed by phen raaniline nt a
o 11 nd ot embaRr vhEass PP agubat oro Lol jShoubd preferably

péet ﬁannhgner(ﬂmaﬁlm@ptm)prémmdﬂqam Inugmer than 2000
from the standpoint of its good solubility in solvents. For
charge-transporting substances having a number-average
molecular weight of 5000 to 500,000, it is desirable to use
at least one species of highly dissolving solvents (mentioned
later) in order to raise their solubility. The highly
dissolving solvents may be properly selected according to the
charge-transporting substance to be used. The oligomer or
polymer should preferably be one which has no molecular
weight distribution from the standpoint of good solubility
and uniform charge-transporting performance.

Incidentally, the number-average molecular weight is
measured by gel permeation chromatography (in terms of
polystyrene).

The charge-transporting substance should preferably be
an oligoaniline derivative represented by the formula (1) or
a quinonediimine derivative in its oxidized form, which has
high solubility, good charge-transporting performance, and
adequate ionization potential. The oligoaniline derivative
should preferably undergc reduction with hydrazine.

-11-
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(ani line hexadecaner),

(phenyl tol yl ani l'ino)tri phenyl am ne,

(phenyl trianilino)triphenyl am ne,

(phenyl trianilino)di phenyl octyl am ne,
hexadeca- o- pheneti di ne (o-phenetidi ne hexadecaner),
am notetraaniline, 1o phenyltet?ﬂaniIinesulfonic acid

(having 1 to 4 sulfpnic ps), and
(butylphenyl)tetrqa i ling |Theylare.all soluble in
organi ¢ sol vents.R B-Nt&€e ol i(ddani | i ne
derivatives may be i zed bl.any process which
is not specifically-15 restricte nﬁyplcal processes
are disclosed in Bulletin of Chem cal Society of

(SR P32 gl g oo RSP o

matf@am@anmmmm@rwmt sAdanpd group, thiol group,
%ﬁ%ﬁl gfb‘%?r 'éiﬂfafﬁ(ca )%&%s %%ﬁg bﬁgbﬂ?b&?i&“ﬁ%& 49roup,
ragspirte %’-’rﬁf#\"E‘qqme;%imnﬂr?ueenBPéoﬁ%?BgSﬁo‘lp' amide
@ﬁ@xﬁlﬂ&lﬁroﬂtﬂ AERIO VIR, h@ﬂreﬁagbﬁﬂpgrsuban@i*ganoxy .

G R S o AoV aT B R e, BFOgbapo sroue.

astergmgnqp,od ulskiner giougr,oapd Anadd Br bogependently
ocar p a 0
St AT G Sl SR KRR eA Ly BROTROKIOECLD) or (3)
belewp, acyl group, or sulfone group; X and Y each
denote at | east one species selected from substituted
or unsubstituted, di- éatetha-valent ani |l i ne
t hi ophene, furan, 30 pyrnol et hynyl ene, vinyl ene,
phenyl ene, naphthalene prtlir acene, i m dazol e,
oxazol e, oxadi azol e, quingf?line,silole,
silicon, pyridine, pyrimdi ng/ pyrazi -13
phenyl enevi nyl ene, fluorepes<carbazole, triarylam ne,
met al - cont ai ni ng or net s pht hal ocyani ne, and
nmet al - cont ai ni ng or net porphyrin; the dithiin
ring

(3)

(where R* to R' independently denote hydrogen, hydroxyl group,
halogen group, amino group, silanol group, thiol group,
carboxyl group, sulfonic acid group, phosphoric acid group,
phosphate ester group, ester group, thioester group, amide
group, nitro group, monovalent hydrocarbon group, organoxy
group, organcamino group, organosilyl group, organothio group,
acyl gfoup, or sulfone group, and m and n independently
denote an integer of 1'and_above, such that m+n =< 20.)

The substituent groups represented by R' to R may be
the same ones as those in the conjugated units mentioned

-12-
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may be dithiinoxide ring or dithiindioxide ring; and

p, g, and r 5 independently denote O or an integer of

1 and above, such that p+g+r s 20.) The substituent

groups represented by R 2 to R15 may be the sane ones

as those in the conjugated units nmenti oned above.

EBafre sulrsddd UAIHs B Q1IHISe b uDaY Maghia®bhahyabbhér aanbitrary
to Sy t|t ent gr oups. X and Y are the sanme units as

FHBS Hfﬁgagﬁﬂ Bfitts nentioned above. These

-conJug&hedo&ﬁgban&&ﬁneaﬂenihaﬂfvermszﬁxnmwlnﬁnddmhmdphenyl

gg@mwf%e %pﬁ&?@agﬂ@ﬁ #1401 thaderdetdda9d 1751 (3RS Tine

ove IS exe
Rebrainsr?, 2ochaanibphen{anpiling diatwner) .2 exgidgcaapiline

%§n5§5ﬁ3'99§§&¥éimérf daﬁﬁﬁﬂflt%%ylanlllno)trlphenylamlne,

bpBenyd 212n1b¥ﬂ%bﬁ¥ﬁgh?nﬁ;ﬁm¥ﬂq4ﬂ| n, and
?pﬁeﬂY§f§13n1Diﬁ@]&iﬁhédﬂl&&ﬁfldﬂln&%*ﬂdﬂdﬂ@ﬂa-®X§ﬂ3h631dlne

vatiyve

gggé ?F?fﬁéﬁ%& ecamer amlné%eﬁnmaanl ine,
Bhahybte Ptasmi ! nephines 5o 4o Altchetiyde 1( Woi dh sad€onic acid

%ﬂ)éﬁ% Ef Io%ﬁ Qb&’éff@ﬁ%nifgyma%lflgﬁn?ﬁgé% %r%t Q:gjﬁ €oluble
pnoerganigisdlvent®t specifically restricted. Typlcm

procesﬁﬁél&éﬁthi?'°§ﬁgsénoif%5%ﬂ¥iﬁﬂé*ﬁerﬁ¢39&vééﬂma be
pp. 942, and Heterocycles, 1987, vol.

ﬁbntliemezqdzdev R RTRR IR A 8o HREFHE ﬁcﬂ‘ngY
ﬁé@ﬁfi@@@& awpl@aanﬁim‘de%@ebya@:aaﬂggclbaaapmﬁtBm;letm of

GheiEL rSqaf i e Y98Bberts 1. Ao i Hbe L 12 1752, ana

Sﬁmtﬂimﬂfﬂ/d: IMe el sax P8 hi 1eg7 aneblhi 64n) ppnd 130-120.
na CrepaPRFchaLIfatR BRE S S AR T AARSYs

Loppdit hi n derivative represented by the formula (4}.

2,3,9, 10, 16 17, 23, 24- oct aki s(oct hyroxy) - 29H, 31H
phthalocyanine, zing(ll) 2,3, 8;10, 1§, 17, 23, 24-

oct aki s(o 1ﬂ4% - phthal ocyani e, | niekel (11)
35 2,3,09, % 1 9‘? i 2 ‘ct aki (octryrolx;Y)_-ﬂBH, 31k
-14 pht hal ocyani ne,

1,4,8,11, 15, 18, 22, 2%-

t ol|31H
2
Jq

(where R', R, R™, and R' independently denote hydrogen,
hydroxyl group, halogen group, amino group, silanol group,
thiol group, carboxyl group, sulfonic acid group, phosphoric
acid group, phosphate ester group, ester group, thiocester
group, amide group, nitro group, monovalent hydrocarbon group,
organoxy group, organcamino group, organosilyl group,
organothio group, acyl group, or sulfone group; X and Y each
denote at least one species selected from substituted or
unsubstituted, di- to tetra-valent aniline, thiophene, furan,
pyrrole, ethynylene, vinylene, phenylene, naphthalene,
anthracene, imidazole, oxazole, oxadiazole, guinoline,
guinoxaline, silole, silicon, pyridine, pyrimidine, pyrazine,
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pht hal ocyani ne). The charge-transporting vani sh
according to the present invention may be prepared
fromthe 5 charge-transporti ng substance al one or from
a charge-transporting organic material which is

BRERYIRA Hiny18neCh2 08 rEhaNSBALbAR glé u b@i‘i’iﬁ?ﬁlfﬁﬂﬂl@

char ge- accepting dopant _substance.
BRiAds CRAtEATIRG 86‘p§}ﬁf5a§US§P§nEBtP§1‘aﬁY’1‘%Wﬁecatl?%n

mRetapi-cog tdapianly submkanteriee bbﬁph@i:ﬁni ra&eapﬂnm rlng
ubstance for t

an or a h Ie acce ant
ﬁ%gﬁ%rgﬁ %5n%%%$ S i'ng§9st é{%%%én@é8¥h SHEEPG RAYPa 9 “and
hngbpeotangdyadespteng oapani iptedeée of 1 and above, such
char ge- transportbng substance is not speC|f|caIIy

thet pedd Fn2Qolubility so long as it is 15 sol uble

in at hﬁaﬁtsu%%lltu&atobr@ebgeﬁbpﬁggenéea byeavaabSﬁ” may be
The el ectron acce Op nt su stance I S exe

T9S | FORGannEs EPoRioRs: B Cht FOBLUAREr O guH Ch MR hened
abbal i (Meedd, subdtri tmeanti G_i;roﬁii:d; ple0s plidel @ngClogthekewirditrary

S0P S UgB8uBt L LR i Hr el 5P as ehe

icmnm:@tedeul(lm Aentbirmed abové or |'mheset b@njugapleéxunlts may

ﬁ;@ I (11
0?orl g)%%rg;,&%nﬁ%nnﬁryy c{/)dﬁupen]?%:%?orqcrg,% SbCng
arsenlEhevﬁlﬁéh%ﬁfﬂﬁ@iT@E@Y¢6W%ytl°Bﬂ@s@b@ﬁ&uﬂs exemplified
R 28 1nis { 162 (s DhichitbrdA ) -1, 4-dithiin, 2,6- b:Ls(Z 27 -

tris(4 qlono henyl)alun1nun1hexach|oroant|nDnl
t@FE%%ﬂ#BP ﬁ ot A3 Bhig e o, - B ok - “biphenyl)-1,4-
daanenss u ferbios (a; i 2, Hﬂ'ﬁiﬁhtmym , 4-cargpiasy| bend c

R CI It e R KN EE ST

iRRIIYRI e T rfwﬂnéxﬁa.clabu%lqre&.am&mrag ralre&wlocmenyl and
oxi dants, 30 such as 7, 8-t etracyanoqui nodi mét hane
20PN, 2'2@@@9@%%%-@&4@@%@3%@@ #&i¢e soluble in

oildarlic aWlvdiflidyre. These exanples are not limtative.

The hol e acceptlng dopant substance is exenpllfled by

al kal ilnfetdgrtallien theqe olNgotbiophens depdyatsvgs may be
s?ﬁﬁhk—:@li&%d b'-i)5a$1ly0@1:%%e|slst Rihd H0 Y is @loith @b@b&f&baqhyand

- res%rlcted Typical processes are disclosed in Heterocycles,

1987, vol. 26, pp. 939-942, and Heterocycles, 1987, wvol. 26,
pp. 1793-1796.

Other suitable charge-transporting substances are .
exemplified by charge-transporting oligomers such as
oligovinylene derivatives (which inciude p-carotene, lycopene,
canthaxanthine, xanthphyll, astaxanthine, and bixin) and
charge-transporting monomers such as metal-containing and
metal-free phthalocyanine (which include copper(IT)
2,3,9,10,16,17,23,24-octakis (octhyroxy)-29H, 31H-
phthalocyanine, zinc(II) 2,3,8,10,16,17,23,24-
octakis(octhyroxy)-29H, 31H-phthalocyanine, nickel(Ii)
2,3,9,10,16,17,23,24-octakis(octhyroxy)-29H,31H-
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acetyl acetonate (Li(acac)). These exanples are not
limtative. -15 According to the present invention,
both the charge-transporting substance and the

char ge- accepti ng dopant substance shoul d preferably
be anorphous solid. If either of themis required to

é’rxgt ét{ﬂvldn:,d%e $9d 4, 4,'8,5M04lsd 18301, 2BL ¥cBabtSxy-29H, 31H-
terl i ch exhibi'ts anorphous ‘sol'i d properties
RiHEpleecYaningls forned from the varni sh conposed of

the ofgg gendrFqsHain ¢ ier Sis teditiesh tdiRording to the

char ge- acceptln dopant _subst anc the sol vent
éh 3h Y5 B85 PEyPAL S %vgﬁP Fch will be
cmaentgemlmhd@iomt)mgl&mm alloyei ort licomase where at

%}f¥fJHg'd%&JEEF r%%% gﬁ%@&ﬁ%ﬁfthQhSEQSEQHﬁSSQ& of the

e-acce ance is crystalline
csm:rgie unaxmmtdngeﬁuh@mapqee aad suihezaecagRpehing dopant
ﬁt & random internol ecul ar nut ual actlons In the
case ere the charge acceptlng dopant is_a

| ow- noiekSH eI ARFARIENYT (AR &“&’§§PP§8| §5p8°
éledﬂﬁﬂﬁﬂaaﬁéﬂﬂrﬂ@|&b®dhhr%Qb@&aﬁﬁkefdmfthéehbleotnansporting

t I
ARG o, & RO, phckRta R Gopgot’ BubaythgRctor the
eluﬁﬂnbn ﬂhmngmuquHg éﬁhaiancélhyHobhy&hmuiﬁmhﬂNé(ﬁﬂhﬁgh
I d
or fels e%@?g%u C.F%ril.llclcit - ' o%lggrgﬂﬁ%g¥ eglésn raﬁﬁﬁfdslﬁystance
ng/mcdalsmﬁmceléﬁr mestrigite@niin selubddityaspvéengsag it is

%yi q%%ah!C%&'ﬁe@%%doﬂﬁfmﬁﬂhﬁﬁg sol¥eRtadsed for the vanish.
fosalicylic acid. RL7 '1~1 /SC3H_ D (5)

(wher eFle Fehfsttarmh ARGARIFEY (98P 2 Ha NFAEITE EHS gxemplifled
tﬁfo&@%&@c Fslt&@ngplawi@@,t heaed hisndydebgbat enboytlec

K o U g T ok P T
suihniash aammmimng Ia )t lwhaloprideerfRiliMeht | Ditarsiyw e ed
LY A1 EE e CNCORE bR St richloride (BBr,), boron
trifloride-ether complex (BF,*OEt,), iron (III) chloride
{FeCl,), copper (II) chloride (CucCl,), antimony (V)
pentachloride (SbCl,), arsenic (V) pentafluoride (AsF;).
phosphorus pentafluoride {PF,), and
tris(4-bromophenyl)aluminum hexachlorocantimonite (TBPAH);
organic strong acids, such as benzenesulfonic acid, tosylic
acid, camphasulfonic acid, hydroxybenzenesulfonic acid,
5-sulfosalicylic acid, dodecylbenzenesulfonic acid, and
polystyrenesulfonic acid, and organic or inorganic oxidants,
such as 7.7,8,8-tetracyanoquinodimethane (TCNQ),
2,3-dichloro-5,6-dicyano-1,4-benzoguinone (DDQ), and iodine.
These examples are not limitative.

- Phe hole accepting dopant substance is exemplified by
alkali metals, such as Li, Na, K, and Cs, and metal complexes,

such as lithium quinolinolate (Lig) and lithium

.acetylacetonate_(Li(acac)). These examples are not

limitative.
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30 at | east one species of high-viscosity organic

sol vent having a viscosity of 10 to 200 nPas at 20C
and a boiling point of 50 to 300C at normal pressure.
This solvent should preferably be an organic sol vent
having a viscosity of 50 to -16 150 nPas at 20C and a
boiIingAgmwrdlng ﬁﬁxth&)pﬁﬂkéuﬂ inventdbnpr ®esHr €he

pre ee.r ratr%l neut \Qu%%% 395“% Cﬁ%?géf ¢eepting dopant

SO t does no
@utcﬁtzqw @#@wl@d@érerf@raetlmhg gmorphous solid. If either of

G erd rRRRREd #D DeSehesRe2iA0sbMA, it should desirably
cha%ge acceptlng&eopant substance. The val ue of
Tial, hdiche 8%by DAt &< amerRheus $9l ih ET9RRHRLies when

\a mrel ?.er g@EthSQr:oﬁma@nebyafﬁkm &@mﬁﬁbéed lTJS\EYtI?é e

i fie cl ohexano e co
s ot e =hi e, GRkatanERer ha Aitrdoraeepting dopant
S@b@t@mhyleaaglyhelsodwpnmpybahaghyngla high-viscosity
Fosiahe! enRgbKCRl) bt RERRYLROSO1EAL

butane tan e ropy*eneglycol and
hexyleﬁaﬁﬁﬁﬁﬂlariﬁe}naﬁben@ﬁsblWhﬁaelae legsttégtlzer of the

enaﬁsgbe@raﬁgﬁbﬁhﬁanehbéeaneé P6P P SAGAL VGl 1?{:&_; | flopant

Eref rabl e _because of their_adequate VISCOSIty

BPELARCEs1BoFRYSEREL BB dSebE i nkt p%hqlbwmftseu@bltm@e a
substaate. whﬂ@ﬁoéﬂhmﬂth FARAOm eBePd riidVeit 1 &0 mitiR]l actions.

gl Eh§|3005|t vent. in the ch :gﬁ%t ans ortlng
By SRERCEREPHeBS  HRE CRATIS RFCeR PRty @
howomni.sclﬁbar-meighioeomp%n@r eftersthduld aihstxra&ﬂwnb% a

BB oBh P5 200020 18000 8ol ANEL AR 20 AT MRt om0

e solvent 1 n e varnls
BTrYRPei 3 othe ysame vispteanbail d be 50 to 80 wt % so | ong

as no Tﬁ@kedéoﬁﬁaﬁﬁakeafétnofhgpgaffﬂ&ai%?nfégffiégbd they

Varfgﬁ contain a solvent Wwhich rea di ssol ves

he ¥ resfrpte | n%l%st%a@%b%qw@%@ acid,
Atd eptl High TORREL A SADEL PEBve s M eprit @it WHGheS Hot@lia (5).

ermils t he char e tr ns ng stance to di sso
T CLad dife, UGt [ ESRiRAd'Y, 3 RgnalieT CRalbigopt the
ansﬁm;lct yacuil' hmmvatrgmatis) a)fsd]kfe)slﬁlglbymh&c eRildy derivative,

spec%ﬁ cal ‘}ytlﬁjessz{ir"?%{lzld‘l’ qu“ltk%l sol vent i's not

R"\ _-SOgH
'|3 (5)

R16

(where D denotes a benzene ring, naphthalene ring, anthracene
ring, phenanthrene ring, or heterocyclic ring; and R'® and RY
independently denote a carboxyl group or hydroxyl group.)

The charge-transporting varnish according to the

present inventien is prepared with a solvent which contains

at least one species of high-viscosity organic solvent having
a viscosity of 10 to 200 mPa-s at 20°C and a boiling point of
50 to 300°C at normal pressure. This solvent should

preferably be an organic solvent having a viscosity of 50 to
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30 usually from99:1 to 10:90, preferably from 90: 10
to 30: 70, and nore preferably from 80:20 to 50:50 (by
mass). The high-sol vency solvent is exenplified by

wat er, nethanol, N, N-dinethyl orman de,

N, N—dlnethylacetan1de N-met hyl pyrrol i done,
N3 RA foafamd” Cd@nd3s RoiLisgnpehpti of dh5®| tali2fdid at

dioTaidly iprésisaiele, MRbOVOF 0T s Rl 4tENGe A P LRI
%ﬁﬁ#ﬁ; 9 T tive. -17 The charge-transportin

& B 5&P InRe| Peiibhoki fO 4habl Verdoe nat affect the
iongiidded nigt laadva'eﬂns:lingnawelibﬁbl bt ’_lih@ncﬁ:hﬁgesl’s«mg Wi&ing

th L ili
Ak anck At e S R 8ce 1 B0 cadparf (ulfotartire he
Nﬁ#ﬂeonSVbﬁﬁpﬁgtYThe ohtamned byemepsivenmdnts hMgntan E-type

0t nof vVepts L0t nish is 1to
gggﬁP&z?%fe?g?gbgo mé&é gg 3?59° %lgﬁilonal sol vent

may be 1BEIFTef |e§@mﬁ}l£aﬁsil byceyrtdebeyanol, ethyleneglycol,
étnsrlnyhegmgbwohlgw&myl et tgsy  di ps ORI f@ﬂalg?i?@h 1 io
0

[, ~diacet'one a

gge# ¥ i i ﬁ carbito
JRREHTISiaalincl: fiotonyioneatusel, Tots g eogiycol,
trhprapyieneglycotent admyutaxt@di:ém.r ge; 4-{&&%9@61'0’39

I on ma
2OB Sl 85T, Mpd b REET ! YR Do el s caive.
@f]etlé%m%xammheandcy¢bohatarm]ofambldzi@no@ymmgu@mg are
%&f@&m&%aﬁw%ﬁ "?{Eom {}ﬁl (ﬁﬂﬁ{eg%lsrc%%%QgrgtFxb39801ling

hin filmis grepared arge-trans
Rt HGeFRID R Renfionmanng tagblthe fsubstzsates

the hohécoRfiesyi 66 tRYPréshe 1XAOSPAUL | NGhd I H—G%gcosity

or thq:ejectron i nj ection layer. (electron trans ort
FEH ocr*b#rﬁ EanSRARHNg Meendiginn Sflppﬂcfinay Eéed in
sﬂmmmh lcqmca.pm yumg; tifte aaﬂw:ﬁeT ltfroa:nal@grtbl li@ovartel SPBreferably
ﬁ;t%o%aqs il\j"f)}'l;fls‘!1 O%e e%rfaijrlyvgron \AB%QSXJA%pI FLE‘aitPSntPgal
amsundy @ fﬁlmalslqlvreeﬁ:t dinc tthe; viatrniistl.udelse dappd NgE the
SRRy ARRHY R B 5%°h 8834k 895, long as no
solids separate out.

The charge-transporting varnish may contain a solvent
which readily dissolves the charge transporting substance and
the charge accepting dopant substance. This high-solvency
solvent permits the charge-transporting substance to dissolve
or uniform disperse in the varnish despite its low viscosity.
The mixing ratio of the high-viscosity solvent to the
high-solvency solvent is not specifically restricted. It is
usually from 99:1 to 10:90, preferably from 90:10 to 30:70,
and more preferably from 80:20 to 50:50 (by mass).

The high-solvency solvent is exemplified by water,
methanol, N,N-dimethylformamide, N,N-dimethylacetamide,
N-methylpyrrolidone, N-methylformanilide,

- N,N'-dimethylimidazolidinone, dimethylsulfoxide, chloroform,

toluene, and methanol. They are not limitative.
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i nk-jet, spraying, and brushing, which are capabl e of
uniform filmformation. The nethod for sol vent

evaporation is not specifically 30 restricted; it

includes heating with a hot plate or oven wunder an

adequati atngsghere, such as air, inert gas

(ni t r ogéR$f, CBAT9¢ AL GARPPIRELRG KT IS h M Rtd ong 1AFt contain

spesoivent | whi@st ingt@b s tHO RGBS gt 1S waitgﬁbgggiéﬁ hon the

f ent_evaporation; it is usually 40_to. : .

F’%ﬁb%‘z*’?‘lf%?' ALY s o%‘%ﬁ%?eortefn&rwpeaep#eﬁlaw tfed boiling

Rehn tamﬁ,trp?laoﬁgrermy, aral amlm‘q:)ltlh‘éhfdli}rlﬂﬂlwg_ 9*& fh¢ etime of
Aoy at t ot er r - t hi cknes

Zﬁl‘ t he 'chg?lge%tgitgﬁsggr ?ﬁ%go?%#ﬁﬁ%ll ﬁ?f@enﬁop the' total

ATt ff 1ISeveents diredthe tvagindighd ipr éf EpaB0ywbe, Spreferably

20Q-gmeg fwtig, is used as the charge injection layer in

an organic EL elenment. The filmthickness may be

adj ust gﬁ‘%f%t%iwww Y d’ecmﬂ-iifﬁeﬂhb}’ butyl
i lore byl ichangieneglifeol12mdrhy®f e tH8r SOh LS+ O 1eneglycol
ﬂ@%dﬁ%¥ qﬁothpe su ﬁﬁrate. The cha[ge-transportln

varni's léhn SHET cR 5&-9P§H§§8Ftiﬁ§ eatane | #lgohol,
prBatyed1hbesré ! ogha aseRy Tl Mot e 'E{E'B%e acat pot limitative.

I nvention may be used to formthe emen
t he folliR5Hidsh teddiver thehichiarige -frenspoartingvearithsh

bestraihgptst @hbSprebbng! eAGBAGLILN em%#' bei £t (ﬁ%c%y

electhod%% mﬁﬁhtdeter@ent, al cohol , pure water. T
SABEESubEPFat e *enBY| BP S Bf EPRBRYLRG R gehe .pampasition and
rataonefit solvanbsas ozone treatment and oxygen-pl asna
treatngg%%r%? inqu' tely before use, However, this

surfacé treatment ngse B%esﬁpgtéBvFPt%ﬂ%'aFB%e
chasgeatranspevhpogethimi iiymolis mrepmatead nEded itdles. | n
EREr§asErdh £0eq hoh En i SRNR | varnish s jused,

for ?he CLE%égfene%t, %%e §h|§§$%+4§ﬁn§ﬁ %FTO?EE&SiﬁUltable
£PE U9® 23 Fhoi kelemtmiectivr hayer t(hmispditansporting layer)
onr thehelécebpnh | fijdoridle PR (SRS & DhdEting 1ayer)
%Pove-nentlon%ﬂ;coatln%:nethod in order to

of an organic element. :

The thin film may be formed by applying the
charge-transporting varnish onto a substrate, which is
followed by solvent evaporation. The method for varnish
application is not specifically restricted: it includes
dipping, spin coating, transfer printing, roll coating,
ink-jet, spraying, and brushing, which are capable of uniform
film formation.

The method for solvent evaporation is not specifically
restricted; it includes heating with a hot plate or oven
under an adequate atmosphere, such as air, inert gas
(nitrogen), and vacuum. The baking temperature is not

- specifically restricted so long as it is high enough for

solvent evaporation; it is usually 40 to 250°C. For better
film uniformity or for reaction on the substrate, baking may
be accomplished in two or more stages at different
temperatures. o
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formthe hole transporting thin filmon the el ectrode.

The coated electrode is placed in a vacuum deposition
chanber so 25 that it is coated sequentially with hole
transporting |layer, emtting |ayer, electron

transporting | ayer, electron injection |ayer, and

cat hodeThet Hri¢ckness mf vdha whasgeodiransportlingt hhinwaylm is

thet dasddad AaBY elei@ilcted . Obt Al 1a ! ﬂa‘?&%@'ﬁ Ye & to
carrier block |ayer may be forne et ween any

QL dyferls U @& the cbarssl iphectiertiager in an

regiamic Efhelaneae .i STBet £aNE B EnH L@ PR ad 'Ssted by

repr.esent one ., .formed fromindiumtip oxide (I or
SRR Shedatr TRt ent” Th BRI Thtn el g by |ndnging the
Eironvmt odd thket eoludposi appliedhento tié esutdSrawy. be

repl ac Y, yttJfé| er) Lye,or

pol yani é})ec}%n% ex n%gz!z’t%%ghva\éﬁgrsée-(?]faﬁgﬁort i ng
FAALsieTdFe8sporyinge thane filanppepaied therefimy) eocording
frey e b&‘é&bﬂ%yiﬁ%ﬁnﬁ:%n“ ﬁh&o%nﬁ?&i‘?@é '?a‘lﬁlrﬁrne ‘the OLED element

Triatyl am nes, such as tifphenyl am ne)

d&r itil&t Fodloybpg mapgegapWhigh ol $ el | ke o veer

(a- N_F’D)rgegrfdx’étt[ (sft@pp{setaxlt;%ntvmehdbmﬁaﬂxwgr@ﬁé NBlibstrate (as
ri Q- : ar bur am nes, such as

5RE eCtrbacd. HLER) REnd e boratodh Ok i yiatftne The

@nDNEEﬁﬂb$Frahd should preferably_undergotfurﬁacg treatment
whiaat - no)trl n mn

foten anuaghe aEstRLsE PSR AR R el YRe IR,

gmgedpately- Pefaerd- wee hy Hstwavpn) arthis] ppiéage- 2reatfient may

Be- ohet bl ophenge (%éﬁubg@&%‘! id | dEPHIRE of

formsjc_i fromany of tris(8-quinolinolate)alum num
PFERYLE APYR§T14LS i 5( 8- qui nolinol ate)zinc (I11) (Zng2),
bi s(2- mat bik- Bagei WREEBOLAE €hé De PELAVS PHEHN AR AHH Nis

65 408 10 Yl FRnens )i Sdvmey berfiormed tn the
ﬁtpd-lmw:hmllwmemy al so be formed by co-deposition

\f/IVIO|t 2_t?gﬁsﬁé%?ﬁ%gﬁ%&%&%t{’%f& /d A M iea to the anode
substrate by the above-mentioned coating method in order to
form the hole transporting thin film on the electrode. The
coated electrode is placed in a vacuum deposition chamber so
that it is coated sequentially with hole transporting layer,
emitting layer, electron transporting layer, electron
injection layer, and cathode metal layer by vacuum deposition.
In this way the desired OLED element is obtained.
Incidentally, a carrier block layer may be formed between any
adjacent layers in order to control the emitting region.

The anode is a transparent electrode represented one
formed from indium tin oxide (ITO) or indium zinc oxide (IZ0).
It should preferably be planarized after'deposition. These
materials may be replaced by a polythiophene derivative or

polyaniline which exhibits high charge-transporting

performance. .
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20 material and the emtting dopant. The
el ectron-transporting material includes Al ga, BAl q,

DPVBi , _
(2-(4-bi phenyl)-5-(4-t-butyl phenyl)-1, 3, 4- oxadi azol e)
(PBD), triazole derivative (TAZ), bathocuproin, and
si | ol errhgehbyat t¥&dspabtihg Eﬁ@éfimyd@@aﬁﬁm@uﬂm@aﬁ any of
n one I upr en
% GReL Loeley AL o BRI Rra R, AyeR 2=

a““%’%*“%‘/*"?"““‘%mfm?am‘? (e (ppn) ). anc
tris enyl pyridine)irjdium r ( ppy an
(;aepl HrannEgning kimer 4o e, P

{FHoM5orl okt Tam gt gmmes Aoy sehutisec

E
Heln me%ué B4 any of PBD, TAZ, and BCP. The el ectron
dpdecst m%?wmmmﬁﬂ(rpaﬁr{ywjgw ]&f;iphb?g%%;;e
X gnesi um oxi de al um na
éﬁfﬁ%@éﬁ%l f?QﬂFi de (LiF), magnesium fluoride (MyF2),
514 bm Y viow 4 Uomiath eI Dheny1g,anincddadphenyil Amgre
¢f )ﬁﬂghleﬂ%dHﬁhﬂgﬂﬂgﬁgéa sien’hg cathode may be

rom an um num — magnesi um silver all oy

S %'hbﬂtﬁﬂﬂ‘%TWM%NWYMHWMWWJWHH&BSQ uﬁ] ,2"-

Ak ItRsPiERe R@MaR® )i cation to the OLED el ement, the 5
el ectron-trans ortln varnlsh naﬁ be forned |nto fhin

filmihne¢RLE mef HFP &Ws Ofat e
ﬂms:(cm@ﬁmmmdﬂﬁe)memm t(rlarxspc(mmcggg, varni sh in

qr ta f rn1 el.ectr nsporting thin film
ga%%{? ﬁ)eZJTnc (gﬂd %@&E?h a vacuum

'hﬁﬂﬂﬁHMathYlH&ﬁ@ﬂ&nai;ndiateH(H-Qhe@aﬂ@@enséQMenalamﬁyum

(‘#]{ﬂ gL on aPrfé‘ ROT b o% 1ph%'Hy‘1Rh{P§b)b'i§¥x%§yl (DPVBi).

ole trans ortlng ayer ‘e |nject|on

Theo®itiding layear May P&t & ﬁ@rm@@nmwh@o deposition with
ﬁHE”éléaﬂfddﬂﬂﬁidgﬁdfﬂf%?Smatb&a%h!%rwﬁblthrﬁﬁ§b69dlng

OLED el enent i s obtaine IS The charge-transporting

matefiad A0 tdien§mid tifg dopant

The electron-transporting material includes Alq,, BAlgqg,
DPVBi, (2-(4-biphenyl)-5-(4-t-butylphenyl)-1,3,4-oxadiazole)
{(PBD), triazole derivative (TAZ), bathocuproin, and silole
derivatives.

The emitting dopant includes quinacridone, rubrene,
coumarin 540, 4-(dicyanomethylene)-2-methyl-6-{(p-dimethyl-
aminostyryl)-4H-pyran (DCM), tris{2-phenylpyridine)iridium
(III) (Irxr{ppy),), and (1,l0-phenathroline)-tris(4,4,4-
trifluoro-1-(2-thienyl)-butane-1,3-dionate)europium (III)
(Eu{TTA),phen).

The carrier block layer may be formed from any of PED,
TAZ, and BCP.

The electron injection layer may be formed from any of
lithium oxide (Li,0), magnesium oxide (Mg0O), alumina (Al,0,},
lithium fluoride (LiF), magnesium fluoride (MgF,}, strontium
fluoride (SrF,), Liq, Li(acac)}, lithium acetate, and lithium

benzoate.
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present invention may be used to prepare the PLED

el ement by any process which is not specifically
restricted. A typical process is given below The
process involves formation of an emtting 20
charge-transporting polyneric |ayer in place of the
hol e tTaRNHRAUHIRI magy B, ok B8omadRy , of! £LiM B um,

transportl | ay and Iectro ecti | ay
MROCR S3P-FAANEE BYLoY acebmHRbSH FIH G ia¥e i,
eloehant, . pﬁhasséamltang E&ﬁIumelenent contains the

char 90 Y AN3RALRG ALY EhLTbE8h B S {1 g e

char e-tran or var ni resent inventi on.
%e@ér@an@r@néporhen@rm:e&ssh cmasprbz@aﬁowd Hatel Ebin film in

ghgn@gilgggﬁbshgnggrforn1ng the hole transporting thin
I'm on the anode substrate (in the sane way as in

the caddeorathode speptraler tnreakefovEtR ridisporti ng
g2epitebn - t0aAEPErB8ing NesBRIsH Nth &fddd "B form the

t t I d furt .
§LRE o RREPeERERd bR Hothm of Thie, S8tefnisErasgyis
phacddsmned Padhure| @spod i i som et s@wtﬂa&eumaﬁhveoated
BRAGERELE00S §1en 4L Dp Sl AN BILAG 1over,
hejeatransporet tag el ayei0 B ls @mc;tafmnrhawm elandt ronde
thé 888 PRALE A Gy %ﬁué&r{ﬁ B RS SRfb el ‘ﬁme‘ﬁ‘f‘ibhbﬁg aterials.

charge-transport’ing po ynerlc l'ayer, and formng t

BhotR1s . way cthe tderfieas, QIR wdenent \igHabtadpesit i on

or spi Pheoahabge- ti:@néi%ﬁt \tmﬂmlécﬁﬁ;ﬁﬂg eJcem

i S obtﬁened The cat hqde n node na g w%ggg

RS Yhet VHER BT % °c RECBFES dhe ?H@&Pent by

ahp wrocesiergoictb id ent m;)aﬁxfmmﬂaca-etslteabmﬂt. i & typical

td ned above. The emtting

%a?éggg‘tary\ﬁ% ‘gérrf I"H;%l pol yneric |layer may be fornmed in

t he foThQV\Ph@CW 1W%¢ﬁtf¢mgatmmrcgté-an amsigarinigng

d}%ﬂg’@fﬁfarr%c%ﬂﬁlg 1%1&1&“1%'}%@ 1W%1%Qge%t thB9hole

dopant) ssol ved or unif di spersed in a
THVRAT U IR layan + |ef¥§-t§'d-lfl§t |16W elrs @dﬁqté‘ent §rapeporting
iyt § oifl electron injection layer, which are formed by
vacuum deposition for the OLED element. The resulting PLED
element contains the charge-transporting thin film formed
from the charge-transporting varnish of the present invention.

To be concrete, the process for preparing the PLED
element consists of forming the hole transporting thin film
on the anode substrate (in the same way as in the case of
OLED element) from the hole transporting varnish, forming
thereon the emitting charge-transporting polymeric layer, and
further depositing thereon the cathode electrode. In this
way the desired PLED element is obtained.

An alternative process consists of forming the
electron transporting thin film on the cathode substrate (in
the same way as in the case of GLED element) from the
electron transporting varnish, forming thereon the emitting
charge-transporting polymeric layer, and forming the anode
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substrate on which the hole injection |ayer has been
formed. The solvent is renoved by evaporation. The
emtting charge-transporting polynmeric material is
i ncludes the follow ng. Polyfluorene derivatives, such

as poly(9,9-dial kyl fluorene) (PDAF);
bt gbheds | eh apuiyt esriieng d erapoat |®@9$1§ugn @r spin coating.

| 34
BRGHTS 0 e, g MBS ent £ poginea.
der| va%‘h%e@a hode and #rEJy Joay ugﬁ thraiere dapm i) same

Ml PO Y i N e 17870 | 18 2 OLEDVEd emefilRe S’I‘lﬁé!f Nghbumcd uﬁﬁfergo

tI hi or of d
(<A A SRR A RO R thel SBES  HE¥oRS) PeREoned

dnbuﬁJrrlng, stirring with heating, or ultrasonic

di sper The coating nethod .S not .f
restrl%%ékﬁmff%l&%dfh%ﬁgg ranﬁPorgﬁa g?%&lc i%& ¥ may
hef a&rsvfmd pm rihendoleiWing wiawi.ngThe rmns,'ets,nsm ayi ng,

out in andgkgﬁgyﬂg'ﬁ$ﬁ¥?@ﬂfé mQE%EE bk*l@ﬁ Sérﬁieﬂout the

her e, SUC ni trogen and

earlgfoﬁwmaseiomr\réntlsr émlvmy OB‘euHé@@ﬁiﬂﬁ-YsﬁéaPB’ised in a

d¥atdmid Wrhé ﬁesﬁ@inﬁb%&lﬂf:l@fieﬂs Lﬁ?ﬂﬁ[léﬁl t(ﬂel!.‘ﬁe Eiectrode

atnqafhere or uym E The inyention %I bef d

Hﬂf’ &é’tealhic’lﬁ t’LHje%lPBf SfERELNRE PREn formed.

mhdIsmMum@tenanmbm@veaﬂuywe&apoﬁatlbntended to

restri Qpe the S|cal dat

Earpl e i ERE Rt raniper iR, Boadfiedsimagerial

imied. uids!s] mengoﬂcanwemg Vi Bet¥f lyoremagiemivali tvesn such as
BatMRE oLlaS S bEeRe30) ppARGYCLBY yIREN D) KREYE

PLtgx S_Fﬁ ﬁ% Khess: eﬁegsu F? mPt%yg sd?%ace nyfene

d&réf"ﬁté-r"eéDER‘FRKSS"ﬁ) P°1ﬁééem9§2hﬂﬁiﬁp§n( Bhir ekbyllprexsl-1.4-

pﬁ%nyﬂéﬂév1§9&@ﬁ@9 Rﬂ@@h@@?? §B§§Hh§9 Meh8 aériﬁéﬂlﬁes, such
orc Crosc ? g tradenark%

ofo®e ) T7atkNLbbLebhepe) (PALS; ahd polyPinyToetvazcfe

(PVCz).

The solvent includes toluene, xylene, chloroform, and
the l1ike. Dissolution or uniform dispersion may be
accomplished by stirring, stirring with heating, or
ultrasonic dispersion.

The coating method is not specifically restricted; it
includes dipping, spin coating, transfer printing, roll
coating, ink-jet, spraying, and brushing. Coating should
preferably be carried out in an inert gas atmosphere, such as
nitrogen and argon.

Solvent removal may be accomplished by heating with a
hot plate or oven under an inert gas atmosphere or wvacuum,

EXAMPLE
The invention will be explained in more detail with
reference to the following examples, which are not intended

to restrict the scope thereof.
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lo Current: neasured with a digital nul ti neter 7555,
made by Yokogawa Denki Co., Ltd. Voltage was generated
by using a DC voltage current source R6145, made by
Advantest Co., Ltd. Lum nance: neasured with a
| um nance neter, BM 8, 15 made by Topcon Co., Ltd.
| oni zagi-pds P01 e i &l in MRawPIRGE Wrid) Cdnipheheeleckkafples
spectro@§$tr AC-2, made ﬁﬁ Ri ken KeiE? Co., Ltd.
wergmieasnrasl g hhe SOLAQMPenBaPBeRy was prepared as
Vigldoity :acmeagdungdt witheapr Beegse nehd canpeickss (ELD-50) ,
Bull etin of enjca Socjl ety. of Ja 1994, vol. 67,
pp. 1749-17§§BerhY2EPF¥%r§e %lté?Uéﬁggﬁhs di ssol ved
Fidno Zhiglofessy- pmeagheaddwiihne. stiréacesprofhyer (DEKTAKS ST},
solutlon WapagLveh ﬁf’%)?é skPnudcijutsu co., Ltd.

ni u

tetra-n-butoxytit as_a dehydrati on- condensat.i on
SagEace, TAVEmeRss dneasryed withorn { domir e ficroscope

Wth 53.34¢a0f1) D- MighexyShENeYLaddmeriafddedta F eact i on
was carried oqut_at . 100C for 24 hours_under a nitrogen

stream Aft Bpde, BEcP#RAN WARCCR P et £t he reaction
cmrmrteh " V\ﬁsafshkéﬂlrﬁﬂtnnﬂ Sﬂ?iwhimllmmﬂézdgsﬁft&,e

washed sequentially,w th toluene. r. After
drying, sl i\‘)@ﬁ? b?’yg%?%a%rﬂeeﬁ;‘g%gﬁsgéﬁ%ﬁ‘e part by
Veditgloe ehst lgenempded bywasipbaeelCi mo26agar cyrpgnt source
wei ght of dj e tihera ui nt of

hydr azi ne ﬁ%?gf e&g%tﬁt%%&%%ltn%%%hggé' ?ﬁﬁlf'he

Lupdsanees :syweasired| wiely a519PiraRee MRt . (Hk8.

crystal s wepgadi 6gotygebmyce ef lkang. To the

resul ting sol utiqn _was added toL%ﬁge gbn an. apount of
Iopigationypokendialr ome2SHEPE By thePgRPObPEIRErOD3
crystal s) sgpébbtrométesspenziednsdd by Rikes Kaidpaced., Ltd.
After refluxing the suspended solution, 10 parts by

wei ght of di oxane was further added, and the crystals
Exampfie duspensi on was di ssolved by further refl uxing.

The r%@n&}%%dﬂi&&@lé (‘ﬁ‘% )]c ivJatser 91‘% %&J:elde a_gog‘folﬂaﬁs
filtrate was allowed to cool for —precipitation_of ,
agePrdingThe theuProfgssompatigeed in Bulletin of Chemical

Society of Japan, 1994, vol. 67, pp. 1749-1752.

In 2 liters of toluene was dissolved 12.977 g of
p-phenylenediamine. The resulting solution was given 245.05
g of tetra-n-butoxytitanium (as a dehydration-condensation
agent), which was dissolved at 70°C for 30 minutes. With
53.346 of p-hydroxydiphenylamine added, reaction was carried
out at 100°C for 24 hours under a nitrogen stream. After
reaction was complete, fhe reaction mixture was filtered and
remaining solids were washed sequentially with toluene and
ether. After drying, slivery crystals were obtained. One
part by weight of the crystals was placed in 25 parts by

-~ weight of dioxane together with 0.2 equivalent of hydrazine

hydrate. With the atmosphere in the reaction system replaced
with nitrogen, the crystals were dissolved by refluxing.

To the resulting solution was added toluené (in an
amount of 25 parts by weight for 1 part by weight of the
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recrystallized, and the resulting crystals were washed
sequentially with tol uene-di oxane m xture (1:1) and

ether under a nitrogen atnosphere. The thus obtai ned
crystals were 10 dried at.60C for 10 hours under

reduced pressure. Recrystallization was repeated in

tohy staades ey ahadbdahe suspghuedSQoﬁﬁtgo@fwam' *epared. After

iR chel siRiRRuBL Sb o litnr | LT 85LF O sesghity of
(.o envaEs) fyrtherunfidedl i apfli thaccxjysﬂaﬁlsili‘rydﬁfﬂ &suspension
h@ssﬁﬁsﬁgﬂvﬁﬁob ?ﬁiﬁh?fffgfiuﬁg 17U§Q19e%51t1ng solution

i.met hyl acef am de rogen
a’taﬁo p}PréPé‘ed Yhélpebakt | r@%oﬁk&ﬁ@i%%@lﬂpyedmphcool for

@&e’&&p@tatloﬁyembem&@l (et tWddh s 1MasCRakrby of
h-vi scosity solvent, in order

PecEvatatliZenh, andntog ot Eins fustale s Magned
Felguentiahdyswihe appeemGHGEOxaN¢Sﬁ£Etdﬁb Gﬂui) and ether

uhaBr 4] 1 Eoben u bhoREnPhe I It thk3 oa%ggeﬁusgm?és were
@ﬁF@ﬁ ﬂhdﬁ%%ﬁnf@Ieh%GMDMW$rumﬂmmmréduceﬂ)pnnssMMes

ﬁBéE&Qﬁaﬂ@ﬁzéQi&ﬂmﬁﬁgk%%éﬁﬁﬁornw h|n f| w%ﬁh%%r%boge to

under _the air to glve a
JL¥aI 9 g0 9Pk Wlilwﬁ My 9 brls i (n mmmms)

~conducth¥i thusasBtauhé@CETA I DYORNESRodSt TP dod Bla%e 260

hol e- t thinfil for med
Brafl VRS TR T A Tl bt o) icd ~earpsaliaylic acta

d:lueymvee (G0-S88y foxr ahmnﬁ: hﬂlﬁelﬁia?bt@i' )SIab@t liat €0\\gSof
| anper
R S thyA SRR FEREA (a5 it e atBPgghere.
Ts® lrrﬁﬁltlmm so_lwt:(coa Waan&ﬂmrcde)d, wdrtth Al .5018008m
d KdhexdpRAOSid J oS w‘lacrrf 1%%5?&3n % %§SM¥>gforat 20° C)

bel ow 8x10-4 Pa. The rate of eposi excep
35 [ high-4 segsidvedalyents ta ordemnto. pThparat 8 warnish

(Genmsinioy for kith $6as gad).usége1d 01 OsQswd O 04 é?[%g:sance,
VIraqﬁg I fro%%%n%Gh gﬁP-Of deposition to anoth

A58t suend, I3 nghgond2;19@§upgl fgeorepnish.

el enerfthehamxtrhiesic wersacipyliidd GRS Hoatiag tehawh 1o
QEQQS s%bstrate which had been cleaned with ozone for 40
minutes. Coating was followed by baking at 180°C for 2 hours

‘under the air to give a uniform thin film. The resulting

thin film has the film thickness, conductivity, and surface
roughness as shown in Table 2.

A hole-transporting thin film was formed on an ITO
glass substrate from the above-mentioned varnish in the same
way as above. The coated substrate was placed in a vacuum

deposition chamber, and it was coated sequentially with a-NPD
(40 nm thick), Alg; (60 nm thick), LiF (0.5 nm thick), and Al
(100 nm thlck) Deposition was carried out at‘a pressure
below 8x10* Pa. The rate of deposition (except for LiF) was

adjusted to 0.3 to 0.4 nm/s. The rate of deposition for LiF
was adjusted to 0.02 to 0,04 nm/s. Transfer from one stage

of deposition to another was carried out in a vacuum. The
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Conparative Exanple 1 5 PTA was prepared by synthesis

and purification in the sanme way as in Exanple 1, and

1.000 g (2.260 mmol ) of PTA, together with 2.298 ¢

(9.039 nmmol) of 5-SSA, were dissolved in 70 g of

N, N- di et hyl f ormam de (DMF) under a nitrogen

wdanisiner OLED gilemeatvaasi the Theraeterishicverepenties as
a d sto an I TO gl ass substrate in the sane

S%"mtq'n &%lbl]:_)% ample 1 to forma thin filmthereon.

Tabl e 1 shows the appearance, viscosity, and

ddidBlivengxeppdkt hons of the varnish, Table 2 shows
the thickness and surface roughness qf the

n.film
151t HEA (ke PRSETh e SUATHAE Ien @ngupHFSH 1pATION Th the
daiagt ake inXBrame1e 1S lagds 1V0600§S(2haaotmbl) nof PTA,

AR " APnP<AI8,  GSMDAPalIoR) Exbrpr eod - peE ELfdivea

irougher ofuNf, Nedimkahylllfatrmaimddee DHMF a) muhflervar nithogen
0 r a eA)

SRR 8 RAo e, PRrbdehn The Aeddlt M PEARRIP Nas

@:dm@lde to, apndTQ. 9@@53 grbpégafoly bhepyame V@@ edfetn

Aﬂ;x% 39%ogf69m0§9tﬁaalquﬁ $n&Phenver e dissolved 25
I'n DMAc under a nitrogen atnpsphere to ve a
) gfLer o8

varni g dbIsoyss &\ anRe aNd8CoFis¥os P and
f]fllllmmbelethgc?ﬁamdnﬁnenafo&nbhgammhsh Tdt.ﬁle aEermft the

rom Tabl e a e var i al | anpl e
e3lielnt 23, Spf SUEEAbRaRORRACRS BRarBFLChLh EELR AT
Conpariat iiwe niotadp iferoth AtablBOlglithas $h|ast\raa'nesmgn
C%%@@E%glbg FQSWQEHE}“@¥ iﬁss'GlﬁééﬂB' %&n Ehgttiﬁaﬁfﬁhple 1.

SubsStra vacuum deposi t
Ithdsbedsoandted mgtcﬁaaeahgéqﬁéhml ﬁorryeé.sfﬁpmhthe Npernish

xﬂ @%mphkgtléadEéhmbﬂetEeh§§nﬁ YB¥gRSri BuEXase! ehdn that
shows the Surface roughness of the treated I TO

f@p@gg fggm the varnish in Exafmple 1

Comparative Example 2

PTA was prepared by synthesis and purification in the
same way as in Example 1, and 1.000 g (2.260 mmol) of PTA,
together with 2.298 g (9.039 mmol) of 5-SSA, were dissolved
in 70 g of DMAc under a nitrogen atmosphere to give a varnish.

Table 1 shows the appearance, viscosity, and film-forming
conditions of the wvarnish.

It is noted from Table 1 that the varnish in
Comparative Example 2 is less viscous than that in Example 1.

_Comparatlve Example 3

An ITO glass substrate was treated in the same way as
in Example 1. The treated ITO substrate was placed in-a
vacuum deposition chamber, and it was coated sequentially

with o-NPD, Alg,, LiF, and Al in the same way as in Example 1.
Table 2 shows the surface roughness of the treated ITO glass
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substrate. Table 3 shows the characteristic properties

of the OLED elenent. It is noted from Table 2 that

the I'TO gl ass substrate w thout the thin filmof the
varni sh of the present invention 5 has a considerable
surface roughness. It is noted from Table 3 that the
QEEEEEEQEEntTéﬁléJHWEHﬁﬂé ‘heEchaphe t3ristibf progdrtids of
that in Exanple 1 in voltage, |um nance, and current
EPPl@FEHC?lﬁ eBteyrrent density of 10 mAMcn2. It is

al so nat ad woeedT@Ebba Babbat 2 t tiea ©OLiHhe el OBfliadsn substrate

arative Ex | e i.s inferioqr t hat _in , .
B 548, ERap Bl ol il VSRR, 0 S mgeReps cppvention
kaéi ai enngiderabie| sugtacd rhlmhnessconﬁar as| net&k afmpoe Table

T |
4 é‘ﬂ?t £he 8ﬁ§DSé'P%rﬁét$¢]e 1o n@%aﬁtﬁ%és %}E g.tﬁzgevm}éﬁinferlor
EoatBatbinsEramDLel |4y Yakinam ANRIAANGR| dRfoRuBFent

@Pkiéi@ﬁb?n&t da Oéx\lfférp@hféiﬁs oxt Virce v /ol | orm-.c ;@c 'ad.so
| owed by bak |n at. 120C for 1

ARRER FREnaTRbLe 5 R i QB AUATIENG (i CPEBREaBive
BXavpléhs i8i chfestor XD ciiticin \Edampland S icaeeent density,

h f h fi d.f b 2
IHEERERES  omd (PR ot EAsAenTR, & B FongE 407V

| ower conductivity and a rougher surface than that

(PJ ?ﬂ?@f&i_l‘;é olgg:gﬁr; &8 nish in Exanple 1. The I TO gl ass

Strate was coated with a 25 hole-transporting thin

f| I m |hnt ﬁ@osahesmyu%%txmt%mlwqate%rw dheQspme way as
Spﬂ@sl prq@@r edebtelNETOAHRLYRY 288 Whs Ea&m&eoﬁ spin

Table shows the characteristic properties t he

QIS RG SR A (AqUEHS AP HILIARaE PolvErvIeHe O oD

dﬁ.cﬁf@lfﬁlcbﬁherﬁ’@-mm nee sEﬂamhe 4disl.i nEeathig twas

&Y Felng Aot o g B0 Shednene pifcto ave

& wol firmtne dt Hiro nff iMaro eTabﬂ.baﬂ Bhews():E@ thidgkne¢ssn
1?:1.‘}11% t 's%r”f e I ' Q's t%ft hale ItﬁlgEfilml e

171n curre nsity, un1na current
ef fi ci Blcys anoted ofremyfajile . 3) tpat the thin film in

Comparative Example 4 has a lower conductivity and a rougher
surface than that prepared from the varnish in Example 1.

The ITO glass substrate was coated with a
hole-transporting thin f£ilm in the same way as in Example 1,
and an OLED element was prepared in the same way as in
Example 1. Table 3 shows the characteristic properties of
the OLED element. _

It is noted from Table 3 that the OLED element in
Comparative Example 4 is inferior to that in Example 1 in
voltage, luminance, and current efficiency at a current
density of 10 mA/cm?. It is also noted from Table 3 that the

OLED element in Comparative Example 4 is inferior to that in ~ °

Example 1 in current density, luminance, and current

efficiency at a voltage of 7.0 V.
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-26 Exanple 2 Four kinds of varni shes were prepared as
follows from PTA (which had been synthesized and
purified by the process nentioned in Exanple 1) and
5-SSA in the same way as in 5 Exanple 1 (with their

mol ar ratio remai ning unchanged at 1:4 and the solids

emai ni ng unchanged at 4.2 wt%, except that

t e solvent, co ion a rati o were ch ed at

PﬁA - SR e iles Hard BERE SOnds, Fallows £rom
Pr'l]I-t r(agﬂmmﬂmpiwﬁsyﬁhhesasaﬂt and puokified m_asthe process
] ti6 it r., p C
el L 0 el 10F ) SHssR L BREDKARR ey it 1n
Exagtplﬁ slcdsuttyl weumtnplarAh:at@b Fh@amsagtumpanged at 1:4
A VD& 192 c%rfeh%t %eﬁﬁ'iﬂtlhﬁnﬁnfzhﬁﬁgeaf aB0Lisisyty),

preC|p|tat|on shows t ear ance,
exceRIsithpt dhe JHA S f:emapﬁéteeﬁd@mioﬁétb? ¥¢Ee changed.

varni Sihat tis 5 P ethd romsalakre Hildtdllvedeiyi PEASI tider a
of the var.ni sh ranges_from

4 1 5 d di
A GRE, GHTRPREsRpooTeF oheSutie e, SRL Tt gD Hiperated
walifiacnélbx0at, nioxh éd prepg lesedlycopr ¢PRGeEGLEEhoPD

H@r 'yf%e %% i?EﬁBT@X E VéQFE§ﬁgphEgﬁ VIQS?Slt%tsolvent)

res Sang~charac
Addody ttlh@s rgsulltingi margighphewereEgamplets soluhiors free

'okh%dW@Hy iggglbgtg§§ BRl.e 2, which was dissolved in a

m xed sol vent 0f DPG DMAc-BC (6:3:1), was formed_into
a thiTaRle b Showsr ther appesrengeneVHEFOs 8%, 2RE
£FeaRdifloiréings &@mltmoﬁabbg theAGathEbhel enents Wdted Hrom

in fil epare
Tahbad: Sl EhebvIBEPPLEY OF EhS Vaghish FeRees GEER 144 to
SExmmals ﬁe@anhung baxabtecaokvefifncdfiponhsipncppd adisntng
r %IIoms according to the process nentioned in’
Atheti c Metal s, 1997, 35 vol. 84, pp. 119-120. In
35.00 Ugleoftmsl\mhtm'nsﬂ yeandshes were used to prepare OLED

elements in the same way as in Example 1. The resulting OLED
elements have the same characteristic properties as that in

Example 1.

Example 3
One of the varnishes in Example 2, which was dissolved

in a mixed solvent of DPG-DMAc-BC (6:3:1), was formed into a
thin £ilm by off-set printing method under the condition
shown in Table 1. An OLED element with this thin f£ilm was
prepared. Table 3 shows the characteristic properties of the
resuiting OLED.

Example 4
Aniline hexadecamer (Anil6) was prepared as follows

according to the process mentioned in Synthetic Metals, 1997,
vol. 84, pp. 119-120. In 35.00 g of N,N-dimethylacetamide
(DMAc) were dissolved 1.000 g of Anilé, together with 2.786 g
of 5-sulfosalicylic acid under a nitrogen atmosphere. The
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(DVAc) were dissolved 1.000 g of Anil6, together with
2.786 g of 5-sulfosalicylicacid under a nitrogen
at nrosphere. The 27 resulting solution was stirred with

105.00 g of cycl ohexanol (c-HexCOH), as a
hi gh-vi scosity solvent, having a viscosity of 68 nPas

azbsmﬂi,lntgg sgil\kl)tielanvaﬁ.si shlﬁ‘ﬂﬁachiﬁﬂ ni@s Nso g ¥ V&y%lohexanol
_ e ows the, appearance, Viscos

IR 38 ntoB B eRae B BR R U, o W sposity o
§ﬁow§arﬁeatcﬁa?§etéo|guwe prepeniskes(wiidihecditZins 2.36 wt$
ebgqmry prepared with the varnish in the same way as

In Exanple 1. 10 Exanple 5

2, 6- bi @12 lpshRwspkaey Eppearagreni Vhs¢®BLY orardor t

hgmhﬁaﬁ.—h@% esﬂaﬁﬁﬁahgdobytﬁaevéﬂ&i‘%a kabQ¥ Yaghows the
foll ows according to the process

nt he
REAERORBAIPHL PePEPBEELeS oF 5om OMER o lzglenp prepared with
6B8- 94Pnish Hn th&-sdmnelbaP as Nird E:Bamp 0f1 .
N, N- di net hyl-acet am de (DMAc) was di ssolved 1.000 g of
BBD, together with 1.142 g of 5-sulfosalicylic acid,
Exawplehd air. The resulting solution was stirred

ool veng - B2p8s s, YChORRYABALADT) 21 NLARCMIAGP AR Hor shor

sol vent tO Ive a varnis cbntalns
hereirgftenhmepresenind thie tHypdomnds, bﬁls:@bma@ syattesized

$|f®ilﬁﬁﬁr§bééﬁﬁﬂﬁ OFS Bhe Mo Nintdhe i EAIE 1% P ocycles,
% érlﬁlc roemlesoftheClH)eemmt
{$ %a RBve 4h in the same way as in

Exanple 1. 25 Exanple 6 A m xture of 1.000 g of BBD
(obtained in Exanpbe 5) sand 15142 of BHgSSA was

di ssolved in 17. Wi st/ ng at 60C for
10 m nutes under ai— The_r egsulting sol ution
was stirred with 52.50 g of cy&lohexanol to give a
varni sh containing 2.8 wt% solids. The thus obtained

varni sin 97.87 g of N,N-dimethylacetamide (DMAc) was
dissolved 1.000 g of BBD, together with 1.142 g of
5-sulfosalicylic acid, under the air. The resulting solution
was stirred with 48.94 g of cyclohexanol as a high-viscosity
sqlvent to give a varnish (which contains 1.2 wt% solids).

Table 1 shows the appearance, viscosity, and
film-forming conditions of the varnish. Table 3 shows the
characteristic properties of the OLED element prepared with
the varnish in the same way as in Example 1.

Example 6
A mixture of 1.000 g of BBD (obtained in Example 5)

and 1.142 g of 5-SSA was dissolved in 17.50 g of DMAc with
stirring at 60°C for 10 minutes under the air. The resulting
solution was stirred with 52.50 g of cyclohexanol to give a
varnish containing 2.8 wt% solids. The thus obtained varnish
gave no precipifation when cooled to room temperature. Table
1 shows the appearance, viscosity, and film-forming

- conditions of the varnish. . The varnish gave a flawless
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gave no precipitation when cooled to roomtenperature.
Table 1 shows the appearance, viscosity, and
filmform ng conditions of the varnish. The varnish
gave a flawess -28 uniformthin filmwhen processed
in the sane way as in Exanple 1. The resulting thin
ﬁhiﬂomsgﬁmnﬂlm dname pn‘bcésy&aatﬂ G:lhoP%faﬁi&t waly ual is

Bramplant o8 bt 15, PRE 55 17, 1S5 FouRs £ el

- Wosidatioh veotémt 10 ‘gabie BMF SM% eV.stirring at room

tenperature under the air to prepare a varnish
containing 1.4 wt%solids. Table .1 shows the 10
aptee Examplet¥ and filmform ng conditions of

the Vﬁriﬂh.ﬁhuré_thVﬁr@O@r%déﬂ B Qib‘l?hﬁlé&“:frplﬁﬁa}nbllﬁ 5)
filmwhen processed int as i n Exa

33} o207 19 RF STISR P19 Hs XA bAGy ) 2F, PREGwLtn
$ ik r Do Uit afodn etémpm:a:n‘ures mnmeo:o athien@irl $oEyasphte 7a

‘%ﬁ%%lgg?eor?%? ehe %Ojg %l"@%ols\? Jﬁﬁb%% go%’l ?SS%

aﬁmwmm Talde@ sttty gind ﬁubueﬂqmd&gobommml.shesof the
fre dn{&p!! Thild v Bn 8RN EIRCARECHEVEOHPLAL Loift] 1R ¥in when

£r ecl pitation e anount

TS A hen Sanfe WAl iags inc Bxeapile L. scBRe txesEHELng

énlﬂnfﬂ:«nﬂegs GUHIAT G du18@tieaihatNockal! 8tOthe time of
shows the characteristic properties of the 25 CLED
%Jé]”réfﬂatﬂr"&)ared with the varnish in the same way as

in Exanple 1. It also shows the characteristic

rt i.es of the PLED el enent prepared in the
ﬁ’@ﬂﬁ%ﬁ—ﬂg manner. Preparation of PLED El enent 30 The
var ni sh mistwon et BN o otesaiapEd iied Bxangdle 11T0angl §s§SA in
wad TR 142y, ti [ e
d?he \é\e?.{}fsl'lfﬁﬁflo{}fn was furt her dgggt eggbg’fs%?%éggggl Listed in

Tahdle 4 to give five kinds of varnishes. The resultlng

varnishes were complete solutions free of precipitation.
Table 4 shows the amcunt of PTA and 5-SSA and the solids
content, viscosity, and film-forming conditions of each

-varnish.

Table 5 shows the characteristic properties of the
OLED element prepared with the varnish in the same way as in
Example 1. It also shows the characteristic properties of
the PLED element prepared in the following manner.

Preparation of PLED Element

The varnish mentioned above was applied to the ITO
glass substrate in the same way as mentioned in Example 1.
The varnish film was further coated by spin coating with a
toluene solution of MEH-PPV (with a solids content of 10 g/L)
under a nitrogén atmosphere. The coating process was
followed by baking at 110°C for 20 minutes to give an
emitting layer (80 nm thick). The coated substrate was
placed in a vapor deposition chamber, and it was coated
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tol uene solution of MEH-PPV (wWwth a solids content of

10 g/ L) under

a nitrogen atnosphere.

The coati ng

process was 35 followed by baking at 110C for 20

mnutes to give an
coat ed substrate was

emtting | ayer

(80 nmt hick).
pl aced in a vapor deposition

The

&Rk a18pdyi thves ¢20t8d th28kjesmenil a( 100 Wit tlGak) by

O nm_t hi ck)

and Al

(100 nm t hi ck)
d&P\?élttﬁéndEgl giye PEEB deeiERt . PHER)

| eldnef€

deposi ti on
Scosi ty Fi

Form ng Sol vent Appearance of Varni sh Conditions
(nPas) c- HexOH DMAC G een,

gl Example 1 (3:1)

to
I m

clear solution 12 2h Co Exanpl e 1 DVF Li ght
green, 1. 4 180Cjciear sofgqrion 2 N Conpak gL & ]
Exanpl e 2 DVAC Lijghkowwk@ar |gr egpearafdelt i PoE Yadni 0%})‘;; oroang
h Exanple 2 (1) |c-HexOH DNAc Green, 15 [I8@€a's}( 5 1
clear solution 2|h_fXxaBlee |2 (2ksc&nHexOH DMAC. G efn, 1s0°c,
BPmIS0r, (9:1) ¢l eaf3:3bl ut|i omea? $plvEranpl e 2 (3) 2h
TDPG DVACT 3 een, %8 180C, (9. 1Li£;g<egqgen§ol htion 2 h 180°C,
PrEpiie-Bendeden, SHE 5 i rie @n2| (4)86:311) 2n
' To 180C 271 Fxgg T C- HeEXORF ]
Bapdcativeehransle 2§0C, PHAC3: 1) chéta ighipn 2-h Expnple n
—5—e=HexOH+-BMAc—Rgddi—strorar ge 35 186€: (1 4) C EdEBO"C
m@hptbi 001)30 ni N &K /Aglggéfﬁﬁlmogr hngels 180C. "2 n
Fear—setuti-en—32—30—-m-f ,\"Mpai'a 180 C
0
%Rl 2 (5 DVF Red&r*?ﬁ}‘gf’é‘ér or afEResoluLi pn, 41 4 180C.
DPG-DMAC Green, 180" C,
Example 2 (3) {9:1) clear solution 58 2h
80°C, 5 min
DPG-DMAC-BC Green,
Example 2 (4) (6:3:1) clear solution 16 180° Eo 3 h
c~HexOH-DMAC Dark green, i80°C,
Example 4 (3:1) clear solution 12 2h
c¢-HexOH-DMAc | Reddish orange, 180°C,
Example 5 {(1:2) clear solution 3.5 30 min
. 1e 6 c~HexOH-DMAc | Reddish orange, 12 180° C
Example {(3:1) clear solution 30 min
i iso°C,
Comparative Example 5 DMF Rcelicl‘lrshs ;ﬁﬁcni%en' 1.4 30 min
Table 2
Surface Roughness
Film Conductivity -
Thickn (S/cm) Standard Average Maximum
LCKNESS at Deviation | Roughness Height
(nm) 100 mA/cm® Rms Ra Rmax
(nm} (nm) (nm)
Example 1 21 - 0.16 0.56 0.72
Example 1 66 - 0.09 0.31 0.45
Example 1 58 3.5x1077 -- -- --
Comparative Example 1 15 -- 0.53 2.76 3.08
Comparative Example 3 150 -- 3.31 4.29 72.43
Comparative Example 4 82 - 0.43 2,23 1.69
Comparative Example 4 63 1.5x107" -- -- --
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30 mMmn 5 Table 2 Surface Roughness
Thi ckness (S/cn) Standard Average Maxi mnum at
Devi ati on Roughness Hei ght

(nm (run) (nm Exanple 1 21 --
Exanple 1 66 -- 0.09 0.31 0.45 --

0.16 0.56 0.7
Exanple 1 58

2

Fil m Conductivity

(~) 100 mM¥cm Rnms Ra Rmax

3.5x10"" -- - Conparative Igpiel g 1 15 -- 0.53 2.76
3.08 Conparative Exanple 3 150 -- 3.31 4.29 72.43
conpar atf vé EXpnpl e 82 -[- 0.43]2. 23 I} &fsnoia
Conpar at|i veuEx papret 4,63, 5% 405! Cusrent- | voltag(| Fexbsiup |Zpnization
tial
Thr eshol &“‘;EUSTFMJ E’nt(V)&Jr[cﬂnf) ngﬁgfg A@?ji ?ﬂﬁﬁfe Pot(?v)la
| oni zat i age lLum nance Th ness DG(MBI t| z
Efficiency for[Lum nance Hotentl (nm cn ( 0o | 5.4
(edim ) (cd!A) | Eni®ssilof-Y dd/ M9 et Wé 10787 |
2. ;g 1B799,5.4, 0Exarrpd1 L 21, 2 36 50 10113.,93_,.5 5.4
2. 75 18799 4 25 1( 8 395 4 0 2 7R QGRn
Exanpl e |3 35 2| 7547. ( 9@ 3. 5398. 75 10680 52475 218 J.‘b®807. 5 5.4
BdddhpBe 1 2511 730-5+15—E¢anple-—{4-48—-5-H9—F0169-3-
2.75 11713025.5| 10510 7.8 70963 B 24.%5 8271(3 5|. 59680 5.4
28 10 7.5 310 3.1 2.75 11730 5.5
Example 4
18 5.69 7.0 169 3.0 2.75 11730 5.5
10 10 7.3 709 3.3 2.75 18270 5.5
Example 5
| 10 9.38 7.0 309 3.3 2.75 18270 5.5
-- 10 9.2 330 3.3 4.50 10640 5.1
Comparative
Example 3 -- 0.37 7.0 1.2 0.3 4.50 10640 5.1
42 10 6.9 230 2.3 2.75 5610 5.6
Comparative
Example 4 42 11.4 7.0 253 2.2 2.75 5610 5.6
Table 4
Amount Amount Solids . R Film
of PTA of SSA | Concentration V:E‘:lgg?;‘;:y For_mi_ng
(g} (g} (wtd) Conditions
Example 7 (1) | 1.000 1.149 2.8 12 180°C, 2 h
| Example 7 (2) | 1.000 2,298 4.2 12 180°C, 2 h
Example 7 (3) | 1.000 4.596 6.6 12 180°C, 2 h
Example 7 {(4) | 1.000 6.900 5.0 12 180°C, 2 h
Example 7 (5)| 1.000 9.200 7.0 12 180°C, 2 h
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10

JI.149 2.B 12 190C, 2 h Exhmple T (2) 1]o0naaPo8 4.2
12 180C, | 2rfwm te vzltggg rurkn00 GrS@6 | BloBad? | 180@n Donization
h  Exanp|™&ones D" @) 9D Gedin’) D [FRCRI0E, 2uh, | BT £
7 (5) 1.pod™b. 12 1BoC, 2|h'"™1(Fapie b
-|nresn0|u Fit t—Cuoyrent Yol tagej vaxi ,
P a on *?Vol|t 3§€ Luri-hapcéd3Densi 3-Fhi ckfe®s p 17970 3.3
Ef foigd ency 5f90r Lurr& nﬁrcGe Potengl x‘z § I\/A/csm m/_’cm 5 3
(V)_(cd/m) (cd/ A} Eni SsPoh £/ ) (e\f G Exdplel -
759 116 7,0 433,3. 7 2. 45| 1397015..3,, (1) OED 5910 | .
Egedes R 772 75 17970 5. 3 S e G AT e | o
0. L. 5 2630 5. Fgo( 1) 9P!;ED 2'5190500 09435 ’1595 43 28200 5.3
éM%HL%&A%——Exam;Le~Z—5O 203 920 0,45 208 5.4
(eRadmple 7 50 203 7.0 920 0.45 2.5 2980 5.4
(2) -
PLED 50 500 9.0 2000 0.40 2.5 2980 5.4
Example 7 50 0.61 7.0 13 2.0 3.0 4570 | 5.4
{3)
OLED 50 10 16.9 245 2.5 3.0 4570 5.4
Example 7 50 352 7.0 2280 0.64 2.5 3000 5.4
(3)
PLED 50 500 7.5 2850 0.57 2.5 3000 5.4
Example. 7 50 0.78 7.0 16 2.1 3.0 3400 5.5
(4}
OLED 50 10 10.5 258 2.6 3.0 3400 5.5
Example 7 50 662 7.0 3330 0.50 2.5 2810 5.6
(4)
PLED 50 500 6.5 2850 0.57 2.5 2810 5.6
| Example 7 50 42 7.0 1626 0.39 2.5 1910 5.6
(5)
PLED 50 500 7.5 1600 0.32 2.5 1910 5.6

Exanple 5 10 9.38 7.0 309 3.3 2.75 18270 5.5 -- 10
9.2 330 3.3 4.50 10640 5.1 Conparative Exanple 3 --
0.37 7.0 1.2 0.3 4.50 10640 5.1 42 10 6.9 230 2.3
2.75 5610 5.6 Conparative Exanple 4 42 11.4 7.0 253
2.2 2.75 5610 5.6 Table 4 Amount Amount Solids
Viscosity Film of PTA of SfbI@ngentrati on Form ng
(g) (g0 (wt% (nPas) Conditions Exanple 7 (1) 1.000

It has been mentioned above that the
charge-transporting varnish according to the present
invention provides a charge-transporting thin f£ilm which is
flat and highly uniform. The charge-transporting thin film:
formed on the electrode surface makes the electrode surface
flat and homogenous, thereby preventing electric shortége.
The varnish has a viscosity which readily changes according
as the ratio of solvents changes. The vanish is also
variable in baking temperature and applicable to various
coating processes depending on the kind of solvents added.
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PLED 50 500 9.0 2000 0.40 2.5 2980 5.4 Example 7 50
0.61 7.0 13 2.0 3.0 4570 5.4 (3) OLED 50 10 10.9 245
2.5 3.0 4570 5.4 Exanple 7 50 352 7.0 2280 0.64 2.5
3000 5.4 (3) PLED 50 500 7.5 2850 0.57 2.5 3000 5.4
Exanple. 7 50 0.78 7.0 16 2.1 3.0 3400 5.5 (4) OLED

B e e 0 5
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formed on the el ectrode surface nakes the el eg)tro

3t PacerlEage W%o‘iﬁ)g’é%{%thfhé‘ﬁ’ewJ&F&\}é’Ht pyrier between
ﬁh@cuwtﬁdsm tage. tlié) J:l‘@naar NMissferhasThe vEsabsélygctrode

dj h di h f
Dt O, S IS AN Deslen Fhbr b e
d:hadarg@-'ttmmcmtmg alrmﬂ.ramllumamb the vagands leyeri ng
cF etrl-fie% 5&9 de 119 Ia ANk iq_ﬁﬁdof 2Re
n- ot'her mords th

-transpor varni s
QI garekt EInakament caﬂnﬂé dhe; ﬁpevantlonal

S S8 {F AR Y Jd¥dlisH Idﬂﬂéa;yle%u% %B'lﬁt'lﬁﬁx @9@@ Vehe
wet process, such as printi nqu( Ié)g , .and SP‘F é 9
HAr 98N SRorTsiRg (YaHPish © the Presentednyentign 15 in
harfgen Y adatiay ein fafgdie eodwent st and aeaoesit
The r sultln c EL ele t,_can 2@ dr|v a

TR ARG o AR DR RS 6R B phpRent.
Thﬁ\@ﬂncedure according to the present invention makes it
possible to apply conjugated oligomers poor in sublimability
and heat resistance to the organic EL elements. According to
the present invention, the charge-transporting substance can
be easily doped with a charge-accepting dopant substance.
The ratio of the charge-accepting dopant may be adequately
changed to modify the ionization potential of the thin film
and the characteristic properties of the organic EL element.
Owing to its high flatness and good processability, the
charge-transporting varnish will be applied to capacitor

~ electrode protecting film, antistatic £ilm, and solar cells.
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the el ectrode and the organic |layer. The flat

el ectrode surface and the flat interface between the
to charge-transporting thin filmand the organic |ayer
contribute to the lum nous efficiency and to |ife of
the organic EL elenent. Unlike the conventiona
charge-transporting varni sh of aqueous sol ution type,
t meaImbar ge-transporting varni sh of the present
invention is in 15 the formof solution in organic

sol vents, and hence it prevents entrance of nvisture
detrinental to the elenent. The procedure according
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%@H@Qiﬁﬂ{g & %&é@dcﬁqem%%@féé fkgff HLV%E& !ssleréﬂﬂﬂ

3 sol ar™ cel . car etr nsp ortln
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ﬁé%m@-tafanﬁgﬁb@n%v@na@%r mmlde c@uimma/xe |hght C@fj uzxatbeti ounits

5@%@% 1@553 ok elé§ angRetLi NE- A $ABLE: FRlSr bal
Hﬁ% g sa1$ e-t}ransgortln subst ance and an

Hit gd ﬁ*gl bR chRETaSHR 2 A NRol 1EPREPEI ng

_dmpmnnusdbsaanqamr@md aﬂsqhweehe,oam@aenenqﬁamyﬂeﬁél

IS V. hayi
SHB,SORRE?, Bl SRR 50 ey TG o1
R LS ﬁ@l%@fﬁ?sltlaﬁceSblrol@harsgblqcrran@ym@irrm @wgami@ner
peyeididle, pRbME HesSaY V&t 0F1ubFd, Moy rghsper,sed in

ald sol vent, sai.d
%rlarfiamlne, metal-containing or metal-free phthalocyanine,

and metal-containing or metal-free porphyrin, said conjugated

. units being homogeneous and continuously arranged or being

heterogeneous and randomly arranged.

2. A charge~transporting varnish as defined in claim 1,
wherein said high-viscosity solvent has a viscosity of 50
to 150 mPa's at 20°C.

3. A charge-transporting varnish as defined in c¢laim 1,

wherein said
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charge-transporting nononmer and ol igoner has
conjugated units being at |east one species sel ected
fromsubstituted or unsubstituted and di- to
tetra-valent aniline, thiophene, dithiin, furan,

nyl ene, vinyl ene, phenyl ene,

yrrol et h
%apht hal ERRC ISRt FRDRRGTRE ING RISk agy dediised in any of
okaiiazbln 3 .quwheddine saqd @ma@beneraﬁs 8reingl bkbBSFance is

r razine e | en
Y 3L en R eV a0 LR e b RS R (1) o
%wqﬂﬁnqneﬁnmm;qphﬁhauwayawenwhlchnﬂsnnnabxmdnzeﬂnfammcmf an

B P arl 116G P Watﬁves%g 6Q0hLYERt & g tHB ES- R 09(1).
honbgeneous and conti nuou y arranged or being
het er ogeneous and random y arranged 2. A
charge-transporting varnish as gefined in claim1,
wherei n said high- ISCOSIt solvgnt has a viscosity of

50 to 150 nPa.s 2063 rgf-trags%orting
varni sh as definéd|[fh OH $1 ein ddidd -34 4. A
charge-transporting varnjish as deflaned in any of

claims 1 to 3, wherein sald charge transportlng

anee . hi o erivative resent
(ﬁyg?%eﬁfor$nﬂ a%F1$ éi? idenake Rﬂﬂﬁ“veiydroxyl
gfeiaph helageoxgdoupd amlnoogramp5 sdl@nmunérdup thiol group,

cgﬁbbii?ﬁ.' &foﬁgprgﬁﬁ&gg b%fc%&] R?{rt'&?%rg ﬁ%éetm% den :It%. &oup,

pﬁ?ﬁi’B@Eﬁ CRYEFE oFFPUP g r%f'ér'ﬁrer hefr@gen things temigroup.ogmide
gﬁbhpnohlﬁfﬁuﬁroﬁﬁl %ox%@&'Pent Q?fci?r.‘BﬁfalrtQ:{] ! (Y enoxy

ou oric acid group ate ester
9§PBBp °Egg’é?g‘a+% pITRRp oe%?%?n@%hbl AR, QFgaRpthio group,
aaylr grgupl por neubiche ngrdysl) Qoal borarm @B RindyEHERt 1y

(0] ou
aZhOLE R EBPGRAH - PepSRA ol i e s 4 @

bekewB i ndependently denote a dival ent group
represented by the fornmula (2) or (3) 15 below. R4 RS

R* R’
(2)
R‘? RS
RQ FFO
R (38)
Rﬁ

(where R* to RY independently denote hydrogen, hydroxyl group,
halogen group, amino group, silanol group, thiol group,
carboxyl group, sulfonic acid group, phosphoric acid group,
phosphate ester group, ester group, thioester group, amide

. group, nitro group, monovalent hydrocarbon group, ordanoxy
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(2) R7 6 RO RIO.Re (3) (where R4 to R' independently
denot e hydrogen, hydroxyl group, halogen group, am no
group, silanol group, thiol group, carboxyl group, )
A CTEANPFHAD  IRRELp RGN asdily 1giangyp .2@rganothio group,

RREAPRAAES IR G1Fdhe oD, IERdPm hRKOASAHePeAdBntLy
am de group, nitro group, nonoval ent hydrocarbon

gedede angdndeger 9F §r énd, aboyenosmchothatum+n =< 20.))
organosi lyl group, organothio group, acyl group, or

sul fone group, and mand n independently denote an

Pnt ege® dharggrdonEReT tsineh e sht ass defipeds ig cdaim 1,

chagmerkiansaea! cheryal %E:ﬁhs?_ér@%bgﬁﬁgﬁggﬁhéi gbla
Sups I S

rei,n, sai d _charge-transportin
ﬂjgfgﬁhﬁﬁﬂ deriyative FSBF@%H%@G By the fermuia (4)-
G XRISPI I'r (4 R4 RRs g (where R12, R13, R',
and R15 independently denot g, hydrog to hydrexyl- )

group, hal gge ouj ol Jgroup, ’
thiol gr oﬁ?,g“gég%ox P, U"E’r'aﬁp,
- phosphoric acid %r)up, osphfite estter grotp, esfé?
group, thioester ¢ md rougy, nitro group,
nonoval ent hydrocar pR¥ gr ou
or ganoam no group, ®rganosilyl groug® 15 organothio
group, acyl group, or sulfone group; X and Y each
denote gt | east gne,speches sel ected from substituted

3 ,
Ghexnm&ibstR tutRd; 8rd Ro dederepdeshilyadenofe hydrogen,
HyreRiANgrdup,ahaldyen Yrdur! B E Rrous NE £nfhol group,
henyl ene, ngfh hal ene, anthracene, 1 m dazol e, hori

EO PR L QR 4 LI Ig At chigRIp . phosphoric
aziildlgrouw,| iphesphatd @star mtddp, dididemAipe, thioester

| enevinyl ene, fl.yorene, carbazole, trjar Aaﬁin
SRR EIR e Por T R AR Hedton grou,
organoxy group, organoamino group, organosilyl group,
oxrganothio group, acyl group, or sulfone group; X and Y each
denote at least one species selected from substituted or
unsubstituted, di- to tetra-valent aniline, thiophene, furan,
pyrrole, ethynylene, vinylene, phenylene, naphthalene,
anthracene, imidazole, oxazole, oxadiazole, quinoline,
quinoxaline, silole, silicon, pyridine, pyrimidine, pyrazine,
phenylenevinylene, f£luorene, carbazole, triarylamine,
metal-containing or metal-free phthalocyanine, and
metal-containing or metal-free porphyrin; the dithiin ring

may be dithiinoxide ring or dithiindioxide ring; and p, g, and r

L
independently denote 0 or an integer of 1 and above, such

that p+g+r = 20.)
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nmetal -containing or netal -free porphyrin;the dithiin
ring may be dithiinoxide ring or dithiindioxide ring;
and p, g, and r 25 independently denote O or an

i nteger of 1 and above, such that p+g+r s 20.) -36 6.
A charge-transporting varnish as defined in claiml,
whi. ch Ethdngeﬂ¢meBpszﬁung da&asshoae deficices iaf cHayh-1,

sol venc lvent. 7. AcC transporting v i,sh as
i ahi Soat el et R Lkl I S SR AT
hsghwvgnhsgosolyensol vent to the high- sol vency sol vent
is from99:1 to 50:50 by mass. 8. A

- char gex chargperinspgriiagnaahias adefdmedd iin Gl@il’m @ wherein

wherein the high-sol vency solvent is one or

SOIVEHI S ke P T 6 tHe groaposdbsFetTAGT oﬁw "the high-
N Nl e hyd ifverrenisd e o, %dunﬁbhsbas@t By Hgss N

nmet hyl pyrrol i done, N-rmethyl formanilide,

NN - i BRiipeht Fandpsalingi eRtsh a8 i RS hiy! cslléllfnoé(' qgereln the
9. A charge-transporting varnish as defined in claim
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10. A charge-transporting varnish as defined in any of claims

1 to 9, wherein said electron accepting dopant substance is a

sulfonic acid derivative represented by the formula (5).
17
R ~p _~SOqH

R‘!S

(5)

(where D denotes a benzene ring, naphthalene ring, anthracetfe
ring, phenanthrene ring, ‘or heterocyclic ring; and R and RY

independently denote a carboxyl group or hydroxyl group.)

11. A charge transporting thih film which is made from the

charge transporting varnish defined in any of claims 1 to 10.

=37~




-37 ri 12. An organic el ectrolum nescent el enment which
has the charge transporting thin filmdefined in
claim11l. 13. An organic el ectrolum nescent el enent as
defined in claim12, wherein said charge transporting
thin filmis a hole injection |ayer or a hole
transporting layer. 114. A solar cell which has the
charge transporting thin filmr defined in claim1l.
-B7a An organic electroluminescent element which has the

charge transporting thin film defined in c¢laim 11.

13. An organic electroluminescent element as defined in
claim 12, wherein said charge transporting thin film is a

heole injection layer or a hole transporting layer.

S114. A solar cell which has the charge transporting thin film

defined in claim 11.
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