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DESCRI PTI ON CHARGE- TRANSPORTI NG VARNI SH 5 TECHNI CAL
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 elenents are broadly classified into | ow
wei ght nol ecul ar type or gRRSERIETIA ED for short

hereinafter) 15 ehRREA!BRANPHOr WP VARMPSOr 9ani ¢ EL
(PLED for short hereinafter) elenents. It has been

reported that an OLED elenent is inproved in initia
characteristic properties (such as |Iow drive voltage
and hi gh | um nous effi%pﬁﬂﬁghgggg%ﬁééf if it is 20

provided with a copper i (CuPC) | ayer as

the h@he pmpeehitomnivention {é&kdtestio NorclRatgsHtransporting

BEEHTER i 3 PG TV S48 o S o

héﬁe tlns erganic mplenfarpaminesdenasadabbremipped as
52940 06 €Ll AROVEi hdFEdr) 5e]?e5néi{19V'£ﬁ§I gmte& gehal.e

transporting |ayer (buffer layer) nade from a
pol yaniline type material or a pol ythi ophene type

material. (For the fornBACKGROBRD! ARINON- Pat ent
A77-479,

Do 1992, 357,
and NoOEBaRiG Eb LeFements Frameatipriatiniad diko lov
WSigho e lemil a4t visd @uuadss EI24{DLERofoirhshloattt Aereinafter)
=)
5t O e S0Hagehc BP0 e
?Qﬁﬁﬁ#¥xﬁ¥9ﬁﬁnﬁﬁ? organic EL el ement is inproved

in lnlttaha§hﬁééﬁtﬁé% Stt&a prperdd il dilenleht is improvea
ode side) with an el ectron

royvi ded its cat
f Joéhf chnyagtar ﬂr&ae&ﬁ;}eﬁf (ENED; 88 dRngrive
mlmgalahd Nt gH mmﬁmlz(sr effei dienhen)- Eﬁﬁeﬂhf@oﬁ_ﬁnﬂ_lﬂt is

; sac ran
Srovidgn WA X otb o fanadondng, (Bhweyonavepons the
ke Fean vt iRoc imyer 6 (RpferetoPRysiBatért t Rosuméis; 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,
PpP.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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1997, vol. 70, pp. 152-154); netal conplex (refer to
Non- Pat ent Docunent 7: Japanese Journal of Applied
Physics, 1999, vol. 38, pp. 1348-1350) 5 The hol e
injection material for OLED elements is nostly a
material for deposition. The disadvantage of a

(E?éfézl: alg fl\ﬂ{n—dx%g:‘ré‘lexa dnnce,ntth%t E’Pg‘ligﬁl nhgeeLsS E&‘EE@}:S, Us

ul renents an anor pnous

199 d,vok ¢ Ehowrt He‘i%&tﬁ%)rmmeéah copderd (Fafergsed

ﬁtﬁ@lPéﬁl@tlﬁlﬁﬁnen@ ﬁndldﬂan%%@Ub@uEﬂ‘éQ af ﬁgﬁwéaePhys:.cs,
oni zat i on otentlalqghP for. short hereinafter). This

LV ag® ndR oS 48id 3°8ge of choice for
mat er i Bhe Iﬁ@le dapjnecuticnrn maAreat i ﬂﬁﬁmb&@ﬁlwx&s ds
ffICU

|
dFSELY L alter i3 Tad WMok bubhl © il 81t dontage of a
nweeit s i and ﬁqn dﬁgg&mtmamw135thﬁ¢nu¢xhhbuﬂﬂngeathsgheral
f{l@ﬂﬂlﬁeﬂéﬂ?poﬁbkngxgﬁﬁ.gr”EEC&O\H]& bé € 'émé%}fb&i’é solid,

ar |nJect|on eETTiClency remalns

¥t ey gap ligiablienj ddt isbouddt bavgl grad Bepfgkrpgistance,
drd %'ﬁotﬁ@ﬂﬁv@%@%ﬁ%ﬁ%@d% %fn&eta%lbhepotentlal (I, for

haracterlstlc 83 g en a ver
%t%’i iigreimaht er?h%ﬁ is B@BE?Q%r@%ﬁF%W‘-F% ragge of
din cd rfurs prartieic: s tfen aleﬁbeﬁtEZEED eAoEd s dbdwdtdhtage of
et, suc ui enents as | ar trans r n
a8 Lo 1, e RYIR pOPLPR, baffericarty
dum yoreer Tbecﬁlaedvanuege paadem’deqalanetezpiaPalfqaarﬂetpmtlon
=1 p 0 [
R0 SR DS BRI BT Lohmapce. e
rasSHdy dit dded éélef Ghagas, maeytleaneaf-ﬁc\%apew Hemains low.

(ﬁﬂ*c/%fg aﬂmdﬁ&onghhseacabqeatlejee%aﬁahaeenaﬁ has a highly

eIe he have E&ggﬁed r%ﬁggﬁffpéhg EE9GEFElSth

ﬂnca_c_tdﬁ:tas &@remggnmgatal werylsmnlar quaastitycb€ditnenters the

4Fﬁ é%qﬂ uniformfilm Meanwhile, there

A8 T ecent be i found a charge transporting varnish
(in tHehe drcme)ftl_tﬁlmmnt_m wateriainifor PEEM gilemeats
SHOM PP IR %ﬁdﬂ?&%@?&?@h@ﬁ%g'EbnﬁlbﬁpéﬁgﬁbérE§5n§§o§§ing

t he charge-trans % subst ance
H%ﬁﬁﬂﬁﬂ§¥QFhaﬂn5§#U@Pé& ¥c ip acpeAuRntefRrbluginous polymer

Sﬁﬂrﬁ ta’ﬂl dolGetidar atidebldehue tePTOPEIHIISRNifl inke itype material
ég po f%hlop%ene %g%eln %&33 Ia géh arg 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 solution) 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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-2 fromthe charge transporting varnish. (Refer to
patent docunent 1: JP 2002-151272A.) However, the
charge-transporting varni sh containing the

| ow nol ecul ar-wei ght charge-transporti ng substance
(which 5 may be incorporated with a charge accepti ng

e e e S e e R AL
dogenent yl beBARH21b 1 X1 de- t ransporting substance
has a hSWeGQJ:eC%é“ NSEGOL + AL p YNGRy QW ol HAtditing

The varnish with (I:ow VI Scosl ty 10 presents
%ﬁ‘?f?—%‘ﬂ‘r‘f“i’%%c‘ﬂ‘ﬁwlfﬂkt angeg tﬁﬁé‘@ﬁ@ tapapFuRetagce (which
¥ - b & 1 5EG Yk e AREL & |dH€ﬁ‘geA An¢adopanddsubbtance)

BER B ES AR Gk he s 70 Lo %a%hﬁ% EfBt gl In
am'idi:ht:Bom hi Tk ansuedl Iag drds aladvbwﬁ\sero,sutlyabgeauset hiae

SRAEGLL A NED IO i S S PR REI A0, TALC et ana
henprera i bay uﬁﬂommhaﬂ‘ge Vaanspbrmhg apbwovm%lty

%fﬁséﬂ%é“Hiffﬂbufﬁ%ké“ﬁﬂ”“ﬁfﬁﬁﬁs Bt il b§oc@b§fbﬁubklntlng,

0 adjust the viscosity wthout changi ng ot her
siehal sprapatd i &nd dhe HekSt-her hand, i ncor porat| on
Wi th ap EbfGENAE B6edd juendshd Gm&ao@lt@r e vidi@ish is by

et o o e ' S RHE Bt MaRBRIAREPS ad) ust

ihsorpecosing tife txrlaﬂ:etaraij siithhial ehdckeningaageng.
other pLORCLE! eéhéﬁ@ eﬁf L3 nﬂ:feléélﬁrhstpw ﬁ%qeto(:ef - the

per f ormance.” Thé entron was co
Ghm@ftxar@pdmle'g;almeg:emtah dsagcgiompeniefl byeapgysant change

A VEHY 4 D8R T Gr P18 a%ddi@%%v%@lxagfﬁr Q%ah%ﬁBiE?.Hg' ng

varni'sh and 1ts 30 products in_t or m of
RGTEYANGs Jor t FRYUPALATY | 3Rd BeERRPLOEY - o TSHAL 1S
mwm teldajulte taiwwggwa;tﬂtqnwdthout changing other

TGS ORI bo CBgeRRRE: hand, SfadetBotaF fngritn o

mldknming exdrer -heridgh ttoc iertge ioraepahel ochasgestaaoeporting

M@rﬂ%ﬁrge accepting dopant substance. Wen used

n an
For reasons mentioned above, it is difficult to

adequately adjust the wviscosity 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 wvarnish and its
products in the form of charge-transporting thin film,
organic EL element, and solar cell. The above-mentioned
charge-transporting varnish exhibits highly uniform
film-forming performance even in the system containing a
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
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el ement or a PLED elenment, it exhibits outstanding EL
-3 characteristics, such as |ow drive vol tage, high

| um nous efficiency, and long |ife. DI SCLOSURE OF

I NVENTION 5 The inventors found that a varnish

cont ai ni ng an organi ¢ charge- transporti ng subst ance,

BRRChEYERI kY ORE Ocﬂﬁ

rrber-averaégg Q%%%Iga? %/\%fg (ﬂlg%er t%lacﬁ] g.&%.nous
8?§§8F-GBEY|- n38dstPRentifends to give rise to a film
with surface irregularities due to aggregation 10

after application ﬁgg g@l %Ent evaﬁorati on! because it

has a great inter RE QF -n stacking

ef f ect Tardinkenterissfpandethat aii\‘émlfél'bid'dﬁﬁ/aiﬂha‘l’g an
ficient

89 ég‘g{sarhg\/\gég {fﬂlifp{%y 1-gisslusbso %%y & aﬁﬂé""ﬁé‘rlﬁhgn

Biégemeriﬁv@m@dhavxnaraenhmhﬁrfavaaagasmﬂleﬁﬁlar weight no

hE§Rar Cf'ﬁéntﬁ’o@@h'(ﬁ% 1 cjft Vea TV 4 HE G \é“.:i‘.vaarlse

As"a result, 1t was a varni sh contain
Eﬂa?g%l%ma‘ﬁ%?}brﬁtm‘éa%blslﬂ%ﬁrﬂs@a(r@ftws due to aggregation

ahBsgeapp BIGROId NEhd WAL Bordlt i6oP8eeduet 3t has a
charge-transporting substance and a dopant) which'is

W%@bl%@emomummﬁnm%mm mras2ecking effect and

V. e C |ty h S
Al 125650125 1) Mlpat et e, SRR lficBens
PRV R A %Fﬁgl%]eﬁﬂﬁ@r}t Higmmedgcadar weidbs -t Osotheasis of
EVEP Of Bld Dy AttHd S rdddif: Efnv‘;ﬁnlt@rfsoﬁﬁﬁ'ﬁr'lgﬁ o{l'ltp_ug sEEEes of

varnl s Ves ri.se to a y uniformt
%%%e%%ch@-‘éot%é‘%%e%|féleze?h°freealﬁﬂl$ﬁ°rl§§1epbaﬁcéﬁgan| As a
Feswel eeit svasTBouss WHathG veirga’hc thtahﬁttﬁgt a are :

J ow drive vol tage
% Equsﬁeous Ele}?%vpl’ SR R S Ee&ﬂPFﬁs t?ﬁ@§8°rtln9
qimmsﬂamnﬂ tdomporseske oif ianvchatrger traheppreéiagt substance

drﬂi’ et d PRI OUHES, b Igedl%lso(ﬂyeﬁgﬁr ﬁgl%brély dispersed in a

har ge- transportl ng varni sh wh
W@@%Q%Woﬁqh’@r@ub@t@n@eS@Gﬁ‘p@é@dV@BcaSZLtY has a

'd&@a&%ﬂﬂﬁ.@pq@d F3 RRBATBtyOand nghaﬁraﬁtsfeaépﬂﬁéﬂ al and

0l pol ner havi_n er - average nol ecu
‘gﬁﬂ@&r egddngodu %OF°aSBFrHP§E PVEB%@H—Pﬁgat the
toimga mifc ﬂiﬂkremoaimaﬁdmnosemu?o& ofthéardlcnish gives rise to a

H%Eﬂﬁ%eﬁ$ iFSHC &%9f§ﬂ%§%ﬁg chdbgnugggcggoghe 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.

The present invention provides the following.
1. A charge-transporting varnish which comprises a
charge-transporting substance composéd of a
charge-transporting monomer or a charge-transporting oligomer
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
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accepti ng dopant substance or hol e accepting dopant
substance, and a solvent containing at |east one
speci es of -4 high-viscosity solvent having a
viscosity of 10 to 200 nPa*s at 20*C, said

char ge- transporting substance or charge- transporting

d | ved
BLE N La0B £ Rl aiv Sl S ¥c0ally' Tt 50, 20g mea's
Fhr 20°55. assau@ftrhmeﬁtxtﬁns;g:mngl sudisdhaacewleer ei n sai d
EREF G- L FANSHPOFL Y AP fatediB]1 being dissolved or

charge transportln nononer avi ng conj ugate units or

unifempmbie -4k sprpRad iy G Edvelt-h a nunber - aver age
2D t@tClﬁtﬁ&géﬂﬂﬂrﬁlﬁfsp@ﬁ:tatﬁgdbﬁrﬁggﬂbEQVEESJ.ﬁQ&J ﬂﬂ%&ﬂagraph 1

nits, sai ated units bein eneous _and
B0TS n ERA o T S e e e RO s, SHBRE R 18 2
chanckped tyr @t s pongiechg &xonlbmimrtgmtrrgamqnigartgdv ahiitshogsa

r Qve erein.said con

um%&gdtf%h%ﬁ%.nﬁ 011 CI es Wltgjé‘lct grb]erroﬁ] era Jge moiecular
wedaght taf e%p%rtmr@ﬂi}sthm canjudiatedo ub5ts, said
ééﬁj&?&%ﬂéﬂﬁnfﬂﬁ|Bé¥ﬁg‘ﬂ3ﬂ3§@ﬂ@%usd' q b%nt&ﬂﬁ@ﬂsly arranged

pyrro et hynyl ene,” vi nyl"ene, pheny
Haf ing dpterpdanenus,and manderdive aré‘)@@ﬂ@ﬁe

:oxaqtl %h@.h:@e &&aﬂgbbaemguvasﬁﬁbhn&s défiﬂé& 11§'ﬂ>é§£§rﬁ?&ph 2

ridin e, ra2|ne p eny enevin ene
o?"er‘rg‘ ’S%Fbagﬂﬂd; °tnr Rt dPag nPBPnFH@GlGS
sl avtteal -frrome spi‘lisltﬁ]tmtysﬁh ioxe unambs tlie:tmledc anfdadikngoor

A.ch
R T M b o elE, I8 IR R R B ER e
Qﬁhﬁﬁxﬂﬁnﬁx}ﬂﬂﬂﬁiﬁﬂﬁtIHQQHYQ@DQL amaphithadenel i gophhracere,

Aeldaie’ e e AL N BAIAZ0E , Zauﬁﬁbﬁﬂh@ (éiiﬂgxgliﬁs,

qU|noned||ntne der'i vati ve whi ¢h oxi di ze
Lok 015igdiAng n @YFGIPSY Péfrrl@éﬂé@@nt yrpginepe
ﬂhﬁyyldﬁfﬁ%ﬁyﬂ%?bA FlubW@%k@ BarBa%oleaP@rBhrylamlne,
enden enot e X rou
mehsar o o el R res: phtBRYSEaaRingn Bha
mytah}contaﬂnmng ogrmnmalswkéenpOrpnyﬁlgroup,
B ORPERb LG8 ndhOlPing PIOPRIEY A EOMEHL U T £ U

group rou gr oup,
DesRGraphSt Inyter Gc abloye .grbepeior gandxgharge-transporting

substance is an oligoaniline derivative represented by the
formula (1) or a quinonediimine derivative which is an
oxidized form of an oligoaniline derivative represented by
the formula (1).

RTA—NH——B—N—R (1)

Inl Jm

(where 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, thioester group, amide
group, nitro group, monovalent hydrocarbon group, oOrganoxy
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-5 group, organoam no group, organosilyl group,

organot hi o group, acyl group, or sulfone group, and A

and B i ndependently denote a dival ent group

represented by the fornula (2) or (3) below R4 RS

(2) F76910 RRRa(3) 5R 4 (where Rto KR

i en t ro droxyl __group .

SRR CEBant s G- OuEl OERapSYEI P Yarld; fhrganothio group.
GC¥dp grovar boxyFugfong, grotp onird ok i ahdrBuimdependently

PRABRRO0R @196hEndr §HBup PBﬁf@Q@ﬁ@e@sﬁl}grtﬁ ERmfYH §2) or (3)
%%ﬁg@, t hi oester group, amde 10 group, nitro group

al ent hydrocarbon group, organoxy group,
or ganoam no group, organosilyl group, organothio
group, acyl group, or sHﬁfonqﬁgroup, and m and n
i ndependently denote an ynteger of 1 and above, such
that mtn 5 20.)) 5. A chapge={ransporting varni sh as
defined in paragraph 1 @ above,( erein said
charge-transporti ng substy is a 1,4“dithiin
derivative represented by e\ formula (4). R 'gX -+Y+R
13 Pistr (4) (where 12 jggR 13 , R 14, and R 5
i ndependent|y denote hydrogen, hydroxyl group,
hal ogen group, am no group, silanol group, 20 thio
group, carboxyl group, sgdfonigroacid group, phosphoric
acid group, phosphate est gr oup, ester group,
t hi oester group, am de gy&ep nitro ﬂroup, nonoval ent
hydrocarbon group, @8gs yroup, of@anoani no group,
organosi |yl group, orga group, acyl group, or
sul fone group; X and 'Y eagiT™® denote at |east one
speci es sel ected from substitygted or wunsubstituted,
di- to tetra-valent aniline, thiophene, furan,

P %furagcla eR4 q:toh)ﬂlylfﬂ]cfépé/ﬂé]é/r{te.].r{re’d&%%n lheyrc]ier’ogne%p,hthr}%lr%ré%’l 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, organoamino group, organosilyl group, organothio group,
acyl group, or sulfone group, and m and n independently
denote an integer of 1 and above, such that m+n =< 20.))

5. A charge-transporting varnish as defined in paragraph 1

or 2 above, wherein said charge-transporting substance is a
1l,4-dithiin derivative represented by the formula (4).

R‘z[X] [ /s\ ] [Y R'3
l 1_]7 (4)

* LA

R S R’ |
L q

(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
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ant hracene, i m dazol e, oxazol e, oxadi azole, quinoline,
gui noxal ine, silole, silicon, pyridine, pyrimdine,
pyrazi ne, 10 phenyl enevi nyl ene, fluorene, carbazole,
triarylam ne, netal-containing or netal-free

pht hal ocyani ne, and nmetal-containing or netal-free

LN b d
Vit o AR AP 9 AT e
gEABPe eméaﬁeaﬁmw:eg@xtm grtarm, ananayalanth hysindearhen group,
6r aﬁoky5g§9uﬁ 6brdhﬂ3§ﬁ£ﬁbtdeﬁﬁ““ddeﬁd%ﬂﬁ@%h?r%%ﬁ

ined in any of ~paragraphs 1 to above

gﬁﬂan%F%%?r%O%ce}ﬁ%gGrq&ammr Sifonecgrioyps X and Y each
achbbei &t alédstledne adpeei d £ e f1om tsi&%sfte_rtmlea or

7. SP3 20 R 16 er.e D denoptes
BERYRAELFRHEY: rbhe 1l S A A e A ddde. Hipphene, furan,
phenah¢hreﬁhymylgpexnvinxkﬂnnauphanyﬁem; aa@hﬁhhﬁeaﬁd

e car} AHhQup o
R et MIEPEILAaN € Tl ) & RN 18P o pe
ghirexabipgdes ¥¥okn + e D athamys idiaes poyrilmg diaeni pyrazine,
ﬂﬁéﬁfﬁ&é% erR-f RAhAARNS cla:tb%zoﬁeab% r§1ﬁﬁane

ni ¢ el ectrol um nescent ‘el ement whi'ch ha
‘g?algec?%ﬁalsfﬁdm i metiad fhues ebhthsdecyaniaeageagh 7.

rﬁetﬂl—tﬂﬁg&mrﬁ.r@ ﬁﬁt rn@mm%@e@;or@ﬂh@&qt Rl %ﬁe?&ﬁ.'tﬁ?%nl Bing

a ereln ransportin I N
ey NP LA e MR %@vﬁ#x&dﬁorﬂé : aRBfoPr | g and T
ir@@end@tw Sidnartecd lonvanc Hnitegeadefwilt Antihabokrar, geuch

ns ortlng varni sh defined in any of paragraphs 1
aLT6 lg + X =1R0 -dhar ge- t ransporti ng var ni sh

@QCQI@h&&gbctkaﬁspafﬁiﬁgtvhﬁﬁf@ﬁ'QE @éﬁlﬂ&daﬁ§Q¥@§eof

VISCOSI n en it 1s, nade fro
Pégﬁﬁaet%g V&ar‘”&@rﬁl&n§ﬁ&ﬂ P&&ctgaasﬁgﬁeatmg
d&pﬂnﬁ(nuhstandes1&d&p@mﬂ&®nﬁ@ watiidoderaoatiftg Pepresented by

1R hadsnAnd kaki ng nmethods. Moreover, it gives rise to
A .

R"\ _SOgH
T (5)

R1G

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

7. A charge transporting thin film which is made from the
charge transporting varnish defined in any of paragraphs 1 to
6 above.

8. An organic electroluminescent element which has the
charge transporting thin film defined in paragraph 7.

9. An organic electroluminescent element as defined in
paragraph 8, wherein said charge transporting thin film is a
hole injection layer or a hole transporting layer.

10. A solar cell which is made with the charge transporting

varnish defined in any of paragraphs 1 to 6 above.
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charge transporting thin filmwhich is flat and highly
uni form The charge- transporting varni sh nmay be nmade
into a charge-transporting thin filmas a hole
injection layer for an organic EL el enment. The thus
obtai ned hole injection 10 | ayer contributes to

d | d f
L o el ChErER g e TR B e oA R o R 8
PROERAL OlnTention chas onnvmdldeqttaét&jesmcdmd:yb@lm when it is
HREE E%ﬁlh 10%5“513&&%%{5@5&%@@& aqlfsg;o%mg

accordln present I nventi on conpris
EHBFﬁénﬁﬁans%Rqﬁﬂf%vuﬂsﬁ dric @dapéapdseoovagious coating
m@@neastaﬂass@kiwgn@ﬂwa@r @for@ov%liar 4@- hHeBsPRikENHo a

e e ek

onfgfarm. neres |caiangﬂmmrbb poirtiilne vahﬁ\ilehrrtmagrl baeflade into a
t n el ectro

gggiéggl ngglg%%& a%c%lr%r% olaeq-é qz&(%‘aﬁ‘tayer for

gnberaasec Elamll@n@mt v erfthec dunusi prnrl:glatedl laaie bngection

iEﬁSf eéoﬁ’frﬁb&@éé’ i @& OJ.Sé(lecétg O@Weh RA i np0%eld 1uminous
%ﬁﬁ%ﬁéﬁfl‘?&ns@éﬁt?’ﬁ'@efs@%t% or charge-transporting

organic material being dissolved or uniformy

91:?12? S?d | &h‘f”p%%l ¥‘% (‘A_PQENGLB{?ITt :(E'r :.TLINVENTION
ge t r UI T Ily T IUIIyIIUUQ \' LILI

"el ect Theahhyenbﬂdncﬁviye be amek;d:t:.bmﬁ:eemmmn afor) detail.

hol e~ LAABSBRLHLO0L hEChLPIL LANSPOLY | Mo I MY -epe

ectron ran alr ge-
Dmﬁelsh Mamtmrngcqr@nmeqaraesmargemﬁ:emnsmmylgbsuibheance

@&ﬁpmémf %*Erb&f -C?e[r%peéfﬁ'}@o?rf | rPo3Per ty by

itself; it may one “whi gives rise to a

%@JF%%?WHWI&WI&W%H@% %é&‘&émﬁra#@ﬁéﬂg i Ag

PDEEPEE L dveddife Gl L4 NeIYHY /e sztdzﬁttaﬁ%oa@@@r dighga
resent Jnventlon 1S not s

to th fical
A IF SRP IR G 9 ate ni i GoproRem B0l beng
ahmmn&menmlan&ﬁunuﬁrgeitranygdnu;ngﬂsuyynancm'apdl¢ﬁ651ectron

) s s
%%Uf%}gtﬂ[rf‘g (?Aﬂ‘% %Ibﬁ%rtec?% brq:.y %e eg eaz:cﬁc!e&)t%.ng I?io%ant substance,
ang oh sFpkvieniy ccmﬁﬂ;lrmmmz;\h d@a@mqumgatsmcumm ofor a

KK Ser N IRP'dd RNt having a viscosity of 10 to 200 mPa‘s

at 20°C, the charge-transporting substance or

charge-transporting organic material being dissolved or
uniformly dispersed in the solvent.

Here, the term "charge-transporting" is synonymous
with "electrically conductive", and it implies any of
hole-transporting, electron-transporting, and hole- and
electron-transporting. 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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5 oligonmer with a nunber-average nol ecul ar wei ght of
200 to 5000 having conjugated units, the conjugated
units being honpbgeneous and continuously arranged or
bei ng heterogeneous and randomy arranged. The
conjugated units are not specifically restricted 10

3% hgng égagggytféﬁ%ggfﬁﬁhg éﬂgﬂéf:éfrgx%héﬁge transportlng

conj ugat e rou ansporting ¢
chhgpmeri ag hehymes ofybeh i 15 solulrigamin @mfmmlsr éﬂ@perﬂble

4R0d 68aGERLL I ANS RAJJIRD 5&%&%@5@ at Bﬁiirﬁgoiﬂrgns?ortlng
greferabl be substitute unsubstituted and

BRPEeT NBRENG FPR IS JHNER on B fhatigear tapsRerting

pYLgoher ﬁﬁ.hunahﬁmﬂ;eﬁ“dvéﬂgh Iﬁﬂl@ﬁdlféﬁ:e,welght of 200 to
ant nr oxa

t hal ene
3066 B547AS" cARIRETTEL nliRonai e LR umittecpping
bhymodenepupyandi comel nugys by i axxargehydre nedinny heterogeneous
0 r triarylam ne, metal-containin
éban%§g§9?¥ge9€ﬁ%%§ﬁ%byaning, 20 and netal - contain?ng
or net 3hef ceaipgapadrunits natelarmeal $gecifivalohjussidgted

Wﬁ' 16n§BYs Phéy LOEEt{Medmd O Jﬁﬂaﬁ&wﬂg&at 4 cohduBatea

ch may contain cyclic parts. The substituent groups
SHOPH% %H?%%tfé% Wﬁ!}SWw GhagsIsendeRPRFLiAGEERGRigh
ﬁdﬂﬁﬁi¥itﬁrﬂwporéﬁﬂiﬁﬁﬁblﬁéﬂﬂk dﬁﬂ'@bod@%h&&@%pffansportlng

no roup [ gr u ni c
Serfotratis” Pnepito e GRARYY medaiihratice
gnsub$t193ted apduil - tio cesttrer-vglend, anﬁhmaegrmhppphene,

ro t [Ron gr or

gééﬁflﬁorzﬁﬁ%%mﬂgf%ué‘%%‘ YA g ans"" $Hidiene.

g@@%@@egrm@rwe griguglazerleg0 oxaziodise gredpazole,

% fﬁ@liﬂé‘Cth@ﬂ%xaQIﬂi@S B NV & iaNcord! Ryridihe, pyrimidine,
unctlona uBs I n thls case, the nonoval ent

ﬂ%ﬂ?%%%?b BNy dfomenss IGRTRARELear oups
{siaty bamimé h)d'heﬁl)-ltpmﬁ:m&lng @rzomtaqr-@r,ele phebplocyanine,

Spohe AR ot s RN O SR BOLe HBUB Ootisgentaray,
thye | opeingates Olmmdlayydmme)tﬁgegﬂm)t,o fiocyc hoabhyligated

Qﬂﬁ%hiéﬁjcr'ﬁ%r cg.l QQ,@} g)r , al kenyl groups

such as vin group, pr openyl’ group, 2-propenyl
group Th@oﬁ\a pehlperk ogpoups -yetthe -copiugadied upddupay be
indeﬁéndéﬁti&kHﬁd¥Bdeﬂ¥“H#&rd¥?i 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 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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hexenyl group), aryl groups (such as phenyl group,
xylyl group, tolyl group, biphenyl group, and
napht hyl group), and 5 aral kyl groups (such as benzyl
group, phenylethyl group, and phenyl cycl ohexyl

group). The nonoval ent hydrocarbon group may have its

GHPS2CT. LA ALY S Ot 0 B Sty oroun,
Ih@ebhghnbxgr@penxilgrqnnynﬂﬂilaaj oy d-botenylogproupe and
ﬁéif@ﬁ‘yi 0@‘:)’0 parﬁ‘cb L?t%(sm%:ﬂho%% pﬂ%?%lap%oﬁgsegc ¥

sane al group enyl group, an
%‘é"‘ﬁ%ntt‘%}% g%ﬂﬂme Iphenytly Hread .nangr egphithyl grOUP) and

@ﬂ&mﬁirlfgﬁ&a;m’ @hdod afg rm-m A IOYRHUpS Upherg1eRHY 3P0, and

BT Lersthetuh ol o ARaCngRYR enhelyRihparpon grou
rgatpdpavélebltsﬂlﬁmn‘t[gq:ﬂ Qitmmso(ﬁtgﬂsa:lﬁtﬁhrt@dgmmlyl or entirely by
SRS bl PR ot ARib<0 B o3 kBiket) BRRAE-

group, Theluermmrmrtgmtq;ﬁ efemmiphd led iy grldnmay group,

&yl URan® BrYP 1REHE WrdH! Pare based on th
di hexyI%EnF% % gr%up,n di hxg ptyl a)r% no group,&&’I %ct?/ %m ?1% ©

AR A LI h SR AR @elep ITNE -dPBEC PrAH HEOUgr 8gppentioned
ayeyeohexyl am no group, and norpholino group. The

organo,]?llyl q]%‘%}\? i S ex%%lll%flﬁed b trlrretrl])/ si | % o
roup,
ggrodppﬂ Wi ssudl'y lasy mmjm,yltam:.mnltggbﬁpl %Ieltg.ylo.almlno group .
{ { Sl
A et ey RRnel oTBLBY Bebtin ih: grgue.
Ty Jrsmiyi o igmettpy| éwelntuflgmanp gThupor g&rtwﬂ-hm@ogoogpoup ,

f | su a o]
s é#ﬁq1th|o groupaQEP%L§#B§P Sﬁd §aﬁ§gﬁ¥hiﬁb group) .

lmlmﬂbmg% SHOUDSe {SJchh iB§ &F-@GfShYﬁéX'}PPhB§°§P®up,
dmwndmlemgrgimp O@inrbbly(laﬁlﬁ.ﬁupgrﬁﬁﬁ)ﬂ ambatglaﬁmno group,

g’lolfgégﬁ%y %ﬁb@u%&lthlo &g§ §E§8§%¥1a%1no group,

yﬁqﬂlqngqoupbuﬁyhphygamupp ggohpt yeyl giddpylahino
@@u@% | HAURe ARG e BERE Ol e
or ganciie Iraane s idijararovmd sgesepw, L igrigdn banitmdmethylsilyl
dHoMPS trietPylsilyl group, tripropylsilyl group,
tributylsilyl group, tripentylsilyl group, trihexylsilyl
group, pentyldimethylsilyl group, hexyldimethylsilyl 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 group,
heptylthio group, octylthio group, nonylthio group, decylthio
group, and laurylthio group.

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

The above-mentioned monovalent hydrocarbon groups,
organoxy groups, organcamino groups, organoamino groups,
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organosilyl. groups, organothio groups, and acyl
groups are not specifically restricted in the nunber
of carbon atonms. Their carbon nunber is usually 1 to
20, preferably 1 to 8  The desirabl e substituent
groups are fluorine, 5 sulfonic acid group,

8H§§£b§£i§ﬂo§% U déﬂﬂﬁﬁo"%@% 230 3k 1a'g§¥>|ups are

up, yl=group Subst
@Pﬁuﬁﬂeéhﬁ%ﬂ:@llbr gfesaplgtead igpddwe mw\be@epcfeparbon atoms.

Phai fech B8 b RerdQaidmRca. Ao, dipherk2abi§ 1 to 8.
present i nvention, the 10 charge-transporting

subst ahBE B8FbEakYe oFubstituent FEYMS iakp UYIRE- or

Qﬂlﬂmic shaeid dgmue, asﬁumemt@ae roag lemrmlb@a:uhaltedv\@rghhoxy
o imt

200 t 0,.000. Under the will be . .
Sy v Del i U (9T S el e Thibe sifstituent
gxoe§5|shouhﬂnpneﬂenqblj)hy dbsenipfer betiter it wll

@Hﬁ ver low solubility in
so? nts é? %%ﬁ?average ol ecul ar wei ght shoul d
prefer Agpyrdy@g nec htlydepresent S500EnHmme hihef erably no
@h néréﬁﬁéﬂgiégfﬂamﬂydyd ef chargR¥ransporting

I|t in solvents For charge-transporting
%Jcrb%‘?’&% %r AP Fhatier have & @IherspIetrge Meilgrplar
wé 16100 0ot ozc&DG:d)Qmo i000.s Ufderabhe towsselimit] eﬂstvull be

one.. ec:llcles of 1:h I}/ i.ssol VI gso vent.s (rrent on
Pote J? | e acirs N B TO5MGBCE £ ?Reeﬁf’aﬁﬁﬁz"e
Wwhablilditg. sOveesnthemappbe mimpEulytsuibbtnﬂ weessbleiglue to

éﬁéé&v&%r%&q pgc[lm&q%& %l&lg_%%@&%e to be used. The

gomner ol'ynmer s preferably be one which
has nolhB| RemPer-average irqilan iwaidghtomhowdd preferably

54 a6l el e Ot HIRP & 09 ,URidriet bre@%&a%ﬁg ﬁbnhlgher than 2000
har gﬁltrans orting perfornance I.nci dent al

HAteQh dtsugogst sedubddisy, éa sylgepts For
¢nﬁrgﬁutr&nsﬁvqﬁ?ﬂgxyuuytambe& hevikgoh ﬁgmber averaged
n e tr substance_shou
RO Iirant oes WY o 300" obi. 04 8" pRREEaBABLS use
iW'léﬁst(nnnﬂspapmpsomf @m@hlwoﬂedspﬁwmagdeolvantse(mentioned

1%&@'& Z54d0 Y Aieh haSr B S_Bbgﬁgg@ | 'iﬁle @P&lﬁy

transporting performance,
HiHoatinsh SeIveRtisamayThe BrogeaAy| ﬁﬁéeaﬁedvappoﬁdlng to the

gl trFafiortlingud®stancad¥et banuwklh Mk agiiomer 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 undergo reduction with hydrazine.

=11~
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~represented by the |f ornul{a (2)

11 AAN'"4" (1) (where R, R, and R 3 independently
denot e hydrogen, hydroxyl group, hal ogen group, am no
group, silanol group, thiol group, 5 carboxyl group,
sul fonic acid group, phosphoric acid group, phosphate
ester group, ester group, thioester group, am de
group, nitro group, nnnovalent drocarbon gr oup,
or ganoxy group, organoa organosi |yl group
organot hi o group, [acyl up, r sulfone group, and A
and B i ndependenf'yt&4—§ RFal ent gy oup
or{ (3) be ow F14 RS

(2) FRI7 6 RO R10 (3) 48*where R4 to R :

i ndependent |y denote hydrogen, hydroxyl group,

al ogen ,groyp, amno, roup si | anol roup, t hi ol
GrRare M3 Bar insid) X o BARbORASRBEY Cahte diudpden, hyaroxyl
pragphotd 1o el Greu@up anipogkbape eslenodr gepupesthiol group,

SHoBr L e Rl e, AR o hRnoppOhpBrAc Heia group,

ghquhaﬁarastymompougrgasmsrlgtogpouphloeghantgroup, amide

gﬁ%gen q:‘r;ﬁtq )?qr 581 deno g%%'%falﬂﬁf 885989?]??99 gkéﬁg organoxy .

HRRHP 1t IPRIARARMIS2 TP UPhe 0XGBEOBLLFAL ggpenpsorganothlo group,

48P e d Y S8l FoReRgreRy, Pendt Reanane QHSépéﬁdéﬁﬂﬁf
|n t he conju ated units nentioned. -12 above. ?

pITRYP KEPECSRYLEENRY ERS EF?EIP‘lea 2) or (3)
Hﬂﬂuﬁltuent groups. The oligoaniline derivative is
exenplified by phenyl tetraaniline, pentaphenyl
aniline, tetraaniline (anilines5 tetraner),
octaaniline (aniline oct':msr)R hexadecaani | i ne
(anili ne hexadecaner),
(phenyltolylanilino)trip
(phenyltrianilino)trip e
(phenyl trianilino)di pheny}oc
hexadeca- o- pheneti di ne F‘(70-p petidi ne hexadecaner),
am notetraanil i ne, R

ne. (2)

(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, thiocester group, amide

: group, nitro group, monovalent hydrocarbon group, organoxy
group, organcamino group, organosilyl group, corganothio group,

acyl group, 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

]2
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10 phenyltetraanilinesulfonic acid (having 1 to 4
sul fonic acid groups), and (butyl phenyl)tetraaniline.
They are all soluble in organic solvents.
Incidentally, these oligoaniline derivatives may be
synt hesi zed by any process which is not specifically
str, S e clLose
BpVEr i iRt RERSRE, m3 TR B3 "ErPr grpitrary
ppbst¥hgenysgroypsl. Synthetic Metals, US, 1997, vol.
84, PPrndld1igfantiohBchepleauale £§3é:9§nﬂiﬂfé@rﬁa} Mheny1

substance is a 1, hi1tn derivative represente
trEraaniddae( @enwpnﬁmﬂ apdline3 tetraamilipe (qnlllne
tebeaReR) 1 20ct&ni Rdd (arﬁiﬁ.r@ bridrianendrikddecdanstiene

LXRLRERE pegsccinnl” ohar it il eheratpfune.

ﬁphdnglbmpanbtmnﬁﬂtmiphengﬂahxnequp, phosphate ester
E#:ﬂé'ﬁyl@figﬂlﬂ:[r%' di %nﬁ/g&:& 2 19{ Ou%ex%raec% %r %ﬂehetldlne

tro group, nono on ‘grodp, ~ or gano
momen@tg@xmmm@mrm gaammﬂqﬂragumlpne
eﬁ@ﬁfﬂféiﬁhéﬂ£&Ehe§ﬂi@oﬂﬁé“&bld”(ﬁﬂyl q Q%pﬁpsquQHQC acid

each denote at |east one species sé

GEPRT t utRA ot PutHRhaRY k) feddaagiling teil‘ha:rvaren@ll soluble
ﬁmlérg&nlérgdmﬁgﬂﬁg furan, 30 pyrrole, ethynylene

B ResBLECL RIS LOZED A ) A0 NSRS s may ve
sn rioxsd ek, bisidrot eprcgjdsis:mnlqhymsdlnm s@yen:umldlaney
P EH D - 13yBRAN! BRBKLILEEN G el hYLEEREa P BRI St in of

trlary con al ni ng
fﬁmm@eﬁmm’cy il Janparal I@&ﬁ aerlng 63r, ppt-all7#Ped752, and

%ﬁ{ﬂ{%ié‘ mdthe ity rlgrgvngvdiay st;er g,? n@j_'gd@_zgl ng or

hi i ndi oxi de ring; p, qQ, i ndépendent |y
denoteA%°B?e%na¢?ﬂ%§ﬁﬁ Qﬂaqg%ﬂﬁF%RﬁRR¥t%ﬂﬂﬂ?uQﬁﬁﬂﬂce is a
PAEdL thi iR Qer ikt iSud Hdpreain teo BYs thepresmatad (ay .
R 2 to R15 may be the sanme ones as those in the
conj ugated units neptioned _above. Jhese substituent

gr oups na¥%paWe Rny othe[/aﬁbk;rary 10 sub tlhuent

groups. nq pre tji/ﬂ\\s//fljs S tm (4)

(where R, RY, 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 este# group, ester group, thiloester
group, amide group, nitro group, monovalent hydrocarbon group,
organoxy group, organcamino group, organosilyl group,
organcothio group, acyl group, or sulfone group; X and Y each
denote at least one species selected from substituted or
unsubstituted, 4i- to tetra-valent aniline, thiophene, furan,
pyrrole, ethynylene, vinylene, phenylene, naphthalene,
anthracene, imidazole, oxazole, oxadiazole, quinoline,

guinoxaline, silole, silicon, pyridine, pyrimidine, pyrazine,

-13-
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conjugated units nmentioned above. These conjugated
units may al so have the above-nenti oned substituent
groups. The dithiin derivative nmentioned above is

exenplified by
2,6-bis(2,2" -bithiophenyl)-1,4-dithiin, 2,6-bis(2,2

%ﬁ%ﬁgiél?é&g@ﬁgéﬂ%eny odrlletn? | g'jatrlpalzr?le triarylamine,
@eEabT%Q@iQFRIﬂgmqﬁHMQﬂ@l{Enbedmhhhmdpcyadlne, and

me€a Pl SérrLinHd WY ekt ediele o h?Qth'gﬂgld§¥ﬁER£e§ing
i ncl ude ollgothlophene erlvatlve?
@P%tM@|q+ﬂqgﬁa &¥dng or dithiindioxide ring; and p, gq, and r

Ph@épdnadntierddichenerd a2 1dikalgdehyee( &HPCQba{rﬁesgmh

sol uble in 20 organic solvents). Incidentall
haygRtIopherd . deri vati ves may be syntheS|zed by any

proces II stric T h;al
proces’ﬁ%%‘“%‘?%* Pl 3R] SRnnbsdnRl bY) BE, e R
Yy game ognn4s t&wel—lémertb@ycbasugaged unbts :ﬂentlaﬁed

dlibvéwga'hézg(asu%hffuéﬂtt@@& §r}ﬁ£fehzw@ ﬂtﬂéq: arbitrary
bst, nces are exe Ified by c ge-transpor
Lti gf‘) odi hyree cthrersame ivnds S \as dﬂle

dorcjusge & Gmlo:tseﬁ@nth.)bﬁéﬁeaﬁovecanﬁﬂ@é@gﬂcgi ated units may
Xxin) an

@% I 6_J?Daxanthme b é

aﬁharge & RSOV R ﬁBﬁ&HBP SHRATLEUARE 9TRWPR ai ni ng

and rEheldifttddpiehdvatisel mentibneld kbovydes exemplified
I

R A8 7 BAEBAORBRANI T bet G BRYTR ook SpES (2.2

ﬁ?tthaomrldel SrAdthijn2, 3,8:b05(5, 17 Rplenyl) -1, 4-

dacthalms((zctshmgw)229Bh§&5h9ﬁ§i3? Pe a&iﬂi‘% rg %&g&i(l 1)

Xy)-29

24 k t
2 %J%ﬁﬁéﬁaéocﬁéﬁpﬁgl§aﬁd Ogighifnoc 3&1t10na1 examples

1$ciuﬁe1$1l§o%ﬁlggh§§eo Labys f¥ 39§h$&ng Gethylthienyl and

p ht hal ocyani ne arge ranspor
2aécabdi-Rg tt@rtheopbm«seﬁtsr ndbat deiny dey( Wieigir epss exbluble in

okgarikhgo2veheEge-transporting substance al one or from
a charge-transporting organic material which is

conpos@Fifentrd lye nihgeet pAhgpbhirpherabdeninat tines anay be
syh&hgﬁa.aédebyl afly UpPeddss SHOEERNCSE - nd'{ersepeéltﬁ.call

in opant substance is an el ectron
- S0RLSEcEac I ona bt ance 2 1 A0 SLoElieh e,
1987, wvol. 26 pPp. 939-942, and Heterocycles, 1987, vol. 26,
Pp. 1793-1796.

Other suitable charge-transporting substances are

exemplified by charge-transporting oligomers such as
oligovinylene derivatives (which include f-carotene, lycopene,
canthaxanthine, xanthphyll, astaxanthine, and bixin) and
charge-transporting monomers such as metal-containing and
metal-free phthalocyanine (which include copper(II)
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 (I}
2,3,9,10,16,17,23,24-octakis(octhyroxy)-29H,31H-
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substance or a hol e accepting dopant substance for the
el ectron transporting substance. Both should have a
hi gh charge -accepting capacity. The charge
-transporting substance 1is not specifically
restricted in solubility so long as it is 15 soluble

iﬁ?}tﬁé}&%?é% e ah{ J (533,‘1' V%t %S%‘i bat oElESbﬂ%BﬁPlzgg,uH-

n accep part §tance I'S "exe
E@ihakﬁgﬁﬁnxn%k¢ong aC|ds such as hydrogen chlorlde

sul foTﬁeaéhgrg@lEféﬁsﬁ&fﬁn Reh PGS %defaﬁ%% legd s

acids, such as alum num ( ) chl ori

PTeSER Y ARvVepting may %lmmeﬁu’f@mﬂ) Bor on
¢cHaedé Of rales diing AiHtaride H1oniederetrhefn gonpl ex

BF3 1irgn chloride | co L)
lmlaffgfer% ,%arﬂ%) Hatersel, quipy; 1§eCpagebes of the
Ghamgmftxaﬁsgnrtﬂﬁglsnﬁshan@ésﬁnﬁ,a phatpgkeaceepting dopant
JoT=Tld ride (PFf), and 25
trlsf%%%gbnnphenyl)aluninun1hexach|oroantinDnite

( TBPAH)ere or ghai chaxrgeompeernting darams substance is an

éﬁgﬂﬁﬁﬁﬁﬁﬁédﬁﬂﬁiﬁﬁ”d%péhﬁs%hb%taﬁ%bdfo%aﬁﬂgaﬁthoEkﬁnsportlng
aci d, hydroxybenzenesul fonic acid, 5-sulfosalicyll

sotaftfb‘-‘détlylaoéw}éw@ﬁﬂ%%n@ %P&ntaﬁﬂbstance for the
gl st ot Qiiﬁﬁiﬁﬁdimlﬁlga@dﬂ).st&ﬁ@em 93611:1@ SHoh @I garé Ca hlgh

(P%%a@m i %%%uggpﬁa%’?a&%ye d']?% g an%%@ stance

KDDL spectiifddialdy r'étm&:s:elce)e&nnhesoaublmmtyl Boi Lahgvas it is
X . t ' ified by .
i et e Rind B BUSEchR BSERPEDL Py Vanton.
conpl €Xess ele@srar Aegenting WoRaNthsubstaace (si gkempdified

by tlhid—t"ﬁaﬁﬁ%t WaeRlgo Rt L's(l%ﬁaﬁ)s) hydPE§EnCXATBLE§e2r ©
Re

not limtative. -15 Accor piesent

tot
THNRBHE O RCIGet RitRdc @rdfy 3aﬁ§eapbpﬁgcsaﬁ§tian59waﬁda01ds
dduh dmragmﬁmeptumg }d@mat:id&uwmamg)e s&m:dlum (IV)

AR TARIS! & PrRg: sbr1 P Feid (- des PPEBTY
ﬂ?ﬂﬁiQIMMHeﬁhat wiomphi. exx [{ BB, tQE&)or plrons (IGMi)dchloride
‘?Ze?,‘?ﬁééagé?ﬁ\gﬁ”(If‘h&?“&%ﬁ?%%?{o‘%‘??lzﬁrg"%h%Eﬁg*é?er(‘"?h
nepdiegblerddst i ﬁ@%bamrsmm\ﬁb@ewltwisiﬂ VihaF's) |
NN URY pRntbENubS@asi(bY, ), and
tris(4-bromophenyl)aluminum hexachloroantimonite (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-benzoquinone (DDQ), and iodine.
These examples are not limitative.

The 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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solvent (which will be nmentioned later). 10
Particularly in the case where at |east either of the
charge-transporti ng substance or charge-accepting
dopant substance is crystalline solid, it should
desirably be a substance mhich exhi bits random

I nter ITRJJS&H&?IS% Mg Udle 36 19 oh2S BoteL Re! NE

char ge "accep g dopant |s a oW ol écul ar- weir ght

chpgrmicansposiogl sx@ﬁtraameyané shecehpogadagpephingsdopant

Sl SCartie MBI HiiRamy 86 fathEthﬁ@' soﬂi&UpSIf Reither of
t.he sane nol ecul €. These Conpounds are

et ¥4 cﬁﬂ‘-’r‘%ﬂ-’?’eé%ttrq &%eed‘rYﬁ#é}liPﬁcFBaéd fE)F ghatpfiedesirably
Bé I & Nua toh diyedr G@h&hﬁﬂ&-ﬁ]ﬂﬁiﬂtfsoﬁhﬁrgﬁbds samlanﬁrspéfenw when

d LI ted the f
F otk Dot G 1R SR, PEmpSERnBFthe (o
Gh&fgnﬁtranspbntmnguﬂubstadce athalbhanbeeﬁbcephmng dopant
| f
gidy fé“’é““‘%sa‘ivb?’g?%* §eas b ap it FasdaBicy
sralbremal (aha gty iwgllakeh meaddenedi agtephenant hrene ring,

or hetpfPey&liLriy Mh @ 2% mr% LE 1iendepgrdast! ¥+ the
denot e a carboxyl™ group or hydrox group

The
qnﬂﬁ%ﬁyﬁﬁﬁﬂﬁﬁﬁﬁﬁ q%;SFQFﬁﬁ§ﬁea8€oFéﬁﬁgerécﬁﬁatlﬁgeg%ﬂ%nt
suh/ﬁfﬁt nldm iiss cfyenanad na tgfbladsotLteahoum?caeﬁﬂﬁ&mySbe a

ea .one s S O VI.SCOS [ ganl .
Sh i innd SOREEs 2pagpt shrge980etnaed Rhtyap actions.
Iandthe [wAde m@qmm|ﬂheohha5©etaceeﬁﬁingtdupanal1s a
d
1FHv?Me%u . Se %%Jh\fe% Rk rsflspi@ OH?QEr%l%sBe a

organi'c S Vent aV|ng VISCOSIty 0
gempanng WIdeh has £haee iogmpsendisfergntt pokgpofunpetional

U i RV smdViicARk@e .t hi s high-viscosity solvent
should r ef er abl be neutral so that it _does no

af f ect THIRE GRBRAMNGRy Rty Td FoeTd t4Caildds rﬁﬁtFFrSted they
ighengie t faas p&iainple , 5Tiﬁb&taﬂiﬁyaﬂdx%bénzenesulfonlc acid,

r epting ant..subst ance
L A RHRE il RS YRS BREReneiEee Bh RS pagmula (5).
Thies claradt eme( EIsDn@@t dedd repleokyd t¢pical eHwmwple eof the
STl 1409 PMeVaPE3N s 2CLAYEEREI %GR acia derivative,

such as 5-sulfosalicylic acid.

R"\ _SOH
'|3 (5)
Rw

(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 invention 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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et hyl enegl ycol diglycidyl ether, 1,3-octyleneglycol,
10 di et hyl enegl ycol , di propyl enegl ycol
triethyleneglycol, tripropyleneglycol,

1, 3-but anedi ol , 1, 4-butanediol, propyleneglycol, and
hexyl enegl ycol . They are not limtative. O these

f%@rmi»aessr &%Cﬂd}r@ la %‘11‘1&1 i RYheNee! Y58 8r§50°c at

pre erab ecause of their efuat e vi scosi t
prrahPues gt Meaeguss. c'é’a!-'ﬁ 191@%?%%19@ 0$P3!‘fﬂé'1t

Shibsid éﬁleéfer%l?f HeGheu® rizhe s Qﬁ%“&t ikN¥eBki Bt hPBfect the
hi $hVJSCOSI olvent in the ch arg transportlng
‘?/’é’? FHG gt 1005c R thEnGhATIPRAEaRFPOTLING
smmsnanc?fandZMhd(nhﬁﬁbaMdﬁpe@t&hgrﬁbbﬁntB@ubetaﬁcaﬁqéThe

R r 0
TPIfe € AR 1D ftathdn b WaBsPeRent WERh E-type
ﬁi@ﬁ%tﬁ%sﬁ&@-ﬁﬂ.v@mdesﬂv@urmklye Beikd)80 wt % so | ong
as no S an

TREY | 856 SERGNF J?f %\%@ﬁegi:aéltgg. %@gl gl g‘glfq‘\?lXCOl'

varni sh may contain

QWW%%@;@WW%%@@@& anactzéetlﬁelrzﬁaige
ACSEPE die SR, WRTopFaenedlivSoli, glarieltn?meﬁe@&wﬂt
ermts the transportin ubst ance di ssol ve
L Aah e 5@9@& 3 hitapsiioln dedsPubanediohy
promdsneglycile rand nganyaien@gafycblle hrgeyvageofibtylimitative.
Ve e t LS _not
O Hillle ' iified! W ARhUEARY1 Sh4 it BpPPbnaotycql e
RS abjeefacavise foforrhedrledequate7discaaiityoard boiling
gy SRR %JJEP'@O%Q:J. Q b@r%grﬁgrl(:??/ggaﬁﬁé sEBEtrate

hi gh-sol véncy sol vent” i's exenp
met harffFCondr g e ttha Wtdénventlon the high-viscosity

d&lwdiitﬁﬁ.trhwl'@(?@h@ﬁg@etraﬁsﬁekhihgyﬁéﬁhhgﬁn§hould be used in
di ne Li mdazolidinon

| formanili 35 N h
Eﬂrﬂﬁﬁﬂi |HR§ ditl GFGPEPET fPBIiBnE° 4R WE%haHB?ferablY
3thexo e wiidt, kﬂomet @trmferabl? Ebetohaogﬁt%ramﬁpanél tetal

a\flﬁardﬁ'ts% l% t chgﬂ%t ¥ | ﬁ0| Vﬁ%nt Iccgsq aTThe

I nproves t e varnls In we
hghratis cosd tyusodyentesbouhd pel am 9, 8andtdosdi hong as no

Sk g@ %Egtgpbmﬁnt and makes the filmflat at the
time of g baki ng. The ratio of the optional solvent to

the tcihg chargantrmspomidRcs vARnigs Pa¥nFeRtadn af golvent
wilcht Yeadialedablsyivést @n80chbe 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 f£rom 90:10 to 30:70,
and more preferably from 80:20 to 50:50 (by mass).

The high-solvency scolvent is exemplified by water,
methanol, N,N-dimethylformamide, N,N-dimethylacetamide,
N-methylpyrrolidone, N-methylformanilide,
N,N'-dimethylimidazolidinone, dimethylsulfoxide, chloroform,
toluene, and methancl. They are not limitative.
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The optional solvent nmay be exenplified by butyl
cel |l osol ve, diethyl eneglycol diethyl ether,

di propyl enegl ycol 10 nononet hyl ether, ethyl
carbitol, diacetone al cohol, y-butyrolactone, and

ethyl lactate. They are not limtative. Incidentally,
the chapgeshsRPSPPFL b A A SPhrBGHP Wl S o%%ﬁ#? contain
present Invention may vary Inh viscosity~ ranging om

g solwtnhpthichchpiavies dhea Varddshodnt wehtahdlity on the
sabsProfe SHYANE AR Fulifdtd ¢ehRe ol epeihri PYeNLhA@MNboiling
the ~charge-transporting thin filmis_prepared from .
RHIMEIRF gehe (Tt 1305 PRKESS (FDfe farBnEdabbBbethpy tine of
baking i althe rhatious€ aRet bptlilﬁh&.lli 8hECERDNL ayies e
ord i [)s or_th ectron inj.ection

%Iﬁa%?@(geﬁ eé(}?:l%a%?’f% ans ercglr i gr nﬁﬁ&er“")s 1oﬁ:°aﬁbowgd ni Erﬁerably
kleoredfl wifhe thin filmmy be formed by applying the
char ' ' t tar. , [ hS

0OThS ABSEP0AA NG YRV & Il 1R LAURAILALS: pihbaRy)

fol | owed by sol vent evaporation.

RS YS fHnthvianegliyeododiesbyilf ethery Aéprepgiedeglycol

mdnd A S t HE P i dtthy 1S Ria AR, NAi abe@Babeh 18601 | NT,
roll coating, ink-jet, spraying, and brushing, which
Yabtityzgdeicséoot . uanfloehhyli Lactatemt iThey Hre metthddnmfigative.

sol ve jon eci.fi Ly .. 30 .

Cost | SRR AN ek NHar et sndd varnisn,
aRaardinidio dheadegsens dnvesshonemayuvhrdsiai viscosity
g irddigrdalaN)to %@dm?%cléu%p-ghﬁﬁ.ﬁﬁkbﬂgth@n'_es&l ig%@ﬂﬁ and

not., specifically restricted so long as It is
oy 9% FoLvERent evaporation; it is usually 40 to

250* C.adewrdiid efo Ihd igradent amiidnt ion ,f aher eacti on
substrate, _ [ .be _acco

he baki.ng l.ished [nh two
fbrel® Sl ehna thuld sth 13 pERERTPO. I0RG AR
absngendyminsiporttd ngh yegedshamepdibned aboweli |t iis swittable
£R0Gdd G lohdl HRl1el GhdetlibasHale PREIET PRLXSREXPiG 1
200 nmift it |s_u§eg gs the c ayge ?njectlon 7 y%rflﬁ ayer)
o ther gdeictem dngeehdonTRayerl kelhctkassrangpoeting layer)
oFjess e @ altM. D Fehangimad ¢t he solid content in the
varni;ﬂlor by changi ng the .

e thin film may be formed by applying the
charge-transporting varnish onto a substrate, which is
followed by solvent evaporation. The method for wvarnish
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.
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anmount of the solution applied onto the substrate. The
charge-transporting varnish (or the
charge-transporting thin film prepared therefron
according to the present invention may be used to
formthe CLED elenent 30 in the follow ng manner,

whi ch T%ethlthbEthfe hghgh% §§ttfﬁ %kﬁ%fﬁﬁ§5ﬁﬁfﬁwfllm is

cleanln% the substrate (as

geteppertfigrtbhoresbrighed. V\éfteﬁhoﬂll'#@ puaggsably be 5 to

20bshmaie shold dusselas afley QDA rSWdtash 1SR BAL an
such. as zo e treatnent agq oxggen- pl asma treatnment)
&ggﬁﬁﬁ%d ?ﬂﬁorgﬁﬁé5 WBvEKNeER| Ba¥ e ag@iusted by

thenygieat tllmysohed aord teark iifn tihe amfzdﬂs?luia,t&thlbgt @hafiging the
I terla n e case

&ﬂgﬁgﬁf fnﬁﬁ€ yéﬁ%ns%%%ﬁﬂﬁge ﬁﬁ? SYDEAT %P‘the

OLED eﬂ?bﬁeﬁbarghetmmnptﬁrtmmmmr(rcmzl the the 20

ERhigul ing NP6 fif %]:%%%rrteﬁing:h\é%%%i%ﬂ ) 't According

plled to t anode substrat ove-ne
ga??%gpﬁ%ﬁ?Rﬁi%QVQﬂRkﬂntm?Yfhﬁw%S@ﬁetﬁoﬁermrahsp@LEDnglement

ihi thé i to0 Dowide nﬁirﬁféﬂ O%mths QR Q@im@iltﬁ%&{rede i s
pl aced deposi tion anber so 25 that it is

vacuu
coat edTé%qg?e FF A ISP Wt HOIWEE R éﬂsﬁ%’r‘{‘i%d: eypdibstrate (as
iné telewmttadey w;ajma:termgtemsmbbmg | ayepurel RatELN The

$E80E L ST ol B Do

Qhrﬁﬁiozqnﬁnhﬁﬂﬂﬁman¢ a@dbaxwgen plleskal aiyeatmaytbe
{rihdeRh REIVRRITE A 3@ . adH@ﬁ@Gérla¥§{§céﬁkfgé§”tfé5tment may

contr ol the en1tt|ng regl on he anode T's

he A ehiifethe pg@der sybsidatedisneompesaddmainky of

drgﬁnﬂntﬁatewmaxg (ITO or indiumzinc oxide (12zO. It

shoul r erabl i, Z af ter depaqsition.
ThesedIIP "—y mﬁv%eaﬁq?m %Wnapﬁat%ﬁ. ypreAsh is
whed \Boin \télemOL:EB pdleyenit],i thewiithéh €Xhinbhég BegPormed in the

£, ting performance. _19 The hole
trzir@%nrg{ éirf:\éfI((l'g!l:yer may be fornmed fromany of the
hey ke

fol | owh rizanspoptiiag varnish, isueppdsed to the anode
sub sty bymcae) dbBbe - H@ht!@ﬁé&ec§gg g meghod in order to
o na%ﬁt%@lgl Qggsgggkggg %EEQ 1lm 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 1ayer,'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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tri phenyl am ne) di ner] spirodi mer (Sprio-TAD);
burst am nes, such as

(
: .
4" -tris[ 3-nmet hyphenyl (phenyl ) am nol tri phenyl am ne

5 [
sta
4, 4
(m MIDATA), and

4,4 4" -tris(l-naphthyl (phenyl)am no)tri phenyl am ne

10 (1-TNA d t.h h
55 e Mt Aan e HRSHE el Bd BB rnea, exomcany o

2He ﬂuimdmmumhma¢e¢lhm53T)Trﬂ&myxﬁminesm)duqhﬂasray be

f i te)al uni
(R gt BRI 2L ) o)
(m-au(a@hmiymdllpﬁewumhneohame):( PepNEDY|, pagaol at e) al uni n

L1 BAl q),. .and . . .
IXEEJHEQ§%%%§98géﬂé%§FJPH&F?GF%ﬁEn&ﬁPfEPN@$9?’ FhHerburst
agmiinlelsi ,Ngulchyas nay al so be forned by co-deposition

th ', {
i e 4 BRaR s S e RS R bheRS FBMEAS Thr Ponenvioming
(FhMTHATAN)r, 0@ndt r ansporting material includes Al g3,
B n -
202 EERSrpsRh T (heny ) amip) fripengigrine o)
EE? AtwlQ?él@lééPFDAPPbén€$AZ§uc a@ﬁocupr0|n and
53|5|"0|b&s -qaf—lwgtsl(uEﬁetii?liEﬁen?m ama] SSRERY1 1 Nch udes, 2n-

ui_nacr one bre coumari n 54
t% Fﬁl 5ﬁ9§ HES *2-met hyl - 6- (p- dlnEthyI
am nOSImer )dnﬁltﬁalirxgyﬂ.aIYe@:Dﬁw be formed from any of

t%%sigz ﬁﬁ%ﬁ age?g%h&&ﬁﬁﬂnkﬂiiil Ai&)(PPY)g) and

ena I'ne
bﬂﬁdﬁkﬂuna°ﬂlpglahﬁényn¢ buTanéZngd-.di onat ) eur opi um

bﬁgkblme%ﬂyﬁEHCEzﬁhéﬁmﬁaiatgwﬁgzﬁﬂéhfi%#éﬂgf% @Y iuﬂ@ﬁhm

formed from an ectron
.Iﬁjléct(ﬁaﬁqﬂayépdnéy4bebﬂ§r(afea ﬁiah@amvwﬂvbmhﬁwl (DPVB1) .

TR @ﬁll@:blﬂ@])c lla?Bgnﬁé uawesl Be fdbhda L%I@e &éﬂ%ﬁaﬂ with
hi um uor i ne IUW\ or
tBe, SHEPLROP bEpngRor o) hafBELST | ¢ At LGl elng

matetrate, aaddthet Bmittihgndopart. - 20 The cat hode may be
;lolrjm?grufmr %Te%%o%f t a}&}g‘pﬁéﬁpggﬁg%ﬂﬂ‘ thbYGhed A9¥:, Balq,
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) (Ir{ppy).). and (1,10-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 PBD,
TAZ, and BCP.

The electron .injection layer may be formed from any of
lithium oxide (Li,0), magnesium oxide {(MgO), alumina (A1,0,),
lithjum fluoride (LiF), magnesium fluoride (MgF,), strontium
fluoride (SrF,), Lig, Li(acac), lithium acetate, and lithium

benzoate.
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sodi um potassium and cesium For application to the
CLED el enent, the 5 electron-transporting varni sh may
be formed into thin filmin the follow ng manner. The

cat hode substrate is coated with the
el ectron-transporting varnish in order to formthe

I t t t Th ted suhstrate
Cs T o e ERRRER halinn, Hamed Bun i AR ¢
ngguesivu-sibvpremlbdy y aliurinsiedtitdivr aldpgrt idghium,
Js@dfﬁm gﬁ%fééé&nﬁay a c%gmgntransportl ng | ayer, hole

I njecti ayer, and ano netal |ayer by sputtering
from t FeTaBBREigeRiPBNER Fhe QLED £lemanthithenay t he

gestteon A HEh SISO BINg Ivardlbilsd B8 bkd £hfled into thin £ilm in
char :Lr nsporting varni sh according to the present
H’ﬁ%eﬁ?:" 41%5 d to prepare the PLED el enent by

any prwneseat\hb@é ﬁﬁb@ﬂi‘aﬁ@eﬁ foldy wiasd rined ed. A
iven b | qw. The proc ss |nﬁol ves

LB Efon B et Fad AR Al GBSy SPEmEhe
pbéyeon ctraysporniny adelroffiflme hThe coatedpsubstmate is
DEYELa £l d Yl eftino t(?l.%tnr% hRISRET +hAY ltaXSfCOatea

ectron |nJect| n are
SRERmt Hebbs i En &Jeﬁcwmél @_Iamsmoecﬁfémg lW@rr,egumtrcmgg layer,

HED Rt Qﬁ]tlﬂiﬁ& t ﬁl%l‘éhih?%cttﬁéﬂs RAYEENGabA Eno e
flqupforrred 25 from'the char ransporting varnish o

e hYmﬁéaWiﬁ{mgTére thecpEP¥e-pRBtAPRedsBaterials.
Imrtrprepﬁy e [z sAliea OQJEB?E:IbméﬁItS iiﬁt 8behifheanm ng
theh ans ortln thln ilLm_an.the an
subst r ate %hargf %Vnaqs Varish feeeT glflnthEDthe
M@m )J-Ifwemh-‘:tdme rrhxyl det nsespapt pnrgpaaemthb, PLEDnéhement by

Rl (S, VIR 1R, SRR RATR0 AL A9, BRN T pican

RIQASDdE qiyerhibelogay the desi red PLED el enent |s
obt ai nege PFoE 4L NRfd MRDIFREART 1IN TS h @hitehfl

TR0 459 ROLTHRE hinyoueT, E“n?EJa‘ééségé?ﬁéme
tﬂaﬂnguﬁtﬁhgnhdymr eleadfttangt Lapepor bilogtyahntBinsporting

A D s e e G
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 OLED element) from the
electron transporting varnish, forming thereon the emitting
charge-transporting polymeric layer, and forming the anode
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el ectrode by sputtering, vapor deposition or spin
coating. In this way the desired PLED el enent is
obt ai ned. The cat hode and anode may be fornmed fromthe
same material as used for the OLED el ement. They
shoul d undergo 5 cleaning and surface treatnment in

éi&bﬁﬁﬂﬂ%\M@/éﬁﬁt@%&ﬁh@ne@ap@?°&8po§ﬂ€18ﬂ16£'Eﬂln coatlng
char.ge-transportin polﬁnerlc | ayer for med

Thet st (%aW gensdyesitre HFPtPﬁ@meﬁﬁaiﬁeoPF%h%%Qrtlng
pol ynmeThe caitasdenlafdvadnodsy mayt beuttorhedl@refi thengame

t), 1.s. di ssolved, or Lf.or di spef.sed
AL ', SRR R s Shb BRelfeRkop 1Y (it umdergo
Eleaningl ends gugifiegee topatheol thethel sanej eayi as heayeironed
dignsdeen formed.  The solvent is renoved by
evaporation. The enmitting charge-transporting
pol ynefhe emiktddng chegderdigasporndng pplywengc baver may

HéJCfc&Fiféde.ﬁ'ﬂ \tﬁ‘é' ¥o31oW¥6l ¥8y. The emitting

%}ﬁ d|a Ifluorene S'- %
c%{ﬁ Fry'l‘lgeﬁé‘ YREriGaPpvetial Witk or without the
ihgﬂﬂdman¢)5162diebbybbaxexymniférmly dispersed in a

et a1 A o T AT oo
ﬂﬂh$qmﬂt¢vpmyMbapbaZBBehﬁme(Ehﬁﬂytlahelaménenas|bﬁ¢mmﬁnrmed
Tl WNSenty gn%emsplear Bg%% gpdeibe |ike.

Di ssol ution or uniform |spe sion may be acconplished
by stiThe fPitding chgrgerfra8gPrag§ingr podymerignnaterial

16 pRlew %e %5ﬁaalﬁgat | P Pl dibis d¥HiveReGidd ,Caldch as

t t | ti
i S Sk s Borane) LBBRF NG, pf RbheRy L eishiavaene
daaltd.vhl‘tl:lﬂhlsngsueﬂahsngo$§10m—ﬂetnﬁ£§re£ab.’ey @Ehﬁ.‘ﬂiié:t@dy} 1,4-
ere en
oy enidiched TuRhIBPOTE Sorttilofend AEHMA S, suen
aﬁe@nlﬂg3wﬁﬂhyéthhophphaﬂe(BATbveﬂn@nﬂelY?mnylmnerﬁnie

phere or vacuum EXAMPLE The invention wll be
explained in nore detail with 35 reference to the

f ol | ovilify SOdaepitednCINOCE AP4URBE.| KYdABEd chboroform, and
thesliike! thesSenPeidhes€Qinifodi 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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Physi cal data in Exanpl es and Conparative Exanples
were neasured in the follow ng manner. Viscosity:
neasured with an E-type visconeter (ELD-50), nade by
Tokyo Kei ki Co., Ltd. 5 Filmthickness: nmeasured with
a surface profiler (DEKTAK3ST), made by N ppon

Shi nk L v3 gkt r .
u th ALyt e et e S ARy BT
Wareadeaiuded ipg thegdeldpwingamayeete Co., Ltd. 10
VaHd@ity "easHEadew WitR thﬁ:lg}pém&iéé@ﬁ@ieﬂ 5Gfp-50)
made by Yokogawa DenkL Co,, . Ltd. Voltage was generated
by using a EgaeoPYaﬁg ¥orFehkE sOUr cbt®Re145, nmde by
Mrml' antresike®s : Ltngashuatggmcn: angasgaed prbBider (DEKTAK3ST),

um nance , made Topcon ., LLtd.

| oni zat i onnﬁéﬁén{)?r% Sp%%%s%l% W%/%l%@%tcgé‘l 'ec[tl-trcgn
Spdfageomeughness:2, measerdy WikenaKed tomieo . forded microscope
Exanple 1 29 ??yl'filéﬁé b & ngtﬁf&_ﬁaﬂ@)s 1S_,r_.Ledg'ared as

i oned i

follows according to the process nent
Bul | eti n of M@fenb¥afarapcYerge ofo Jadaid- 1994, vol . 67,

Qurrehtd9- hdhdurdd WithlLr&ieftdDmeneimasedisxy ved
12.977 g of - phenyl enedi ami ne. The resul ting
sol uti on wa‘ga‘g?v ¥ Hokogpwa Jienk,;Co., Ltd.

Viodttragren whaist geyibiraaeiduby( asingdahpdr abl tags ongers®t | $durce
agent), whi s (i v at_.700C for i nut es.
Wth 53. 34%51%1}/\?13_1%%?8&)&3?%\%1}% AN 'ai& , reaction
Lagng negcei:edmeasnured wOU9@ flumixanws me terdeBMx 8,
ni trogen stﬁgggnbfvigﬁc?ﬁqﬁgpiqﬂayas conplete, the

i | 3

reactign m xture Wwas tered an O remai ni ng solids

IppdeafdoReROtERLAAL alPPSUFeR VithenePhooe ke diaron

After dryi ngpestiomdder) yidad s i€ BPRAIKMO KPR Co., Ltd.
part by weight of the crystals was placed in 25 parts
by weight of dioxane together with 0.2 equival ent of

Eppopdei de hydrate. Wth the atnosphere in the
D e R e TR
acesghiinggteothei progass anertionedehe Buhlemin anbChemical
séeibayt 8rbyaprhghiob@r Jopargybypyei ghie of 74he

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, the 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 toluene (in an
amount of 25 parts by weight for 1 part by weight of the
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-23 crystals) so that the suspended sol uti on was
prepared. After refluxing the suspended sol ution, 10
parts by wei ght of dioxane was further added, and the
crystals in the suspension was dissolved by further
refluxing. The resulting solution 5 was filtered while
Teflltrate s allowed to cool for
g,g LB LTt e fusppnded. selptignswesgprappEed. After
rethpsimg | Elree dyuspech delde sodsutliionng 107 pairaks byaeweig@g hes
\ e nmxt an .

déerf%%g‘{%% %éieé%%gt %6@;%2‘ e°r¥ﬁ§a?'ﬁu§n bPﬁl fegpension

%@ﬁs@w@mmmmmme@o@emgr 1Théopesulinidey solution

tﬁ@guﬁfﬁtéﬁéﬁ%ﬂﬂ.e HeRCr yeha! kifgféég% wes é%&?&fdtd ool for

t he sane way as abogve to ?glve

REYSRIRLalidn o5 s hdids.ds em@s%nsn@mcalm WER | n

PEcEyetalL itfedl. Qﬁﬁi gm@z ré6 1 ting! Er%%aQbVﬁarg washéd

9. 039 osallc lic aci drate
%esq‘éeé}f’faﬁ%ﬁ’dﬁh P}/‘a‘a‘ﬁdmi’ft%e (éfl and ether

W) e i aretiiydcayeat ai‘hmdasp(nBMéc) Tl ethuis N b DG dcrysttals were
t stirred w
BT e . Pt 13 e a0 unfie EBBGRR BhoRERtelty of
Wﬁweé-létzazg@@) wass raplmaghdvu-acbhet yasel waptasi above to
PIALT3S.G oL RE %hat\éawﬁleaig (EQNL Ay B4 ngléh&sw X g

sol i ds shows ear ance, I SCOS

fil mf%!}em%l%a%aﬁ% FgA tlFi‘eaPalaﬁlP§ﬁt 'Pﬁelvﬁpﬂl gh(2.260
mmsuapmsl edvieyy 2pizescgaibngsbommsl bTQf Qlé\ﬁﬁféé@fiéﬂfc acid

I
e (3R 552 bR REtBRr t8bb ARy 1 3. 3ok 85
Nittgiimeltbydacetamdgidee ( BMBo) f ondet ha rmiti-digeﬂ' h€tmosphere.

THRS etsllﬂQ:LnthBlg\ltg.ghhﬁﬁst QEH%&%HJ BX0E80 g 0f o

conducti v face I ou ness
cyclebggpaody éﬁsHGKQngW&hhnafVimm:stY ovfreél8 onPars | &0 20° C)

dy %Sﬁlﬁﬁb$&§@B§1E§ogblbgnﬁbOYE QF@éfoﬂgﬂ%¥é§5%ékh'Jhrnlsh

s above. The coated s ate

(5023 RgA Ly SN 805051 i of aintiershossl the ppearance,
visebed tyeqaant fmlunyfmhhng dBRai € ASn et htwé<)vaﬁl£hh

60 h h
t( hi CE;;fh IV%&%”‘F 59829‘?%1 byo}ﬁi’lﬁt c?xaﬁi’éés'ﬁ? ean 1TO
gléélsgvvsals(s_orat@awhihh had ebeén debomidd oni flexesnte ffor 40
m&hﬁ):e\é’as oéé? {‘ﬁ__&?&d fcﬂl%v%dt %1}) b%}Ji’x‘i’gS atﬂ].%or’ %t %or 2 hours

deposi ti
undgr the air to give a uniform thin film. The resulting

thin film has the f£ilm 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 o-NPD
(40 nm thick), Alqg, (60 nm thick), LiF (0.5 nm thick), and Al
(100 nm thick). 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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was adjusted to 0.02 to 0.04 nnis. Transfer from one
stage of deposition to another was carried out in a
vacuum The -24 resulting OLED el enent, has the
characteristic properties as shown in Table 3.
Conparative Exanple 1 5 PTA was prepared by synthesis

O PEH 1§ l@@:m Wl drierith ha s AR mﬁ%ﬂe&lﬁﬁﬁpbgoéerames as

I) of PTA, together with 2.29
%50 9&11*?%‘#3 -SSA, were dissolved in 70 g of
N, N- di net hyl formam de (DMF) under a nitrogen
&L I $o (RIS & varni sh. The resulting varnish

| TO gl ass substrate in the sane
way asPTh waéxappepaned dY syntheasiis drnid mutiddemtion in the
S Gyely SIOWS, tHE PR A o) 1Vi0220% (% %%%dmmglghof PTA,

fllmformn condi t1 ons ‘of theé varnish. “Tabl
toRethen c%‘rg“s@e?rﬂﬁ AirG208% ginglness 5+SBhe WrKR flipaplved

% 16 ¢ oot Qd-(f:!n@’ﬁh Hotmbntil! (DRE)Vah@e$hal Ritrogen
is less viscous than that in

arative Exa
%’é@ﬁﬁ%ﬂe tq tg%% A Gty (Fhe FRRULRiRO (YRRRISH HRp
dpmphddeco/ammiBI0 dlasEo mudisatrate Exanpke shmBawag as in
f for fromthe varnish in
e I?{rozg:co%o*r%argtlvéf Xa t 9'_- ONpTA was pr epar ed
by syrf#lebe sl ashtbysirtie c&np&ﬁrancet herlmbyayaasl in

f R
%W%S ga%rg(j)élli&%g‘g%%o%% o?lg gggk}m%ereﬂ- |Jé%o the

cknefFHofa LiRger TRUghnes§eRtathes Ehépefiémgl ve a
var ni stk idaldeed SENSrddie APRERAERER v\ﬂx%fi%l tﬂ& and

|Imf mn condi ti Qqns _of the varn
‘i T & el\?a.lﬁ.sgh‘f&ﬁcoeanﬁgﬁat W@tEklénﬁ’l‘%‘“Ple 1.

T s lds® moﬂ:@mlJS:htaltamhtehahlnnfEmeﬂbEméd fﬁem the varnish
An O e subst L@

P DA R M1R 1 el el BB RL e e, e

ﬂcme@@mrattélwgrpliabedm ﬁxammlacﬂlum dep05| t i on

chanber, and it was coated sequentially

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 varnish.

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

Comparative 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 depositionlchamber, and it was coated sequentially

with a-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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35 wth a-NPD, Alg3, LiF, and Al in the sane way as in
Exanple 1. Table 2 shows the surface roughness of the
treated I TO glass -25 substrate. Table 3 shows the
characteristic properties of the OLED elenent. It is
noted from Table 2 that the |1 TO gl ass substrate

he [ f|| resent.
Shogees Il 7 SeBe PG VEAE Lot I NGRS ags o
the OLER) ¢1anﬁmﬂﬂ e 3 that the OLED el enent in

Conpar gati Y8 FX88®! £roin iBanit & i¥at lihd 'gﬁa'ééa@%%trate

1 in voltage, |Ium nance, and current efficiency

wlrheut Hhesthin Jilm ofntdhep vapnisl SEsherBEOEORE ofmvention
Had! £ &ﬁéﬂeﬁdﬂ@sﬂ}f@mghﬁe%npafﬂtié’ endfkd from Table

ferior tg t i n urrent
St erie |G siareng, A SBmpatab FEo Fenmg L8, Spis Theerior
WQIthqﬁaxﬁ Ekdmple memamﬂmmge Examihenée/nahdCcglasat

HERIAG B & Bty ebB NoPR. 0D Whlonta & By aleo
I@Cptw feon i Tapde th témtaqlhl@o@@EﬁoIeo,em@ntoﬂnpﬁbglpangteme

i A PPNE NG £ QIS iy §a S Yl @¥ampdel §- ﬁoehkean\eﬂaensny,
fol |'owed by baking at 1200C for 1 hour under
tynipance 4 A aRend EflcientybpE 2 gﬁémgﬁh@f 7.0 v.
t hi ckness, 20 conductivity, and surface roughness of

he thi.n fil is noted fromTable 2 that the thin
(f“?r?..‘r""r?:l"&.ﬁ:%% Exanpl e 4 has a | ower

conducAn VITY glubs suhsfirate sl aceattedn ihhahepsapar edy as
i &af ni T ss. substrate
L RS T Mhe ! DeEUEOE Frd adlfenatd Bl SR Y Sotn
qqﬁ‘:etmwﬁya@saqme%nploéuj;lonanﬂ nlmEmréeeefent was
aar&gﬁrrﬁ%ﬁuaﬁél@,o&myme%uwon%aaeha 1 .Co Té\ﬁr% Yas

shows the charactériStic properties of

fadawad by haking: af f1|28nFT§BFe13h9H5t Uflﬂ@rot!@ air to give
aellﬁniﬁilﬁrm ﬂ:h1310 f@tlrmarraabye Exaiphe tvhe stnidigiddy, to

[ [ um d t
Pl AT she, shnsabe GeHannseEr Shocha Bgn PR
aI SO0 not ek frcoredl didom Tadiat 2t kbatOLhB dzhe.neﬁﬁ.linnlnl
lL.e,4
Pk Currenﬁﬁéﬁﬁaee4 hP% hnigﬁégr gﬁﬁggiviﬁy g%&ng fbugher

um nance,
surface than that prepared from the varnish in Example 1.

The ITO glass substrate was coated with a
hole-transporting thin film 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 COLED 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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35 efficiency at a voltage of 7.0 V. -26 Exanple 2

Four ki nds of varnishes were prepared as follows from

PTA (whi ch had been synthesized and purified by the

process nentioned in Exanple 1) and 5-SSA in the sane

way as in 5 Exanple | (with their nolar ratio

éenalnlqg unchanged at 1:4 and the solids content
unchanged at 4.2 W%, except that the

soIvenEouxn#xnﬂa|Qﬁ1vamhmshasowweeepab@aged ashfibliiews from

ns I
}EEi'PP‘ @gﬁer L Weleh @ %ﬁe&gg gﬁaﬂﬂgfédab n’l:ltxé g_lgf@cess

e resu |ng SO I ncorp rate
W%qwdcme%'@almpée é|)p|a§§yﬁeﬁ§§I jBofhe Dp@ne ovay ha$tin

e nafit e(wbthorth@% mbua:%&% I:Bﬁa'ﬂhﬂﬁg%ﬁ&l@éﬁéé!d at 1:4
so] v ). of the resulting varni shes
aeuiﬁa ol CORE ePFoEenBINLRY; HAChRBERS: FE £ o, WER) .
ebaddpt thatowhet M»mamabaﬂpesmneﬁoanayraﬂnd wére changed.

fil f h h

From SAdR 0 O Rl Yenl R iR vED 1R RRAE pnger a
ﬁﬂtnngbn4aﬂmosﬁaemﬁa*sTugpe¢mm1@pmg1s¢&utxnnuwas incorporated
WA Qs il  ale: E‘lé‘rﬁgyléﬁégﬁgcgg Bbﬁgsfc‘? =)
var ni shes were use enents in

W%@e\my 8% PRGE?éﬁﬁl Ecl(asrh‘éheebwhrﬁgsmﬁty solvent).
e r&ntt@leh &%%u&"&&n%a‘ifarﬁﬁghéﬁt REL8t E6mPIOPET $bBSt PSns free

'%gat npl e 1. Exanple 3 25 One of the varni shes

Pr?ClRH t@fiR8s dissolved in a nixed sol vent
of DP@ddhkc-1BEHdws3:the appearanced wikeosityhi anfli | m
o L t had nder the condi t.i on
flg}imT &I%S%QDKOHéEE%OHEengn Yﬁr?ﬁls thanTS °té&ﬂ¥}om
Tabdpgarledhatalthe Slsnowstvhefchheavaenlsh|na@w©pefr¢msl 4 to

hexgggs %QPE? Bﬂ ChEDso Ry 806?€$?£i8§ and mixing

caner was prepa accordi ng

1§ ithe process nentloned in Synthetic Metals, 1997,

35 volrthe84nhu obl:h&n%&ovalxﬂl%ﬁegowﬁr@f used to prepare OLED
Eﬁmqgtstggé ﬁ%ﬁgaﬁ%ﬁSQ 788 énmﬁégmglszlv%%élrégaf%lng 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 film was
prepared. Table 3 shows the characteristic properties of the
resulting OLED.

Example 4
Aniline hexadecamer (Anilé) 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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of 5-sulfosalicylic acid under a nitrogen atnosphere.
The -27 resulting solution was stirred with 105.00 9

of cycl ohexanol. (c-HexOH), as a high-viscosity

solvent, having a viscosity of 68 nPa,s at 200C, to

give a varnish (which contains 2.36 % solids). 5

Fable ringhaus a Vi 86951 4 o fnd

R g ke PRE R ETE e BB 10 of o8, crgpeanor
{feHexRH) achsr pshighpybpeesits ilvere OHEDislereMiscosity of

peepracy attb0°cbetda§j§€réhai%£ri‘fsr§aﬂﬁli"&y Fatdins 2.36 wts

gégg_rgl E 1. 10 Exanple
’6-bf (2,2 -bithiophenyl)-1,4-dithiin (BBD for short
her eLnE‘hbée) ir Snbﬁsjeﬂhédabye&i;@né@f Wiéﬁc&@iﬁy\' ViR

hesi] o] ] ows cqrding to _the process
BLSPESgeds SAPLONE B SR St SaBhEE S ahows the
oharaqperts 6iG preperties oF +HEDIQLHED jellemfetdt! ptoplrelnwith

EHe S¥adn Pin | ' C s dissolved
P00 510 b O Getieral o i Rt
5-sul fosalicylic acid, under the air. The resulting

i®ns was stirred with 48.94 g of cycl ohexanol as
a high-v%sgosb%y 20 solvent to give a varnish (which
cont ai A% 1°2% bt 96 sttt HRyoPhemipt kr U . &itbhvidhitime (BBD for short
T{m& w;gnmdémer?w ttEﬂel 'fbfﬁia?lﬁlg??gre;ig?idgwh'sog§neﬁesized

e 3.S e C 2 5

A ey ST Y S —
W28/ $tPJn 26he ppan®38aP4Rs in Exanple 1. 25 Exanple 6
A mxture of 1.000 g of BBD (obtained in Exanple 5)

and 1.142 g of 5-S$A wa dissglved gn 17.50 g of DMAc

with stirring ag 6 ' e the air

The resulting SOﬁ;é?ﬁfiiE?;jg stli ryed w h/52. 50 g of
containing 2.8 W%

cycl ohexanol to give a varnrs
solids. The thus obtained varnish gave no

preci pid &7 Gy WeJF 0N - nfeqn! ra .. Tabl e
1 shqws the apggarance, V|sco%ﬁ%g?géﬁgsfikﬁbﬁgpnwﬁﬁ
dissolved 1.000 g of BBD, together with 1.142 g of

S5-sulfosalicylic acid, under the air. The resulting solution
was stirred with 48.94 g of cyclohexanol as a high-viscosity

solvent 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 precipitation 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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conditions of the varnish. The varnish gave a flaw ess
-28 uniformthin fil mwhen processed in the sane way
as in Exanple 1. The resulting thin filmwas found to
have an ionization potential value of 5.5 eV. 5
Conparative Exanple 5 A m xture of 1.000 g of BBD

wRbE SR eth i @(mmrferﬁg/':o@&%s%dzﬁi ngf sémésﬁagaﬁs in

di ssol ved in tirrin
Examelethr eTﬁFl‘i‘-d€PSPI1rélﬁBr thinpfiparvas foupditp have an
Lo Patidiy fotehtiab SRS ofTaRIse ey . Shows the 10
appearance, viscosity, and filmform ng conditions of
the varnish. The varnish did not give a uniformthin
GConpamdneive (Bxgmgelsed i n the sane way as in Exanple 1.
The re f . | i, [

t hat o%cullnugr'k&?r?he tnl rrdwedd(PfEP‘e‘ozfplf?rﬂj 2(z§)tb|tr?d‘%%%5 r’r{p%ﬁ'gl? 5)
My 28 DfoPPA b waisn dd sise1lPednpne 149 gndf5DEBAWL bh

éﬂiffiﬁﬁ“aﬂ7¥ddﬁ5ﬁﬁﬁié¥ ev%ﬂdbgl g& Qhir Sebvﬁfﬁéare a

listed 1n Table 4 to give five varnr s
Vsl genti e g, dr-di $ivds %@Scon%qﬂé]f% k gthavs e
éﬂmﬁnc&r LGHidodiite). anfiakbliamd FobpWagt BEnalRYShs 0bF the

d
A orhe B hoatdopoR efe A e dit e when
pevwess gehiie igh dihec tsamies ay  psopar Exaspdé Lhe Tie Gdshliting
fﬂl tlnpﬁﬁﬁﬁﬁﬁﬁﬁfgq:qr&%ﬁu&ﬁ&?%igs'@hggeoégﬂf g@ytﬁe time of
in

RE"Charact eri

%Irjébéilqd’féslﬁbf the PLED el enent prepared in the
foll ow ng manner. Preparation of PLED El enent 30 The

varni sh nenti oned above was applied to the I TO gl ass
in the sane way as nentioned in Exanple 1.

The vax nﬁﬁlh:tfﬁé ram?azrtpf L(rdﬂtf%flrﬁdatlﬁd E&ﬁm{ambn 1qoah'ans SSA in
t ene sol utl.on

e rbant, A58 iR i 8Bo kel thonuy ot oefvents “Hratea 1n

Teaddte g tm gives e BInfisl béwedrhyshaki ngrise rEOHNE iy

v%%n@éﬂétse e o gla‘ﬂe §OLEEBHs! BYEL 680pP0LI N €1 0n.,

e coate subst
Table shows the amount of PTA and 5-S52 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 f£ilm was further coated by spin coating with a
toluene solution of MEH-PPV (with a solids content of 10 g/L)
under a nitrogen 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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pl aced in a vapor deposition chanber, and it was
coated -29 sequentially with Ca (20 nmthick) and Al
(100 nmthick) by deposition to give the desired PLED
element. Table 1 Viscosity FilmForm ng Sol vent

Appear ance of Varnish (nPa s) Conditions Exanple |

e 1 ; a luti pn,
R y ST 50" RR Fpaghd abahEThe0R, bh o) by
dﬁmﬂs&ﬂmmoﬂglzeh thei glamgaéeﬁ,LEmseieInent:onpar ative
Exanple 2 DMAc 1.6 clear solution 2 h Exanple 2 (1)

c- HexOH- DMAc Green, is 180-C, (5:1) clear solution 2
h Exarrple 2 (2) c-HexO+ n, 21 180*C (9; 1)

al 'r‘\ | V2PN a

o

naal o) 2) [ oY m | e ann
blcal OUIULIUH L CATTTPT CT & J) o OOV uacc;,

_ ity .
180-C, (9:1) cledr Egj*%u on 2 Rop ggg gg)l e g’fﬁg’fms]il Piim Forming
DPG- DMAC- BC Gr een, ¢ > eava-5p! it fBALEL0
10 10 1oU-C, 2 f cl:!)-fex 4 C- Ut L)IVI-\C Dark green 180° C
BgOe 1 (3:1) cl edr $§).1l)l ON d2aradiuEanpl e 52 A

Q. - 1N o~ {14, D\ 1

cHex O DBMAC—Reddgi—str—ot ange, o, o J.%U' L Lz —creat 180 C
Seivatdtove BGmpient (Exanpire 6 c-cl‘fﬁ'@q-gl _Reddi.sh A
nnnnn 12 10010 [2: 1) ol Ny anl | on '\ m-n

Ul allyc, - LUV L\, \\J .I.} 1T CJCT o JT T OT1 vy LILLELEL]

Coppeatatd mamieanyll e IMMF Red ge 1.461801C, 189°¢C.
clear-—solution-30-m-n E T geay)c 'Iqlgi. ?:h nductivitVy 2h

Sembace (Rpughnesq c-HexPEPMES)S gSﬁG - St angar d;Aver age 180°C,

: (5:1 clear s 1ut10n 2 h

Max il mim
c-HexOH-DMAC Green, 180°C
Example 2 {2) (9:1) clear solution 21 ~2h
DPG-DMAC Green, 180°C
Example 2 (3) (9:1) clear solution 58 2h
§0°C, 5 min
DPG-DMAC~BC Green !
Example 2 (4} . ! 16 to
(6:3:1) clear solution 180°C, 2 h
c-HexOH-DMAC Dark green, 180°C,
Example 4 (3:1) c¢lear solution i2 2 h
c-HexOH-DMAc | Reddish orange, 180°C,
Example 5 {1:2) clear solution 3.5 30 min
c-HexOH-DMAc ;| Reddish orange, 180°C
Example 6 (3:1) clear solution 12 30 min
Comparative Example 5 DMF Reddish orange, 1.4 - o1s0°c,
clear solution * 30 min
Table 2
Surface Roughness
Film Conductivity
Thickness (S/cm) Standard Average Maximum
(nm) at Deviation | Roughness Height
100 mA/cm® Ems 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 3.5%x1077 - -- -
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 i1.69
Comparative Example 4 63 1.5x1077 -- - -
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at Devi ati on Roughness Hei ght 100 m&/ CM2 Rns Ra Rmax
(nm (nm (nm) Exanple 1 21 0.16 0.56 0.72 Exanple 1

66 0.09 0.31 0.45 Exanple 1 58 3.5X10-7 --

Conparative Exanple 1 is 0.53 2.76 3.08 Conparative
Exanple 3 150 3.31 4.29 72.43 Conparative Exanple 4
82 0.43 2.23 1.69 Cbnparaﬁi ieEéanple 4 63 1. 5xI 0-7
~-30 Table 3 Threshold Fi

t Current Voltage

Ve t-rortottzatton Thiekness—Defst t'y' ol té:‘t"o%d
Lum na_nce IEanf' C lcfraénY ]:,C])_r Lum naré:Q:_UJB‘thte 'fhv-'ZéEe rMQJimuln Ionization
ma/ cni | [ghibidss( oehsag)| VU EHT A s Horndyl d/ 198 ance | Potential
/oty S cd {cd/n) isaion |1 (odm®) (eV)
V) 21 120 8™ af®/<#?)] 2.75 18799| 5% &
N _or 1 Z_Nn _1N01 1 2QA L. 10 270 110700 - A bl o D1 SO0 1N
L. 00 I . U LUL L . J /4 B J L0171 JIJJ D. =+ LA II’JI < J —J 41U
8.2 395 {4.612. V5 1068086 4 28 2| 75.F.0[98-B. 5| 21879 5.4
FB8tr 5. 728 0 7 53103 1T 2 7p LI730i5. 5 ERanpre @
18 5.69 [7.G116p %:95 4. 75° 11759 5!5 3-30 102%77%3 [Oo¢'¥ 3 3.4
2.75 18270 %bS Eﬁ@nrlg ; 10!%.3 { 9 309.3,3 .73
2 . . 3 : 0 5.4
18220 5.5 “Conparative®:% [10°9. 2/ 330%3. B 4:Bo 1 0BAY
5.1 Exgmple 3|-3.48. 37775 0 1.2 0] 3 A550) 1640 5.k 5.4
thve 42010 6.9 23012 3 2 ¥5 561005 - 6 | Exanplle
4 42 11.14 B¥-0{ 250» 2.[27% 715 510} 5.41 Thbkers4d Ammusd 5.5
Ereopiet 4 SoH-ds—vA—++-m—of{PTFAoF-SSA—Conrecent+rat+oh
Vi scosi tly E®rmn ng-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 Viscosit Film
of PTA of SSA | Concentration (mP s ‘)Y Forming
(g) (g) {(wt%) ass 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 4.59%6 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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1.149 2.
12 180-C,
2 h

8

2 h

Exanple 7 (4)
Exanple 7 (5) 1.000 9.200 7.0 12 18WC, 2 h

12 180-C, 2 h

(9) (g9 (wt% (nPa,s) Conditions Exanple 7 (1) 1.000
Exanple 7 (2) 1.000 2.298 4.2
Exanple 7 (3) 1.000 4.596 6.6 12 180-C,
1.000 6.900 5.0 12 180-C, 2 h

-31 Tabl e

5 Threshold Film Current Gyéﬁfgt Vol t age Maxi nmum

| oni zation Thickness DensFTV‘V‘TTage Lum nance '7 (V)
(carme) Efficiency foy—tumjmance PULCH[I )
[V O (Elefy, Bouksiron, (G0l 12) (i SO | 758 Lonteario
11.6 7. 0|UB8ess| pemifgs) T e[ 5 [¥EEdci@hdED 58 10 LibirBince | Potential
365 3.7 P. ’7‘%" 174965 B ' Exhnp! & S@/‘ﬂllztm}’l\p}“’ﬂ 5ledmjy| (eV)
252620153 H—REP-50-500—9—5—21500-43 252620
53x3mpJEX'anlfé 71501 203] 77..0 P2@39. 45 2%75 ?982015 4 12 1 5.3
PLg?EgO FOO—9 200040252980 d—Exa—rpia—F56
0. .0} 1F92. 0 319 4576095 4 36% 3) 137 O|ED-50 1011099| 5.3
245 2.5 3.0 4570 5.4 ple 7 30 352 0228007674
?Xsmpé)edo 5.4 (3)'"4 8 F?LED 565 § 0¥ 5|285G 0|576% 5| 5.3
ED. 4 npli e. 50 0,7 . 6 2.1 3.0 3400 5.5

\4) 11 | oD %0 sfé 10.955258215.96 3.0%3400 5°5 Exdiifle| °-°
7,{5,9;, 8672 7.59_3830,09. 50 12 5 2§1P 3. § {4} PLED 0 300 5.4
6 B 385010.57 2 5 2310 5 6

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 06.39 2.5 1910 5.6

(5)

PLED 50 500 7.5 1600 0.32 2.5 1910 5.6

It has been mentioned
charge~transporting varnish

flat and highly uniform.

above that the
according to the present

invention provides a charge-transporting thin film which is
The charge-transporting thin film

formed on the electrode surface makes the electrode surface

flat and homogenous, thereby preventing electric shortage.

as the ratio of solvents changes.

The wvanish is also

'The varnish has a viscosity which readily changes according

variable in baking temperature and applicable to various

coating processes depending on the kind of solvents added.
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Exanple 7 50 42 7.0 1626 0.39 2.5 1910 5.6 (5) 1 1 -

I I PLED -1 2.5 1910 5 1 50_. 500 7.5 1600 0.32 .6
It has been nentioned above that the 5
charge-transporti-ng varni sh according to the present
i nvention provides a charge-transporting thin film

W GthdS Jé@é ek rHr%ll@é\f-LElla %fpo'@r:]:ttlﬁxg QJr% &h of the

-transpor I'ng thin fi or e rode )
RIesert inNentide e de owdes dntaca cﬂﬂa@geaﬁgansportlng thin

FIOTR UG 041 Sg i IR S eBRd R te! e's% SQQEhaEE p#fnting,

The varni sh_has a viscosity which readil changes

Ja‘HEo?‘%J‘anandas‘SRWJrf%ﬁu oTBF %W{éﬁrgréﬂ%ﬂ@%'gmgrh%hm film is
wsm:t Sdis i Ib ’?11@ drargarinfdctiion algety fberrrrmbabuganaadEL

IC e 0 varl -coatln p cesses on
SR crhd, FaahE tng 88batgs Pkl S TRERnE i be allven at
az:hbmgevctlmmocmtnrrgg hameEdiletdiont Ha iprjesddbni baentennbetween

e c]l.)feé@x.dc?d iy ach%h%rrggr% HIANSRAL | ”@h&hﬂj%*%féié%@%&‘e

I nexpensi ve wet ocess, “such p
Sh e e anﬂuihﬂnﬁ%ﬁﬁu}ntﬁﬂfagﬂab@éwﬁﬁan§b@rt|ng th|n
énéfgé&ﬁﬂ%ﬁ%gt heigh3Hide 'a'i‘]lde(fh'eo%rlg%)‘ﬁﬁ iggethe

anj c EL | ements.. The resulting organic EL elenent
e \Féh the Jé“qlé’\ﬁ‘-\?oletfg&éu@wcﬂgapé tedddfeonti phe

d]ﬂ_:iaﬁd @EL Alieniett .betineeRe the ebeeénddenand the
sSurt a

The fl I d dth
HeEY o e, e iR B SegB®, FRISHIPE: huben fhe
dhdngaﬁtradapanuyng wdrwysh oforthei presend tiheehtimonois in
e{ idﬁ&‘%{f N fi9 o | Eﬂ% g‘aﬁﬁc 26938ht sEL a6k AERLe it

t he convention arge transportlng varnl s
Rﬁemlﬁl%nﬁa &F Mmpisturige degmimgatelatopshei ayement.

M Prdtdfurld @dicR@ilg ity Rl PRelsenitn ihvehbBeohOnakas it
sol uti.on .in organi ¢ sol vent,s, .and hence it revents

RARTHRIG © 3RSt ol Jpsatete fldgoMETEn BORF e fBnFUb L ifgbility
aprdaafechﬂ e:m@uaisdag tioo thiee ofigandet ELNedBineansakascotding to
bIe to onj ygat % ol i goners poor _in

B Rt PRt R AR, EhePgr R TR h e RE Ry arRs Ence can
hﬂeﬁﬁﬁﬂky dﬂpﬁﬂwwuuy o c2@rgee agrepéing Aepantoaypbshence.
'.[‘H@Igﬁ {d Y RN AR RSB 15 ndo?%n%aﬁlla YbdOR8Hquatel
W th charge accepf?%g 3% % g & q Y
changed to modify the :Lonlzatlon 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 f£ilm, and solar cells.
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The ratio of the charge-accepting dopant may be
adequately changed to nodify the ionization potentia
of the thin film and the characteristic properties of
the organic EL elenment. 25 Onng to its high flatness
and good processability, the charge-transporting

#ﬁ h will be applied to capacitor electrode
protecting film antistatic film and solar cells. -33
CLAIMS: 1. A charge-transporting varni sh which

£orP! | & °Cnér éhé’f&?sé rJairQﬁsi“ %‘i"i’:ﬂc ofiBREEEIa0"

charge-transport
W%ﬁgmﬁ%@ se!hsg@msle cgmppgraginef Adaving a
éﬁ&%&&-E&&Héﬁb&ﬂﬁﬁgﬁ%Wﬂ@hé@eb&hh Qﬁageg Efangﬁgrggg? &igomer

gani c materi al npose(

char transportin
%%lQP]c aﬁr*&\%ﬁ’m“?‘i"‘r‘?&%&ﬁ’?i-‘éﬁ@emﬁﬁﬂc%aa\%‘%%916151 of 200 to
m,eqno ﬂgaﬂ@&ﬂiar.@&&:&@lﬁ@@o@tlh@ erganept inﬁﬂeﬂ@@ﬂ%omposed
bstaé; gpr 4 a_sol vent c?) %al ni ng ﬁt i g
specf% - qﬁ §€6§FP§ §8PTSRTCRaIPHgPR TTEELEPRY
amc@:ﬂiltrtg pana, s1bsdan2@00r baild ahaegtangadepantl agbstance,
g teki al
R R R L A T AR g
fyeﬂhrémsc%lw Sedivgartt MNQ-BGr i gsvaﬁhr—ghoﬁslaet@ ne@0 mPa-s
aﬁ1zdfn'ﬂéhld\Mﬁaf@eﬂtiﬁhgpﬁﬁé&ﬁ Eﬁﬁﬂﬁﬁﬂéélaﬁ
ubst ance i charge-trans nononer  havin
IR ATAP BT AT TSRy &gtFFéﬁ BPERAGILFSObHER o
us itflformIw disspeavedade salidcebarer®.wei ght of 200 to
5000 having conjugated units, said conjugated units

bei ng honogeneous and conti nuously arranged or being
et er oYy erlonge dimhnspuiviiing saradgbd as3defined in claim 1,

me% (AR5 R E:'g%gt\‘:ﬁggb%p.t%ﬁ dsﬁbgﬁ‘gnw gkajm2, 25

wherei n sai d conjugate east one speci es
darga-dF anfSrP@mtﬁ-@ES iopgimey bavingusskivngated a‘ﬁ@lw 52 Noo)

dﬁﬁﬂg&JﬁﬂdﬁHbor%ﬁhblBimgbﬂprﬂQEBaadhﬁﬁbéfva$éf@§e molecular
rrq:h tonyIS § vi nyl ene, henglen
WE Stei0d #h BP0chevihg dabsheates, dabte, said
cmraﬁ:gmzl:@lde undtdisnbkeing, hgmnogexabuseandi toheindohsIPrarranged
J4h LNg, gPYL in henyl enevi nyl ene,
uoreﬁph@ﬁggg ehgkg ?P a¥?ﬁ§ﬁwgg,g é?egbntaining
or netal -free phthal ocyani ne, and netal -contai ning or
Fretal -f rae R AP orting varnish as defined in claim 2,
wherein said conjugated unit is at least one species selected
from substituted or unsubstituted and di- to tetra-valent
aniline, thiophene, dithiin, furan, pyrrole, ethynylene,
vinylene, phenylene, naphthalene, anthracene, imidazole,
oxazole, oxadiazole, quinoline, quinoxaline, silole, silicon,
pyridine, pyrimidine, pyrazine, phenylenevinylene, fluorene,
carbazole, triarylamine, metal-containing or metal-free
phthalocyanine, and metal-containing or metal-free porphyrin.
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-34 4. A charge-transporting varnish as defined in any
of clains 1 to 3, wherein said charge-transporting
substance is an oligoaniline derivative represented
by the forrmula (1) or a quinonediimne derivative
which is an oxidized formof an 5 oligoaniline

geri Vaﬁ'&ﬁafggr%ﬂg%ﬁ!r%%%féﬁ%y d@@flneﬁ a.n aMy of

ere R nd pen enot e hydr
‘igwﬁﬂ toyrduptheraigy saig sharIgnitrangpPeuping ra stance is
mmgddnﬂugar mlva&wéo&retpr%eﬁﬁedsu&f @AkCraehdla (1) or

ro sphoric. acid hate es
3 Bifo orfdf o iRt grhlgg 35 anPEd 15f—'§u59rm of an
wligaawiloup damiorssisnet ﬁapdeoeambdnbgrohp,forgamaxyl).
group, organoam no group, organosilyl group,

organot hi o group, acyl group o sul fone group, and A
| ent group

and B i ndependently. dengt
represented by the ﬁornula (2) (3) 15 below R4 R

5 (2) FR17 6 RO
i ndependent |y denote hydrioden, hyf roxyI group
hal ogen group, gr odB, sila group, thio
group, carboxyl group, sul fonic acid group,

(RaRh @' CRECI£hd @Wnd@ﬁeﬁ&@ﬁ@i‘f\t Ee St & h P fen SHiroxyl
roup, .t i oest er roup, .am de gr oug nitro t
al"ErC IR 4 of"dP8uFTYPyaf }9n°-3§rgFBup,hl°l group,
anq;uxymﬁgnoqunqmlﬂongana?uﬂybrgupupphosghﬁﬁihiacid group,

a or (0] [ ou . an m_an n .
sfcarel bedl! Wlunl’ cRHeEoBRoHbS 'Bn1 808 e b Bolly | amice
GHeP .mhd tro qagup), mOSOVAlenargydrpanspontQnguvarnrshnoxy

AR 1039Rndantind Hrd o%gaWB@&i&ﬂ §§bgpf organothlo group,

char ge- t ransport | ng su St ance 1S
R BEOUPe  OFpSE¥dERPEIIBEPUPhe RSy Pfuruad( B) 1n¢ap§ndently

deﬂﬁte a QiFaleRidS growbeirepRedenBed3by Bhd4for@RtdaR(3) or (3)
qo%pendently denot e hydr ogen,

R? R’
(2)
R’ R®
R R'?
R® (3)
R1 1

(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
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10 hydroxyl group, hal ogen group, am no group, silano
group, thiol group, carboxyl group, sulfonic acid
group, phosphoric acid group, phosphate ester group,
ester group, thioester group, am de group, nitro
group, nonoval ent hydrocarbon group, organoxy group,
8@ 0351 §8n FERLR gy
8roﬁg, ac€ group? §¥ (ﬁé@négﬁﬁ#i qy otnio group.
a‘éﬁ%t%r%ﬂlm e%%ts‘blffé)%élﬁ%@-séf@cﬂb@nﬁr @mlsl@l@@t‘-bﬂatlééilf
subs 7 49 teLr val ent .anil i

t%l eérl#g{ %&d c'%yrro b v%’yn U&he thgt W@ng 20.))
phenylene naphthalene anthracene |n1dazole

xazol a [
S Tol ek SHPdLoeesfepBhLlny Miindth W WAARE 4n clain 1 or
%hemmu mi@r@angampm @Iu@,sttamcar fka#i ne,
R4 24+ QOMH R b0y X5V Ll prd sl tld kﬂﬁl %léa%%ﬁ.uéaf‘%)

met al - cont ai ni ng or netal-free por phyri n; I'thi

ring may be diinoxide ring or dithiindioxide ring;

and p, g, an ndependent |y defjote O or an
i nteger oR! gr20.) -36
6. A charge-tlra [ iflsh asjdeflinet I'n a@x)of

claims | to 5, wherjein s |d el accepti ng dopant
substance is a sulfgﬁ exlvalli ve represented by
the fornula (5). RSO D (5% 4 R 16 (where D
denotes a benzene ring, naphthal ene ring, anthracene
ring, phenant hrene ring, or heterocyclic ring; and R

L R'?z 1R nﬁepeaﬂ&nﬁﬂsy A8LPLRaén €RY b@é‘ﬂét@ﬁﬁﬁd&f&{en
droxy group. ) . arge transporting th
1%%1 s GRAWP P&%Otsm gél%ngeafﬂf'—aﬁssapﬂpngswéanpéhgroup.
ﬁiﬁfdlﬂ@i:ddp ABarox§iiaigieoud ,t @ulifon8c ABiQr gﬁﬂhﬁ phosphoric
trol um nescent ele nt which has . the charg
at".%sg&é’ﬂl% nERIPRAYS gederi §TQUPn EFLPR $TOYR. gthipester
ropyni @mdldec tgraiupyi mEtrenigreugnenbnavadehitnhgdrdcarbbm group,

oﬁgoqagasgyeig&oi@ 9 HAnge i hANERR0E! "grEahAsE LT SS0dy,

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, quinoline,
quinoxaline, silole, Silicon, pyridine, pyrimidine, pyrazine,
phenylenevinylene, fluorene, carbazole, triarylamine,
metal-containing or metal-free phthalocyanine, and
metal-containing or metal-free porphyrin; the dithiin ring
may be diinoxide ring'or dithiindioxide ring; and p, q, and r
independently denote 0 or an integer of 1 and above, such

that p+g+r s 20.)
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injection layer or a hole transporting |ayer. 20 10. A
solar cell which is nade with the charge transporting
varni sh defined in any of clains 1 to 6. -37

6. A charge-transporting varnish as defined in any of
claims 1 to 5, wherein said electron accepting dopant
substance is a sulfonic acid derivative represented by the
formula (5).

n"\ _SOH
| T (5)

R1S
(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.)

7. A charge transporting thin f£ilm which is made from the
charge transporting varnish defined in any of claims 1 to 6.

8. An organic electroluminescent element which has the
charge transporting thin film defined in claim 7.

9. An organic electroluminescent element as defined in claim

'8, wherein said charge transporting thin film is a hole

injection layer or a hole transporting layer.

10. A solar cell which is made with the charge
transporting varnish defined in any of claims 1 to 6.
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