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charge-transporting

DESCRI PTI ON CHARGE- TRANSPORTING VARNFC 5
TECHNI CAL FI ELD The present

form of charge-transporting
el ectrol um nescence (abbreviated as 10 organic EL *ié6i66*

herei nafter) el enent,

i nventl on rel

t hi

and sol ar

e o o

cell. BACKGROUND ART

Organic EL elenents are broadly classified into | ow
wei ght nol ecul ar type or gRBESCREPTIONED for short

hereinafter) 15 el gyt r rgani ¢ EL
(PLED for short ﬁ%relna??%%%PgﬁgﬁgﬁtgaxF?Sﬁas been

reported that an COLED el enent

is inmproved ininitia

characteristic properties (such as |Iow drive voltage

ienc and life if it is 20
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and high ['um nous effic
‘provi ded wi th a copper
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pol yani | ine type materi al

1996,
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or a polythlophene type

(For the fornEﬁAcﬁéﬁéﬁNﬁ(hﬂ*N1 Pat ent
Nat ure, UK, 197927,

and NorPTGATHE ElpdtiAfERtss axe,piiosdLun pdnss Edefeinto’ Llow

lﬁ%lgﬂﬂ%hobéﬂuld&4ty%ﬁ pRgan4e- ER4(OLEDIr fbbeshett ehereinafter)
gertobb%PMem cumen
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RRf18dgd andVetigh Q&hﬁﬂoﬁéegffleehﬁﬁ7Fﬁﬁ&”ilggcﬂﬂeﬂﬁ is

hole injection layer.

Applied Physics Letters,

action on Electro
a copper phthalocyanlne (CuPC) layer as the

.(Refer to Non-Patent Document 1:
uUs,

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

Nature,

‘material.
UK,

(For the former,

1992, vol.

357,

refer to Non-Patent Document 2:

pp.

477-479, and Non-Patent

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

pp.1245-1247.
4: Applied Physics Letters, US

For the latter, refer to Non-Patent Document
, 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:

Devices,

Us,

1997, vol.

44,

pp.

IEEE Transaction on Electron
1245-1248); metal halide
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- Devices, US, 1997, vol. 44, pp. 1245-1248); rretal‘

hal i de *000002* (refer to Non-Patent Document 6:
Applied Physics Letters, US, 1997, vol. 70, pp.
152-154); netal conplex (refer to Non-Patent Docunent

T Japanese Journal of Applied Physics, 1999, vol.
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fer several disadvantages as contaln
G\/HF gpudar;shape eand M%?F?ﬁ’bfﬁt a%%%‘é?%r*&t% ‘EJF&;‘F%%I%&JF Hytic

propkeiR8sSevdheyhdave very Bh&Tl r qiget Dfy i L€ divters the
solvents be%au e of their low solubility. They are
bf et 8230° 5§¥%ﬁat|on They are restricted in

met hodgheohofler tragspontingmmatémialefonhPLED éhements
EﬁéuiﬁcﬁaékVsééﬁnré&ﬁi§££bﬁbéf£§ high charge transporting

- performance, ihsolubility 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 f£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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~transporting varnish (in the formof organic squJion)

whi ch contains a | ow nol ecul ar-wei ght oligoaniline
type material as 35 the charge-transporting substance.
It has been reported that an organic EL el enent

exhi bits outstandi ng characteristic properti es i foit

ded th hol e i tion | e -2 from
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pFBBBFfLPES the me %’ér‘@%lﬁli“én%% okhe¢ rf@;at%?ﬁ‘]o rqRance,

| pnceppubhtihy, tRednaepiel ogyth T& U&iékér&ngﬂlafgéwl t
to adju?lt thevsosty V\Atp‘out hang of he
physi-ca HFXSErtF ange,ip,the; pelequnar Vﬁ%%?ﬁd?%t??ﬁ

weharge - t hankpor hbn@geat et ballsis cackedmpariied oyt e great change

o PArheapopEin 1 08 AT ol od S IoF b st
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LFaL HRIOPRE LHRF ng ON (thes atheghihand . oAncrapgrasdan with a
|th¢mkemnn90agent tends to deteriorate the charge transporting

performance.

For reasons mentioned above, it is difficult to
adequately 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 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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Its 30 products in the formof charge-transportin
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highly uniform filmform ng performance even in the
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c:hsamg]s: A riansper 1fiongds thst aaceaantsa caopantingwai charge-
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drive volta
time of fi m formatlon Thus, 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 éfficiency, 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
chargé—transporting oligomer having a numbér—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
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These findings led to the present invention. In
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fsﬁQBléPb§ilié5rﬁd p@;rn@riﬁ@bspyﬂmﬁ&ilr@d gyrab@nketr a-
Ien anili e kg%hene dithiin, B furan,

EPRyRYPERE OERBhy | ERE = Tl FeRgianine, metal-
annhaanEM@ orlmﬁuwdzdkee phah@lecyanmnb azoldemetal -

%Bhﬂghgfﬁ S RPAiehge Eﬁk%ﬁ#flnﬁigd‘Hj%on8¥ﬁégégeunlts

g rrmai ne poyrazi ne, enevi n ene uor ene
&#aasz@og?rﬁ%wlam fen hﬁvgvslsco%ﬁraarqug ofr being
Ihi%télro@éx@@ol.ﬁ&ltehﬂi Q@yxaiammg a;aﬁﬁlmg@dal - contai ning or

al-free hyrin nj,ugat ed _unj LLs n
honogeneghgp g %oﬁ?bﬁ %ﬁéég geddr Ee?nﬁharég'
healemtgnetrmsncm@meﬁrahdmhg eonangretited Td ts or a charge-
Ebﬁmﬁﬁbi&ﬁﬂfQgﬁbbﬁgrswbﬁﬁaﬁQﬁm&ﬁ%%@%e%a@@aﬁgfecular weight

ner havi.ng co ated Units or, a
Ehar b te At GePdURRESM BRSS nuttbet cardrageed
un@egLbemngmhquQenebuQO@ndcndﬁﬂﬂhdumalggacomp@@atdﬁibelng
HQ’céf'o qd_‘ycgwduggh leynsééa J19 honogeneous and

CORtI Ny arrange bei'ng et er ogeneous and
rand@ﬁqyxéwpgﬁggg unit can be at least one species selected

from substituted or unsubstituted and di- to tetra-valent
aniline, thiophene, dithiin, furan, pyrrole, ethynylene,
vinylene, phenylene, naphthaléne, anthracene, imidazole,
oxazole, oxadiazole, quinoline, 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).



+ The conjugated unit can be at |east one species
selected from substituted or unsubstituted and di- to
tetra-valent aniline, thiophene, dithiin, furan,
pyrrol e, ethynylene, vinylene, phenyl ene,

napht hal ene, anthracene, im dazole, oxazole, :
oxadi azol e, quinoline, quinoxaline, silole, silicone,
pyridi ne, pyrimdine, pyrazine, phenylenevinylene,
fluorene, carbazole, triarylam ne, netal-containing or

net al - free pht hal ocyani ne, and al -contai ning or
netal - free porphyrip. Theychargg-tjransporting
substance may be an pligoapi|ine

erjivative

represent ed by t héRfphAmN B Féuinodﬂw i m ne
derivative which is pn oxi ed forqhof an

ol igoaniline derivatrve represente y the fornmul a

(1). -5 RR R~-A NB- R3Cl) n m(where R, R2, and

i ndependent | y. dgnote hydrogen, hydroxyl group, '

E@I‘%@eeﬁggrgu’p,aréﬁ%ol@‘?%ﬁﬁﬂd%‘?tﬂa}h(ﬂer@t@ugydﬁﬁgén: hydroxyl
group, Iwrm«ylr?wn@nﬂubf QioQpACsd 1ghOUPg rHHS PRRL ST

chel, AL ouR, QﬁQh te ro. 4 €ster grou . .

h“%%ster gf%&b, éﬁ?déﬁé%%ﬁﬁg!%#gpbgépgﬁp,pﬁS%B@SFéﬁtaC1d
TR RMOTPRA U St o GRSt ar @euror ddricEmtse group,
PHDap, g S GINAFi Y FHAUD, WEIRAOLdH O W&l&ﬁ)ar@ﬁylgroup,

or sul fone group, and A and B i'ndependent |y
%ﬁéﬁﬁéﬁ% di val ent group represented by the fornula (2)

or (3) below RA RS R7T R Rs RoR8 (3) Ri1

-5a-
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s (where R4 to R' independently denote hydrogen,
hydr oxyl group, hal ogen group, amino group, silanol
group, thiol group, carboxyl group, sulfonic acid
group, phosphoric acid group, phosphate ester group,
ester grou t hi oester gr p
SEPURp, SRORBOSTENG GAPBCAPEOARGPbEE. SFauRoxy-Oghelyto aroup.
aeygag@aupnoogrsupfoneggnosplyan@rknqndxﬁgﬁnﬂ@ﬁmnﬁently
3
g%eﬁdé%%%lgﬁgeﬁr?gﬁa%g#%ggg%?é%f and a %@glgsuc or 3)
behaw mrn s 20.)) 15 The charge-transporting substance
may be a 1,4-dithiin derivative represented by the
formula (4). R12-FX ~Yar R1§5~ Pl I (4 R14 S R15 4
(where R12, R13, R14, ang R15'i ndependently denote

hydrogen, hydroxyl groug=Hal ogen group, amino group,
silanol group, 20 thiol @ car box(yﬂ) group,
\

sul fonic acid group, phoy Ic -6 acid group,

- phosphate ester group, ester{ group, thioester group,
am de group, nitro grougz no ﬁwalent hydr ocar bon
group,. organoxy group, Organoam no group, organosilyl
group, organothio group, acyl group, or sulfone
group; X and Y each degete gliol east one species
sel ected from substituted or/ unsubstituted, di- to
tetra-val ent aniline, furan, pyrrole
et hynyl ene, vinyl en napﬂ*&)hal ene,
ant hracene, i m dazole, , oxadi azol e,
qui nol'i ne, qui noxal i ne, silicon, pyridine,
pyrim diine, pyrazine, phenyl gnevinyl ene, fl uorene,

carbazole, triarylamne, netal-containing or
metal -free phthal ocyanine, and netal -containing_o

(whene-Rt &0 for phydependertly ( fenote rh}ﬁ%r%?nbehYdrOXYl group.
' hglégéhngﬁbﬁﬁ rdﬁ&héﬁgﬂbﬁﬁll@ﬂl@%¢ﬂ€gf¢@@, endo, group.,

r |nde endent denote or an inte
c%ﬁgggy S9E uQ+w§u¥£é_ﬁc afl ggﬁﬁp,ﬁﬁ% %Eé%?f%naClg group,
pRESHIG t @ 0es tapantosp psé sber gmqupe thiog $barcgmouy, amide
gé%ﬁﬁ)“%i%%b 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.))

The charge—transperting substance.may be a

1,4-dithiin derivative represented by the formula (4).

l12 [ ] [ 4;;//3\\ | [ 13
R l i Y‘]’r—R

X ]p l /'L
R S R'S

iq

(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



‘represented by the fornula (5). Rl /SGBH (5) D 116
(where D denotes a benzene ring, naphthal ene ring,

ant hracene ring, phenanthrene ring, or heterocyclic
ring; and R16 and R 7 independently denote a carboxyl
group or hydroxyl group.) In a second aspect, there
is provided a charge transporting thin filmwhich is

rmdsciaog@&ﬁbe %é%ﬁﬁaﬁé ALHRQr t;&regp,V@mls r3%p deEM@&ter
in an par a aphs abové. In a thi asp e

t hePEOYR, FOGRAEEO%Y OHaEA 87 b e SRR SedARoCarbon
elegnumpVWBndanbay ¢ heurg hargenoam ams parcupngot damoFiillyin group,

as g?é% ' 'gp%¥ '7 %i?ié?%u rgggéguf%éﬁé %%HE%”£S§§H1Y each

el ene rge T arn i ng

" thi ﬁenW?nactade@étaow@quSeéﬁleﬁt%yfeﬁonbrsuasrqer—leted or

t r aaﬁméﬁlrt@tbayeal— It &eft@ant;m@stpeﬁﬁllhaer@hicgahene,
%lde a sol g #h W% n$ € H¥ﬁfhe charge

tra e iHE Y Fm% HY-Sfér i P{éay P51y

par agplipiesl eatgov enth7acdim dhadgeole anspodliengoyadimzile,

CangHaye B a%%éiﬁl\ﬂescgﬂéf}{e, eMER WAE Y1 difelTRde
from a. I ow ol ecul ar- melg?t charge transporting

subBYBHRIG1ineh PR R ige | P %V%ﬁﬂﬁyﬂﬁﬁﬂ%n?()ﬂk&PFSﬁg' carbazole,
C0atrrqryiaméhhDdﬁeﬁﬂhicbﬁk&jnln@EbhOmbtalNerévﬁﬁtha&bcyanlne,

i |
0L B R R P FATSRREL O Bl T sl
var At mﬁarybsedmgnuom@e aingh QFg‘él‘ﬂrJa-@@lys@KMm grlnnr rand p,

filg) amd Moh&epMRGIHIGNLAYEE & Br AN 1915:6%@1‘005—1 and
el egEdte, Tt RHs: Qbtag ned holwg)i njyectd1a+10,! SYEp Y

contribute to reduced drive voltage i mproved
| unidepanrt esybatianeeymayapel axudfdadc] a¢ed BESTVaAMIDE FOR

e invention will be
des?rq)g@d be‘? ovlié';l rl%hy'%lr\%&%t aP
\ /SO:,H (5)

(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, there is provided an organic
electroluminescent element which has the charge

transporting thin film as defined above.



+15-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
the above-nentioned charge-transporti ng substance and
an ele%hrege 89?59&%n@lé%%?%ﬁuﬁ%ﬁggégﬁ%aéﬁéﬂgﬁ € as defined
acceptln% opant substance, ~and a sSol verit cont aini ng
afPpP¥gst LBAeCEAEER BT TSPRHHL WY sioin t§4 lgolaaentochayibede
ainij8e0sbhy18{e00t 0a 200 &RBSan Ao A i P Gadie
charge-tranggorﬁgng substance or, charge-trans %Ttin%
or gani &% ngt EPFAF bEPREC T sEOF Ve dt HreTuRdest M f% ar cell
divbpehséd madéheisbl vientchddsye, ttdresgertiing varnish as

" gext £an rreng. i i th

e A SRR b U BRI o e any of 30

hol e-transporting, electron-transporting, and hol e-
and electron-transporting. The charge-transporting
varni sh according to the present invention may be the
one which exhibits charge-transporting property by
itself; it may al so 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 -8 it is a charge-transporting
nmononer or a charge-transporting oligoner or polyner
which is soluble or unifornty dispersible in a
solvent. It should preferably be a charge-transporting
nmonomer havi ng conjugated units or a
charge-transporting 5 oligonmer with a nunber-average
nol ecul ar wei ght of 200 to 5000 havi ng conj ugat ed
units, the conjugated units being honpbgeneous and
conti nuously arranged or being heterogeneous and
random y arranged. The conjugated units are not
specifically restricted .10 so long as they are atons,
aromatic rings, or conjugated
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‘groups capabl e of transporting charges. Considering
high solubility in organic solvents and good
charge-transporting perfornmance, they should
preferably be substituted or wunsubstituted and di- to
tetra-valent aniline, thiophene, 15 dithiin, furan,
pyrrol e, ethynylene, vinylene, phenylene,

- naphhdalinge -apLNRGERNGg L 5F 8840 8n ﬁéggoér?'adeqluate viscosity

oxadi azol e, qui nal.i ne, "qui noxal i ne, sil I con
eVeR PN T B riaedEREm 2 ARWTROAR CU bHETRA iRy Fh§T @n e ransporting
suBlsHﬁhteéle f?ﬁéf@%ﬁ@ﬁ it rlsara\da':}fzﬂodtﬂ.ed'&i?'a?@.@ﬂstald@a’ﬁlng
al -free. al ocyani ng, an a - con a|n|ng
meghofls and; bk, BRGROAS - | MGRAIYSH1 ¢ e S oy dtnd
changestnayspornlhggEhhnrfilmfwhﬁmn.rmnth@eianh lehgh Iy
' 0 b 0
andfoffl, " WA iRt BNy P e Rt
chhygco%yangp@n‘pmaatl@g@nfghm@s %rﬁmbe Eﬁ]@qu@ layer for
an Sbfgﬁﬁhcgﬁﬁugleﬁl&ﬁﬁ’l Gl RS2 IWPRhned Bdle TW5edtiGn
~acid group, phosphoric acid group, phosphate ester
lagéPUpay €8HEFiHnOEPLot heqastar dgioupyvoande, ghaiproved
nitro group, nonoval ent hydrocarbaon group, organoxy
lupineps of §aRdAATH0 2BRoGHTEBA§EANSSERYI gr oup,
organot hi o group, acyl group, or 30 sul fone group.
These f uBESTOMIDEQFORPSARRY INGY OUTNTHEALNVENZLON

| ;ug%hgnghvgmsﬁ wiflt@é Sd&éé@:rbégebdgg&?vﬁ{ﬁﬁére detail.
rocar ro a gr oups
(sucEhes Chﬁt—'ﬂ?f t:gammor’emgl va:gmwlp am@pcyin@ roepthe

preiint m@%&dlecy grou% Cycé}%ﬁ gro o%EI:‘?x yéubstance

grou
COW%E‘?ﬁﬂ RS HFRRSRA ImC{;}?QS‘lﬂi) °Ib|acycl oaI kyI
chafddPSran St By K 1GdnliexH ;gﬂ%mn rilery la groups

u%hLmh as V|nyI -9 ou ¥ﬁpﬁﬂf grou Z(Prggﬁn |
chalrge -Z:J:armfpo'i'ﬁllnge mﬂ%zrﬁ mawﬁat?h}fexﬁmds{dg; @ifp)the a% I

ab%egﬁﬁ‘ Jiop e[ehn%%aq{g’o[ﬁcg aglr na|olhn%/g|n§;s1I rog@e aé‘%daé‘ electron

accgpdling dpranis sphﬁﬁan§§ benbplqyanqﬁpqﬂngndqndnm substance,

analOWRL AL MAANHINY QROTYast Q) spHRpPReYal ent

ydrocar bon group
high-viscosity solvent 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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‘gt oup,

may have its hydrogen atoms substituted partly or

entirely by halogen atoms, hydroxyl groups, and/or

al koxyl group. The organoxy group is -exenplified by

al koxy group, 10 al kenyl oxy group; and aryl oxy group.

They are based on the sane al kyl group, alkenyl
oup ar rou nmenti oned above .
JiodR ot gh sl PebeRBAE  HhBATEY BF e chTEe - G aAReTting

@ad@bmax et Ippllgnmiemowtichp isesbyhibhe nor guoiforrly dispersible
opyl gro , t n

RARORY's 'Ihr'é)%}: amfﬁoslg%%%aﬁ%%%?%ﬂwr%eogapocﬁ?%e cl’:ransport:mg

oonenex ey igdogenjugetpiannabsgedup, Clieeye afararsporting

$19¢Bmed iRl BY hfihBR-9URLRYe mELALKYAANORGKE WPS00 to

such as di met hyl am no group; diethyl am no_group,
Pﬁpoﬁﬁwaﬁﬁn§°gﬂ893teélBBP&Fath% gPoipgated units being
mdmaaeﬂeamsnanareuatlﬂubaéxyaarﬁangé@u@r Bl heptnd eefd¥eneous
gp@g | am no g9 oup, di nonyl am no group, and

EPR gﬁ#ﬁ' gF8REFd-cycl ohexyl ami no group, and
nnrphdmhu)qpnjugaﬂ&kxnngana&blmbtgspaplfscaxmyptééteﬂcted.'

Eyki'&ykregégggs t5g8%2¥ :y?A%SrQ&P conjugated

rlpro %Slly group

»BEDH@ﬁtFB@ﬁbQB gfompanspphﬁxygsch§rge§rcnﬁ9n51derlng high

Q%ﬂhEHthgtaﬁl§Eb¥hlgr93@veﬁ€§ybghn§6@aléhéﬁ%eiﬁféﬂ%portlng

oct grou | di net hyl s11
QPGﬁﬁrm?ﬁéeorﬁéﬁUtﬁ guifonpeferakiviphe f 51 t&tuted or

ﬁh@ﬁb&hh@ut@?ﬁﬁﬁa &ﬂChtastEEEByb&P?ﬁtg&@ﬂplnélhMﬁi&ﬁHéne,
I . r 1 O rou 1 0 up, ,

BaRhSiph SErbonBYREQY Y nERbYRBRERS Pt THRS,: grhepyLene.
naphthhﬂengroapthnanghehlmmgdaupledecxaihia Qxad¢azole,
gggﬁbﬁHB%'tghQ 8&§i?neTh31§SX' OLOYP-LS PP& ?S?€¥lmldlne,

roup; proplony
gwﬁapinﬁsobbpyyyengV@uﬁleeg vﬁl@¢y¢ngroqgrb¢%@wgreyl

g&@ﬁ?ylﬁﬁ@néenﬁ@ihlgEQHEalxhﬁga@PVﬁeﬂgfIfP@@dphthalocyanlne
nonoval ent hydr ocar bon groups, ganoxy groups,

BPOaRBAALAGONERAPANS. 95 BREARLEFES| POFRRBEIN or dAfIARNG 1LY

gneupanJagdtaayhngteumayaﬁelnnabgéﬁ@@rft@aféﬁm a conjugated
g&hlghlchlHa§hgogggggrcggl£grboPtatonB

The substituent groups in the conjugated unit may be
independéntly hydrogen, hydroxyl group, halogen group, amino
group, silanol group, thiol group, carboxyl group, sulfonic
acid group, phosbhoric acid group, phosphate ester group,
ester group, thioester group, amide group, nitro group,
monovalent hydrocarbon group, organoxy group, orgdanoamino
group, organosilyl group, organothio group, aéyl 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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_ ﬁXEeB‘kYtH?‘EéW f8F ﬂ’r‘PWh p&ﬁe

- Their carbon nunber is usually 1 to.20, preferably 1

to 8. The desirable substituent groups are fluorine,
5 sulfonic acid group, substituted or unsubstituted
or ganoxy  group, aIkyI group, and organosilyl group

Th bsti t uent shoul d preferably be abse
5Bt b PRV e SR G e BT SF SR e LoREEG Ge nﬁ{l rote:

ﬂemdt@yp:-@smtopelwdntgmp .t He 1@ -chawry 8-budiegyydr tgzrcglp, and
LéPé 1° GO0 A Al SRAPIC (S5 RY priddy 10 'dzgswr :é?}lyl
po

havé a “nunber-average | ar
spcoz:@o tte 1y3do gaomp .utrddhenyd |9afaéw | imid: naphtiyy %up) and

RN Kyl @&%@le t(rsim?pqg Itfe@zit@ﬁ_r fgionpnC h@%?lte‘thyl group, and
exces atl || e e u
SR icaeiehanTy grrbinicoDup, BryoPeseah  hirppathen grous

malyv dave. iltlss hlydm‘@gena\aa:roage sublserd thaidie dwpiagitil ys foatilechtirely by

Eﬁraéﬁg B RS0y e eoBBera R Aoy g ots™
sol ubi IThey angaggxje rgroup-ois  estemmd-firegh dnoralikery group,

%gﬁgggg‘aﬁg géghggoan@urmr e 20 'ﬁ?éfcé&érrﬁé@b&hbn the

it rabl' @ to use east
§sames Bébh’és 9&PURI- g ﬁlliﬁet‘}f@-s §rPMRg apdyagpyd OFeORE &Fe dentioned

" heboe) in order to raise their solublllty The hlghly

dlssoIV|ng sol vent s nay be péﬁﬁe sel ect ed acc %in%
to t he Theh QTgAPORIHAN IS -iifd-esk BYs &t ho
gkbgpae(suchzsspméynguaahﬁuldrpupfeeah&yahenongrdmpch

b h
OPERUTaRPSoF= 308, "BaRRIANLEY' SBRbbEnPPREHEREno grour,
hhxygeminangpoupb ngepewﬁammanc grolp¢i dehyahingonohgroup,

BTSSR 5O SEL gl TRESHSGS Rl grous).

g@a;«sy;«mmy gl'hlép§hé$g§ht agndpwethyyaninet gmespshoul d

aisﬁﬁw&hynsegraa ol aggéeb&naﬁiﬁsr b.‘("@ﬁbved&%ﬁ'i:?@. ati®d group.
ornula ? %glnone iTmne derivafive in

iaminghaTerRpi AhpPtydaine group,

&h@éﬂ?l&:hﬁﬂépgfbuﬁg ae$6ﬁymlamﬁo gfgupy afagqdaiecylamino
e_0l 1 goani

t
ROupl 1 Per LORERYL Sminp e Puncana A PRO R PL SrRgE -

The organosilyl group is exemplified by trimethylsilyl
group, triethylsilyl group, tripropylsilyl group,
tributylsilyl group, tripentylsilyl group,‘tfihéxylsilyl
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 gréup,
heptylthio group, octyithio 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-méntioned monovalent hydrocarbon groups,

organoxy groups, organoamino groups,

-10-
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+-11 R2 R A- NB- 1 R3 (1) n m(where R, R2, and R3

i ndependent |y denot e hydrogen, hydroxyl group,

hal ogen group, am no group, silanol group, thio

group, 5 carboxyl group, sulfonic acid group,

phosphoric acid group, phosphate ester group, ester

group, thioester group, am de group, nitro group,
PgARS Sy Th\BHosERE b OF IgRetB 100 g5 aHBsy apfopgyl groups are

%&a@%&&%&rﬂ%re@&&a&%al ¥h &h@uaumeégaset Baﬁbon atoms.
%!oup, acyl group, sul f one group and A ﬁ
BEddeffaa bﬁ@h&ﬁe“ﬁ I nF°g?8uppF85?§§g Yel to 8.

by the Tips nadsifah)1eorsu byt i thadmv.gridupss are’ fRGorRaeR1o

R, dyhere R4 1o RL1 tI e

r‘r&*&r*‘a%&h oo gREB ST SR B R L PP praenoxy
tatilkqdl TP, , hﬁdc@m@nyolSlgydup,rospl f dthesecsubstituent

g Difbs MIGKARC S AT0 19 B4PansBITSROL BebBbE 97 OUP

Ster group, oester

e group, nitro
ghange TisrasRlosiing) desE/TBGACEr-oup, or ganoxy group,

0: gﬁnowé@rﬁx@pﬁo Owwrﬂ%déﬂt gﬁrﬁ}&htl%ﬁa&@khl 0
e M et e
@u@@dﬁ%ﬁ dﬁﬂpdijméﬁ shiom 149U hsiviet aenumpeeypserage molecular
present ' i
PRI, D100 £ 20D Bt Yadfe b8, 24V8: TDRRLET e witd be
"ﬁbwe i‘mbﬁiartgeemra@rsmimy Peaformancet due Sobexeasgive
S E:H#ﬁgh gbgﬂgsth%hﬁngfgfﬁﬂ?L'nftdﬁiiYS%en uSable due to

exenp eny traani 1 ne, penta

_ &MQQS%§VQhﬂ|¥QNNQQLﬂ§l@aﬁM ife solyventsner) ,

oct aan'itﬁ%ﬁmﬂ%ﬂﬁé‘ﬂﬁﬁecm&amﬁﬁfﬁ |shHda1d preferably

be no higher than 5000, more preferably no higher 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 _
|
l

~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 undergo reduction with hydrazine.

-11-
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*(ani | i ne hexadecaner),

(phenyl tol ylanilino)triphenyl 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, 10 phenyltetraanilinesulfonic acid
(having 1 to 4 sulfonic acid grrtps), and

(butyl phenyl)tetraarfi I'i ne. hey r aII soluble in
organi c solvents. pf 0|I33 niline
derivatives may be |Syn S|zed by any pr ss whi ch

is not specificallyll5 regnrti cted.d mypi cal processes

are disclosed in Bulletin of Chem cal Society of

Japan, 1994, vol. 67, pp. 1749-1752, and Synthetic

Kehelre, RUS, R’],9@hd w3 in@dpepden ilP- dé’xﬁbtd\rtqtdmrgen hydroxyl

Qﬁgﬁgatﬁa&%@r%egEBﬁpip%hEhgggggpétagiﬁ?h roup, thjol group,

%i

errvat repre
Rarboxylygromrps Pulfpnuglapidlgrpupnghqsnno(MMe¢Qﬂ¢?group.
ﬁhgéﬁhatglésteén%rghﬁ | gdependeBhibyY HRIGLELEY ; amide
al ogen dgroup am._no group I 1 ano

dr ox rou
gFBHB nﬂ%F&l9§P88p,mEQPUB%9PtgFBGE°°§EP?%n9€°%E4d°rgan°xY
gfeupu bh@&ﬁbﬁﬁuﬁo @deggfBuganbbﬂiﬁmabﬂoﬁﬁtebrgéﬁ@ﬂhlo group,
roup, thioester r ou gro ni t
858 EnoZhBR0y Qe RELRG AP EZPHBN B, SR8 BaHidsPeAdehELY
deganeaalddvgﬂeup gnogpnneprybegtedpby bhgamutmmla (2) or (3)
gégug acyl group, or sulfone group; X and Y each
enote at | east one species selected fromsubstituted
unsubstituted, di- to tetra-valent aniline,
thlophene, furan, 30 pyrmR3l e, Rthynylene, vinylene,
phenyl ene, napht hal ene, anthyacene, im dazol e,

oxazol e, oxadi azol e, quinglthng, quinoxaline, silole,
silicon, pyridine, pyr+ H azi ne2) - 13
phenyl enevi nyl ene, fluore far bazol e, triaryl am ne,

met al - contai ni ng or netal /fre& pht hal ocyani ne, and

met al - cont ai ni ng or met aR? f r eeRbor phyrin; the dithiin
ring may be dithiinoxide ring or dithiindioxide ring;
and p, g, and r 5 |ndependently denote O or an integer
of 1 and above, such R® R'"

R® (3)

R11

(where R*' to R" independently denote hydrogen, hy?roxyl group,
halogen group, amino group, silanol group, thiol droup,
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.)

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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1,4,8, 11, 15 25- oct ab
] phthalocyaR| X

“that p+q+r s 20.) The substituent groups represented

by R12 to R15 may be the sane ones as those in the

conj ugated units nmentioned above. These substituent

groups may have any other arbitrary 10 substituent

groups. X and Y are the sanme units as the conjugated

units mentioned above. ese conjugated units .

SOy ehavEieTe SHOTEL FERR T GRS BUA YA A eerrREbitrary.

dhbhkhmudatlgabupe menti oned above is exenpllfled by

2, 6-bi %@@&5& MMeribatide! ' Bxefip?1Ri8ap¢ phenyl

15 tert |o§%
2¢@rba9@2;291bpph@nphﬁnyl4anaﬂ¢hepntetraanillne (aniline

% g Ehé%i 200%5 ﬁgﬁﬁ?glXaﬁlilﬂbtgbtgmePFd hexadecaanlllne

2" - bl hiin. Additlonal exanples
«nen&eeeohpge@ﬁpe§ﬁ§ﬁe depppyitot¥lapthing) triphenylamine,

pﬁb hEBhSHIhlﬂBdtrlphenylamine
erthi al dehyd

ohesvatrianga BpHlpbeagnoerrLan R Behbh 8- Srhaneriatne
Qbi-pheheepbtne dekadabames)naymhaoteynahnslzed by any

9ces |ch s._not |f ric
BaBEEet a5hsbioRRbashiek! HERl Yook fabr Lo4E0s HBLGALo co
gfoupp) . 939d94EUtHﬁ9hHBVé0&eycaeglllgg7 They @ alis soluble

QH o 93147981 vEhRer suitable charge-transporting
Substances are exenplified by charge-transporting

oI|gowéM§¥99ﬂ¥@i§YVMQQﬁﬁﬁ19%kaﬂén&éﬂP@aFPFégaF%HPEhmaY be

ggﬁkﬁegiéaacayoaﬁyeprbbeaaeaaachcasthaxaspecmﬁlcally
xant ast axant hi ne, and b|X|n‘il d 30

EﬁéFﬁéc¥PQns§%¥Q+ﬂ% MRRRTET Se s (RAFe o afe ot AHiRFin of
endmlﬁaua5051eeypbEhabpamanuae4(mhomh 6mcl phe 1749-1752, and

L
%ggggr%ﬁc)gef71§3 HE o%?ggls?octhyr0x9f 2@&?3&%9
pht hal éayeehiere ad;gc_w@(t]q charyges trans@ortring, gzpbstance is a

gChaha%heskha@91¥ht%%é 3prabbhgbacygning, kaﬁEQh(lh)
572,3,9,10, 16 23, 24- oCt aki s(oct hyroxy) - 29H, 3

-14 phthalocyanlne and _
7rr*n§4va lsh

: dq

according to the

(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 ester group, ester dgroup, thioester
group, amide group, nitro group, monovalent hydrocarbon group,
organoxy group, organoamino 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, fﬁran,
pyrrole, ethynjlene, vinylene, phenylene, naphthalene,
anthracene, imidazole, oxazole, oxadiazole, gquinoline,

quinoxaline, silole, silicon, pyridine, pyrimidine, pyrazine,

-13-
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- present invention may be prepared fromthe 5

charge-transporti ng substance alone or froma
charge-transporting organic material which is conposed
of the charge-transporting substance and a

char ge- accepti ng dopant substance. Here, the
ohenpleneepryeneopfhtoxenst aparbagoba, 10r theylamine,
AN g SYPSHhEPEE. £08e {oﬂ@h'&%ggém@p%ang

ubstance or Bl accepting dopant tanc
ﬂ%tal'eq%'f"iﬁb?]lfﬂi aPs p'B‘F'fﬂ‘l'gf%%SP%EbYrEbt htR¢ ol ghiin ring

Ina\yeba aimlrw&aﬁgeraﬁ@&m ldﬁ@heaaagbwde HMeqg; and p, g, and r
cha ngﬁgr% n%F &stance . % not s eC|f|caI
% PREFE 1 o5 AR ohgteger ot st 13 d such
Ongp kj nd of solvent used for the vani sh
The el’'eciron accepti ng dopant substance is exenpllfled
by i nor§aei substdtventi gsoupachensenyputedehycRi‘otiodB,” may be
$4d Wdnte 6l 44 LEASs&Cid, tﬁ@dc&bj)éw@éa q;@& méf¥Y Sned

acids, such as alumnum (l11) chloride (A C
@heHe um HRege - Sebsgdtaem to SreRsT |“GY4)haVi§or'3<5W other arbltrarY

ts"d%&ﬂéi{dzéiﬂ: (R L?ﬂ(sl | Ibtxr @ha tyr gfﬂ@ rﬂntefgtnrléerunci%p a@X the
Y on ri.ae coO
RS ent e (@oveon ame Aot oatad mi ts may

arlsen |h:av(é/)tlma ramdvamemqnlksdzﬁaubsmmmmrgmups

pentaf“§90nopﬁﬂffﬁgd?ﬁfgag§v mentioned abave. is exemplified

tris(4- enyl ) alrum AU Rexachl oroantt AbDi
PIBRAI)-P i yahi-didihimrhenstkls; 1 sirobitdsiin, 2,6-bis(2,2'-

ReREeReDH A - 2.6 1 1S L%acé-g&ﬁs %f gy%gw f-1,4-

aci d, hydroxybenzenesul fon

- 44t 100 d oyl TR hed MR thy 1) - b dithiin, and

ROl Bl (enesul ¥ ianirsy By 10, 4 K0 Oan i Quaefi tiiRhdaRkamples
oxi dants, 30 such as 7,7, 8, 8- t et racyanoqui nodi net hane

inclode oA ipafitiinmhens denfivatines , sudemmquiethiplthienyl and

e hoIe acceptlng opant ‘Sub
arganicmadiventsdch as Li, Na, K, and Cs, and neta

conpl exmiaéﬁém agnd dd w{@aeﬁmbrwﬁé a&@r;ﬂ%ﬂivé‘gdmay be
l'ithium acetyl acetonate (Li(acac)) hese exanples are
synth pﬁ&g@§t¥wéany process which 'is not specifically

restricted. Typical processes are disclosed in Heterocycles,
1987, vol. 26, pp. 939-942, and Heterocycles, 1987, vol. 26,
pp. 1793-1796.

Other suitable_charge—transporting substances are .

DQQ)’ .a@j. 't%ilt'?ﬁ é}{f‘é% %Xasrﬁ)%\nce : é]o(éwnl'lblléﬂ dé‘és?)luble in

exemplified by charge-transporting oligomers such as

oligovinylene derivatives (which include ff-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(octhyfoxy)-29H,31H-
phthalocyanine, zinc(IIl) 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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+ -15 According to the present invention, both the

charge-transporti ng substance and the charge-accepting
dopant substance shoul d preferably be anorphous
solid. If either of. themis required to be
crystalline solid, it should desirably 5 be a materi al
whi ch exhibits annrphous solid properties when a film

_patm@¢¢mxamxnﬁnt¢mdvhrﬁ4%rﬂ%oh%o%%dz%fZQTRPtabutoxy 29H, 31H-

%Qgﬁgfbé $&NEROY Ling substance, the charge-accepting
ant _‘substance, and the solvent contain '

hlgh vIBeoshayaesbroRFPOF L REhVRPLF 8°ﬁ%ﬁ§$€%280 the
pRéSént ﬂn@v&@timsuh@ylyelpréﬂmre:awrmlwetme at | east

either of th h -1

Chege- Creathorh i rarn S CRRR Al 08 PUPCEAIE B 1T

Siwhrge - t tasdport thnie sorgd ic eater sabswhaick iwhiedmposed of the
81%‘9&8& L8rd c?ﬂ:lﬁé CLODL ESLET a gﬁ%t Nabn&rhd %@ceﬂﬂﬂﬁ‘ €&opant

case” Wher e ge accepiing dopant 1S a

-~ sebshaneeul ar- wei ght conpound, it should deS|rany be

a conpayad %ﬁbCEhE§§eLBE@SpQ&nﬁUHSthEfSﬁBBtaﬁeéais an
functional groups in the sane nol ec

%bﬁﬁ%ﬁﬂ%sa%?%PﬁbEgs%%%???c%???t?gg?r E?eﬁbefhﬁﬁp transporting
saes tdece f OF d@nwpél eaca'ep‘o:[ngd dddiydnbxgnblemmm uf o nitee
nd sul foni c_aci eriv
?ﬁ%cFB?ﬂuFﬁa?%?or%%gl F4ps g HeCT s ?réoos asesoﬁlﬁ'; ee% %gh
élyfrga’rae«appimg otapaeityul fIive c:rmgzbdmanﬁaxqme;sm supstance
a
ig E ? %%5 cgfig ggétgf%t%gBtP H?f 5811 éy SO 1023635 it is
iDH@hb@etnaabehQ@ﬁé ¢mﬁgklm%pﬁfhﬁpéﬁent|%@edaﬁ?hrﬁk%ﬁ%anlsh
ring, pHENanEBLeBs ﬁbeathhghabgaa%yehbgtahae, iandxBhflified
nd R17 independently denofe a carbox 0
h¥d%%??ﬂa@%%uﬁtFOW%eaEh%?ges??%ngﬁoFYgﬁﬁgg% %ﬁ%ﬂride,
QﬁﬁﬁﬁﬂiﬁgaéﬂdthﬁltﬁiesaﬁidlnaﬂdtPDOSpBoplepamﬁd wheéwis acids,

Lot shelnGant2P5 cAloRlabofalcone SRt (1v)

%?Cﬂ 3#- org nr ¢ solven 1'g a viscosity
b6t 28Ch bopbde nUBLCE:) 2 (oTan tr It laTige (EBR:) of bOron

trifloride-ether complex (BF,*OEt,), iron (III) chloride
(FeCl,), copper (II) chloride (CuCl,), antimony (V)
pentachloride_(SbCls), arsenic (V) pentafluoride (AsF;),
phosphorus pentafluoride (PF;), 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
pdlystyrenesulfonic acid, and organic or inorganic oxidants,
such as 7,7,8,8-tetracyanoquinodimethané (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 (Liqg) and lithium

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

limitative.
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- 50.to 300C at normal pressure. This solvent shoul d

preferably be an organic solvent having a viscosity of
50 to -16 150 nPas at 20C and a boiling point of 150
to 250C at normal pressure. Mreover, this

hi gh-vi scosity solvent should preferably be neutra

so that ,it dqes npt fect the, oxidizing and reducing
act i ons®§F° Fﬁénghgf’gg Br BREBERL ﬁﬁvgngbﬂgt aPRER abRe t he

- ctlaagge atvaps powt topasibstdscanard Tie chatge-afcepting dopant

3 I608uhde | Rl PECE TR B IROkeS ALY BE estner of
ebdee| 19 %HWQ@ct@mmst@lmgrm@lm.out should desirably

t
%@é;ﬁ?{?ﬁziﬁ’eﬁé;i lgrél}%ﬂc%%:’f%% Sénxgo 1]9§ géﬁ@%lyo%oérties when

3%l Q)p‘i,q. ngquposed of the
]cri’abgléalfﬂhiﬂortllrpg heiveeshed , the QﬁYAIed@gidﬁéﬂblr@‘%opant

he neql ycol e not limtative.

y‘#ﬁf & B ‘fe%ﬁnfpﬁw%ﬁed}%wvwsﬂy
p.rce]‘.*eerabl (ewlheﬂausﬂ]ofbet medrit bstesfial £t asf )S.cosi ty and
boi |'i ngpJp: d 0 c n erfo nce,_on, t.h
substrara %‘i‘:cor%;1 &tgﬁ?hcgg%%e‘gl%% | Ay ettt Dh, e%ﬂber of the
A 9e seiapertdala eanbs tandwe Qma:rlgaa:-ger-amaptmrgg dopant
Al sdhadhay %x@%ﬁéﬁﬁ%dé“ s, at gs'fﬂwltéaot#%tld!@tbvhywbe a

accountsfor 10°to 0O W% prefera
(FIRS {ANG S MG 536‘1%16318{? vﬁ‘%dqm %nfeemlacmramal actions.

T tite selseeihdre e \GHdt add) tidld Adpfarithes a
g_é)h VISCO t sql yent shoul d. be 50 to 80 wt % so | ong
e

A I SO hro i GG, ARSI be a
mmmmmm threa \cantmonehidilf feg@thit! podiays FuveEional

yé%g)v.\gl?ng rag%&%rb{oq_%c%li%st ance and 25 the charge

opant substancé.” 'Thi s hi gh-sol vency sol vent
per ni t SThgRe GeMRAnds o mehprbst ikl orafitgsiaitesd; they

thlfﬂidfeor FogH é&ﬁfn‘ﬁ@.e‘ n ﬁl%nvarﬂﬂﬁ%ﬁ%‘eﬁ%e‘rxﬁ%ul@gnlc acid,
cosi.t m xing ratio of the h|%h Vi SCOS
%\/ f%BiFhQCi g‘éﬂa\""éﬁ@f ISPresented, by the formula (5).
S'nec |1fajs¢ab]|£1¢ ﬁ.SStnb]Estt @dsikfable. 30Auﬁg§ibé(1f éRanS e lof Othe
BP%%gpéEr g %e%& %%Ttv%%SéﬂOSSt@O fr?ggg.)icy J.rcT:Drac1d derlvatlve,

such as 5- sulfosalicylic acid.

R"\ _SOzH |
'l’ (5)
R16

(where D denotes a benzene ring, naphthalene ring, anthracene
ring, phenanthrene ring, or heterocyclic ring; ana 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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- The hi gh-sol vency solvent is exenplified by water,

nmet hanol , N, N-di net hyl f or mam de,
N, N-di net hyl acet am de, N-nethyl pyrrolidone, !
N-net hyl formani | ide, 35 N, N -di net hylim dazol i di none,
di met hyl sul f oxi de, chloroform toluene, and nethanol .

Wy i D% |3¢4 Ay G pd1INE SIALOSE MASROI NI ¢ o

varni sh nay optionally contarn ven
INRFRe PRIRSULR ni MeTieovirat.t 4lills hiigbnvilseosstiyssoavent

SIS PR SHHEBE Bd Gl 144 il

p% o,fﬂthe ol \%nt_, qg%%]kg% ﬁ]ﬂég%/ijl%%e%? r}zﬂtnt%hféfe(:t the

Q¥ fing k?éiﬁerg‘%duﬂFé"-’r ATOLUIS 19 B ihangesdinaasporging

s, i sharlsst S i, e
refera . . e optional saqlven

%‘%yﬂ%eqoefgé’%-nﬁ‘ﬁcﬁlééf 63? kﬂiﬁﬁlnectﬁtr%éqﬁ irement with an E-type

viistdoledieay| (EEH - 50 ,etfade diyherokyh et )enegl ycol 10
rononetidy S Tex Sy 08 e FLAEELRIE, LR egayor,

y-but yrol dctone, a
leithylenegd Yool digdmcdidnl, etthemhdr,geootaiepedilycgl,

vialeitd @ i1Ng di 1NV ent:i
R 0 R OO R R L K
ERAPERIIEPEOdN Sy Lu5 -PRtAReSH o3l VerkButABEd LG
bﬁ,opb&?rleg?’@ﬁb 1i, n\a@ﬂﬁ% if%kylte{?%gl%*bhﬂ 19€- trfxeg}s ReE! 'thBQ limitative.
| m epared fromthe. charge-transporting
8. BnerenehErB1EE  f e oBRkano 1 re fipropy] pegivdel are
prefRoRblenpecause bfyehealrolaaet;lua:tepwtsbasiltgyaﬁh Bfiling
lhlhe e n~.Qj [ I ectron transporting
BBy e ar S o] cbBk iR BRr Lot R HRE SHBRRFRES - be
f or med ASFOEFING 9 tthe pResmeyd timaresyidion, ngheahlighh viscosity
QeAtSuhSthat bChRL l; . sql .
ge% grgtion?ﬁéhghﬁe Eogr?ng&gF%Igﬁq§?¥55g|¥§gp}gnb?sused in

- ABEPSPRCAPPEAF| hREstEi aPequnts £RE| 4Beso #PPpWhY, Preferably

3pi hocoatwhy, momsspeefprabliyngo tel BoCRRL, NEn the total
bRSahEl or SPREYLOOY.RT BT URE 0gy o0l CN ALe CaPADI S Of
high-viscosity solvent should be 50 to 80 wt% so 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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|
- The met hod for solvent evaporation is not specifically

30 restricted; it includes heating with a hot plate or
oven under an adequate atnosphere, such as air, inert
gas (nitrogen), and vacuum The baking tenperature is
not specifically restricted so long as it is high

enough fefe cHY LRI : i
250C. Forebetter 35 f|In1un|géyn%%%?iSE #%&ﬁ é§c§88%98 contain

t ReSO4N¥ERtaWbichaimpgoNas the xazBAghi thewethabibity on the

rraﬁesstages adjdistketaat suteqpar abHEEsn, ;’L@lZPfty, and boiling
e_charge-transporting thin filmis ot

t hi th
SPRERF 88| Per BB1FRREeq=nr MEkGRI BRRr 6 LPaBLT LRE SHRG time of
208kingi f The i satis@dofistlid ot el Isfb].&ﬁéﬂ@rtd emér total

] The fil hi c
BnolheeBE b eRhEE Y HRE YBF e RohFoh CPrOQfeCE. preferably
vhrﬁ@sﬁoowtby changi ng the anount of the solution

app"edTﬁthFEH%n§ﬂb§Bﬁ@Eﬁt %Q%rtQagggwbigfiggrﬁyngutyl

varni sh harge-transp
FebaP2olter eieEhylanestvred dl-ét]tllﬁb ¢therntdipropyleneglycol

i iviedthe By By tRErUsethy? EQFHIEHE, C&E&E@%@ﬁ@”&l#ﬁadlﬂ

the following manner, which is not Timtative
fi-bnRtysicdnatione s amd rﬂfdiyelamacgtatﬂea sWheyr are fias limetative.

el ectrog Eiﬁ%h@aﬁ%& gﬁg h@kanag?ggiggr$%§éish

anode su strate S [-y~un
13 TREHIY taukhe aBr%@h‘é imegmtriam mayl vamyein pHiasosity

trfriifdtorde 1 W@t Rby- @%@%%rad’f‘r?g BYe! eonhmssitlon and

surface reatnent my be omt e ano
SRS A% 5L bBsed mainly of organic materials. In

t he casRchEEEnghthﬁhe bE@SERer LhPEnYB6RI SPhés used

r EDeIement t he ilmmay be forned in
q%lallé}o SR Ty e ttfﬂé“ PR 4Ry the
\RhaﬂQﬁTﬂEﬁQﬁRﬁrtthcvaﬁnishumhntfnﬂédr&ﬁdwiw theis suitable

v d ofRd r to faormt
hol e%ltsrr%nlgsportl ng %1 ﬂg%élfém jtaﬁ% el St JF 0P ing layer)
OFattd® Sl&atxnan Jr":ﬂ?ﬂ"ak%ﬁ JiaeriF \/(aiﬁl,ﬂﬂ‘hrdnpdmatnsmmrtlng layer)

oFa@Eoryanic EL 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 brushihg, 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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- 25.that it is coated sequentially wth hole ’

transporting layer, emtting |layer, electron
transporting | ayer, electron injection |layer, and

cat hode netal |ayer by vacuum deposition. In this way
the desired OLED el enent is obtained. Incidentally, a

2 acenfiPag RSB, XRe ChRERRTErHisert 1ag,ginin £iln is
rregtowecirﬁécahbﬂerest:alctt@d]spatrbershoallacpnraﬂerably be 5 to
(590 8RN0 o0y SALASH: a0 ASUD LSNP U9 S on

P EFHAR1G Bl aﬂ%me oFhe il ibdeknessemayl berrasljbeted by

r ARG EElg bhé o1 vd r&cﬂ'plf@tp@ HeriNaVats i%h 3t b changlng the

ol e whi ch exhi bits hjgh char transportin
; ‘%/ 'Ifm?£ el@%%@ﬂ%wﬁq %dlq @J&stmtebe
f or med 't'herrchaygeitrmgpéﬁtiﬂw VErnedIer ( 34 Sthe

: -Cli-‘j(;i‘r V%% ?E\;Qégrt% ulcnhg{ atﬁ}ggé)}#ﬁp en%e}%n%ﬂ%am%?e&rm) according

(o NA®  preserst [{nventhicry Imay e disest [tapifioath e OLED element
e T
Sfﬁg'rﬁ 4" fﬁ.% ﬂxﬁe?ﬁrﬁteny{uﬁaheny%am nﬁ]ltm téLrYy am ne

(W}NWDA#%& fbﬁ@t step starts w1th cleaning the substrate (as
‘%H% éﬁedﬁﬁéﬂéh*ﬁﬂﬂﬁ dUﬂUTW BHeﬁﬁkénhﬁ%er The

Thwﬁﬁg and ol othlo henes such
isubstyafies sh ’iﬂ%ﬁﬂ m%@]e}rmewrrfzcz tgeatment
dl-eraishlcmm-ﬁn &r(e@%e'ﬁ'ﬁ% anfh %}@:ﬁdnt—lp'ltﬁshﬁly ereE%)heBQ)
f tris ui nol i ate)al um nu
0rQ¥ﬂf, QF‘%Q¥§P€_§€§ quﬁﬁgpvﬁﬁka §§|ﬁ T¥3FS %gﬁgggent may
fhies (nirteteldy |i-£3-tdne! iamloideo |satbs)tatehdsy lcomposledt mpdhari Bf
II - d
nga&bfé?f&%ég%hheﬁSIV|nyI)blphenyI (DPVBi ). The
emitting I‘H})%rcafﬁfy viege e sl tpnspaidied Magmish is

\mdda flole thle OLEDN el eM@RROr tihad thaheFidl Rhy be formed in the
transgﬁltlng 20 material and the emttlng dopant .

& 1oV R BFMe&nsporting material includes Al ga,
BAIq, The hole transporting varnish is applied 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
adjaceﬁt 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 (1Z0).
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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- DPVBI ,

(2-(4-bi phenyl)-5-(4-t-butyl phenyl)-1, 3, 4- oxadi azol e)

(PBD), triazole derivative (TAZ), bathocuproin, and

silole derivatives. 25 The emtting dopant includes

qui nacri done, rubrene, coumarin 540,

4- (di cyanonet hyl ene) - 2- net hyl_- 6- (p- di net hyl -
anlnosﬂvamplﬁHIE?PﬁﬁoFDeﬂﬂ layer may be formed from any of
theS€31pBRMMGPYALEFDE1 ST | ditiaryldhindd | (dU8H Js and

&%F%gﬂgggngﬁfﬁebhgé%ﬁréégiYﬁﬁévf 8TBPdnat e) eur opi um

h
(& hn Py L Epbon L gD et B Rt e

éK écﬂpbnnyhja@cne béimeydepingdhmerof Fpuier BAP hnysbarburst
&Hbgn1gﬁbgea§L|2C» magnesi um oxi de (MyO, al um na
CB) 35 [ithiumfluoride (LiF) %nesiun1 .
éorﬁdetFkﬁﬁéjEGEPYBh?PEﬁ{PPGBYFdém%EP prippepylamine
meanArA)l|aﬁaun1acetate and I|th|un1 benzoate. -20

,h g, ! I
hednedl Ghe SP LD EPoaR By L CRPERY A ARLPOAT DR BPT ppamine
KleNAﬁA) sadduoiigothsspheneamdsuehlaa1 For

Lu ] a v [ n_
gpgclggél Lgﬁ%r |nggﬁgfh gﬁg%&?%ggoigP%%%Y}ﬁ%ozth?n 2
terﬁhiﬂphﬁhe {BMAOH hg manner. The cat hode substrate

s Coa%ﬁg @hﬁ@t&ﬁ@ lﬁ&gﬁthQQ %%a%%Eﬁ%h'@QomaBH?SBf'n
order to formthe” electron- transgortlng t h

Wﬁésééaﬂﬂangﬁb%?1%f%)?%uﬁlﬁuﬁléEE )i hA4Tvlacuum
Sﬁ@@&l—flu@ﬁoihﬂﬂbﬂt eﬁﬂll?BatII‘) (2ngPpted sequentially

el e n rans [t1
Wit L2 opafbk il e GalR8PLRo Mre Y Brpnsty bhh e Lo¥ S apaminun
anpm¢ (BRlal, Iayér4by spis{ 2r,2Adiphenylihényl )biphenyl (DPVBi).

FREYERTERLAO Ly R ik} AhBog bB. EBEACURYy ! D6- 8880 2ion witn

trans rtin
Yhe neéﬁcar,@@rarmsmrtheg patechali ﬁVehPlentﬁwSB@rtlng

H3€drif1PaR@atRe t &R PEERyEh6PBAL. DY any process which
IS not - speC|f|caIIy restricted. A typica

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) (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 (Al,0,),.
lithium fluoride (LiF), magnesium fluoride (MgF,), strontium
fluoride (SrF,), Liqg, Li(acac), lithium acetate, and lithium

benzoate.
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- process is given below. The process involves formation

of an emtting 20 charge-transporting polyneric |ayer
in place of the hole transporting |ayer, emtting

| ayer, electron transporting |ayer, and el ectron
injection |ayer, which are forned by vacuum
deposition for the OLED el enent. The resulting PLED
el ementThomatihede ay e fomethsfram iany tdfi @lunlimum,

iR 1325 f1QRpelD %ﬂw 9@ 1L RRQNLIHRY WARR S, Oiﬁﬂﬁum

present invention. be concrete, the procesSs for
n@ RS SPUID qadeﬁ@ﬁﬂuﬁbn3|sts of forming the

hol e erwﬂl;\[tgaﬂjfbm 1fdh|ﬂ1‘ie mﬂmealamaﬁc S Ut r;alt e

i.n e s n_the.case of nent rom . .
BHEdtden RS b R iRg VARRLER, Tegr Rend o5BethdReon thi Film in
ame tfiald ostiangy eatnm@xrsporti ng poI ymeric | ayer and _
further { ct ode In
this QHQ§B%§£J%S|reﬁ?%ﬁ?%%&J%% éﬁggégi) é%rﬂﬁ? An
@llte@rtrmn-\tc_raprsmgn@o veraishofinf omdieay toh&orml sber on
terl@%aﬁ‘brnt -2QnlsBloR thinlgMt@Ant %ﬁlﬁnat h@ﬂé éHPéé& aéw?n(f{f]ate is

sanme way as I.n t he case of enment rom
PH@csde diy énVPP&Hg'pSPPPﬁéteapn icslﬁmbpa fenghekel&ohst feated

%@dﬂémﬂlalQQaMﬁthb&@ﬁ%ﬁdﬂ &&aﬁ%bﬂﬁﬁﬂd§|rﬁﬁ%&u apdtting layer,
ring,

d t
&5ﬂ5§| F8ﬁ98%%gﬁgn183§Fln§ ﬁnﬂﬁ 19 &FﬁgrdeQPaeanOde
RieERlelayemt bys spotiiemdag fhemcahbodboaadman@denaﬂymhéerials.
&F{f 1Bq &f (v%ﬁ‘ the aaggreﬁabihbakéaﬁmﬁﬁeisf %thSeQ-ED
el ement . ey shou und cl'eaning and surface
t r eat ndiite iqhatmmamidggwnd{m acgisadd.ngThe the

g%tstemg 1ﬁk}am§ohr ARSPBE! hggdpQByH‘EEPﬁrleaEEE BR¥D Bfement by

ormed in the foll owng wa
enar QéWPaﬁswaﬂplﬂngSpaPynﬁPPeWAtséllnlan r@WtFFrCSPd A typical

ptb?eub hbegleeﬁnbbubag dopant) is dhssolve? or

uni f or ersed _in e resulti

Sol uti die BRRER G ies” SotTRsel of, it it tans
whhcbethgahepertmpgcppdymbayer;hyerbeanpﬂacaedf thbehole
%QEXEBBrkinﬁeEH¥89,b&m§¥@98533593r, electron transporting

layer, and electron injection layer, which are formed by

vacuum deposition for the OLED element. The resulting PLED
element contains the charge-transporting thin f£ilm 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 f£ilm 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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- The emtting charge-transporting polyneric naterif

15 includes the follow ng. Polyfluorene derivatives
such as poly(9, 9-dial kyl fl uorene) (PDAF);

pol yphenyl enevi nyl ene derivatives, such as

pol y(2- met hoxy-5-(2' - et hyl hexoxy) -1, 4-

e e L R

amd mﬁls/wayylmw bnamlmdz@x(ﬁw@memeﬁw is0lovaalinieidc| udes

I l e hl f d
Bpsgglni{‘ti’ )(% o %f%’? O%I?é er@‘-ip% ozﬂ%efafc%od?“rpﬁrfes wege

na tetriali @, t@tedr fiawy thiet lOHE‘@telregqerm Theyasboutd undergo
AENIEY %f%n@%u%cfé) e%g:ln{gﬁtﬂqqqu | e YamP oyl 162 et tioned

restricte I nc ppi ng, spin coatin
er printing, roII coating, ink-jet, spraying,

and br upié Némi €OAl§ Neh&FGel trals $éL A Yo id e.l.dayer may

out in an inert gas atnposphere, such as_  nitrogen and
FPrmes d4) rPW%e aBeoRpitihag by

Mnmwmmrmg moaltmecmd)\tﬁteﬁm (mumef:t vg.a:?nout the
here, or v uum The

A, et Ml aa RN o e Yidnersta in a

fsollvening Thenpeewltihgcsodntipat iisnappdédd to the electrode

&%%gﬂxé%téaﬁ %ﬁ i a%}lﬁ:{/gﬁ;é'x %ﬁg&yﬂr{:"i #&P Ehééq been formed.

wer e asured
ﬂW@1ﬁ9l%ﬁﬂﬁm}ﬁnﬁﬁﬂﬂvedfQXxﬁMQBPrQﬁ&ﬁRHed with an

E-type & canet €ing Bk Age - traﬂ@ﬁ@r@yng oSy Oyrlidt K¢ dPrerial

Lt d. 5 F|In1th|ckness measured with a surface

&“6%31‘% S (e M@@ng mad@1lBY INCESBR SRFARAE1YESut SHch as
oLy (lg,B- ﬁaquzermmxghfee)sq PDRFISU r;_ﬁdlypﬂethﬁrérﬁ&ﬁmﬂene

B T Vet S oo TR i o) -1 4-
\NthYiQﬁqﬁﬂnﬁlenﬂXIGHEHHPEQ%KSpolgnhidghéﬁﬂ«ﬂﬁﬂmyat1ves such
Q@ﬂﬁof}%3 &fﬁ&lthlophene) (PAT); and polyv1nylcarbazole
(PVCz).

The solvent includes toluene, xylene, chloroform, and
the like. Dissolution or uniform disperéion 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 vacuum.

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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- Vol tage was generated by using a DC voltage current

source R6145., made by Advantest Co., Ltd. Lumi nance:
neasured with a |lum nance neter, BM8, 15 made by
Topcon Co., Ltd. lonization potential: neasured with a
phot oel ectron spectroneter, AC 2, nmade by Ri ken Kei Ki
Co., Ltd. Exanple 1 20 Phenyltetraaniline (PTA) was

" prepar 8llyadchd| deta iacEsampAgst gndhEopparasive Examples

q%gé'ﬂgg uwkB8aByh! ehbneol 169€AGCAknnepCi ety of Japan

994, vol. 67, pp. 1749-1752. 'In 2 liters of tolu n%
VibScass5¥F vaPasued Wiidt ath-Bne¥Re cHeRAOmAtRE (FiP-50).

resul ti ng SGhadé Oy ViEsk e mﬁﬂﬁcﬁ)S a9 of _
tetra-n-butoxytitani um (as a _gdehydration-condensat

AEbnC Fhigkhertincarehed cuTsh REoF 5RO BRPRETEE. BikTakasT)
Wth 53. 346made ponyNitmpordi $nkmybanGigutesidally . r ddct.i on

reaction was co reaction
m xture was (AFMEr etNanesSwpe tnttmademans) dsl i e

washed sequgpia@lby yaidh twldepecand Legher. After
drying, slivery crystals were obtained, One f)art by
S 14

Gurgaptef mepsersdiwlith @icdigital PrloHnetex
hvibazi ne e atar Ll L he. At mosAoro . the .

razi ne rate, at mosphere.in the
VeLEaRBnvage PERFFBSFaCRY YBIRBL A ML PBGAGS farrent source
crystals werk6dSsahade by Advankesy.CoTp Lid.

' ' . added ' t of

LaRhbhgd;) HehopPed o G £ 1L HESS el BT, ©
crystals) somadetbyhBoreepefeled Bbuti on was prepared.

Nuﬁi%atfi.?fll BYitRAhiAS . SHEASNFRA §2'tht hOBhotBeRaELSORY
wel ght o di oxane was further added, and, the cri}%%g Ltd

in the suspefREBRTOMREEH; SROT g edMByef oY t REfen Jfe
The resulting solution 5 was filtered while hot. The
filtrate was allowed to cool for precipitation of

© +he resulting solids were recrystallized, and
t he r e®Pilenylg edmyssreil1si nge r(® Tie)s ves  rapeered alsl fodilows

gghggaﬁhgi%éaQﬁenb§%%E§s(%é%ki%%%d?&%ebulletin of Chemical
Society of Japan, 1994, vol. 67, pp. 1749-1752. o
In 2 liters of toluene was dissolved 12.977 g of

- $RPeSRL" EBflanRULsd! dORIOE PANOM SRl Aallld %EDscope

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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under a nitrogen atnosphere. The thus obtai ned

crystals were 10 dried at 60C for 10 hours under

reduced pressure. Recrystallization was repeated in

the sane way as above. to give 39.60 g of white

crystals (in a 75%yields). The }?US obtainedZPgésln

an _a of 1..000 (2.260 mmp was given g
(‘ér?é%%ufﬁr)m? ofhat s‘g{r? cuFrended seliufioms washyrepaged. After
(JSeSBA{:fmg ﬂimréudpﬁr&létﬂféﬂdtiﬁrd 16 Yare Ofby weight of

rmsp efr"seys rgelgelﬁé(* ég‘c tq’if’na ¥ t'%%gs?rlé‘d ther fuspension
%%@@SﬁlV@&mfﬁMr (wefHaxtinhg W Thearesatoshyysoiution
%é‘ﬁ?ﬁl@re@%llaes i 9bnui $G9%05Y S |a¥en 1050 gecr:ool for
h 2 g %SV 83

to prepare a varnis (cont arning
REF P R (e sppels anfhe I‘esgé@sngysoamds were

fﬁéé&iéﬂdﬂﬂﬂhé&““ﬂﬂd‘ﬂﬁé(¥e§d¥%iﬁﬁ'E€g§taﬁged%§%nhéghed
was | i y in coating to an I T ass substrate
TR o R hadb e Tsgeme FURtade filnddoena ether
(fn'aiemga mﬂﬂ:ﬁd@jdm\mﬁhdﬁpﬂb&‘@f ngTﬁb iﬁﬁfg lf)BEa%_nQ@Uéﬁy?r@als were
the air. t i,ve.a unifo il.m
res ‘{q i nq:g G%t hi r#oofrgllr% ﬁ’é’élrﬁ‘lémdn rtelr‘}’luﬂ?rqeggessure
diﬁmmahltiyatamm st memmhmemeasaabgww asTla$tc>)ee. to
ot & | . Qe n
ﬁlgs%s%?ugst ate ?jh the a g\‘}é %%%or?g gﬁgﬁ
t he sanhe azsluﬁa;pbatsaiamef’mw@ oimt@dblmibﬂfr dt. @Qnag (2.260
Rinagd ugm i(tol Rasher osaBd
S an e Ly ot o & (B3 MRGES, oER ehj F03Raserie acta
%G%Yﬁ‘.ﬁat Ri 3 Ry SSH rf-\éefo shogh Pﬁr@RPaféﬁa)Aland( 1@@59n9 of
bhmEHMmeBhyQabbtamiﬂﬁs(DMMbPegnﬂbk ?tnitﬁbgéﬁu?ﬁgosphere
rate o epos,i ti excep or
tﬁf?‘ﬁ‘e% 1g%ngd 8&?&&0 o Y653 Sttd Fr?g g?héor gt 8fof
G&sd@hﬁkgnoﬂ-ov( CEHEXOWNas wadjhust &dsbosﬁthZoEo 68. ABanel at 20°C)
Z%a'asil%hf-{r%hegﬁtgt ggﬁve$f1; di result%)oﬁgn%%ﬁ ra"@ﬁrnlsh

carried out I n
dremtainkng fne Whir gedddsdt | cT®bb®elt$le<swasth$rﬁmwﬁalrance

vabkes3tyCoanar aihme rEXATRGE cbna 1 P1AnWAS £PERRBAGE N DY .

synt he%% %’A‘%n&‘é‘h' Ua%atalp%q.lle% tb?re spin coating to an ITO
glass substrate which had been cleaned with ozone for 40
minutes. Coating was foll'owed 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 o.-NPD
(40 nm thick), Alg, (60 nm thick), LiF (0.5 nm thick), and Al
(100 nm thick). Deposition was carried out at é 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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- same way as in Exanple 1, and 1.000 g (2.260 mmol ) of

‘FPd#os

PTA, together with 2.298 g (9.039 mvol ) of 5-SSA,
were dissolved in 70 g of N, N-dinethyl formam de (DW)
under a nitrogen atnosphere to give a varnish. The
resul ting varnish was 10 applied to an I TO gl ass
substrate in the sane way as _in anmple 1 to forma

wWASUIiNG OREDe6empats Hap §W@W§h@ﬁ@c§ﬁﬁé§¢&ﬁc@rOPertleS as

Wish@siiny Ta®i@ 3f.il mformng conditions of the

varni sh. Table 2 shows the thickness and surface

roughness of the thin film 15 It is noted from Tabl e

ibdﬂﬁﬁrdﬁﬂwaumﬁfmﬂld n Conparative Exanple 1 is |less

Vi scou an that it hat.
S%‘fl?le?ﬁ f%r%%%r? t.ﬁ%&theé}.s ac‘n@rﬁ&)ﬂ.g{c?gt J}? in the

t he thi

varni sh trve

B@mqslveaﬂ a‘msua Eﬂtautggﬂei Js.uréfl‘ai:el 10th g Ha- Zﬁ%mmai)f oFmPTA.,

t,l_flg Yaldil sh 19 $b Gy ald e el dBdolved
prep are ntheS|s and urlflcatlon in the

smem@ QafsN ‘E( lbY]ifOIé{%l“ AP )k 1RF i) trsgen
dé I d ) 2. @&11351{9 (017;*N m|u)ltq.fng5vﬁ$:ﬁ,15h was

LRRRLIAR P 13 o IR HLA5F RS TiaEp| T TR ARG Y s in
?ﬁﬁ&ﬁpB@CE-tdwﬁdxmlaythﬁmdfilmntmemmmmg condi ti ons of

e var t is 1 i sh
0 Conablei beshiufiothe, apBaptERLE, viRbsiEy. RRH! 5]
Eﬁiaher-ﬁoﬂInln@Oc@mp'alamS vef Erkheprargish. | Takjieads shows the
SHR§%£R§ V8ita %@g;&é 'Poﬁgﬁnéégeofﬂyhésthiﬂ Exaqpl e

reat

substrate was g aced in a vacuum
deposi t Esnighanbed, fxpm Tablgs 1cshasd theqyentiah 035

EEBﬂpérgFi%eAﬁﬂémpiéFl a8d) Ak si pikBeusatRaayhas in Example 1.

ows the surface_rou SS 0
{FEatscalto BPses T035 Ehpsthibert fipFathedy Eaam, hae Farnish
char gehparaticepErprapleed hbhs aheoGgkErebuméate than that

formed from the varnish in Example 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 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 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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|
It is noted fromTable 2 that the 1 TO gl ass substrate
Wi thout the thin filmof the varnish of the present
invention 5 has a considerable surface roughness. It
is noted from Table 3 that the OLED el enent in
Conparative Exanple 3 is inferior to that in Exanple
1 in voltage, lum nance, and current efficiency at a
subsdmatfensTaplef 31showg chlire ¢characteésbsthotprbpemmes of

o orkp tendig .OED el enent in Conparative 10
Exanple 3 is inferior to that in Exanple 1 in current

anp
densi t YTt 38R NRft Erom Fadder enttharty |té1%ﬁ€')¢ glags substrate
walthtga ahe/ thiv fl@ﬁ”ﬁ@r@thQaEh§§B|6f4tﬁ€ bf@kghﬁsﬁnventlon

ubstrate ated in the s
S a8, SHATR7E COBOIPEES wilt charRE ey Erom Table
Smﬂhaﬂntﬂﬂlﬂiﬂm eleapnaqinodeompalratioe akampnyenhybenﬁferior

Lyst I at
For halt R e T R RRI PAGEO" 1 fmd el ORhl "GupEBnt
gfﬁéchﬁnﬂﬁ'ﬁdr@npnrweﬁtlden$abye02 dRomd/the. It is also
hBitelae3%m %%bﬁ%nquHEY'Eﬁe ﬂﬁDSHE%ﬁQEErQEgEBEQQrQ ive
the thin film i's noted ron1 Ta thin
Expmpile 3Cdﬁp&P§PF9€rE%8nﬁhét4iﬁa§xémpéﬂeﬁ in current density,

ganduehicd,t wnanduareat géﬁficiéhf:zc gtt Bagolibahe P6LPR! €0y,
fromthe varnish in Exanple 1. The I TO gl ass substrate
was coated with a 25 hole-transporting thin filmin

CbmpaaaﬂlwavEaambmeExawple 1, and an OLED el enent was

Tabl 3
Phona’ b, 'Thd %ﬁa%%?%gﬁ’?‘ér%?sg& 53%ed tn" Pefsdne way as
eheﬁﬁﬁmplﬁtlls The ctréated TERD esWstrate heaOdeated by spin
ebateny WthBQnCQHE%GQE'¥81§¥§ 'sf4 gé?ﬁﬁﬁdéﬁé to

that i n Ex [ un1n current
@#P?‘XFEH@?h&PeaP%YFEm—‘enﬁeﬁ'éﬂ-f?néﬁ eglﬁw Gaating jwas

' ﬂbimoweaedyfbannﬁgbhﬁ B2bhet fbhe1 RbEP 8h&8BNthéNair to give

SRR SR RNCIELE, ! A o b b i a7 ©
ebhductavitxt, andobturnfiecefrdufhiess-a6 thanphen2film.

It is noted from Table 2 that 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 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 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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Four kinds 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 1 (with their nolar ratio
remai ni ng unchanged at 1:4 and the solids content
remai ni ng unchanged at 4.2 wt%, except that the
Exanphe 2onposition and ratio were changed. That is,

PTA anﬂoﬁrsﬁﬁnﬂﬁrSfdb§§ﬁh¥ﬁgs'Weg@%ﬁréﬁﬂﬁédaasnfélpgﬁﬁ from
at nosphere. The resulting solution_was incorporate

H%Amlvhlﬁhk%iérPe%? Wk %@%éﬁ%g??%o?uffﬁ%$@cﬁysﬁhﬁtPr°°eSS
di&:iﬂicﬁ??&eiﬁ , ER&mPPE D) L@n@tQi(SSAthﬂ bhghsams casy tas in

ol ve u n valr nl snes
SRAPLE b1 o b oS F ASTHF AP EOhaIRTpY Shfcpanoea at 104
a@®IEhé shbmﬁsthenh@@EaremmEnlwgsnnshaygeénqt16 2 wts),
Shefbt (EIREOLAEIOIVETE OlmbOEIVROR! e Lhtlo PO enangea.
fron11Tha¢olSSSPWQaénéeéeﬁﬁﬁngeﬁﬁ dnésgéw@én#n DMAC under a

COPPO§EA | 8Pm88FhE &1 NArhd &tééhlt_r tduitn ORI 1ncorporated
var ni shes were used to gre are D 20 elenments. in

Yhieh saniter@y - asr i ARk ﬁglﬁﬂ%lrégﬁﬁtfﬂﬁ hexy

Eéﬁ@f@&ftéﬁye 6ﬁeDB@nFlﬁhaB@g(§§IEﬁech?gﬁﬁ€i§0@§1ﬁ§ solvent).
that in e .0 var

Aok nene SEBuEr o EPR) Sads vier®; 0wl e S D SRRPs ree
of SPEOIprecipbtation.was forned into a thin film

by off i Qi h h

Dy 0 Féﬁ}gp%g&gg gﬁ% ggpuaés k) ev&%’&@'s&'ft?” afnfown

in Table thls thin I'm was

B ipafeominghrendithong efietkpayarnéshst ikt prpatgkfrom

ipider @QafeﬁHétbfﬂchfi& EkapRé ev4rAshi Pnges from 1.4 to
hexadecanmer (Anil 6) was gr;gared as follows _accord gng
[

2% PR’ HrodereRILRG PBNEY LyephePPEPRELELQD i@@?‘“lx
Bt el . 84 pp. 119-120. In 35.00 g of

N,N-d| bacet i de i ssol v % %'08 f

A1 6, TRGgSPAg: ofreRnet Natht *BpS Rl SEER Fo/Peefaty oven
e&emwnhsnlnrbgensamanu@heae iffhBxample 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 film 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
Anjiline 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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-27 -resulting solution was stirred with 105.00 g'of
cycl ohexanol (c-HexOH), as a high-viscosity sol vent,
having a viscosity of 68 nmPas at 20C, to give a.
varni sh (which contains 2.36 w% solids). 5 Table 1
shows the appearance, viscosity, and filmform ng
conditions of the varnish. Table 3 shows the

CFRFAEEERY sTPEU Qb eras eSt HFTedewiED @F Hera qff eqiedlahexanol

W & tHex i) )/adiﬁiémiéhl*hﬁsééigﬁt oBgent), E&ﬂﬂﬁ{ge al(vBJ_é&:osity of
i thiin

6-his(2,2" -pbithio
E%?n@%]%r? aiﬁe"f‘(gi(ﬁ 1E%r?"\"@p?e %ﬁ’?%ﬂ‘)‘bvﬂf’r@ fAAHRANS 2.36 wtd
b bidshs synt hesi zed as follows according to the

rocess n er le 1997, vpl. 26 .

039- 942Tg§E§ g S’%‘?\’% ;ﬁg sBEesranss, 8‘713‘5%?&1" anaPP

WN‘ETW@(MW'@@I@M)tMSV@Wm veflable0G ghos the

BBy rd oget et i Widdbge ﬂf':Fe %é@sﬁén@flﬂ Addbed with
ting 9 &} gi

under the air. The're ution
WM VArmlsh Wy e saesaney as o Hiepmndesdosity 20
solvent to give a varnish (which contains 1.2 wt%
aglids:. Tabl e 1 shows the appearance, viscosity, and
ng conditions of the varnish. Table 3 shows

the chajeebes{zi2t- lpiﬁnﬁbbheﬁyﬁﬁ -1he-&L€0) £h e(BBD for short

e | e var.ni I n the sane
B EELL] neptBs il d b i o SRR e T gy gn thesized
@shtfo hlaws rﬂCE)Ca!rﬂJllrQ Sjo timel prddess mént HorBS imdHeterocycles,
Aigp] Mesh | hel7. ;) Y- c with stirring at 60C for

10 ‘m'nutes under the air. The resulting 30 sol ution
was stirred with 52,50 g of cyclohexanol to give a

var ni sh cont ai ni ng-8\8 w3 sol iSs. $
varni sh gave no pyedi pi\t affi o ey t/o room
tenperature. Table shows t ' T Viscosity,

and filmform ng S

In 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 résulting 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 cyclohéxanol 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
Conpar ative Exanple 5 A mixture of 1.000 g of BBD
(obtained in Exanple 5) and 2.285 g of 5-SSA was
wnisEerpethim Submgiien DMPOGRSFd sin rEheSane Mgmas 1in

ﬁf&ﬁﬁiétpreﬁféiqrestdl&lai Hha rPIfeR &a® - foahal $8 have an
contalnlng w % oI| s. Table_.1 shows the 10

PQF%%B%? alyR 9% 1% 7 ofWing conditions of
the varnish. The varnlsh did not give a uniformthin

i1 mwhen ocessed.in the same way as in Exanple 1.
Pﬁg%—?lln1has radial irregularities
t hat odcmix&treheft ln8006fg ofi BBBodpbhgined bxaFapample 5)

$toge 9f oPTE SORt i pegh éé‘oﬁé&mb‘? 1o a@doé nwwlrth
odf SR

erent Tatios was diss In any of solvents
stsréansnat %@petﬂm%r@twm%em BT G RRGRALe a

fJQEniQ? U&&hﬂﬁl@?n?ai Ng ses wlﬁdé?ﬁ”ﬂ‘&%lﬁe 510|s%bkﬂ;§n?c%1e

ree o recipitat].on. OWs un 0
shpearanbs ottt PE: g L1 E0RREnS Fertdl {ins gt the
v‘rfai:mén:] mMiTge cediistori dfnctachivey ar nirsifforfmhdn5film when
shows t chayacteristic propert the

SFERERECS, ERaFRE' Shhd Vi P Er R LeREnSle LIC ThelrEBu1ting
thin Eﬁahrplhaa radial sbreéawmbarhtiesatlaat cod¢eury oat the time of

Q%?€e555§§ the PLED el enent prepared in the
oW Nng nner. Preparation of PLED El enent 30 The

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

o el Rake bl LB BRaLg) BheRBhd £97LR%-son 1n
aDpfenéndf rd0igs Lyas udilesovedt tngany adfrosphesrets Thissted in
fggiéng Pao§f§§ #¥%9e kinds of varnishes. The resulting
varnishes were complete solutions free of precipitation.
Table 4 shows the amount 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 followihg 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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35. fol | owed by baking at 110C for 20 mnutes to give

an
was

emtting |ayer

(80 nm thi ck).
pl aced in a vapor deposition chanber,
coat ed

The coated substrate
and it was

-29 sequentially with Ca (20 nmthick) and Al
(100 nmthick) by deposition to give the desired PLED
el enent .

Table 1 Viscosity FilmFormn
shgueatdaddyowivhr GasH 20oman tthdek) @rda

dh@i:%gi't‘i&gxnpar'g&% PMAC (@sa8R al PLED Bl efleadr, SOl ution 2

tive Exanple 1 DVA Light clear solution

3

Sol vent
(1pgoem th

ick) by

green, 1.4 180 2 h Conparative Exanple 2 DMAc Li ght
green, 1 6 180C, clear sol gigyae 2 h Exanple 2 (1)
c-HexOHDVAc Green, 15 180C_ (5:1) clear solution 2 h
Exanple 2 (2) c-HexO+DMAc [reen, 21 180, v1s(:85119 Film Forming
clear solution 2 |h Sekeaapl e| 2 @BYeaDPCE DVAC G‘éa s), 58onditions
180C, (9:1) clear! solution h___DPG. DMAc-IB eéen;
e 15, n . Exanjpi-sexH mu)m 3: drpew| ear sol ufi on |16 180 <.
to 180C, 2 h c-HexOf? ?’ﬁaﬁfg’e% °Md0C, Fxanple
éon%ara:g_ve gﬁar SEXU“ 0 2 2| h 1agkenfdn DMAC Rgddi s 160" C.
anpl e 5 (1] 2§'eef &4t t&A ution 3.51(30 2
Exanpl e - Hex DI\/Ac Radghssbreahange, 12, 18Q0C, 1so'c
f%"!pi‘)' &‘f ’f %el ut| on 30°m n| Geapaphttisre Exarrp?e 5 DVE? B
eddi sh orange, 1| 4ud&8Cmac ¢! eargseh uti on 30 lrgl n 180°C,
Example 2 (1) (5:1) clear solution 2 h
- c-HexOH-DMAcC Green, 180°C,
Example 2 (2) (9:1) clear solution 21 2 h
DPG-DMAC Green, 180°C,
Example 2 (3) (9:1) clear solution 58 2 h
80°C, 5 min
DPG-DMAc-BC Green,
-Example 2 (4) (6:3:1) clear solution 16 180'2? 2 h
c-HexOH-DMAC Dark green, 180°C
Example 4 (3:1) clear solution 12 2 h
c-HexOH-DMAc | Reddish orange, 3.5 180°C,
Example 5 (1:2) clear solution : 30 min
! c-HexOH-DMAc | Reddish orange, 12 180°C,
Example 6 (3:1) clear solution 30 min
' i 180°C,
Comparative Example 5 DMF lt:elc:ada?hsoolruatnigoen' 1.4 30 min
Table 2
Surface Roughness
11 Conductivity :
Fllm (S/cm) Standard Average Maximum
Thickness 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 1.5x1077 -- -- --
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5 Table 2 Surface Roughness

Fil m Conductivity

Thi ckness (S/cn) Standard Average Maxi num at
Devi ati on Roughness Hei ght

Rrax (nm (nm (nn) Exanple 1 21 --

(nm 100 mA¥ cn2 Rrs Ra

0.16 0.56 0.72

Exanple 1 66 -- 0.09 0.31 0.45 Exanple 1 58 3.5x10-7
-- -- -- Conparative Exanple 1 15 -- 0.53 2.76 3.08
Conpar ati ve Exanple 3 150 -LaBle134 29 72,43
Conparatjive Exanple 4 82 -- 0. 43 2 23 1 69 4
Conpar at| ve _Exa 63 1} 5x10- Thresh@lg | Tapl e 3
im Tonizati
Thr eshol fy, BhLIN n%mi\’ewu;m Hosgaed WS Rhd e T ¢ glemn [lontzation
Vol t age Maxdniumdeoadzlat¥bn Fenassa)Dgresission | (cd/m’) | -(eV)
Efficiency for{lum ce Potentigl (nm J(mieml(\)
(cd/m) CdzllA) Em@silors.{ cf/ nhy (eV)4 1 (\) 2, 2& 10 18793 5.4
#ildhpde 1 2 18799 5.4  Expnaple—421 24 04+—3-5
2.75 18799 ﬁ.4 258610 8.2 B95o0zd. ([ 237H ﬂ968055 418799 5.4
Exafrpte—pB—25—2 1757096315 279196805428 1075
310 3.1 p. @ 11730° 5.5 8-ExanpgPe 4 18-5. 49 %70 169°%°0| 54
Bxaplq $780° 5.5 10 10 7. 3 V09 3.3 Z.75 18270 5.5 .
Exanple 5 18 9/38 %7 0 09 B.3°%. 75 fg27q 528> | %0 | *
28 10 7.5 310 3.1 2.75 11730 5.5
Example 4 §
18 5.69 7.0_ 169 3.0 2.75 11730 5.5
10 10 7.3 709 3.3 2.75 18270 5.5
Example 5
10 9.38 7.0 309 3.3 2.75 18270 5.5
-- 10 9.2 330 3.3 4.50 10640 5.1
Comparative
Example 3
-- 0.37 7.0 1.2 0.3 4.50 10640 5.1
42 10 6.9 230 2.3 2.75 5610 5.6
Comparative
Example 4
42 11.4 7.0 253 2.2 2.75 5610 5.6
Table 4
Amount Amount Solids . . Film
of PTA of SSA | Concentration V?sgo§1§y Forming
(g) (9) (wt$) mrass 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 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 Anpbunt Anount Solids
Viscosity Film of PTA of SSA Concentration (nPa
Forming (9) (g) (wt% s) Conditions Exanple 7 (1)

1.000 1.149 2.8 12 180C, 2 Rabges®pie 7 (2) 1.000

2.208 4 2 1941 0C,_2 Example 7 (3) 1 000 4 596 6 6

12 180C, |2 _h anplel7 (4) 1.000| 6. 900 Bhesira180C, 2

h  Exanpl 12’2.‘1“45)96 - D (voRtsB)Omhagpe LT VoLigPe | Harimm | rontzacion
Tabl e 5 Threshdl @/t I| mCur r €M™ Vbl tcame | entisaanic qcd/n’) (eV)

Current Yol t ags thin$n1lorization Thi ckneds Densit 2
a

r|L ce ,Pot ept.i m| (
ﬁxﬂhe ?‘lréﬁ) F%mqgl nnelorr / r‘r{?!{3 ( 0\/\3nm rr%(é)%arr Il\e4)9770 >3

59 k806 . 0543 3.44 2/75.91797855. B 3(1) OLEDs59| 1096 9 5.3
365372 7514970 5.8 Exanple 7150 11417 0 465 0 41
2e:EmR620| 5.® (|1) 1RLED 50 $004e8. 5| 2250 0| 42.2. 5| 2620 5.3
5. 3(1) Exafpte—7156—263+7—0—920—6-—45—2—52080—5—4—(2)
PLED®*80 5005%.d 2000 (.90 2. 319080 5 Exa2npl e| 7260 5.3
061 7. 011320 3.0 45/¥ 514

Example 7 50 203 .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 10.9 " 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

It has been mentioned above that the
charge-transporting varnish according to the present
invention provides a charge-transporting thin film which is
flat and highly uniform. The charge-transporting thin £ilm
formed on the electrode surface makes the electrode éurface
flat and homogenous, thereby preventing electric shortage.
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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(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 50 10 10.5 258 2.6 3.0 3400 5.5
Exanple 7 50 662 7.0 3330 0.50 2.5 2810 5.6 (4) PLED
50 500 6.5

5 28 6 _ Exanmpl
Ity z%“be% 9W%r 19‘1‘63 5°éar 72) %ﬁ‘ﬁi’%‘ﬁt %‘Eaﬁ)np";réz?%b d’% %‘fo
pré&sdd Oinvéntion hean bee madeat inte da atltargd Hatansperying thin
t
FLTE7 4 GPARI D BRI B0 NER A ARRAE, IRy ncng.
ik cjet s amdaﬁpamﬂlmggﬂﬂﬁhq“qnangﬁ tpmgasporting thin film is
¥ 9s tfﬁgs&%&gé‘ gihhbeeidh "1a$ré>f "F&'r OEhé her fdiBid 'Hafle

surrace es the el ectrode surtace | at an

SRS Then TR T, ARIAT o [ Gl amento faagbe dgiven at
EhEoWaW@iﬁﬂgQa§wﬂnglﬁ@oﬁédNCMMbﬁhlmefmhéQtiﬂﬁﬂuﬁﬁrler between

ccor S th atio_of ents c
o aferlrafE And 8 SedentE FRET sy Fate Hgtrode
smmﬁa@abamdtﬂhaaflaU31nteafaog pebwesseshdependlng on
e 3
%énﬁ' Eggglg 1m g’?%nﬂ%res | nve#m on
wntbebm’wew ntlme alumang@swﬁﬁtgbewmgawn o ¥ifenaf the
fc'ﬁ‘ﬁxé’ SReNE, Vin DIAC a5 RS dNEINt i ng,

sprayi ng. The charge-transporting thin
cfmm%trsaw%ns h\éa€h1a$©e°f-n?‘é1é??% soliatiqny typgy the

éﬁ -Ct(:leénsf%ﬁE'ﬁ% SvaiFﬁlﬁsl& essl thélgpﬁégéﬂﬂt CltELeretlﬁﬁEnits in
e dri

a |l ow vo ta o red |on|
5 ot ot oro Pt G TBRPoTRES FEbTFRte: 4
ﬁt@ﬁﬁmtsIaneranaheoflmbietererddtrlmentabetawmhermiement.

%lalprgggﬁ&ég g@&%ﬁfﬂgtgg 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.
Oowing to its high flatness and good processability, the
charge-transporting varnish will be applied to capacitor
electrode protecting f£ilm, antistatic film, and solar cells.

-33-



10 charge-transporting thin filmand the organic |ayer
contribute to the lumnnous efficiency and to life of
the organic EL elenent. Unlike the conventiona
charge-transporting varni sh of aqueous solution type,
the charge-transporting varnish of the present
invention is in 15 the formof solution in organic
solvents, and hence it prevents entrance of noisture
detxiveental to the el ement. The procedure according
to the present invention nmakes it possible to apply
conjugated oligoners poor in sublimability and heat
tesi sA ajmegéettahesmnrgan@ c,VaElnlehewEitt}s cohpe Osek g charg@e-

I n
LRl LR b0 SIS, EhARaI N tioreing
RO @@b@t%mrege tTﬁ@Sna%ttﬁl@gopl@a@m%manag@nacé -
Q@éﬁﬂje HiBYe@@laid%liQhEWf ajranrged, o@o,rrtzﬂ_a fm @r having a

oni zati on pote of th thlnzé

R pRRr e hsmer Sl e e o 2B i SEOLEY e

Qﬁhﬁgﬁﬂﬂyansporsaﬂggyrghhatnmssenmai gompoge@cﬂﬁsabdlcm@:ge—
I

LBnsfRNA8- PIBNSAGK HRE 43I I STtothl LeDER O WBab®) |

8o WBICar OB el ke acgsPElng Mspant, SAb%‘ha&“rC‘g?e @Pangpiﬁwq«?g
mﬁtfulsﬁn\gh hE€ hlémmrdn%eSpacﬁé@rcqemtghaﬁw@cséiﬂ}g solvent

ubst ance.caonposed .of .a _ch ranspo g n |
B o P o P ane i 20055 ot LaTREr Snati A0 & 1o hatge- i
avms;ggtmgesubatranﬂa ght cmrczé)ﬂ:rta@ssoﬁamg orrgeoligneaterial '
Béfﬁ%gil%somyg@eér a}fﬁﬁf@gﬁlwfﬁgr@ed@hQQ&lc@fsﬁ%nEO said

, Or a char e-trans ortlng org@ﬁlc naterla
%?ﬁﬁf‘s‘ ¢dapFPE; S Wﬁ?@‘éer tarnﬁ‘ngﬂnbg‘?ri‘?fg bSPRHIER teRduBht S
 béEe] ranlaasepiiengpdopantseledhstiafcn Gubbokeutar ept i ng

Qﬁw&l%ﬂl?é&gé}?cﬁldl— goa &4l V%‘A‘le Jl’%lq.llﬁllel;]gtl?l th%%%t

one speci €s gh- VISCOSIty 561

G hiddi t fusdnlPuEo2e0 leépezoanssl@ne, clhlaqergé-ene,

héﬁﬁ&ﬁ%&%héﬂgaﬁ%HEHbaﬂéﬁ £ﬁld3%@&§$ éiéﬂBﬂ@bekgwhéadlénlc
i.ssol ved .or erse

nmat er.i.al ejin form

TR Dy oL G TS CHBIOIS PG WG oRenar fficine,
pbyroniEe, hekerwlgnggahgtenmi tfs uobeneg crbbeast, one
§£§%¥§¥§m§ﬁéeQ$éﬁgl EBH%§$H¥H§ %%tﬁgtéi—free phthalocyanlne,

and metal—contalnlng or metal-free porphyrin, said conjugated
units being homogeneous and continuocusly 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 claim 1,
wherein said high-viscosity solvent i1s contained in an amount
of 30 to 90 wt$ in the total amount of the solvent in the

varnish.
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unsubstituted and di- to tetra-valent aniline,

t hi ophene, dithiin, furan, pyrrole, ethynylene,

vi nyl ene, phenyl ene, naphthal ene, anthracene,

i m dazol e, oxazol e, oxadi azole, quinoline,

qui noxal ine, silole, silicon, pyridine, pyrimdine,

pOyr aZA”@haEB@Ui‘EQFEi{bP{’Eﬁ evaHxHQﬂe?? ! d%@f.l?g& %/ § any of
triarylam ne contal hing or

%HH&%/ obyERi he, Wherrinesaid eharger trAnADIRLialg fauhstance is

a0 Phvgodni Bondl driHopiwd r és.cerp@éd‘%yoﬂ'ﬁ%gm{ﬁa (1) or

_and cont i nuousl rran ed or being hetérogeneous and
g’r%@%o‘? Rareiah ok 0t (9% izedh ifgrm ©f an

@Deigmﬁlm&l@emﬂatiMm‘@nfemtbmltgh -BHeS Rtsynila (1) .
solvent has a viscosity of 50 to 150 nPa.s at 20C. 3.

A charge-transporting varnish aiédeflned in claiml,

wher ei n sai d hi gh-vj scosi4t yp sol t is contained in an

amount of 30 to 90 mﬁ@bln amount of the

solvent in the B~ rge-tggnsporting

varni sh as deflned |n an clajms 1 to wherein

said charge-transpo¥ting stanc Ms an oligoaniline
derivative represented by the formula (1) or a

(@terenadi, | R neariteR*VahhkpeWden R 14/S ad@Ro@¥! ﬁya%égéﬁf h@8roxyl
an 5 ol anlllne derivative represented b

PR BEPEER oy Ao SHouR . Eiane Inaumer.e ol group,
cRboxyd [ durde pendentilcy adﬁmtg&dmpdr %@%pﬂbﬂ@h\éhd group,

| |
e S I SR, S A e,
%%@ph@rﬁtéoaar@ugr oupnomlpimctsplmlrecexm glroup,, espanoxy
gHOUP, drlyaRRHitinod g¥Rp , 2P rdinF19YR: )#]:‘ottfo YrYihothio group,

nonoval ent hydrocarbon group, or garo
AG¥da SEMWPho OF SY3EoBey IHETP.y Angy aupndoagandtene@dently
dgnote a ddyal@éntUgroap seprezenteaUBy hd @o%ﬁﬁlﬁ (2) or (3)
eﬁ%%pendently denote a dival ent group represented

t formula (2) or (3)

of al

R* R°®
(2)
R7 RG
RQ R1 0
RE (3)
_Rﬁ

(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 hydrocarboh_group, organoxy
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15 below. R4 R5 (2) R7 R6 R9 RIO Re (3) Rl (where

R4 to R' independently denote hydrogen, hydroxyl
group, hal ogen group, am no group, silanol group,

thi boxy| Lf oni id gro g
Pt PBanogRLRE kot e oBHbERILE, GEblipd BiBaupgpio srou.
Geh, grenpeserrsgitonpe ender, gndup, amdtmoigdependently

RGN AL OF ghrtey | $POUFoLBicar BaRbIRFD < 20-))
group, acyl group, or sulfone group, and mand n

iznd {] dgnot L nt f o1 b - .
et b ooy EEeaSe il RSP IREaF: ARG L08RniBncaetn
def iwhezre im cdadidn dhargdrerenms e ting asujes t aaes pbs t ang

I R A° dhravgb g VOrkERKME P (RETESERLER b1
Re's q (where R12, R13, R 4, and R15 independently
denot e hydrogen, hal ogen ‘gr oup,

am no grou$gzigk %ﬂgﬁgféfg?gﬁL(4) ;

group, sul
“phosphat e ester groyp, hi oest er
[ val ent

group, - am de *group, [ni}
Bpanoanino group,

hydr ocar bon group,
organosi |yl group, 15 organothi o group acyl group, or
sul fone group; X and Y each denote at |east one

GRS RSE) B ol S gk B g 0SB b Groen,
hydrekgl graynyl batogenngromp, @mdmpl gmeuma)stilaaianegroup,
Shiosesesty, | BLBRYE oB8ip0 Sittliatle AP ifbspnoric
a9t@z9Feup, phosphate ester group, ester group, thioester
group, ' amide group, nitro group, monovalent hydrocarbon group,
organoxy group, organpamino 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,

gquinoxaline, 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 dithiinoxide ring or dithiindioxide ring; and p, g, and r

independently denote 0 or an integer of 1 and above, sdch

that p+g+r < 20.)
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phenyl enevi nyl ene, fluorene, carbazole, triarylam ne,

nmet al -contai ning or netal -free phthal ocyani ne, and

net al -containing or netal -free porphyrin; the dithiin

ring nmay be dithiinoxide ring or dithiindioxide ring;

and p, g, and r 1 25 independently denote O or an

irgeger of 1 and above, such -that p+q+r_s 20. ) -36

6.%°A chafgRE 95 ansPbRATTd PPaV AFBRSRsA At Hd®d Ancrarim 1.
1,whiWhi elrtHet hesmsoiaYd s@s18bskesst ghe-isReciresigh-

Hi gh- sol vency solvent. 7. A charge-transporting
varHiveRcYs s@efisidd in Claim 6, wherein a nixing ratio

of the_high-viscosity solvent to the high- solvency

'sOt vend GhSTERUHRROSPOLtiBY FOrBIhgs rAefdneginpClaim 6, wherein
ChaRge: hhapsRRL! bAJLNar H&éﬂ-@ﬁséséwgdsbfvgké' 35 he nhigh-
wherein the high-solvency solvent IS one or nore
sébhdEAncyebetvedtf Lonfrom 9% oliptocbish8thbngnass.

N, N- di et hyl f or mam de, N, N-di net hyl acet am de, " N

mét hyl hyrheoyé-doraspadtmed ypkfichmasideifdmsd in claim 6, wherein the
N.N.-diyet hyl i m dazal i di none and di net hyl sul f oxi d

9h{\5& g%%%élgytsrog]ﬁg%orlts i AF TArfShSaY eggfﬁeﬁgﬁt%dngﬁ?“hi%m group
1consiet ignof he N-bighthyl Reasiide, S0/ N/-emrheﬂhslm]?ﬂfddﬂme

sol vent selected fromthe qrou consisting of .
CYRAMSNRIEE RO Songy TN MR PEBANL L e 1 B Mgkt imi dazolidinone
digH Mehdtnl1s@trbeide 1, 3- oct yl enegl ycol ,

di et hyl enegl ycol , di propyl enegl ycol ,

ty] et hylcaReeH-Yeohspolkrtimy ORMieReH ¥e@lnealiB-AYi ANEdiRdrein the
1 4-butanediol, propyleneglycol and hexyl eneglycol.
1BighaAviSeapliey SPaYRIPoLS iaRg eamare sodgentese heate nf ramytlef qroup
clal s ; el ' ron ti opant .
BTl P e R S B S Pl Ll Bt v
bgthehe if,Grocdyde(&dlycRl, /dSeBtY1Bnéq)ycoll@ipydrgt.enddlycol,

B T RN S g

apwbpRlsheql peta pand erky Verdgog .a car boxyl group or
hydr oxyl group.)

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 \D/SoaH

R16

(5)

(where D denotes a benzene ring, naphthalene ring, anthracege
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.
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11. A charge transporting thin filmwhich is nade from
the charge transporting varnish defined in any of
claims 1 to 10. -37 12. An organic el ectrol um nescent
-el enent which has the charge transporting thin film
defined in claim11l. 13. An organic el ectrolum nescent
el emrent as defined in claim112, wherein said charge
transporting thin filmis a hole injection |ayer or a
hol e transporting |layer. 14. A solar cell which has

the changergamainspaett AgL dmline Sden® e Uafdrtethnk Bn Chad Mhe
%%érégjggansporting thin film defined in claim 11.

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

injection layer or a hole transporting layer.

14. A solar cell which has the charge transporting thin film
defined in claim 11.
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