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POLYMERIC FLUORESCENT SUBSTANCE AND POLYMER LIGHT-EMITTING

DEVICE USING THE SAME

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention'relates_to_a pclfmeric_fluorescent
Substanceandmorespecificallyapolymerlight—emittingdevice

using the same.

Description of Related Art

~ An organic electroluminescence device is an device using

'mainiy an organic compound of lower molecular "weight as a light

emitting'material and there are a lct of trials reported

regarding device structures, organic fluorescent dyes and

.organic charge transporting materials since the

.electroluminescence device has characteristics that it is

driven at lower voltage has higher luminance and can easily

--givelightemissionofnmnycolorsascomparedwithconventional'

inorganic electroluminescence devices [3pn. J. Appl.'Phys.,
27, p. L269 (1988), J. Appl. Phys., 65, p. 3610 (1989)].
Apartfromorganicelectroluminescencedevicesusingmainly
an organic compound havingllower molecular_weight,_there is
a poiymer light emitting deuice (hereinafter, referred
scmetimes to as polymer LED).using-a light emitting material

having higher molecular weight (hereinafter, referred
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- sometimes to as polymeric fluorescent substance). WO09013148,

JP-A No. 3-244630, Appl. Phys. Lett., 58, p. 1982 (1991) and

'the like disclose polymer LEDs using a polymeric fluorescent

subst'ance, polY(p—phenylenevinyiene) (hereinafter, réferred
to as PPV), or a derivative_thereqf in a 1light emitting layer. |
Polymeric fluoreécent subétances and dqrivatives theredf
have ‘a merit that they can be dissolved ih a solvent, and can'
form a light emitting iayer by an wet film-forming method.

As the polymeric fluorescent substance used in these polymer

 LEDs, poly_fluorene (Jpn. J.'Appl. Phys., 30, p. L1941 (1991)).

.poly4p¥phenyléne derivatives (Adv. Mater., 4, p. 36 (1992)),

and the like are also’ reported, in addition to the

above-mentioned poly(p—phenylei;evi’nylene) and derivatives

.thereof.

Regarding the po]..yfluor'ene'de'r'ivative ,J. Mdtgr .Sci Mater.
Ele., 11, p. 111 (2000) describes cbpolymers compbsed of a
fluofene re;.aeat'ing unj.t and a repeating. unit of stilbene,
phenyléne,- i,4-na§hthalené, arbmatic amines and the like ..in
which a cyano group is _substi_tuted_ on vinjrlene', and polymer
LEDs using these copolymer#. |

An object of the present invention is to provide a polymeric

'f_luorescent substance,contd-ining an arylene vinylene structure

and a fluorene structure and manifesting strong fluorescence,

- and a polymer LED of high '_performance which can be driven at

lower voltage with high efficiency, using this polymeric



fluorescent substance.

SUMMARY OF THE INVENTION

The present inventoré have intensively studied iﬁ view of
such cpnditions, and reSultantly found that a polymeric
fiuorescent substancé manifesting fluorescence in solid state. '
"and having a polystjrene?reduced_number-average molecular
'weightbflo’toloawhereinthepolymericfluorescentsubstancé
contains one or more of Segments represented by the following
formula (1) and one or more of rgpeating'units represented by
-thefollowingformula(Z)shoﬁsstrongfluorescenceahdapolymér
LED of high performance which can bg driven at 1ower’v§ltage
with high efficiency is obtained using the aﬁbve-mentiohed
‘polymeric fluorescent substance, leading to completion of thé
invention. |

Namely, iﬁ aqcordahce with t_he' present inv_ehtipn theré is
provided [1]_A polymeric fluorescent substance manifesting
fluorescence in sﬁlid state and having_a polystyrene—redﬁced '
number-average moleculér"wéight;of 10° to 10% wherein the
.polYmericfluorescéntsubstancécdntainsbneormoreofsegments_
_represented by the following formula (1) and one'dr more of

repeating units represented by_t_he following formula (2):



(T)a " (T)c
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R, - - ......(1)

| ~ [wherein, Ar; and Ar; each independently represen{: an ai:ylene
‘group or adivalent heterdcyclic compound group. R; .an'd R3 eacp_
independently represe_fxt a group selected from the group
consisting of a hydrogen atom, alkyl groups, aryl groups,
heferocyclic compound groups and cyano group. R; and R; each
independently represent a group selécted from the group
consisting of alkyl groups, alk&xy groups, alkylthio groups,
alkylsilyl groups, ‘alkylamino groups, aryl groups, aryloxy
.gr'oups., arylsilyl groups, .ary_lamino grbups, arylalkyl groups,
arylalkoxy groups, aryiélkylsilyl_ grdup_s, arylalkylamino
-groups, arylalkenyl groups; arylélkinyl groups, monovalent
heterocyclic comp‘o.und groups and cyano gi‘oﬁp. The symbols a
and c each independently represent an'integer 6f 0 to 4, and
b represents an integer of 1 or more. When b is 1, a and c
do not represent 0 simultaneously. When b is 2, at least one
of groﬁps R, afxd R3 J;'epresents a group othef than a hydr.og'en
| atomand cyano group. When .b is 3 ormore ,‘ aandcdo nof represent
0 simultanéously if both of R; and R; are a hydrogen atom. When
a is 2. or more, a plurality of R;s may be the same or different.
Whencis 2ormore, é.plurél'ity of Rysmay be i:he same or different.

R; to Ry may be connected to form a ring. Further, when R; to



R4 are a group containing an alkyl chain, one or more of a methyl
group, methylene group and methine group constituting this alkyl

chain may be substitutedwitha group containing a hetero atoml],

Rs Rs _.'....(2)

[wherein, Rs andRs eadh independént ly represent a group selectéd
from the group consisting.of a hydrogen atom, alkyl groups,
| aryl groups and monovalent heterocyclic compound groups. R,
-and Rg each independentiy'rep:’résent a group selected from the
group 'consinting of alkyl groups, alkoxy groups, alkylthio
grquns, alkylsilyl groups. | a;kylnmino gf-oups, aryl groups,
aryloxy groups, arylsilyl groups, arylamino groups, arylalkyl
groups, arylalkoxy groups, arylalkylsilyl groups, '
arylalkjlaminn groups, monovalent.h'ete'rocycl.ic.: compound grbups
and cyano group. The symbols k and 1 each independently
represent an integer nf 0 to 3. When k is 2 ormore, a plurality
of R-;s may be the same or different. When 1 is 2 or more, a
nlurality.lof Rgs may be the séme .or different. Two or more of
'-Rs to Rg may be mutually COnnected to form a ring. Further,
when Rs to Rs are a group con_taining' an alkyl chain, this alkyl
chain may be interrupted with a group containing a hetero atom. ]
The present invention also provides [2] A_polymér light emitting

device comprising at least a light emitting laYér between a



pair of electrodes composed of an anode and a cathode at least
one of Which is transparent or semi-transparent wherein the
lightemitting iajrer contains a polymeric fluo_rescer_lt substaﬁce
according to [1].

The present inventio_n provides a f_lat_ light sou:_:‘ce,.a segment
display, and a dot mati:ix display. all obtained by using th_e
-polyme_r light emitting device. The prese'r_lt invention also .
_ provides a liquid crystal display obtéined by using the polymer

light _emitting device as a back-light.

DETAILED DESCRIPTiON CF' THE PREFERRED EMBODIMENTS

"The polymericf iuorescent substance of thepres ent invention
is a polymeric flu_orescent subétance manifesting fludrescence
in solid state and having a pqustyfene-reduced number- average-
molécular weight of 10° to 108 wheréin the polymeric fluorescent
substa_nce contains one or _mﬁre of segmenté repres'enteld by the
formula (1) and one or more of fepeating units fepre'sented by
the formula (2). |

. When a segment represented  by the foi:mula (1) comprise§
a repeating unit represented by the formula (3) oi: the formula
(5). it is preferable that the total amount of repeating ﬁnits
represented by the-forniula (2) and thé formula (3) or the formula |
(5) is 50_:&01.% or more based on the:to.t.al.a'mount of all repeating
| units and the'total amount of repeating uriits' represented by

the formula (3) or the formula (5) is 0.1 mol% or more and 50 _



mol% or less based on the total amount of repeating units
represented by the formula (2) and the formula (3) or the formula
(5).

The repeatingunit repxesented by the formula (1) is a segment
comprising an arylenevinylene défivativg groui) containing a
substituent, and thex_'e are exemplified segments of the

above-mentioned formul_a (3) or (5) and segments formed by

connecting two or more of them. More specifically, there are
exemplified stilbene groups having a substituent represented

by the formula (4), distilbene groups having a substituent

represented by the formula (6), and the like.

The repeating unit répresented by the_ formula (2) is a
fluorene group optiof;ally having a substituent. |

R, and R; in. the formula (1) each independently represent
a group selected from the Qr_oup consisting of a hydrogén atom,
alkyi groups,__ aryl groups, monovalent heterbcyclic compound

groups and cyano group.

Those in which R, and R; represent a substituent other than -

a hydrogén atom or cyano groupl are described below.

' The alkyl grbﬁp m'ay be any 6f. linear, branched or _cjrclic,
and usually has about 1 to 20 carbon atoms, and specific examples
thereéf include a methyl group, ethyl .group, propyl group,
i-prole group, butyl group, Ii—b'utyl group, t-butyl groﬁp,
pentyl grdup, isoamyl group, hexyl group, cyclohexyl group,

heptyl group,: dctyl group, 2-ethylhexyl group, nonyl group,



decylgroup.3,74dimethyloctjlgr0up,laurylgroupandthelike,
and preferable are a pentyl group, isoamyl group, hexyl group,
octyl group, z-éthylhexyl gfoup,_decyl group and
3,7-dimethyloctyl group.

'The_aryl.group'uSUally5has about 6 to 60 carbon atoms, and
specific examples thereof include a phenyl group, C; to Cg
alkoxyphenyl groups, C; to Ci; alkylphenyl groups, l-naphthyl
group, 2-naphthyl group ahd the like, and'preferable aré C:

tlo Ci2 alkoxyphenyl groups apd C; to C;; alkylphenyl groups. -
| Themoncvaléntheterbcycliccompouhdgroupusuallyhasabout
4 to 60 carbon atoms, and specifié examples thereof include
a {:hienyl group, C; t6 C.“ é.lkylthienyi groups, byrrblyl group,
furyl-group;'pyridyl group, len-Cn alkylpyridyl groups and
the like, and preferable are a.thienyl group, C; to Ci»
alkylthienyl groups, pyridyl group and C; to Cn,alkylbyridfl.
groﬁps. |

R, and R; in the formula (1) may be in the relation of cis
.or trans. |

Arl and Afz in the repeéting unit represented by the formula
(1) each independently reprééent an aryle.ne group or é divélent
heterocyclic group. |

The arylene group is én atomic group_oﬁtained by removing
two hydrogen atoms from an aromatic hydrocarbon. The aromatic
| hydrocarbon referred to here is a hydrocarbon used as a mother

body of an aromatic compound and containing a benzene ring,



- and includes those having a condensed ring and those containing

T a dependent benzene ring or condensed ring connected directly '

or via a group such as v'iuylene and the like.

The arylene group usually has 6 to 60 carbon atoms, and
spec:l.ficlexamples thereof include a phenylen'e group,
biphenylene group, te;phenylene group, naphthalenediyl group',
anthracenediyl group and the iike. 'I'he carbon number of the
arylene group dbes not include the carbon number of a -
substituent . |

| The divalent heterocyclic compound group indicates a
residual atomic group obtained by removing two hydrogen atoms
froin a heterocyclic compound. The carbon number is usually

 from 4.to 60, and a furandiyl group, thienylene group,

fluorenediyl group, pyridine‘diyi gfoup, guinolinediyl group,

quinoxalinediyl group and the like are exemplified. .The carbon
number of the .divalent heterocyclic compound group does not
inciude the carbon number of a substituent. |

Here, e’xaniples of the heterooyclic oompouud :i..'nclude's those
organic compounds having a cyclic structure in which elements
const:.tuting the ring include not only a carbon atom but also
a hetero atom such as oxygen, sulfur nitrogen, phosphorus,
boron and the like.

In the formula, a and ¢ leach independently represent an
‘integer of 0 to 4;_ and b represents an integer of 1 or more.

When b is 1, a and ¢ do not represent 0 simultaneously. When
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b is 2, at least one of groups R; and R; represents a group other.
than a hydrogen atom and dyano group. When b is 3 or more,
a and c do not represent 0 simultaneously.if both of R; and
Rg.are a hydrogen atom. When a is 2 or more, a plurality of
R;s may be the same or diff.erent . Whencis2ormore, aplurality
of R;s may be the same of different. R; to R; may be connecte_d
to form a i:ing. Further, when R; to R; are a group'containing
an alkyl chain, one or more of ai methyl group, methylene group
énd methine group conStitﬁting this alkyl chain may bé
- substituted with a group containing a hetero atom.

The repeating unit-fepresented by fhe formula (2j is a
fluorene group optionally having a éubstituent.-

Rs and Rs in the formula _(2)'eadh independenfly represent.
a group selected £from the.grou'p cdnsisting' of a hYdrégen atom,
alkyl 'groups , aryl groups and monovalent heterocyclic compound.
groups. When_Rs and R; represent a substituent other than a
hydfogen atom, examéles thereof are the same as exemplified
for R;.

- In the reéeating unit represented by the formula (2), k
and 1 each independently‘représent an integer of 0 to 3. When
kl is _2 or more, a plurality of R;s may be the same or differerit.
When lis2ormore, a plurality of Rgsmay be the same ordifferent.
Tw_o or more of Rs t.t.) Rs may be mutually connected to form a ring.
Further, when Rs to Rg are a groﬁp-contaihing an.alkyl chain,

this alkyl chain may be interrupted with a group 'containing
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a hetero atom.

R; and R; in the formula (1) and R; and R in repeating units
represented by the formula '(2)' each independently represent
a group selected from fhe group consisting of alkyl groups.
alkoxy groups, alkylthio groups, alkylsilyl groups, alkylamino
groups, aryl groups, __aryloxf groups, arylsilyl groups,
‘arylamino groups, arylalkyl groups, é.ryla_tlkoxy_ groups,
é.rylalkylsilyl groups, arylalkylamino groups, arylalkenyl
groﬁps, 'arylalkinyl groups; monovalent hetei‘ocyclic compound
groﬁps and' cyano gro’up.' .

| Those iﬁ.which R; and Rs represent a substituent other than
cyano group are described- below. |

The alkyl group may be ény'of 1ineér. branched_ox_' lcyc]_.ic,
and usually has about 1 to 20 carboﬁ atoms, and specific examples
thereof include a m_ethfl group, ethyl group, propyl group,
_i-propyl gf&up, butyl group, i-butyl'group; t-butyl group,
pentyl group, isoamyl group, hexyl gi‘oﬁp, _ chlohexyl group,
heptyl group, octyl gfoup, Z-éthylhexyl groﬁp, noﬁyi group,
decyl group, 3,7-dimethyloctyl group, lauryl group and the like,
and pre:er_able are a pentyl grbﬁp, isoamyl group,' hexyl grdu'p,.
octyl group, 2-ethylhexyl group, decyl _group and
- 3,7 -dirﬁethyloc_tyl group .

The alkoxy group may be. ény of linear, branched or cyclic,
and usually has about 1 to 20 carbon atoms, and specific examples

thereof include a methoxy group, ethoxy grou:i . propyloxy group,
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i-ﬁropyloxy group, butoxy g.roup, _ i-buto:_iy group, t-butoxygroup,
pentyldxy group isoamyloxy . gfdup, hexYloxy group,
cyclohexyloky grbup, heptyloxy grbﬁp, 6ctyloxy group,
2-ethylhexyloxy group, nonyloxy group, decyloxy group.,

3, 7;-dimethyloctylo'xy group, 1auryioxy group and the like, and |
- preferable are a pentyldxy grouﬁ, isocamyloxy group, hexyloxy
group, octyloxy group, 2'-e't'hylhexyloxy gfdup, _decylox‘y group
and 3,7-dimethyloctylgxy group. _

The alkylthio group may be ariy of linear , branched or cyclic,
and usually has about 1 tlo'20 carbon atorfls ., and specific examples
thereof include amethylthio group, ethylthio group, propylthio
| group, i-propylthio group, butylthio grdup,' i-butylthio group,

t-butylthio group, pentylthio group, isoamylthid group,
hexylthio group, cyclohexylthio group, heptylthio group,
octylthio group', 2-ethylhexylthio group, nonylthio group,
decylthio group, 3 .7 -_dimei:hyloctylthio grou_p , laurylthiogroup
and the like, and preferable are apentylthio group, isoamylthio
group, héxylthio group, octylthio group, 2-ethylhexylthio
group, decyithio group and 3,7-dimethyloctylthio group. |

The alkylsilyi'grbup may b.e lany of lihear, branchedor cyclic' .
and...'t.:tsuallly has about 1 to 60 .carbon atoms, and specific examples
ther_éof .include é méthylsilyl- group. ef:hylsilyl group,
propyléilyl group, i-prdpyisilyl group ,. butyléilyl group,
i—butylsilyi group, t-butylsilyl group, pentylsilyl. group,

isoa_mylsilyl group., hexylsiljrl group, cyclohexyléilyl gronip,
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hepfyl_silyl group, _octyls ilyl grou;é_, Z-éthylhexylsilyl group,
nonylsilyl group, decylsilyl group, 3,7-dimethyloét_ylsily1
group, laurylsilyi group, trimethylsilyl group,
ethyldimethylsilyl group, propyldimethylsilyi group,
i-proiayldimethy]_.silyl group, butyldimethylsilyl group;
t-butyldimethylsilyl group, pentyldimethylsilyl group.
isoamyldimethylsilyl group, hexyldimethylsilyl group,

heptyldimethylsi]'.y.l_ group, octyldiméthylsilyl group,

- 2-ethylhexyl-dimethylsilyl group, nonyldimethylsilyl group,
| decyldimethylsilyl group, 3,7—dimethyloctYl-dim_ethylsilyl

: group, lauryldimethylsilyl group and the like, and preferable

are a pentylsilyl group, :Lsoé.mylsilyl group, hexylsilyl group,
octylsilyl group, 2-ethylhexy1silyl group, decylsilyl group,

3,7-dimethyloctylsilyl group, pentyldlmethylsilyl group,

-isoamyldimethylsilyl group, hexyldimethylsilyl group,

octyldimethylsilyl group, 2-_ethylhexyl-dimethylsilyl grdup,
decyldime_thylsilyl group and 3, 7—dimethyloctyl-dimethylsilyl:
group.

The alkylémino group may be any of linear, bran_ched orcyclic,
may be a monoalkyl groﬁp or a dialkyiamino group, and us.ually
has about 1 to 40 carbon atoms, and specific examples thereof
include a methylamino group, .dimethylamin'o group, ethylaminb
group, diethylamino group, .propylamino group, i-propyiamino
group, butylamino groﬁp, ‘i-butylamino group, t-butylamino

group, pentylamino group, isoamylamino group, hexylamino group,
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cyclohexyiamino group, heptylamino group, octylamino group,
2-ethylhexylamino group, nbnylamino Qroup, decylami'no.group,
3,7-dimethyloctylamino groﬁp, 1auryl.amino group and the like,
and preferable are a per_ltylamino Qroup, isoamylamiﬁo group,
hexylamino group, octylamino gfou’p, 2-ethylhexylamino group,
decylamino group and 3,7¥dimethyloctylamino group. |

. The aryl groﬁb usuaily has about 6 f.o 60 carbon atoms, and
specific examplés therebf include a phenyl group, C; to Ciz
alkoxyphenyl groups (C; to C;; indicates 1 to 12 carbon atoms,
the same in the following), 'Cl to Ci2 alkylphényi_gi:'oups,
l-naphthyl group, 2-naphthyl group and the like, ahd preferable
areC; to.Cn alkoxyphenyl groups é.nd C; to Cy; alkylphenyl groups.
Thé aryl group is an atomic groub obtained by removing one
hydrogen atom from an aromatic hydrocarbdn. '

.The aryloxj group usually has about 6 to 60. carbon atoms,
and specifj.c examples .th'ere.of_ include a phenoxy groui), C; to
Ci2 alkoxyphepo#y groups, C; to Clzl_ alkylphenoxy groups,
l-naphthyloxy group, 2-naphthyloxy group and the like, .and _
prefera.ble. are C; to Ci» élkoxyphenoxy groups and C; to C;,
alkylphenoxy groups. .
| The arylsilyl group ﬁsu_ally has .a..bout. 6 to 60 carbon atoms ,
‘and specific eXamples thereof inglude a phenylsilyl group, C'll
toC;2 alkoxyphenYl silyl grbupé . Ci1toCia alkﬁrlphenylsilyl groups,
1-naphthylsilyi group, 2-naphthyisilyl group, |

dimethylphenylsilyl group and the like, and preferable are C;
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to C;» alkoxyphenylsilyl groups and C; to Cj; alkylphenylsilyl
groups. o - |

The aryia.mino group usually has about 6 to 60 carbon atoms,
and specific examples thereof include a phenylamino group,
diphenylamino group, C; to C;; alkoxyphenylamino groups, di(C;
to C;; alkoxyphenyl) am:l_.no groups, di(C; to Cj» alkylphényl )amino
groups, l-naphthylamino group, 2-naphthylamino group, and the
like, and. preferabie are C; to Cj, alkylphénylamino groups and
Aai(C; to C;, alkiriéhe_n.yl)amino groups.

_The .aryla.,lkyl group us_uallj has about 7 to 60 carbon atoms,
and specific examples thereof include phenyl-C; to C;; alkyl
- groups, C; to Ci, alkdxyphenyl-cl to C;2 alkyl groups, Cl-to Ciz
alkylphenyl-cl. to Cy, alkyl groups; 1-naphty1-C1. to Ci; alkyl
grouﬁs. 2-naphtyl-Ci to Clzl. alkj.(l groups,' and .the like, and
preferable are C; to Cj, alkoxyphenyl-C; to C;; alkyl groups and
C: to Ci» alkyiphenyl-cl to C;2 alkyl groups.

The arylaikoxy grdup,usual'ly has about 7 to 60 carbon atoﬁs .
and specific examples therébf' include phenyl-C; to C;; alkdxy
groups, C; to Ci: alkoxyph'enjfl-cl to Ci» alkoxy group.s,-" C, to
_Clz alkylphenyl-C; to Ci2 alkoxy groups, 1 -naphtyl-lcl' to Ciz alkoxy
' 'groups, 2-naphtyl—C1 to Ci» alkoi:y' grdups and the like, and
preferable are C; to clz alkoxyphenyl-C; to C;; alkoxy groups
.and C: to Clz alkylphenyl-C;. to Clz alkoxy groups.

The arylalkylsilyl group usually has about 7 to 60 carbon

-atoms and specif:.c examples thereof include phenyl C; to Clz
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alkyl.silyl groups, C; to Ci2 alko:typhenyl-cl to C;; alkylsilyl
groups, C; to C;» alkylphenyl-C; to C;; alkylsilyl groups,
l-naphtyl-C; to C;; alkylsilyl groups, 2-n_aphtyl-cl to Ciz
alkylsilﬁrl groups, .phenyl-cl to Ci2 alkyldimethylsilyl groups
‘and the like, and preferable are C; to C;; alkoxyphenyl-C; to
Ci2 a.lkylsilyl_ groups and C; to C;; alkylphenyl-C; toCj, alkylsilygi. '
‘groups. ' |

- The arylalkylamino group usually has about 7 to 60 carbon
atoms, and specific exampies thereof include pheny_l-cl to Cia
alkjlamino groups, C; to C;a alkoxyphényl-él to C;; alkylamino
groups, C; to Ci2 alkylphenyl-cl to Ci2 alkylamino groups, di(C;
_to Ci2 alkoxyphenleCI to Clz.aikyl)'alhino groups, di(C,; to Ci2
alkylphenjrl-cl to Cl.z alkil)amino 'groups.,_ 1-naphty1-(.:'1.to Ci12
alkylamino groups, 2-naphtyl-C; to C;; alkylamino groups and
' the 1ike,_ and preferable are C; to Cj» alkylphenyl-ci to C;,
alkjrlamino_ groups and 4i(C; to_ Ci2 alkylphenyl¥cl _to Ciz
alkjl)amino groups.

Themonovalenthet erocy_clic compound groupusuallyhas about
4 to 60 carbon .atoms, and specific examples thereof include
a thienyl group, C; to C..lz' alkylthielnyl.groups , pyrrolyl group,
furyl group, .;.)yridy.l group, C; to Ci; alkylpyridyl grqups. and
the like, and pi'eférable are a thienyl group, C; to Cjp,
alkylthienjrl groups, pyridyl group and C; to Cj; alkylpyridyl
groups. The 'm_onovalent hetero'cyclic compbund group means a

residual atomic group obtained by removing one hydrogen atom
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from a heterocyclic compound.

In the formula (1), whenb is 1, a repeating unit represented

by the following formula (3) is formed.

Rio Ri1

.AI’3 I—I AI’4 _

(Ro )y (912)'5 ceeee(3)

Ar; and Ary in the repeaf_ing unit represented by the formula
| {3) represent the same group as ex_empli-fied_ for Ar;. Ry and
Riz in the formula (3) represent the same group as exemplified
for R;. Rjp and R;; in the formula (3) represent the same group -
as exemplified for R;. The 's_yt'nbo.ls m and n do not represent
0 simultaneously. Groups Rio and Ru in the formula (3) may be
in thé relation of cis or tramns.

Specifically, stilb‘eﬁe groups represented by.fhe following

formula (4) are exemplified.

Q: R|14R|15Q
P (g

Riz and Ry in the formula (4) représent the same group as
exemplified for R;. Rus and Ris in the formula (4) represent
the same group as exemplified for R;. 1 and jeach independently

represent an integer of 0 to 4. 1 and j do not represent 0
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simultaneously. Groups R;; and R;s5 in the formula (4) .may be
in the relation of cis or trans.
In the formula (1), whenb is 2, a repeating unit represented

by the following formula (5) is formed.

Ris Rao ceeee(5) |

Ars, Ars and Ar; in the repeating unit represented. by the
formula (5) .represent tﬁe sanie group as exemplified l_for_ Ar;.
Ri7, Ris., ng and Rzo in the formula (5) represent the same group
asexemplified forR,. Oneormoreof R;;, Ris, Rygand Rzo represent |
a grdup'_other than a.hydrogen atém and cyano group. Two or
more of Ri7 to Ry maj be mutually connected to form a ring.
Further, when R;; to Ry are a group containing an alkyl chain,
this alkyl chaj.n ma'j be interrupted with a group .containing
a hetero atom. -Groups R1; and R;s in the formula (5) may be in
the relation of cis or trams, a_.hd groups Ris and. Ry may also
be in the relation of cis or trans. | :

Specifically, distilbene groups having a substitﬁent on
ai vinylene 'group fepresented by the following formula (6) are

exemplified.

Rez)p
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Arz in the repeating unit represented by the formula (6)
represents the same group'_as exemplified for Ar;. Ra2i. Rai, Ras
and Ry in the formula (6) represent the same group as exemplified
for R;. Rz3; and Ry4 in t_he formula (6) represent the same group
as exemplified for R;. The symbols o and r each independen_tly
represent an integer of 0 to 4; and p and q each independently
represent an integer of 0 fo 5. Whenois 2 or rﬁore, a plurality _
of Rz;;S may be the same or different. When p is 2 or more, e
plurality of Rj;s may be the same or different. When q is 2
 or more, e plﬁrality of Rzgs may be the same or different . When
r is; 2 or more, a plurality of Ries may be the same or different.
Two or more of Ry; to Rys may be connected to forma ring. Further,
| when Rzl to Ry are a gi'_:oup contair_l_ing an alkyl chain, this elk_yl
chain may be interrupted with a group containing a hetero atom.

Ihaintheformula(ﬁ)andagrduprepresentedbythefollowing

formula:

may be in the relation of cis or trans, and R24 and a group -

represented by the following formula:

(Ras )4

- may also be in the relation of cis or trans.
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In the repeating unit represented by the formula (2), k
‘and 1 each independently represent an integer of 0 to 3. When.
kis 2 6r more, a plurality of R;s may be the same or different.
Whenlis2or mere , a pluraiity of Rgs may be the same or different.
Two or more of Rs to Rg may be connected to forma ring. Further,
when Rs to R; are a group containing' an alkyl chain, this alkyl
enain may be interrupted with a grbuﬁ containing e hetero atom.

In the repeating unit represented by the formula (3), i
and 1 each independently represent an integer of 0 to 4, and
jandk each independently represent an integer of 0 to 5. . When
i is 2 or more, a plurality of Rys may be the same or different.
When jis 2 ormore, apluralityof Rlzs may be the sa’me_-or different.
ﬁhen kis2ormore, apluralityof R1'3s.may'b_e the same or different .
Whenlis2ormore, aplurality of Rissmaybe the same ordifferent.
Two or more of Ry to R4 may be connected to forma ring. Further,
when R; to R;4 are a group— containing an alkyl enain, this alkyl
ehain may be interrupted with a group containing a hetero atom.

Here, as the hetero atom, an oxygen atom, sulfur atom ,
nitrogen atom and the like are exemplified. |

As the group eontaining a hetero atorn, the following gfoups

are exemplified.
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Hére, as R', a hydrogen atom, alkyl Qroups havj.né l_to 20
carbon afoms, aryl g:':oups-having 6 to 60 carbon atoms, and
'monové.lent Iheterocyclic compound groups having 4 to 60 .carbon
atoms are exemplified.

_ Substituents containing an alkfl_ group may be linear,
branched or cyclic, or a combination thereof, and when not linear,
there are exemplified an isoamyl group, 2-ethylhexyl group,
3,'7-diméthylocty1 group, . cyclbhekyl group, 4-C; to Ciz
alkylcyclohexyl group and the like. It is preférable that one
or mOre. of substituents of the formula (1) contain a cyclic
or branched alkyl chain, for enhancing solubility of a polymeric
- fluorescent substance into a solvent.

Itis preferab],e that the form of a repeating uni'tl including
a subétitﬁent has little symmet.ric .property, for obtaining a |
material showing strong fluorescence.

Further, when R; and Rg contain an aryl group and/or a
héterocyclic compound group_'as a part of their structure, the
ar_yl group and/oxr heterocyclié compound gfoup may further have
one or more substituents.

Furthermore, the end group of a polymeric fluorescent
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substance may also be protected with a stable group since if
a polymerization active group. remains intact, there is a
possibility of reduction in light emitting property andl life
when the fluorescent substance is made into an device. Those
having a conjugated bond continulng to a conjugated structure
of the main chain are preferable, and there are exempllfied
structures connected_ to an aryl group or _hej:erocycl:l.c compound
g'roup via a carbon-carbon bond. Specifically, substituents
‘of the chemical formula 10 in JP-A No. 9-45478 and the like
are exempli.fied. |

As the method of eynthesiiing the polymerie fluorescent
suhstanee, there are exempJ.ified e method in which
_polymerizafion is effeeted according to e Suzuki coupling
reaction from the corresponding monomer, a methqd in which
polymerization is effected accordlng to a Grignard reaction,
a method in which pelymerization is effected using a Ni(0)
catalyst, a method in which polymerization is effected using
‘an okidizing agent such as FeCl3 and the like., a method of
effecting okidation polymerizationelectrochemically, amethod
according-"f.o decomposition of an intermediete pdlﬁ'mer having
a suitable releasing Qrdup, and the like. - Of them, the method
of effecting- polﬁneriiation according to a Suzuki coupling
reaetion, the method of effectin’g.polymerization according te
a Gfignard reaction, the method of effectir‘;g polymerization

using a Ni(0) catalyst are preferable since reaction control
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- is easy.

'fhe polymeric fluorescent substance may containa répeating
unit other than repeating units represented by the formula (1)
or (2), in an amount .which does not .deteriorate fluorescent
-propei:ty and charge carrying prdperty. Further, repéating
units represented by the formula (1) or (2) and other repeating -
units may be connected with a non-conjugation unit, or such
-a non-cdnjugation' part may be gontained in the repeating uﬁit .
As the bonding structure, theré are exemplified those
:I.llust'ratéd_below, those obtained by cbmbining those
- 1llustrated below with a .vinylene group, those obtained by
c_:ombinilng two or more of those.illustrate.d Below, and the like.
Here, R represents a Qroup é_elected from the group consiSting
of a.hydrogen atom, alkyl groups hav_ing 1 to 20 carbon atom,
aryl groups having 6 to 60 carbo_n atomé and heterocyclic compound_'
groups having 4 to 60 cafbon atoms, arid Ar represents a

hydrocaijon group having 6 to 60 carbon atoms.

v T T
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0 0o 0 0
ol ™ I I
—C— —C-0— —0-C— —N-C— —c-lr—
R R
o o 0o
S .
-—N’\-C:Ar-_- —Ar:C:N— —N(C‘Ar;C:N—-- —Cc=C—

0 o) 0O O



24

| This polymeric fluoréscent substance may also be a random,
block or graft copolymer, or a pdlyme'r having an intermediate
.structure thereof, for.example, a random cqpolymef having
blockingproperty.'Fromtheviewpointforobtainingapolymeric
fluorescent substance having high fluorescent quantum yield,
random copolymers having blocking property and block or graft
copolymers are more préfer_able than complete random copolymei:s .
Further, copolymers mdy have branched main chain and more than
‘three terminals. -

Further,*as the polyﬁeric fluorésceﬁt substance, those
emitting fluérescence in a solid state are suitably used, since
the material utilizes light emission from a thin f£ilm.

As good solvents for the polymeric fluorescent substance,
there are.exemplified chlorofbrm, methylene éhloride;.
'dichloroethane,tetrahydrofuran,tdluepe,xyleﬂe,mesitylene,
tetralin, decalin, n-butylb.enze.ne' and the 1ike. The polymeric

fluorescent substancecanbeusually dissolv_ed in these solvents

" in an amount of 0.1 wt % dr more, though the amount differs

depending on the structure and molecular weight of the polymeric

fluorescent substance.

,The polymeric fluqreséent substaﬁce has a
polystyrene-reduced number-average molecular weight of 5X
10* to 1X10%, and the degree of polymerization thereof also
changes depending'on repéating étructures and proportion

thereof. From the standpoint of film forming 'prope’rf.y,
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generally the total amount of repeating structuresis preférably
from 20 to 10000, more preferably from 30 to 10000, particularlp
preferably from 50 to 5000. |

When these polymeric fluorescent substances are used as
a light emitting material pf a polymer LED, the purity thereof
exérts Ian influence on light emitting property, therefore, it
is preferable that a monomer before polYmer_ization-is purified
.by é. method such as distillation, sublimation purification,
re-crystallization and the .like before being po_lymerized and
furthér,‘ it is preferable to conduct a purifidation treatment
such as ré-precipitation purification, chromatographic
‘separation and the 1ike after the synthesis. |

The poly_rherid fluorescent Subsfance of the present :i..nvention.
can be used not only as a 1ight emitting material, but als_o
as an organic semiconductor material, optical material, or as
conductive material by doping.

Next, the polymer LED of the present :anention will ‘be
iilustrated. The polymer LED of the present invention is a
polymer LED comprising at leasf a light emitting layer between .
a pair of elect'rodes composed of an anodé and a cathode at 1eas.t
one of which is transparent lor' se_rhi-transparent wherein the
light emitting layer contains a poly_xher_ic fluorescent substance
.of the present invention. . | | |

As the 'polymer_LED of the prese_nt invention, there are listed

polymer LEDs having an electr_on transporting layer disposed
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betweenacathodeandalightemittinglayer,polymerLEDshaving
- ahole transporting layer disposed between an anod‘e and a light
emitting 1ayer; polyﬁer LEDs having an électron fraﬁsborting
layer dispbsed between a cathode and a light emitting layer
and having a hole transporting layer disposed betwéen an anod_e '
and a light emitting layer. |

For example, the following strudtures a) to d) are
specifically exemplified.

a) anode/light emitting_léyer/cathode

b) anode/hole transporting layer/light eﬁittiﬁg
layer/cathbde

'c)anodejlightemittinglayer/electrontransportinglayer/
/cafﬁode o |

d).anode/hole transporting layer/light emitting
lajer/eleétron transporting layer/cathode.
(wherein. / indicates adjacent lamination of 1aye£s.
Hereinafter, the same)

Herein, the light emitting layer is a layer having functioﬁ
"to emit a 1ight,_tﬁe hole_transporting layer is a layerhhaving
' funcfion fd transport a hdlé, and the electron transpbrting
layer is a layer having function tp trénspért an electron.
Herein, the electron transporting layer and the.hole
. transporting layer aﬁ:'e geneiicélly called acharge transporting
layer. | ‘

The light emitting layer,'hole transporting layer and
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electron transporting layer may also each independently used
in two or more layers.

Of charge transporting layers disposed adjecent to an
electrode., that having function to improve charge' injecting
efficiency from the electrode and having effect to decrease
driving voltage of an 'tievice are particularly called sometimes
a charge injecting layer (hole injecting layer, electron
injecting layer) in general.

For enhancing adherence_with' an electrode and improving
charge injection £from an electrode, the above—described charge
injecting iayer or insulation layer having a thickness. of 2
nm or lese may also be provided adjacent to an electrode, and
further, for enhancing adherence of the interface, preventing
mixing and the like, a thin buffer layer may also be inserted
into the interface of a. charge transporting layer and light
emitting layer. | | | |

The order and number of layers laminated and the thickness
of each layer can be appropriately applied while considering
light emitting efficiency and life of the device. |

_ In the present inventicn, ae the polymer LED lieving a charge
'injecting layer (eiectron.injecting layer, hole injecting
layer) provided, there are listed a polymer LED having a charge
injecting layer provided adjacent to a cathode and a polymer
LED having a che.rge injecting layer provided adjacent to an

anode.
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For example, the following structures e) to p) are

specifically exemplified. _
_ e) anode/charge injecting layer/light emitting

layer/éathode | _

f) anode/light emitting layer/chérge injegting
layer/cathode .

g) anode/dharge injecting'layér/light emitting
layer/charge injecting layér/cathode

h) anodé/charge-injecting layer/hole transporting
layer/light emitting layer/cathode

1) anode/hole transporting layer/light emitting
layer/charge injecting_layer/cathode |

) anode/chargé injecting-layer/hole transporting
layér/light emitting layér/charge injecting layer/cathode

k) anbde/charge injecting layer/light emitting
layer)electron transporting layer/cafhode

1) anode]light.emitting'1ayer/electron traﬁsporting
layer/charge injecting layer/cathode

m) anode/charge injectiﬁg layer/light emitting
'layef/electron transporting layer/charge injecting :
layer/cathode |

n) anode/charge injecting layer/hole trénsporting
layer/light emitting layer/electron transporting
layer/cathode |

o) anode/hole transporting layer/light emitting
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layer/electron transporting layer/charge injecting
layer/cathode | |

P) anode/chargé injecting layer/hole transporting
1ayerllightemittinglayer/électrontransportinglayer/charge
injebting layer/cathode | |

As the specific egamples.of the charge injecting 1ayer;
there are exemplified layers'containiﬁg an conductiﬁg polymer,
layers which are dispoéed between an anode and a hole
transporting layer and contain a material haviﬁg an ionization
| potential between the ionization potential of an anode material
and the ionization pqteﬁtial of a hole transporting material_
containéd in the hole transporting layer, layers which are
dispoéed between a cathode and an electron transporting layer
and contain a material having an electron. affinity between the
electronaffinityofacathodematerialahdtheeléctronaffinity
of an electron transporting matefial contained in the electron
transporting layer, and the like.

- When the above-déscribed charge injecting layer is a layer'
éontaining an conducting polymer, the eleétric conductivity
of the conducfing'polymef is preferably 107° S/cm'or more and
10° S/cm or less, and for decreasing the léak current between
light emitting pixels, more preferably 1073 S/cm or more and
102 S/cm or 1e$s, further preferably 10~5 S/cm or more and 10*
S/cm or less.

Usually, to provide an electric conductivity of the
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conducting polymer of 10~° S/cm or more and 10° S/cm or less,
a suitable amount of ions are doped into the conducting polymer.

Regardihg the kind of ah ion doped-, eh anion is used in
a hole :I.njecting.-layer' and a cation is used in an electron
injecting layer. As examples of the .anion,' a polystyrene
sulfonate ion, alkyibenzene sulfonate ion, camphor sulfonate
ion and the.like are exemplified, and as examples of the cation,
a lithium ion, sodium ion, potassium ion, tetrabutyl ammonium
ion end the like are exemplified.

The thickness of the charge injecting layer is for example,

from 1 nm to 100 nm, preferably from 2 nm to 50 nm.

Materials used i'n_ the charge injecting 'layer may properly
be selected in view of relation with the materials of electrode

and adjacent layers, and there are exemplified conducting

'polymers such as polyaniline and derivatives thereof,

polythiophene and derivatives thereof, polypyrro'le and
derivatives thereof, poly(phenylene vinylene )' and derivatives
thereof, poly('th:l.enyle.ne vinylene) and derivatives thereof,

polyquinoline and derivatives thereof, polydquinoxaline and

derivatives thereof, pblymers containing aromatic amine

structures in the main chain or the side chain, and the like,

and metal phthalocyanine (copper phthalocyanine and the 1ike) .
carbon and the like.
The insulation layer having a thickness of 2 nm or less

has function to make charge injection easy. As the material
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of the_abové-described insulation layer, metal fluoride, metal
oxide, organic irisulé.tion materials and the like are listed.
As fhe polymer LED having an :_i.nsulation layer havinga thickness
of 2nmor 1eés , there are listed polymer LEDs havingan insulation
layer having a ‘thickness of 2 nm or less provided adjacent to
a cathode, and polymer. LEDs halving an .insulation layer having
a thickness of.2_nm or less provided adjacent to an anode.

Specifically, t_here are listed the following structures
q) to ab) for example.

q) é.node-/ihsulatior; layer having a thickness of 2 nm or.
less/light emitting 1ayer/cathode

- r) anode/light emitting layer/insulation layer having a

thickness of 2 nm or less/cathode | |

s) anode-/insulation layer having a thickness of 2 nm or
less/light emitting layer/insulation layer having é. thickness
o.f 2 nm or less/cathode o |

t) at:zode/'insulation layer having a thickness of 2 nm or
less/hole transporting layer/light emitting layer/cathode

u) anode/hoie transporting layer/light emitting
layer/insulation layerhavingathicknessof 2nmor less/cathode

| v) anode/insulation layer.having a thickness of 2 nm or

less/hole transporting la&e:_:/_light emitting 1ayer/insulation
layer ha\iing a thickness of 2 nm or less/cathode |

w) anode/insulation layer having a thickness of 2 nm or

less/light emitting layer/electron transporting layer/cathode
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x) anode/light emitting layer/electrén transporting
layer/insulation layer having a thickness of 2nmor less/ cathbde

y) anode/insulation 1«:_-1yer. having a thickness. of 2 nm or
less/light emitting iayer/eledtron- transporting
layer/insulation layerhavingathickness of 2nmor less/cathode

z)_anode/insulation layer hav:l.ng a thickness of 2 nm.or
less/hole transporting layer/light emitting layer/electron
transporting layer/cathode |

aa) anode/hole transpdrting layer/light emitting
layer/electron transporting 1ayer/in.sulation layer having a
thickness of 2 nm or less/cathode |
| ab) anode/insulation layer having a thidkness of 2 nm or
less/hole transpbrting layer/light emitting layer/electron
transporting lajer/insulation layer having a thickness of 2
nm or leés/cathode

In producing a polymer LED, when a film is formed from a
solution by using such polyme.ric fluorescenf substance soluble
ir} an organic sblvent, only requilred is removal of the solvent
by drying after coating of this 'solution, and eveﬁ in the case
of mixing of a charge tran'spbrt-ing matérial and a light emitting
ma'terial, the same method can be applied, causing an extreme
advaﬁtage in production. '_As the film forming method from a
solution, therecan bé used coatingmethods such as a spin coating
method, casting method,_micro" gravure coating method, gravure

coating method, bar coating method, roll coating methbd, wire



33

bar coating method, dip coating. method, spray coating method,
'screen printing inethod, flexo printing method, offset printing
method, inkjet printing method and the like.

Regarding the thickness of the light emitting layer, the
optimum value differs depending on material used, and may
. properly be selectec so that the driving voltage and the light
emitting efficiency oecome optimum values, and for example,
it is.from 1nmtol um, preferably from 2 nm to 500 nm, further
-preferably from 5 nm to_200 nm.

IntnepolymerLEDofthepresentinvention,alightemitting
material otner than the above-mentioned polymeric fluorescent
substances may be mixed in a light emitting layer. Further,
in the -polytner LEb according to the instant application, a light
emitting layer containing a light emitting material other than
the above-mentioned polymeric fluoreecent substance may be
laminated with a light.emitting layer containing the
above-mentioned polymeric fluorescent substance.

As the light emittingmaterial , known materials can be used.
In a compound having lower molecular weight, there can be used,
for example, naphthalene derivatives, anthracene or
derivativesthereof,peryleneorderivativesthereof:dyeseuch
as_polymethine dyes, xanthene dyes, coumarine dyes, cyenine
dyes; metal complexee_of 8-hydroxyquinoline or derivatives |
thereof, aromatic amine, tetraphenylcyclopentane or

derivatives thereof, or tetraphenylbutadiene or derivatives
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thereof, and the like.

Specifically, there can be used known compounds such as
those described in JP-A Nos. 57-51781, 59-195393 and the like,
| for example. | | |

Wh_en the polymer LED of the present invention has a. .hqle
transporting layer, as the hole transport_:ihg materials used_,
there are exemp'lified polyvinylcarbazole or derivatives
thereof, polysilane or.derivatives thereof, polysiloxane
derivatives having an aromatic amine in the sidé chain or the
main chain, _pyrazoline_ derivatives ', larylamine derivatives,
stilbene derivatives, triphenyldiamine derivatives,
polyaniline or 'derivatives thereof, polythiophene p’r'
derivatives. theréof . polypyrrole or derivatives thereof,.
poly(p-phenylenevinylene) or derivatives thereof,
-poly(2,5-thienylenevinylene) or derivat:_l.:ves thereof, or the
like. | |

_ Specific examples of the hole transporfing material include
those described in JP-A Nos. 63-70257, 63-175860, 2-135359,
2-135361, 2-209988, 3-37992 and 3-152184. |

Ashong them, as the hole transpofting matérials uéed in the
hole transporting layér, preferable are polymer hole
transporting materialls such as polyvinylcarbaz§le or
derivatives thereof, polysilane 01':" derivatives fhereof ,

' polysiloxane derivatives having ah ‘aromatic amine compound

group in the side chain or the main chain, polyaniline or
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derivatives thereof, polythiophene or derivatives thereof,
' poly(p-phenylenevinylene) or derivatives thereof, |
poly(2,5-thienylenevinylene) or derivatifres thereof, or the
like, and further preferable are polyvinylcarbazole or
derivatives thereof, polysilane or derivatives: thereof and
polysilexane derivatives having an aromatic amine compound
group in the side chain or the main chain. In the caee of a
hole transporting material having 1ov_ﬁer molecular weight, it
is preferably dispersed in a polymer binder for use.

'Polyvinylcarbazole or-derivatives thereof are obtained,
for exaniple ’ | by cation poiymerization or radical polym_erization
from a vinyl monemer.

As the polysilane or derivatives thej:'eof, there are
exemplified compounds desci‘ibed in Chem. Rev., 89, 1359 (1989)
and GB 2300196 published specification; and the like. For
synthesis, methods described in them can be uéed, and a Kipping
method can_be suitably used particularly. |

Aé the 'polysiloxane or derivatives thereof, th.ose._ having
the structure of the eboveé described hole transﬁorting_matef:ial
having lower molecular weight in the side chain or main chain,
since the siloxane skeleton structure has poorhole tlransporting _
property. Particuiarly, there are exemplified those having
an aromatic amine having hoie transporting propei‘ty in the side
chain or maiﬁ chain. |

The method for forming a hole transporting layer is not
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restricted, and in the case of' a hole transporting layer having
lower molecular weight, é method in which thé. laYer is formed
from a mixed solution wifh a polymer binder is exemplified.
In the case of a polymer hole transporting material, a method
in which the layer is forme_d from a solution is exemplified.

The solvent used for the £ilm forming from a solution is;
‘not particularly restricted providing it can dissolve a hole
fransporting material. As the solvent, there are exemplified'
chlorine solvents such as chloroform, methylene chloride,
dichloroethane and the like, ether solvents sucﬁ ais
tetrahydrofuran and the like, aromatic hydrocarbon solvents
such as toluene, xylene énd the like:, ketone solvents such as
acetone, méfhyl ethyl ketone and the like, and ester solvents
such as ethyl acetaté, butyl acetate, ethylcellosolve aéetate
~and the like.

" As the film forming méthod from a SOiution, there can be
used_' coating methods such as a spin coating method, casting
method, micro gravure coating method, gravure coating rﬁethod,
bar coatingmethod, roil coatingmethod, v}ire bar coatingmethod,
dip coéting method, spray cdai:ingmethod, s_éreén printingmethod,
flexo printing method, offset printing method, inkjet prin-ting
method and the like, from a solution. - | _

The polymer binder mixed is pr_eferably that does not disturb
charge transport extremelj, and that does not have s'tro'ng

absorption of avisible light is suitably used. As such polymer
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binder, polycarbonate, polyacrylate, poly(methyl acrylate),
poly(methylmethacrylate),polystyrehe,poly(vinylchloride),
polysiloxane and the like are exemplified.

Regarding the thickness of the hole transporting layer,
the optiinum value dif:ers depending on material used, and may
properly be selected so that the driving voltage and the light
emitting efficiency become optimﬁm velues, and at least a
thickness at which no pin hole is produced is'necessary,.and
- too large thickness is not preferable since the 'drivnl'.ng voltage
of the device increases. Theref.ore, the thickness of the hole
‘transporting layeris, forexample, fromlnmtol 4m, preferably
from 2 nm to 500 nm, further preferably from 5 nﬁ to 200 nm.

When the polymer LED of the present invention hae an.el.ectron
trahsporting layer, known compounds are used as the electron
transport.:l..ng materials, and there are exeﬁplified oxadiazole
derivatives, anthraqﬁinonedimethane or derivatives thereof,
benzoquinqne or deriVatives.thereof, naphthoquinone or
derivatives thereof, anthraquinone or derivatives thereof,
_tetracyanoanthraquinodimethane or derivatives thereof,
fluorenone derivativee; diphenyldicyanoefhylene or
derivatives thereof, diphenoquinone derivatives, or metal
complexes of 8-hydrexyquinolihe or derivati&es thereof,
polygquinoline and derivatives thereof, polyquinoxaline and
derivatives thereof, pelyfluorene or derivatives thereof, and

the like.
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Specifically, theﬁe are exemplified those described in JP-A
Nos. 63-70257, 63-175860, 2—135359, 2-135361, 2-209988,
3-37992 and 3-152184.

Among them, oxadiazole derivatives, benzoquinone or
derivatives thereof, anthraquinone or derivatives thereof, or
metal complexes of 8-hydroxyquinoline or derivatives theréof .
polyquinoline and derivatives thereof, polyguinoxaline and |
dérivatives thereof, polyfluorene or derivatives thereof are
preferable, and
2-(4-biphenyl)-5-(4-t-butylphenyl)-1,3,4-oxadiazole,
benzoquinone, anthra_quinone_, tris(8.-quinolinol)aluminum and
polyquinoline are further preferable.

The method for forming the electron transporting layer is
not particularly restriéted, and in the case of an electron
transporting material having lower molecular iveight, a vapor
| deposition method frqm a powdér, 6r a method of film—forming_
from a solution or melted state is exemplified, and in the dase
of a polymei: electi'on 'tra_ns'porting material, a m_ethod of :
film-forming from a solution oi:' melted state is exemplified,
respectively. |

" The ..solver.zt used. in the film-forming. from a solution is
not particularly restricted provided it can dissolve electron
transportingmaterialsand/or polymer_l.)i.nder.s . Asthe soivent .
- there are éxemplified chlorine sélvents such as chloroform,

methylene chloride , dichloroethane and the like , ether solvents
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such as tetrahydrofuran' and the like, aromatic hydroca'rbon
solvents such as toluene, xylene and the like, ketone solvents
such as acetone, methyl-ethyl ketone and the like, apd estér
solvents such as ethyl acetate, butyl acetate, ethylcellosolve
acetate and the like.

As the film-forming method from a solution or melted state,
there can be used cc;ating methods such as a spin coating method,
casting method, micro gravure coating method, gravure coating
_m'ethod, bar coatingmethod, rollcoatingmethod, wirebarcoating
'method, dip coai::l.ng method; spray coating method, screen
| printingmethod, flexoprintingmethod, offset printingmethod,
‘inkjet printing method and the like.

Tﬁe polymer binder to be mixed is preferably that which
does .not extremely disturb a charge transport property, and
that does not have strong absorption of a visible light is
suitablyused. Assuch poljmei‘ binder, poly(N-vinylcarbazole),
polyaniline or derivatives thereof, polythiophene or
derivatives thereof, poly(p-phenyiene vinylene) or derivati‘}es
t_herebf . poiy( 2,5-thienylenevinylene) orderivatives thereof .
polycarbonate, polyacryla'te,-' poly(méthyl acrylate),
poly(methyl methacrylate), polystyrene, poly(vinyl chloride), |
polysiloxane and the like are exemplified.

Regarding the thickness of the electron transporting layer,
the optimﬁm value differs depending on material used, and may

properly be selected sb that the di:‘iving voltage and the light
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‘emitting efficiency become optimum values, and at least a
thickness at which no pin hole is produced is necessary, and
too large _thit:kness is not pre.ferable since the driving voltage
of the device increases. Therefore, the thickness of the
electron transporting layer is,_ for example, from 1 nm to 1
um, preferably from 2 nm to 500 nm, further preferably from
5 nm to. 200 nm. |
The substrate forming the polynier LED of the présent )
invention may preferably be that does not change in forming
an electrode and layei:'s of organic materials, and there are
exemplified giass, plé.stics, polymer_film, silicon subsitratesl
andthelike. Inthe case.of a opaque subsi:rate, it ispreferable
that the opposite _elect_fode is transparent or sémitransparent .
- In tr_ze present inventioﬁ, it is prefer&ble that an anodel

is transparent or semitransparent, and as the material of lthis
anode, electron conductive metal oxide films, semitransparent
metal thin films and the iike are used. Specifically, there
are used indium oxide, zinc oxide, tin 6xide. and £ilms (NESA
and the like) fabricated_by using an electron conductive glass
- composed of indium-*tin-oxide (ITO), indium*zinc*oxide and the
liké, which ére lﬁetal oxide complei:es .andgold, platinum, silver,
copper and the like are used, and among them, ITO,
indium‘zinc'dxide, tin oxide are preferable. As the
‘fabricating method, a véguum vapor deposition method,

sputtering method, ion plating method, plating method and the
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like are used. As the anode, there may also be used organic
transparent conducting filrhs such as polyaniline or derivatives
thereof, polythiophene or dérivé.tives thereof and th_e_like.
i‘he thickness of the anode can be appropl_:'iately selected
while considering transmission of a light and electric
conductivity, and for gxample, from 10 nm to 10 4m, preferably

from 20 nm to 1 tm, further preferably from 50 nm to 500 nm.
Further, fof easy charge injection, there may be provided
on the anode é layer comprising a phthalocyanine derivative _
| éonducting polymers, cérbon and the like, or a layer having
an average film thickness of 2 nm or iess comprising a metal_
oxide, metal fluoride . Organic inshlating materiai and the J.ike ..
As fhe matérial of a cat_hode uéed in the po.‘;ymer LED of
the present invention, that having lower work function is
preferable. For example, _there are used metals suchas lithiﬁm,
sodium, potassium,'-rubidium, césium, beryllium, magnesium,
calcium, strontium, b_a_rium, aluminum, scandium, vanadium, zinc,
yttrium, 'indium, cerium,' samarium, europium',. terbium, |
y_tterbium-and the like, or alloys comprising two of more of
them, or alloys comprising one or more of them with one or more .
__of gold, silver, platinum, copper, manganese, titanium, cobalt,
nickel, tungsten and tin, graphite or graphite intercalat_ion
‘compounds and the .1ike. Exémples of alloys incltide-a
| magnesium-silver'alloy, niagnesium-indium alloy,

magnesium-aluminum alloy, indium-silver alloy,
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lithium-aluminum alloy, lithium-magnesium alloy,
lithium-indiﬁmalloy, calciﬁm-aluminumalloyandthe like. The |
cathode may be formed into a laminated structure of two or more
layers.

The £ilm thickness of. a cathde can be appropriately selected
‘inviewofelectricconductivityand durability, and forexample,
it is from 10 nm to 10 Um, preferably from20nmto 1 m, further
preferably from 50 nm to 506 nm.

As the method for fabricating a cathode, there are used
avacuumvapor deposition method, éput_tering method, lamination
method in which a metal thin £ilm is adhered undér heat and
pressure, and the like. Further., th_efe may also be provided,
between a. cathode and an organic layer, a layer comprising an
conducting polymer, or a layer having anlaverage film thickness
of 2nmor less comprising ametal oxid_e, thetal fluoride, organic
insulation material and the like, and étfter fabrication of the
cathode, a protective layer may also be provided which protects
the pollymell:' LED. For stable use of the polymer LED for a .‘.Long_-
period of time, it is preferable to provide a protective layer
and/or protéctive cover for protection of the device in order
tﬁ prevent it from outside damage.

. Astheprotective layer, therecanbeusedapolymer compounc_i,
metal oxide, metal fluoridé, .metal.borate and the like. Aé
the protective cover,l' there can be used a glass plate, a plastic

plate the surface of which has been subjected to
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lowér-water-permeation fréatment, and the like, and there is
suitably used a methbd in which the cover is paéted with an
device substrate by a thermosetting resin or 1ight-curing résin
for sealing. If space is maintained using a spacer, it is easy
to prevent an device from being injured. If an inner gas such
as nitrogen and argon is sealed in this space, it is possible
to prevent oxidation of a c.athode,' and further, by placing a
desiccant such as barium oxide and the like in the
above-described space, it is .e.asy to suppress the damage of
. an device by moisture adhered in the production process. Among
them, any one means or more are preferably adopted. |
 For obtaining lighf emission in plane form usirig the polymer
LED of the present invention,'an anode and a cathode in the
plane form may properly be pladed so that they are laminated
'each other. 'F_'urther, for obtaining light emission in pattern
form, there are a méthbd in which a mask with a window in pattern
formisplacedon the above-describedplane light emitting dev_ice .
a method in which an organic layer in non-light emission part
is formed to obj:ain extremely large thickness providing
substantial non-light emission, and a method in which any one
of an anode or a cathode, or both. of them are formed in the
patterp. By forming a pattern by any of these methods and by
placing lsome electrodes sb that ihdependent on/off is possible,
thére is obtained a display device of éegment typé which can

display digits, letters, simple marks and the l1like. Further,
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for forming a dot matrix device, it.may be advantageous that
anodes and cathodes are made in the form of stripes and placed
so that fhey cross at right éngles. 'By a method in which a
plﬁralityofkindsofpolymericfluorescentsubstancesemitting
different colors of lights are placed séparately or a method
in which a color filter or luminescence converting filter is
used,areacolordisplaysandmulticolordiSPIaYsaréobtained.
A dot matrix display can bé driven by passive driving, or by
active driving combined with TFT and the like. These display
devices can be used as a display of a computer, television,
'portable terminal, portable telephone, car navigation, view
finder of a video camera, and the like.

Furt.her . the.above-described light emitting device in plahe
' form'is a thin self-light- emitting one, and can be suitably.
used as a £flat light source for back-lighf of a liguid crystal
displéy. or as a flat light source for illumination. Further',
if a flexiﬁle plate is used,_it can_aléo be used as a curved

_light source or a display.

EXAMPLES
Theffoliowing examplés:furfher illustrate the present
invention in detail but ddjnot limit the scope_théreof..
Herein, regarding the number average molecular weight, a
polystyrene reduced number-average molecular weight was

measured by gel permeation chromatography {(GPC) using
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chloroform as a solvent.

Example 1
<Synthesis .of Polymeric fluoresdent substance 1>

Under an inert atmosphere; |
9 . 9-dioctylfluorene-2, 7-bis(ethylehe boronate) (317mg, 0.598
mmol), 2,7-dibromo-9, 9-d;i.octylf1uorené {250 mg, 0.456 mmol),
4,4'-dibromo-2,2',5,5"-tetrakis (.2 ,7-dimethyloctyloxy)stilb
ene (110 mg, O. 114 mmol) and aliquat® | 336
( tricaprylylmethylammonium chloride, manufactured by Aldrich,
220 m§, 0.547 mmol) were dissolved in toluene (10 ml) and to
.t'his was added 19 ml of an agueous solution of potassiumcarbonate
(295 mg, 2.14 mmol). Further,
t_etrakis(tripheny;phoéphiné)pa'l.ladium (20 mg, 0.018 mmol) was
added, and the mixture was heated under reflux for 20 hours.
After coolihg , ‘the solutionwas sepa_.rated , and the organic. léyer a
was washed with wat_er..

‘This organic layer was _'dfopped intd methanol, and the
deposited precipitate was fiitrated off. 'fhe precipitate was
purified by silica gel chrématography (toluene), to obtain
poly(9,9-dioctylfluorene-2 ,'7-d'iyl-co-2 .2 . 5,5"'-tetrakis ( 3,
7-dimethyloctyloxy) stilbene-4,4'-diyl) (Polymeric
fluorescen_t substance 1) .. Thé yield was 350 mg. The ratio of.'
repeating units represented. by the formulae (7) and (8) ih

Polymeric fluorescent substance 1 was 9:1 depending on monomei:'
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charging ratio.

_--oo-('])

L . (8)

Polymer_ic fluorescent substance 1hada polystyrene-reduced
number-average molecular weight of 1.3X10%. Polymeric
fluorescent substance 1_could be'dissolvéd in a solvent such
as toluené, chloroform and the like.

‘{Evaluation of.fluoresqent_property>

A 0.4 wt% chloroform solution of Polymeric fluorescent
substance 1 was spin-coated'on quartz, to form a thin £ilm of
Polymeric fluorescent subsfance_l. The ultraviolet visible
absorption spectrum and £luorescent spectrum of this thin £ilm
were measured by using a ultraviolet visible absorption

-spectrophotometer (UV3500 manufactured by Hitachi, Ltd.) and
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a fluorescent spectrophotometer (850 manufactured by Hitachi,
Ltd.), respectively . Forcalculationof fluorescent strength,
a fluorescent -spectrum excited at 350 nm was used. The area
of fluorescent spectra plqtteﬁ againét wave-number on the
abscissa was divided by the absofpt:l.on at 350 nm, to obtain
a relative value of 1:_he fluorescent strength.

Polymeric. fluoresce;n't substanc.:e. 1 has a.fluoresceni: peak
wave-length of 470 nm, and revealed a.relative valué of the
fluorescent strength of 2.2.

{Production and evaluation of th_e device)>

Oon a glass substrate on which an ITO film had beén made
at a thickness of 150 mn. according to é sputtering method, a
f£film having a thickness of 50 nm was formed using a solution
(Baytron, manufactured by Bafer) of
poly(ethylenedioxythiophene)/ polystyreneéulfonic acid by
- spin coating, and the film was dried at 120T f;ar 10 minufes
on a hot plate. Then, a film having a thickhess of abqut 70 -
nm was formed using a._1.5 wt% toluene so.fl.utioﬁ' of P_olyméric
fluorescent substance 1 by_' spin coating. Further, this film
wés dried.at 80T for 1 hour under rédﬁced pressﬁre, then, lithium
flubride waé vapor-depositedat 0.4 nm as a cathode buffer’ layer,
ca_lcium was vapor-deposited at 25 nm and aluminum wés
vapor-deposited at 40 nm a.s_é. cathode, to produce a polymer
LED. In a'ny vapor depoéit'ion, the degree of vétcuum was 1 tp

8X10°° Torr. Voltage was applj.ed on the resulted device, to
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give EL light emission from Polymegic fluorescent substance.
1. The strength of EL light emission was approximately in
proportion to the current density.
Example 2 |

' Poly(9,9édioctylfluorene-2.7-diyl-co-2,2',5,5'-tetraki
s(3,7-dimethyloctyloxy)stilbene-4,4'-diyl) (Pblymeric
fluorescent substance 2) was obtained in the same manner as
in Example 1 excepf that 2;7-dibromo-§,9-dioctylfluorene aﬁd
' 4,4'4dibromo-2,2',5,5'-tetrakis(z,7-dimethyloctyloxy)stilb.
ene were used at a molar ratio'of 2:3.. Polymeric fluorescent
substancé 2 contained repeating units repfesented by the
.formulae (7) énd (8).copolymerized at a molar ratio of 7:3.
<Evaluation of.fluorescent property)

The relative valﬁe of the fluorescent st;:'ength of Polymeric
fluorescent substance 2 was obtained in the same manner as in
Example 1. | | | | |

Polymeric fluoresceqt substancglz had a fluorescent peak
wave-length of 470 nm and showed a relative value 6f the
fluorescent strength of 1.9. |
Exampie 3 |
<Synthesis of
4,4'-bis(2-(4-bromophenyl)-zéphenyl-ethenyi)-biphenyl>

~ Under an inert atmoéphere, 4?5romobenzophenone (0.783 g,
3 mmol) and 4,4'-bis-(die£hflmethyl phosphonate)¥biphényl

(0.559 g, 1.23 mmol) were added to and dissolved in
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tetrahydrofuran (10 g). At room temperature; a solution of
tert-butogypotassium (0.414 g, 3.69 mmol) in tetrahydrofuran
(3.28 g) was added dropwise over 5 minutes. The mixture was
stirfed under this condition for 3.5 hours. The reaction
mixture was added into water (100 m1l) and the mikture was
neutralized with 5% spifuric acid. After neutralization,
toluene (250 ml) was édded to Separate an organic layer. The
organic layer was washed with water , and dried with anhydrous
sodium sulfate. The solvent was distilled 6ff under reduced
| pressure, and the re.s_ulted crude product was purified by silica
gel chromatography, tolobfain the intended substance. The
yielded amount was 0.34 g and the yield was 41%.
{Synthesis of Polymeric-fluorescent_substance 3>

-Under an inert atmosphere,
2,7-dibromo—9,Bédioctylfluoreng (560 mg, 1.0 mmol),
4,4'-bis(z-(4-bromophenyl)—z-phenyl-ethenyl)-biphenyl (76
| mg, 0.11 mmol) were dissolved in tétrahydrofuran (io ml), and
to this was added magnesium (55_ mg, 2.3 mmol), nickel chloride
(NiC1,) (10 mg, 0.079 mmol) and bipyridyl (12 mg, 0.079 mmol),
and the mixture was heated under reflux for 5 hours. After
cooling, the reaction sc.lutioﬁ was added dropwise into methanol
(100 ml), and the deposj.ted precipitate was filtrated off. - The
resuited precipitate was dissolved in toluene, washed with
dilute hydroc;hl'oric acid, then, washed with water until pH of

the washing solution reached 7, then, the organic layer was"
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distilled off under reduced pressure. Theresiduewasdissolved
in20ml of tolﬁene , and re-precipitated £rom 100 m1 of _mett_xanol .
to give Polymeric fluoreédent subsfance 3. | The yielded amount
was 238 mg. Polymeric fluorescent substance 3 contained

repeating units represented by the following foi'mulae (7) and
'(9)' at a molar ratio of about 9:1, depending on _f.he charging

ratio of monomers.

.oooo-(g.)

_ Pol-ymeric fluofescént _'substénce 3hadapolys tyrene-reduced
average molecular weight of MW=26,400, Mn=8,800. Polymeric
fluorescent substance 3 could bé dissolved in'a solvent such
as toluene, chlorofoi‘m and the like.
<Evaluation of fluoresdent property>

The relative value 6f the fluoresce'nt ,stre,ngfh of Polymeric _
fluorescent substance 3 was obtained in the same manner as in
Example 1.

- Polymeric fluorescent substance 3 had a fluorescent peak’

wave-length of 476 nm and showed a relative value of the

fluorescent strength of 4.2.
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<Production and evaluation of the device)

Polymer LED was fabricated in the'same manner as in Example
1 'except for using polymeric fluorescent substance 3 in place
of polymeric fluorescent substance 1. Voltage. was applied on
the resulted device, to gi.vg EL light emission from Polymeric
fluorescent substance 3. lThe strength of EL light emission

was ap'proximately in proportion to the current density.

Example 4
<{Synthesis .of Polymeric fluorescent substance 4>

folymefic fluore_scent s.u'bstance 4 was obtained in the same
manner as in Example 3 except that
1,4-bis(2-(4-bromophenyl)-2-phenyl- ethenyl -2-(2- ethylhexyl
oxy)-s-methoxybenzene'was used instead of
4,4'-bis(2-(4-bromophenyl)-2 -phenyl-ethenylj_-biphenyl .
The yieldéd amount was 201 mg. Polymeric f luorescent substance
4 contained repeating units- represented by the following
forml_:llae (7) and (10) at a molar ratio of about 9:1, depending

on the charging ratio of monomers.

CgHy7 - CgHiz . 7)
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n..clo(lo)

Polymeric fluorescent substande 4hada polystyrene-reduced
average molecular weight of Mw=25,600, Mn=8,400. Polymerié:_
fluorescent substance _3 could be dissolved in a solvent. s-uch'
as toluene, chlorof_orm. and the like.
<Evaluation of fluorescent pro'pe;:ty>

The relative value of the fluorescent strength of Polymeric
fluorescent substance 4 was obtained in the same manner as in
Example 1 |

Polymeric fluorescent _substa.r.lce. 4 had a fluorescent peak'
wavé-length of 504 nm and showed a relative wvalue of the
fluorescent strength of 2.9.
<Pro.duc£ion and evaluation of the device)

Polymer'LED was fabricated in i:he same ménner as in Example
1 except for using polymeric fluoresc_:ént Substande 4 in place -
of polymeric flﬁorescent substance 1. Voltage was applied on
the resulted device, to give EL light emission from Polymeric
fluorescent substahce 4. The strength of EL light emission

was approximately in proportion to the current density.

Example 5
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Under an inert atmosphere,
2,7-dibromo-9,9-dioctyl£luorene (560 mg, 1.0 mmol),
2l, 5-bis(2-( 4-bromophenyl) -2-phenyl-ethenyl)-2-octyldimethy
lsilylbenzene (83 mg, 0.11 mmol) were dissolved in
tetrahydrofuran (10 ml), and to this was added magnesium (53
mg. 2.2 mmol), nickel chloride (NiCl,) (10 mg, 0.077 mmol) and
bipyridyl (12 mg, 0.077 mmol), and the mixture was heated under
reflux for 5 hours. After cooling, the reaction solution was
added dropwise into methanol (100 ml), and the deposited
| precipitate ﬁas filtrated off. The resu.lted precipitate wés
.dissolved in toluene, washed with dilute hydrochlori.c acid,
then, washed with water, and dried under reduced pressure, to
give Poly:neric fluorescent substance 5. The yielded amount
was 200 mg. Polymeric fluoi:escent substance 5 contained
| repeating units represeﬁted by the following formulae (7) and'
(11) at a molar ratio of about 9:1, depending on the charging

ratio of monomers.

QO

CgHyz Cshhy e ()
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-

oco--(ll)

Pblymeri‘c fluorescent substance5 haid a polystyrene;-reduced
average molecular weight of Mw=13,600, Mn=5,900. Polymeric
fluorescent substance 5 could be dissolved in a sblvent such
as toluene, dhlorofﬁrm and the like. |
<Evaluation of fluorescent property>

The relative value o.f the fluorescent étrength_ of Polymeric
fluorescent substance 5 was obtained in the same- manner as in
Example 1. |

Polymefic_fluorescent substance 5 had a fluorescént peak
wa#é-length of 486 nm and'showéd a relative value of the
fluore#cent strength of 3.5.
<Prodﬁction and evaluation of the device)>

Polymer LED was fabricated in the 'same'_manneﬁ:'" as in Example
1 except for using polymeric.fluorescent substance 5 in place
of polymeric fluorescent substénce 1. Voltage was applied on
. the fesulted.dévice, to give_EL light emission from Polymeric
fluorescént substance 5. The strength of EL light emission

was appi‘oxiin'ately in proportion to the current density.
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Example 6
<{Synthesis of Polymeric fluorescent substance 6)

Under an inert atmosphere,
9,9-dioctylfluorene-2,7-bis(ethylene boronate) (314 mg, 0.59
mmol), | |
9,10-bis(2-(4-bromophenyl)-2-phen§1-etheny1)-anfhracene
(390 mg, 0'. 56 mmol) anéi aliquat@ 336 (manufacture_d by Aldrich,
220 mg, 0.55 mmol) were dissoivgd in toluene (10 ml) and to
thiswasaddelemlofanaqueoussolﬁtionofpotassiumcarbonate
(290 mg, 2.1 mmol). Further, | |
tefrakis(triphenylphosphine )Jpalladium (21 mg, 0.018 mmol) was
added, and the mixtﬁre was heated under_reflux for 20.hours.
-Aftercooling;theorganidlayerwésaddeddropwiseintOmethanol;
and the deposited precipitate_was filtrated off. This ﬁas
dissolved in toluene (100 ml), énd.washed.with 3% oxalic acid
water, then, #ater; and the organic layer was distilled off
‘under reduced pressure. The residue was dissolved in toluene
(20 mi) and added dropwise into methanol, and the deposited
precipitate was filtrate..d 6ff, to obtain Polymeric fluorescent
substance 6. The vielded amoﬁnt was 280 mg. ,Pblymeric
fluorescent substance 6 contained repeating units represented
by the following formulae (7) and (12), bohded alternately,
at a molar ratio of abdut i:l, dependiﬁg on the charging ratio

of monomers.
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""'(12)

_ -~ Polymeric fluorescent substance_ 6 had apolysty'rene-reduce'd'
average molecular weight .of Mw=22,000, Mn%8,800. _ Polymeric
fluorescent _substance' 6 could be dissolvéd in a solvent such
as toluene, chloroform and the like.
<Eva1ué.tion of fluore_scent_ property>

The relative value of the fluores?:ent. strength of Polymeric
flubreécent substance 6 was obtained in the same manner as ih
Example 1.

Polymeric fluorescent s-ubsténce.s had a fl_uorescent peak
wave-lengfh of 548 nm and showed a relative value of the_

~ fluorescent strength of 0.41.

Example 7
{Synthesis of Polymeric fluorescent substance 7>
_Polyméric fluorescent éubstance 7 was obtained in the same

manner as in Example 4 except that
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1,4-bis ( 2-(4 -bromopheﬁyl) - Z—phenyl;ethenyl- 2-methyl-5-(3,7
—dimethyloctyl)benzéne was used instead of |
9,10 -bis (2-(4-bromophenyl)-2-phenyl- ethenyl )-anthracene.
The yielded amount wés 220mg. Polymeric fluorescent substance
7 contained repeating units represented by the following |

-formulae (7) and (13), bonded alternately, at a molar ratio

of about 1:1, depending on the charging ratio of monomers.

JOLIO

CgHi; CgHiz

.....'(7)

Polymeric fluorescent substance 7hadapolystyrene-reduced
average mdlecﬁ_laf_ weight of Mw=26,100, Mn=10,700. Polymeric
fluorescent substance 7 'cdﬁld be dissolved in a sdlvent'éuch
aé toluene, chloroform and the like.
<Evaluation of fluores.cent pfoperty>

The relative value of the fluorescent. stréngth of Polymeric
fluore’scent.substance 7 was obtéined in the same manner as 'in

Example 1.
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Polymeric fluorescent substance 7 had a fluorescent peak
wave-length of 496 nm and showed a relative value of the .

fluorescent strength of 2.2.

Example 8 _

<Synthesis of Polymeric fiuorescent substance 8.>

| Under an inert atmosphere,

9, 9-diocty1fluorene-2,7-bis('ethylene boronate) (305 mg,' 0.57
mmol),

_ 1,4-bis(2-(4-bromo.phenyl)-2—pheny1-ethenyl)-2-(4-(3,7-dime
thyloctyloxy)-phenyl)benzene (451 mg, 0.547 mmol) énd aliquét_O

. 336 (manuf'actured by'Aldriéh, 220mg, 0.547 mmol) were dissolved
in toluene (10 .ml) and to this was added 10 inl-of an aqueous
solution of potassium carbon'ate- (226 mg, 1. 64_mmol) . Furf_her,

' te.traki.s ( t.ripheny.lphosphin_e ) palladium (1.3mg, 0.001mmol) v}as |
' added, and the. mixture was heated under reflux for 10 hoﬁrs.
Aftercooling, the Qrganid 1ayér was a_dded dropwis e intomethanol .
and the depolsited precipitate was filtrated off, to obtain
Polymeric fluorescent substance 8. The yielded aniount was 280
mg. POlymeric_ fluorescent substance 8 contained repeating
units represented by the following formulae (7) and (14), bonded
alternately, at a inolar ratio of about 1:1, depending 6n the

charging ratio of monomers.



59

--ooo(?)

--0-0(14)

l<Evaluation of fluorescent property>

The relative value of the fluoi‘escent strength bf Polymeric
fluorescent substance 8 was obtained in the same manner as in
‘Example 1. |

Polymeric fluorescent substance 8 had a fluoresceﬁt peak
.wavé-length of 473 nm and showed a relative value of the

fluorescent strength of 2.2.

Comparative_Example 1
<Synthesis of
1,4-bis(2-(4 -Srqmcs_phenyl )ethenyl)-4'-(3,7-dimethyloctyloxy
)biphenyl)>

| Under.an inért atmosphere, 4-bromobenzaldehyde (2.18 g,
11.8 mmol), 2,5'-bis-(diethylmethyl |

phosphonate)-4'—(3,7fdimethyloctyloxy)biphenYl (3.0 g, 5.0
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mmol) and'tert-butoxypotassium (2.0 g, 1.76 mmol) were added
to and dissolved in tetrahydrofuran (30 g), and the solution
was stirred for 3 hours. The soivent was distilled off, and
the residue was dissolved in toluene (200 ml), and hydrochloric
acid water (200 ml) was added. After_liquid separation, the -
aqueous layer was extractéd With toiueﬁe (100 ml). The organic '
layer was combined with this and wés with watér twice; then,
filtrated through Celite®(manufactured by_Aidrich); Tﬁe
organiclayarwasdriedbvarmolécularsieQes,then;thesélvent
‘was distilled off. 'The_resulted crude'pioduct was purified
bysiliCagelcolumnchromatbgraphy(hexane/tbluene),toobtain
.the intended substance. _Theﬂyiélded amount ﬁas 1.36 g, and
the yield was 41%. |
<Synthesis of Polymeric_f;uorescent sﬁbstaﬁce 8>

Under an inert atmosphere,
9;9;diocty1fluofene-2,7-bis('ethylene bor'or_xéte) (185 mg, 0.35
mmol). ' | | | |
1,4-bis(2—(4-bromophenyl)ethenyi-4'-(3,7;dimethyloctyloxy)
biphenyl (223 mg, 0.33 mmol) and aliquét® 336 (manufactured
by Aldrich, 17-mg, 0.042 mmoi) were dissolved in toluene (2.7
g) and to this was added 8 ml of an aqtieous solution o.f' potassium
carbonate (1.13 g, 8.1 mm61). Further,
tetrakis(tripheny]._phoSphiné)palladium (2 rﬁg, .0 .0017 mmol) was
added, and the mixture was heated under reflux for 10 hours.

After cooling, the organic layer was added dropwise into
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methanol/water (1/1). The supernatant was discarded, and
methanol was added to the residue'ana suépended. The |
precipitate was filtrated off, to obtain Polymeric fluorescent
substance 9. The yiélded amount was 290 mg. Polymeric
fluorescent substance 9.contained repeating units represented
by the following formulae (7) and (15), bonded. alternately,
at a molar ratio of about 1:1, depending on the charg_ingrétio

of monomers.

0Owe

CgHy7 CgHy7

oo--o(")

.""'(15)

<Evaluation of.fluoreSGent property>

The relative value of. the fluorescent strength of Polymeric
fluorescent substance 9 was_obtained_ in the same manner as in
Example 1. _ |

Polymeric fluorescent substance 9 had a fluo'rescent peak
wavé-length of 468 nm and showed a relative va;Lue of the

fluorescent strength of 0.27.
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The polymei‘ic fluorescent substance of the present invention
contains an aryleneirinylene structu;:e and a £fluorene structure,
shows strong fluofesqenc':e , and can be suitably used as a polymer
LED or a pigment for laser. The polyfluorene-based polymeric
fluorescent substance of _thé present invention can also be used

‘as an organic solar battery material, organic semiconducfor
for organic transistor, and conductive thin film matérial.'
Further, a polymer LED using this polymeric fluorescent

substance is a polymer 'LEb of high performance which can be
driven at lower volt'a.ge with high efficiehcy. Therefore, this
polymer LED can be preferably uéed as a back light of a liduid
crystal display, a light source in the form of curved surface
or fiat surface fof illumination, or a display device of segment
type, and in apparatuseé such as a flat panel display of dot

matrix, and the like.
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Claims:

1. A polymeric flﬁore_scent substance inanifesting _
fluorescence in sblid state and having a .polystyrene.-.reduced
number-average molecular'weigh_t of 10° to 10° wherein the |
polymeric fluoresclen_t substanc_e c_:onta.ins one ormore of segfnents
represented by the following fdrmula (1) and one ér more of

repeating units represented by the following formula (2):

R (R
—(Af1;C—C+Af2‘—

| b

R2 e s e e (1)
in the .formula, Ar; and Ar, each independently represent an
afylene g’rbup or a divalent heterocyclic compound groﬁp: R> _.
and R; each independently represent a group selected from the
group consisting of a hydrogen atom, alkyl groups, aryl groups,

heterocyclic compound groups and cyano group; R; and R, each

'independent'ly represent a group selected from the group

consisting of alkyl groups, alkoxy groups, alkylthio groups,

alkylsilyl groups, alkylamino 'groups, aryl groups, aryloxy

groups, arylsilyl groups, érylamino groups, ai:‘jlalle groups,

arylélkoxy groups, arylalkylsilyl groups, arylalkylamino

‘groups, arylalkenyl group_s', 'arylalkinyl groups, monovalent

heterocyclic compound groups and cyano group; a and c each

- independently represent an integer of 0 to 4, and b 'represe'nts

an integer of 1 or more; when b is 1, a and ¢ do not represent

AT
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0 simultaneousiy;'when b is 2, _at least one of groups R; and
R; represents a group other than a hydrogen atom and cyano group;
when b is'3 t_:r more, a and ¢ do not represent 0 simultaneously
if both of R, and R; are a hydrogen atom; when a is 2 6r more,
a plurality of Rls. may be £he same or different; when ¢ is: 2
or moré, a plurality of Rys may be the same or different; R;
"to Ry may be connected to form a ring; and when R; to R, aré
a group containing an alkyl chain , oné' or more of a methyl‘ group,
methjrlene group and methine group constituting this alkyl chain

may be substituted with a group containing a hetero atom,
R) R
e (Rs),

R; R
5 '8 ceere(2)

~in the formul'a, Rs and Rg each independently represent a gfcup
selected from the '.group consisting of a hydrogen atom, alkyl
groups, aryl groups and monovalent heterocyclic compound

groups; R; and Rg each independently fep'resent a grdup selected
-frdm the group qonsisting of alkyl groups, alkoxy groupé,

alkylthio gfoups, a_lkylsiljyl groups, alkylamino groups, aryl
‘groups, aryioi:y groups, arylsilyl groups, ~arylamino groups,
arylalkyl groups, arylalkéxy groups, érylaikylsilyl groups,
arylalkylamiﬁo groups. monovalent heterocyclic compound_groﬁps
and cyano group; k and 1 each_rindépende_ntly represent an integer

of 0 to 3; when k is 2 or more, a plurality of R;s may be the

A
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same or different; when 1 ié 2 or more, a plurality of Rss may
be the same or different; two br more of Rs; to Rs may be mutually
connected to form a ring; and when Rslto Rg are a group cohtain.ing
an alkyl chain, this alkyl chain may be interrupted with a group
containing a hetero atom.

2. A polymeric fluofescent substance manifesting
fluorescence in solid .state and having a polystyrene-reduced
number-average molecular weight of 10° to 10° wheJ;.‘ein the
polymeric fluorescerit -substance contains one or more of
repeating units represented by the formula. (.2) and one or more

" of répeating units represented by the following formula (3):

Rio Ry4

Al’3 ,_ , Ar4

(lLQ)m ('Lﬁ)n | eeee(3)

in the formula, Ar; and Ar4 each independently répresent an
arylene group or a divalent heterocyclic compound group; Rig
and R;; each ihdependently represent a group selected frbm the
group consisting of a hydr_ogen atom, alkyl groups, aryl groups,
mdnovaient heterocyclic compound groups and_cyano group; R,
and R;; each independently represent a group selected from the
group _consistiﬂg of.'alkyl groups, alkoxy groups, alkylthio

, groups,' alkylsilyl gro_ups,l a_tileamino_ groups, aryl groups, |
aryloxy groups, arylsilyl gioup_s . ai:ylamino groups, aryla;.kyl

- groups, arylalkoxy groups, aryiaikylsilyl groups,

* [+ L M S *
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arylalkylamino groups, arylalkenyl groups, arylalkinyl groups,

heterocyclic compound 'groups and cyano group; m and n each
independently represent an integer of 0 to 4; m and n do not
represent 0 simultaneously; when m is 2 or more, a plurality
of Rys may be the same or different; when n is 2 or more, a
plurality of Riss maiy be the same or different; Ry, to R;; may

be connected to form a ring; and when Ry to R;; are a group

'containing an alkyl chain, one or more of a methyl group,

methylene group and methine group Qonstituting this alkyl chain
may be substituted' with a g‘roﬁp containing a hetero atom.
3. lTh'e polymeric fluorescent substance according to Claim.
2 wherein the total .amount of repeating units represented by
the formulae (2) and (3) is 50 mol%d or more based on the total |
ainount of all rep_ea.ting'units ’ and.th'e total amount of répeating
units repreéentéd by the formula (3) is 0.1 mol% or more and
50 mol% or less based 6n the totai amount of the repeating units
represented by the formulae (2) and (3).
| '4. The polymeric f.luoréscerit' substance according to Claim
3 wherein the group rebresented by the.- formuia (3) is a group

representéd by the following formula (4)
R14Bis

(R13)i ' | (R16).j ..;..(4)

a in the formula, Ri4 and R;s each independently represent a group

selected from the group consisting of a hydrogen atom, alkyl

AR
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| groups, aryl groups, heterocyclic compound groups and cyano
group:; R;i and Ry ea.ch independen_tly represe'nt a group selected
from the group consi'sting of aikyl groups, alkoxy groups,
alkylthio groups, alkylsilyl groups, élkylamino groups, aryl
groups, aryloxy groups, arylsilyl groups, arylamino groups,
arylalkyl groups, arylalkoxy groups, arylalkylsilyl groups,
arylalkylamino groups, monovalent heterocyclic compound groups
and cyano group; i and j each independently repreSéﬁt an integer
of 0 to 4; 1 and j do not represent 0 simultaneously; when i
is 2 or more, a plurality of R13s may be the same or-different;
when jis2 ormore . aplurality 6f Rissmaybe the same or different;
and Ri; to Ris majr be connected to form a ring. |

. 5. A polymeric ,fluore_sceht substaﬁce manifesting
fluoreécen’ce‘ in solid state and having a polystyﬁ:éne-reduced
number-average molecular weight of 10 to 10° wherein the
polymeric fludrescent subsfance contains one or niore of
repeating u‘_nits répresented by the forinula (2) and one or more

of repeating units represented by the following formula (5):
Tw o FI‘19 |

AI'5 —-, - Al"s = ‘ Ar7
R"S : RZO oooo.l(s).

| in the formula, Ars, Arg and Ar; each independently' rep.feéent
an arirlehg group or a divaleﬁt heterocy’cli_c compound group;
R;; and Ry each independently re;.n_:.ese.nt a group selected fr_oml :
the group _consis:tin'g of a hydrogen_atom,' élkyl groups, aryi

L .
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groups,monovalentheterocycliccompbuﬁdgroupsandcyenogroup.
. One or more of R;7 and Ry, represent a group other than a hydrogen
atom and cyano group; tv}o or more.of R;7 and Rag maj be mutually _
connected to formaring; and when Ri7 to Ry are a group containing
an alkyl chain, this alkyl chain may be interrﬁpted with a group
containing a hetero atom. |

6. The poiymeric fluoreseent substance according to Claim
5 wherein the total amounf of repeating units represented by
the formulae (2) and (5) is 50 mol% or more based on the total
amount of all repeatihg units, and the tetal amount of repeating
units represented by the formula (5) is 0.1 mol% or more and
‘50 mol% or less based on the totai aiﬁount of the repeating units
.represented by the-formulae (2) and (5).

7. The polymeric fluorescent substance according to Claim
6 wherein the group representedeby the formuie (5) is a group'

represented by the following formula (6)

o-..o(6)

in the formula, Ars represents an arylene group or a divalent
' heterocyclic compound group; Ra; and. Rz4 each independently
_.represen't a group’ selected from the group consisting of a

hydrogen atom, alkyl gro_ﬁps, aryl groups,. mo_novalént

MR
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heterocyclic compound groups and cyano group; R21-, Ras, st and

Ry¢ each indepeﬁdently represent a group selected from the group
consisting of alkyl groups, alkoxy groups',' alkylthio groups,
alkylsilyl groups, alkylamind groups, aryl groups, aryloxy
gr.o_ups, arylsi]_.yl groups, arylamino groups,.arylalkyl gi'oups,
arylalkoxy groups. arylalkyJ.silyl groups, arylalkylamino
groups, monovalent heterocjclic coiripdund groups and cyaho group.
.o and r each independently represent an integer of 0 to 4, ar_ld

p and q each indéependently represent an integer of 0 to 5; when

.o is 2 or more, a plurality of R, s may be the same or different :

-when pis2ormore, apluralityof R;;smaybe thesameordifferent;

whengis 2 ormore, aplurélity of R;ss may be the same or differen_t :
whenris2 §r more ,'aﬁlﬁralit'y of R-zss may be the same ordifferent;
two lor more of Ry and R may be mutually cor_mected to fdrm
a ring; and when Rj; to Ry are a group containing an alkyl Chain,
tl_lis alkyl group may be _i_hterrupte’d with a groub containing.'
a hetero atom. | | |

8. A polymer light emitting devicg cqmprising at least a
light emitting layer between a pair of electrodes cbmpo_séd- of

an anode and a cathode at least one of which is transparent

. or semi-transparent wherein the light emitting layer contains.

a 'polymeri_c fluorescent substance according to any of Claims.
1 to 7.
| 9. The polymer light émittin'g device according to Claim

8, further comprising a llayer cbntaining an conducting polymer

T
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disposed between one electrode and the light emitting layer
so that the layer containing an conducting polymer is adjacent
to said electrode. |

10. The polymer lighf emitting device according to Claim
8, further comprising ah insulation layer having a thickness
of 2 nm or less disposed between one electrode and the light
em:l.tting layer so that the insulation layer is adjacent to said -
electrode.

11. The polymer light emittihg device according to any.of
Claims 8 to 10, fﬁrther gofnprisi_ng a iayer comprising an electron
- transporting compound disposed betw_eeri the cathode and the 1ight
emitting layer so that the 1ayer cdmprising an electron
transpbrting cbmpound is adj ad_ent to said light emitting layer.

: 12..' The polymér light 'er.nit_ting _device according to any of
Claims 8 to 10, further comprising a layer comprising a hole
- transporting compound dis‘pred betv}een the anode_ and'the 1ight'
emitt_ing layer so that the layer comprising a hole transporting
compound is adjé.cent 'td said .light emittin'g layer. |

13. The pol‘yﬁter light emitting. device according to any o_f
Claims 8 to 10, further com'pris.i.ng a laYei:' comprisingan electroﬁ
transpOrting compound ahd a layer comprisingahole tr.ansportirllg '
' dompound disposed between the cathode and the light emitting
:_layej:" so that -the layer comprising an eiectron tré.ns;ﬁorting
coinpound 'is-_adj acent to said light emitting layer, and the 1a§er

. comprising a hole transporting compound is adjacent to said

T —
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lighf emitting layer.

14 . A flat 1ight source obtained by using the polymer light
emii:ting device of any of Claims“ 8 to 13.

15. A segment display obtained by using the polymer light
emitting device of any of Claims 8 to 13.

16. Adot matrix display obta;i.ned by using the polymer -lighf
emifting device. of any of Claims 8 t.o 13.

17. A 1iquid crystal display obtained'by_uéing the polym_er

light emitting device of any of Claims 8 to 13 as a back-light.

|
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