G 1 COPCLYMER, POLYMER COWVPOSI TI ON AND POLYMER LI GHT-EM TTI NG DEVI CE
BACKGROUND OF THE I NVENTION Field of the Invention The present invention
relates to a copolynmer, a polymer composition and a polyner light-emtting
device (hereafter, referred to as "polyner LED') Description of the
"Related_Art ~-_FElectronic nmaterials usin g mer conpounds are variously
i nvest i%%ﬁwlﬁﬁ J%Wi@@ﬁé@%ONAﬁﬁgg ORENER EIGHT-EMEITENG ng a
subst i ':Pteﬁ‘gld non-substituted repeating wunit consisting of

fluore 7Ed|yl group (fluorene repeating unit) are studied since a
light emtting layer etc. in a light-emtting device can be fornmed by a
coating nethod, for exanple, as a polyner light-emtting nmateri al
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Description of the Related Art
. . . | Electronic materials using polymer compounds are |
variously investigated for electronic devices. Ambng them,
copolymers having a substituted or non-substituted repeating
unit consisting of fluorene-2,7-diyl groﬁp (£luorene
repeating unit) are studied since a light emitting layer
etc. in a light-emitting device can be formed by a coating
method, for example, as a polymer light- emitting material
( polymer:.c fluorescent substance).
As a copolymer havin_g a fluorene repeating unit, 'for
examplé, J. Mater. Sci. Mater. Ele., volume 11, 'page 111
.. (2000) discloses a copolymer consisting of one kind of
fluorene repeating unit, and a repeating unit, such as
_phenylene or naphthalene-diyl. Moreover, as a copolymer .. . ..
consisting of two kinds of fluorene repeating units, for
example, Adv. Mater. volume 12, page 362 (2000) discloses a
1:1 copolymer of 2,7-19,9-bis(25-2-methylbutyl) ]fluorene and
2,7-(9,9-bisdioctyl)fluorene.

In order to produce a light emitting layer of a light-



te 2 emtting device uniformy by a coating nethod using a fluorene
copolyner as a polyneric fluorescent substance, excellent solubility of
the copol yner in an organic solvent is required. Mreover, in order to
i'nprove the stability of the Iight-eqitting device, high glass transition
tenperature of the copolyner is-requiTed. However, the above known
fluorene copolyners still have insufficient solubility in an organic

sol vent oremitisiid i déeite hASSotmBRShY ANcbatRaRmMethod s ialy et of the
present invention is to provide a copolynmer conprising a fluorene

repeati ng flhidremavedigo Byme£x&€| depblomerbil Fllyore sdend gauibsr@ntyent, and
a high glass transition tenperature in good bal ance, and to provide a

pol yner LEXaEllemth peldbihbigeofsthé espbiymes Hagandoinganic asulvemh

| um nance, with using the copolyner. As a result of intensive studies

t o' sol ve tie mEmvirederMopaedep) obheasderhtopimpantre nhentstrebflityd ddhat a
copol yner having two kinds of fluorene repeating units, and a repeating
unit, suchthes Jgight4enttting adeopot ynpighaglags twansitdonoftenparanere
repeating units in a specific ratio, has an excellent solubility in an
organi ¢ s&fi/diiie npalymnem igloeguiredsition tenperature in sufficiently
good bal ance, and conpleted the present invention. Mreover, as a result
of further studiPwe¥Rr pridiembovevienewnsflyangnehgopslysesisy mtrilHahane a

pol ystyrene reduced nunber average nol ecul ar wei ght of 103-108, and
insufficient solubility in an organic solvent or

Insufficient glass transition temperature.

‘. - The object of the present invention is to provide a.
copolymer comprising a fluorene repeating unit, having an
excellent solubility in an organic éolvent, and a high glass'
transition temperature in good balance, and to provide a
polymer LED of high performance, sﬁch as low-voltage driving
and high luminance, with using the copolymer.

As a result of_intensive studies to‘éolve the abové-
mentioned problems, the present inventors found that a
copolymer having two kindé of fluo:ene repeating units, and“ 

" a repeating unit, such as pheﬁylene, or a copolymer having_
two kinds of fluorene repeating units in a specific ratio,
has an excellent solubility in an organic solvent and é high
glass transition temperature in sufficiently good balance,
and completed the present invention.

Moreover, as a result of furtherAstudy, the present
inﬁenfors found.that é copolymer ha#iﬁé a polystyrene
reduced number average molecular weight of 10°-10%, and

exhibiting fluorescence in the solid state, wherein the



exhi biting fluorescence in the solid state, wherein the a 3 bel ow defined
val ue Ti pH <T1lpH> is 0.35 or less, has an excellent solubility in an
organi c solvent, and that a polynmer conposition conprising two kinds or
more of copol ynmers having a pol ystyrege reduced nunber average nolecul ar
wei ght of 103-108, and exhibiting fluorescence in the solid state, wherein
t he bel ow _defined value TlpH <T1lpH> is 0.35 or less, can give a uniform

film suvisRevodefing N TA{ <Tso HE heSpPedBneTi AeSSt| Hs @Mt es to.
[1] a copol ner haV|n a olystyrene reduced number averag nmol ecul ar
wei ght of Hy anrepeanifgsaavents eprésdhadd By formul a

(D, one or nor e klnds of repeatlng units represented by formula (2), and
one or %XmﬁﬁsQﬂmPQ%iﬁ%ﬁmrgpmwﬁ4%1¢apF@@e iedspori BPFE 8L 3) .

Furthernnre, t.he present, invention relates to olyner havi ng a
pol yst yrerFé’HDé‘é’ER?&f ga‘?‘/eP%\Jg?éStm%%u?%ﬁiu&E&gﬁFmBP 165EFG€e wher ei n
(D) and . SRGest il sekent ¢ pfi%'&ﬁf.-ﬁ%‘ hw@iﬁi%ﬂ%&ﬁéﬁ PR dfove
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formul a Wejgmta g9 dﬁﬂ@ﬁf%ﬂg}_dﬁu t represented

That is, the present invention relates to [1l] a

‘. copolymer having a polystyrene reduced number average
molecular weight of 10°-10°, and comprising a repeating unit
represented by formula (1), one or more kinds of repeating
units represented by formula (2), and one or more kinds of
repeating units represented 5y formula (3).

Furthermore, the preseﬁt invention relates to [2] a
copolymer having a'pplysfyrene reduced number average
molecular weight of 103—108; wherein the copolymer comprises
@ repeating unit represented by the above formula (1) and

. one or more-kinds of repeating units represented by the
above formula (2); the repeating unit represented by an
above formula (1) i1s 10 to 40% based on the total of the

‘moles of the repeating unit represented by the above
formulas (1) and (2); and the formula weight of the
repeating unit represented by formula (1) is smaller than
any of the formula weight of the-repéating unit repfeseﬁted

by formula (2).



by formula (2). S4 (RR-mR R2 ---(i) wherein, Rl and R2 each

I ndependently show a hydrogen atom al kyl group, aryl group, or nonoval ent
het erocyclic group; R3 and R4 each independently show al kyl group, al koxy
group, alkylthio group, alkylsilyl grgup, alkylamno group, aryl group,
aryl oxy group, arylsilyl group, arylam no group, arylalkyl group,
arylalhmq(g oup, aryl pkkyl silyl group, arylalkyl am no group, nonoval ent
het er ocyclyi 9 N0 group; mand n each independently show an

i nt eger of is two or nore, a plurality of Ras nay be the sane
or different two or nore, a plurality of R4 nmay be the sane or
different;' of Rl, R2, R3 and R4, may be nutually connected to

forma king; an en RI, R3, R3, or R4 contains an al kyl chain, the alkyl
chain may be Fﬁnterﬁgpted by a group,containing a hetero atom Rk R R5 R6
----- (2) wherein, R5 and R6 eath'rnﬁébendently show a hydrogen atom

al kyl group, aryl group, or a nonoval ent heterocyclic group; either R5 or
R6 is different fromeither RL or R2;. R7 and Re 5 each independently show

21 SR Kol el (UL Bt e
group, alkyl group, aryl group, or monovalent heterocyclic group:
R; and Ry each independently show alkyl group, alkoxy group,
alkylthio group, alkylsilyl group, alky;amino group, aryl
" ’ group, afyloxy group, arylsilyl group, afylamino group,

- arylalkyl group, arylalkoxy group, arylalkyl silyl group,
arylalkyl amino group, monovalent heterocyclic group, or
cyano group:; m and n each independently show ah integer of
0-3; when n is two or more, a plurality-of R;s may be the
same or different; ﬁhen m is two or more, a plurality of R,
may be the same or different; two or more of R;, Rz, R; and
Ry, may be mutually connected to form a ring: and when R,,
R;, R3, or R; contains an.alkyl chain, the alkyl chain may be

. interruptéd by a group containing a hetero atom,

(R R
L)

R Rs

wherein; Rs; and R each independently shbw.a hydrogen atom,
alkyl group, aryl group, or a monovalent heterocyclic group;

either Rs or Rs; is different from either R, or Ry; R, and Rg



aryl al kyl group, aryl al koxy group, arylalkylsilyl group, arylalkylamno
group, nonoval ent heterocyclic group, or cyano group; k and 1 are each

i ndependently an integer of O to 3; when k is two or nore, a plurality of
R, s are the same or different; when 15is two or nore, a plurality of R8 is
t he sane or different two or nore of R5, R6 R7 and R8, may be connected
mutually to_f en R5, contai ns an al kyl
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Furthernore, the present invention rel'ateS to | 4] "a polyner conposition
conpri si NgoR ELPOLYERE ; haneﬂglaiaowat BrefBre’ eQUGAGAHINRGF W erAdes

nol ecul ar wei ght of 103- 108, and
the same or different; two or more of Rs, Rs, R; and Ry, may
"‘ be connected mutualiy to form a ring; and when Rs, R¢, Rq, OT
Rs contains an alkyl chain, the alkyl chain may be
interrupted by a group containing a hetero atom,
—Ar—
wherein, Ar; shows an arylene group, divalent heterocyclic
group, or divalent aromatic amine group.

“Further. the present invention relates to [3] a
copolymer having a polystyrene reduced number average
molecular weight of 10°-10%, and exhibiting fluorescence in

. the solid state, wherein the value (ATMHMTQH)) obtained
by dividing the difference (ATlpH).between the maximum -
value of T;,H and the minimum value of T;pH by the average

~ value (XTi,H>) of Ti,H, is 0.35 or less; here, relaxation-
time (T,,H) of proton in a spin iock magnetic field is
measured by ’C nuclear magnetic resonance with carrying out
high-speed rotation of the f£ilm of the copolymer around a
magic angle (axis inclined to static magnetic field by 54.7

-] . . .
) in so0lid nuclear magnetic resonance.



exhi biting fluorescence in the solid state, and a copol yner described in
the above [1] or [2]. Furthernore, the present invention relates to [5] a
pol ymer conposition conprising a copolyner of the above [1l] and a

copol yner of the above [2]. Furthernnrﬁ, the present invention relates to
[6] a polymer conposition exhibiting Tluorescence in the solid state, and
conprising two of nore kinds of polynmer conpounds havin% a pol ystyrene
reduced n aIERe e apresenhelgventionioelagss kierlddln ar THRTEHH> i s
0.35 or less, here, TIOH is nmeasured by 13C nucl ear nmagneti c resonance
with carr@ompossitiian JHERREIi R Gt At OROHYMERNAVARS 8 Pﬂié’%?dl%ﬁf@
conposition around a magi c angle in solid nuclear nmagnetic ,resonance.

DETAI LED BieSEResr |Q9mh§r'ﬁ%?#%&%ﬂn¢tquﬁercﬁﬁésbﬁepf[iP o0t he2Bfesent

i nvention i pol ymer whose poly rene_reduced nunber average
nol ecul ar & £h£3$ﬂ¢ g/ HIRTERCCRGR) %%n§¥?s$ﬁ§i§ FEEESviﬁ@duﬁtQOHéiﬁﬁ%%nted

by the ab 1 e Ki repeating units represented
bz t he ab 31% g'r%f% aqr'h)"v%n F%fkl nds 01I‘D repegti ng uni tg

ted b b f I 3 I 1
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nydr 09en tnod vy Borffh M ¢dn Lsies SThg"y' e 558 PneE of”%ﬂovebo% (1]
and a copolymer of the above [2].
Furthermore, the present invention relates to [6] a
. ~ - polymer composition exhibiting fluorescence in the solid
state, and comprising two of more kinds of polymer compounds
having a polystyrene reduced number average molecular weight
of 10°-10°, wherein Ti,H/<TipH> is 0.35 or less, here, Ti,H
is measufed by *C nuclear magnetic resonance with carrying
out high-speed rotation of the f£ilm of the polymer
composition around a magic angle in solid“nuqlear magnetic
resonance.
DETAILED DESCRIPTION OF THE INVENTION
. ' The eopolymer [1] of the present invention is a
copolymer whose polystyrene reduced number average molecular
weight ie 10°-10%, and comprising a repeating unit
" represented by the above formula (1), one or more kinds of
repeating units represented by the above formula (2), and
one or more kinds of repeatlng units represented by the
above formuia (3) - | -

R; and R, of the above formula (1), and Rs and Re¢ of the

above formula (2) each independently represent a hydrogen



The al kyl group may be any of linear, branched or cyclic, and usually has
about 1 to 20 carbon atons, and specific exanples thereof include nethyl
group, ethyl group, propyl group, i-propyl group, butyl group, i-butyl
group, t- butyl group, pentyl group, |§oanyl group, hexyl group,

cycl ohexyl group, heptyl group, octyl group, 2-ethyl hexyl group, nonyl
group, decyl group, 3,7-dinethyloctyl group, |auryl groug, etc., and

pr ef er abl @ tmme @emta,ﬂlk}gr AERuUp s EMArYHreupyp hexyd geaapaleatyl group,

2- et hyi hexyl group, decyl group and 3, 7-dinethyl octyl group. The aryl
group usudlgteregycldsutgz®@um. 60 carbon atons, and specific exanples

t hereof include a phenyl group, Cl1-C12 alkox phenyl group, C1-C12

al kyl phenyl gr 8¢ adkaHograp Gy Qﬁk@ﬂYg‘P%u%’-n?&rClgrﬁPQ?P Ph&%oxy Cl-Cl12
al kyl group, .1 napht hyl group, 2-naphthyl etc. In view of high

gl ass trafdidliien Eatharatakly hEﬁ(EEP%Nk% 8%h% yFaEPBRpateme; 2 ang ky| pheny!
group, phenoxy C1-Cl12 al kyl group,_and Cl-Cl12 alkylghenOXé Cl-Cl12 aIkyI
group ar e SPESHELS [exampd 5 thereof rinciade gre thhr #X8RPy FB@@nQﬁp

be substituted by a hal,ogen aton1 Her e, C C12 al kyl ans._.an _al roup
havi ng 1 E5OPYL SECN dvRPSYhBTa WU SEGUBY hapbeloRERER Y (toar

b The al k | k h 12 b
Ay e eﬁégnar%ug iz carbon
monoval ent J&To‘ire%‘i?ic'dr%u%f.o‘ﬂ%p%sy%'&%&E‘? S0P¥1 §roup, 2-ethylhexyl

group, nonyl group, decyl group, 3,7-dimethyloctyl group,

. lauryl group, etc., and preferable_are pentyl group, isoamyl
group, hexyl group, octyl group, 2-ethylhexyl group, decyl
group and 3,7-dimethyloctyl‘group.

The aryl group usually has about 6 to 60 parbon atoms,
and specific examples thereof include a phenyl group, C;-Cj»
alkoxyphenyl group, C;-Ci;; alkylphenyl group, phenoxy C;-Ci:
alkyi group, C,-C,; alkylphenoxy C;-Ci2 alkyl group, 1l-
naphthyl group, 2-naphthyl group, etc. In view of high
glass transition temperature, C;-C;; alkoxyphenyl group C;-Ci>

. alkylphényl group, phenoxy C;-Ci: alkyl group, é_nd C1-Ci:z
alkylphenoxy C;-Ci;» alkyl group are preferable. As for the
aryl group, a part of hydrogen atoms may be substituted by a

halogen atem. R R U

Here, C;-C;; alkyl means an alkyl group having 1 to 12
carbon atoms. The alkyl group may be may be either linear or
brdhéhed. Thé élkoxy groﬁp méans an alkoxy'group haﬁing 1 to
12 carbon atoms. The alkoxy group may be either linear or

branched.



t 60 carbon atons, and specific exanples thereof include a thienyl group,
Cl-C12 al kyl thienyl group (Cl1-Cl2 neans 1 to 12 carbon atons, the sane in
the follow ng), pyroryl group, furyl group, pyridyl group, Cl-Cl2

al kyl pyridyl group, etc., and preferagle are thienyl group, Cl-Cl2

al kyi thienyl group, pyridyl group, and Cl-Cl12 al kyl pyridyl group. In
order to nmake a glass transition tenperature high, Rl, R2, R5 and R6 are
preferably an dhemapaualentyihrtarocycliesgronpcusyedlan &ns ahour i

group, or a nonoval ent heterocyclic gr nor e Rreferably an aIkyI group
having 9 & Gkanior atwums atand, smc&fgc grauplesr themsedy dingdd

het erocyclic group and further referably an al kyl group having 8 or |ess
of carbon EHiERY1 SFouBu ('gr'&;lp,ag‘ﬁyfh thbebyal eﬁt:uaer(gro%x,ncme@n@r F2 The
carbon ataom nunbers of Rl and R3 may be nutually t he sane or, different,
but pref erldbIGRRRMY ahansy r§he ofame ilfhet}éﬁrﬁﬁﬁla’f’bﬂﬂﬁunﬂé’FQr@'fl FEoe R4

may be nutually the sanme or different, but ref rablﬁ gh§¥ are dlfferent
Simi @ arly FRE GRS R GHEFAUR G Gl ksY TRNG 1N s EEO3R RES1d R

and R2 | n P} RHOECRD Ofea?a'erf%?férﬂmfygm Br K61 Geoa bR BR vl S HRLp,
or 1 5. o ek an SRE 'a%cﬁ;f@cc& SR R ERRY YRRy o oup having 5 or
ESEREEv e Ry b Rl it
Ri, R, Rs and Rg are preferably an alkyl group having 12 or
. ~ less of -cafbon atoms, an aryl group, or a monovalent
heterocyclic group; more preferably an alkyi group having 9
or less of carbon atoms, an aryl group, or a monovalent
hete:ocyc;ic group; and further preferably an alkyl group
having 8 or less of carbon atoms, an aryl group, or a
monovalent heterocyclic group.

The carbon atom numbers.of R; and Rg'maylbe‘mutually,
the same or différent, but preferably they are different.
The carbon atom numbers of R; and Ry may be mutually the

‘. | same or different, but preferably they are different.
Similarly, the carbon atom numbers of R, and Rz, and those
of R; and Rs; may be also the same or different, but
preferably they are different.

R; and R; in formula (1), are preferably an alkyl group
and an aryl group, more preferably an alkyl group, further
preferably an alkyl group having 8 br less.of'cafbbn atoms,
especially preferably an alkyl group having 5 or less of

carbon atoms, and most preferably iscbutyl group. When R;



o cyclic, and preferably branched. R5 and R6 in fornula (2), are
preferably an al kyl group, an aryl group, and a nonoval ent heterocyclic
group, nore preferably an al kyl group having 7-8 carbon atons, an aryl
group having 7-8 carbon atons, and a q?novalent het erocycl i c group having
7-8 carbon atons, especially preferably an alkyl group having 7-8 carbon
atons, and nost preferably n-octyl group. In the above fornmula (1), mand:
n are eacland Mdeperdaldkiyl amoupiscgaheyf may de8.anthent nliseamp branched a
plurality of R4 may be the sane or different. When nis two or nore, a
pluralitycdf d®liny, End refembly dhfdrmcleed. Mreover, two or nore of
R1-R4 may be connected to forma ring. Wien RI-R4 is a group containing an
al kyl chain, s&sdandl Ryl inhfbrmuikg b2)i narer ppederiaply @rowptkwht ai ning a
hetero atom In the above formula (2), k and 1 are each independently an

i nt eger ofgI®urp &An Ayl lgieupweant avrenowalentrheteyoeycRic gnoW® .same or
different. When 1 is two or nore, a plurality of Re is the sane or

di f f er ent mowsr PFeferabdso an addkwl GTRP HBRVEYI bé- 8 oAAEBPRd 2teMBor @™ ri ng.
Furthernore, when R5-R5 is a group containing an_al kyl chain, said alkyl
chai n may &L GrauRuRMSEnY Tr iyreafPor aHEAMH i@ APEREVALERAL Here, as a
hetero atom.in the gqroup containing a hetero atom exe Iifiii are an
oxygen at@ﬁﬁnggmqﬁicqugﬁpipqyyﬁg 7-8 carbon atoms, especially

preferably an alkyl group having 7-8 carbon atoms, and most
preferably n-octyl group.

. | In the above formula (1), m and n are each
independently an integer of ¢ to 3. When m 1is two ox more, a
plurality of R; may be the same or different. When n is two
or more,.a plurality of R; may be the same or different.
Moreover, two or more of R,-R; may be connécted-to form a
ring. When R;-R; is a group containing an alkyl chain, said ‘
alkyi chain may be interrupted by a group containing a
hetero atom.

In the above fdrmula (2), k and 1 are each

. independently an integer of -Olto 3. When k is two or more, a
plurality of R, is the same or different. When 1 is two or
more, & plurality of Rg is the Same or.different. Moreover,
two or more of Rs-Rs may be connected to form a ring.
Furthermore; when Rs-Rs is a group containing an alkyl
chain, said alkyl chain may be interrupted by a group
containing a hetero atbm. o

| Here, as a hetero atom in the group.containing a hetero

atom, exemplified are an oxygen atom, a sulfur atom, a



ik trogen atom etc.

are exenplifiedd R R R O I I 1 Il -0--S -N -B- -Si- -C0OO0O0O
-CO -OC -NCG -CGNI I i RRHere, as R, exenplified are
hydrogen atom an al kyl group havi ng 4} 20 carbon atons, an aryl group
havi ng 6-60, and a nonoval ent heterocyclic group having 4-60 carbon

atons. R3 and R4 in the above fornmula .(1), and R7 and R3 in the above
formul a (Ditragen rcbependerd) y represent an al kyl group, al koxy group,
al kylthio group, alkylsilyl group, alkylamno group, aryl group, aryloxy
aryl si | Ws tjreogrowy Wamiainingup, hatgtal &ybmgr 6ap lowipkalgkeiaps

11 11

group,
gr oup,

aryl al kyl silyl group, arylal kylam no group, aryl al kenyl group,

aryl al kyny@regrexgmp Lddiriedl ent het erocyclic group, or cyano group, and an
al kyl group and an al koxy group are referable. The al kyl group may be any
of linear, branched, or cyclRc, andRusuallyRhas ab@ut 1 to 20 carbon
and specific exanpl es|thereofl i ncludé a neteyl group, ethyl group,

gr oup, —2 pr opytS gr oup=Nbut yI—8roup, "’iSlib'ut yI—

at ons,
propyl

R ]
o) o o) 0
1 I I I
—C-0— —0-C— —N—C- —C-N-
R’ R’

Here, as R', exemplified are, a hydrogeﬁ atom, an alkyl
group having 1-20 carbon atoms, an aryl group having 6-60,
and a meonovalent heterocyclic group having'4—60 carﬁon
afoms. _ _

R; and Ry in the above formula.(l), and R; and Rg in the
above formula (2) each independently represent an alkyl
group, alkoxy group, alkylthio group, aikylsilyl group,
alkylamino group, aryl group, aryloxy group, arylsilyl
group, arylamino group, arylalkyl group, arylalkoxy'group.
arylalkylsilyl group, arylalkylamino group, arylalkenyl:
group, arylalkynyl group, monovalent heterocyclic group, or
cyano group, and an alkyl group and an alkoxy group are
preferable.

.The alkyl group may be any of linear, branched, or
cyclic, ‘and ﬁeuailylhas about l'fo Zb carbon.atohe;.aﬁd
specific examples thereof include a methyl group, ethyl

group, propyl group, i-propyl group, butyl group, i-butyl

As the group containing a hetero atom follow ng groups

a



1 group, t-butyl group, pentyl group, isoanyl group, hexyl group,

cycl ohexyl group, heptyl group,. octyl group, 2- ethylhexyl group, nonyl
group, decyl group, 3,7- dinethyloctyl group, lauryl group, etc. Pentyl.
group, isoanyl group, hexyl group, oiHyI group, 2-ethyl hexyl group, decyl
group, and 3, 7-dinethyl octyl group are preferable. The al koxy group may be
any of linear, branched or <cyclic, and usually has about 1 to 20 carbon

atons, androapecitFbatgiagpbep,t bentyfl igrduple sdmgrly group, beXpiy group,
propyl oxy group, i-propyloxy group, butoxy group, i- butoxy group, t-butoxy

group, pegtphpxycgcaohexiydogmplupxy hegropip grmxyl oxgtyt ogpeupyclohexyl oxy
group, heptyl oxy group, octyloxy group, 2-ethyl hexyloxy group, nonyl oxy

group, dethiydkegxglogmoud, 7 nonydt mrougt.ydecylgrastgap | adir ytoxy group, etc.
Pentyl oxy group, isoanyloxy group, hexyl oxy group, octyloxy group,

2- et hyi hedymexhydootayl Q@oyboxﬂa@ﬂﬂkmgnnﬂpf:ﬁtﬂcnﬁﬁ@ﬁvfoEF9PBxy group are
preferable. The alkylthio group may be any of |inear, branched_or cyclic,
and usual igonmylagootpl hexyd @amoydn MW, HHRID splre FRELBRENPI 85°PRar eof

o oup. _ baegIENBBoYBaLBRY 3T PHERSRaRAY L (GG | £3# S58RE2PLBentyl t hi 0
group, isoanylthio group, hexylthio group, cyclo hexylthio group,
heptyl thio grolipe 8dkpr¥hiOEOFPOMEY D@ OheldRedE o RF3Rgh ﬁpﬁ I thio
0" Pbent SYEMS. SGupEuRiReR AP o, P hA T BB BB cE P o
group, specific examples thereof include methoxy group, ethoxy
.- grdup, propyloxy gi:oup, i-propyloxy group, butexy group, i-
butoxy group, t-butoxy group, pentyloxy group, isoamyloxy
group, hexyloxy group, cyclohexyloxy group, heptyloxy group.,
octyloxy group, 2-ethylhexyloxy grpup, nonyloxy group.
decyloxy group, 3,7-dimethyloctyloxy group, lauryloxy group,
etc. Pentyloxy group, isoamyloxy group, hexyloxy group,
octyioxy group, 2-ethylhexyloxy group, decyloxy group, and
3.?-dimethyloctyloxy group are preferable. |
The alkylthio group may be any of linear, branched or
. cyclic, and usually has about 1 to 20 carbon atoms, and
specific examples thereof include methylthioc group,
ethylthio group, propylthio group, i-propylthio group,
butylthio group, i-butylthio group, t-butylthio group,
pentylthio group, isocamylthio group, hexylfhio group, cyclo
hexylthio group, heptjlthio group, odtfithio group, 2-ethyl
hexylthio group; nonyithio grou§; décylthio group, 3,7-
dimethyloctylthio group, laurylthio group, etc. Pentylthio.

group, isoamylthio group., hexylthio group, octylthio group,



}* 12  2-ethyl hexylthio group, decylthio group, and 3,7-dinethyl octylthio
group are preferable. The al kylsilyl group may be any of |inear, branched
or cyclic, and usually has about 1 to 60 carbon atons, and specific
exanpl es thereof include nethylsilyl gmoup, ethyl silyl group, propylsilyl
group, i-propylsilyl group, butyl S|I§I group, i-butylsilyl group,
t-butylsilyl group, pentyl silyl group, isoanylsilyl group, hexyl si

group, cycethgipexyilthicggmomup helioykihid group, avdyBsitaimgtsyp, S

2- et hyl hexyl silyl group, nmonylsilyl group, decylsilyl group,

3, 7- di net bgtydthioi lgpiougr axe prafregdatided group, tri  nethylsilyl group,

et hyl di met hyl silyl group, propyldinethyl silyl group; i-propyldinethyl
silyl group, bGhel ¢ildkatlsilylsigndugymealp, be ¢nﬁy¢g|%%Bﬁ?F-sPF?PCBPQUBr
pentyl di et hyl silyl group, |soanyld|neth | “silyl group hexyldlnethyl
silyl gro@gcliept pndi msualilysinas apaiip, 1 y¢%|%%¥h9ﬂ §#P?F 8rBup

2- et hyl hexyl - di net hyi S|Iyl roup, nonyldlneth silyl

decyl di nesbgeifiicy EXamples afetingbde me %%Wlngngr SGBYl
hoxyl o F?E*iéhofa’a'o%o%&fn‘é%ﬁsfm;&? c”éﬁysluél cinpbeaais D Sapdh, ybla%e@“p’
soanyl o RRLHR ggpﬁsh”eb?éw‘&c”' R °Fprs-t?‘§$ﬂ@$££§ %ef!?lvlj saeha P
57 i et AIREE: SO e E‘fﬁti&yvlgrs"J%T%%’fi%sef%%”?t%uﬁ"y' aroup. - and

cyclohexyl silyl group, heptylsilyl group, octylsilyl group.

" ' 2-ethylhexyl silyl group, monylsilyl group, decylsilyl
group, 3,7-dimethyloctylsilyl group, laurylsilyl group, tri
methylsilyi group, ethyldimethylsilyl group, propyldimethyl
silyl group, i-propyldimethyl silyi group, butyldimethyl
silyl group, t-butyldimethyl silyl group, péntyldimethyl
silyl group, isoamyldiméthyl silyl group, hexyldimethyl
silyl group, heptyldimethyl silyl group,‘éctyldimethyl silyl
group, 2-ethylhexyl-dimethyl silyl group, npnyldimethyl
silyl group, decyldimethyl s;lyl-group, 3,7-dimethyloctyl-

" 7 dimethyl §ilyl group, lauryldimethyl silyl group etc.
Pentyl silyl group, isoamyl silyl group, hexyl silyl group,
octyl silyl group, 2-ethylhexyl silyl group, decyl silyl
group, 3,7-dimethyloctyl silyl group, pentyldimethyl silyl
group, isoamyldimethyl silyl group, hexyldimethyl silyl
group, octyldlmethyl silyl group, 2-ethylhexyl-dimethyl
silyl Qroup, dimethyl silyl group, and 3,7- dimethyloctyl-
dimethyl silyl group are preferable.

The alkylamino group may be any of linear, branched or



The al kyl am no group nmay be any of |inear, branched or 13 cyclic, and

ei ther of a nonoal kyl am no group or a dial kylam no group. The al kyl am no
group usually has about 1 to 40 carbon atons, and specific exanples

t’her eof include nethylam no group, di1|g§et hyl am no group, ethylam no group,
di et hyl am no group, propylam no group, |-propylam no group, butylam no
group, i-butylam no group, t-butylam no group, pentylam no group,

i soanyl anmcyeldcoupndhedgheni od gr owmoaldptlaidy | SFAYRD @F ofip, heptyl ami no
group, octylam no group, 2-ethylhexyl am no group, nonylan no grou

decyl am ndigibypaming, grevpet Aieo ALKYAAMA Y rBRHP Ilﬁ}i%%\% IH%SQPBBBt dtc.
Pent yl am no group, isoanylam no group hexyl am no grqu oct no group,
2- et hyl heskgl gﬁh gaT§esuBLomsey BRG mPesidis exarples th W%ﬁ?i Pdgni no

group are preferable. The aryl group usual | y has abqut. 6 o 60 _carbon
atons. SPethylamirgngreyry HhSdasthylamide Hﬂ%yl ’%P iR group.

al koxyphenyl roup, Cl-C12 al kyl phenyl. gro napht oup napht hyl
group, et# E%Yéi‘?iakaH’uPhePﬁﬂ’é’ aqu’ éi’?’é‘?é%a‘g%‘éﬂyprﬁFBup are

! ﬁke?i‘b'rwiﬁrfp%o#&ﬁ%ir S S T P e SR SR
6 60

gfiﬁp,f‘élpef%yia{%ﬁa?y%%ﬁgaox@%%' 'Stanﬁfe R oéélerﬁ%%%%ﬁé'? folBymo

and C1- casvar BBt ahER' G-t Srdivadifind bredp £ a1 o olpO

usual l'y h%e@h&ﬁ!h@@y&%ﬁ% %Ir%[trﬁ) nonylamino group, decylamino group,

. 3,7-dimethyloctylamino group. laurylaminp group, etc.

Pentylamino group, isoamYlamino group, hexylamj.no group,
octylamino group, 2-—ethylhexyla.mino. group, decylamino group,
and 3,7-dimethyloctyl amino group are preferable.

The aryl group usually has about 6 to 60 carbon atoms.
Specific examples thereof include a phenyl group, C;-Ci

' alkokyph_enyl group, C,-C;» alkylphenyl group, i-naphthyl
group, 2-naphthyl group, etc. C;-Ci2 alkoxy phenyl group,
and C,-C,; alkyl phenyl group are preferable. The aryl group

. ' means an atomic group in which one hydrogen atom igs removed
from an aromatic hydrocarbon.

The aryloxy group usually has 6 to 60 carbon atoms.
Specific examples thereof include a phenoxy group, C;-Ciz
alkoxy phenoxy group, C1-Ci; alkyl phenoxy group, 1l-
naphtyloxy group, 2- naphtyloxy group, etc. C1-C1z alkoxy
phenoxy group, and C;- Cu alkyl phenoxy group are preferable.

The aryl silyl group usually has 6 to 60 carbon atoms.

Specific examples thereof include a phenyl silyl group, C;-



Speci fic exanpl es thereof include a phenyl silyl group, Cl1 14 Cl12 al koxy
phenyl silyl group, Cl1-Cl2 al kyl phenylsilyl group, 1-naphtylsilyl group,
2-naphtyl silyl group, dinethyiphenylsilyl group, etc. Cl-Cl2 al koxy
phenyl silyl group and Cl-Cl12 al kyl p?gnylsilyl group are preferable. The
aryl am no group usually has 6 to 60 rbon atonms. Specific exanples

t hereof include a phenyl am no group, = di phenyl am no group, Cl-Cl2 al koxy

phenyl ani i, gablexy dbhéSlsCllabkonp, plendi,) adkyd ghenyl siiiy3l-93Imp,
al kyl phenyl) am no group, 1-naphtylam no group, 2-naphtylam no group, etc.

Cl- Cl12 allenagiieriididgIngrpupp, 2 anaplit Y12 giFkyp.phenyl )am no group
are preferable. The arylal kyl group usually has 7 to 60 carbon atons.
Speci fi ¢ aXaretitasl pheorydofidyic| aicup, péeay| GO alkeyy PheaYipsitylci?

al koxyphenyl -C -C12 al kyl group, Cl-Cl2 al kyl phenyl-Cl1-Cl12 al kyl group,
1- napht y| -Seloupl &ned |G- Caz sy R-phenmtsilyl - guoun| /e gre&eradde- Cl-Cl12
al koxy phenyl -C1-Cl12 al kyl group, and Cl-Cl2 al kyl phenyl-Cl-Cl2 al kyl
group are preflheatinyl Bwiny gredkoxsuattviphasull 9 REs CATPENsE H%on
atonms. Specific exanples thereof include a phenyl-Cl-Cl2 al koxy group,

Cl- Cl2 al EpeFifichyaxample® thexsgf gierbudele RbeRyY kMingn 85PMPe1 - C12
al koxy group, 1-naphtyl-Cl-Cl2 al koxy %Eo’gy 2- nig{%x -Cl-C12 "kqu{-
group, et AiREERFIAMYING G NG~ 2 OXY LPRGNY RO, JEEP-C Ry

ooy e S e Re e ReR) ShfnoPGEo8h S Vet (clnE, R Pty Y] A

group, l-naphtylamino group, 2-naphtylamino group, etc. Ci-

. . Ci2 alkyl phenylamino group, and di(C,;-C,» alkyl phenyl)amino‘
group are preferable.

The arylalkyl group usually has 7 to 60 carbon atoms.
Specific examples thereof include a phenyl-C;-Ciz alkyl
group, C;-C;; alkoxyphenyl-C;-C;» alkyl group,. C.-Cy2 alkyl
phenyl-C,;-C;; alkyl group, 1-naphtyl-C;~-C;; alkyl group, 2-
naphtyl-C;-C;; alkyl group, etc. C;-Cy; alkoxy phenyl-Ci-Ci
alkyl group, and C;-C;» alkyl phe'nyl—cl-é-u alkyl group are
preferable.

. | The éryl alkoxy group usually has 7 to 60 carbon atoms.
Specific examples thereof include a phenyl-C;-Ci, alkoxy
group, C;-C;; alkoxy phenyl-C;-Ci» alkoi:y group, C;-C;; alkyl
phenyl-C,~-Ci; alkoxy group, l-naphtyl-C;-C;, alkoxy group, 2-
naphtyl-C;-C;, alkoxy group,' etc. C;-Ciz alkoxy phenyl-C;-Ci:
alkoxy group, and C;-C;; alkyl phenyl-C;-C;; alkoxy group are
preferable. - | o

The arylalkylsilyl group usually has 7 to 60 carbon

atoms. Specific examples thereof include a phenyl-C;-Ci»



atons. Specific exanples thereof include a phenyl-Cl-Cl2 15 al kyl silyl
group, Cl-Cl12 al koxy phenyl -Cl-C12 al kyl silyl group, Cl-Cl12 al kyl

phenyl - C1-C12 al kyl silyl group, 1- naphtyl-Cl-Cl2 al kyl silyl group,
Z-naphtyl -C1-C12 al kyl silyl group, R enyl - C1- C12 al kyl dinethyl silyl
group,. etc. Cl1-Cl2 al koxy phenyl -C1-Cl12 al kyl silyl group, and Cl-Cl12

al kyl phenyl -C1-Cl12 al kyl silyl group are preferable. The aryl al kyl am no
group usualkyhasi Al aidamEar®eiC, . abbkexy SphenfileCex@impladknhedieldfl i ncl ude
a phenyl -d -C12 al kyl am no group, Cl-Cl12 al koxy phenyl-Cl-Cl2 al kyl am no
group, Cl-g3%sum/ kGil-Cpheaiy CIplERy ht @4 Cianahbydr sdpy 1digoniGld - al koxy
phenyl - C1- C12 al kyl )am no group, di (Cl-Cl2 al kyl phenyl-Cl-Cl2 al kyl)am no
group, 1- meEmtiH1l-Ch-Cl2 alkyl shinb gyevbp, 22nARPAYH-CC1Co1 21Ny ISk ho
group, etc. Cl1-Cl2 al kyl phenyl-Cl-Cl2 al kyl am no group, and di(Cl-Cl2

al kyl phergourcl -phienyl 4Gu-Cari &bkt odbmatbybr 818¥3bBEOUPhe &hSq ffcény|
group usually has 8 to 60 carbon atons. Specific exanples thereof include
a phenyl - @LKoERY Dhengd-CigConpalkyl 3 21ALk8XGUBneAPA- E1- €12 B KENy| group,
Cl-C12 al kyl phenyl -C1-C12 al kenXI group, 1-napht ¥I -gl- Cl2 al kenyl group,
2- napht y| -Fbergil- Gi-Keny@ 1l bupl 1 81 c9TOUP (3Pe aPE8EGTARLRY| - C1- C12 al keny!

aroup;, and, L G2, AN BIENLES CIZ.al kel 9 Rue SLS Pl sall The
rereelnelite eSS alaieod SRSk g ghery 91 C12
al kynyl gracﬁ&l amino group, C;-Cj;; alkoxy phenyl-C;~Ci;; alkyl amino '
. group, C;-C;; alkyl phenyl-C;-C;; alkyl amino group, di(Ci-Ci2
| alkoxy ﬁhenyl-cl-cn alkyl)amino group, di(C;-C;: alkyl.
phenyl-C;-C;; alkyl)amino group, l-naphtyl-C;-C;; alkyl amino
group, 2-naphtyl-C;-C;; alkyl amino_ group, etc. C;~C;2 alkyl
phenyl-C;-C;; alkyl amino group, and di(C;-Ci:2 al}cyl phenyl-
C1-¢12 alkyl)amino group are preferable.
"'Thg arylalkenyl' group usually .has B to 60 carbon atoms.
Specific examples thereof include a phenyl-cll-cn alkenyl
group, C;-C;; alkoxy phenyl-C:-C;, alkenyl group, C;-Ciz alkyl
.. | pﬁenyl—cl-cn alkenyl group, 1-naphtyl-C1-C1§ alke;iyl' group,
2-naphtyl-cl-clz alkenyl group, etc. C;-C;; alkoxy phenyl-C.-
C» alkenyl group, and C;-Ci;; alkyl phenyl-C;-C,, alkenyl '
g'r‘oup' aj;e preferable e .
The arylalkynyl group usually haé 8 to 60 carbon atoms.
Specific examples thereof include a phenyl-C;-Ci: alkynyl'
group, C;-C;; alkoxy phenyl-—cl-élz alkynyi .gfouﬁ, C,-C;2 alkyl
phenyl-C,;-C;; alkynyl group, l-naphtyl-Ci:-Ci» alkynyl group,

2-naphtyl-C;-C;, alkynyl group, etc. C;-Ci; alkoxy phenyl-C;-



2 naphtyl - C1- C12 al kynyl group, etc. Cl-Cl2 al koxy phenyl-Cl 16 C12
al kynyl group, and Cl-Cl12 al kyl phenyl-Cl-Cl12 al kynyl group are
pref erabl e. The nonoval ent heterocyclic group usually has 4 to 60 carbon
dtonms. Specific exanples thereof i”C|H§e a thienyl group, Cl1-Cl12
al kyl t hi enyl group, pyroryl group, furyl group, pyridyl group, Cl-Cil2
al kyl pyridyl group, etc. A thienyl group, Cl-Cl2 al kylthienyl group,
pyridyl grqupalieywyClgfadp, akhdl y+¢dy aliydupheny piCef Erald Ky mhb
nonoval ent heterocyclic group neans an atom c group in which a hydrogen
atomis r gmopd doeoprefetableycl i c conpound. Arl in the repeating unit
represented by the above formula (3) is an arylene group or a dival ent
het erocyclic = @Gheumonthmlent dreterecyclicagrotpniicugldiphes 4n & thtic
hydr ocarbon in which two hydrogen atons are renoved. The aronmgtic
hydr ocar bearbes wtems hEreaiditaiexamples obiereed ipriydeadd thdsdyl
containing two or nore of independent benzene rings or condensed rings
bonded t hrdsWyiP .a GrCup alkkarl thieny Hi §6@EP boBYIOEY L HYPBRe. L dn To e
| i ke. The aryl ene group usually has 6 to_60 carbon atons, i Cifﬁ?
exanpl es HYEHEN iFRIURle G -Fhe AHENPYF AL SFBRBnyPERe &y ny
t er phenyl ene group, naphthal ene-diyl group, _apnthracene-diyl group,
phenant hr &FON& vy | lgF@u;ﬁllii&ﬁlh’r%"?‘iéf ﬂg?‘l’Pgraﬁﬁff&Vidgﬁngi'y ng &ﬁp?"
hept al ene-di.yl. group,. indacene-diyl_grou triphenyl -di.yl group,
bi napht hy & %ﬁlﬁ%ﬁrg‘r‘&ﬂp,sr%rﬁ%a%‘%ﬁ%%g‘?di ?#’ggﬂ"S}éS,sggF%tbene- di yl
heterocyclic group means an atomic group in which a hydrogen
. _ atom is removed from a heterocyclic compound.
Ar; in the repeating unit represented by the above
formula (3) is an arylene group or a divalent heterocyclic
group. 7
The arylene group is an atomic group of an aromatic
hydrocarbon in which two hydrogen atoms are removed. The
aromatic hydrocarbon includes: those containigg a condensed
ring, and those containing two or more of independent
benzene rings or condensed rings bondethhrough a group such
. as a direct bond, a vinylene group or the like.
The arylene group usually has 6 to 60 carbon atoms. Specific
examples thereof include a phenylene group, biphenylehe'
group, terphenylene group, naphthalene-diyl group,
anthracene-diyl group, phenanthrene-diyl group, pentalene-
diyl group, indene-diyl group, heptalene-diyl group,
indacehe-diyl group, triphenylene-diyl group, binaphthyl-
diyl group, phenylnaphthylene-diyl group, stilbene-diyl

group, 3,3'-alkoxystilbene-diyl group, etc. Here, the carbon



group, 3,3 -al koxystil bene-diyl group, etc. Here, the carbon } 17 atons in
the substituent is not counted as the carbon atom of the aryl ene group.
The dival ent heterocyclic group neans an atom c group in which two
Hydrogen atons are renoved from a hetg&ocyclic conpound, and usually has 4
to 60 carbon atons. Specific exanples‘thereof include furan-diyl group,

t hi enyl ene group, fluorene-diyl group, pyridine-diyl group, quinoline-diyl
group, quidwned ifie-the/|ssottush€. ikenet tbentadbas ahentaribor eetom
substituent is not counted as the carbon atom of the divalent heterocyclic

group. Theoshetilrs aoyelde .g@od@peUNd neans an organi c conpound having a
cyclic structure in which at |east one heteroatom such as oxygen, sulfur,

nitrogen, phostHwrdivalsivhetécocysliongacnpdmeanshancydiomdicstgniiire as
the el ement other than carbon atoms. Arl in fornula (3) may have a _
substit uenin whidh asvarhyditdyén gabops ar&oxgmgwedp framky hstenpaupiic

al kyl silyl group, alkylam no group, aryl group, aryloxy group, arylailyl
group, ar yempoundy ampd wsyaklxyhagr dupe 68r ghabkoxptgmsup Specifbiky sil vl
group, arylalkylam no group, arylal kenyl group, and arylal kynyl group. In
t he copol yeramplss tthereat cincludenfivan¢ diyli groyp.pieienydiens HHicUhe
formul a wei ght of the repeating unit represented by the above fornmula (1)

i s smal | erfXunmensradiybranoup webyridéne r Yl e FEQRPn g WANC IO -ehk ed by

the above forrmula (2). Here, the formula weight of r%peatin%
group, quinoxaline-diyl group, etc. Here, the carbon atoms .

in the substituent is not counted as the carbon atom of the

" divalent heterocyclic group. The heterocyclic.compound means
an organic compound having alcyclic structure in which at
least one heteroatom euch as oxygen, sulfur, nitrogen,
phosphorus, boron, etc. is contaiqed in the'cyclic_structure
as the element other than carbon atoms.

Ar; in formula (3) may have a substituent, such as an
alkﬁl group, alkoxy  group, ellethio group, alkylsilyl
grbup, alkylamino group., aryl group, aryloxy group,
arylsilyl gfoup, arylamino group, arylalkyl g:oup,

" arylalkoxy greup, arylalkylsilyl group, arylalkylamino.
group, arylalkenyl group, and arylalkynyl group.

In the copolymers of the present invention (1), it is
preferable that the formula weight of the repeating unit
represented by the above formula (1) is smaller than the

‘formula weight of the repeating unit represented by the
above formula (2).7Here, the formula weight of repeating
unit means the sum of the atomic weight multiplied by the

number of atoms about each element in the chemical formula



unit neans the sumof the atomc weight nultiplied by the nunber of atons
about each elenent in the chemcal fornula 18 of the repeating unit. Wen
the total anmount of the repeating units represented by the above formnul as
(M), (2) and (3), is too small in a ggpolymer, properties, such as

| um nance or life time of the device, may not be satisfactory. Therefore,
It 1s preferable that the total of the repeating units represented by
fornmul as @%) the2yxepeadatidy nmni®0 % by nole or nore based on all of the
repeating units contained in the copolyner. It is preferably 60 % by nol e
or nore, and nithen [rhef dodially amewitbyintihe orepgating MBHREF preferably 80 %
by nole, especially preferably 90 % by nole or nore, and the  nost

pr ef er abl yep@esenthednblye theh@boyse fionmplad t(¥eprezbard by) s otfukqo(1) is
preferably 10-90 % by nole based on the total of the repeatin UE%%

repr esent thady far guicepolymeand PEPPentoas . pFugheras| Jum -QEC§68§ &,
further preferably 10-40 % by nole, and further nore prefergblg 20-.30. % by
mol e. Mor &8mer of tthe Kerdiceof mage Dot bR iSAEAFFACTIRY esEREERTBECF offul a (3)
is preferably 10 % by nole or nore based on the total of t?g repeating
unit repr éSeREEESHERDLG Haads the) tqtal 4fy ¥ Teprpt t&Perably 20 % by

Tore ki ndZegrerentas By AAEELasdent @) AL Heb hobtedt & i 201%) BEna”

1o ¢ e BRBeR i 2y I PSPk any! dnd £ ESSRLERLRY shORRY! @ (1)
copolymer. It is preferably 60 % by mole or more, and more

. - preferably 70 % by mole or more, further preferably 80 % by
mole, especially preferably 90 % by mole or more, and the
most preferably 100 % by mole.

The repeating unit represented by formula (1) is
preferably 10-90 % by mole based on the total of the
repeating unit represented by-formuias (1) and (2), morxe
preferably 10-70 % by mole, further preferably 10-40 % by
mole, and further more preferably 20-30.% by mole; Moreover,
the total of the repeating unit represented by formula (3)

. . is preferably 10 % by mole or more based on the total of the
repeating unit represented by formulas (1), (2) and (3), and
more preferably 20 % by mole or more.

" The copolymer of the present invention [2] contains one
or more kinds of repeating units represented by the above
formula (1) and formula (2), respectively:; the repeating
unit represenféd by-formula (1) is 10 - 40%,'pféferably 20 -
30% based on the total of the moles of the repeating units

represented by formulas (1) and (2); the formula weight of



30% based on the total of the noles of the repeating units represented by
formulas (1) and (2); the fornula weight of 19 the repeating unit
represented by formula (1) is snmaller than the fornula weight of the
repeating unit represented by fornulg (2); and the polystyrene reduced
nunber average nolecular weight is 1 §.108. Wen the repeating unit
represented by fornula (1) is outside the above range, polyner LED using

t he copol ymer rlé%\e‘atiiwﬁ:fdim efipradaitad ey stomsubachl hsibusmeades, |ife
time, or the like. Wen the total ampbunt of the repeating units

repr esent ethahy ther meireiu(l) WwaiGHE )of nthiderepemt imgrunitt vepresentted by
characteristics, such as lum nance and. life tine of a device produced

t her ef romformylaot( 20 waid Hhactpylys thheemd areduced foumbée avezkgef t he
repeating units represented-by formulas (1) and (2), it is preferably 50 %
by nol e omoletelaaseedightalis t10f-nepeaVhen thet sepeatiag ewdd yner, nore
preferably 60 % by nole or nore, still preferably 70 % by nole or nore,
further prepreseinted t¥ Hormule, ( ks pisxicdtside ctke abgveorenge . .nol e or
nore, and nost preferably 100 % by nole. Anong the copolynmers of the
present i @edymiean LED using the cveopiskymes ava pipsgifisiestpreferably 0. 35
in view of solubility. The copol yner of the present invention E%! has a

pol yst yr esbaregiead stimsesusteragelyrpiansey  Wifgntime. 103 thgs:

exhibits fluorescence in the solid state, wherein _the vg%ge (A

T10H <T1pH>) oMb@Mddepnakiat ARRPRhoL the repeating un
represented by formula (1) and (2) in the copolymer is too

" little, éharacteristicé, such as 1pminance and life time of
| a device produced therefrom, may not be_satisfactory.
Therefore, as for the total of the repeating units

rgpresented by formulas (1) and (;). it is preferably 50 %
by mole or more based on all the repeating units in the
copolymer, more prgferably 60 $ by mole or more, still
preférably 70 $ by mole or more, further preferably QD % by
moie, especially preferably $0 % by mole or more, and most
preferably 100 % by mole. | |

" Among the copolymers of the pfesent invention [2], the

| below defined AT;OH/<T10H> is preferably 0.35 in view of

solubility.
" The copolymer of the present invention [3] has a
polystyrene reduced number average molecular weight of 10°-
10®, and exhibits fluorescence in the s0lid state, wherein
the valué (AT1;H/<T10H>) obtained by di#iding the
difference (AT;,H)} between the maximum value of Ti,H and

the minimum value of Ti,H by the average value (<T;pHB>) of



dgifference (A TipH) between the maxi num val ue of TipH and the m ni num

val ue of TlpH by the average.value (<TlpH>) of 20 T1pH, is 0.35 or |ess;
here, relaxation-time (TlpH) of proton in a spin |ock nagnetic field is
nmeasured by 13C nucl ear nagnetic resaggnce wi th carrying out high-speed
rotation of the filmof the copol ynmer “around a magic angle in solid

nucl ear magnetic resonance. A T10H <TlpH> is preferably 0.3 or |less, and
more prefRBragbl . 0B Drort ebsss Wiere] TFaphkaTiph>time (Tupél)aledve range,
the solubility in an organic solvent of the copolymer is excellent. o
T10H <TlpHpratmm bin chtspiredieck fnddnetsicAftepd| gsemepishpednibdh 76 a sanpl e
to be neasured can be produced by usual nethod. For exanple, a determ ned
anount of nuckegay ymagne ticl sssdnance witbotarrying putmbiigh-s@esd by a

met hod, such as a casting nethod, spin-coating nethod, bar-coating method,
di p- coat i eptadtird, ofetthe AEilmeof stihe epepodYuap| RECE8Ga Be ML f I 45| uene,
xyl ene, chloroform nethylene chloride, carbon tetrachl oride,

cycl ohexari®? stebddhaqruchieanynagneic rYeseBARERof uran, 1,4- di oxane, acetone

nethylethylketq&e, géclohexanone, met hyl acetate, and eth%l acet at e,
without being |8#Fep8d<TTpd> 48 RERFARAEY R -3 9% 185 Fmt 704 PETPenpved

before neasurenent. The filmthickness qof the filmis, uspal about

several niRTSGHREGRLERhhI0A 0t eF Ry o‘?‘?%?nTﬁeTlfpﬁ/rﬁ Fg%ﬁjc"e% J(;?/ JTIK% ag Ve

Pﬁtg??ngs éﬁg;fnfhéisénginéybfn gg gggggiéssgﬁgggka%%dthg @%ﬂﬁ%&ﬁﬂf*1
is excellent. | _ |

‘. o ATy ,H/<T1pH> can be obtained as follows.

A copolymer f£ilm which is a sample to be measured can
be produced by usual method. For example, a determihed
amount of a copolymer is dissolved in a solvent, a film is
formed by a method, such as a caéting method, spin-coating
method, bar-coating method, dip-coating method,_étc. As the
solveht, exemplified are benzene, toluene, xylene,
chloroform, methylene chloride, carbon tetrachloride,
cyclohexane, hexane, diethyl ether, tetrahydrofuran, 1.4-

" ' dioxane, écetone, methylethylketone, cyclohexanone,
methylacetate, and ethyl acetate, without being limited. The
solvent used for film formation is removed before

'measurement. The film thickness of the film is usually about
several microns to several 10 microns.

The £ilm produced by the above method is put'into a
sampie tube, 90° pulSe ié irradiated to proton"with rbtating

around a magic angle (axis inclined to static magnetic

field by 54.7° ) in 5000 to 15000 revolutions per second,



around a magic angle (axis inclined to static magnetic field by 54.7 ) in
5000 to 15000 revol utions per second, 21 and spin-locked. After carrying
out spin-lock of the proton nucleus for 6 seconds (spin-lock tinme) and

rel axing the proton nucleus in the sain-lock magnetic field,

magneti zation is noved to the nucl eus 3f 13C by cross- polarization nethod,
and the peak strength of 13Cis observed. by plotting the peak strength to
6, TlpH i aandispdinndeb dkad.t e tambsasrping 3 pespdn - Maghkevifc thieepdodarengt h
usual ly used is from2 teslas to 20 teslas, and preferably from4 teslas
to 10 teslmassleuorEok]gH seed®nfspinshick | bike ) | apdoredagdna dbe very
short tine about 10i second as the initial value, and including this, it

i s necess@nption mewsieus Srortheorspivi Inek magreteirabfield.to 15 points, with
changi ng 6 value according to TlpH distribution. eover, it is

pr ef er abl dagneddiziedrians iy manadrie the apelewh o6 okt Ak WRHBY spectrum
with few noises. Measurenent Zgggerature I s preferabl¥ E@t to a

t enper at uR®lagdizatiome mathed + @t the PearpttE@RIERoPTt hE A8 min view of
preventing the change of the solid state in the neasgrenenh; and since
T1pH chan®Segved ¢ %’Ybé’rléﬁﬁjé?g e PRAK FEFRRItR chPePat drel dSpreferabl y
fi xed constant,. For_ T10H cal cul ation, .t is pecessary that the peak
strength tfé@ﬁ@sﬁ%ﬁxigetqﬂﬂpqqﬁaqﬁﬂgé PE?QF; and the base |ine of the

spectrum i's sulfiglegn] e smooth 19, dhie D0lafry A el EsMREBRT 20k A3ty M i N9
to 20 teslas, and preferably from 4 teslas to 10 teslas.

' For T,,H measurement, spin lock time & is set to a very
short time about 10i second as the initial value, and
including this, it is necessary to measure 5 or more points,
preferably 10 to 15 points, with changing 6 value according
to Tip,H diétribution. | |

Moreover, it is preferable to perform satisfactorj
integration to obtain a good spectrum with few noises.
Measurement temperature is preferably séf to a temperature
below the glass transition temperature of the f£ilm in view

" of preventing the change of the_solid state iﬁ the
measurement, and since T;,H changes with temperature, the
measurement temperature 1is preferably fixed constant.

. For Ti,H calculation, it is necessary that the peak
strength of '*C is larger than the noise level, and the base
line of the spectrum is sufficiently smooth to the noise. As
the method of determining the~noiéé levei.ra usual method

can be used, and the mean square of the gap between the

theoretical relaxation curve calculated from computed T;,H



can be used, and the nean square of the gap between the theoretical

rel axation curve cal culated from conputed TlpH 22 and the actually
observed val ue can be used preferably. As T1AH, when based on the obtai ned
noi se | evel by the above nethod, it is necessary to adopt only TICH
obtained froma peak whose 13C peak 2Zrength in the initial value of spin
lock time t is 8 times or nore to the noise level for calculation of O

Ti pH <T10kEna When aatieil Meldbdasred ceapus | ogn nee hosedaprefiezdbilat- t he noi se
level, it is required to adopt only TlpH obtained froma peak

suf fi ci entlsy T,3HyewHdmmasel rui sthe eoetained Mmaisel 1eeph>bg &hiec abgivieon
according to the case using the nean square of the gap between the

t heor et i caletheldgxatt dis mecessary tte adeptadhyy oBsevebtaingd £¥oMeé noi se
| evel . Moreover, when the nunber of available peaks is less than 5, A
T1pH <Tlpigeakalwhdss i'00 peakostbengthf dnnhe andtiali yalne o FBAR o

I ncrease the nunber of avail abl e peaks by a nethod, for exanpl e,

i ncr easi nd.adke timebe? b$ 8 ntiyest ponmorends. thiet Rodsiend el mum val ue,
the m ni num val ue, and the average val ue of T1lpH obtai ned as above, A

Ti pH <Tlplealade tbeorc aft ud Bt pH/KF1 pHe -f Bhiedniotdemomad e XKW pH <T10H>

[ (maxi mum val ue of TipH )- (m nimum val ue of T1$H )l / (av raqg val ue of
T10H As t IFemaspdingmethade e rieRA oFer athe| Jo1 feor8HeLryp& “Eopol ymer

pol yaryl ene type copol yner, aryl ene gégxégngroayge coRonner,

ol
ol yst 11 bERaRES dapdidaRs bkl yEra ¥ bah p&3

sufficiently larger than the noise level for AT;,H/<Tip,H>
" ‘ calculation according to the case using the mean sguare of

the gap between the theoretical relaxation curve and the

actually observed value as the noise lgvel. Moreover, when

the number of available peaks is less than 5,

AT, ,H/KT; pH> calculation cannot be perfofmed, and it is

necessary to increase ‘the number of available peaks by a

method, for example, increasing the number o§ integration

times. With using the maximum value, the minimum value, and

the average value of T;yH obtained as above,AATlpH/<T1pH>
‘. can be calculated by the following formula.

AT, JH/<T1 pH |

= [ (maximum vaiue of TioH )- (minimum value of Ti1p,H )]

/(average value of TipH )

As the copolymers, exemplified are a poly fluorene type
éopolymer, polyarylene type copolymer, polyary;ene vinylene
type copolymer, polystilbene type copolymer,‘poiysfiibene
vinylene type copolymer, poly pyridinediyl type copolymer,

élkoxy polythiophene type copolymer, etc., provided that A



vi nyl ene type copol yner, poly pyridinediyl type copol yner, al koxy

pol yt hi ophene type copolyner, etc., provided that A 23 TI1pH <T10H> is in

t he range of the above nunerical values. A poly fluorene type copol yner,
pol yaryl ene type copol ynmer, polyaryl ene vinylene type copol yner,

pol ystil bene type copolyner, and poI??tiIbene vi nyl ene copol yner are
preferable. A polyfluorene type copolyner is especially preferable. As the
met hod f o, glat/aimi o tilke iGORMUey FRAInd@\BH Otife Tdbdve Hiund Oieadf vallees.

above- nenti bned ndneri cal val ue, exenplified are, for exanple: a nethod of
copol yner az ipad yr@ElenRieheS tygee rdd il yviexs £l yo Bpaty béher typet bepediymiei.i ty.
to a polynerization solution or in the independent rate of

pol yner i z plollgaryd enet vddhydferadjtigid ngppdieyménay gpobystithehe typener into a
pol ymeri zation liquid, or charging it independently; a nmethod of

control | i cgppollemeat,alapst paripetti Yberpo|wirerlame | ovpobymeragdee so that the
copolyner has a single nolecular weight distribution curve; a nethod of
usi ng a segreferabde.nd tprdydividmene diyis | ¢epolymer isnpepacirdllower than
the boiling point by 10 Cwith that of the nononer to be copol ynerized; a
met hod of prefegadlesol vent having 50 ppmor |ess of noisture content as a

pol yneri zati on solvent; a nmethod wherein the polynerization erature is
set to a tenpeRdt the metdod HEar tmmiﬂmgth%&wom?ﬁehéw-?@ Be 100G
a met hod of reducing the oxygen concentration below 0,1%b Ehg%ﬁhglthe
inner sy & &MnnifiPh OFi tthég@Povie ManickPd CHFRTAER Therl %186 b x e

| are, for example: a method of copolymerizing monomers

" resembled closely each other in the solubility. to a
polymerization solution or in the independent rate of
polymerization; a method of adjusting the charging of each
monomer into a polymerization liqe;d, or charging it
independently; a metho& of controlling the catalyst amount /
polymerization temperature so that the copolymer has a
singie molecular weight distribution curve; a method of
using a selvent having the similar solubility at a 7
temperature lower than the boiling point by ioi:_with that

. of the monomer to be copolymetized‘: a method of using a
sclvent having 50 ppm or less of moisture content as a
polymerization solvent; a method wherein the polymerizatlon '
jtemperature is set to a temperature lower than the boillng |
point of the solvent by 10C; a method of reducing the
oxXygen concentratlon below 0 1% by replacing the inner
system with nitrogen; a method of copolymerization by random
copolymerization; a method of using a zero-valent nickel

complex as a polymerization catalyst: a method of



copol yneri zation; a nmethod of using a zero-valent nickel conplex as a

pol yneri zation catal yst; a nethod of 24 copol ynerizing nononers having the
same or simlar kinds of substituents; a method of copol ynerizi ng nononers
having the sane number of substituenhg; and a net hod of copol yneri zi ng
nmononers, satisfying the follow ng cofiditions, the nunbers of carbon atons
of the substituents are the sanme, or (nunber of carbon atons in the

substi t uesbpbayinegianng manbmerat tuayinidhahe feame her )simPkay¥ nkihds of
carbon atons in the substituent having | ess carbon atons). The copol yners
of the presbatitnertsi;on fEthollof auwpollBjertiming megmeys chavivgutbe
nunber average nol ecul ar weight of 103-108 and the total nunber of

r epeat i ngsamer nutbees ofheubst itvengss ainsb avindthed e peepohyerigdidre or
the rate thereof. When the total nunber of the repeating structure is too
smal |, thwonemere sstagfyhogedhet dioddominchmandieigns ci tipe numbers of
characteristics, such as lumnance and Ilife tinme. Wien the total nunher is
t 00' | ar gecarhenf atams ofofthien§ubpsdiduep temie the UMD, WOF s CAVWTRET nBfber
of the total of repeating structure. is preferably 20-10000, pore

pref er abl §agbonosbomsapn dbgesubisiti thearte AN ANS FOSHR CARBPROIEPTS i nce
light emtting ﬁroperty and life tine as a device ma e deteriorated when
a pol yner FB8B| & QrBEBerﬂeﬁa?ﬁé(§§m9?§ﬂﬂfgﬁQ£HPQﬁa¥9Egdﬁ%dF frer, the end
group of the. copol r of the present invention [1], [2], and [3] may be
protected55§552§ﬁﬁﬁ¥gﬁay Bﬁ.g?ﬁ5%EQE5ﬂ3ufE?Wﬁ%ﬂugation bond continuing to
a conj ugat ed S&ﬁchgﬁglgkekﬁeoﬁméﬁéﬂﬁ¥ééent invention [1], [2], and

. _ [3] have a polystyz;ene ‘reduced number average molecular
weight of 10%-10® and the total number of repeating
structures thereof changes also with the repeating structure
or the fate thereof. When the total number of the repeating
structure is too small, the device using thereof tends to
have insufficient charqcteristics, such as luminance and
life time. When the total number is tOO'iargg, the £ilm-
forming property tends to become worse. -The number of the
total of repeating structure is preferably ZO-IOQGO, more

. . preferably 30-10000, and espécially preferably 50-5000.

Moreover, since light emitting property and life time
as a device may be deteriorated when a polymerizable group
remains as an end group of the copolymer, the end group of
the copolymer of the present invention [1], [2]., and [3] may

' be protected by a stable group. Those having a conjugation
boﬁd continuing té a conjugated structufe'éf the hain”chain
are'preferabie, and exemplified are structures connecting to

an aryl group or a heterocyclic compound group through a



are preferable, and exenplified are structures connecting to an aryl group
or a heterocyclic conpound group through a 25 vinylene group. Concretely,
substituents represented by Chem cal Formula 10 described in JP-A No.

9- 45478, and the like are exenplifieds The copol ynmer of the present
invention [1], [2], and [3] nay al so be a random block or graft

copol yner, or hav an intermedi ate structure thereof, for
exanpl e, %ﬁ&ﬁﬂé)Qﬁkﬁ %ﬁmxﬁpqﬁﬁﬁﬁﬁﬁ@tsAF%BreFﬁEFﬁgegyére t hose
havi ng a b an n the in_chaip apd, thre r n1na| and
dendol i mer %cqnﬁeﬂ' gﬁ ?S?ﬁ%bf)ae%%ngp ﬁvgﬂt‘l %581 Ban 5 ptg't?pol ymer
IS preferg@#e I n V|e\/\/of_1 g]gglllty and glass transition tenperature. The
random co & copolymer in which different kinds of

(o aw ) F?“'ﬁ%?c%ﬁ?fafigﬁ%‘l?g%%ﬁm?ﬁ‘r?%gé“ﬂia”’é‘xﬁﬁ%?ﬁr Fih (4 g tion).
k?rnaseéfd %H%iihfsfw ¥5p RO fpof of PR Bl yrRY B {o be
gener at é’pegﬁ i um:‘[HS?é eﬁ]H‘%%lé\&@ﬁﬁe'Ew‘.’:‘?{?&h&?e[%her[e%]f gt [3] may

contain r e repeafrng  uni't represented by

formul a (ganffldlp ddlgo®’c (§&v1 151 8cR PﬁBB@ﬁQ& NGf3 donj Uri ng
sporf at ara

f1uorescence charactéristics arge tra on ¢ cteristics.
SR T vith
Mor eover, ﬂd&iudéﬁ“ﬁﬁé’¥hd§ﬁtﬁhﬁfﬁﬁeée@fQQCQYné iﬁrﬂHEamﬁih chaior ada@ (2),

or a fornula (3), and the other repeating unit my be
three or more terminal_parts, and dendolimers.

" As the copolymer of the presept‘invention, a random

| copolymer is preferable in view of solubillity and glass

transition temperature. The random copolymer is defined as a
copolymer in which different kinds of monomer molecules are
arranged af random in a polymer main chain (McGraw-Hill,
Dictionary of Scientific and Technical Terms, 3rd Edition)._
For. example, when 3_kinds of monomers, A, B, and C, are |
polymerized, 6 kinds of sequences, A-A, A-B, A-C, B-B, B-C,
C-C, are considered to be generated. )

. The copolymer of the present invention [l] [2], and
[3] may contain repeating units other than the repeating
unit represented by formula (1), formula (2), or formula (3)
or charge transportation characteristics. Moreover, the
repeating units represented by a formula (1), a formula (2),
or a formula (3), and the other repeating unit may be
connected with a non-conjugated unit. The non-conjugated

portion thereof may be contained in the repeating units. As



connected with a non-conjugated unit. The non-conjugated portion thereof
may be contained in the repeating units. As 26 the connected structures,
exenplified are the groups shown below, the conbination of a group shown
el ow and vi nyl ene group, and the conhjnation of two or nore of the groups
shown- bel ow. Here, R is a hydrogen at an al kyl group having 1-20 carbon
atons, an aryl group having 6-60 carbon atons, or a heterocyclic group
havi ng 4- Ghe afdimiecial s tAict &3S exdyploeaeloarer ehe baoupg GiEvcar bon
atomss. RR -0- -S- -N -B- -Si- -C RROOOOO 11 171 11 11 11 -C
-C O -0- GBeldw,CthdCcombiatiold) &Ff Oal grotpl bhbwn BeCpwCani-@isfvylemed 'N-
NCCAr:C~-N- -GG OO0 O As a good solvent to the copol ynmer of the present
i nvent i on,groumpldnd erheareomid matof om no£ newvbybenmorkl ofi dbe gdiostpsor oet hane,
tetrahydrofuran, toluene, xylene, nesitylene, tetralin,decalin,
n- but yl bershevey betlow Défearali R) b s bydtbgest atomur anampdkyilde gwsiudul ar
wei ght, '

? - having 1-20 carbon atoms, an aryl group having 6-60 carbon

atoms, or a heterocyclic group having 4-60 carbon atoms. Ar

shows a hydrocarbon group having 6-60 carbon atoms.

v T
| —-0— —-S§— —N— —B— —Si— —C—
® R R
o)
I I I il I
—C—~ —C-0— —0-C— —IFI-C— - -I—
R
0 o) 0 0
.y
—NiC:Ar— —Ar:C:N- —NiC‘Ar:C?:N— —c=C—
l 1 !
o) o) 0 O

As a good solvent to the copolymer“of the present
‘. invention, exemplified are chloroform, methylene chloride,

dichloroethane, tetrahydrofuran, toluene, Xylene,
m@sitylené, tetralin, decalin;,n:butylbenggnét_e;q,
Depending also on the structure and the molecular weight,
the copolymer can be dissolved, usually, in a concentration
of 0.1 % by weight or more in these solvents.. . .

As for the glass transition temperature of the
copolymer of the present invention, it is preferably as high

as possible. When the glass transition temperature is low,



the copol yner can be dissolved, usually, in a concentration of 0.1 % by
wei ght or nore in these solvents. As for the glass transition tenperature
of the copolyner of the present invention, it is preferably as high as
possi bl e. When the glass transition tenperature is low, 27 the copol yner
tends to be easily denatured. Ther ef o”d, the glass transition tenperature
is preferably nore than 50 x, nore preferably nore than 80t, and further

pr ef er abl yHOr®pdiaiert odndsanth aspesasily ferdtouably Thesefiome 13bex.

Mor eover, since |lum nescence froma thin filmis used, as a copolymer of
t he presenjldswy entdmyi tidwseempdrdturedgis f poefesabbyempmet ibagol5i0o- st at e
are used preferably. As the synthetic process of the copolyner of the S
present i meoand ipprefedabl@|momadthid] , 8 @kemand iburther poeferabhpl BOTS

met hod of pol ynerization by Suzuki coupling reaction fromth

corr esponditran rdrooer a@@qespeﬁdnlhpolnnﬁemgl}pamrQ4ﬁTalQ1@@@%1 a met hod
of polynerization by Gignard reaction; a nmethod of polynerization,by
Yamanot o pol yMaienver nesinge (FRumineseeyee Scom dothin filmpdgeysed,
1153-1205 (1992); a nethod of polynerization by oxidizing agent, such as
FeCl3; a rest Hocamolamss rof Hae cmem@aimmnt%epynﬁhpﬁat eERLPA tDShod of
deconposition of an internedi ate ol ynmer having an approptiate | eaving
group; et Elukresaengendbni|Soktd 75 t%e?ﬁ%dugﬁdnBFﬁgﬂrégﬂable of giving
a random copol yner), Yamanoto pol yneri zafi on nethog a ne%h%g? of

pol yreri zi ng by it thalds RrOcesRtPbdth? CPBPYHBEF, Phg oxi di zi ng

:;ents, S%&%éﬁ%é*%%&%ﬁ%fﬁﬁjfil, [2], and [3], exemplified are, for

example, a method of polymerizatiop by Suzuki coupling
reaction from the corfesponding monomer (Chem. Rev. volume
95, page 2457 (1995)): a method of.polymerization by
Grignard reaction; a method of polymerization by Yamamoto
polymerizing method (Prog. Polym. Sci. volume 17, pages
1153-1205 (1992); a method of polymerization by oxidizing
agehf, such as FeCl;; a method of electrochemical oxidation
poiymerization; a method of decomposition of an intermediate
polymer having an appropriate leaving group; qtc. As the

" random polymeriziﬁg method (a'method capable of giving a
random copolymer), Yamamoto polymerization method, a method
of polymerizing by Grignard reaction, a method of
polymerizing by oxidizing agents, such as the and FeCls,
a method of electrochemical oxidation polymerization, are
exemplified. Among them, It is especially preferable to
poljmérizé.bylfhe Yamﬁmoto‘polgmérization method.

In the Yamamoto polymerization method, usually a zero-valent

nickel complex is used, and a halide is reacted in an ether



& nmet hod of el ectrochem cal oxidation polynerization, are exenplified.
Anmong them It is especially preferable to polynerize by the Yamanoto

pol ynmeri zation nmethod. In the Yamanoto pol ynmerization nmethod, usually a
Zero-val ent nickel conplex is used, a halide is reacted in an ether 28
sol vent, such as tetrahydrofuran, and™I, 4-di oxane, or an aromatic

hydr ocar bon sol vent, such as toluene. As the zero- valent nickel conplex,
exenpl i fi edlaeathi SGthb-asy detraictdarbfurgm) ced (D) 4-dbokghene)dt san
(triphenyl phosphine) nickel (0), tetrakis(triphenylphosphine)nickel, etc.,
and bis @rohatic hydetoadies sakedr()) suclpras ctabienel nAshkhecgsso-it is
preferable to add a neutral ligand, in view of inprovenent in yield, high
mol ecul ar vadiegltt niokielneocrgdiaon. exgnplifited|ate gohsi( 1 s5aC¥Fdand whi ch has
neither an anion nor a cation, and exenplified are: nitrogen-containing

li gands, sediaddene )aickiedy(d)dyl(ethyiengHukant t¥tpherylphosphine)

nmet hyl enebi soxazoline, and N, N - tetranethyl et hyl enediam ne; and tertiary
phosphi neniiick&dd9) s deft rak its (triohenyiphetphine ) rickely| ehRospAPAePis
tributyl phosphine, and triphenoxy hosphi ne, etc._  The nitrogen-cont ai ni ng
li gand i s (3r.8F67gBI0e Oqtﬁdﬁieéw)d’flqﬂ‘eﬁﬁ%ﬂl 13 PERFEERRMPNess, and
2,2"-bipyridyl is especially prferable in view of Si%h regctivahé and hi gh
yiel d. When usifgtiscg@ss. [Htgakt PreferaRtsrte 284 dn"GrEFE a8t

e, Ut 10 AU, 1% MESLoLalon 2Oty s 10K o1 88388 Oeh 7 O val o
polymerization. '

. ' . The neutral ligand is a ligand which has neither an
anion nor a cation, and exemplified are: nitrogen-cbntaining
ligands, such as 2,2'-bipyridyl, 1,10- phenanthroline,
methylenebisoxazoline, and N,N'- tetramethylethylenediamine;
and tertiary phosphine ligands, such as triphenyl phosphine,
tritolyl phosphine, tributyl phosphine, and triphenoxy
phosphine, etc. The nitrogen-containing ligapd is p:eferable
in view of versatility and cheapness, and 2,2'-bipyridyl is
especially prferable in view of high reactivity and ﬁigh

. yvield. |

When using a neutral ligand, in view.of reaction yield
and cost, thé using amount is preferably about 0.5-10 moles
‘based on the zero-valent nickel complex, and more preferably
0.8-1.5 moles, and further preferably 0.92-1.1 moles.

Especially, in order to'increase the molecular weight
of polymer, a systém in which 2,2'-bipyridfi.i§”added as a
neutral ligand to a system containing bis(l,5-cyclo

octadiene)nickel(0) is preferable.



0.8-1.5 noles, and further preferably 0.9-1.1 noles. Especially, in order
to increase the nol ecul ar weight of polyner, a systemin which

2,2 -bipyridyl is added as a neutral ligand to a system cont ai ni ng

bi s(1, 5-cycl o octadi ene)nickel (0) is 2 eferable. 29 The anount of
zero-val ent nickel conplex is not esp&Cially |limted as |long as the

pol yneri zation reaction is not inhibited. Wien the anount is too little,

t he nol ecul ar vighghiméwntisof ozebecvakentnhliickadd cmngdext iiss nado | arge, the
post-treatnment tends to becone conplicated. Therefore, it is preferably
0.1-10 nol espdabatlynl imeted| @ béngoasnthe, priyveeprighddsn werdian S and
further preferably 2 - 3.5 noles. Wien th' e copol yner of the present

i nventi on net usreitasted. | i ght emitting material of a polyner LED, the
purity thereof exerts an influence on light emtting property, therefore,
it is prefi¥hembl the rnountohonbeobdibtde , pshendeilegulasr welght fienfiHte
nmet hod such as distillation, sublimation purification, re-crystallization
and the | ibecomefsmalbeiard pohgneitzé8 hAa farorer ther postntgieatmant (o
conduct a purification treatnment such as re-precipitation purification,
chr omat ogrkgiMle tekecenencepeligatefike after the synthesis. In addition

the copol yner of the gresent I nvention can be ysed_as not only a 1
|i ght - eni tEheRpiREer ikt 1pprefesaddyoPydntl TEALERES Pqnﬁﬁgi%ﬁ,ean

opti cal r§¥eﬂé€%mef§T’£B§§@S¥§ ngbggtE[Eahbggsqoghggfurther
preferably 2 - 3.5 moles.

. When the copolymer of the present invent.i_on is used as
a light emitting material of a polymer‘LED, the purity
thereof exerts an influence on light emitting property,
therefore, it is preferable that a monomer before
polymerization is purified by‘a method such as distillation,
sublimation purification, re-crystallization and the like
before being polymerized and further, it is preferable to
conduct a purification treatment such as re-precipitation
purification, chromatographic separation and the like after

"' the synthesis. In addition, the cbpolymer of the present
invention can be used as not only a light-emitting material
but also an organic semiconductor material, an optical
matériai;iand”é éﬁﬁ&udfivémﬁafériélhbf &6pin§.”' .

Next, the polymer composition of the present invention
will be explained. |
The poifmef céﬁpositién of the ﬁfeéenf.in#éntioﬂ té],
comprises a polymer having a polystyrene reduced number

average molecular weight of 10°-10° and exhibiting



Next, the polynmer conposition of the present invention wll be explained.
The pol yner conposition of the present invention [4] conprises a pol yner
havi ng a pol ystyrene reduced nunber average nol ecul ar wei ght of 103-108
and exhibiting 30 fluorescence in th% solid state, and the copol yner of
the present invention [1] and/or [2].QAny pol ymers can be used as the
pol ymer, which inprove the solubility in a solvent, the glass transition
t enper at urEludrsk ddrece hin athersslidssbvatedeanderheuchpadyimere af e

| um nance, etc. Specifically, as the polyner conpounds exenplified are

t hose desqrrdmsht ninRentidin. [ 2D0AR@AGB612 ]1JPAAYNDOlZORTs5@EEL be Jrsed No.
2001- 504533, JP-A No. 2001-278958, JP-A No. 2001-261796, JP-A No.

2001- 2264685 thel PpélymerntwidleiObsprevet hheksndubfiliky isolaymaleaitihounds,
exenplified are a poly fluorene type conpound, a polyfluorene type

copol yner , the @mlass yirarsiyhen t@mpenndura.pgnﬂatyﬁeﬂga@ﬂ&iﬂﬁiﬁiggﬁHQfa
pol yaryl enevi nyl ene type conpound, a polyaryl enevinylene type copolyner,
pol ysti | belrvigme swripoamdlite poinet i lbahaancppeetspoSpRsifisally, as

pol ysti |l benevi nyl ene type coqgound, a stil benevinyl ene'ty

copol yner , the RLyTeF deereeyn ny%lé@mPégg'lééGné,reatBGIs?p Sd'-‘lrr?&ﬁ‘%ejjri iy

Cybe copoiyEr: 2AEI BEBHR Y1 | BBrBrEot 300088 Sir - JB-AoSadAthe [ype

O e o G S K TSR Ca 8B TR PB4 B o

© 2001-226469, and JP patent 3161058. As the kind of the

. ‘ polymer compounds, exemplified are a poly fluorene type
compound, a polyfluorene type copolymer, a polyarylene type
compound, a polfarylene type copolymer, a
polyarylenevinylene type compound, a polyarylenevinylene
type copolymer, a polystilbene type compound, a polystilbene
type copolymer, a polystilbenevinylene type compound, a poly
stilbenevinylene type copolymer, a polypjrid;nediyl type.
compound, a polypyridinediyl type copoiymer, an
alkoxypolythiophene type compound, an alkoxypolythiophene

‘. - type copolymer, etc., A polyfluorene type copolymer, a
polyarylene type copolymer, a polyarylenevinylene type
copolymer, a polystilbene type copolymer, and a poly
éfiibehe.vinYlenewéépolyméf afehﬁreféfabié{ -

The mixing ratio is not‘especially limited as long as
the solubility in a solvent, the glass transition
temperature, and the characteristids df device, sﬁch as life
time, luminance, etc. are improved.

The ratio of the copolymer of the present invention [1]

a



The mixing ratio is not especially linmted as long as the solubility in a
solvent, the glass transition tenperature, and the characteristics of
device, such as life time, lum nance, etc. are inproved. The ratio of the
copol ynmer of the present invention [1] 31 and/or [2] based on the whole
pol yner conposition is preferably 4031 95% by weight, nore preferably 50 -
80% by weight, and nost preferably 65 - 75% by wei ght. Anong them those
havi ng t hen@yloaw [dds tradell oh Tpdlwiidle GhtlyieD. Sdmpositdeni $spref erabl e.
The pol yner conposition of the present invention [5] conprises the

copol yner mfefledrabiyesint- igbierty oveidlit, amuire teefepabiyebOof BRE piesent

I nvention [2]. Thereby, it can be possible to inprove the solubility in a
sol vent, twedghdl,asnd mursti tprefamalpky Are, 72hdby heetghkact eri stics of the
devices, such as life tinme, lum nance, etc. The repeatin unit of formula
(1) and the repowniondhenm t iogeorhmring 2hhe neglene sgﬁnggzdt AT Br
different in the copolyner [1] and the copolyner [2] of the present

i nvent i on.p ool @ hadnorthese havpngfernabbelow A TipH <T10H> of 0.35 or
less is preferable. The polyner conposition of the present invention [6]
conprises two Ghempod yesd SaMpyHl Sirn Qﬁnﬁﬂﬁnﬁ%eﬁﬂﬁgnﬁnHenFiBBI}éﬂyrene
reduced nunber average nol ecul ar wei ght of 103- égS, agg exgkﬁitin

f 1 uor esceFOBPLE SEiFe iGPRAGMET \Qife nthe BT $ e LB RRTHGR 136 nuBPEar

mRgnet e 1.£300008 M o FAY I Qe MESPESS 212 hRA-EEy! "G Ll ©f
be possible to improve the solubility in a solvent, the

. glass transition temperature, and '_the characteristics of the
devices, such as life time, luminance, etc. The repeating
unit of formula (1) and the repeating unit of formula_(Z)
may be mutually the same or different in the copolymer [1]
and the copolymer [2] of the presént invention. Among them,
those having the below AT;,H/{Tiy H> of 0.35 or less is
preférable.

The polymer composition of the présent invention [6]

comprises two or more kinds of polymer compounds having a

‘. polystyrene reduced number average'molecular wéight_of 10°%- -
10%, and exhibiting fluorescence in the solid state.
When T;,H is measured by °C nuclear magnetic resonance with
carrying out high-speed rotation of the film of the polymer
compeosition around a magic angle.in solid nuclear magnetic
resonance, T H/<Ti,H> is 0.35 or less.
ATy pH/<Ty ,HY> is éréferaﬁiy.b;3d.df less, more pfeferably
0.15 or less.

When AT;,H/<T;,H> is outside the above-mentioned range, the



conposition around a magi c angle in solid nuclear magnetic resonance,

T1pH <T10H> is 0.35 or less. i T10H <TlpH> is preferably 0.30 or |ess, nore
preferably 0.15 or less. Wien A TlpH <TlpH> is outside the above-nentioned
range, the 32 filmobtained with usigg sai d polymer conposition nmay be
made cl oudy. A TlpH <TlpH> can be obt &fned by using a polynmer conposition
I nstead of the copolyner in o TlpH <TlpH> in the above-nentioned present

i nventi on £8lm dstaimedpotitierusbnposadd, pelympli tosposidion ;A M_Ior ene
type conmpound, a pol yfluorene type copol yner, a polyarylene type conpound,
a pol yar ylmxde tgheuadppol yner, a pol yaryl enevi nyl ene type conpound, a

pol yaryl enevi nyl ene type copolyner, a poly stilbene type conpound, a

pol ysti | bene tyAT1pdiciTypit>, campdiey ebtdrediby | eptngydecPoLBRESund, a

pol ystil benevi nyl ene type copol yner, a polypyridinediyl type conpoupd, a
poly pyri deorepRsitigpeing y@Er thencapRIXPes| }Ph&)’b@'ﬁ“i@@ﬁ%gﬁpgﬁﬁd, an
al koxypol yt hi ophene type copol yner, etc. A polyfluorene type copolyner, a
pol yar y| ertbeyanenbitneftrpreseptyanyeaiéonyidyl-ene type copol yner, a

pol ystil bene type copolynmer, and a pol ystil benevinyl ene copol yner are
preferabl e. As 3ficthRtBRHENeHr COBPALAAR Fﬁ&mﬁéﬁfﬁﬁﬂ &5pésition having

~ the range of_the above-nentioned nunerical .values, from two Ki r re
of these, Eﬁ%ﬁﬁﬁ???%ﬂFeﬁ¥?ea9ﬂ%?ﬂﬂﬁg?oﬁ HP%V%@“BEP?ﬁeFYEEhﬁﬁﬁﬁH§g%§€1Hgnthe

Sinilar'“%é&%ﬁfglene type compound, a polyarylene type copolymer, a
polyarylenevinylene type compound, a polyarylenevinylene

‘. . type copolymer, a poly stilbene type compound, a
polystilbene type copolymer, a polystilbenevinylene type
compound, a polystilbenevinylene type copolymer, a
polypyridinediyl type compound, a poly pyridinediyl typé

~ copolymer, an alkoxypolythidphene type compound, an
alkoxypolythiophene type copolymer,‘etc. .A polyfluorene
type copolymer, a polyarylene type copolfmerT a polyarylene
vinylene type copolymer, a polystilbené-type copolymer, and
a polystilbenevinylene copolymer are prefgrable;

‘. | As the_methods for.obtaining the polymer composition
having the rangé of the above-meﬁtioned numeticai values,
from two kinds or more of these, exemplified are: a method
of mixing polymer compounds having the similar molecular
weight distributions; a method of mixing polymer compounds
having the similar monomer structures; a method of mixing
ﬁblﬁmer compounds havinglthé‘same of siﬁilaf kindé of -
substituents; a method of mixing with using a solvent which

dissolves the polymer compounds in high solublility; a



vei ght distributions; a nethod of m xing pol ynmer conpounds having the
simlar nononer structures; a nethod of m xing polynmer conpounds having
the sane or simlar kinds of substituents; a nmethod of mxing with using a
sol vent which dissolves the polyner ﬁgnpounds in high solubility; a 33

met hod of mxing with stirring; a netidd of m xi ng pol yner conpounds whose
difference of the wei ght average nol ecular weights is about 1.0 x 105 or

| ess; a mpletd@ddofofMimeixithg RAIBHTEt QMM 46 . metiodd t bAt mikingapbiymerei ght
average nol ecul ar wei ght of respective polynmer conpounds used for m xing
does not evmpedndshuidisedf diffefrehbe wifnithemwedigitt awamageanebéeelhar

wei ght thereof. The nmethod is appropriately selected according to the

pol yner ceompghitds itso abea tmilxed.x NeXt ort lessal wme IERL of £ tihisx pr@sent

invention will be described. The polynmer LED of the present invention is a

pol ymer | pgiiymer tcamppuhidsdesuatonpratsitie avaxomen weighht averhgei ng | ayer

bet ween el ectrodes consisting of an anode and a cathode, and the copol yner
or the pompiecuderposiighon obfradpegiicsemolyment CORPEBRA8nHERAedOMN t he
light-emtting layer. As the polymer LED of the present invention, there
are exenplixiingd desisy et |eRDeash e Hiundpdfokd cof r the t PARABBM:  welaNnhyer

di sposed between a cathode and a qu?t emtting Iager ol yrmer

LEDs. conpRiVEéXiagea medies Whadh sisdrah th Fhesref o SR Bethedt k8en an anode and a

light emtting |ayer, polymer LEDs conpprising .an elfctron transggrt%gg

| ayer disg@g@%pggpﬁg%yé§elected according to “the polymer compounds
be mixed.

. Next, the polymer LED of the present invention will be
described. The polymer LED of the present invention is a
polymer light emitting diode, comprising at least a light-
emitting layer between electrodes consist;ng of an anode
and a cathode, and the copolymer or the polymer composition
of the present invention is contained in the light-emitting
layéf.

As the polymer LED of the present invention, there are
exemplified polymer LEDs comprising an electron transporting

. layer diéposed between a cathode and a light emitting layer,
polymer LEDs comprising a hole transporting layer disposed
between an anode and a light emitting layer, polymer LEDs
c0mprising ah élécffon tfansportihg'layer disposed between a
cathode and a light emitting layer and having a hole
transporting layer disposed between an anode and a light
emitting layer.

As the polymer LED of the present invention, also

included are polymer LEDs comprising a layer containing a



cat hode and a light emitting |ayer and having a hole transporting |ayer

di sposed between an anode and a light emtting |layer. As the polynmer LED

of the present invention, also included are polymer LEDs conprising a

| ayer containing a 34 conductive pol%gpr di sposed at | east between one

el ectrode and a light emtting | ayer “Such that the | ayer containing a

conductive polyner is adjacent to the el ectrode; and polynmer LEDs

conpri si ngcendudsivatpobyhayedibposad att Lieaktedbetofeer? mnerelastredieposed

at | east between one electrode and a light emtting |ayer such that the

i nsul at i onatdyarlight aelhhtebhgt bayks elebt thas. ther layerpieontaining | 3w ng

structures a) to d) are specifically exenplified. a) anode/liéﬁn emtting

| ayer/ cat hooledwd t fve ded hiphert Lansgdaceny ltayshel iediectande: mpd polymer

| ayer/cat hode c) anode/light emtting |ayer/electron transporting

| ayer/ cat hibBRs dyoraprotiel he| ant insvpetiong laygar hiavdmg d@nitthigipess of

| ayer/ el ectron transporting |ayer/cathode (wherein, "/" indicates_adjacent

| ani nat i o2 ¢mykess dippesedfasr leass batwpenHong pladieredgymrdRtiting

| ayer is a |layer having function to emt a light, the. hole trﬁQSporting
layer is alighyesmibiing laveri sHchothasindpsr DS WHAEOMNPEHe +F ectron
transportiqg | ayer is a layer having function to transport :
adjacént to the électrode. ‘
For example, the following structures a) to d) are
specifically exemplified.

"\ . a) anode/light emitting layer/cathode

b) anode/hole transporting layer/light emitting
layer/cathode |

c) anode/light emitting layer/electron transporting
layer/cathode |

d) anode/hole transporting layer/light emitting
layer/electron transporting.layer/cathode
(wherein, "/" indicates adjacent lamination of layers.
Hereinafter, the same).

. Herein, the 1light emitting layer is a layer having
function to emit a light, the hole transporting layer is a
layer having function to transport a hole, and the electron
transporting layer is a layer having function to tranmsport
an electron. Herein, the electron transporting layer and
the hole transporting layer are generically called a charge
transporting layer. The light emitting layer, hole
transporting layer and electron transporting layer may also

each independently used in two or more layers.



an electron. Herein, the electron transporting |ayer and the hole
transporting |l ayer are generically called a charge transporting |ayer. The
light emitting layer, hole transporting |ayer and electron transporting
|'ayer may al so each independently u intw or nore layers. 35 O
charge transporting | ayers di sposed adj acent to an el ectrode, that having
function to inprove charge injecting efficiency fromthe el ectrode and
having effect Of dbergasdradspontgnd|asprpidisPerad cadizeephr tPclParly
called sonetines a charge injecting |layer (hole injecting Ig Sr el ectron
i nj ecti ngelegsrpden Gbedr Daving RWMTHAhGAMHBENR FHERIen é &EEiBde and
I mproving charge injection froman el ectrode, the above-descri bed charge
i nj ect i ngeffpeiency deomatthen elaptrads idng having &chit9 ARCHPEFEss may

al so be provided adjacent to an electrode, and fu tﬁﬁ&, fgi §nhancing
adher ence 83.viRg viodftagra &L qawﬂﬁﬁﬁqufqﬁ>&¢EF%ﬁﬂi? | FRe1%G thin buffer

| ayer nmay al so be inserted into the interface, of a ghar r rting
| ayer and SOMgReMES & ChGNoRy S efe st d]éy%d(mefqa)?gﬁ\?ér ggﬁgﬁf nat ed
and the thickness of each | ayer can be appropriately applied while
consi der i fgeCitgRE éﬁjteﬁqwge%yﬁ%)nc”f‘ aQﬁiP%—éf)Jg of the device. In the

t i ti , th | LED havi LnLegti
present | nventLon, 351 oLl 120 Fe 5 et el kgl babats
listed a polymer R 134 Hdh U Hed Uil | ehé 255w g¥kEedbadl acent to

a

charge injecting layer or insulation layer having a
thickness of 2 nm or less 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 iayer.

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

. In the present invention, as the polymer ‘LED having a
charge injecting layer (eléctron injecting layer, hole
injecting iayer) provided, there are listed a polymer LED
having a charge injecting layer'providéd”adjéCeﬁt to a
cathode and a polymer LED having a charge injecting layer
provided adjacent to an anode.

”. For example, the following structures e) to p) are
specifically exemplified.

e) anode/charge injecting layer/light emitting




cat hode and a pol ymer LED having a charge injecting |ayer provided
adj acent to an anode. For exanple, the followi ng structures e) to p) are
specifically exenplified. e) anode/charge injecting layer/light emtting 36
|'ayer/ cat hode f) anode/light emtting |ayer/charge injecting |ayer/cathode
g) anode/ charge injecting layer/light3&itting I[ayer/charge injecting
| ayer/ cat hode h) anode/charge injecting |ayer/hole transporting
| ayer/|i ghtayem/ichithgdeayer/ cat hode i) anode/ hole transporting |ayer/light
emtting |layer/charge injecting |ayer/cathode j) anode/charge injecting
| ayer/ hol e tr afiypandbideg 1ighyeemiitghinge liaydmisiangs /Tmiegbindj ecti ng
| ayer/ cat hode k) anode/charge injecting layer/light emtting
| ayer/ el eteyem/cadhederti ng | ayer/ cathode 1) anode/light emtting
| ayer/ el ectron transporting |ayer/charge injecting |ayer/cathode m
anode/ char ge i gj)eenode/chpegel iigiiteading ikayen /Adghte| @BLEbANgr ansporti ng.
| ayer/charge injecting |ayer/cathode n) anode/charge injecting |ayer/hole
t ransport Layer/sherge dndeckiing dgver/datdiadaron transporting
| ayer/ cat hode 0) anode/ hol e transporting Iayer/lifht enitting
h) anode/charge injecting layer/hole transporting
layer/light.emitting layer/cathode .
i) anodé/hole transporting layer/light emitting
layer/charge injecting'layer/cathode
j)'anode/chargé injecting layer/hole transporting
layer/light emitting layer/charge injecting layer/cathode
k) anode/charge injecting layer/light emitting |
lﬁyer/eleptron transporting layer/cathode
1) anode/light emitting layer/electron transporting
layer/charge injectingllayer/cathode
m) anode/charge injecting layer/lighf emitting
layer/electron transporting;1ayer/chargé injecting
'layer/cathode
. | n) anode/charge injecting layer/hole transpo:ting
layer/light emitting layer/electxon transporting
layer/cathode
'.m"'o)'anédé/hole'trahsporting layér/light emittihg
layer/electron transporting laye:/charge injecting
layer/cathode
p)} anode/charge injecting layer/hole_transporting
layer/light emitting layer/electron transporting

layer/charge injecting layer/cathode



layer/ el ectron transporting | ayer/charge injecting |ayer/cathode p)

anode/ charge injecting |layer/hole transporting layer/light emtting

| ayer/ el ectron transporting |ayer/charge injecting |ayer/cathode s 37 As
the specific exanpl es of the charge ig%ecting | ayer, there are exenplified
| ayers contai ning an conducting poly®ér, |ayers which are di sposed between
an- anode and a hole transporting |ayer and contain a material having an

i oni zation pot gat kdle RewWaE! d R&kdmignidOtHicMTIge Dijeotingodeyenteria
and the ionization potential of a hole transporting material contained in

the hol e thagepakiel B&emplieied AvBler st i sposeondet tberg a cat hode
and an electron transporting |layer and contain a material having an '

el ectron gbfiymelry heleesnwhiehelaaet rdinmiddditetwéen amt dmdde anteni al and
the electron affinity of an electron transporting nmaterial contained in

t he el ect hollet taanppolitigg layer et ddrtdike nviieeriak bévingdadceri bed
charge injecting layer is a |ayer containing an conducting polyner, the

el ectric iocatcdaction pptehttilad dericesn rpepdonigzatioprepdetendbigliofsans/ cm
or nore and 103 S/cmor less, and for. decreasing the |eak current between
| i ght eni ehiode piaterdalmand bhef dreaidlaativn Pfemtbrl nof eaah81€02 S/ cm or

| ess, further preferably 10-5 S/cmor nore and 101 S/cmor |ess. Usually,
to provi déranspostinac rededial dantagngthan the hole transporting

layer, layers which are disposed ﬁetweén a cathode and an

electron transport;ng layer and confain a material hawving an
" electron affinity between the électron affinity of a cathode
material and the electron affinity of an electrqn
transpofting material contained in the electron transporting
layer, and the 1ike. _

When the above-described charge'injecting 1aygr is a
layer containing an conducting polymer, the electric
conaﬁct;vity of the.conducting polymer is preferably 107°
S/ém or more and 10° S/cm or less,‘and for_decréasing the
leak current between light emitting pixels, more preferably
. 107° $/cm or more and 10 S]cm or less, further preferably

107° S/cm or more and 10 S/cmlor_less.

Usually, to provide an electric cdnductivity of the
conducting polymer of 107° S/cm or more and 10° S/cm or
less, a suitable amount of ions are doped into the
conducting polymer.

Regérding the.kind of an ion dbped, aﬁ ahion is used in

a hole injecting layer and a cation is used in an electron

injecting layer. As examples of the anion, a polysty:ene



conducting polynmer of 10-5 S/cmor nore and 103 S/cmor |less, a suitable
anount of ions are doped into the conducting polyner. Regarding the kind
qf an ion doped, an anion is used in a hole injecting |layer and a cation
iI's used in an electron injecting Iayg . As exanples of the anion, a

pol ystyrene 38 sulfonate ion, alkylbehzene sul fonate ion, canphor
sulfonate ion and the |like are exenplified, and as exanpl es of the

cation, a suifvndte ofon Sosikylbenzenet 883F0ataNiohet caliphor sailfwriate i on
and the like are exenplified. The thickness of the charge injecting [ayer

is for exboplaend ftioen 1iken 40 18Remplipi efer ahliy abr exafiplast @5Ghen
Materials used in the-charge injecting |ayer nmay properly be selected in

vi ew of retatiam, va thithionredetj assdiah gbact podesathdmadjoncette iraamityl and
there are exenplified conducting polyners such as polyaniline and

deri vat i vesmmdrhiameafon g tthephike and derempaified.t hereof, pol ypyrrole
and derivatives thereof, poly(phenylene vinylene) and derivatives thereof,
pol y(t hi enyl ené€fhé rghirimlessidof delhée vehavge fhgecdingpdeyexi dsl ifer and
derivatives thereof, polyquinoxaline and derivatives thereof, polyners
cont ai ni ngexamwmt iTremi henmtteclof esmi npragemabiychzom @r nhdosixde Nithai n,
and the like, and netal phthal ocyani ne (copper phthal ocyani ne and the

|i ke), carbon afffamials isedhinithel ehavae| dpdechinPndayethM@¥hess of 2 nm
or less has function to nake_charge injection eas As the material, of

¢ casy.
the aboveRFEER&GTHede mategted inyeievnefareiptioppgeith the materials

of electrode and adjacent layers, and there are exemplified
. conducting polymers such as polyaniline and derivatives .
thereof, polythiophene and derivatives thereof, polypyrrole
and derivatives thereof, poly(phenylene vinylene) and |
derivatives thereof, poly(thienylene vinﬁlene) and

‘derivatives thereof, polyquinoline and derivatives thereof,

polyquiﬁoxaline and derivatives thereof, polymers containing
aromatic amine structures in the main chain or the side .
chain, and the like, and metal phthalocfanine (copperx
phthalocyanine'and the like), 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
of the above-desdribed insulation layer, metal fluoride,
metél oxidé; organib.iﬁéﬁlétisﬁ ﬁdiéfidié.aﬂdmthé like are
listed. As the polymer LED having an insulation layer
having a thickness of 2 nm or less, there are listed polymer
LEDs having an insulation layer ha&iﬁg a thickness of 2 nm
or less provided adjacent to a cathode, and polymer LEDs

having an insulation layver having a thickness of 2 nm or



metal oxide, organic insulation materials and the like are listed. As the
pol ymer LED having an insulation |ayer having a thickness of 2 nmor |ess,
there are listed polyner LEDs having an insulation | ayer having a
t"hi ckness of 2 nm or |ess provided agjacent to a cathode, and pol yner LEDs
having an insulation layer having a tfPckness of 2 nmor 39 |ess provided
adj acent to an anode. Specifically, there are listed the follow ng

structureSes® provdlded eid Ramt eco (gn amesidd i nsul ation | ayer having a
thickness of 2 nmor less/light emtting |ayer/cathode r) anode/light

em tting | ayer /Speiilfiidaily aydredswvare histdd cknesfodlowing stIuedsX@s hode
s) anode/insul ation |ayer having a thickness of 2 nmor |ess/light
emtting lgyard iasulfain exdmples. having a thickness of 2 nmor |ess/cathode
t) anode/insul ation |layer having a thickness of 2 nmor |ess/haole :
transporting | ayeranddghtinmrtatiion | kaxey chanbee a)thhckBeeEs €%t 2aMEh&* i ng
| ayer/light emtting |layer/insulation |ayer having a thickness of '2 nm or
| ess/ cat hdeessv)l ighdd emidsiing i layenieat ng a thickness of 2 nm or

| ess/ hol e transporting layer/light emtting |ayer/insulation h%§gr havi ng
a thickness of I ranaste |l amigieing baver/iAsuiaticoh LIYEL HAVIE £
thickness of 2 nmor less/light emtting_|layer/electron transporting

| ayer/ cat Hddekness of 2 nm or less/cathdde :

s) anode/insulation layer having a thickness of 2 nm or
less/light emitting layer/insﬁlation layer having a

. thickness of 2 nm or less/cathode

t) anode/insulation layer having a thickness of 2‘nm or
less/hole transporting layer/light emitting layer/cathode

u) aﬁode/hole'transporting lgyer/light emitting
layer/insulation layer having a thickness of 2 nm or

less/cathode 7

"v)_anode/insulation layer having a thickness of 2_nm or
léss/hole transporting layer/light emitting layer/insulation
layer having a thickness of 2 nm or less/cathode‘

" w) anode/insulation layer ha#ing a thidknéss Of.z nm or
less/light emitting layer/electron transpdrting
layer/cathode -

x) anode/light emitting‘ia?er/eléctron tranéporting
layer/insulation layer having a thickness of 2 nm or
less/cathode

v) anode/insulation layer having élfhicknéss of 2 nm or
less/light emitting layer/electron transporting

layer/insulation layer having a thickness of 2 nm or



x) anode/light emtting |layer/electron transporting |layer/insulation |ayer
having a thickness of 2 nmor |ess/cathode y) anode/insulation |ayer
having a thickness of 2 nmor |less/light emtting |ayer/electron
t'ransporting. |layer/insulation |ayer aaving_a t hi ckness of 2 nmor 40

| ess/ cat hode z) anode/insul ation |aye ? havi ng a thickness of 2 nm or

| ess/ hole transporting layer/light emtting | ayer/electron transporting

| ayer/ cat Recks /aa)ttardede/ hol e transporting layer/light emtting

| ayer/ el ectron transporting layer/insulation |layer having a thickness of 2
nm or | ess/ cat rodershe Amsiela tisen al aper | hyeingaai thiakneisskiods2 @im 2mm

or less/hole transporting layer/light emtting |ayer/electron transporting
| ayer /i nsulesisi/dw leaymranepariing layeknkightfeRibiiog leyerdsliesdaam
produci ng a polyner LED, when a filmis formed from a solution by using
such pol yrans ponfdmes daayesidrthode  sol uble in an organic solvent, only
required is renoval of the solvent by drying after coating of this

sol ution, and a@de@nqquhph%s@rQnsmﬁythggolaﬁesﬁéigattPaﬁgﬁénﬁ ng materia
and a Ilght emtting material, the sane-nethod can be applied, causing an
extreme adB¥REAGL Gt T RIAN SRR RNy hbawﬂwsw-ﬁﬁgnwéﬁweer fayhng a
solution, there can be used coating nethods such as a spin coating nethod,

casting rdsFRess &l LW B%e Jfﬁ)‘"a'i ¢RtBRE®od, gravure coating

ab} anode/lnsulation layer having a thickness of 2 nm
or 1ess/ho1e transporting layer/light emitting
‘. ~ layer/electron franspofting layer/insulation layer having a
thicknéss of 2 nm or less/cathode
In preducing a polymer LED, whén a £ilm is formed from
a solution by using such polymeric fluorescent substance
soluble in an orgénic solvent, only required is removal of
the solvent by drying after coating of this solution, and
even in the case of mixing of a charge tfansporting material
and a light emitting material, the same:method can be
applied, causing an extreme advantage in production. As the
‘. £ilm forming method from a solution, there can be used
coating methods such as a spin coating method, casting
method, micro gravureicoating method, gravure coating
method, bar cdéting mefhdd, roll coating‘mefh6d; ﬁiré bar
coating method, dip coating method, spray coating method,
screen printing method, flexo printing method, offset
printing metheod, inkjet ﬁrinting method and the like.
Regarding the thickness of the light emitting layer,

the optimum value differs depending on material used, and



met hod, bar coating nethod, roll coating nmethod, wire bar coating nethod,
dip coating nethod, spray coating nethod, screen printing nethod, flexo
printing nethod, offset printing nmethod, inkjet printing method and the
I*i ke. Regarding the thickness of the light emtting |ayer, the optinm
val ue differs depending on materi al uddd, and 41 may properly be sel ected
so that the driving voltage and the |ight emtting efficiency becone
opti mum vahapsproperiproe exalpteedi kol $hhtothed d@nilvdng wal tagd exrmbl yhérom
2 nmto 500 nm further. preferably from5 nmto 200 nm In the pol yner
LED of theljglsecemittiegtedhiciegbty becbmki bgtimuar vallnes hend hEor t he
above-descri bed polyneric fluorescent substance can also be mxed in a
i ght em texamplé aykt . iFufrbmer]l nm tbelpgnyrpreférahly hErpme2entn to
invention, the light emtting |ayer containing light emtting materials
ot her t hanS@henmbofwrs theasxrpbeflepabiyefrom 61 nor éec@f0 gwbst ance nmay al so be
|amnated wwth a light emtting |ayer containing the above-descri bed _
polymeric fluokesthkatpelimeantEDd A€ the preghensninvendieat.ediight known
materials can be wused. In a conpound having | ower nol ecul ar wei ght, there
can be usedlifbing eaferiahsphtherebbanetheanbove -degeriibade e lgmeric
derivatives thereof, perylene or derivatives thereof; dyes such as
pol ynet hi fel¥Rxasceaiht sibrtapges cancalfar PRemdyed 1y anldghdy &mitiing
conplexesyﬁi 8- héproxyquinoline or derivatives thereof, aromatic am ne,
op

t et r aphen MRS Tor dethey R sang Ry of ofhe present
invention, the light emitting layer containing light

. emitting materials other than the _above-described polymeric
fluorescent substance may also be laminated with a light
emitting ;ayer dontaining the above-described polymeric
fluorescent substance.

As the light emitting'material, known materials can be
used. In a compound having lower molecular weiéht, there
can.be gsed, for example, naphthalene derivatives,
anthracene or derivatives thereof, perylene or derivatives
thereof; dyes such as polymethine dyes, xanthene dyes,

" coumarine dyes, cyanine dyes; metél'complexes of 8-
'hjdroxyquinoline or derivatives thereof, aromatic amine,
tetraphenylcyclopentane or derivatives thereof, or
tetraphenylbutadiéné or derivatives-thé:éof,land the like.

Specifically, therelcan be used known compounds such as
those described in JP-A Nos. 57-51781, 59-195393 and the
iike,rfor example. ” N

When the polymer LEb of the present invention has.a

hole transporting layer, as the hole transporting materials



tset r aphenyl but adi ene or derivatives thereof, and the Iike. Specifically,
there can be used known conpounds such as those described in JP-A Nos.
57-51781, 59-195393 and the |I|ike, for exanple. Wen the polynmer LED of the
present invention has a hole tranquééing | ayer, as the hole transporting
materials 42 wused, there are exenpliTfed pol yvinyl carbazol e or
derivatives thereof, polysilane or derivatives thereof, polysiloxane
derivati vessédyitigene arenekémp it nedi polieingildarbaaioleoror he mai n chain,
pyrazoline derivatives, arylamne derivatives, stilbene derivatives,

tri phenyl dierivat tees viltevest , ppbypsilane or derivatiives theareed,,

pol yt hi ophene or derivatives thereof, polypyrrole or derivatives thereof,
pol y( p- phebglesbloxanendgrivatiteesvhavirg ahearofmatic amine in the

pol y(2,5-thienyl enevinyl ene) or derivatives thereof, or. the |ike.

Speci fic esddpldain enethw| mainankpbnti pyraavédinel demislatdareshose
described in JP-A Nos. 63-70257, 63-175860, 2- 135359, 2-135361, 2-209988,
3-37992 arrylamsinegdepiiativeéem stilbanendersivataypsnti ng material s used
in the hole transporting layer, preferable are polyner hole transporting
mat eri al s SidhenslGanine dextyabives. opolyanilaney ox deadyativies ysil ane
or derivat,ives thereof,%niégysiloxane derivatives having an _aronatic am ne

conpound GHORPE n RN RERE oBr deRdVaRivieghiharepdl y BRHYPTEISL S

derivatives_ thereof,. pol ythi ophene or deriyvatives thereof,

pol y(p- phé?ﬁ/l‘;;erfe’xﬁanﬁff%ﬁ)ﬂ&ﬁr i v%?%??gg'?ﬂ%?&]ﬁ?eﬁ&w&?%) oxr
derivatives thereof, poly(2,S-thienylenevinylene) or

" _ derivdtives theréof, or the like.

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

Among them, as the hole transporting méterials used in
the hole transporting iayer, preferable are polymer hole
transporfing materials such as polyvinylﬁarb§zole or 
derivatives thereof, polysilane or derivatives thereof,
polysiloxane derivatives having an aromatic amine compound

" group in the side chain or the main chain; peolyaniline or
derivatives thereof, polythiophene or derivatives thereof,
poly(p-phenylenevinylene) or derivatives thereof, poly(2,5-
Vthienylenevinylene)'or derivatives theredf, of.the like, and
further preferable are polyvinylcarbazole or derivatives
thereof, polysilane or derivatives thereof and polysiloxane
derivatives having an aromafic amine compound Qibup iﬁ thé
side chain or the main chain. In the case of a hole

transporting material having lower molecular weight, it is



t=hi enyl enevi nyl ene) or derivatives thereof, or the like, and further
preferable are polyvinyl carbazol e or derivatives thereof, polysilane or
derivatives thereof and polysiloxane derivatives having an aromatic am ne
conmpound group in the side chain or %ge main chain. In the case of a hole
transporting material having | ower nol’&cular weight, it is 43 preferably
di spersed in a polyner binder for use. Polyvinylcarbazole or derivatives

t her eof arpreberabryl, dispersednphea pplgmerobipdeyndiorzatseon or radica
pol.ynerization froma vinyl nononer. As the polysilane or derivatives

t her eof , there Rokyvixghpaibagdleonpodetivativeshsdenecthane Rdvtaimed, 1359
(1989) and GB 2300196 published specification, and the |ike. For

synt hesi s, foret ¢roamplieschry bedtiont pedymenipatdoad orag@ddcad ppi ng net hod can
be suitably used particularly. As the pol ysil oxane or derivatives thereof,
those havwolynerizatien fronfat wdngbomen@®esri bed hole transporting

mat eri al having | ower nolecular weight in the side chain or nmain chain,
since the sil oxdfetRRepetynilapeueruferhyatpyes rbeTecfandi%e RFSroperty.
Particularly, there are exenplified those having an_aromatjc amne having
hol e t r ansFeAERREE bp@peerpornds hdesrgdbeAailR SReMmRRVehaids - ﬂ@?’ﬂat hod for
formng a hole transporting |ayer is. not rest&%@%%%h and in, the e of a

hol e transpb??? h@Rdye? 2%&91% PoReLshefeERPS HOD -2 3Rt HRP i tch

the layer ﬂé}fé¥£¥§L§{é¥“£€£ﬂé g 3gég£iggdmﬁﬁhtﬁeﬁok ge5ebuyga,iéhd a
Kipping method can be suitably used particularly.

. As the polysilo#ane or deriva_tives thereof, those

| having thé structure of the above-described hole
transporting material having lower molecular weight in the
side chain or main chain, since fhe siloxane skeleton
structﬁre has poor hole transporting property.
Particularly, there are exemplified those having an aromatic
amine having hole transporting property in the'side chain or
méin chain.
The method for forming‘a‘hole transporting layer is not

‘. restricted, and in the case of a hole_transporfing layer
having lower molecular weight, a method in which the layer
is formed from a mixed solution with a polymer'binder is
exemplified. In the case of a polymer hole'tran5porting
material, a method in which the layer is formed from a
solution is exemplified.

The solvent uéed‘fof the film forming froﬁ a solﬁfion

is not particularly restricted providing it can dissolve a

hole transporting material. As the solvent, there are



exenplified. In the case of a polyner hole transporting material, a nethod
in which the layer is formed froma solution is exenplified. The sol vent
used for the filmformng froma solution is not particularly restricted
providing it can dissolve a hole traggporting material. As the solvent,
there are $ 44 exenplified chlorine | vents such as chloroform nethylene
chl oride, dichloroethane and the |like, ether solvents such as

t et r ahydr oéxemypl fifted hehldkene asolaentshgdehcasbohleaofents siedthiplsene

tol uene,. xylene and the |ike, ketone solvents such as acetone, nethyl

et hyl ket orielanidié hedi¢kroroatiaret andstheeit kesuelthas eciperdeetsue buty
acetate, ethylcellosolve acetate and the like. As the filmform ng nethod
from a solas i tetratiywirofanan bendstdecdakengamematds bydrogarpospi n coati ng
met hod, casting nmethod, mcro gravure coating nethod, gravure coating

met hod, basolostisigsweh hasl, tobhéneoaxiyhgneeandd thenlikehakeddd®ts ng et hod,
dip coating nethod, spray coating nethod, screen printing nethod, flexo
printing melmehts cfucktapranetonenematiyli akhrdl petenen@ndetthst LR « he

li ke, froma solution. The pol ynmer binder mxed is'preferably that does
not distLﬁQﬂcﬁﬁﬁ%Fe$¢¥Nﬁmﬁ#tS@Qhréﬁeﬂ?PY&nécﬁﬁéﬁedog§tM%.QQﬁR?t%mrong
absorption of a visible light is suitably used. As such pol yner binder,

pol ycar borfih/ 1t Yege lvat 2ce patr ¢ (ARAhFReadifPat e), pol y(net hyl-
nethacrylate),As the film forming method from a solution, there can
be used coating methods such as a spin coating method,
" casting method, micro gravure coating method, gravure
cdating method, bar coating method, roll coating method,
wire bar coating method, dip coating method, spray coating
- method, scieen printing method, flexo printing method,
offset printing method, iﬁkjét prinfing‘method and the like,
from a solution. ll |
The polymer binder mixed is‘pfeferaﬁly that does not
disturb charge tﬁansport extremely, and:that does not have
strong absorption of a visible light is suitably used. As
" . such polymer binder, polycarbonate, polyacrylate,
poly(methyl acrylate). poly(methyl methacrylate),
polystyrene, poly(vinyl chloride), polysiloxane and the like
are exemplified. ' | | '
Regarding the thickness of the hole transporting layer,
the optimum value differs depending'on material used, and
may properly be selected so that the driving voltage and the

light emitting efficiency become optimum values, and at

least a thickness at which no pin hole is produced is



pol ystyrene, polyvinyl chloride), polysiloxane and the |ike are
exenplified. Regarding the thickness of the hole transporting |ayer, the
opti mum val ue differs depending on material used, and rmay properly be

Sel ected so that the driving voltage 22? the light emtting efficiency
becone opti num val ues, and at | east hi ckness at which no pin hole is
produced is i 45 necessary, and too |large thickness is not preferable
since thegtidsdany ved@ogpofldive dedviclnénsr baspet Phefefrabde tsHdce

t hi ckness of the hole transporting layer is, for exanple, froml1l nmto 1
am pref erttd \arfindme vol tages ¥ nrhe fdethee ipcréssasly Thernefonm t $h200
nm Wen the polynmer LED of the present invention has an electron
transport itigldkmears déhdire doripourcEnspertted hayeheise| £ofr eXaMPdfsporti ng
materials, and there are exenplified oxadiazole derivatives,

ant hr aqui rforoadilnemhaiee Jort mglepiredeirabd vt Faosof2 mie i fAMR, oF UBERLTat i ves
t hereof, napht hoqui none or derivatives thereof, anthraquinone or

deri vat i vareafieareddfy fxom dcyamoemt20@dqemnodi net hane or derivati ves

t hereof, fluorenone derivatives, diphen Idicyanoethxlene qQr d%{ivatives
thereof, di phdtheduitienedementhER0f othecPEeSEBiplaYeatdpnghas an

hydr oxyqui nol i ne or. derivatives thereof, polyguinoliae and degivath&gs
thereof , PHSAEHTDRAANEP TR 1ZRT v HAROYR FEBPOURFEy AFToPES e

derivati th f, d the |ike. Specjfical th | d4fied
t ﬁg;\éadg\sle&sji%(e}_rqeq(q) trae}mnsporteinglz n?ategfac sl. angythe_rgr ard ee:«:ee)r(n%rfﬂf:Lt-":cie

oxadiazole derivatives, anth:aquinonedimethane or 7

"' derivatives thereof, benzoquinbne or derivatives thereof,
naphthoguinone or defivatives thereof, anthraguinone or
derivatives thereof, tetracyanoanthraquinodimethane or
derivatives thereof, fluorenone dérivatives,
diphenyldicyanoethylene or deiivati?es thereof,
diphenoquinone derivatives, or metal complexes of 8-
hydfdxyguinoline or.derivatives thereof, polyguinoline and
derivatives thereof, polyquinoxaline and derivatives
thereof, polyfluorene or derivatives thereof, and the like.

. Specifically, there are exemplified thosé described in
JP-A Nos. 63-70257, 63-175860, 2-135359, 2-135361, 2-209988,
3-37992 and 3-152184. o

Among them, oxadiazole dexrivatives, benzoquinone'or

derivatives thereof, anthraquinone or derivatives théreof,
of metal complexes of 8-hydroxyguinoline or derivatives
théréof, poiyqﬁiﬁaiine.and derivativeérthefeof,r o
polyquinoxaline and derivatives thereof, polyfluorene or

derivatives thereof are preferable, and 2-(4-biphenyl)}-5-(4-



JP-A Nos. 63-70257, 63-175860, 2-135359, 2-135361, 2-209988, 3-37992 and
3-152184. Anong them oxadi azol e derivatives, benzoqui none or derivatives
t her eof , ant hraqui none or derivatives thereof, or nmetal conpl exes of

8- hydr oxyqui nol i ne or derivatives thﬁ eof , pol yquinoline and derivatives
t hereof, pol yqui noxaline and derivatiVes thereof, polyfluorene or
derivatives thereof are preferable, and 2-(4-biphenyl)-5-(4 46

t - but yl phembBytvilhenokpdl a¥ pd eoxbédhangle nohenzogninoagui none,
tris(8-quinolinol)al um num and pol yquinoline are further preferable. The
net hod f orarfthrdquindme el tris 68-guinepbrel hglimjabm asdnPOlyaIinAhine v
restricted, and in the case of an electron transporting material having
| oner nol eaxg sfurihdyprefexabbe . depositi on nethod froma powder,. or a
method of filmformng froma solution or nelted state is exenplified,

and in the cas&hf methedker cfeeming theraASpsreAnrARSHOTHING 1A¥%od of
filmformng froma solution or nelted state iis exenplifie respectively.
The sol verkS iidy RartdRuIar kY f Rt R§CEedm andoiht LHE FéSQN§}|iﬂticularly
restricted provided it can dissolve electron transporti terials and/or
pol ymer biSHRFE O ranP bt g Mataeidl ahaviRg PVBFéE&ﬁ%ﬂ e sol vents
ot her " sol VR such YABEIdGRGEE b O aHLRAY AESM BePordeamitie thylf %% bon
solvents sl talUengy SXLE"S 800uibRook Ke1 k8! RGeROluent s such as

exemplified; and in the case of a polymer electron.
" ‘ transporting material, a method of film-forming from a

solution or melted state is‘exemplified, respectively.

| The solvent used in the film-forming from a solution is

not particularly restricfed.provided it can dissolve

electron transporting materials and/or polymexr binders. As

the solvent, there are exemplified chlorine solvents such as

chloroform, methylene chloride, didhloroéthape and the like,

ether solvents such as tetrahydrofuran‘and the like,

‘aromatic hydrocarbon solvents such as toluene, xylene and
" ' the 1ike; ketone solvents such as acetope, methyl ethyl

ketone and the like, and ester 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 coating methods such as a spin

coéting méthéd, casfing ﬁethbd,.miéfo gravure coating"-'

method, gravure coating method, bar coating method, roll

coating method, wire bar coating method, dip coating method,



ketone and the |ike, and ester solvents such as ethyl acetate, butyl
acetate, ethylcellosolve acetate and the like. As the filmform ng nethod
froma solution or nelted state, there can be used coating methods such as
d spin coating nethod, casting "Ethﬁgp m cro gravure coating nethod,
gravure coating nmethod, bar coating hod, roll coating nethod, wre bar
coating nethod, dip coating nethod, 47 spray coating nethod, screen
printing regregd, cddeirog e thodg soreandprohting pethedng fleXvoRTIMid R
printing nethod and the |ike. The polyner binder to be mxed is_preferably
that whi clmetioes, moffext renbbyingsnethod. chakjett pEAsEdNg mredhad andnd

t hat does not have strong absorption of a visible light is suitably used.
As such padtharekiks nder, pol y(N- vinyl carbazol e), polyaniline or derivatives

thereof, pol ythiophene or derivatives thereof, poly(p-phenylene vinylene)
or derivatives Threrpetynen| yindert hpehgl BhZedyify P&ﬁ%ﬁr&bwgrﬁsw‘t i“{}'ég‘yh

t hereof, polycarbonate, polyacrylate, poly(nethyl acrylate), poly(me hyl
met hacryl £1e9S ot etiFemely pdigturhyf EBFEEFdEf?nSBBIr&SiH Enfithe

| i ke are exenplified. Regarding the thickness of the el ectron transporting
| ayer. theihaph [GRAR VB HNAT® | EF5OREBRAPABESANNRECA AHoi0k® LSy oy

o 1 cf ency bRENEY gptsumARag: Beiree PLdeE, Prrtlfiass"at wni ch no pin
hole is pnggﬂﬁfggéﬁhzole), polyaﬁiline or derivatives thereof,
polythiophene or derivatives thereof, poly(p-phenylene
" vinylene) or derivatives thereof, poly(Z,S-thienylene
vinYlene) or derivatives thergof,'polycarbonate,
polyacrylaté, poly(methyl acrylate), poly(methyl
methacrylate), polystyrene, poly(Yinyl chloride),
polysiloxane and the‘liké are exemplified.
| Regarding the thickness of the electron transporting
layér, the optimum value.differs depending on material used,
- and may properly be selected so that the driving voltage.and
the light emitting efficiency become optimﬁm values, and at
" least a thickness at which no pin hole is produced is
necessary, and too large thickness is not preferable since
the driving voltage of the device increases. Therefore, the
thicknéss of the electron'transportihg layer is, for
examﬁle, from 1 nm to 1 um, preferably from 2 nm to 500 nm,
further preferably from 5 nm to 200 nm.
.'The substrate forming theﬁﬁ;ijmer LED of the preseﬂt
invention may preferably be that does not change in forming

an electrode and layers of organic materials, and there are



mecessary, and too |large thickness is not preferable since the driving
vol tage of the device increases. Therefore, the thickness of the electron
transporting layer is, for exanple, from1l nmto 1 Lim preferably from?2
Amto 500 nm further preferably froggd nmto 200 nm The substrate
formng the polynmer LED of the present - invention may preferably be that
does not change in formng an electrode and |ayers of organic materials,
and t her e e¥eMBLIIB@ D185 edpypaticspl polywer Falyvesiiaan silicon
substrates and the like. In the case of a opaque substrate, it is

pr ef er abl SYPRECAERS oppdsthe biketr ot The (9858 paf edt OPBAUSe FPSIRE Srent .
In the present invention, it i referable that the. . anode of an el ectrode

t
consistiruf?ﬁl%NPQQﬁﬁEﬁ%%ﬂlEhégtEBﬂeOPP§S§F8n§&&F§HP¢9'%ﬁﬂFQQQﬁEﬁEﬁQﬁH. As

the material of this anode, electron conductive netal oxide filns, ‘
seni tr ans2F IRMHEX2RSRITNEi I ns and the |ike are used. Specifically,

th d jndj i de, 7] i de, tin oxide, fil ESA and

Uhe i ke) T abrib st BRe ko TBRoRPLeR ohtcoRAREERSE A EHAICd of

indium ti ide (1T i ndi i i d the |ike, which

motal o AR et hitn ChrALPRRE of! ARornctByaa S ATeH ke ar e
d, and t |.TO. i ndi i {de, ti i d ferable. As

Uhe. "t abr i hc ey TRAReE o SEBLRFOARBF-RBEOS) (fon met had sputtering.

gﬁgggd tihgpep'ng%,é %ﬁ%@%ﬁ%ﬁi%%n'@hﬁtQﬂgdgr,'deﬂat%%rlohk%o%rd%dﬁ% As the
metal oxide films, semitransparent metal thin films and the

"_ © like are used. Specifically, there are used indium oxide,

| zinc oxide, tin oxide, and films (NESA and the like)

fabricated by usihg an electron conductive glass compose& of
indium";in"oxide (IT0) ,indium* zinc * oxide and the
like,which are metél oxide complexes, and gold, platinum,
silver. copper and the_like'are uséd, and among them, ITO,
indium * zinc * oxide, tiﬁ oxide are preferable. As fhe
fabricating method, a vacuum vapor deposition method.
sputtering method, ion plating method, plating method and

. | the like are used. As thg énode, there may also be used
organic transparent conducting films such as polyaniline or
derivatives thereof, polythiophene or derivativés-thereof
and the like.

The thickness of the anode can be appropriately
selected while considering transmission of a light and
electricnééndﬁétivify;'and fdr'exaﬁple, from 10 nm to 10 u
m, preferably from 20 nm to 1 im, further preferably from

50 nm to 500 nm.



ergani c transparent conducting films such as polyaniline or derivatives
t her eof, pol yt hi ophene or derivatives thereof and the |ike. The thickness
of the anode can be appropriately selected while considering transn ssion
of alight and electric conductivityggand for exanple, from10 nmto 10 U
m preferably from20 nmto 1 9m further preferably from 50 nmto 500 nm

49 Further, for easy charge injection, there nag bg Erovided on the anode
a layer conpri FURFREDHNTERT R3EN FRATIHRrFRIEFELORonbBEFPNE o™ fer s, car bon

d the like, I havij filmthick f 2 |
compri s PO Wit MAGR & LAYTTCOBPELATES] ReBPARARY SYRRIAS ol and
t he Iike: the materi of a cathode used in_ the olﬁ I %ED %& f he

t rﬁ%ﬁ"‘mv% At SRt ¢ Saraehonnfe thET aikEa,OF &
A e et LS e o 04T god iy

bi di I t
;Fuhihﬂgz scanai vanadi zi nc, g#% inﬁgLEﬁ'U”LGﬁgizhhjgéﬁéggi'
eur opi um € %{ﬂgﬁfﬁaﬁﬁt%% t H& %e, or-a %bys éonpri si ng tvvoq‘{)g

nore of the r..allo conpri.sing one or nore of themw th one or nore of
gol d, mI\/%?eﬁ%%iiﬁﬁﬁﬁiQﬁiﬁkﬁg'nanganese, titanium cobalt, nickel

tungsten and il (HAMUAST Ay S PNL nbdL ChEBALHORNEOBRAYREY 2D 0w

. npl es "0 al 'oysi'nclude a magnesi umsilver all oy,

magnesi umyidigias il v RES] Rt UTAPiy atoR¥r wBgkUFunidtd@n ald oy,
preferable. for example, there are used metals such as

" lithium, sodium, potassium, rubidium, cesium,_be:yllium,

| magnesium, calcium, sfrontium, barium, ;luminum, scandium,

vanadium, zinc, yttrium, indium, cerium, samariﬁm, europium,
terbium, ytterbium 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, coppeﬁ, manganese,
titanium, cobalt, ﬁickel, tungsten and tin, graphite or
graphite intercalation compounds ahd‘the like. Examples of
alloys include a magnesium-silver alloy, magnesium-indium

‘. " alloy, magnesium-aluminum alloy, indium—silvef alloy,
lithium-aluminum alloy, lithium-magnesium alloy, lithium-
indium alloy, calcium-aluminum alloy and the like. The
cathodé may be formed into a laminated structure of two or
ﬁore layers.

| The thickness of the cathode can be appropriately

selected whiie ¢oﬁ§idéring'tranémissibn 6f é'light4éhd
electric conductivity, and for example, from 10 nm to 10 4«

m, preferably from 20 nm to 1 im, further preferably from



i thi um al um num al l oy, Iithium magnesiumalloy, |lithium indiumalloy,
calciumalum num alloy and the |ike. The cathode nmay be fornmed into a

| am nated structure of two or nore |layers. The thickness of the cathode
can be appropriately selected while egnsidering transm ssion of a |ight
and electric conductivity, and for exanple, from10 nmto 10 u in,
preferably_from20 nmto 1 4m further preferably from50 50 nmto 500 nm
As the metHbd® or° 123} i%Bting a cathode, there are used a vacuum vapor

Chin il m s adiortd Methedredt Sratiretinfen SRAREREC wR R ib ¥ he, o
Compr 151 ndt i on SERRLF1S8 RaeRodLr <Rl sReg S mehEa 7 | V"

or gani o1 AT e R EREH § JBLAL REPIEI Y AiihddD |

ol yrrer | LRy Snd WiksdR¥e  SaPEnl] SYKRCT HOLERR) OLRELS by |
it is prefgarabhs (o proyige @eP&QéRCéixsthawaﬁagéw or@raql_ti%ctliasﬁeﬁovaerAsf0r

protection of the device 1n order to prevent it from outside danage.

the proteqliws |air1 41168 Cart WBohaGctSRE BoRPhYEE! oxCaMmeyat HEkalg Qi de,
metal fluori'de,  metal borate and the [Tke. t he protective cover, there
can be useffexafferssi1mp| R fokPePaSE § RhabP 18BEsSHbMPEe sdngMd atetes been
oxide, metal fluoride, organic insulation material and the
. . iike, and after fabrication of the cafhode, a protective
layer may also be provided which pfotects the. polymer LED.
For stable use of the polymer LED for a long period of time,
it is prgferable to provide a protective layer and/or
protective cover for protection of the device in order to
prevent it from outside damage.

As the protective layer, there can-ﬁe‘used a polymer
compound, metal oxide, méta; fludxide,‘metél borate and the
like. As the protective-coﬁer, there can be used a glass

‘. _ plate, a plastic plate the surface of which has been
subjected to 1ower-water-permeation treatment, and the like,
‘and there is suitably used a method in which the cover is
pasted with an device substrate by a thermosetting resin 6r
light-curing resin for sealing. If space is maintained
using a spacer, it is easy to prevent an device from being
injuréd. If an inner gasVSuch aémnitrbgeﬂ'and dfébh'is"
sealed in this space, it is possible to prevent oxidation of

a cathode, and further, by placing a desiccant such as



subj ected to | ower-water-perneation treatnment, and the like, and there is
suitably used a nethod in which the cover is pasted with an device
substrate by a thernosetting resin or {ight-curing resin for sealing. If
space is maintained using a spacer, i§ is easy to prevent an device from

being injured. If an inner gas_such as nitrogen and argon is sealed in
this spacePdFtupsoxdde; and Fgeplé#énﬂno%PGaﬁbﬂYﬁﬂdeﬁﬁnigqﬂxﬁﬁa@ﬂd itirt her
by pl acing, a desiccant such as 51 _bariumoxide and the like in the
above- descHf bR X pEReSUPPress theydapageppfead ey igambye NEiskiBRyi ce by

noi sture hered |n e production process. Anong them any one neans or
nore are p %ﬁ%%l%naﬁgﬁtgﬁ9g#ﬁgiﬁﬁl?ﬁﬁFeEED ohmeRg BReBenBN¥n@A® i on can

be used f a flat light source, a segnent display, a dot matrix display,
and a qudﬁ%F%ﬁy%¥eW9r i%ﬁﬁa@r%EeEaBigkapPQﬁF§~etc. For obtaining |ight
em ssion in pl form usi he ol ymer LED of the present invention, an
anode and a cat o%epo.YT?‘F?IE%ISp?gngh?oPﬁ?ﬁﬁ9tp38H&PF§°5‘eCﬁ"aélfd u$ped hat

th | &y nat h th f I Qi i ght 1 SSJ '

pattern oo Tt o L OWGEET W SReREnBSRPARTH & SHEREE T pat tor n

f ' I t - ' Light LLti devi

ot hod | h AR ek e e TRt e PR p Y 2Rb. B BROLASRE £ G 1o
bt ai | G4€ | £k L di b [ - | .

o a5t on. and & e T Eroan EAKE S A THORAgRE PortoRauiene, bt

of them adlyaidfed BN dhaAldfddenBYint ORI B, 8aRahhERB Bu a2 Hrddigse

met hods and by pl aci ng o R

" in the plane form may properly be placed so that they are
laminated each other. Further, for obtaining light emission
in pattern form, theré are é method in which a mask with a
window in pattern fbrm is placed on the above-described
pPlane light emitting device, a method in which an organic
layer in non-light emission part is formed to obtain
extrgme;y large thickness providing substanfial non-light
em;ésion, and a method in which any one of an'aﬁode or a
cathode, or both of them are formed in the pattern. By
forming'a pattern by any of these'methods and by placing

'. some electrodes so that independent on/off is possible,
there is obtained a display device of segment type which can
display digits, letters, simple marks and the like.
Further, 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 they cross'at right angles.
By a method in which a plurality of kinds of pol?meric

fluorescent substances emitting different colors of lights



gone el ectrodes so that independent on/off is possible, there is obtained
a di splay device of segnent type which can display digits, letters, sinple
marks and the like. Further, for formng a dot matrix device, it may be
dgdvant ageous that anodes and cat hodes e made in the form of. stripes and
pl aced so that they crossat right angles. By a nmethod in which a plurality
of kinds of polyneric fluorescent substances emtting different col ors of

| i ghts 52 a%§ LIAGRGSerpeate by yobraamgthpddinnwhiicth aa cediost filter oF

| um nescence converting filter is used, area color displays and nulti

col or di sptijinescenss Forerpingt fidterxiai uprdy a5 KO1len VEEM ATRssi ve
driving, or by active driving _conbined with TET and_the |ike. These

di spl ay d@RCddsh CHkPR BESRLaYS 5P| ahtaingdeondudet, magréy display
portabl e terq%ggi,‘ggrtable t el ephone, car navjgation, view finder of a
vi deo canét® e i e PREFHYer driYidngpo9E- B¥saFthd® 1IGRdinghi tti ng

devi i I i t hi | f-light-emtti : d b

ui t abl y B, S Sraf and B ke aeqe Esslay SPPAERE Capsca

di spl ay, re%seadsflat Id' ht, source for i|lumpation.  Further, if a

[l oxi bl o Heatirs a5 ey, FPLEY O ' Spmpttet. aboserarsen | PRHEARAS

di g)p;: ayfa Igjré;t“_mllgiet g)oq_,g eval at'g a sol ub?l'tx- f a o&fl ey - for :
exhi biting uoresc ﬁ%e%g%?ré?%&?#%gita?%riﬂag%g B?SQnig ?&\ﬁéﬂ,eﬁ)o :
T1lpH <T1p'é>w)i%elbs%%me'1§r’1ﬂ‘,i cthd stﬁ)gtﬂ]?gd by measuring T10H by 13C nucl ear

magneti c resonance Wt carryrng out hi gh-speed rotation of the film of
the Further, the above-described light emitting device in

‘. i plane form is a thin self-light-emitting one, and can be
suitably used as a flat light source for back-light of a
liguid crystal display, or as a flat light source for
illumination. Further, if‘a flexlible plate 1s used, it can
also be used as a curved 11ght source or a display.

In the method forlevaluating a solﬁbility of a
copolymer exhibiting fluoreédence in the'sol;d state in an
organic solvent, AT, H/<T; H> is‘uéed,‘which is obtained by
measuring Ti,H by *°C nuclear magnetic resonance with

'._ carrying 6ut high-speed rotation of the f£ilm of the
copolymer around a magic angle in solid nuclear magnetic
resonance. The smaller AT;pH/<T1pH>‘is, the larger the
solubility in an organic solvent. Thereby, the solubility in
an organic solvent of a copolymer.exhibiting fluorescence in
the solid state can be evaluated numerically.

In thé ﬁetﬁod fof eﬁéiuatiﬁg a hbﬁogeneiﬁf.of.a“film 6f
a polymer composition consisting of two or more kinds of

polymer compounds exhibiting fluorescence in the solid



copol ynmer around a magi c angle in solid nuclear magnetic resonance. The
smal ler o TlpH <T10H> is, the larger the solubility in an organic solvent.
Thereby, the solubility in an organic solvent of a copol ynmer exhibiting
fiuorescence in the solid state can ?% eval uated nunerically. In the
met hod for evaluating a honogeneity of a filmof a polyner conposition
consisting of two or nore kinds of polynmer conpounds exhibiting
fl uorescerstation tdred SEvVihdR pelystynedehnefinged pumperypyedagfiuced
nunber average nolecul ar wei ght of 103-108, a TlpH <TlpH> _is used, which
is obtai malagnlamseight TOH O I8C AR F3f <Tagiet 18 REs@nawbdchyils,
carrying out high-speed rotation of the Liln1of the copolyner around a
magi ¢ anglabiaingsd iy megsuringdheiH by r éSonigdearThadnfl 1e res ndRFeTIpH>
i's, the better the honogeneity is. Thereby, the honpgeneity of a filmof a
pol ymer  otfosiarmiing ik thigh ospeed vetabienkphasher LadmM od tR%npounds
exhibiting fluorescence in the solid state, and having a EPI styrene
ATb a&’:ﬁ

reduced nFRARLYRALT AFOUR &t magicernsle dR spiidopuct ed
nunerically. . EXAMPLES The follow ng exanples further illustrate the
present i I§if4i n detail but do not limt the scope thereof. Here,

regar di ng &E mei%R -aver.age nqkec | ar weight, a % nunber - aver
nol ecul ar ?e‘ﬁhf“,n ﬁr rpg}f@sa%{% bpﬁéd%ﬁed!tﬁﬁuﬁﬁg eﬁvéﬁggg’oﬂégee&%ymi ght
was deteraned by gel
s.
Thereby, the homogeneity of a f£ilm of a pelymer
‘E composition consisting of two or more kinds of polymer
compounds exhibiting fluorescence in the solid state, and
having a polystyrene reduced number average molecular weight

of 103-10°, cah be evaluated numerically.

EXAMPLES
' The following examples further illustrate the present
invention in detail but do not limit the scope thereof.
Here, regarding the weight-average molecular weighf and
'. : number-average molégular weight, ihe polystyrene reduced
number average molecular weight was determihed by gel
permeation chromatography (GPC: HLC-8220GPC made by TOSOH or
SCL-10A by Shimadzu Cdrp.) using chloroform as a solvent.
The giass transition peoint was determined by DSC (DSC2920,
made by TA Instruments).
| TloH. wéé_ﬁéésured in a réﬁﬁ.témﬁéraiufe usihQ.CMX-Sbb'
type apparatus made by Chemagnetics Inc.

Example 1



per meati on chromat ography (GPC. HLC-8220GPC nmade by TOSOH or  SCL- 10A by
Shi madzu Corp.) using chloroformas a solvent. The glass transition point
was determ ned by DSC (DSC2920, nade by TA Instrunments). TlpH was neasured
i'n a roomtenperature using CMX-300 tgge apparatus nmade by Chemagnetics
Inc. Exanple 1 54 <Synt hesi s of Copol yner 1>

2, 7-di bronp-9, 9-di octyl fl uorene (250ng, 0.456mMmo1l),

2, 7-di broﬁ@@?ﬁ#%@%n@wﬂménp(212ng, 0. 457mm|)

N, N - bi s(4- bronnphen | )-N, N - (bi s-4-n:butyl phen henyl enedi am ne
(270mg, 0.397mA’ %‘“‘Q'Ebép%?%ﬂf%%%ﬁe % %85‘@[“ )“D\f&%ﬂ%‘"'lﬂ s‘ol ved in
oAy dr o S e gt 4:5‘3%%%811&?5#”??32 BadS Y < 1t ogen
PR B s kit TG )
Feacti on MO e ambiea S  chre ? AMBRTa APE CaBoP BYIEY and | added
gggﬁrﬁfgn[efg% ged‘%é&%giggﬂ§£e2 g§$£§$§digforgkgﬁgéggk%%%&ggggglted
DL o Gl A Pt nd 60 MG EURRY BUSER S ropiE
gggm st 'Srgﬁgtgj(a{ioéﬁwg rg%@n?ofog%ﬁﬁey@imaﬁi&%g&ﬁdgaé% gdlgpus ammoni a

nitrogen atmosphere, bis(1l,5-cyclooctadiene)nickel(0)
.' _ {Ni(COD}).} (896mg, 3.26mmol) was added to this solution, and

the temperature was raised to 60 T to conduct the reaction

for 3 hours with stirring. After the reaction, the reaction

liquid was cooled to a roem temperature {about 25 T:);_and

added dropwise in a mixed solution of 25% aqueous—ammenia

10mL/methanol.120mL/ion—exchanged water SOmL,'aed stirred

for 1 hour. The deposited précipitate was-fi;trated and

dried under reduced pressure for 2 hours, and dissolved in

. toluene 30mL. Then, 1N hydrochloric acid 30ml was added, and

. | stirred for 1 hour, the agqueous layer was removed, 4%

agueous ammbnia 30mL was added to the erganic_layer, and

after stirring for 1 hour, the aqueous layer was removed.

The organic layer was added dropwise to methanol 200mL,

stirred for 1 hour, and the deposited precipitate was

filtrated and dried under reduced pressure'for 2 hours, and

dieeeived in toluene 30mL. Then, pufification waslperfermed

through alumina column ( 20g of alumina), the collected

toluene solution was added dropwise to methanol 250mL,



after stirring for 1 hour, the aqueous |ayer was renoved. The organic

| ayer was added dropwi se to nmethanol 200nL, stirred for 1 hour, and the
deposited precipitate was filtrated and dried under reduced pressure for 2
Kours, and dissolved in toluene 30nL55Then, purification was perforned

t hrough al um na col um. ( 20g of alunina) the collected toluene solution

was added Ly Opvi§erdP M&@?OI afad gp8§5.'t ﬁeﬂ E%ripk wedd the

deposited precipitate was iltrate rle feduced pressure for 2

hours.  Coppl pwBfed A%S &Pi@angﬂa P i‘é&ﬁéeﬁf p%@%s%% £o0m tHarghar gi ng

ratio of nonomers, the ratio o e repeating units of fornula (4),

formula (Xop csei%ﬁné:@rﬁlwés(@ﬂtaﬁngépﬁhyﬁél& oleS 289., %51930me +thd 4) The

pol ystyrene 'r ed average nol ecul ar Wwei ghts of Cbpo ynmer 1 were,

Mh=2. 0x 104sh sitsh dvoa ©d 0df  hOROLYFB! 'Ehe"‘@ét@éstEYth@ HlpR At rp | et S,
such as toluene and 56 chloroform Exanple 2 <Synthesis of Copol yner 2>

2, 7-di brorgr ESmlinet v f | upsee14 265 $70an8- 48Rulal X6) in Copoly'mer 1

2, 7-di brono-9, 9-di i sopentyl fluorene (5.6g, 0.0121 nol), and 2,2'-bipyridyl
(229, 0. 14i% B 35¢3®, di ssol ved in tetrahydrofuran (dehydrated) 1600nL and
the inside of the systemwas replaced with nitrogen gas by bubbling with
nitrogen gas.. Under nitrogen atnosphere, bis(1,5-

The polystyréne reduced average molécularuwéighfé of
Copolymer 1 were, Mn=2.0x10*% and Mw=5.5x10*. Copolymer 1

was easily soluble in solvents, such as toluene and



gycl ooct adi ene) ni ckel (0) {N (COD) 2} (40.01g, 0.145nmol) was added to this
solution, and the tenperature was raised to 60 “~C to conduct the reaction
for 8 hours. After the reaction, the reaction liquid was cooled to a room
tenperature (about 25 C), and added eygopwi se in a m xed sol ution of.25%
aqueous- ammoni a 200nL/ net hanol 1200nL/i on-exchanged water 1200nL, and
stirred for 30|¥runes. The. deposited precipitate was filtrated and dried
in'air. THEHOFEQER: dissolved in tol uene 1100ni.and filtrated. The
filtrate $%%mﬂg§de dropwi se to met hanol 3300nm., and stirred for 30

m nut es. st t ed precipitate was filtrated and washed w th nethano

1000m., th | dried under reduced pressure for 5 hours. Copol yner 2
was obtahﬁﬁyﬁép%%iﬁcptﬁékgﬁ.ﬁﬁﬁ? 2 omthe charging ratio of nononers, the

2" s 80: 20, The pUTASTERES £ 260t bEE T E LRSI a8 2 Rre Curttie b o B R0l Ymer
211 M Bl 08, SV 25000 SPOBL ARG 12580 V90 A8 W) e 1
o b L 2 a4 o ey SHY dRosted g, 10, B,
(5155 4 ST (SUtba) o . 5o Y, e i 1
repl aced Wydtem was replaced with nitrogen gas by bubbling with
nitrogen gas. Under nitrogen atmosphere, bis(1,5~
@  cyclooctadiene)nickel(0) {Ni(COD);} (40.01g, O.145mol) was
added to this sqlution, and the temperature was raised to 60
C to conduct the reaction for 8 hours. After the reaction,
the reaction liquid was cboléd to a room temperature (about
25 C), and added dropwise in a mixed solution of 25%
aqueous-ammonia 200mL/methanol 1200mL/ion-exchanged water
1200mL, and stirred for 30 minutes. The -deposited
| precipitate was filtrated and dried in ‘air. Then,.it was
dissolved in toluene 1100mL. and filtrated. The filtrate was
“ | added drdpwise to methanol 3300mL, and stirred for 30
minutes. The deposited precipitate was filtrated and washed
with methanol.IOOOmL, then it was dried under reduced
pressure for75 hoﬁrs. Copolymer 2 was obtaiﬁed in yield of
20.479. From the charging ratio of monomers, the ratio of
the repeating units of formula (4), and formula (5) in
Copolymer 2 is 80:20.
The polystyrene feduced average molecular weights of

Copolymer 2 were, Mn=6.0x10%, and Mw=1.5x10°. Copolymer 2



rRi trogen gas by bubbling with nitrogen gas. Under nitrogen atnosphere,

bi s(1, 5-cycl ooct adi ene) ni ckel (0) (N (COD)2) (10.08, 36.4mvl) was added to
this solution, and the tenperature was raised to 60 t to conduct the
reaction for 3 hours with stirring. er the reaction, the reaction
liquid was cooled to a roomtenperature (about 25 'C), and added dropw se
in a. mxed solution of 25% aqueous-ammoni a 8OrL/ net hanol

300nL/ i onvese lesaegickly Vit larb B3O, satdent $ 5 redch FRetadpeset 8@dprecipitate
was filtrated and dried under reduced pressure for 2 hours, and di ssol ved
in tol uenel@ofaum 50" C. Then, purification was perforned through silica-
al um na colum, the collected toluene solution wa added dropw se to

met hanol &vwhthetkeExannle He deposited precipitate was filtrated and
washed with ethanol, and dried under reduced pressure. Polynmer Conpound 3
was obt ai iénthesisiaf Holymry Gompe¥nd 2harging ratio of nonomers, the
rati o of the r;geatlng units of formula,  (4) and fornuli g%ﬂﬁﬂg P%L
Compound 3 is Bolibromp- ﬁ?ﬁr?kﬁ?%¥%$%“@r?%ﬁu&éd88ve 29 cul

wei ghts of = Pol ymer Conpound 3. wer x104 x104. Pol yner
Cbnpound1?3&%5%%9?9%PER§QH§¥?NrNsb(Q%ﬁf% nsggﬁyéggegyggpz %and chl or of orm

O o ot il R L Bt b B e

Compound %gyghméfﬁ Wwere dissolved in tetrahydrofuran (dehydrated)
40mL, and the inside of the system was replaced with

. nitrogen gas by bubbling with nitrogen gas. Under nitrogen
atmosphere, bis(1l,5-cyclooctadiene)nickel(0) {Ni(COD):}
(10.0g. 36.4mmol) was added to this solution, and the
temperature was raised to 60 T to conduct the reaction for
3 hours with stirring. After the reaction, the reaction
liguid was cooled to a room temperature {about 25 T), and
added dropwise in a;mixed solution of725% agqueous-ammonia
BdmL/methanol 300mL/ion-exchanged water 300mL, end stirred.
The deposited precipitate has filtrared and dried under

. reduced pressure for 2 hours, and dissolved in toluene 50mL
at 50C. Then, purification was performed through silica-
alumina column, the collected toluene solﬁtiqn wa added
dropwise to methanol and stirred, and the deposited
precipitate was filtrated and washed with ethanol,.and dried
under reduced pressure. Polymer Compound 3 was obtained in
yleld of 3 4g. From the charging ratio of monomers, the
ratio of the repeating units of formula (4) and formula (6)

in Polymer Compound 3 is 70:30.



and 1.5% by wei ght toluene solutions for each of themwere pr epar ed.
Usi ng each tol uene sol ution, Polyner Conposition 4 was prepared by m xing
them so as to nmake Copol yner 2: Polygﬁ% Compound 3 = 69:31. Synthetic
Exanpl e 2 <Synt hesi s of Pol ymer Conpo 5> Under nitrogen atnosphere,
9,9-dioctylfluorene-2,7-bis (ethyleneboronate) (305ng, 0.s75mmmol),

2, 7-di br ono- 9, 9Theli polyktivenenee@idény aveaga3 mulleculans wdighios 366 ( 15ny,
0.037nmmol ) were dissolved in toluene (4.3g), to which 1.0y of aqueous

sol uti on dPolynessCompoanfioBawerée23Mng2. 2xADivoahd Mas9adsdd’. FRolmer
tetraki s(triphenyl phosphi ne) pal | adium (4ng, 0.0035mvl) was added, and the
t enper at uréonpeundi 3edast batdlyCsbdubdedant spiyendact isorcH @as 2owema, with
stirring. Then, bronobenzene (14ny, 0.0892mmvl) dissolved in toluene O InL
was added amdt¢klerefoimn butusdlubhd sni toddenst antd chifagroforourwitiafter
cooling to 50t, the organic |ayer was added dropw se in nethanol /water
(1/1), ancstErirgiated0for 1 hour. The precipitate was filtrated, washed
59 with using nethanol and ion-exchanged water, and dried under reduced
pressure. B¥AMP1let3was dissolved in toluene 50n and purified through
silica colum (anmbunt of silica, 15nL). The solution after purification
was added thARASEtien e hRpbymersEpmpagitdpnl 4four, and the precipitate

was filtrated, and .dried under reduced _pressure to obtain Polynmer Co ound
5. Pol ymer ComftfutPaVScCOBBLWFREAZ ANGI BPAYBFESOMROUPY e T tfRANG 5
's a p0|y@%ﬂi?f??ﬁE%}r$E£Gh£h€oigg§gtgggugggkso%or each of them were

" . prepared. Using each toluene solution, Polymer Composition_

4 was prépared by mixing them so as to make Copolyme: 2:

Polymer Compound 3 = 69:31.

Synthetic Example 2

<Synthesis of Polymer Compound 5> '

Under nitrogen atmosphere, 9,9-dioctylfluorene-2,7-bis
(ethyleneboronate) (305mg, 0.575mmol), 2,7-dibromo-9,9-
dioctylfluorene (287mg, 0.523mmol), and aliquat336 (lsmg;
0.037mmol) were dissolved in toluene (4;39). to which 1.0g
of aqueous solution of potassium carbonate_(231mg; 1.67mmol)
was added. Further, tetrakis(triphenylphosphine)palladium
(4ﬁg, 0.0035mmol) was added, and the temperéture'was raised
to 110 T to conduct the reaction for 20 hours, with
stirring. Then, bromobenzene (l4mg, 0.08%2mmol) dissolved in
toluene 0.1lmL was added to the reaction liquid, and.stirred
at 110 - C for 5 hours. After cooling to 50, the organic-
layer was added dropwise in methanol/water (1/1), and was

stirred for 1 hour. The precipitate was filtrated, washed



fformul a (4). The polystyrene reduced average nol ecul ar wei ghts of Pol yner

Compound 5 were, M=1.2x104, Ma=3.2x104. Pol ynmer Conpound 5 was hardly
soluble in solvents, such as tol uene d chloroform but could be

di ssolved by heating to 50t w.th stirfY¥ng. Synthetic Exanple 3 <Synthesis

of Pol ymer Conpound 6> 2, 7-dibrono-9, 9-diisobutyl fluorene (0.93g,
2.00mmol ) wand 8s2ngbmpyhadpl @hd69pn-extZmnged watexl) ssnd véried under
t etrahydrof uran (dehydrated) 60nL, and the inside of the system was
repl aced wrefiugedr pgesshyebufblenng i tasnidisespaivedain tibeenai 5énjeand

at nosphere, bis(1,5-cyclooctadiene) nickel (O (N (COD)2) (1.2g, 4.36 mmol)
was added porifiled througbnsidida endamat (amovad refi seidliea 601 5mbd . cBheuct

the reaction for 7 hours, with stirring. After the reaction, this

reaction | fgikbigasatberepurdficasdon saseafidade qramuise 280 Qrethaboddded

dropwi se in a mxed solution of 25% aqueous amoni a 20nL/ net hanol .

150nL/ i on- 8k¢FEfdefotial choBy. ROGhtheapFesdipitater grasl fblkrate@, dapési t ed

precipitate was filtrated, and dried under reduced pressure, and_then
di ssol ved fiRled| BReesr RedvRed, Presausead@e @bdadpnwRal e ferReerd and
stirred, the degosi ted Ereci pitate was filtrated, washed w th acetone,

dri ed undeFo+¥RREHOmBPERLPeVES GDFEIPEE ABr Ydshso ffd 4 0MGe BLYHeDT

and

Pol d.. . 350pm. Fromt har gi ti i
Pol ymor COMTBRRETS PsL8 BoBy EReToROnetsidng: Hint i RGNS SHLE OF

formula (4).

. _ -The polystyrene reduced average molecular weights of
Polymer Compound 5 were, Mn=1.2x10*, Mw=3.2x10"%. Polymer
‘.Compound 5 was hardlj( soluble in solvents, such as tcluene
and'chlloroform, but could be dissolved by heating i:o 50C
w‘i‘th stirring. | -

Synthetic Ekaﬁple 3
<S¥nthe.sis of Polymer Compound 6> _

2, 7-dibi-omo-9 . é-diisobutyl'fluorene (0.93g, 2.00mmol)
and 2,2'-bipyridyl (0.69g, 4.42mmol‘) were dissolved in
tetrahydrofuran (dehydrated) 60mL; and the inside of the

. _ system was replaced with nitrogen by bubbling with nitrogen
gas. Under hitrogen‘atmosphere, bis('l,S-cyclooctadiené)
nickel{0) {Ni(COD),;} (1.2g, 4.36 mmol) was added to this
solution, and temperature was raised to 60 T to .conduct the
reaction for 7 hours, with stirring. After the reaction,
this reaction liguid was cooled to a room temperature (about
25 C), and added dropwise in a mixed solution of 25%

aqueous ammonia 20mL/methanol 150mL/ion-exchanged water



wanit of formula (5). The pol ystyrene reduced average nol ecul ar wei ghts of
Pol ymer Conpound 6 were, and Mi=7. 3x104, Ma=3.5x105. Synthetic Exanple 4
<Synt hesi s of Pol yner Conpound 7>

I, 4-di brono-2, 5-di (3, 7-di net hyl oct yl oy benzene (6.17g, 11.3mmmol),

N, N' - bi s(4-brono- 3-net hyl - phenyl )-N, N - bi phenyl benzi di ne (2.538,

et ranycr Hh (eRhyeFLreed 2480t Rourd FRE Aerdd ted BIFCUAN® vas
L A Rl i U
conduct th §sé%jc\f?€nl]?o‘?hf%rﬂgﬁp§ W‘F rrp? rf’qlaﬁg dé‘;ar.:[ g”‘rseeac |on t he
ropu o0 TeESRl” R8T ERe R 08 ﬁéﬁ"%%%%ﬁ?g@%%%ﬁ nor
e SRR R re%&?fﬁ%&%%?@?é&??&dﬂ%%?ﬁgéi el
congenged E%E) a% %r%% %{@g ‘tt’%ité%%gbgfi{?&?ﬁg P%g g\bgggwriae?' ?rj &fq?r%l%%%d
dropwi se IconBoied % wROMsths N FLbR LRE chzegin@e&a%libe%ﬂomdméﬁe was

filtrated an d un ced pressure urfhernore, it was dissol ved

15 ! Shoer S b ABEe 208, 8 poRinbhcchibiseiag o eIyl
_ unit of formula (5). _

. ‘ The polystyrene reduced' avefage molecular weights of
Polymer Compound 6 were, and Mn=7.3x10%, Mﬁ=3.53105.
Synthetic'Example 4
<Syntheéis of Polymer Compound 7>

1,4-dibromo-2,5-4d1(3,7-dimethyloctyloxy}benzene (6.17g,
11.3mmol), N,N'-bis(4-bromo-3-methyl—bhenyl)-N.N'-biphenyl
benzidine (2.53g, 3.75mmol), and 2.2'-bi§yri¢yl (5.509._
35.2mmol) were-diséolved in tetrahydrofuran (dehydrated)
400mL, and the inside of the_system_was~replaced with

‘. | nitrogen‘gas by bubbling with nitrogen. Under nitrogen
atmosphere, bié(l,5-cyclooctadiene)nickel(o) {Ni(COD)z}
(9.6g, 34.%mmol) was added to this solution, and the |
temperature was faised'to 60 T to conduct the reaction for
8 hours, with stirring. After the reaction, the reaction |
ligquid was cooled to a.room temperature (about 25 C), and
addéd'dropwise in»armixed éolutidﬂ of 25% aQueoﬂs?amﬁbhia
100mL/methanol 1.0L/ion-exchanged water SOOmL, and stirred

for 30 minutes. The deposited precipitate was filtrated,



dropwi se in nethanol 900nL, and stirred for 30 mnutes, then the deposited
precipitate was filtrated and dried under reduced pressure to give Pol yner
Conpound 7. The yield of Polyner Conmpound 7 was 3.2g. Fromthe charging
#atio of nononers, the ratio of the rggpeating unit of forrmula (7) and
formula (8) in Polynmer Conmpound 7 is 75:25. O H3CCH3 NNG6 6 ----- (8)

7 ver o, WAAEAS 16RSE  te e dTRT08 5085 - S Auee ety SLLRIFERER 5 of
Copol et B5ung: TrHad o8 Pe2hdbicie  ASEeRRt0, M B MBee pas . 4
(6.99,..% WnBhdedets Shang! ¥5ollust S LN o Yeplsletal iy dE00TT
T oot R oA B 250 SRR 5B i prarzing The, i o
P hours. AMES{fed FEREE AN B i b TET T s el anlt” MY indpY FERiced '
e S R S RS R i
stirred fof; BlefRAWESin [NEndOPRE! E2¥trated solution was condensed to
about 50 hL with ﬁsing a rotating evaporator, and.added
| dropwise in methanol‘§00mL, and stirred fdr 30 minutes, then
. the deposited precipitate was fil1_:rate_d and dried under
reduced preésure to give folymer Compound 7;'The vield of
Poiymer Compound 7 was 3.2g. From fhe charging ratio of
monomers, the.ratio of the repéating unit of formula (7)‘ahd

formula (8) in Polymer Compound 7 is 75:25.

The polystyrene reduced average molecular weights of

this polymer compound 7 were, Mn=1.4x10*, and Mw=1.1x10°.



precipitate was filtrated and dried under reduced pressure for 2 hours,
and di ssol ved:in toluene 550nL. Then, IN hydrochloric acid 400nL was
added, and stirred for 1 hour, the aqueous |ayer was renoved, 4% aqueous
ammoni a 400nL was added to the organigy | ayer, and after stirring for 1
hour, the aqueous |ayer was renoved. The organic | ayer was added dropw se
to nmethanol, stirred _for 1 hour, and the deposited precipitate was
filtrated a¥OtRPFdE E¥8BPLEeduced pressure for 2 hours. The yield of

Copol yner g . Eromthe charging ratio of nononers, the ratio of

was, 3. 5
t he repeat|ﬁﬁnﬁﬂ?FlgonfSPﬁﬂﬂﬁmﬁﬁ)83nd formula (5) in a copolyner 8 is
Copol yrer 8 vt &; T WALBEERE08  SaAd o ARrse ek geerd - lodmo kLol ubi e i n
S e A RbLSTS - AYac g GO T AATPEL. Lo
Compound. 721 e BEERLEYEnk o1 380, 8) Ok B S ERATBhe T or each’of
was pr epar EREERERELoRRPRRD (BERRSLSLSRIC HBRa i e na R BE AR 7
fiimuas rormedti Ra8 FAPSRaeaowaErE Rt eESaeh oot Bl kLo (ST i o
of poly(ethytehgdh OXVidtidPeloden atmosphere, bis(1,5-
cyclooctadiene)nickel(o) {Ni(COD),} (1l2g, 0.044mol) was
" ' added to this solution, and the temperature was raised to 60
T to conduct the reaction for 7 hours. After the reaction,
the reaction liquid was cooled to a room temperature (about
25 Cy, and added dropwise in a mixed solution 6f 25%
aquedus-ammonia 1d0mL/methanol 1800mL/i§n-exchanged water
1800mL; and stirred for 30 minuteé, The depoéited
precipitate was f£iltrated and dried under reduced press@re
for 2 hours, and dissolved 'in toluene 550mL. Theh, 1N
hydrochloric acid 400mL was. added, and stirred for 1 hdur,
. o | the aqueéus layer was removed, 4% aqueous ammonia 400mL was
added to the organic layer, and after stirring for 1 hour,
the agqueous layer was removed. The organic layer was added
dropwise to methanol, stirred for 1 hour, and the deposited
precipitate was filtrated and dried under reduced pressure
for 2 hours. The yield of Copolymer 8 was 3.5g. Frbm‘the
chafging fatio of monomers; the'féfio”bf'fhemfepeating ﬁnif
of formula (4) and formula (5) in a copolymer 8 is 50:50.

The polystyrene reduced average molecular weights of



pol ystyrenesul fonic. acid (Baytron, produced by Bayer AG), on a glass
substrate attached with ITO filmby sputtering nethod of 150nmt hi ckness,
and dried for 10 minutes at 1200 on a hot plate. Next, filmform ng was
Carried out in a thickness of about Enmw th spin coating using 1.5w %
tol uene solution of Polyner Conposition 4. Furthernore, after drying this
under reduced pressure at 80t for 1 hour, [lithiumfluoride was deposited
in 0. 4nm ashascebpollembuf Bewerkeaydn=5a3k1a¢, andamwede 4xidi’ci CopiolyREmm
and subsequently alum numin 40nm were deposited, to produce a polyner

LED. All 8headegnselubleadnusoidtenia,t isuehofasddpdsidneonandrehloro8eln’, 6
Torr. 64 A device was taken out fromthe deposition apparatus,

i medi at el pubpgedlinbe digkolweldoinoftolvenegandicidspteferm hncheat cked
together with a glass substrate coated with UV hardening resin (Wrld Rock
8723K3, préﬂt@‘cetitby.wmimm- Chemi cal Industries) on the periphery, and
then irradiated with UV light for 1 mnute to seal the device.. By applying
a. const anPreparetivecExampieofl current density 16mVcn2 to the resulting
device, the initial |um nance 100cd/ n2 was hal ved in 800 hours.

Conpar at i vEPERBAPREIIN<PEOHREYMEY SPMPOSiiddomPd eval uation of life tinme>
For Pol ymer Conpound 3, a device was produced as the sane manner with

Exanpl e 4. By appPyRRgva EeRel¥meTrcBednd Folymierefompouny reerRnises-
16mA/ cn2 to. .the resultin device, the initialg um na ce:gqtqgéqge¥gs
hal ved in 98 1-5% by weight toluene solutions for each o _
prepared. Using each toluene solution, Polymer Composition
. 9 was prepared by mixing them so as to make Copolymer
8:Polymer Comﬁound 7 =50:50.
Example 4 -
{Production of device, and evaluation of 1i£e time)>
A f£ilm was formed in a thickness of Sonm‘with spin
_cdating usiné a solution of poly(ethylenedioxythiophene) /
polfstyrenesulfonic acid (Baytron, produced by’Bayer AG.), '
on a glass substrate attached with ITO filﬁ by sputtering
method of 150nm thickness, and dried for 10 minutes at 120T
. on a .hot plate. Next, film fomin§ was carried out in a
thickness of about 70nm with spin cecating using 1.5wt%®
toluene solution of Polymer Composition 4. Furthermore,
after drying this under reduced préssure at 80T for 1 hbur,
lithium fluoride was deposited in 0.4nm as a cathode buffer
layer, and as a cathode, calcium in 25nm, and subseqﬁently
aluminuh in 40nﬁ wefe deposited,wtd pﬁbduée“é.ﬁdijmér LEﬁ.

All the degree of vacuum at the time of deposition were 1 -

8x10°% Torr.



Mours. From Exanpl e 4 and Conparative Exanple 1, a copolynmer containing
the repeating units of fornmula (1) and formula (2) or a pol yner
conposition containing said copolyner has a longer life time than a
¢opol ymer containing either one of tlggrepeating unit of formula (1) or
formula (2). Exanple 5 <Solubility in Solvent> A sanmple (Copol yner 2,

about 1075 of  SalHEFASAE CASR A Kbl Sor P ARLC LSS BPRREA 0! uene
the ot her Aama LRGeS Hofsf e & dréndh i 4 eé#%%wtaﬁxagﬁab'a%rs' (about
2 R Bl Fl%%%s%t pdh fipernce eGReeh, ehel BV 7o
formi a (208 pey bt AR R BIRIGE pifvoddfe S IERERERERT) I\ )°
1 o501 Veghonpiag BOALEELARS)! b Tho BRSO P VRLE B Boa

Production> Filns were pro nmer 2, nmpound

5, and Pol yiieh EoMBouAt EorTHenibbi® W el Mfb Idbybd N ckness of about

70nm by spin coating w th using
By applying‘a‘constant electric current of current

density 16mA/cm® to the resulting device, the iﬁitial
luminance 100cd/m® was halved in 800 hours.
" _ Comparat;ve Example 1
<Production of device, and evaluation of life time>
For Polymer Compound 3, a device was produced as the
same manper.with Example 4. By applying a constant electric
current of current density 16mA/cm? to. the resulting
device, the initial luminance ]._OOC;d/m2 was halved in 350
hours.
From Example 4 and Comparative Example 1, a copolymer:
containing the repeating units of formula (1) and formula
. (2) or a‘polymer composition containing said c;:po;l.ymer has a
longer life time than a copolymer containing either one of
the repeating unit of formula (1) or formula (2).
'Example 5
<Solubility in Solvent>
A sample (Copolymer 2, Polymer Compound 5, or Polymex
Compound 6) and toluene (1ml tdluene'pér'about 10mg of
sample) were contacted.

Copolymer 2 was dissolved in toluene at a room



#ol uene solution of the copolynmer or the polyner conpounds. Auniformfilm
coul d be fornmed when Copol yner 2 was used, but when Pol yner Conpound 5 was
used, the toluene solution S was gelled to give a nonuniformfilm

reover, when Polymer Conmpound 6 wa$8ised, a nonuniformfil m was
obt ai ned. Exanple 7 <Measurenent of glass transition tenperature> The gl ass-

Lransi {100 {eERERALNCES oAl #T51 2 aPRLYTR nERIROUYA Grond Pl yrer

Conmpound 6 were neasur usi ng D ransit’i on nper at ures of

Copol ymer %tirgﬁbﬁqer Conpound 5, and Pol yner Conpound 6 were,
respectively, 85t,” 73t, and 134C. s 66 Exanple 8 <T1pH neasurenent of

Pol yrer Compost broRyd> oAbl 1hIB0 1 il i RS 48D dobagadatsal ved

in 2m toluene at a roomtenperature, on a sheet

(regi ster edobhadgfipelchtudd QAN Jd KO)Waandl BBded be HiSddivadapdii ed

under reduced pressure, overnight, 1n oOrder to renove the solvent, put

into asanpkeikwhagf @k sERRSHEEMERLuRAYbNM1AYLes . di aneter of 7mm inserted
in apparatus, and nmeasured with rotating 5000 vol utions per second. The

observation cenbelymeedeempbuda i QLW eUse lBSss2BPe81iNHEo 118 e,
observation center frequency of 13C nucleus was 75.42MHz, and the

observat i oavehdi/fithf stherame ear spidnebkcabeagnanchisptels.um of 13C was set
to 30kHz. The 900 ‘ '
From these results, the polymer containing formula (1)
and formula (2) as the repeating unit has a high solubility
’ ’ in a solvent and a high stability‘ of the so;u_*:ion.
. Example 6 »
<Film froduction>

Films were produced with using Copolymer 2, Polymer
Compound 5, and Polymer Compound 6. The film§ were formed in
a thickness of'about 70nm by spin coating with using 1.5 wt%
toluené solution of the copolymer or the polymer cbmpounds.
“A-uniform film could be formed when Copolymer 2 was uéed,
but when Polymer Compound 5 was used, the toluene solution
was gelled to give a nonuniform film. Moreover, when Polymer
Compound 6 was used, a'ncnuniform_film was obtained.

Example 7
{Measurement of glass transition temperature)

The glass transition temperatures of Copolymer 2,_
Polymer Compound 5, and Polymer Compound 6 were measured
using DSC. The'giass‘tréﬁSitiOn téhﬁerétﬁreéubf"¢bpdlymer 2,
Polymer Compound 5, and Polymer CompoundVG were,

respectively, 85C, 73T, and 134TC.



pul se width used for polarization transfer was set to 5 mcro-seconds for
both of the proton nucleus and 13C nucleus, and the contact tine was set
to ims. For the spin lock time of the proton nucleus for TilpH cal cul ation,
1 values fromlis to 20ms were set. gghat is, 111s, 50125, 10012 s,
5004s, I nms, 2ns, 4ns, This, | Ons, 15ns and 20ms were set as the spin | ock
tinme. Integration was conducted 2048 tinmes about each spin lock tinme, and
the repeat?FPRI$efof integration was set to 5 seconds. In T10H obtai ned

by | east sqgar S nethod calculation fraomthe %g§y strengths of 13C nucl ear
magnetic r Jdﬁiﬁﬁ%as%fﬁmﬁ?ﬁn?%b?%%ﬁ@ﬁrlﬁ°WHQS& & ferent spin lock tine

case 15"l ess ot FredScre thefhle Coepge 1 HlEn B g, holSe
Tioly <Tipiait ik '”%éyaéﬁfiwﬁaﬁegaem?us& HesERed 0 & FRAE AR e
' 7 140 126.78 6 6
U e el N Té"a?%s vy
i ek o e a?‘?f%ﬁﬁ%@?h%gdgcg bR 2, O AT BT a | cast
J <TlpH>
cal cul at Zﬁ“f?&om‘?lp%@%% 58 AOEVAE, SBUThgiL 8 g T
of ' Pol yIermGATRAShdh O 71, Theo FERSUAEERBE L#RB £CORGC LAk et e aspaMe mRNNer

as above, except that 0.03g of Polymer Conposition 9 was used
apparatus, and measured with rotating 5000 volutions pexr

. _ second.
The observation center fregquency of proton nucleus was
299.91 MHz, the observation center frequency_of 3¢ nucleus
was 75.42MHz, and the observation width of the nucleér
magnetic resonance spectrum of *°C was set to 30kHz. The 90°
pulse width used for pplarizatidh transfer was set to 5
micro-seconds for both of the proton nucleus and C
nucleus, and the contact time was set to lms. For the spin
lock time of the proton nucleus for T; H calculation, 11
. | values f:fom 1is to 20ms were set. That is, 14s. 504us, 1004k
| s, 5004s, 1lms, 2ms, 4ms, Tms, 1Oms, 15ms, and 20ms were set
as the spin lock time. Integration was conducted 2048 times
about each spin lock time, and the repeating time of.
integration was set to 5 seconds.- |
In TlpH.obtained by least squares method calculation
from the peak strengths of 3C nuclear maénétié resonance
spectrum obtained in the above different spin lock time of

11 points, when the peak strength of the shortest spin lock



t1pH was obtained by |east squares method cal culation fromthe peak
strengt hs of 13C nucl ear nagnetic resonance spectrum obtained in the above
different spin lock time of 11 points. Among them when the peak strength
8f the shortest spin lock tine case iggless than 8 tinmes of the noise

| evel , variation of TlpH by noise is generated, accordingly the case was
onltted fromthe cal culation of TlpH <T10H>. Nanely, the peaks used, for

cal cul ati ohige PaﬁﬁpisFﬂQ$§praﬂeﬁetﬂ@ﬁsp@§k§h919?¥§P[ﬁﬁﬁe&47vé§1$5ﬁ9“

140. 98 ppm _ 127.17 ppm 120.76 ppm 56.01 ppm. 39.87 ppm ppm
23. 34 ppm %RnBr 48, bEpBﬁiFﬁ @ﬁegéﬁéﬁﬁﬁﬁprsﬁPFPHQ¢9ﬁ¥ﬁﬁ¢ﬁk C%%?b%ﬁ of

tetranethyIS|Iane as Eﬁﬁ In addition, t he_ above nojse, .the standard

?eV|atLond9W Fﬁ%drgiﬁ&a nCEGPVéaééono&ﬁa ?kb%§:§J¢gﬁst E&?&QFS Pod
[ <T1lpH>

TipH togé Preke Egs%ﬂﬁéagﬁééisuia ishss%sé&éﬁllﬁ 287 | KEReoHIEH Be JE&"

P Co 4 9. T
(1 s wer oLsor BZBPHs THE" ZRRER . hder SRETY B29nACRRE: AT FERN 111 m coul d
be f d Pol

4

Cormost 1 oL S0 SRS ozh: SERER: %Pa?‘ﬁsamr“??ﬁﬁ%hig D RELEE o S
the presgn%h yeff6 qmgéﬁ §N-8 BSE|SQtte%QEH%' gg%b'Qﬁgléﬁgéggégsoi ent,

and a. hig ass ran5| |on enperature-i ance Ingly, a
addition, as the above noise, the standard deviatlion of the

relaxation curve obfained by a least squares method from the -
. data and the actual data is used. _AT;QH/<TlpH> calculated
from T, H oﬁtained by these peaks was 0.10.
<T1,H measurement of Polymer Composition 9>
The measurement was conducted as the same manner as
above, except that 0.039 of Polymer Composition 9 was uséd.
T1pH was obtained by‘least squares method calculation.
~ from the peak strengths of 3¢ nuclear magnetic resonance
spectrum obtained in the above different spin lock‘timé ofr
11 points. Among them, when the peak strength of the
‘ shortest spin lock time case is less than 8 times of the
noise level, variation of T;,H by noise is generated,
accordingly the case was omitted from the calculation of A
Ty ,H/<T1,H>. Namely, the peaks used for calculation of AT,
H/<T10H> were ten peaks, 151.67 ppm, 147.39 ppm, 140.98 ppm,
127.17 ppm, 120.76 ppm, 56.01 ppm, 39.87 ppm, 29.17 ppm,
23;34 ppm, andri4;79ppm in the chemi¢al shift frbm.méfhfl'
carbon of tetramethylsilane as 0 ppm. In addition, as the

above noise, the standard deviation of the relaxation curve



pol ymer LED using said copol yner can be.preferably used for a liquid
crystal display as. the back light, a |ight source having plane or curved
surface for lighting, a segnent type display and a dot matrix type fl at
Pganel display. 69 Wat is clained is:gg8. A copolyner having a polystyrene
reduced nunber average nol ecul ar weight of 103-108, and conprising a

repeati ng it. represented by fornula ., .one or r i nds_of  .repeating
units repres %&%%gb f%r%ﬁ?ﬁg(ﬁ?Faﬁﬁﬁ 5%%L8P %5?@'%5%H§4§a WDt ng units
represente ormul a, (3 nAR-m ---- s Werein, Rl apd are each
i ndependen%@yaai g‘é%ﬂ% %’L(él %%?gg Af%"d’rﬁ);m”gr%%%uﬁ%'g?ﬂgfﬂ’vel}b?Elzess
carbon at oig, i pendeRt show al kyl group, al koxy group,
al kyl thio gro%%ei{%%ggg%%%gg,wggkgl'ééi’no group, aryl group, aryl oxy
group, ar y%%eggoup, aryl am no group, arylalkyl group, aryl al koxy
%r?up, arY_a st lyl group, arylalkyl 3nino g[]oypéI nnngvalfnt )
eterocycldw (g%ﬁ no group; mand n each independently show an
i nt eger ofd d@%; %ﬁ??&?%gtmo or nore, a plurality of Ras may be the sane
or different; Widnyerd ProdudDacysingl phabiby ebnBbs 1o i same or
, , an 4.

different; two or nore of may be nutually connected to

forma ri mg1yMutr WistibdEitidi 9 R3Irmer e RimsOREREN 2o Redl 08 tHMIdhmd Ne al kyl

chain may be interrupted by a group containing a hetero atom 70
manner with Example 6.

A uniform f£film could be formed when Polymer Composition
‘. . 4 was used, but when Polymer Composition 9 was used, the

obtained f£ilm had clbudiness.

The copolymer of the present invention has an excellent
solubility in én organic solvent, and a.high glass
transition temperature_in good balance. Accordingly, a
polymer LED using said copolymer can be-prefgrably used for

- @ liquid crystal display as the back light, a light source
having plane or curved surface for lighting, a segment type

display ahd a dot matrix type flat panel display.



\ Tk R~ RS R6 ----- (2) wherein, R5 and R6 are each independently a group
selected froman aryl group, nonoval ent heterocyclic group, and al kyl
group having seven or nore carbon atons®@ either R5 or R6 is different from
either RL or R2; R7 and R8 each independently show an al kyl group, al koxy
group, alkylthio group, alkylsilyl group, alkylam no group, aryl group,
aryl oxy group, arylsilyl group, arylam no group, arylalkyl group,
aryl al koxy ghetpisacyaihdd/lisi:l yl group, arylal kylam no group, nonoval ent
het erocyclic group, or cyano group; k and 1 are each independently an
integer of 0- 3; when k is two or nore, a plurality of R7s are the sane or

di ff X I
Gifreront: tio of TERel o ERag R Aol et reflotd it ¥Rl |
form a ringicang., When,&ndee RE?- 05, RgndC@&Bﬁs!'fbir@‘ aalghacbah Nundthe By

chain may be interrupte by a group containing a hetero atom -Arl -----
(3) wherei nrefirksehoss wmn faarueae (gF pudne i aloret khatier of yiodpeatiggoup, or

di val ent aromatic am ne group. 2. A copolynmer according to claiml1l, wherein
the total ofunithereppesanteg by formepr ebent eéhdopneherabere Kigdaulcds (1),

(2) and (3) is 50 %by nole or nore based on all OS the repeating units
cont ai ned | ASPRBEERP MY it reprerBpedt PhEoFMIgniB) r epresent ed by formul a
(1) is 10-9 by nol e d on the total of the repeating units

repr esent ed nhe abov m

wherein, R; and R, are each independently a group selected
from alkyl groups having five or less carbon atoms;

R; and Ry each independently show alkyl group, alkoxy group,
alkylthio group, alkylsilyl group, alkylamino group, aryl
group, aryloxy group, arylsilyl group, arylamino group,
arylalkyl group, arylalkoxy group, arylalkyl silyl group,
arylalkyl amino group, monovalent heterocyclic group, or
cyano group; m-and n each independently show an integer of
0-3; when n is two or more, a plurality of Ris may be the
same or different; when m is two or more, a plurality of Ry
may be the same or different; two or more of Ry, R;, R; and
R4, may be mutually connected to form a ring; and when R,
Rz, R3, or Ry contains an alkyl chain, the alkyl chain may be

interrupted by a group containing a hetero atom,



formulas (1) and (2); and the total of the repeating unit represented by
formula (3) is 10 % by nole or nore based on the total of the repeating
units represented by the above formula® (1), (2) and (3). 3. A copol yner
havi ng a pol ystyrene reduced nunber average nolecular weight of 103-108,
wherein the copolyner conprises a repeating unit represented by the above
formul a (1)(aq§ one or ggre ki nds of repeating units represented by the

above fornmulld& ating unit represented by an above formula (1)
is 10 - 40%D total of the noles of the repeating unit
represented by e fornulas (1) and (2); and the fornula weight of
the repeating ephesented by formula (1) is smaller than any of the
formul a wei ght of ARe repeating unit represented by fornmula (2). 4. A
copol ymer accorl@sng tRg cl ai m_3, m@g ein the total of the repeating units

represented by fornula (1) and formula (2) is 50 % by nole or nore based
on all of thkRerepRAtRNGNAURL tfire @Rlchl AAdep&ndditt I850R0LGYBRD. sdPectied A

copol ymer according to any one of clains 1 to 4, wherein ATip H<Tlp H>
is 0.35 or [foow; ahereyl raxcapat monovalemt Netiqrodycdficpaoeedy iandaadplh | ock
magnetic field is nmeasured by 13C nucl ear nmagnetic resonance wth carrying
out hi gh- sp8&8UP BREIIDEHER RE PPFF AR AEGFSl yner around a magi ¢ angl e

in solid “%‘ikﬁg{: gﬁ%r%e‘izisciée PR ehie ?ro@ é’ﬂlc}%/&e[%c%pﬁs-i O, £QIPrising a
pol ymer conpoun avi ng®a polystyrene reduced nunber average nol €cul ar
wei ght each independently show an alkyl group, alkoxy group,
alkylthic group, alkylsilyl group, alkylamino group, aryl
group, aryloxy group, arylsilyl group, arylamino group,
arylalkyl group, arylalkoxy group, arylalkylsilyl group,
arylalkylamino group, monovalent heterocyclic group, or
cyano group; k and 1 are each independently an integer of 0-
3; when k is two or more, a plurality of R;s are the same or
different; when 1 is two or more, a plurality of Ry is the
same or different; two or more of Rs, Rg¢, Ry and Ry, may be
connected mutually to form a ring; and when Ry, Rg, Ry, Or Rg
contains an alkyl chain, the alkyl chain may be interrupted
by a group containing a hetero atom,
___/“H_"_
wherein, Ar; shows an arylene group, divalent heterocyclic
group, or divalent arcmatic amine group.
2. A copolymer according to ¢laim 1, wherein the total of
the repeating units represented by the above formulas (1)},
(2} and (3) is 50 % by mole or more based on all of the

repeating units contained in the copolymer; the repeating



of 103-108, and exhibiting fluorescence in the solid state, and a

copol ymer according to any one of clains 1 to 4. 7. A polymer conposition
conprising a copol ymer according to cl& nms 1 or 2, and a copol yrer
according to claim3 or 4. 8. A polyner conposition according to claim®6
or 7, wherein ATip H<Tlp H>is 0.35 or less, here, Tip His neasured by
13C nucl ear nagnetic resonance with carrying out high-speed rotation of
the film of unhe pePyEﬁﬁn&Rﬂn@wstrmnlaaftﬂuﬂﬁ a0magi & lnghele rbastsidi énnucl ear
magnetic resonance. 9. ymer |ight-emtting deV|ce havi ng a |ight
emtting | &P&r tBEﬂ\éé% '-'tl??e r@P@é‘FF‘Eﬂe‘émc'b%s:‘ieé’treﬁﬁnBF Ay JrRRISPNE a

t hod tt | di
Co any one SPEERARRL(Y (i G, GhE e AI0m LAESp R d O R SOTnN e
of clains 6 ePr8senda ﬁ§l¥yﬁ%ﬁ§5 kbghlsefﬂté'ﬁ@gmgﬁg'éﬁ RGEOTSHAG ba claim

9, wherein a layer containing a conductive polynmer i1s disposed at |east

bet ween onetgkecbtOlenBnthd hepkaghhgemmits Nn@pragentedus)h thmtatiche | ayer

containing a conductive polynmer is 73 adjacent to said electrode. 11. A

pol ymer | i gicreniasi by deldlcendcddiding to Caim9, mherein an insulation

| ayer havin% a thickness of 2nmor less is dis ast between one
d

el ectrode a th% CPRYhM SRV A ?a@%}y%ﬁﬁﬁ?nﬁhgﬁgPﬁ% |% & iR PESer is
adj acent to S3 Iectro 120 LA I e (W e ordin
tojany one oP EY ar W éﬁ? % Rt i ynﬁéré Q he'Ho %Qﬂﬁgr¥6@é?ﬁe;% ¥

whetei’'n an e ron-tr yer is
di sposed be%“@@ﬁeébfh§ahﬂﬁg%eﬁggséﬂ€éa'Eﬁ“tﬂ@“&ﬁbb@gfbﬁﬁﬁia (1) and

one or more kinds of repeating units represented by the
above formula (2); the repeating unit represented by an
above formula (1) is 10 - 40% based on the total of the
moles of the repeating unit represented by the above
formulas (1) and (2); and the formula weight of the
repeating unit represented by formula (1) is smaller than
any of the formula weight of the repeating unit represented
by formula (2).

4. A copoelymer according to c¢laim 3, wherein the total of
the repeating units represented by formula (1) and formula
(2) is 50 % by mole or more based on all of the repeating

units contained in the copolymer.



such that the electron-transporting |ayer is adjacent to said
light-emtting |ayer. 13. A polyner | ig}ht-em’tti ng devi ce according to any
one of Cains 9 to 11, wherein a hol e- 4ansporti ng layer is disposed

bet ween the anode and the light emtting |ayer such that the

hol e-transporting layer is adjacent to said light- emtting layer. 14. A
polymer light-emtting device according to any one of Clains 9 to 11,
wherein an electron-transporting layer is disposed between the cathode and

the light enmitting |layer such that the electron-tr nslﬁé)rting | ayer is
adj acent to°-sai @ FPRAYMSEH ACCRIIIETETO 30 ORenSEe SRR portT fy [ ayer is

di sposed beiyeen; Lheapaderand, (he 41N LaLLL: el gy Sloiighschhatsghe

hol e-transporting Ia) S Jacent to saidTi _ ayer .
flat light seys a HELﬁ*Bo@:rPQ'xNEE%thQbéc}erﬂégtﬂe‘%Qc deyigei AGRY A b9 any

one of Clains 9 to 14. 16. A segnent display using a polyner light-emtting
device 74 atronudilegrt nagumyt oneregonGhaensith taartding7 ouA dibghrapedd di spl ay
using a polyner light-emtting device according to any one of Clains 9 to
14. 18. A | rgargier yaf dihedifddmapt usShagEepPomereArPigRt 2 dtagid F§Il8eice
according to any one of Qa2 L84 8% 2 back light.

6. A polymer composition comprising a polymer compound

having a polystyrene reduced number average mclecular weight

of 10°-10%, and exhibiting fluorescence in the sclid state,

and a copolymer according to any one of c¢laims 1 to 4.

7. A polymer composition comprising a copolymer according

to claims 1 or 2, and a copolymer according to claim 3 or 4.

8. A polymer composition according te claim 6 or 7,

wherein A T;p H/<T1p H> is 0.35 or less, here, Tip H is

measured by °C nuclear magnetic resonance with carrying out

high-speed rotation of the film of the polymer composition

around a magic angle in solid nuclear magnetic resonance.

9. A polymer light-emitting device having a light emitting

layer between the electrodes consisting of an anode and a

cathode, wherein said light emitting layer comprises a

copolymer according to any one of claims 1 to 5, or a

polymer composition according to any one of claims 6 to 8.

10. A polymer light-emitting device according toc claim 9,

wherein a layer containing a conductive polymer is disposed

at least between one electrode and the light emitting layer

such that the layer containing a conductive polymer is
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adjacent to said electrode.

11. A polymer light-emitting device according to Claim 9,
wherein an insulation layer having a thickness of 2Znm or
less is disposed at least between one electrode and the
light emitting layer such that the insulation layer is
adjacent to said electrode.

12. A polymer light-emitting device according to any one of
Claimg 9 to 11, wherein an electron-transporting layer is
disposed between the cathode and the light emitting layer
such that the electron-transporting layer is adjacent to
said light-emitting layer.

13. A polymer light-emitting device according to any one of
Claims 9 to 11, wherein a hole-transporting layer is
disposed between the anode and the light emitting layer such
that the hole-transporting layer is adjacent to said light-
emitting layer.

14. A polymer light-emitting device according to any one of
Claime 9 to 11, wherein an electron-transporting layer is
dispozed between the cathode and the light emitting layer
such that the electron-transporting layer is adjacent to
said light-emitting layer, and a hole-transporting layer is
disposed between the anode and the light emitting layer such
that the hole-transporting layer is adjacent to said light-
emitting layer.

15. A flat light source using a polymer light-emitting
device according to any one of Claims 2 to 14.

16. A segment display using a polymer light-emitting device
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according to any one of Claims 9 to 14.

17. A dot matrix display using a polymer light-emitting
device according to any one of Claims 9 to 14.

18. A liquid crystal display using a polymer light-emitting
device according to any one of Claims 9 to 14 as a back

light.



