;e3e LveT <Ox COPOLYMER, POLYMER COWVPCSI TI ON AND PCLYMER LI GHT- EM TTI NG
DEVI CE BACKGROUND OF THE | NVENTION Field of the Invention T esent
invention relates to a copolymer, a polymer conposition andmmmummml’m"
light-emtting device (hereafter, refeyred to as "polyner L

Bescription of the Related Art Electronic materials using pol yn#fi@onpounds
are variously investigated for electronic devices. Anong them copol yners
havi ng G@OBOLYMERt BOALYMEROAOMBOSTIITONeANDepOAYMER LAGHTcENMITIINGG of
fluorene-2,7-diyl group (fluorene repeating unit) are studied since a |ight
em tti nBEVaYEr etc. in a light-emtting device can be formed by a coating
nmet hod, for exanple, ,as a polyner light-emtting material (polyneric
fluorescent substance). As a copolynmer having a fluorene repeating unit,
for exanple, J. Mater. Sci. Mater. Ele., volume 11, page 111 (2000)

di scl osBACKGROBNPyREr THENENYENREONf one kind of fluorene repeating unit,

and a repeating unit, such as phenyl ene or naphthal ene-diyl. Mreover, as a
copol ynEi-e¢ans sFPﬁgiBVePﬁé°Rinds of fluorene repeating units, for exanple,
Adv. Mater. volunme 12, pgﬂe 362 (200Q) .discloses a 1:1 copol yner of

2,7-19, 9- bi s(B8 PrREERYI BAVEPFILPPuSPRECSNEO227CPROIYBES I G RBPILYMETor ene.

In Ordeéokgo 5998%ea%d'59981$H2Et&9%h%4 %&t%&n% hggg%e (hereafter,

referred to as "polymer LED").
Description of the Related Art

Electronic materials using polymer compounds are
variously investigated for electronic devices. Among them,
copolymers having a substituted or non-substituted repeating
unit consisting of fluorene-2,7-diyl group (fluorene
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
(polymeric fluorescent substance).

As a copolymer having a fluorene repeating unit, for
example, 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
1l:1 copolymer of 2,7-[9,9-bis(2S-2-methylbutyl)]fluorene and
2,7-(9,9-bisdioctyl)fluorene.

In order to produce a light emitting layer of a light-
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2 emtting device uniformy by a coating nethod using a fluorene copol yner
as a polyneric fluorescent substance, excellent solubility of the copolyner
in an organic solvent is required. Moreover, in order to inprove the
stability of the light-emtting devicey high glass transition tenperature
df the copolyner is required. However, the above known fl uorene copol yners
still have insufficient solubility in an organic solvent or insufficient

gl ass transhntit@inpgedpetiaeunaifobnlgbpgch ebathiagpiedtid wadent izpn is to
provi de a copol yner conprising a fluorene repeating unit, having an
excel | ent €dholbehet gopnlgmear ganacpsdymentic &idoarelsiogn tglsads ttarares,i t i on
tenperature in good bal ance, and to provide a polyner LED of high

per f or mancexcelidbnis sbdwbidlitggefdthei cgpadgmerghin am wagasionsdivesiing t he
copolynmer. As a result of intensive studies to solve the above nentioned
probl ens, tRerpgedzed.i Mezeovey.f dondrdkat ta dopaiopeertheasitapitditkiafds of
fluorene repeating units, and a repeating unit, such as phenylene, or a
copol yner ﬁgﬂihéggﬁoemiﬁaénsfdﬁV@§¢enbigbp€éﬁBﬁgtuﬁmﬁéﬂi@naﬁﬁmﬁﬁﬂﬁﬁﬂﬁQuio,
has an excel lent solubility in an organic solvent and a high glass

transi ti on®€efBer §PBPEYMRTS &Ff FERBALP{-good bal ance, and conpleted the
present inventign. Mreover, as a result of further study, the present

i nventors found®PHEVEE c5B6I fREVEnKDPHE £1NorERey CORONTTSe & tiunbhdiave

l, ight of. 103108 d hi hi ti fl inth
2ot d st at enslirBiaifhdnsoTup Ty o AR eFeantse SHiRrET Be 1 < 0. 35 of
less, has ap.gxeellent gi%%g!kgkﬁ 4 %430 %f&%@&%tﬁghxe”t’ and that a pol ymer
conposi ti off CONPrising owo Ri nds 8F “Abre -6 Pcopol yiers having a pol ystyrene

s Tonier SHRCOBSEED SRLLh ol binth ey

fluorescence int erein efi ned val ue

FKBE&$Fé§rE°b§19mé§ Ebmp2i8ing28 &h¥BrandNrkpethingunzVMARY idy HiE
excellent solubility in an organic solvent, and a high glass
transition temperature in good balance, and to provide a
polymexr LED of high performance, such as low-voltage driving
and high luminance, with using the copolymer.

As a result of intensive studies to solve the above-
mentioned problems, the present inventors found that a
copolymer having two kinds of fluorene repeating units, and
a repeating unit, such as phenylene, or a copolymer having
two kinds of fluorene repeating units in a specific ratio,
has an excellent solubility in an organic solvent and a high
glass transition temperature in sufficiently good balance,
and completed the present invention.

Moreover, as a result of further study, the present
inventors found that a copolymer having a polystyrene

reduced number average molecular weight of 10°-10%, and

exhibiting fluorescence in the solid state, wherein the



That is, the present invention relates to [1J a copol yner having a

pol ystyrene reduced nunber average nol ecul ar wei ght of 103-108, and
conprising a repeating unit represented by forrmula (1), one or nore kinds
of repeating units represented by formgla (2), and one or nore kinds of
repeating units represented by formula (3). Furthernore, the present
invention relates to [2] a copol yner having a pol ystyrene reduced nunber
aver age nobetowadefengit vaflu&03; 183<TvhHPeis Dhé5copollgser, haspanses a
repeating unit represented by the above forrmula (1) and one or nore kinds
of repeati egcehilentr eplubédticy by aheozbendcf scdweat(2pndt kbatepeati ng unit
represented by an above fornula (1) is 10 to 40% based on the total of the
nmol es of tBelyepracpmgogitionegomprasdtgbywonkindsverf momel &F (1) and (2);
and the fornmula weight of the repeating unit represented by formula (1) is
smal | er th&ﬁpahymérsthévﬂagnﬁlEO&EFQHFeBﬁ reducegealmRgTuAVETRGSr esent ed by
formula (2). 4 m~1 H wherein, Rl and R2 each independently show a
hydr ogen af8AECHLRY| WELEDE, O&r ¢0 uldup 2t adHRd e FHUWRRSANGR Wt oup;
R3 and R4 each independently_show al kyl group, alkoxy group, alkylthio
group, aIk§P§iF?ilﬂrEEBFGaIW?Pﬁﬁ?ﬂotﬁﬁoﬁg}oﬂrQPfépﬁépY &Pl Gry HeKGup B>

arylsilyl group,_arylamno group, arylalkyl qgr aryl al koxy group,

aryl al kyl gFI§F33r8§pie§FylgPRyBigﬁiﬁouQ&%BE% %gﬁ@Valent het erocyclic
group) or r Qup; h i ndependently show an integer of O0-3;
when n is F&gﬂgﬁgngge?HglgnggFﬁﬁé of R3s may be the sanme or different;

when mis two OEE,QQrRSSéﬁaﬂhz{bggg%xtogngéng?}gg}bgeg_g%eggggtgrlf]diafferent; t wo

or nore of RI, may be mutu connec orma ring; and

when RI, R@ogB@ymef: R4veagt 8l B8193t3rknk thauBeal REmBEEY avelaigs may be
interrupted by a group containing a hetero atom ~1 H5 H6 , _ Wherein, RS

and R6 eacliolBdapardaslbitsBew1a® hyel 0gain AckBrialing LHrifeatdng @HOLpP, Of
a nonoval ent heterocyclic group; either RS or R6 is different fromeither
R or R2, RéppegelBed by formula (1), one or more kinds of repeating
units represented by formula (2), and one or more kinds of
repeating units represented by formula (3).

Furthermore, the present invention relates to [2] a
copolymer having a polystyrene reduced number average
molecular weight of 10%-10%, wherein the copolymer comprises
a 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) is 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 repeating unit represented

by formula (2).



5 each independently show an al kyl group, al koxy group, al kylthio group,
al kyl silyl group, alkylam no group, aryl group, aryloxy group, arylsilyl
group, arylam no group, arylal kyl group, arylal koxy group, aryl al kyl silyl
group, aryl al kyl am no group, nonoval en}, heterocyclic group, or cyano group;
k.and 1 are each independently an integer of 0 to 3; when k is two or nore,

a plurality of R/s are jhe sane or different; when 1 is two or nore, a
plurality éf? e is the or different ; two or nore of RS, R6 , R7 and
R8 , may be ocohnected tué?ly to forma ring; and when R5, R6, R7, or Re
contai ns an aXRy v ik the al kyl chain may be interrupted by a group
cont ai ni ng a m Arl (3). wherein, Arl shows an aryl ene
group, divafe lic group, or divalent aromatic anm ne group.

Further. the invention relates to [3] a copolymer having a

pol ystyrene redliced a&nber aver age--mdlldcul ar wei ght of 103-108, and

exhi biting fluorescence in the solid state, wherein the value (D

Tl pH <Tl pH>) obt ai ned by dividing the difference (D Tl pH) between the

maxi nrum val ue of Tl pH and t he m ninum val ue of TI| pH gﬁé}he aver age val ue
i

(<Tl pH>) oFRSFRER. | R: AR Ry eagdhs ingiependeqthys Shaw Y99 FEPoton i n

a spin |ock netic field is_neasured bx 139 n ﬁbe r nagn ti c resonance

with carryPHEYOUSEREBN- ShEkdSFBHRe | Bh BPRPRALPRFnTGF SERETEHS FERPAr ound a
, i Ceinel | " Cati . ol E4 7 i .

ucl car meghetts o 8arHehaeb e Bt CRRRSL sl kel Sl Yo v es

¢ 4 S o . I

oduced nuIbeT S AREo T oetl bl gne- o108 Fugenany ERRery ey L o

f1 uorescengeohp, t Bey 56k dgsbabe: apyds2142P8LBAB!, ﬁ%?%hfn‘i% gRolipe above [1]

or [2]. Furthernore, the present 1nvention relates 5] a pol ymer

conposi ti 0Ar¢g0aPKYSi §8odp FORLYYHRKoRY Hheuphodeyhilkendsa1gapapigy, of the
above [2]. Furthernore, the present Invention relates to [6] a pol yner
conposi ti oargXalkyli agifidugreapenmensvitalBatshetdrscgcdicagaoapnporsi ng two
of nore kinds of polyner conpounds having a polystyrene reduced nunber
aver age notpaundagrompghh ahd103ea6B, infiependeiikpil/ shbpHani dn®egerowfl ess,
here, TlpH is nmeasured by 13C nucl ear magnetic resonance with carryi ng out
hi gh- speedOr 3t awhen »fishtwéei pm vpreheapplyralisynpdsRes onavirbenthe nagi c
angle in solid nuclear magnetic resonance. DETAI LED DESCRI PTI ON Ok THE

| NVENTI ON §&8e cepofifEerent: oVheRempil8sENe PEVBAFPenadi PlyradddtyfdEr Rahose
pol ystyrene reduced nunber average nol ecul ar weight is_103-108, _and
conprisingm%Yr%%eE??nﬁa%ﬁi?rrgﬁﬁggéﬁPéﬂ b?W?H%rd%%V% ?BrRan Rae1R: BRE or

nore kinds_of repeating units represented by the abpve forgul 2), and one
o b ok R T b, el SERI SR S0 Hom 2 pebug o 5 vt Ri)
R,, Ri3, or Ry contains an alkyl chain, the alkyl chain may be

interrupted by a group containing a hetero atom,

bl

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

either R; or Rg 1s different from either R; or R;; R; and Rg



Rl and R2 of the above formula ( 1) , and RS and R6 of the above formula
(2) each independently represent a hydrogen 7 atom an al kyl group, an
aryl group or a nonoval ent heterocyclic group. The al kyl group may be any
of linear, branched or cyclic, and usuglly has about 1 to 20 carbon atons,
and specific exanpl es thereof include methyl group, ethyl group, propyl
group, i-propyl group, butyl group, i-butyl group, tbutyl group, pentyl
group, isoaEadh grmolgpendentlyragy oy dliek draprmumliey ydreapup, octyl
group, 2-ethyl hexyl group) nonyl group, decyl group, 3,7-dinethyloctyl

group, | aurddkygrtdhi® anaup. @dkydrsdflarlalgnoun e qﬂémlﬁngrm@romoawyl group,
hexyl group, octyl group, 2-ethyl hexyl group decyl group and
3, 7- di met hyGERAR AFVAKRY BROUR y Ianyiduid Ws (BT YP har NG 4¥PWR. car bon

atonms, and specifi c exanpl es thereof include a phenyl group ad-dz
I Koxyphenyi®: 1 GFQuR, ATKAIIHRSIH ALY KoLk HWR gr oup,

géLCCI Iznal“ky nox Cl CI z al k Llntgqrr&%% 1naphtq%@%up 2- nq(g y?%englroup,
2l Eif’pﬁén?xc&%fky'r%“e% %3»%35;) %*?eeea%w S%ad%éena%@w?ré’rﬂehﬁe?sﬁ’eﬁléﬁ

okl %2%?2%92@% & H?%v?‘ﬁrg?f?é% 5 B R Sk s e 5%&1% -
be. Iy be ) e ol 9 A1kl HAUY 7R TEARS B ) Y o oUp

having 1 t on atoms a oxy group ‘may near or

branched. +x3 Eﬁm\e&f@&éw& Sy o ‘incﬂ:fé“&cﬁ u%ga? i/hﬁﬁsaﬁ’&’%} hdy? 60

carbon atons, and specific exanples thereof in i enyl group,

C-,-CL2 al gd doimitte O it a1Gl, @2 fRaa iy 1 2@ itdh aftsorrms,th? SGHE N
the follow ng), pyroryl group, furyl group, pyrldyl group, Ci1-Cl2

al kyl pyri dy; goatpinst an, adrg1penhehabltBeataa ki ehyingmayp beCl- C12

al kyl t hi enyl group, pyridyl group, and O -Cl12 al kyl pyridyl group. In order
to nmake a dingesriupdesi thyora gy atamrtminigly Rhdtddd ,atkkmand R6 are
preferably gﬂ_?thL_group having 12 or |ess of carbon atoms, an aryl group,
or a nonoval ent “het er ocycd4 o PYr.oup; nore preferably an al kyl group having 9
or |l ess of carbon atons, an aryl group, or a nonoval ent heterocyclic group;
and f urt heWh®Tefiay,aBimy §h08{ﬁky?lp grydpnradraypre ddviedestohedgmeosycdilshs, an
aryl group, or a nonoval ent heterocyclic group. The carbon at om nunbers. of
R and R3 #yP4Pe r‘?lft@é-lvia}% aroma e AMIMG GROURut preferabl y they are

different. The n at nunbers of Rl d R4 e mJt the sanme or
di fferent, but §bl 3:@[ o RF S5 Ty 1YY on §%?¥%Fr @ &rbon atom

nurbers o cb%i»toi&&gferaab%i RAE M A O
preferably an K4 Wed'Yht of 10°-10%, and exhibiting fluorescence in
the solid state, wherein the wvalue (ATlpH/<TlpH>) obtained
by dividing the difference (ATlpH) between the maximum
value of T,,H and the minimum value of T;,H by the average
value (<T;,H>) of T;,H, is 0.35 or less; here, relaxation-
time (T1,H) of proton in a spin lock magnetic field is
measured by 13¢ nuclear magnetic resonance with carrying out
high-speed rotation of the film of the copolymer around a
magic angle (axis inclined to static magnetic field by 54.7

° ) in solid nuclear magnetic resonance.



and an aryl group, nore preferably an al kyl group, further preferably an
al kyl group having 8 or |less of carbon atons, especially preferably an

al kyl group having 5 or less of carbon atons, and nost preferably isobutyl
group. Wien R1 9 and RZ are al kyl greups, they may be any of I|inear,
branched or cyclic, and preferably branched. RS and R6 in fornmula (2), are
preferably an al kyl group, an aryl group, and a nonoval ent heterocyclic
group, nor Euptbesmapkey Aheabkglseptodpvieatiing Tedat®msbhde dtdohs polymes
group having 7-8 carbon atons, and a nonoval ent heterocyclic group having
7-8 carbonCQmDﬁﬁité99e§Pmpr}Spm§fer@DD?lxmem fealv gvdo @ DR ST TRIB car bon
atons, and nost preferably n-octyl group. In the above fornyla (1), mand n
are each | ke8peadentmbesn averager mollegulgrawelght »S 40°nd00r avde, a
plurality of R4 may be_the sanme or different. Wien nis two or nore,
plurality &F R@lﬁ&99b§lpﬁ€e§§ﬁ§08r1&|Fﬁér§ﬁﬂldwﬁﬁé&$9raﬁﬁmﬁ<ﬁ°9ﬂ%¥@%ﬁ

R1- R4 may he coRge ted tg m a rlgg vg q R1-R4 is a group containing an
al kyl chai f1®58%; R tBRaf °NEy[B Pt dldupt ed by a group containing a

het t In_the. ab f 2 k .and tl

o oo 1 orbESn AR R ek kB RGP TR
di ff t. o] it

d: ffZ;ZRt pﬁg%&%ef:%m %igﬁ'oﬁor§mgfll5§%lr§2 | c& conneocﬁ te]cg’xefs%r?c’a?ém %\1]” ng.
Furt her nor ndWQeBoB§1§ﬁgkso§ Qh%ugb%g%tqbqlng an al kyl chain, said al kyl

chain may be’inter group contai'ning a hetero atom Here, as a
hetero atomin Fﬁ%tﬂEQHBrﬁonEﬁhn?E@s@nﬂeﬁﬁ%%ﬂ¥ﬂyﬂ rRIHYd e d @ & an

oxygen atom a sulfur atom a nitrogen atom etc. As the group

Cont8|n'ngp@l?ﬂber@oﬁbﬁﬁhtﬁgh|@Whﬂ%l&&%§p$l%bQéﬁﬁﬁﬁadfﬂﬁﬂkhefﬁofidF? 0
state, and comprising two of more kinds of polymer compounds
having a polystyrene reduced number average molecular welght
of 10°-10°, wherein Ty, H/<Ti,H> is 0.35 or less, here, Ti,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.
DETAILED DESCRIPTION OF THE INVENTION

The copolymer [1l] of the present invention is a

copolymer whose polystyrene reduced number average molecular
weight is 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 repeating units represented by the
above formula (3).

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

above formula (2) each independently represent a hydrogen



| R O0OO0OO0 -CG0- -0-CG -NC -CN i R R Here, as R, exenplified are,
a. hydrogen atom an al kyl group having 1-20 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 formula ( 1) ,sand R~ and R8 in the above formul a
(2) each independently represent an al Kyl group, al koxy group, alkylthio
group, al kylsilyl group, alkylam no group, aryl group, aryloxy group,

aryl silyl Qﬁ@@p,aar?ﬂgﬁﬂnérgﬂéupanaﬁyyélB?Pu@r@@pﬂ MmopoxIaldeRE gr oup,
arylalkylsilyl grou aryl al kyl am no group, aryl al kenyl group, aryl al kynyl
gr oup) nnnB@&PEﬁFYﬁgi6r6€9EPic group, or cyano group, and an al kyl group
and an al koxy group are_preferable. The al kyl .group may be_an of i near,

branched, or cy&PPcalkyd Q§GHPIVaﬁaPeaBBNt°f fdneGroaPEGR T and
speci fic exanples thereof include a neth roup, e roup propyl
group, i-pfFé Eg#cgréﬂg uﬁHP}#YgPGEp?bPuEuﬁyF% 2P1 ¢ b@é % 'yI oup,

R
Srogﬁj 2 opEopRisodRontl o3 -bRBbYL SEBUE. LRV ?r%%gt 4 Bk, G ”U%lg b d
oual |y hal ue, Breepy pRtR BEclE "Ry BERup, HARSI kel 1 "

el ude TeLherKnaLeuDgTEL0XKeBEQHPorBIBDY LB 0GRy | 0 Wl@f@ky&f oup,

but oxy group, ibutdxy grou but oX fou entyl oxy group, 1soanyl oxy

group, hexgkeﬁﬁ . 9hBeHR gf@hgheaﬁb@iyg%%p 3NgR M hithydloRtyl QladPXy
group, 2-ethyl hexyl oxy group, nonyl oxy group, decyl oxy group,

3, 7-di met hybaeyy! gxyugl, odRc.l, auhyl prereravpe are peariyill @tougy,0uBoamyl
i soanyl oxy group, hexyl oxy group, octyloxy group, 2-ethyl hexyl oxy group,

decyl oxy ggoopp, ahdx§17gtonpt, hpkcagly lgmonpgr Qupe thyd hexyfle gatohup., eyl
al kylthio group may be any of |inear, branched or
group and 3,7-dimethyloctyl group.

The aryl group usually has about 6 to 60 carbon atoms,
and specific examples thereof include a phenyl group, C;-Ci
alkoxyphenyl group, C,-C;, alkylphenyl group, phenoxy C;-Cj
alkyl group, C;-C;; alkylphenoxy C;-C;, alkyl group, 1l-
naphthyl group, 2-naphthyl group, etc. In view of high
glass transition temperature, C;-C;, alkoxyphenyl group C;-Cj,
alkylphenyl group, phenoxy C,-C;; alkyl group, and C;-Ci;
alkylphenoxy C;-C;; alkyl group are preferable. As for the
aryl group, a part of hydrogen atoms may be substituted by a
halogen atom.

Here, C;-C;; alkyl means an alkyl group having 1 to 12
carbon atoms. The alkyl group may be may be either linear or
branched. The alkoxy group means an alkoxy group having 1 to

12 carbon atoms. The alkoxy group may be either linear or

branched.



cyclic, and usually has about 1 to 20 carbon atons, and specific exanples
thereof include nethylthio group) ethylthio group) propylthio group,

i -propylthio group, butylthio group, i-butylthio group, t-butylthio group,
pentylthio group, isoanylthio group, hegxylthio group, cyclo hexylthio
group, heptylthio group, octylthio group, 2-ethyl hexylthio group,

nonyl thi o group, decylthio group, 3,7dinethyloctylthio group, laurylthio
group, etc. PenfThet mopoyrdapl hedemplcyiild cquaropp Me@Lliy @agir @hputod yl t hio
group, 12 2-ethyl hexyl thio group, decylthio group, and 3,7-dinethyl

octyl thio §Po6f SREbEReREPRSI eanthspachfis eranglesp theraes dmFlsde anear
branched or cyclic, and usually has_about 1 to 60 carbon atons, and

speci fic eXBAP¥ES OKeMBof Crrieizuadkydt ApLenyH 9gosEp (Cerfyd meang lgtdup,
ot "t badyratRop 3R6RR. E'e'ﬁ%"ﬂa o b theoto1iouiagl.e oo s )
oroup. 2" eERFGEFPUB | PR Ty %ﬁ;??ﬁwﬂeﬁﬁ&? %&834”‘% B -
ot hyldim é%ﬁci’ﬁ?g'ﬁ%@&gOugoﬁb%?‘ﬁfhﬁ?| P oI (R '1y' up’
pentyl o nebigrdey SrBEhaYsnd Eicdl GiRya, op y’#’ﬁl %ﬁ% :o,s'h'eilw 3{ ﬁgf hyl

silyl group, he&h%s_ih@%t By ndkeY b G1040, cORREudu R RenpSrabuc Ml

2- et hyl hexyl - di net hyi sil group, “nonyl di met h
silyl group,, 3g,/- d!”EhﬁthCéﬂédbef8¥£b§y|Xh SLRYR: gf@HthQbﬁﬁPhXb sl vl
group etc. ﬁent silyl group, 1soanyl silyl group, hexyl sil group,

octyl Silyueggouﬁ, cadrgbhyhkiengl, ahl wrydr edeupjeor aShﬂoh‘ﬂovgﬂ%ﬂt.

3, 7-di methyl octyl silyl group, pentyldinethyl silyl group, isoanyldinethyl
silyl groupetkengirdidet bybupi;| morer puef exrabilydiame @l ky1signdupghaying 9

2- et hyl hexyl -di met hyl silyl group, dinmethyl silyl group, and

3, 7- di et hpkodegbdpfiethybosi Agbmgr,oap amylpoeoapablog. aTmondvadlent no group
may be any of linear, branched or 13 cyclic, and either of a
nnnoalkylahﬁﬁérg¢UGéi§r9§°§Dalapﬂaﬁuﬁﬁhgﬁb@EEfEW@dekPmamlﬁwﬂgEBUBEUSuaIIy
has about 1 to 40 carbon atons, and specific exanpl es thereof include

met hyl ani nBayiBgp8 8Fnéﬁﬁ§l9ﬁ1ﬁérﬁpauﬂtoéﬁhyP@nﬁﬁalgBGWEP'dﬁé%ﬁylanlno
group, pro Ianlno ropyl am no group, butylam no group,
i-butylaniﬁgnayﬁﬁﬁn EF§ hdCgBEAHP -pent vl ani no group i soanyl am no

, h I | oh
g oup, M A RS YL AT DO SO R DA D BBy
group, 3, 7¢fLMELAY! g Et&E@¥EE8nQr°BBt b%%r%k%%h ttﬁ%&f%ree%&fég¥gﬁ@ am no

group, isoanyl am no exyl’am no*group group,

2- et hyl hexwha%aebeﬁoaeomdﬁﬁm a%nefghoua ;‘ﬁﬂ n?ai ¥4 WMA%%h@m no

group are preferable. The aryl group usua as about 6t car bon

atoms. SpeghimbCofXalBkegehier sak E%te@@abayp&a@yl afe0 Wl £ fek-alt’,

al koxyphenyl group, C1-Ci12 alkylp enyl group, 1-naphthyl group, 2-naphthyl
group, etcsifli&t2yal kBsycabpoyl agomupumbedsChECRe ahlyR, pheng! tigsoeip are
preferable. The aryl group nmeans an atom c group in which one hydrogen atom
i s renovedofr Ry aand aR pEY Geh\alrsar athwsamdicomrdd fferentouppusual |y has 6 to
60 carbon atons. Specific exanples thereof include a phenoxy group, Cl-Cl2
al koxy phepogfegably, théyCa2eali¥ifemeartoxy group, 1lnaphtyl oxy group,

2- naphtyl oxy group, etc. Cl-Cl2 al koxy phenoxy group, and Cl-Cl2 al kyl
phenoxy group aRe 3n&fRx disl £ormdlanr(d) sidxg prefigralkimliay hbkyb go0@ED

carbon atons. Specific exanples thereof include a ihenyl silyl group, Cl1
and an aryl group, more preferably an alkyl group, further

preferably an alkyl group having 8 or less of carbon atoms,
especially preferably an alkyl group having 5 or less of

carbon atoms, and most preferably isobutyl group. When R,



14 C12 al koxy phenylsilyl group, Cl1-d z al kyl phenylsilyl group,

1-naphtyl silyl group, 2-naphtylsilyl group, dinethyl phenylsilyl group, etc.
Cl- Cl12 al koxy phenylsilyl group and Cl-Cl2 al kyl phenylsilyl group are
preferable. The aryl amino group usually has 6 to 60 carbon atoms. Specific
exanpl es thereof include a phenyl am no group, diphenylam no group, Cl1-Cz
al koxy phenyl am no group, di (CLCl2 al koxy phenyl ) amno group , di (

Cl-d z al kgngh&ayarg abkyd groups. 1theyhngyabenanyr ofiplireaaphbyaached
group, etc. Cl1Cl2 al kyl phenyl am no group, and di (Cl-Cl12 al kyl phenyl)am no
group are prefycdice. ankde paefezkkylly Hromehedual |y has 7 to 60 carbon atons.
Speci fic exanpl es thereof include a phenyl-Cl-Cl2 al kyl group ) Cl-Cil2

al koxyphenyl - CLRe1a2n@| Ry |inyrkapnulal - (G2 #a%g/ 1pgaferablyl-ar AKXy group,

1- naphtyl -C1-C12 al kyl group, 2naphtyl-Cl-Cz alkyl group, e.tc. d-Cz

al koxy pheSyPuR:- &nz axVRy ITguBup angnd @PDQW?1&P¢y%e§ﬁ§ﬁﬂY92BQﬂ&F%HRyI
group are preferable. The aryl _al koxy group usually has 7 to 60 carbon

at ons. SpefPEec PERIFPPRL Yt REr 8SKYinOFQHR RayHERy7-C1carPon 1@hamsyr A,
oy, 1 AR A R, S Bl 1L
i koxy ar ol aPaCTEaEr S5PEP TAY A% APk TP ER Dty GSbaT TES 7 to 60
i1yl gr oupSEERaT v, 0 SRS C BrbUgl Bl suld 8" e echek Sng ylob g Y/
pheny"Cl:g}%fékgﬁpgjFLéhtgﬁoﬁBou%Qaphty"Cl'CIZ al kyl silyl group,

2-naphtyl -Cl-C z a i1yl group, phenyl-Cl-Cl12 al kyl dinmethyl silyl

group, etc. Cl-ghZ thlek@ppvRNeRHmEh €13 akkuhashl Wredelign and Cl-d z al kyl
phenyl - C1-C12 al kyl silyl group are preferable. The aryl al kyl am no group

usual | y hagndepend@ntaiban ah@egerSRECHf ke SXampleds m ey asio idicinudte A a
phenyl - Cl1-C z al kyl am no group, Cl-d z al koxy phenyl-Cl-C z al kyl am no
group, Cl-@lnralliyly plfieRyl m&t- e zthé kyamanonodff fepenti (Whell n dlsk dwp
phenyl - C1-C12 al kyl ) am no group , di ( Cl-Cl12 al kyl phenyl-Cl-Cl12

al kyl ) am nergmoup, &- papmalit@lo€lRiah&ylbanthe gawmeper2dafferentCl- C12
al kyl am no group, etc. Cl-Cl2 al kyl phenyl-Cl-C z al kyl am no group, and
di (Cl1- C12 MpPr¢PVpKenfielocimozekpif Riafi maYyrkricenregied ckabferm ghe
aryl al kenyl grou usuallg has 8 to 60 carbon atons. éfecific exanpl es
t hereof in&ilide YhEReRyrRCATR HWWBhFOREHipinE 12y lsﬁrko&%abﬁegﬁ-lél- C12

al kenyl groyp, .Cl-C12 al k phenyl - C1- C12 al kenyl group, 1-naphtyl-Cl-C z
2l kenyl or BUBYL-Chaf rYCheCiS hrEBRE G PauG. Srorb EPRtS Tt
phenyl-ClC%§t§%5e2¥kmgroup, and Cl1-d z al kyl phenyl-Cl1-d z al kenyl group
are preferabl €.

In the above formula (2), k and 1 are each
independently an integer of 0 to 3. When k is two or more, a
plurality of R, is the same or different. When 1 is two or
more, a plurality of Rg 1s the same or different. Moreover,
two or more of Rs-Rs may be connected to form a ring.
Furthermore, when Rs-Rg 1s a group containing an alkyl
chain, said alkyl chain may be interrupted by a group
containing a hetero atom.

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

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



The aryl al kynyl group usually has 8 to 60 carbon atons. Specific exanples

t bereof include a phenyl-Cl-Cl12 al kynyl group, Cl1-Cl2 al koxy phenyl-Cl-C12
al kynyl group, Cl-d z al kyl phenyl-Cl-Cl12 al kynyl group, 1-naphtyl-Cl-d z
al kynyl group, 2-naphtyl-Cl-Cl2 al kynyjggroup, etc. Cl-Cl2 al koxy phenyl-Cl
16 C12 al kynyl group, and Cl1-Cl2 al kyl phenyl -Cl1-C12 al kynyl group are
preferable. The nonoval ent heterocyclic group usually has 4 to 60 carbon
atonms. Speaiitrogenampbms ehler.eof include a thienyl group, Cl-Cl2

al kyl t hi enyl group, pyroryl group, furyl group, pyridyl group, Cl-Cl2

al kyl pyri dyl gréaspthet groapt kioartgaingngua, h€te@b? adicky| thoildoping @ynups
pyridyl group, and Cl1-Cl12 al kyl pyridyl group are preferable. The nonoval ent
het er ocycl B&egeseppridfdedan atom c group in which a hydrogen atomis
renoved froma heterocyclic conpound. Arl in the repeating unit represented
by the above fornula (3) is am'aryl ef® groupRor a dival ent heterocyclic
group. The arylene group is anl atoniclgroup df an adlbmatic hydrocarbon in
whi ch two hydfﬁ@@ﬁ arﬁﬁg‘are’féﬁbvedf The aTSthic—ﬁyUrocarbon i ncl udes

t hose containing a condensed ring, and thoselcontaining two or nore of

i ndependent benzene rings or condensed ringstonded t hrough a group such as
a direct bond, a vinylene group or the like. The arylene group usually has
6 to 60 carbon @& ons. Specifc exanpl s ther@of include a phenyl ene group,
bi phenyl ene group, terphenyligne group, naphtfpal ene-di yl group,

ant hr acene- di y+-CgrQup, pterdnthr esd—aO4 gredipsNpent al enedi yl  group,

i ndene-diyl group, heptal ene-diyl d¢roup, indacehe-diyl group,

tri phenyl ene-diyl group, binaphthyfdiyl group, Bhenyl napht hyl ene-diyl

group, stilbene-diyl group, 3,3 -al koxystilbene-diyl group, etc. Here, the
car bon 17 atons in the substituent is not counted as the carbon atom of
the arylene grogpreThasdrval exlempatiieay GrieC @ RHRALRABMS atonill GH GLXERUP 1N
whi ch two hydrogen atons are renoved from a heterocyclic conpound, and
usual | y hagréupohéfiaar horoateidonSpeeirsi,C agX aitylle yricugy eriviinic|exdo,
furan-diyl group, thienylene group, fluorene-diyl group, pyridine-diyl
group, qui aoldi aemdnpivadeatphederoayellice giioylp drawimg af-6.0 derrkhort he car bon
atonms in the substituent is not counted as the carbon atom of the dival ent
het er ocycl Rt¢ogseup. The heterocyclic conpound neans an organi c conpound
having a cyclic _structure in which at |east one heteroatom such as oxygen,
sul fur, nitrogeR: PMdsPhdmuthacrnve diarmyla cohk ai#rdl Bn anke Reydnj &he
structure as the el enment other than carbon atons. Arl in fornula (3) may

have a sub8PP¥EehPr™uken(dd gACH KpdegeadsntdikERprassas, a8 BHH: o group,
aroup,  aryPEREHo BEbEKY BESPE G NgiSmEe SRR A Ay s 1y
0L oo YhELBAERSRRHE, oBH, SRR Ry Y iy P T
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 usually has about 1 to 20 carbon atoms, and

specific examples thereof include a methyl group, ethyl

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



preferable that the formula weight of the repeating unit represented by the
above formula (1) is smaller than the fornula weight of the repeating unit
represented by the above formula (2). Here, the fornmula weight of repeating
unit neans the sumof the atomc weighf,nultiplied by the nunber of atons
about each element in the chemcal fornula 18 of the repeating unit. \Wen
the total anpbunt of the repeating units represented by the above fornul as
(1), (2) aggopB), trbutyd gmawp.ipeaty¥dparghpn, igrepedt 9Eoupsudiexyd

| um nance or life tine of the device, may not be satisfactory. Therefore,

it is prefEFQBPe eNELOhREYLOgEPUDF hRBtYapEEOHRg OFtYd BEOSserred by
formulas (1) i and (3) is 50 % by nole or nore based on all of the
repeating GNY4hEEHLaBHEHPI NNPAEL SFBRPreAecyl BEOFPef rdlly 60 % by nol e
or nore, and nore_preferably 70 % by _nole or nore, further preferably 80 %
by nol e, e§ﬁ@€F9Vﬂ9°EYéf@F9ﬁPy ééu@?5y9ﬁ8P8 oPtﬁDrgenéﬂ& ﬁguﬁbst

f bl 9 b I Th f I i
bref or abl yi %8%? és?l'in& heBHLeEEGRDY nEoEBLy sfr% ph sggzrw&&u%r; ap,) '
10 70 %
¥5|P{ ﬁZ?”L?éssrabﬁr%aZaié) E?ﬁf@t&ﬁ%?a%ﬁgﬁ%ﬁ& @F@f@?fl%‘é EP % by
ol e. Moreover §R63y §LohpembgPRat gﬂg 8? h@%@%es%?%‘@hh Qg mula (3
A)B nth

is preferably 1 e~or base e repeatlng uni t

represent e XBX;LEOV%haﬁsgéiﬁg(ﬁl\sagﬁoﬁ@ 1 %deGDFgr%ﬁf i 3flsy, Ahg by mole

or nore. COpO| yner O resent 1 nvention contal ns one or nore

ki nds of P@élfﬁg HﬁhﬁﬁléngEEEEBEdlﬁﬁlhﬁé ABQKS X gObEBhi (Benepg formula
(2), respectively; the repeating unit represented y f or mul a (1) is 10 -

40% pref egabhyp, 29r39?@5§§e§r6{1pt he- beﬁ?l@i{ e o, e Hutbxiyh gricvipgatii-ng
units represented by tformulas (1) and e formul a wei ght of 19 the
repeati ng batbxyepreapnt edbliyok9r subap( lpentylbRly etrolapgn ilshamrydiosy a

wei ght of the repeating unit represented by formula (2); and the

pol yst yr engroeduchdxpliobgr gaouvpageycbbberydoxye ggioupi,s hepIyIOoBY @romwp,he
repeating unit represented by fornmula (1) is outside the above range,

pol ymer LEPCt¥LayYt gcoubpoRyathyhherylasyf Birouent NORYLQFYe Gr&MPos such as
| umi nance, life time, or the like. Wen the total anpbunt of the repeating
units repr€§€K%EHYb9rPBPwupa7(i}mﬁﬁBYGQFtVAOFNe9€8ﬁ@Iy%@FIY§°ﬁ6bQQQHHwa
characteristics, such as lumnance and_life tinme of a device produced
therefron)eﬁﬁy REPLEEOXY PEPURt of- §ORMKEPEN 0PEOURs PERYARFY GEOUPHf t he
repeating un represented b 1) and ( referab 50 % .
by ol & or ﬁtriorsxsgmn ofrd ¥n39f18§339r§r %’Eﬂ“Ps SRy e & ~
preferably,60_% ﬁgtgghépgglggﬁegrggb rgr %ggl$léo % by nol e or nDre

further prefera eci al y pre erably 90 % by nol e or

more, and nost @ﬁ@fS?ﬂ?iﬁhlgoﬁf%ﬁéeﬁﬁkege ?goEH§1%QQ9]y®%E%dNEJ'3%

present invention <T1l p H> is preferably O

35 in VigyecPicsohHll Lshd11¥NRa60RBbYEEL @b fzbecra&%antatloﬁr\éenurrw [3] has
a pol ystyrene reduced nunber average nol ecul ar wei ght of 10310B, and

exhibits fhkpeceseenegamplebetneredrsiateudehpeehylthe ovairoap(D Tl pH <Tl pH>)

obtained by dividing the difference ( D T1 p H) between the maxi mum val ue

of Tl p H athyltrial group), vpropydthIibpbirbypt, he -prepgdehdal weoupll pH>) of
butylthio group, i-butylthio group, t-butylthio group,
pentylthio group, isocamylthio group, hexylthio group, cyclo
hexylthio group, heptylthio group, octylthio group, 2-ethyl
hexylthio group, nonylthio group, decylthio group, 3,7-
dimethyloctylthio group, laurylthio group, etc. Pentylthio

group, isoamylthio group, hexylthio group, octylthio group,



20 TlpH, is 0.35 or less; here, relaxation-tinme (TlpH) of proton in a spin
l.ock magnetic field is measured by 13C nucl ear nmagneti c resonance with
carrying out high-speed rotation of the filmof the copol yner around a
magi ¢ angle in solid nuclear magnetic {£sonance. DTl pH <Tl pHis
preferably O . 3 or less ( and nore pretferably 0.15 or less. Wien 0
TIpH <TIpH> is in the above range, the solubility in an organic sol vent of
t he copol yAeethgleexyltbiho. gbolp, pdetyithlopgrbupanabd Shfaddmethylf ol | ows
A copolyner filmwhich is a sanple to be neasured can be produced by
usual met hegtyFbhiexgnpup, agederefarableanount of a copol ymer is dissol ved
in asolvent, a filmis formed by a nmethod, such_as a casting nethod,
spi n-coati ng neth®dalkutstb¥li a50HRt Hay, Pai Ao¥oafi hdnREEROTaBLREAART he
solvent, exenplified_are benzene, toluene, xylene, chloroform nethylene
chloride, €FbbA-t8RAaBANBEIHehaRyBPEHEXANES” ARXGAEDOR| BERIS -cBREYr
tetrahydrofuraf 1, 4di oxane, . acet one, neth%lethxlﬁeting, cycl ohexanqne,
met hy| acet SPRCIEH] eXAYPLEE ctREECOR LAGIPABPAERYLAFLEY. IFREPs R used
for filmfo ion is renoved before neasurenent. The filmthickness,of the
(lmis utudTh SHRHE. cBUBPRISMEELoREORE, scvaraEHte et 6o Tn bR T
produced b thod. isS. intQ._a sa | se
irradiatedg%%ygr§P§%SMF$EQFgY%F%ggiaﬁgéHB’a%ﬁgg%gléggﬁé %%?gg’iﬁgh?X%d to
static mag I i b :h D5 o] : | ut.l,pns per second,
PRELLE 2hBUl, LpSdnf1iinda HrOab? ARRYRsTRYY, ot

21 and spin-Tt ter carryin ut spin g?on nucl eus for
0 seconds &$5plsnéRlek Eiﬂ?i,éﬁgub?|ﬁébgglkﬁﬁﬁﬂrQEBHpUUebﬁyis%ﬂggh%r%ﬁbn'|OCk

magnetic field, magnetization is noved to the nucleus of 13

crosspol ar g zgthpméeRyodi1gndgt-beppembngl 6engt hgebup3Caesyakiakued. by
plotting the pégk g??engthﬁtogo, %IpH ig obtgingd f%r they%unbg?é of 13C
peaks. Maggedup, f8eYddsheenglbctglalilyiugedups Laany2stiegliagrioapl0 tids| as,
and preferably from4 teslas to 10 teslas. For Tl pH neasurenent, spin |ock
time 8 i s methybshlydrgrehpitethypikdahbethyl6ilygdcgrndups plrepydidtimalthydl ue,
and including this, it is necessary to neasure 5 or nore points, preferably
10 to 15 peihyl, gvdub, chapgopyldimetbylasddydi agoup . ThpEydddmeithytli on.
Moreover, it is preferable to performsatisfactory inte%ratLon to obtain a
good spect$ikyhi §ROvRw RoPyt¥ldimBashyénthlyleadperRr uPENLY1ALBLEPY} v set to
a tenperature bel ow t he glass transition tenperature ofﬁéhe filmin view of
prevent i ngS+hel cHEARR . of SPABYIBLNaLRY At 811Kt AEOHRas HPEHEALMeIRT s nce TI pH

constant | #orEBEPar Bty SATRPERL Rt Lo HPD Phap LR RBE YT S of
LR 5 b GEbub b P PGy YRl BRI 0AEB b BBl iReSAGAL U =
% e YL} FLPSY, BScDEtBE Ry BA, LS FBLR UTRE hetaRiyiel veer
dimethyl silyl 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, octyldimethyl silyl group, 2-ethylhexyl-dimethyl
silyl group, dimethyl silyl group, and 3,7-dimethyloctyl-
dimethyl silyl group are preferable.

The alkylamino group may be any of linear, branched or



22 and the actually observed val ue can be used preferably. As Tl pH, when
based on the obtained noise | evel by the above nethod, it is necessary to
adopt only Tl pH obtai ned froma peak whose 13C peak strength in the initial
value of spin lock tinet is 8 tinmes Qrq nore to the noise level for

cal cul ation of D Tl pH <Tl pH>. Wen ot her well-known conputing nethods are
used for the noise level, it is required to adopt only Tl pH obtained froma
peak suffi@Y@kiey angd gkthermrd e nical kplaninergmoup ¥ <Al pH> cal cul ati on
according to the case using the nmean square of the gap between the

t heor et i cligdldiEbamingn ERUR- NP (K BARENQ bR rYsir 1Ay eagsabaetndi se

| evel . Moreover, when the nunber_ of available peaks is less than 5, O

Tl pH <TI pHE? A QATRAD R T ORhotask SR £XarRL ¢S Therreeskarude

i ncrease the nunber of avail abl e peaks by a nmethod, for exanple, increasing

the nunberMGIY ARG GEAHR 1 Ene T IR STHD el HLHTHRRITOWR. i ni rum
val ue, and ver.age val ue of Tl pH obtai ned as above T| pH <Tl pH> can
be cal cul aqj;%mafnﬁé% ATV NPT AL 2§ YR TBIQﬁxfﬂ&’??rUWQEPUe of
Tl pH ) - .ni.rum.val ue of Tl .pH . average val ue of. T1 H As t he
Copol yirey BOETRARANY it RNt ary Y SR Y S Bh diy Ro ThbodB | 07
type copol I r \VA ype i type
cobol yorer BeR AN Qe 4 ARG RE GOR Y Rl PR abBaE, Y 0E
copol yner, Ig}g@g: t i téﬁ;ﬁ\?&?ﬂ C. i D 23
TI BH/ )</TI pl-ci:>ﬁ%ls I n}?%éﬁ/irﬁaangde o#t t r% above nﬂuﬁﬁr%a ’ v%?tﬂé%m%?g&gaﬂaﬁor ene
type COW'Z”@JhylFIfHMaYﬂiQﬂ? dodid ,C%ﬂr@ﬁind) bo(G LYo | Qi‘@c&’lé\ﬁiﬁ@egi-éfﬁﬁ,
copol ymer, polystilbene type copol yner, and po yst|1bene vi nyl ené copol yner

are pref ernbl-@ine Nehddtiiaramnind Yo woP A ANBFlakies iptowp | Yepeef erable. As
t he met hod for obtaining the copolynmer having D Tlp H <Tl pH> of the

above- mentBexrtsyd amimey igradupyal issyaneydenpind | gaxcbwy £, hdxoylanhmp| groap et hod of
copol yrmeri zi ng nononers resenbl ed closely each other in the solubility to a
pol yner i zadtynlamding ignouw, i2rathyiraopamiom group ofdgey Yamrineagironp, a

met hod of adjusting the charging of each nononmer into a polynerization

l i qui d, orangha.ginsgmathmgiandanine groun mxe d@reigradlei ng the catal yst
anount / polynerization tenperature so that the copol yner has a single

nol ecul ar wei gifiRediadtil R WHAELY Dt b6 uk? riRP £3EPIRNBLHESE ng t he
simlar solubiljt wer _than the boiling point by 10

at ate rature | o
with that Bedifd eﬁr)rptﬁk??ﬂﬂﬁﬂ%‘?%oa, RheRYh RF P usFrda sol vent
havi ng 50 m.or .l ess of nmistyure, content .as pol ymeri zatian _solvent; a
ot hod whebRHERSTNY R ar (ot dherirtirrs SRdiBy of PAgRERPA tre | ower
t han t he 1] i Nt t ve by ~10C; f J€ | t he
oxygen co%%lgr#ﬁgtzlqgfn hﬁ&% gﬁr f?ﬂny %cp'l ;((::llﬁgizt %&%&Jﬁgg’h%fé{le%‘#ﬁ

ni trogen; ghdrelbed, Qi1 AP HURETRA 2Rt db rﬁﬂfﬁ&gmlyﬂ%iz 1 08rodpnet hod
of using a zeré-vgﬁ ent “ni gLe co de"ixipas ea pol ymeri zati on ca?%l yg]t:? %

nmet hod of mea?ts an atomic group in which one hydrogen atom is removed

from an aromatic hydrocarbon.

The aryloxy group usually has 6 to 60 carbon atoms.
Specific examples thereof include a phenoxy group, Ci-Ci:
alkoxy phenoxy group, C;-C;; alkyl phenoxy group, 1-
naphtyloxy group, 2-naphtyloxy group, etc. C;-C;; alkoxy
phenoxy group, and C;-C;; 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:-



copol ynmeri zi ng nononers having the sanme or simlar kinds of substituents; a
net hod of copol yneri zi ng nononers having the sanme nunber of substituents;
and a net hod of copol ynmeri zi ng nonomers satisfying the foll ow ng
conditions, the nunbers of carbon ato of the substituents are the sane,

or (nunber of carbon atons in the substituent having nore carbon atons than
the other) < 2x (nunber of carbon atons in the substituent having |ess

car bon at ofis) alkexyc ppenydsddyds griemppr €seftz iadkadt iphenylsilyl] gxgup | 3]
have a polistyrene reduced nunber average nol ecul ar wei ght of 103-108 and
the total huh@RRtBisibpbagrogpst?2oeepht¥lshéyiogreBBnges al so with the
repeating structure or the rate thereof. Wen the total nunber of the
repeati ng $iPethviiRheRY1isblEhagrouppheelevi da-Gob rR-EPEY RRCRBHSELYD have
insufficient characteristics, such as_lum pnance and life tinme, \Wen the
total nunb8FORR &89 Fuilge, 2LREL{PREARELFLAYLpPEPEPt PrEcRIELLEARLEoNe wor se.
The nunber of the total of repeating strgitu e ig gref%rab%ﬁ 20- 10000, nore
preferably 30- 158B03TEhABiRRCPLPYY PFERLIELIGSSH- 58080 FEFRGPeRO®Snce
light emtLin [ opert nd |[ife tpne_a device be deteriorated when
a pol ymeri BBE%Pb?oﬁﬁa¥Bﬂﬁ nth§§eah éﬂﬁiﬂaguﬁ Bﬁengg@&B8I9§§PP'the end
group of t o] present _1i t] [.2] [ R _be

pr ot ect ed gﬁpgggfg%ﬂg %r%ﬁ%&SThéggﬁﬁae?géﬁ %gg?%éé ﬁéﬁ §5§§9¢o§%i33¥ng to
a conj ugat e shiddahlipfiedl1)ami e gr%tag',ndar&lpelef B3 1pndifh LRI 11 ed
are structuries connecting to an aryl group of a‘hetero ycl1”c conpound group
through a gré@pVi DYhepRtPiaHPno CQESﬁgt, ehynaﬁﬁlegiawﬁat groepr, egest e¢, by

Chem cal Formula 10 described in"JP-A No. 9-45478, and the like are
exenplified,, Bikyaopeleyiamdhot Be-oRipesSamia ia @t con 41Kyl [pHenyrhnido may

al so be a random block or graft copolyner, or a polyner having an

i nter medi ageospracéupeetbeapdé, for exanple, a random copol yner having

bl ock property. Also included are those having a branching in the main
chain and threeThe avytallkyhi gabupanssalapdhden@okpnéfs cakbonhatomsol yner
of the present invention, a random copolyner is preferable in view of

sol ubi | i t ySpedifiasexamphest thereefipdnalude. aThhepdAdOnrCopdlyfydr is
defined as a copolyner in which different kinds of nonomer nol ecules are
arranged agTPBRdofiG2aaper¥yiBReR¥LnCetfaznatES SROWPI | Croreet PdkAly of
Scientific and Technical Terns, 3rd Edition For _exagpl e, when 3 _ki nds of
mononers, PReRYLzGy (@2 %péyfjog{j?rﬁpi'zéd?aghﬁi’}ldgl‘ocléeaggﬁfg‘eg,r°ﬂpﬁ\, 25K-B, A-C,

-B, B-C, C id b h | f
nvent 1 on TAPCTSTCIda + 5k kg auRe aPhr cpetiend LAY FORER PRt ho
repeat ing Yty [ GPLESeNLed Y. 4.0 0Ve: (BhenbOU BN @ ( 2yl LBLEULG( 3)

wthin a ran i fij urrhg*f| Goréscence? chat acteri s or “charge
transporaﬂ$£9 jacteristics. Mreover, the repeating units represented
by a for a ?if, aformula (2), or a formula (3), and the other repeating

unit may be confget geyW 4 kExPOgr6QPI HIBAEHyURAL. 7TRE BONTaLBlondAidths .

portion thereof nmay be contained in the repeating units. As 26 the

connect ed spedLt it eexampeaPp! theedodr énth@dgr aUPReaROWE, -C;, alkoxy
group, C;-C;; alkoxy phenyl-C;-C;» alkoxy group, C;-C;; alkyl
phenyl-C;-C;, alkoxy group, l-naphtyl-C;-C;, alkoxy group, 2-
naphtyl-C;-C;, alkoxy group, etc. C;-C;; alkoxy phenyl-C;-C;;
alkoxy group, and C;-C,; alkyl phenyl-C,-C;, alkoxy group are
preferable.

The arylalkylsilyl group usually has 7 to 60 carbon

atoms. Specific examples thereof include a phenyl-C;-Cj;



bel ow, the conbi nation of a group shown bel ow and vi nyl ene group, and the
conbi nation of two or nore of the groups shown below. Here, R is a hydrogen
atom an al kyl group having 1-20 carbon atons, an aryl group having 6-60
carbon atons, or a heterocyclic groupqgaving 4-60 carbon atons. Ar shows a
hydr ocar bon group having 6-60 carbon atons. RR-0 -S- -N -B- -Si- -CRR
Il ~0-CG -CGCO -OC -NG -GNRROOOOIIL 1L Il Il CCC-N-~C Ar-
-Ar~C~ N apkyT silyl group, CB:(€1 adkpxyaphesyls6hvent al&wlheidaydol ymer of
t he present invention, exenplified are chloroform nethylene chloride,
di chl or oet BEABP. tGtT%myélngrﬁhenVérGeﬁéu R K¥de sigwdi GiodiPe, Yetralin,
decalin, n-butyl benzene, etc. Depending also on the structure_and the
mol ecul ar RéPB%Yl FhéheoﬁékYﬁeﬁiiaﬁ S€°HP353F9§@htH§u§hr9H igtkyl silyl
concentration of 0,1 %b ¥ ht or mpre in_these_solvents. As for the

ur

gl ass tranSFPPBn PBRPELa %120F‘1FH% gapsitiudr S&leIthrBPé’seﬁt S-ndBifion, it
;iwpref oraBiko2y Phafyi2cPoEs' Bify1 M09l G 8BS aheP oSl SanigPer ature s
phenyl-C;-C;; alkyl silyl group are preferable.

The arylalkylamino group usually has 7 to 60 carbon
atoms. Specific examples thereof include a phenyl-C;-C;:
alkyl amino group, C;-C;; alkoxy phenyl-C;-C;; alkyl amino
group, C;-C;; alkyl phenyl-C;-C;; alkyl amino group, di(C;-Ci;
alkoxy phenyl-C;-C;, 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;; alkyl
phenyl-C;-C;; alkyl amino group, and di(C;-C,; alkyl phenyl-
C,~C;2 alkyl)amino group are preferable.

The arylalkenyl group usually has 8 to 60 carbon atoms.
Specific examples thereof include a phenyl-C;-C;, alkenyl
group, C;-C;, alkoxy phenyl-C;-C;; alkenyl group, C;-C;; alkyl
phenyl-C;-C;; alkenyl group, l-naphtyl-C;-C;; alkenyl dgroup,
2-naphtyl-C,-C;, alkenyl group, etc. C;-C;; alkoxy phenyl-C,-
Ci2 alkenyl group, and C;-C;; alkyl phenyl-C;-C;, alkenyl
group are preferable.

The arylalkynyl group usually has 8 to 60 carbon atoms.
Specific examples thereof include a phenyl-C;-C;» alkynyl
group, C;-C;; alkoxy phenyl-C;-C,; alkynyl group, C;-C;» alkyl
phenyl-C;-C;; alkynyl group, l-naphtyl-C;-C;; alkynyl group,

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



the copol yner tends to be easily denatured. Therefore, the glass transition
tenperature is preferably nore than 50~, nore preferably nore than 80C, and
further preferably nore than 100' C, and especially preferably nore than
150C . Moreover, since |um nescence fr athinfilmis used, as a
copolynmer of the present invention, those exhibiting fluorescence in the
solid state are_used preferably. As the synthetic process of the copol yner
of the preSenBlkyiadt i95QUPy] anFZFl Gred 31Xy1 Pheml-CradiaBk¥Hl exanpl e, a
met hod OEIE ﬂgnerlzatlon by Suzuki coupling reaction fromthe correspondi ng
nmonormer BRYP RRY S 95?5%%39%3 page 2457 (1995)) a met hod of

pol yneri zati on na reaction; a pethod of oI ri atlon by Yamanot o
pol yneri zi ng nef%%dm?gP ?%I§ﬁ¥e§€FY°36FuﬁE°E? égg 85 #2858 0P992): a

gféﬂffogﬁeﬁ? %”e“ %%%?Bﬁg%s?%%'r%%”ﬁpiﬁ ﬁ?ﬁigﬁ dla?fageoﬁpigrr{’éﬁl% dm?f an
andom pol JRRTR 2] TG Gid: RBRVE B HeERbg %é%é& BF5P-aR, BrgHE.  EhEsh S5soBmer).
Yamanot o pgﬁ‘fﬁ QI:{;ngl yherlﬁzafkg%pggd %Mg‘éré%b”%bﬁé hgard

reaction, I'ng OoXI ents suc as“the and

Fed 3, a Kt 1698, ok, ?fi]‘é‘ﬁl& 10&?%' an %y 55:6%' 0Rngakg-c,

exenplifi Anong t I's especia pre era e to po ynerlze:%y t he

Yananot 0 pgi ¥yEpyER&] pngﬁs& Ogre | PréberXBmam@ﬁep@bﬁa%néﬁttl on net hod,
usually a zero-valent nickel conplex is used, and a halide is reacted in an

ether  28h&te¥e8ycle8Chraspt RéaRSYdnOhtbAllc §h6up, 4ndiwAiahCa BFddgen
aromati ¢ hydrocarbon solvent, such as toluene. As the zeroval ent nickel
conpl ex, eaempliélfdmavedbfséﬁ,é hgtepnoogtadceaenpoukal (0), (ethyl ene)bis
(triphenyl phosphine) nickel (0), tetrakis(triphenyl phosphine)nickel, etc.,
and bis (1,5-cyktrp vttt erepentcioed (W1t srepredsatR@. by nthéi sbouse, it is
preferable to add a neutral ligand, in view of inprovenent in yield, high
mol ecul ar ﬁ\@rfglhlapbl"j/rrb'ﬁléntaﬁlﬁleﬂ'ﬁegneupr ar aj géﬁalestaha’tgm@ywm% has
nei ther an anion nor a cation, and exenplified are: nitrogen-containing

| i gands, s¥EPHRs 2, 2 bipyridyl 1, 10- phenant hrol i ne,

met hyl enebi sox ollne and N, N - tetranethﬁleth¥lened|anlne % tertiary
phosphi ne | i gantiR® 2EEHeRE FFPPReLT| 2BhBERHE Fed ?PPtBFyanﬁﬁgﬂﬁ

ib I h h h N
i gand” i s%@?%#%%ma”ﬂ FhoPEr ey, BARERRE] “antni aafsebovalq T Q" 2 i g
2,2 b|pyrAEQ%atfceﬁg&ﬁ%éé*ﬁ?grigéfghgslthgg ggtgﬁgmngegc% h%és nd high
yleld When usin n-view of reaction cost, the

usi ng armug{nés Qﬁ%f‘éﬁé@éyc ox4 ]Q Otlgo”BLexﬁofb.QSSQ 9§d%i3§né%m val ent

ni ckel conpl €%, nore prefera 1.5 nmo urther preferably

0.9-1. 1 MDb&FzekSPRLAGS! dr wn@éﬂ@édtelhgsrsaﬁ&eahEhﬂehgﬁuba@erg&hcﬁf
polymer, a systemin which 2 bi pyridyl' is added as a neutral ligand to a

system condsii &i MPr&c 6 (Bodoyal vipglafeegeoupckel ¢Ae Likpreferable. 29 The
anount of zero-valent nickel conplex is not especially limted as |ong as
t he pol yneThe airypleneagtoop usuablyi hisbét €d. 60 carbon atoms. Specific
examples thereof include a phenylene group, biphenylene
group, terphenylene group, naphthalene-diyl group,
anthracene-diyl group, phenanthrene-diyl group, pentalene-
diyl group, indene-diyl group, heptalene-diyl group,
indacene-diyl group, triphenylene-diyl group, binaphthyl-
diyl group, phenylnaphthylene-diyl group, stilbene-diyl

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



When the anount is too little, the nolecular weight tends to becone snall
and when it is too |arge, the post-treatnent tends to becone conplicated.
Therefore, it is preferably 0.1-10 nol es based on one nole of nononers,
nore preferably 1-5 noles, and further7preferably 2 - 3.5 noles. Wen the
eopol ynmer of the present invention is used as a light emtting material of
a polyner LED, the purity thereof exerts an influence on light emtting
property, Bhemefénethpt shbspishersbie nhat couabedmas Béieocanbeny AdTat i on
is purified by a nmethod such as distillation, sublimation purification,

re- crystalPﬁngﬁoﬁrxﬁen@hgrppﬁe before being polynerized and further, it is
preferable to conduct a_purification treatnent such as re- preC|p|tat|on
purification, cﬁPSnﬁ%H@i&BﬁlBe§868FXFﬂéﬁ SHQUPh BN aRf BdPMite FMhesi s.

I n addi ti on, yner. of the present invention can be used as not onIy
2" ght - enftbc Hgchmeap Brasgees, §6°5‘ﬁ iR Betanasiott

SEHOS?!tfﬁﬁeéf%{nﬁgaB%aéeﬁ%’ﬂ%ﬁ BnPRon bt o0eS Sn -%amle‘%“gqsﬁ e
polyst yr en*FOBLERaHERBEr aﬁéiaéis"%a%sb AAPLEgh aof%ﬁys%“e Yo
exhi bitingg; ?96B£u§?§ 88p F&gidigllﬁiﬁgaé%ou QR |y, of the

pr esent |nven ron[ as t pol ymer,

whi ch 1o gugubhe %Ugahah& a& 3 gobupn! ettcheHgalr%SS thfea " atoms

t enper at ur aracterl ‘device, such as life tine,

| um nance, jgt Enesaasbﬂeabhf 1§snbl&eceqhx€ar a%0 FRRURGS bR H¥dnl ig¥d &
t hose described in JPA No. 2001-247861, JP-A No. 2001-507511, JP-A No.

2001504533didR1énkohe280dcy¢8908grddpA Mae BERerdeYytdfc Hdmdond means
2001- 226469, and JP patent 3161058. As the kind of the polynmer conpounds,

exenpl i fi ednaveganpol gopoandnaatipg eopyeldid, s&rmaltyireudmemndhiiotpeat

copol ymer, a polyaryl ene type conpound, a polyaryl ene type copol yner, a
pol yaryl enéearsyl ene hyperoanpmudehaapobmgyzhens\uhfydmnmzrt;rp@eanpol ymer, a
pol ystil bene type conpound, a polystil bene type copol yner,

pol ysti | benbosphpEHE . t Ypronenpbandisacpotpined ti@nethenwy@ieq Wi wHpute ner
a pol ypyridi nediyl type conpound, a pol ypyridinediyl type copolyner, an

al koxypol y@fi hRefdéenopE ef §uﬁbanaﬁaaﬁ96xﬁﬁémﬁthlophene type copolyner

pol yar | enavi ﬁ?ﬁ%ﬂ&%%@%ﬁél (FErnad Bavdce) puBRELERRECORUIPNER. 28nd o
Gapec al | yStiht BHORE" | SRBOHY Bre%Bo) BRI Lon LRV AN e ass
e, | um REeaE: B e R e P R S ol e
Composi t1 on TS rLkcPERPE" 437 13InE) SRR, SHara Serm Rty 50 - 80% by
wei ght, andr-ypaixexef §talpy ﬁ§y1a1§f1§il9@'@&bup, arylalkylamino

group, arylalkenyl group, and arylalkynyl group.

In the copolymers of the present invention (1), 1t 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). Here, 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



Anong them those having the bel ow described O Tl pH <T1 pH> of 0.35 or |ess
iLs preferable. The polyner conposition of the present invention [5]
conprises the copolynmer of the present invention [1], and the copol yner of
the present invention [2]. Thereby, if%gcan be possible to inprove the
solubility in a solvent, the glass transition tenperature, and the
characteristics of the devices, such as life tinme, |um nance, etc. The
repeat i ng efithefrépeatidng (Uitand the repeating unit of formula (2) may be
mutual ly the same or different in the copolynmer [1] and the copol yner [2]
of the present Wherrtherntorabapauidinoff b repeablaticunitdw 0 Tl pH <Tl pH>
of 0.35 or less is preferable. The polynmer conposition of the present

i nvent i on TERTeREed Y tile Abaws Qﬁmﬁ%ﬁ%f(gglyh%} Apb3hdsifatPhg a
pol ystyrene reduced nunber average nol ecul ar wei ght of 103108, and

exhi bi t i ngSMtbrids RPN RAIRPLEIRS, Weh aF pHrinaRgeuPEdlhfe13c

nucl ear magneti c_resonance with carrying out, high-speed_rotation of. the
filmof th %|%e‘%h<‘cdfﬁ>‘6’s‘?%d?ﬁ%r%¢:$% %Eﬁ%f%% i nTREFPHORG eI Lhr

ot of or abl Y0 Braxrapo1Eckiat e Stit ofl 1hd epertrd Shien o
Tl pH <Tl pH>_ ] ' h bave- [ 3 ! [.ned
i U usi nerener iR MRl Chlhey (EE #0200 ol 50 of PiRIR B Can

be obtain é/iﬁrr?%%g gxbpﬂi’r@f GRMOSHdd Ol § g LAY &En{%gﬁn_&&%h{ g in0 Tl

pH <Tlp ove-nenti one resent 1nvention e pol yner

conpounds, o &xeiRhd £ 1 efk AE Frdd Y P §ies W}P%&P{;’%—';\ﬁoré. Pehy' hypEene

type copol yrer,” a pol yaryl ene type conpound,” a po ene type copol yner,

a pol yaryl dEt BRE7d VP QRPN o] Y Fud ey ighd dea pes® op by Ner
a poly stil bene type conpound, a polystilbene type copolyner, a

pol ysti | beneye Nyd SpeciaPey oorgraublp 9ol v shy Ihenevotyhene, t gp& ehpol yner,
a pol ypyridi nediyl type conpound, a poly pyridinediyl type copolyner, an

al koxypol ymds o ghentetatply cohpcuisy mmlel koxypol yt hi ophene type copol yner,
etc. A polyfluorene type copolyner, a polyarylene type copolyner, a

pol yaryl ene vi rfhermeepegising puiierepre penyed i bhefermypba Cdpolsmer, and a
pol ysti | benevi nyl ene copol ynmer are preferable. As the nethods for obtaining
t he pol ynRTr&aEAIstY i bir Havk iy ihele dagedion hehebtweaheffi h€d nuneri cal
val ues, fromtwo kinds or nore of these, exqgg*ified are: a _method of

mi xi ng polBARGACHHH S FREFIRFRIRA i FoFm %c?ﬂr ?ara’\?\gi §R? - dMCERi but i ons;
2 ot nod AEHSEHE B E €ORRAUNER: HET Heet o Shae Bty SRR By ¥iPds of
subst] tueisre & R NAAL BloMad g WP LBLIY 20996 VEndy bED. dhssebygs, the
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 represented by formula (1) is 10 - 40%, preferably 20 -
30% based on the total of the moles of the repeating units

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



33 nmethod of mxing with stirring; a nmethod of m xing pol ymer conpounds
whose difference of the weight average nol ecul ar weights is about 1.0 x 105
or less; a method of m xing pol yner conpounds such that the maxi mum wei ght
average nol ecul ar wei ght of respectivegol ymer conpounds used for m xing
does not exceed a hundredfold of the m ni num wei ght average nol ecul ar

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

pol ymer cokpeureBeabing whkbdrenessentad byl fasmuleD(d) LHesprident
invention will be described. The polymer LED of the present invention is a
pol ymer |ighanckhet fagmaiadeeighhprfstig BepPeafingaupi§hterreerndetapar

bet ween el ectrodes, consisting of an anode and_a cathode, and the copol yner

or the pol $AEPULBnpRsi t #BA etﬂﬁlEFEXEﬁPeiﬁ?@HF?GnnP§bé5nF¥PF€Hein t he

light-emtti | . As th | g LED of th t o ntion, th

are exonpl PPHeenEEF et Snkots LTI niBsR &hee mege AbLRE S ng | ayer

di d bet t hod d |1 ght 1 fti | LEDs

Conpr1 o1 nt SREPeREFAnBRor PR Rabhy UPoBLEL RetRbeRPS T BRE and a |1 ght
itti | L EDs | Si | ; ti |

i sposed peyapust L ET hs e oS B PSP Reh e 8o PR AREREL NG W hol e

transportigg t§¥€ rfLEP05 L LAt UECT AL ERAHe 278l aNt (8MLhL! RYKlaver. As

t he pol yner ? o% t% ﬁ @ ) Fug 5 )

€ present rnvention, alfso inc ed are pol ynmer LEDs

conprising a |aWﬁénCQHéaigkgg_ﬁmouﬁﬂ_SEPQHEtE¥5e3@h¥%eﬁngk§posed at |east
bet ween one el ectrode and a Light emtting |layer such that the |ayer

Containing;épﬁ@@dﬂ@é&Vsypﬁbfﬂﬁlai§1§dhﬁaevh)thFBﬁeebeﬁbﬂ9ﬂ@r aed el yner
LEDs conprising an insulation |ayer having a thickness of 2nmor |ess

di sposed aliters| brarecbepietebect 506R asdiamihghtecahft ingel ayme sECh
that the insulation layer is adjacent to the el ectrode. For exanple, the
fol |l ow ng atdeciceeprajuteddiharefspmci hagahby brespkikfedtoay.anode/ |l i ght
emtting | ayer/cathode b) anode/ hole transporting layer/light emtting

| ayer/ cat hBaerefon@odas| fght thei totay dfytheerepeatingr andpsrti ng

| ayer/ cat hode d) anode/ hole transporting layer/light emttin

| ayer/ el eckepresenbepobYi figrnudas/ i) hand ( eréFniS"PTefﬁgﬁg&Ve§°a&iacent

| am nation of |ayers. Hereinafter, the sane). Herein, the light emtting
layer is aP¥aRteneliRereuReEr8noRo2dhi the FREREtiPHeURIEE EPakBForti ng

| ayer is a_layer having function transport _a.hole, and th ectron
transportiﬂﬁpggyﬁ?rismgr?agﬁ?%ﬁﬁeﬁgﬁ P&n%tggnmPéetPﬁn@ﬁBFt §%ighectron.
Herein, th %e apsporti | ayer _and_t he, hol L ti,ng .l ayer are .
generi cal | r% ??%%fg zéa?g thgﬂgp8FtWﬂﬁera§3F?h?ﬁe8F%5§?§§%&t??ng "ayer,
hol e tra“%ﬁ?ié!”&s é&félf?dPEL§8££PE t5aNgPBYLt hBYe! B¥CholBY 3h30mB3EN
i ndependently used In two” of nore a§ers.

preferably 100 % by mole.

Among the copolymers of the present invention [2], the
below defined AT;,H/<Ti,H> 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 solid state, wherein
the value (AT, H/<T1,H>) obtained by dividing the

difference (ATi,H) between the maximum value of T;,H and

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



35 O charge transporting |ayers di sposed adjacent to an el ectrode, that
having function to inprove charge injecting efficiency fromthe el ectrode
and having effect to decrease driving voltage of an device are particularly
call ed sonmetinmes a charge injecting | gyer (hole injecting |ayer, electron
i-njecting layer) in general. For enhaincCing adherence with an el ectrode and
| nprovi ng charge injection froman el ectrode, the above-described charge
injecting TeyRr b9 0 n3UleXilessaykerdavrelasathonkhitne ©OT:12HhnP6r | ess may
al so be provided adjacent to an electrode, and further, for enpﬁ?cing
adher ence PFOtoR imt2rIRtle lepkvergnekliei kiekdahs neasured b¥ 16 n buffer
| ayer may al so be inserted into the interface of a charge transporting
| ayer and PRgHRIEMIIRFELT HRFONgRRe Y HER GRBTVLRBePUbf RighaFBePENi nat ed
and the thickness of each |ayer can be gﬁgrggriatelﬁ apglied whil e

i gdg

consi der i mgPtHGHRR o t¥BRGE LR @F ehRS Gl T ofrPRd g8V Re1c| ANERE
present | IHenL Pl ot PRLIEt s R PauARge 2, charge Injecting Taver
o POLATen LED D A anas d MR e REPged TSR 2
oeor SnoibreFRAEOELE S0 LOLL AR SUUSAMESIE) W0 ) IE avore
36 range, the solubility in an organic solvent of the copolymer
is excellent.
AT; ,H/<T;,H> can be obtained as follows.
A copolymer film which is a sample to be measured can
be produced by usual method. For example, a determined
amount of a copolymer is dissolved in a solvent, a film is
formed by a method, such as a casting method, spin-coating
method, bar-coating method, dip-coating method, etc. As the
solvent, exemplified are benzene, toluene, xylene,
chloroform, methylene chloride, carbon tetrachloride,
cyclohexane, hexane, diethyl ether, tetrahydrofuran, 1,4-
dioxane, acetone, methylethylketone, cyclohexanone,
methylacetate, and ethyl acetate, without being limited. The
solvent used for f£ilm formation is removed before
measurement. The film thickness of the film is usually about
several microns to several 10 microns.
The film produced by the above method is put into a
sample tube, 90° pulse is irradiated to proton with rotating

around a magic angle (axis inclined to static magnetic

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



| ayer/ cat hode f) anode/light emtting |ayer/charge injecting |ayer/cathode
g) anode/charge injecting layer/light emtting |ayer/charge injecting

| ayer/ cat hode h) anode/charge injecting |ayer/hole transporting |ayer/Ilight
emtting | ayer/cathode i) anode/ hol e tyqansporting layer/light emtting

| ayer/ charge injecting |ayer/cathode ) anode/charge injecting |ayer/hole
transporting layer/light emtting |ayer/charge injecting |ayer/cathode k)
anode/ char 884 fipterlogkedychfteghcashying ngut agpineleckr 6f then®Fetong

| ayer/cat hode_ 1) anode/light emtting |ayer/electron transporting

| ayer / char BeCt a8 cEPRgO| 8§ePneat hsBdN njodRobne harBE FRLaZLNEgth&yer/1i ght
emtting layer/electron transporting |ayer/charge injecting |ayer/cathode
n) anode/ ch ?B%Hi%?%i??ﬁgiPaﬁg?/ﬁB*g'%?%hs%%Q??ﬂbc field,

magnetization is moved to the nucleus of 3C by cross-
polarization method, and the peak strength of 3¢ is
observed. by plotting the peak strength to 6, Ti,H is
obtained for the numbers of 3C peaks.

Magnetic field strength usually used is from 2 teslas
to 20 teslas, and preferably from 4 teslas to 10 teslas.
For T,,H measurement, spin lock time 6 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 changling 6 value according
to T1pH distribution.

Moreover, it is preferable to perform satisfactory
integration to obtain a good spectrum with few noises.
Measurement temperature is preferably set to a temperature
below the glass transition temperature of the film in view
of preventing the change of the solid state in the
measurement, and since T,,H changes with temperature, the
measurement temperature is preferably fixed constant.

For TipH calculation, it 1is 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 noise level, a usual method
can be used, and the mean square of the gap between the

theoretical relaxation curve calculated from computed T;,H



| ayer/light emtting |ayer/electron transporting | ayer/cathode 0)
anode/ hol e transporting layer/light emtting |ayer/electrvn 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 37 As the spécific exanples of the charge
injecting layer, there are exenplified_ layers containing an conducti ng

pol ymer, |35@rshanterual sy ipRpeseedpealeencan RRodeednBrgfRERE Y ansporti ng
layer and contain a material having an jonization oiential be%meeg t he

i oni zati orPPotonti MR Rasefodr HaeePPLALRRY Pﬂ%sgo ¢veli B¥ bBLeAPPEP of a
hol e t ti terial tained in t hol et ti I I

wni ch ar e i Epede Do attathote afabbronfecteR CPERLABR: FRHM Byer and

t ai i.al _ hapi | ect ffinity bet he el.ect

artin by oreat lfasic FaperaPraRhoRh. 2o sher niSef vyt oF S on
ranspol ] DGoRRLEAL AL S8TEALIRAS 01 N2 86! AL RLINPILLN0 ddver . and the

i ke. Wen € above-deScri bed charge i’ njecting ayer containing
an conduct v gD | Gty C GON I\ t Qqﬁﬂﬂgycting pol yrmer
is prefer a%#gm%ég cm%ir: %ﬁ@ﬁzéglfﬁsﬂk o?gtltweésrgfwealnrld or decreasing the
| eak cur r egdmbet 88 " +195ds e&’iétﬁé‘gdpi:‘?f' é)ﬁ”ﬂéfs@@%@éi‘?' ¥£1@> S/ cm or
nore and 10z S/cmor less, further preferably 10 5 S/cmor nore and 101

Sicmor | essquibe@l ty. adSpPrONifeTANHCbBEALhE6aCHABMCAI pbhy of the
conducti ng pol yner of ld%% S/cn?or %%re and 103 S/cmor less, a suitable

anount of swhsieientiDpelargép thencOndundisg DeVyNEEor RAGArMH Nyt /> ki nd of
an ion doped, an anion is used in a hole injecting layer and a nation is
used i n anc@leglatbon pecdtrding ayer théscezanpsksgothehmeani sguaze of
pol ystyrene 38
the gap between the theoretical relaxation curve and the
actually observed value as the noilse level. Moreover, when
the number of available peaks is less than 5,
ATlpH/<TlpH> calculation cannot be performed, and it is
necessary to increase the number of available peaks by a
method, for example, increasing the number of integration
times. With using the maximum value, the minimum value, and
the average value of T;,H obtained as above, AT;,H/<Ti,H>
can be calculated by the following formula.
ATy pH/<Ty pH>
= [(maximum value of T;,H )- (minimum value of T;,H )]
/(average value of T ,H )

As the copolymers, exemplified are a poly fluorene type
copolymer, polyarylene type copolymer, polyarylene vinylene
type copolymer, polystilbene type copolymer, polystilbene
vinylene type copolymer, poly pyridinediyl type copolymer,

alkoxy polythiophene type copolymer, etc., provided that A



sul fonate ion, alkylbenzene sulfonate ion, canphor sulfonate ion and the
like are exenplified, and as exanples of the cation, a lithiumion, sodium
ion, potassiumion, tetrabutyl amroniumion and the |ike are exenplifi ed.
The thickness of the charge injectingzl yer is for exanple, from1l nmto
400 nm preferably from2 nmto 50 nm terials used in the charge
injecting |ayer may properly be selected in view of relation with the

mat eri al s Bfp B €Ctgbrel sinth dijeaiceange agferthe aphpvecrenertcakevipluesed
conducting polynmers such as pol yaniline and derivatives thereof,
polythioprﬂPi&mﬁ%ﬂﬂ#%ﬁﬁiEMEﬁt¢R9Q%ﬁme©olQ@&Yﬁ%Ybe%ﬁdtﬂ@¢i99PP%E§thereof,
pol y( phenyl ene vi nyl ene) and derivatives_ thereof, poly£thien | ene vi nyl ene)
and deri vaRIWATY IR FINHRRR U YRE | sRP@HIeRr i RRIYSEL ‘P%@egﬂ,’e

pol yqui noxal i ne and derivatijves, thereof, gﬁ%gners contai ning aromati c am ne

struct ur esCIRPIHRETmi FRE RE 1Y B LIbRNG; ¢, CARRLYRRT | k€, and netal

pht hal ocyani n copper, pht hal ocyani ne. and the ]Jike),, carbon and. the I|ike.
The i nsul aﬁ"f%fﬂgaa@g ~rPa\R?£Y%ﬂE F K SR CoP T |Je§seﬁ%§°+ﬁﬁ%¥i on to
make charﬁg i %fﬁ%'on easy. As the material of the above-described

insul atio W%@ §e tal fluoride, netal oxide, organic insulation materials

dthe lik | t I I ' I
Pavi ng o thi chrghstat e S OO R aE LYo dfo TP e PR AT ng an
havi ng | ! ytier “LEos Hdvi
cat hode, A Hd et LBIE SRVTROane ot A 165 E AR o xR EERRke ° ]

2 nmor 3% | essr Neaheed: Y #etod @RIk dferdlAGld infctldnerd here are

listed the following structures q) to ab) for exanple. g) anode/insul ation

layer havirgsembledkibsSeDf Cadtin Ofhéeshn ! twdtserbbiligy! tyea/ cat hode r)
anode/light emtting |ayer/insulation |ayer having a thickness of 2 nm or

| ess/ cat hqstel ye mivoate! o sed b t Don | Gy efn hilvé nindepéndémnessabé @Fnm or

| ess/light emitting |ayer/insulation |ayer having a thickness of 2 nm or

| ess/ cat hquelyneimateioms 1A ate dod agfradims bing the cénaxging @fneach
monomer into a polymerization liquid, or charging it
independently; a method of controlling the catalyst amount /
polymerization temperature so that the copolymer has a
single molecular weight distribution curve; a method of
using a solvent having the similar solubility at a
temperature lower than the boiling point by 10C with that
of the monomer to be copolymerized; a method of using a
solvent having 50 ppm or less of moisture content as a
polymerization solvent; a method wherein the polymerization
temperature is set to a temperature lower than the boiling
point of the solvent by 10C; a method of reducing the
oxygen concentration 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



| ess/hol e transporting layer/light emtting | ayer/cathode u) anode/ hole
transporting layer/light emtting layer/insulation |layer having a thickness
of 2 nmor |ess/cathode v) anode/insulation |ayer having a thickness of 2
nmor |ess/hole transporting layer/light emtting |ayer/insulation |ayer
hraving a thickness of 2 nmor |ess/cathode w) anode/insul ation | ayer having
a thickness of 2 nmor less/light emtting |ayer/electron transporting

| ayer / cat KSROLymesizddyd imgnomans tawindydre dane ron $imhkporkings of

| ayer/insul ation | ayer having a thickness of 2 nmor |ess/cathode y%

anode/ i ns iURStHFyenfs: mmeidied 1ff GORASYMITIZing Jronuays | Ravingi theng

|ayer/el ectron transportiNg NS A1 O dSMSSa Y S A hiekpess of 2
monomers satisfying the following conditions, the numbers of
carbon atoms of the substituents are the same, or (number of
carbon atoms in the substituent having more carbon atoms
than the other) < 2x (number of carbon atoms in the
substituent having less carbon atoms).

The copolymers of the present invention [1], [2], and
[3] have a polystyrene reduced number average molecular
weight of 10°-10° and the total number of repeating
structures thereof changes also with the repeating structure
or the rate thereof. When the total number of the repeating
structure is too small, the device using thereof tends to
have insufficient characteristics, such as luminance and
life time. When the total number is too 1arg§, the £ilm-
forming property tends to become worse. The number of the
total of repeating structure is preferably 20-10000, more
preferably 30-10000, and especially 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
bond continuing to a conjugated structure of the main chain

are preferable, and exemplified are structures connecting to

an aryl group or a heterocyclic compound group through a



| ess/ cat hode z) anode/insul ation | ayer having a thickness of 2 nm or
Jess/hole transporting layer/light emtting |ayer/electron transporting

| ayer/ cat hode aa) anode/ hole transporting |ayer/light emtting

| ayer/ el ectron transporting Iayer/insQ%ation | ayer having a thickness of 2
nm or | ess/cathode ab) anode/insul ation | ayer having a thickness of 2 nmor
| ess/ hole transporting layer/light emtting | ayer/electron transporting

| ayer /i nsuviRYbene ageeupaviGancratslokn e il uentiprrepeesenteddey | n
produci ng a pol yner LED, when a filmis fornmed froma sol ution by using

such pol yngkeri¢alofesmeht LObdesertbed| iml ¢Pih Na- oPgihtd8sorpdntheon|y
required is renoval of the solvent by drying after coating of this

sol uti on, hhte A%® ¢¥eRRbiEdRE- of nixing of a charge transporting naterial
and a light emtting material, the sanme nethod can_bengﬁﬁli?d, cau%ing an
extreme advant aj®i FORPHHLRY | oh. the PRes¢Rt niR¥eRT G nkt hod [FlonfR

sol ution, tﬂ re can, be used coating %%gds such_gs a_spin coating nethod,
casting ne hch,'aYn' ?Jlr%ogt?%y%rﬁa% %Phnlgf h%ﬁ,gﬁ?ﬁgg?ng X’Pf"gg REt %od, bar
cothon TP heh bR LS EL A e PR ERR B FRAR 5 P 0
Regar di ng TR S ¢ichebEngFh Rbo L B B ih PRl BEGREREY MALIT
differs depgomidgs edPintlalnav iy g%ngranéﬂri YiB! PRE! ki1 RechBLACHRE SO

that the driving voltage and t t emttin frclrency becone optinmum

val ues, anghf&d SXanPrE téimisSalroftdsNnah8 denadlimeplerably from2 nmto
500 nm further preferably from5 nmto 200 nm In the polynmer LED of the

present inventixg, theé dbépEIRhét NGF NERET poéSeRt hehvéhenohheaakanaomescri bed
pol yneric fluorescent substance can also be mxed in a light emtting

| ayer. Fur¢dpolymertihe poeferiblE&EDinfvide pf esebtbibyept and, glhssl i ght
emtting layer containing light emtting materials other than the

above- desctrdnsii phdyneempeféturescEmne samdomncepobymersbsbdefanedaasdan t h
alight emtting |layer containing the above-described polyneric fluorescent
subst ance.corolyieer | it whheh t ¢hif erpet | Kindg nofinmeneweramelegiles ased. | n
a conpound havi ng_| ower nol ecul ar wei ght, there can be used, for _exanple,
napht hal erRFERRISA 3 SSaNEER hirce RO bymee Pahe | GhalnnétegravwsBiylene or

derivatives, thereof: dyes such as pol ynet hi ne dyes, xanthene g ,
coumari ne DERGLORALHI o8 SGLAntHEtGl aRd eehBioal B4TARoxyEdi FOLEARN:
derivativ t hereof, arqmatic amne, petraphenyl cycl gpentgne or _derivatives
t her eof , °Eeﬁ¥%ﬁ%&%yléﬁﬁ%d§e %n€§ %%rTQ%???Eé't%erQOféngng'tﬁgelike. '
.Specificmﬂé%# %g%- an q§a§ d. kn ungs, sugh asAgsﬁsg_ esgribed in
JP- A Nos. g’i ?egg-iQ %sa#(d %%%uﬁgﬁ?gée),g'f%rAéx'gn%re. en the pol'yner
LED of thecpfeseid toweNidPanas e gbRetsedgporting layer, as the hole
transporting materials
The copolymer of the present invention [1], [2], and

{3] may contain repeating units other than the repeating

unit represented by formula (1), formula (2), or formula (3)

within a range of not injuring fluorescence characteristics

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



42 used, there are exenplified polyvinylcarbazole or derivatives thereof,
pol ysilane or derivatives thereof, polysiloxane derivatives having an
aromatic amne in the side chain or the main chain, pyrazoline derivatives,
aryl am ne derivatives, stilbene deriv Fives, tri phenyl di am ne derivatives,
pol yani |l ine or derivatives thereof, pol'ythiophene or derivatives thereof,
pol ypyrrol e or derivatives thereof, polyp-phenyl enevinylene) or derivatives
t hereof , poh§(omeditedysbnevtuneencdxemphbf ledt avestheegrotpsoshena | ke.
Speci fic exanples of the hole transporting material include those described
in JP-A Nokel®s. 7dps comsingsawmn, 0D 183536eup 2shawsche low 2andgginglengg2 and
3-152184. Anpbng them as the hole transporting materials used in the hole

t ranspor t | FPYRy N4 ke FAMPENRE OB oL nEWO hOF MPFANPoFRENGTABPE i al s
such. as pol yvi nyl carbazol e or_derivatives tHhereof, gol si |l ane or

deri vati vel PR ROV ndi8e | Kah YHLYIERFSRs2HM i g aRLEY Sn8EPEPani ne

Gor T vat1 v Thg o128 SASRAR GhHOM: of GRIY boaF R BAELRdr - 60 Cafbon
| yp- ph I i nyl derjyvati t.h f,
Dol 3 (2 5t TSSO orith iyt SHEyOSTEHES | GEEPR ST HRY bt 50 oFaFRER PETS ankT

f h b ' | ' f,
pol yoi | ane iy A ?fﬁf%%%‘{g% O gy oF 1 APy TS bRE L i g an

aromati c am ne conpound grapp in ?he Si chai R or the main chain. In the
case of a hol _graqgsggtin gpthh%l hayd.ng | oder nol ecular weight, it is
43 preferabl y“di sper&ed in pol yrmrer bi nder foly use. Pol yvinyl carbazol e or
derivatives thereof are obtained, for ex nple,lby cation polynerization or
radi cal polymerization froma vinyl mondwer . t he pol ysil ane or
derivatives thereof, there are.exenplified cgonpounds described in Chem
Rev., 89, 13 (198 and GB Z$00196 pWblish specification, and the |ike.
For synt hesi_si_met hods~describid i n_them canrbe, _used, and a Ki ppi ng net hod
can be suitab?y use é%rticu arly e poFg | oxane or derivatives
t hereof, those having the structure t he aboyge-descri bed hole
transporting material having | ower nol ecul ar ght in the side chain or
mai n chain, siQce the sipoxane skebetan structure has poor hole
transporting ptloperty. Harticularly, tlhere are exenplified those having an
aromati ¢ am neChavi ng hd?ﬁ%aran okX | fg~property in the side chain or main
chain. The bt he rToTAFQé g ;Hﬂs rtéaﬁé'ﬁorrf:ﬁ%q—ayer is not restricted,
and in the casg of a hoI? transporllng|layer havi ng | ower nol ecul ar wei ght,
a method in which the | gyer is forged droma m xed solution with a pol yner
bi nder is exenplified. In the case of a polynmer 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 provdslianggdodd csollvkrsts oty etize hodbpolymaspoftthg paésenal . As the
solvent) there are

invention, exemplified are chloroform, methylene chloride,

dichloroethane, tetrahydrofuran, toluene, xylene,
mesitylene, tetralin, decalin, n-butylbenzene, etc.
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,



44 exenplified chlorine solvents such as chloroform nethylene chloride,

di chl oroet hane and the |ike, ether solvents such as tetrahydrofuran and the
| i ke, aromatic hydrocarbon sol vents such as tol uene, xylene and the |ike,
ket one sol vents such as acetone, neth&b et hyl ketone and the |ike, and
-ester solvents such as ethyl acetate, "butyl acetate, ethylcellosolve
acetate and the like. As the filmformng method froma solution, there can
be used cob¢ngerelymes 59%@5a%oab%p$%§%gﬁt@ﬁ@aﬁﬁFﬂGd,TEﬁg?fﬂﬁeweFHﬁd,

m cro gravure coating method, gravure cpating nmet hod, bar coating t hod,
rol | coati@42s®t RBANSHE+e0 HheMRRER FWEe nb® hBECEGTROLENPRE FBRR0AY “spray

bri Nt g TREROHTFRR 8RB PREF nEPRR POU arfhd T TAEE RTCHEERLT IFER. The
ot Vool y. Loty TOER o o RoeAist ef SRl ndand ofiah (T B | Tane i s
ol y(met hyl - acriPEee o por bhne: PO ReerERve| BFOR 2, SpeB BAERCLCkRea, 1y,
i ckness' 3F 1ECRETEREF 208 LHE nLeFefL L AYRIEL LY, hnolBDRRAL BT 1208
dependi ng ey GPLELLALoURRTnENdoTRY PESDE! hitebs8R! prbedrapiyhat the

driving voltage an ight emtting efficiency becone optinum val ues,

and at least a AEiEﬁ@e§§n@ﬁeﬂﬂﬁcﬁr88e§§nofokﬁeiéoEbQ?MEEdoESthe45__
necessary, and too large thickness is not preferable since the driving

vol t age of pt-88ef€Vifi®ehPLoRAPES, [DE!echnae]3fheekbmphnesedobrehe el e
transporting layer is, for exanple, froml1l nmto 1 ,um preferably from?2
nmto 500 eramplLet harmpthrbar abl poiymerdSzation BHOSnmaukhepuphdngol yner LED
of the present invention has an electron transporting |ayer, known
conpounds meactisen fizomhthel eorrespondisgomonogeral Ehenl sReynd voldme ar e
exenplified oxadi azol e derivatives, anthraqui nonedi nethane or derivatives

t her eof , b2hzopageoR€5dr (§8PHhV At i @cwethedeof PAdEMERdE8LAORePYr derivati ves
t hereof , anthraquinone or derivatives thereof, )

t et r acyano@FRiGragdi FearkieRand Bethedi 9ht Poi¥MeRdzaELONf PYorERGHE O

derivati ves, dighen Idicyanoethglene or deriva&ives therggf, di phenoqui none
deri vat i veBO1BReFREARI cBRENEIEPEPISNY AL BRY qBFhol VREUBP ddri PREETes

dor i S;I | v:éii%ﬂ%ih%@%f Eafa S%liiagf i 0E, PoRT R SRILPHoPY BRUSTRETE 1.

qor val Ch 5 thereols 57
o5- 175860, 961 5o6loR 83 EAERy! A SHhglt of FHseERchdnacat Bfaalial®lil
oxadi azol e ggg&§ﬁ££g€§ongfaﬁgge'BansfoaeGSﬁbggakxsa bleLgok ntaBhiaGAGHeNONE.

or QeriyatP ereo met al  conpl exes of 8-hydroxyquinoline or .
derivative oiﬁﬁéEOﬁavﬂﬁbyaﬁlag?raﬁrﬁaéed@éavghgvggohbereeth pel xa@ei noxal i ne

and derivatives thereof, polyiluorene or derivatives thereof are

pref er abl eragdém2pbdyhbpheniil) méthdd (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 FeClj,
a method of electrochemical oxidation polymerization, are
exemplified. Among them, It is especially preferable to
polymerize by the Yamamoto polymerization method.

In the Yamamoto polymerization method, usually a zero-valent

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



46 t-butyl phenyl)-1, 3, 4- oxadi azol e, benzoqui none, ant hraqui none,
tris(8-quinolinol)al um num and pol yqui noline are further preferable. The
met hod for formng the electron transporting layer is not particularly
restricted, and in the case of an el eglgon transporting material having
l-ower nol ecul ar wei ght, a vapor deposition nmethod froma powder, or a

nmet hod of filmformng froma solution or nelted state is exenplified, and
in the caebient pd rase| eirahy drefitpan + ianf raterdbvxare netdiorbf
filmformng froma solution or nelted state is exenplified, respectively.
The sol verRTARAELG hM¥droqarhan F YRR r FHAL 7 Wt bIeRe. NBF B¢t FetiParly
restricted provided it can dissolve electron transporting materials and/or
pol ymer biVRIaRE ndckede GRMRASH . FRIMRLEFEe G @M DS €. BhFBELRe sol vents
such as chlorof orm_ nethyl ene chloride, dichloroethane and the ||ke, ether

sol vent s QftPdiensn ot bir abP B eHR) B3 % el tEHRISRY LPRYBPBERE hon

2cet one. THAL Ghhy (ERRaes G ienyRhesiip et ERe D] \#FF s <300 BL%et nyl
i1t or ity TERRGS (HAGL B A TRE B0 et § A S her e can’ be Used
aravire coat ng hetdh caral L RTEE SRR S Ta 1 ELLeG TAGRR,
Coati ng marhad b AR BT g M TR aton oot

printing PYRAbridddi®n printing nethod and the |ike. The polyner binder to
be m xed is preferably that which does not extrenely disturb a charge

transport propemHe/ netitrdhati gEes 19ta evfarsd veHCIRDSeS phé OFhet anvisible
light is suitably used. As such polyner binder, poly(Nvinylcarbazole),

pol yani | i mimn deyy \eatdateisor hedmdfexdanp yihiaprere: aiitesgent corsalhiengof,
pol yp- phenyl ene vi nyl ene) or derivatives thereof, poly(2,5-thienylene

vi nyl ene) ldrgagsis vaiclesas Her2ofhipotidek bohak G, pludnyamtlytratine pol y( net hyl
acrylate), poly(nmethyl nethacrylate), polystyrene, polyvinyl chloride),

pol ysi | ox aetharenail doaz akinexcand N et Regrans thylethyherg@banine:t he
el ectron transporting |ayer) the optinum value differs dependi ng on

nmateri al (@Y teftdary RiaRhine pbleandst cHdd ahkripkeny] PRESEBLRGge and

thi cknass S SN SIS BIH or &1 SNBrBHMMP RIS oo i SELBREPEBE | ar ge
| nor cases PURTEREFc S Ko T CRERROTY T LAY CHEdPEnshOrT RECTAYEP s,
o examblis, VI VRS2 Ny BESABL1 oA 4 . SEO By fuf e
ol ot 1 ode SR aan BaFREAIES ey Sl gt e gty FEFNaRa AugRI M N0 AN
yield.
When using a neutral ligand, in view of reaction yield
and cost, the 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 0.9-1.1 moles.
Especially, in order to increase the molecular weilght
of polymer, a system in which 2,2'-bipyridyl is added as a

neutral ligand to a system containing bis(1l,5-cyclo

octadiene)nickel(0) is preferable.



48 exenplified glass, plastics, polymer film silicon substrates and the
like. In the case of a opaque substrate, it is preferable that the opposite
el ectrode is transparent or semtransparent. In the present invention, it
is preferable that the anode of an el ggtrode consisting of an anode and a
cathode is transparent or semtransparent. As the material of this anode,

el ectron conductive netal oxide filns, semtransparent netal thin filnms and
the |ike are ustde Ipeentiefl rgrotviatentraigked raABPIAXOXBIBOLZi nc oxi de,
tin oxide) and fil ns iNESA and the like) fabricated by using an el ectron
conduct i veegPasSiatbrpbiviited andiong-agi khe pilyweripadipn reagtddn-isinc -~
oxide and the |ike, which are netal oxide conplexes, and gold, platinum

si | ver, coBBErl%BHb%F%drike are used, and anong them |TQ

i ndium-zi ngc~oxide, tin oxide are preferable. As_the_fabricatin t hod, a
vacuum vap eHengi?TBH“FE?ﬁOH?°SEhFF i ngRRePRGGCULER HP&?&ﬁg%ﬁggﬁogP

pl ati ng nmef hod and t ik e used, t he_anode, .t here al.so_he used
organic tr ﬁ%%%?eﬁTaggndﬁegiﬁéePiFﬁsléﬁfﬂ°agaﬁgﬁyaﬁPPiR8S8F%§8PFW§Pi es

t hereof, p i pphene or rivatiyeg thereof and the like. The thickness
of the anogéxégnggegﬁgﬁ?%pgsﬁ?g?gagsaécted whi | e consi dering transm ssion
of a light tr} n LVI nd_far r nmp e 10 |~
m prefera%?%g?féﬁ§201ﬁn??oggg¥%¥é§¥yfgf?h%? B?éggfggﬁfhfﬁghﬁgﬁ m%%%)SOO
nm 49 FuElhShombPs, CisYe CHALEECRBILECLL MmOl bS] Caffly shgthieqyi ded on the
anode a | ayer conprising a phthalocyani ne derivative conducting pol ynmers,
carbon andpt&8fethkey 2r-2asleygpibBaving an average filmthickness of 2 nmor
| ess conprising a netal oxide, netal fluoride, organic insulating material
and the |like. Ashéhethatespelyméraoeathadprusedti Aniveatponyger ulseld efs t he
present invention, that having | ower work function is preferable. For
exanpl e, taelkghtecemtttingtmbtesiah af hi pblymersbd@bymtheopasditym

rubi dium cesium beryllium magnesium calcium strontium barium

al um num thernedfingxenhadanninginencegt oni Yaghtndmdtitiogr propesadyari um
europium terbium ytterbiumand the like, or alloys conprising two of nore
of them ofheref9secokprisipgebprablenthatop mpapmgrt Rede&eor nore of gol d,

silver, platinum copper, nmanganese, titanium cobalt, nickel, tungsten and
tin, graphPPeYBeryFapheRelsPRFeaiad BY eaonpbhrdssyrd Bfe dskd 1Bt es of

[ 1 i | ud i il [ , i, i.ndi I e
L ST TR ) OFe LA MR e,
[P om regpesurall gy LEARLUILACLIT, sLioKe-coLcl yp pLumaumA gy anc
ror e 'ayeré%nabéttg'gﬁPfﬁicQEi&HetQQ%?gﬁﬁtcégcﬁea@pEEQBEbéﬁﬁhiaﬁﬁkﬁpted

whi | e considering transm ssion of a t and electric conddctivity, and

for exanpl gyr{fPRaifoRM tRrdfatsgPhpRiel EREYtAbATLAR RRe! @ ikelUBetids t her
preferably from

the synthesis. In addition, the copolymer of the present

invention can be used as not only a light-emitting material
but also an organic semiconductor material, an optical
material, and a conductive material by doping.

Next, the polymer composition of the present invention
will be explained.
The polymer composition of the present invention [4]
comprises a polymer having a polystyrene reduced number

average molecular weight of 103-10% and exhibiting



50 50 nmto 500 nm As the nethod for fabricating a cathode, there are used
a vacuum vapor deposition nethod, sputtering nethod, |amnation nmethod in
which a netal thin filmis adhered under heat and pressure, and the |ike.
Further, there nmay also be provided, Rhetween a cathode and an organic
layer, a layer conprising an conducting polynmer, or a |ayer having an
average filmthickness of 2 nmor |ess conprising a netal oxide, netal
fluoride, 6t4aneecensal 48 Bhenapbidastahe. tﬂEdIFgé caRalymesr ofabPecat i on
of the cathode, rotective |ayer _nmay al so be proyided which protects t he
pol ymer LEEFeF%FtSSQB?%th%E Biltﬂ%dbﬁFyh%ﬂ LERYf BPLEMEESGCHBr PEAUSEYt i e,

it is preferable to_provide a protective |ayer_and/or protectivye cover for
pr ot ect i on3df PﬁepﬁéﬁPEE'ithF§e+mPB°$?e5EﬁtSP%“PF%ﬁFXnglGesﬂiﬁﬁgg As the

?[Séfféére '?ﬁ?iﬁa fég%%ﬁg% g FoRgefalls %efa?%?ﬁﬁoi;ﬂésas%?rlgﬁégé 8§ﬁt§Ld
to | ower - 3@?%$°%E?ﬁ%§Pp A°HHEarhENS, HinthRadhy Etchnaberaicrl i, iaury ¢
e B Tt B2 DB E cbEERYE! ok BT b @ﬁoggva§§c§aaghriheJex

t her nosetti ng curirng resin OI’ Sea

”a'”ta'”ed?uﬁbngzéofpﬁﬁ?ésl't 7hSA CRSY }90PL 8981 1 an38exi 5. fgaehbe'ng

i njured an inner gas such as nitrogen and argon I's sealed in this

space, it 5845955 BbeatQoDr SY6DL 294088t i 9P-RT Ng. CAHHRI6 1904, fu@theho.by
pl aci ng a desi ccant such as 51 barium oxide and the [ike in the

above- descpobed23p86¢, hhdi SPepaveh® SUPPOSSS ABetHanrgfqobramndevi ce by
noi sture adhered in the production process. Anong them any one neans or
nmore are ppelgmebl yompophad, dkemphiysed &LP af pbhe pLaseehel mypeti on can
be used for a flat |light source, a segnent display, a dot matrix display,
and a |i qucompoysdal adpspyfiluasene btigkel cgholymér. &opodphayiene typlet

em ssion in plane formusing the polynmer LED of the present invention, an
anode and eormpewede #npeheapyierefbynenegppivperlyabe placed so that they
are | am nated each other. Further, for obtaining |light_em ssion in pattern
form therEO%Y%rﬁlﬁ%?ﬁéﬂYiﬁnﬁhFXHeaCﬁ%BRuﬂPthaaPR}HESMAPﬁeH&PVéPﬁeforn1|s
pl aced on the above-descri bed flane | i ght enlttln device, a_neth g

whi ch an of¥R&i COPAYBPET n AoRLY @F%lgﬁggsFXHepﬁ?W Enﬁmrﬁea°935553 ere

t I t hi ck di bst ant | i ght d
met hod | BPERCRD L BHEE of Ao LAERELBFRav Ay ABhe CaPeLaTNEBRoinch RPAY

bl aci ng SotErbPantPhiLls’ PRt "PaBbBhhEn 2ok B ReckRERERICIBRS 27>

obt ai ned dev i sphay digits,

| etters, 2?%%?£$ﬁ%rk§ %8%y€%r§§9ﬁ§&i¥% gg&hh§§02?@?%1ngha dot matrix

devi ce, ltamxﬁogﬁﬁf&ﬁﬂwa% pat c8Mpeeaaandn Cad Neskesp &L th éRet he
formof stripes and placed so t at they cross at right ang y a net hod

in which atphelredpdlymérki ads, oA p@iyf@ﬁb_e_eﬁéueypéceapoayhétranaes em tting
different colors of lights 52 are placed separately or a nethod i.n which
a color fipékraoylénei tgseeacpolymeel t angoiyatglensviiagienar ¢égpeol or

di splays and nmulti color displays are obtained. A dot matrix display can be
driven by qepelyredriaipglystibyenet typedcopohygmevpbanddawpbByTFT and t he

| i ke. These di splay devices can be used as a display of a conputer,

tel evi si orstpbrend| einplenaatoppbymeabl arecpepfienablear navi gation, view
finder of a video canera, and the like. Further, the above-described |ight
em tting devi ceThe m#%h@gfﬁﬁﬁi@sia Bﬁtneéﬁﬁﬂlﬁiéﬂtléﬁit?ﬂngsoﬁéngaﬁé can be
suitably used as_a flat ght source for_ back-light of a liquid crystal

di spl ay, ofP %ss%gﬁw%&lFYg%P ofpteerty theudlasti bRanEhELRBr, if a flexible

late is used, it can alsQ be used as a curved t source o a displ ay.
P temperature, ang the characterlstlcs ofggevice, suc s &EEe y

time, luminance, etc. are improved.

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



In the nmethod for evaluating a solubility of a copol ynmer exhibiting
fluorescence in the solid state in an organic solvent, O Tl pH <TlpH> is
used, which is obtained by neasuring Tl pH by 13C nucl ear nagneti c resonance
wi th carrying out high-speed rotationS?f the filmof the copolyner around a
fmagi ¢ angle in solid nuclear magnetic resonance. The smaller 0 Tl pH <Tl pH>
is, the larger the solubility in an organic solvent. Thereby, the

sol ubi | i t y2T¥ eth [of harased v erte dhele R YRy eXPReFitRP f1%ior escence in
2 ompgendr TS LY n oSS B YHErSEbrbRre (RFEEORRLY 4 of P0hobBr ror e
e o FRY, SATPSHAE SRS J4 Lorpapate S Llahle S0 59 slale
SR Lt e T L P R T AP S
filmof the %ogglMnﬁér8%0¥E%Efég?g%éf?gggﬁﬁin solid nucl ear magnetic

resonance.p% e smal € better the honpgeneity is.

Th by, the h i f i [ Ld 3 f
fuo or iror e ki o drobiie s dmdalt fon of DML EEOROCLAVERCEBRPL Y 09 01
state, andedigyd i AN YSYS BRfes Sokicatk BVEERGEL A eELY ar ap@i ght  of

n
103- 10s, can be eval uated nurferically. EXAMPLES The foll ow ng exanpl es

further il{nstdsisLiher BESERd proeait Oihvén€edmi {2 PUtTHOr&9y, | 181 Eahhe
scope thereof. Here, regarding the weight-average nol ecul ar wei ght and

nunber - avaseagsoseislall s epidte the folyiss Viteneid eduselventpethaver age
nol ecul ar wei ght was determ ned by gel perneation chromatography (GPC.
HLC- 8220 GRf1 awxl et ipn STOhh orentifdrdiyrdy ind ntlve ucliGar pcents bhgjcs hodr bher m as
a solvent. The glass transition point was detern ned by DSC (DSC2920, made
by TA | nstdeNdgess,) .sutiprasweblfedsimed Juminancen teb@erthereepea hgngvX- 300
type apparatus nade by Chenmagnetics Inc.
unit of formula (1) and the repeating unit of formula (2)
may be mutually the same or different in the copolymer [1]
and the copolymer [2] of the present invention. Among them,
those having the below AT;,H/<Ti,H> of 0.35 or less is
preferable.
The polymer composition of the present invention [6]
comprises two or more kinds of polymer compounds having a
polystyrene reduced number average molecular weight of 103-
10%, and exhibiting fluorescence in the solid state.
When T;,H is measured by 3¢ 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, T, H/<T1p,H> 1s 0.35 or less.
AT; pH/<T1,H> is preferably 0.30 or less, more preferably

0.15 or less.

When ATlpH/<TlpH> is outside the above-mentioned range, the



Example 1 54 <Synthesis of Copolyner 1> 2,7-di brono-9, 9-di octyl fl uorene
.(250ny, 0.456mmo1l), 2,7-dibrono-9,9-diisopentylfluorene (212ng, 0.457mvol),
N, N - bi s(4-bronmophenyl )-N, N -(bis-4-n-butyl phenyl)-1, 4phenyl enedi am ne
(270ng, 0.397mml, and 2, 2' - bi pyridyl 50509mg, 3.26mm1) were dissolved in
-tetrahydrofuran (dehydrated) 40ni, ang the inside of the system was
replaced with nitrogen gas by bubbling with nitrogen gas. Under nitrogen

at nospher efidmspbtained| wbthaupéng) rékePPdymeN cempPsitigvsmgy $&6moil)
was added to _this solution, and the tenperature was raised to 60 Cto
conduct thBaA€aELPBAYfor 3 hours with stirring. After the reaction, the
reaction liquid oled to a roomtenperature éabout 25. ' C), and added

dropwise in a rriAV(vaS }goﬁqﬁtd% AN 29, oy d DT LY G PREYRSFol

120mL/ i on- h t S0ni, ti d for,l : it

or oci pi a1 EONBCSEFRPHAL BRERRE BF) EBSLROBPLYBARCAE (Y betli{ Errel> 2holbe, and
di ssol ved Lp tol uene 30n§. Then, (1N bydr %hliéic acid 30m. was added, and
stirred fof*f holF® }ﬂge qBESﬁS Ia&gy fiadOFe Jéd, 4% aqueous ammoni a 30nL

was added to thga?Egﬁnbgl gngnggugﬁgerg %&éﬁ%@ge oL Rour, the aqueous

| ayer was renove e~ organi c er was i oOpw sé& to met hanol 200ni,

by SConoRekEeUEoRaC S, SERBSLRY W G sbe i il bt gt 0 o

under redu pressure uene “30ni. Then,

purificatiggiyas 0 al ym R e @ Yopdidmidid) .a t he
col | ected Po%ggngmggFuF?EE &gggggggd g?gg%ygg&to ﬁesﬁgnolo 50#?? )é%

stirred fopolyhewylenatiniyhendepgpet edmpoaaiani habm%&gﬁidn@ﬁtrmeam dried
under reduced pressure for 2 hours. Copolyner 1 was obtained in yield of
269. 8ng. Fropet bepohgngrngar pbile etilbeaeetypet kempatuind ,ofa t he repeati ng
units of formula (4), fornmula (5), and fornmula (6) in Copolyner 1 is

35: 35: 30. polystlddpene typéSrobpoiymel, a polfétiIbeneviygtlenendyreduced
average nol ecul ar wei ghts of Copolynmer 1 were, M=2.0x104, and Ma=5. 5x104.
Copol yner ¢ompeusdsi Bypedyabidbeneydnyderne, typehcapollymedne aand

polypyridinediyl type compound, a poly pyridinediyl type
copolymer, an alkoxypolythiophene type compound, an
alkoxypolythiophene type copolymer, etc. A polyfluorene
type copolymer, a polyarylene type copolymer, a polyarylene
vinylene type copolymer, a polystilbene type copolymer, and
a polystilbenevinylene copolymer are preferable.

As the methods for obtaining the polymer composition
having the range of the above-mentioned numerical 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
polymer compounds having the same or similar kinds of
substituents; a method of mixing with using a solvent which

dissolves the polymer compounds in high solubility; a



56 chloroform Exanple 2 <Synthesis of Copol yner 2>

2, 7-di bronp-9, 9-di octyl fl uorene (26.32g, 0.0480 nol),

2, 7-di brono-9, 9-di i sopentyl fl uorene (5.6g, 0.0121 nol), and 2, 2'-bi pyri dyl
(22g, 0.141 nol) were dissolved in teggahydrofuran (dehydrated) 1600ni, and
the inside of the systemwas replaced with nitrogen gas by bubbling with
nitrogen gas. Under nitrogen atnosphere, bis(1, 5cycl ooctadi ene)nickel (0)
~Ni ( COD) 2}me¢dod1gf Wiximgoulthest bxpbeidt oathethed| afi Bhxingdpphymer
tenperature was raised to 60 ~C to conduct the reaction for 8 hours. After
the reacti@PMPeWeds cvkesen diffianengs aodihal Weight Averagpdrateselasdbout
25 ~), and added dropwise in a m xed solution of 25% aqueous-ammoni a

200nL/ net HEeHIN 9061 2PRRE ek cPafgh® Wit dresodmme iR 9f MBELASr 30

m nutes. The_ deposited precipitate was filtrated and dried in air. Then, it
was di ssol RRIYMET t GPHRAER4ES o9en ablat | Fhe dpayimifewelght af¥ehag added
dropwi se to t hanol 3300, _and stirred for 30 m nutes. .The depaqsited

o eci pi t atBONERU T 1 VATENL 26 FESREGTH £ P ALYRSROPORBEBAAS BREA P vas
dried under

reduced pressure for 5 hours. I 2 was.obhtained in yield
of 20, 47 MHFERY (RR-BLEPE FEor St S BPHRERaTaRd. SFhEnk B BRR HEFRRE.Y | g
uni ts of farauld (931808 f OLILLR: (el DofOPRhYREcAoks 80 20. The
pol ystyrene Feduced average nolecul ar werght s of polryier 2 were,
Vh=6. 0x104 ﬁ%?b 1 I 5 egst o] '
sol vent s, %%c a%M§% g%n%éé%§9§ﬁ|%€§ %&%?gsgﬁt @?i§§%§§ﬁ§|guﬁb§§§ﬁfh§§is of
Pol ymer Cop@awised> 2, 7-di bronp-9, 9-di octyl fl uorene (5.8g, 10.6mvl), N, N
bi s (4-bromophenyl)-N, N -(bis-4-n-butyl phenyl)-1, 4phenyl enedi am ne (3. 1g,
4.54mol), and Rext; bthy'pelimée. DD 5. ER8DRYre¥Bhe $heeAky¥efl WALll be
tetrahydrofuran (dehydrated) 40nL, and the inside of the system was
repl aced wiéscribedge migapdiyniEdIlED@G M tHe Midogen pesentivierisi 4rogen
at nosphere, bis(1,5-cycl ooctadi ene)nickel (0) ~N (COD)2} (10.0g, 36.4mpl)
was added polymess Lbght i emitaimgtdibodenpeomprisingsatalsedtt a 6dghtto
conduct the reaction for 3 hours wth stirring. After the reaction, the
reaction |enlilngslapet chetween r cdraatarqiestcensisbhing o6 an arnedeadded
dropwi se in a mxed solution of 25% aqueous-anmpni a 80nL/ net hanol
300nL/ i on-¥E R rkREheRe erandoriie GPROLYPEY cor The BepFBPLcHOPPREASHCRt e was
filtrated apnd dried under K reduced pressure for 2,hougs, ang dissglved in
tol uene 5 the presepEinyeRtieR ot § ofoNER 1Bt SRnERe: ALEREACTLEELRS uni na
colum, t col |l ected tol uene solution wa added dropw se to net hanol and
Stirred, amt¥the deposited precipitate was filtrated and washed with

ethanol and dol £d.40dst pE0UCEEh P POSNL o EOLXISE L COTROUNS 3083 glial ned

inyield of 3. arging ratro” of nononers, e‘rat1ro of the

repeating éBEI% PE1LQT I Gnd ) 1 E0E SQRPEL 8148) ahNe PRLYEBR FRARSPBE 30!

70: 30. 58 Iﬂ%lpo}yst€yéﬂg red%ged av%yage ﬁn?ecﬁ ar weil ghts OP Poﬁy?Zr

Conpound  3; ppdse, 4 Mipds 24 104t waad M\E&tﬁaéaélana’%ymgheoamwing wayehardly

sol uble in solvenps, suph as tol uene and chloroform but soluble in tol uene

and chl or gfexyemvi LED St &bmipAls Big 59 Ghol EXBARhSpSrting layer disposed
between an anode and a light emitting layer, polymer LEDs
comprising an electron transporting 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



<Preparation of Polynmer Conposition 4> The above Copol yner 2 and Pol yner
Compound 3 were used, and 1.5% by wei ght toluene solutions for each of them
were prepared. Using each toluene solution, Polyner Conposition 4 was
prepared by m xing them so as to nake Q?polyner 2: Pol ymer Conmpound 3 =
69:3l. Synthetic Exanple 2 <Synthesis  of Polyner Conpound 5> Under nitrogen
at nosphere, 9,9-dioctylfluorene-2,7-bis (ethyleneboronate) (305ng,
0. 575mmol) cordnctibeopolymedi ddsplosiedorndnd e@287 ing twe.ed2 dmep Bllechmpde
aliquat 336 (I5ng, 0.037nmpl) were dissolved in toluene (4.3g), to which
1.0g of aq@dsug dapbti emistipat deyeamstighbdhate thes Layerl conbaining s
added. Further, tetrakis(triphenyl phosphine)palladi um (4ng, 0.0035mvb1l) was
added, and“PREUCEAFEr RPkYEeRad sr giddagend 10 the: ¢lesidnde it Rad @LMHT f or
20 hours, with stirring. Then, braonmobenzene (Il4ng, 0.0892mm1) dissolved in
t ol uene O. MFPSWEEMRY4EARE0aPHE NEEAALIOR Hag6rd PayidssE thdekResm@ic for 5
hours. After cooling tQ.50~, the organic Ia%gr was added dropwi se in
met hanol / w&t8r 061;"??,5 gﬁﬂ-‘-’\?/é?dslaitr stoPetVREh Onfhelecthaie AN s
filtrated, ;washed with usin t banol . and i on-exchanged ter, and
dri ed unde?‘llggauggﬁtgiggsEF‘X?rTﬁg’ﬁgeitF‘a\Ea§h8i LOSTAF IR CARF A S0 and
purified thr ilica, colym. (ampunt of silica, |I5n). The solution after
3a3eenT oheaenpopFes RR

purificatio et hanol , stirred for 1 hour, and the

precipitate waspfLl ] apd drd f syre 4,0 fain

Pol ymer Corrpoungt)lg. Eﬁgt“?fd%r gg’r?p?&ﬁ'ﬁ'ogl\%gg S&%@%ﬁ:ﬁ%ﬁ (ra?s)yi &l (?t)ofa 40ny.

Pol ymer CogpeR@icah3y@eRBhyAREi16aNSI sting of the repeating unit of formula
(4). The polystyrene teduced average nol ecul ar wei ghts of Pol yner Conpound

5 were, M=1.2x3404anblie?125h84 emieitirRy 169@ROREHDAeAS hardly sol uble in
sol vents, such as toluene and chloroform but could be dissolved by heating
to 50C with stib)i agod&ynbhet teapspapiting dayeiyasightoferiadtinry Conpound 6>
2, 7-di brono-9, 9-di i sobutyl fl uorene (0.93g, 2. 0COmpl) and 2, 2'-bipyridyl
(0.69g, 4.a3ymvlratkpdedi ssolved in tetrahydrofuran (dehydrated) 60nm, and
the inside of the systemwas replaced with nitrogen by bubbling with

ni trogen gas. Usdeanpierddehtaemidiioge lalyiestlecdysinodatandirarding ckel (0)
{Ni (COD)2} (1.2g, 4.36 mmol) was added to this solution, and tenperature
was rai sedlfgegdcathedeonduct the reaction for 7 hours) with stirring.

After the reaction, this reaction liquid was cooled to a roomtenperature
(about 25 C), afld 3BAER/BPOIFwWLEENSROL tiPgedaysriightoremittiAfieous amoni a

20nL/nethaegge%§ggké%ggheé%g%g %%f%%%g&ayer/cathode

(wherein, "/" indicates adjacent lamination of layers.

Hereinafter, the same).

Herein, the light 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 transport
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.



60 100nL, and stirred for 1 hour. The deposited precipitate was filtrated,
.and dried under reduced pressure, and then dissolved in chloroform Then,
it was added dropwi se to nethanol, and stirred, the deposited precipitate
was filtrated, washed with acetone, agg dried under reduced pressure to
.gi ve Pol ynmer Conpound 6. The yield of Polynmer Conpound 6 was 350ng. From
the charging ratio of nononers, Polynmer Conpound 6 is a polynmer consisting
of the repeati ef uehares toamspertbH)g Ikrepsl §ispeepd addacentaterape

nmol ecul ar wei ghts_of Pol ymer Conpound 6 were, and M=7.3x104, Ma=3.5x105.
Synt heti c %&%ﬂ%ﬁ@d@4<E®% heaytngf £ yre {ien t@nﬁ%ﬂﬁ@V$>Charge injecting

1, 4-di br ono- di (3, 7-di net hyl oct yl oxy) benzene (6.17 3mmol)

N, N - bi s(4¢ %%e@cweﬁm n@}qc{a:oqlae w%m‘ﬂn%eﬁ%g@%et?2d53§ease

3. 75mmol), _and, 2, 2' - hi yr|d | (5,50g, 35.2mmo1) were dissolved in
tetrahydro?ﬁﬁ%&P%d@%& %@0@%V1%%da¥%ep?ﬁ +9%l%¥1Yh%a§§§Fen1mas

repl aced mnth jtrogen gas by, bubbl | th n tr tro en

at nospher e%° Hes g ?E%?aﬂ?%ﬁ%§%ﬂgkﬂ$ ?%IEE% ?gn% 33T omo1)
was added t thls splutio e was raised to 60 ~C to

ratu
oo ol e iidn o P Pl et A B T LY The 1 eaction.  Lhe
ropu s i n-a rESBeEERIFFal afhtaie THEER "4 €10 8E0Hhe P2nd FupBpULRE e

0 aqueous- amobnl a

1.a/i 0] f t ted
| ON- G4, %g%gffhigg dﬁ EP%H_%ﬁ' fééff@ge,odﬁce BhHal &éscghﬁe eposite

precipitate i ed under pressure, di ssol ved

in Ch|0r0féﬁ£E 3%&%@ faydF abt Ol ¥@Ba PESH OF HPEr ﬁ@@lﬁ&eaf'|trate Was
condensed to out 0 m. With using a rotating evaporator, and added

dropw se 'fh:[@tﬂ”@é@'oig@rﬂun%i h1&s4 rxﬁaﬁgalér@ebdeﬁﬁévi@ddpaegaeehe_t €ovas
filtrated and dried under reduced pressure. Furthernore, it was dissol ved

i n tol ueneakOddctiodé £rad apat theandfbheehhahic bhgdadhétéhocae vAsthendensed
to about 50 nL with using a rotating evaporator, and added dropw se in

met hanol 900vdrfacel, preventing BRxinguarnd, thdehikée aepintedfferci pitate
was filtrated and dried under reduced pressure to give Pol yner Conpound 7.
The vyi el d HYsDInaEralZephentngented 3intge thenintertace gpfigar ehpbgef
mononmers, the ratio of the repeating unit of fornula (7) and fornmula (8) in
Pol yner CobfRiARPItiRg 7haper and light emiteimg layer(g) The pol ystyrene
reduced average nol ecul ar melghts of this gglyner co ound_7. were,

Mh=1. 4x104, and'Mh-Ardsdoznd nupbex, of pLayer exhapirak Qs%?hEEPs of

COponner éﬁickness of each layer can be appropriately applied while
considering light emitting efficiency and life of the
device.

In the present invention, as the polymer LED having a
charge injecting layer (electron injecting layer, hole
injecting layer) provided, there are listed a polymer LED
having a charge injecting layer provided adjacent to a
cathode and a polymer LED having a 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



2, 7-di bronp-9, 9-di octyl fl uorene (5.5g, 0.0100 nol),

.2, 7-di bronp-9, 9-di i sopentyl fl uorene (4.6g, 0.0100 nol), and 2, 2'-bipyridyl
(6.99, 0.044 nmol) were dissolved in tetrahydrofuran (dehydrated) 1600ni,
and the inside of the system was replgﬁfd wi th nitrogen gas by bubbling

Wi th nitrogen. Under nitrogen atnosphére, bis(1, 5cyclooctadiene)nickel (0)
{N (COD)2} (12g, 0.044npl) was added to this solution, and the tenperature
was rai sedra¥eratheieonduct the reaction for 7 hours. After the reaction,
the reaction liquid was cooled to a roomtenperature (about 25 "~), and
added dropmﬁseiﬁkl%PQQQéiﬁghﬂtﬂW%ﬁFkﬁgZB@K%éﬁhkﬁﬁﬂ%uﬁﬁﬁﬁ%F&@@nt/nethano
1800nL/i o -excﬁﬂn ed water 1800nL, and stirred for 30 m nutes. The
depositedqﬁﬁﬂ%qrﬁ Sas filtrated and dried under reduced pressure for 2

M L ol R
nour, ¢ he SRR AR A dhe B VSRR | ayer was added aropwi se
(11 rated and dH aeitsdicn il SRR et ISR oL Blee
opeat | no S L /or il AT S niie) P X Copel yier 8 15 50-80.

The pol ystyreng y edusfd el agsdeleesy B Mt eRBribhg copol yner 8
wer e, Nh:5.3x104{ and thl.4x10§ﬁﬁ%opofﬁié$5% wés ?%scﬁuble i% sol vent s,

such as t aldiaie e-gd 16T R i g Dty &ord e eagli ssol ved in tol uene and
chl orof orm by heat to 50~ with stirring. Preparative Exanple 1 <Preparation

of Pol ynmer Conppsidriciie Sshalfe alinjec € 0pp| Vagsr hoel Boaysportongound 7 were
used, and 1.5% by wei ght toluene solutions for each of them were prepared.

Usi ng eachaydmnigytstol entd tonindPal ayrear / Ponpes | in e ingslayepAcethogem xi ng
them so as to make Copol ynmer 8: Pol ymer Conpound 7 =50:50. Exanple 4
<Producti on of klevdnle /ahbrgealintéating layertiight femithings forned in a
t hi ckness of 50nmw th spin coating using a solution of

pol y( et hylla¥as /Sdadhinh i@ spqt ing asrr{g¢gidivede aci d (Baytron, produced

by Bayer AG ), on a glass substrate attached with ITC)fiIn1gz sguttering
met hod of 150nm} RRQGRYSISLINEN Pkt kP g ofaver 1R 1R7 ol tH3RSROBR1IAIhot

pl ate. Next, fi formng was, carried put in a thickness of about 70nmw th
spi n coatﬁﬂ?quéﬁfHQQa&é%%g%%Rﬁu??%ﬁ S Ae Pol yrer Conposi tion 4.
Furthernore, aft.er_ dryi this under, red e for 1 hour,
l'ithiumfluori J\&ﬁ?%ﬁ%ﬁhﬁﬁ%ﬁi%qp%ft it :§§¥%é25¥§§ﬁe?ﬁ#¥g$g$ayer, and as a
cat hode, j i ﬁﬁﬁgé%¥¥¥ﬁ% ] i wer e deposited,
to producggéﬁiﬁz%ﬁégﬁﬁﬁggt 1 e de ?%%}%%i%ﬁgg n?g?ﬂ?ﬁgﬂﬁ%nn of

deposi ti on MRI¥e htdokl 6 Torr. 64 A device was taken out fromthe
deposition apparatus, Iinmediately noved into a glove box of nitrogen

at nosphere. and )stdndR Jaajd18m yid g Al Kesr MBS et &nspetedngi th WV
hardeni ng resin (Wrld Rock 8723K3, produced by Kyoritsu Chem ca

| ndust ri eQay®t Alhigghterdmilttiihg Al dhadledtrsh airghapdheihgl i ght for 1
mnute to seal the device. By applying a constant electric current of
current ddrgiery/daiwds®? to the resulting device, the initial |um nance
100cd/ n2 was hal ved in 800 hours.

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

p) anode/charge injecting layer/hole transporting
layer/light emitting layer/electron transporting

layer/charge injecting layer/cathode



Conparati ve Exanple 1 <Production of device, and evaluation of life tinme>
.For Pol ymer Conpound 3, a device was produced as the sanme manner with
Exanpl e 4. By applying a constant electric current of current density

| 6mA/ cn2 to the resulting device, theg-nitial |um nance 100cd/ n2 was hal ved
-in 350 hours. From Exanple 4 and Conparative Exanple 1, a copol yner
containing the repeating units of formula (1) and fornula (2) or a polyner
conposi tion corfsi eaEresf kopxgmpkehaef athengearge f tnjeabingahager,
copol yner containing either one of the repeating unit of fornmula (1) or
formul a (hersang exermbiiird ilgyers wReaising sapprendespsngrer 2,

Pol ymer Conpound 5, or Pol yner Conpound 6) and toluene (I nl toluene per
about | OTPOFYIm| kY SHes SRifh RAXLALIRPILY nRe tPedRsayi 3R81¢ @2 n2t 0l uene

at a room_ 65 tenperature (about 25 ~), in a few mnutes, w thout
stirring. ROM® HEFAIRITHERG, 1338y nepd (%)9&)5%1’?&! g %Eeﬁﬁﬂelaa‘é%na fBom

r

e oo FER o S han s SO S B0 SLSSPLPI ML SSLELIM oheD0C T
Cu o A B R AR LN e O e AR o TR
hi gh sol Ui dddapdodh o WaEdths A0 £ Bl 81201 18 Yn8let eafihlELRRg BXaMP! ©

layer, layers which are disposed between a cathode and an

electron transporting layer and contain a material having an

electron affinity between the electron affinity of a cathode

material and the electron affinity of an electron

transporting material contained in the electron transporting

layer, and the like.

When the above-described charge injecting layer is a
layer containing an conducting polymer, the electric
conductivity of the conducting polymer is preferably 107°
S/cm or more and 103 S/cm or less, and for decreasing the
leak current between light emitting pixels, more preferably
107° S/cm or more and 10% S/cm or less, further preferably
107° S/cm or more and 10 S/cm or less.

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

Regarding the kind of an ion doped, an anion is used in

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

injecting layer. As examples of the anion, a polystyrene



Films were produced with using Copolyner 2, Polynmer Compound 5, and Pol ymer
.Conpound 6. The filnms were fornmed in a thickness of about 70nm by spin
coating with using 1.5 wt % tol uene solution of the copolymer or the polyner
conpounds. A uniformfilmcould be fogged when Copol ymer 2 was used, but
mwhen Pol ymer Conpound 5 was used, the toluene solution was gelled to give a
nonuni formfilm Moreover, when Pol yner Conpound 6 was used, a nonuniform
fil mwas obuidfomate Ekempl @l KyXhensenensulfohate atent raamphoonstéfprateur e>
The glass transition tenperatures of Copol yner 2, Polynmer Conmpound 5, and
Pol yner Cohpouard 6therbikheadne cexemphif DSE, Iné g$asxampiasi oFohbhe
tenperatures of Copolynmer 2, Polynmer Conpound 5, and Pol ymer Conpound 6
were, respéatior}ya Bbthium3ion, sgedigncion, BetaRakpnelign«TEpEraRBSHlement
of Pol ymer Conposition 4> About 0.03g of Polynmer Conposition 4 was

di ssol ved PRAMQRAUR ol @r@ndtthe r bbket ahpeprenPifd¢dpped on a sheet of
Teflon (registered trademark), and a cast filmwas prepared. The fil mwas
dried under redtRedtpiekress obvEhai ghargenlnieeting +e¥efelenéO%ol vent,
put into a sanp]e tube for neasurepent having{gﬁ%er di angter of 7

Pnserted | BRABPLS at RO ohdP ot (- 80 Wi HDFSESERRyY 5550y 8| B BRs SHePm-
second. The pb rvat'qf centgr.frgquegﬁg of £r£é§£.guc eus mﬁg 299. 91 MHz,
the observatio %Eﬁﬁ%ﬁ ?r%ﬁ% n%? €1 _ﬁ%%l 3y P95 FERF"?End t he

DS Vol RrdbaLly Obe | Dot UELEAL, TRORG! LE FEPOPREECLEPRCLRUTHEL1IG UTS o

to 30kHz. se W used olarrzation Transtfér was se

o1 0- $e00ggse] g6 04D Aa ! RE4REOKP" BUELEUSaRROLASES NHEL CUenBRd kb

contact tinme was se or t in fock trme of t e proton nucl eus

for Tl pH cabgatheti 1pé£¥ﬂ@$§e§uéﬁ08§|bél&&nfﬂﬂﬁe“&ﬁ& a8tivahateks, lets,
50,u s, 100,u s, 5001s, 1ns, 2ns, 4ns, 7ns, |Ons, |5nms, and 20ns were set

as the spithépeks | i pELy i Sothéhé OnBoge £LREALLTEE EREBebECBoaPpYrreaeh spin
|l ock tinme, and the repeating tine of integration was set to 5 seconds. In

Tl pH obt ai ared dyrieassives utlieseo®] hpdlg ébhehplena vinpléhe)panll strengt hs
of 13C nucl ear magneti c resonance spectrum obtained in the above different
spi n | ock déntvativds poherteof whpolyhthpenklene evijoyilene) handhort est spin

| ock 67 tine case is less than 8 tinmes of the noise | evel, variation of
Tl pH by noieelvatijeerrthereoficcpolivayiyoihee card derdvintivest tbarené.
calculation of DTL p H <Tl p H> . Nanely, the peaks_used for cal cul ation
of D TIpFVEﬂ?iﬂ%¢%@ﬁ%ﬂ#ﬁ%ea%@aﬂ%Flisl%Eqﬁpﬁ?e{ﬂg.7859%¥m9§6.78ﬁﬁﬁ%n1n9

120. 56 55. 62 41. 04 30. 34 23. 34 d 14,59 i h
LB oD S 2PETha s BRI 30 SRR 2, P T L1 BOPRI,
ddition, fh b | th t apdard jation.of th I ti
oD R, AR B8 B hoR SRR SR RE BB
s used. Qb sl attn& Ay Ahe koM ThRELGR! 2hRCPnBY11kgse Peaks was

0. 10.
The insulation layer having a thickness of 2 nm or less

has function to make charge injection easy. As the material
of the above-described insulation layer, metal fluoride,
metal oxide, organic insulation materials and the 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 having a thickness of 2 nm
or less provided adjacent to a cathode, and polymer LEDs

having an insulation layer having a thickness of 2 nm or



<Tl pH nmeasur ement of Pol yner Conposition 9> The nmeasurenent was conducted
as the sanme manner as above, except that 0.03g of Pol ymer Conposition 9 was
used. Tl pH was obtained by | east squares nethod cal cul ation fromthe peak
strengths of 13C nucl ear nagnetic resgance spectrum obtai ned in the above
different spin lock tinme of 11 points.” ’Anong them when the peak strength
of the shortest spin lock tine case is less than 8 tines of the noise

| evel , vari@ssonprovidegHadjanentetpsaneanpdeed, accordingly the case was
omtted fromthe calculation of D Tl pH <Tl pH>. Nanel{, the peaks used for
cal cul ati on of Spgrpfiratipr-there asa pésked the Eolppwingsstzycipmes
140.98 ppm  127.17 pgn1 120. 76 ppm 56.01 ppm 39.87 ppm 29.17 ppm 23.34
ppm and 19) 75ppAP) ntPRee¥ABRLCal shift from nethyl carbon of
tetranethylsilan? as Q pgg%uln addition, as the above noise, the standard

devi ation of th®)rapragel tatden lggesphavied BythirERssssQdarde dMm@thod
f t he dat | data i d. O Tl pH <Tl pH> | cul ated f
I pH obt ai AEASB) T PHECENbEAkT WLETBE SSSCRRAAD] & b <Fi | m Producti ons Fi | s
d d ' Pql Lti 4 . Pal Co Lt 9. Th
T e el Su Rk TS E R R b v BR B RSO TRER PR K
be forned %ﬁ?ﬁkggg¥ng£ gbﬂﬁogktiggs?c ﬁoaaed, but when Pol yner Conposition
€0 [ cl ou

9 was used, al ne | M ha I'ness. The copol yner of the present

invention has aQ)eéﬁSEL?EhsﬁféEEBhi%X%E ﬁQv?ﬁgéQiQHEBkﬁEQE1o%”Q AmDicgh
p go Y,

glass transition " tenperature In od Dal ance. Accordi ng a polynmer LED

using sai dygepPIYERE ERANtEEng LAPEARE HsH38E 1 6AT 18ykirdHRY GGyt al display as
the back light, a light source having plane or curved surface for lighting,

a segnent typekdess! 8y anfimaodolesByEhknbipe flat panel display. 69 Wat
is clained is: 1. A copolyner having a polystyrene reduced nunber average

nol ecul ar wei ght) 0&nd@871fi8ulatilonobayéesi hgvingepeahioinesist ofepr agewired by
formula (1), one or nore kinds of repeating units represented by formula
(2), and ohessrhobeetkangpovfingpiayenglightsemépténgnileyely caghodlea (3), m
u) anode/hole transporting layer/light emitting
layer/insulation layer having a thickness of 2 nm or
less/cathode
v) anode/insulation layer having a thickness of 2 nm or
less/hole transporting layer/light emitting layer/insulation
layer having a thickness of 2 nm or less/cathode
w) anode/insulation layer having a thickness of 2 nm or
less/light emitting layer/electron transporting
layer/cathode
x) anode/light emitting layer/electron transporting
layer/insulation layer having a thickness of 2 nm or
less/cathode
y) anode/insulation layer having a thickness of 2 nm or

less/light emitting layer/electron transporting

layer/insulation layer having a thickness of 2 nm or



~1 ~2 (1) wherein, R1L and RZ each i ndependently show a hydrogen atom
~al kyl group, aryl group, or nonoval ent heterocyclic group; R3 and R4 each

i ndependently show al kyl group, al koxy group, alkylthio group, alkylsilyl
group) al kyl am no group, aryl group, yl oxy group, arylsilyl group,
.arylam no group, arylal kyl group, arylal koxy group, arylalkyl silyl group,
aryl al kyl am no group, nonoval ent heterocyclic group, or cyano group; m and
n each i ndegrsvieatigdehow an i nteger of 0-3; when nis two or nore, a
plurality of R3s may be the same or different; when mis two or nore,
plurality of R&hs@3netelinsulaielion Jeﬁyererlwrlngv@ thigkressfoRl2 FR °R3 and
R4, may be nmutually connected to forma ring when Rl, R2, R3, or R4
cont ai ns E&P%ﬁ4&31Qﬂﬁﬂ4PSE?E¢%H%ylaY#%d%F%%? %@4?%%%9rh%Y%H/ﬁyeﬁtﬁPBUp

cont ai ni ngﬁa het ero atom (2) wherein, RS and R6 each

~0
i ndependen %yﬁ%%/rf’%ﬁféﬁﬂe aI kyl group, aryl group, or a
nonoval ent heterocycll r ou ei t her eren tronrelther R1
or R2; R~ and ‘ﬁh@&ﬁ@gdﬁﬁrrip €%P%nl%¥?§?lg$35 ﬁ?? group,

alkyl hio oroude %%{rps"*?mfgmﬁfm% 2 G [Pah fProf %aygrﬁﬁﬁrkﬁ%' S

aryl al kyl Sﬂﬂi@krﬂié) aiyﬁrﬁléglﬁég%ﬂﬁ)g nonoval ent heterocyclic group,

or cyano group 1 are eac ependently an integer of 03; when k is

two or nore, a&} ra?ddt%é’/Rié{suﬁ?ﬁf&? i&&?efﬁgl%?%rdéf{ﬁiéﬂﬁesé‘ﬁh% 32 hj two

or.nore, a plurality o I's the sane or ent; two or nore of R5, R6,

R~ and Re,orBle 43/ HOTE 66t £k %éyléfefﬂ[f@ﬁtrérﬂﬂttiiﬂg when R5, R6, R-,
or R8 contains an al kyl chaln the al Kyl chain may be interrupted by a

group contladyur)e Redi@tdi Ot rdsportiln fAnyhEieion Payeshnusing aryl ene
group, divalent heterocyclic group, or divalent aromatic am ne group. 2. A
copol yner t@acicxkmisy) dH Zlmm od, Ledereathéde total of the repeating units
represented by the above formulas (1), (2) and (3) is 50 ~ by nole or nore
based on all ofIn Iprodpesiaig iy polymex diERy néden nat fitklnops| Foemedt Arom
repeating 71 unit represented by formula (1) is 10-90 % by nol e based on
the total ®dfsalietiarp iusingisuch apo geen el iﬂ,quh%SqueSflbﬁﬁﬁnﬁg (1) and
(2); and the total of the repeating unit resented by fornula is 10 %
by nol e oS adde R PEFRNLG 130 Yﬂn"fheorl‘ﬁibe‘é?‘i‘hbr%fﬁli-% Fepres nP@d by
t he above formulas (1), (2) and (3). 3. A co havi n ol ystyrene
reduced ndmferSovEHyP¥t %r 93%9‘?’@%0%?“1 X Oﬁhi%%?%\gﬁl?ﬁe %Bﬂol ymer
conpri ses K| r epeat uni t present ed by the above fornmula (1 e or
o6 ki naStes f&rﬁgncgaiﬁu%ﬁ G ) ATER SERVERPEF I Hegfnﬁﬂ
repeating ty e ve. formul ) based on the
taﬁ{?i ghqfs E[[}é]e re a“.aé):plgl ol a(d méé%&g %

total of e nDIe |ng unrt represented ove fornul as

(1) and (@pplqrgﬁﬂ}i%d‘ﬁ ! any Lg,?tgmﬁf 4 @aixa H@ét%@ﬂre%@t% by

formula (1) I's smaller t orrruavvelg e repeating unit

represent gd 1y oM@ nfedthodh: £romk P YTRE LS COFEAE E&n Ch@i #58a Wherein
the total of the repeating units represented by formula (1) and formula (2)

is 50 % bycadimPmdiicidanssh ik al lspin tdeat BPgahé tigodNi Easeongai ned in
the copolyner. 5. A copolyner according to any one of clainms 1 to 4,

wher ei n RinezthdbdR2 nidrcforgedvaixe )cod el enale tsd pemncdavtty @ogtbng sel ect ed
fromal kyl groups having five or less of carbon atons; R5 and R6 in fornula
(2) are eacthoddepamavdting grathrdelBrikdcdatin@ametlydd greipe benoval ent

het erocyclic group, and al kyl group havi ng seven
coating method, dip coating method, spray coating method,

screen printing method, flexo printing method, offset
printing method, inkjet printing method and the like.
Regarding the thickness of the light emitting layer,

the optimum value differs depending on material used, and



72 or nore carbon atons. 6. A copolyner having a pol ystyrene reduced nunber
_average nol ecul ar wei ght of 103-108, and exhibiting fluorescence in the
solid state, wherein the value (0 Tl pH <Tl pH>) obtained by dividing the
difference (0O Tl pH) between the naxian1value of Tl pH and the m ni num val ue
., of TIpH by the average val ue (<TlpH>) "of TIpH, is 0.35 or less; here,
relaxationtine (TIpH) of proton in a spin |ock magnetic field is neasured
by 13C nuchairPRepasiycbecsehantedwsohtbatr phagdoavingghosese aodathen of
the filmof the copolynmer around a nmagic angle in solid nuclear magnetic
resonance. 1¥9hi eBpbtingrefficianay becamg emr&impmcvalussi epdsfogherein D
TI pH <TI pH> obt ai ned b¥ the nmethod of claim6 is 0.35 or_less, 8. A polyner
conposi t i of¥&BRPEr sihgle FEPPmEr MBoEPoLnH Tha BTRE SEFOLY St5R e HediRed
number aveéﬁge nol ecul ar wei ght of 103-1085 and exhigiting fluorescence in
the solid t BM: 5 HrﬁhEBpBFgﬁEFaBEXOFHPWg tBMak§ &R8 BR-clains 1 to 5. 9.

QnE?'gYZf;LoFSF”E?féL'tﬁ?dﬁﬁ r%ﬁiﬁﬁpﬁe§°ﬁﬁéip”?%egii°Bﬁ%@ﬁﬁ%geﬁﬁhgﬁﬁoﬁr :
i nds of pSPvRErIECABERRuS HagEAg: a B3P, bhsy BRevFaAResa RaAEP AP ase
ol ccular yehghbe 8Ly d030b 0 UNELE! D110 BeHhy<Td BatE 13flr: ofafiedng es

here, Tlp neasur ed Cl'ear magnéti c resonan th carrylﬁg out

hi gh- speed1fbat i GAindiie 11 | RO pd [\indiol 5" o £ PROShEé O r ound a_mag ¢

angle in solid 73 nucl ear magnetlc Tresonance. 11. pol ymer conposition

accordi ng 1QvEhfLEKS eﬁe911§ﬁereinmtQiﬁbptléﬁkpblapeaaahﬁgdmghtthe net hod of
claim10 is 0.35 or less. 12. A polyner light-emtting device having a

light enmtenpgtinyenabervaes bbreel €BaN0ERE 6DBYeSHeBBrabednpangferdad a
cat hode, wherein said light emtting |ayer conprises a copol yner according
to any onefblioréacent lstibs¥anoe mapoh¥serbeolpmintitedt adthr éi Adghd any one
of clains 8 to 11. 13. A polyner light-emtting device according to claim
12, wherei emittinerlaparaconhginingntbet abevpeligseribeddpopymediat | east
bet ween one el ectrode and the light emtting | ayer such that the |ayer

cont ai ni ngfhuespgcert veubstgnee.is adjacent to said el ectrode. 14. A

pol ymer light-enitting_ device according to Claim 12, wherein_an insul ation
| ayer having a #fiERfeldohbt emikidpg| materiadi skpown BRptpEASLshEARe®R one

| ectrod d_.the |ight 1 tt] | ; h that t i | ati I i
o cctrode Bode! el Lo S AL e oy Such AeLotie nellal on Layer 1=
t f daij 12_to 14 i t - ti | i
(0,209 O"Rh, 5 B 126k AamilEr o Ao RS 86L: RLLLARTRLL no, | aver 1

| t -t j i i i i -em i . 16. A
o ectr o {EGREPRELLCL ANEE L3 80L0CeRL-A0es Ul Gl B HLERGLBNR,

wherein a ﬂ?é@éc?f?”&?&étﬁﬁgm a¥epohymétAPRECHyRS! WRaAthBRe2R9EE ,and the

light emtting [ayer” suc
coumarine dyes, cyanine dyes; metal complexes of 8-

hydroxyquinoline or derivatives thereof, aromatic amine,
tetraphenylcyclopentane or derivatives thereof, or
tetraphenylbutadiene or derivatives thereof, and the like.
Specifically, there can be used known compounds such as
those described in JP-A Nos. 57-51781, 59-195393 and the
like, for example.
When the polymer LED of the present invention has a

hole transporting layer, as the hole transporting materials



74 that the hole-transporting layer is adjacent to said lightemtting
_layer. 17. A polyner light-emtting device according to any one of O ains
12 to 14, wherein an electron-transporting |layer is disposed between the

cathode and the light emtting layer sguch that the electron-transporting

. layer is adjacent to said light-emtting |ayer, and a hol e-transporting

| ayer is disposed between the anode and the light emtting | ayer such that
the hol e- tusedbpdrhenry arsy axdnplif edmoly inyrarypzekete¥fng layer. 18. A
flat light source using a polyner light-emtting device according to any
one of O #eEivigtives Ahemeofn Rokiestlanes praydeniwtives| heyeot,
light-emtting device accordlqg to any one of Clains 12 to 17. 20. A dot
matrix di RAHSHIFRPe 987 ‘I?Fgl"ha‘é'—I‘ﬁg t3h AR £kC a%‘&%‘?%h%fb Iﬁlbe any one
of Claims 12 to 17. 21. A liqujid crystal display usin

li ght - en 359 "CIEQ/I‘Eé’%cI't,II:F‘r AP 1Py + GNEFRAC g rfte sz?gl as a back

light. 22. A | I I I hi bi

1 tor escerPS TR AR SRS (R APHLd '%%II%%%COSEJE? n Said et hod
D Tl pH < t d, f 1) 13C | t

resonance i P HEEAE iRl O8e R 57 HFEFHRETRG g

angle in saléfgecwcl gmbgﬁ%&e G f\?’esAcﬁ@:I:Q ggawg%ymng a

honogenei ty of a ‘fl ymar conp05| ron consi s

Stae, ot %%érﬂ?&ﬁ/ ystyrene r uceQIIRJIIT%“IIéWémfm?I% e vei o

state, and having a po aver age ecul ar wei ght of

103-10B, vdwrsideSaidl tidhaske US§<§1§P(2-I_ | - ¥ 5 PHEN OB oy 16fle PYoRrAsSUri ng Tl pH

by 13C nucl ear magnetic resonance W th hi gh-speed rotatlon of the copol yner
filmaroungbdfimatieds Btans N Ol tige NUt€ar nmagnetic resonance. . A A AFA
.A3.. Al .AY. AF. AYl . AY. AY. AFU. A3. . A. . AFU. AF. . AF. AYl . A3A. A3.. A3A. AF. . A A A

A AQU. A. . AA. AF.Spec i d\fextantp Y86 ASE . e ABdle A rdndpdBtindrmdverAfal A

U. AY. AF. A3BA. AF. . AF. AF. . AFA. A3. . A A AU. A3. A3. . A

.y. ASA. AF. ARRIAGSANOE: AdsCrAibed | Y. JAHA ABRs AR 3 ALD 287 AA6R3173860, 2-

.As&l0G zL'h' 045 h' C
OO O#. #. Auuﬁuﬂﬂ91bdnﬁﬁnﬁbOqu%pnnuboqbdyunubqnu$939b52b3¢9999|~>><|<|<?|<>

| <| | | >>] >?| >| >|>>| >x<|.>| <| | ~<]| | >>|x>>|>|>|>|>|>|>|>|>|>|>[>> >|<xx<xx<x|<x|
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sporting materla S such yviny carbazole or

derivatives thereof, polysilane or derivatives thereof,
polysiloxane derivatives having an aromatic amine compound
group in the side chain or the main chain, polyaniline or
derivatives thereof, polythiophene or derivatives thereof,
poly(p-phenylenevinylene) or derivatives thereof, poly(2,5-
thienylenevinylene) or derivatives thereof, or the 1like, and
further preferable are polyvinylcarbazole or derivatives
thereof, polysilane or derivatives thereof and polysiloxane
derivatives having an aromatic amine compound group in the
side chain or the main chain. In the case of a hole

transporting material having lower molecular weight, it is
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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 transporting

material, a method in which the layer is formed from a

solution is exemplified.

The solvent used for the film forming from a solution
is not particularly restricted providing it can dissolve a

hole transporting material. As the solvent, there are
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disturb charge transport 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
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the driving voltage of the device increases. Therefore, the
thickness of the hole transporting layer is, for example,
from 1 nm to 1 4m, preferably from 2 nm to 500 nm, further
preferably from 5 nm to 200 nm.

When the polymer LED of the present invention has an
electron transporting layer, known compounds are used as the
electron transporting materials, and there are exemplified
oxadiazole derivatives, anthragquinonedimethane or
derivatives thereof, benzoquinone or derivatives thereof,
naphthogquinone or derivatives thereof, anthraquinone or
derivatives thereof, tetracyanoanthraquinodimethane or
derivatives thereof, fluorenone derivatilves,
diphenyldicyanoethylene or derivatives thereof,
diphenoquinone derivatives, or metal complexes of 8-
hydroxyquinoline or derivatives thereof, polygquinoline and
derivatives thereof, polyquinoxaline and derivatives
thereof, polyfluorene or derivatives thereof, and the like.

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

Among them, oxadiazole derivatives, benzoquinone or
derivatives thereof, anthraquinone or derivatives thereof,
or metal complexes of 8-hydroxyquinoline or derivatives
thereof, polyquinoline and derivatives thereof,

polyguinoxaline and derivatives thereof, polyfluorene or

derivatives thereof are preferable, and 2-(4-biphenyl)-5-(4-
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are further preferable.
The method for forming the electron transporting layer
is not particularly restricted, and in the case of an
electron transporting material having lower molecular
weight, a vapor deposition method from a powder, or a method
of film-forming from a solution or melted state is
exemplified, and in the case of a polymer electron
transporting material, a method of film-forming from a
solution or melted state 1s exemplified, respectively.
The solvent used in the film-forming from a solution is
not particularly restricted provided it can dissolve
electron transporting materials and/or polymer binders. As
the solvent, there are exemplified chlorine solvents such as
chloroform, methylene chloride, dichloroethane and the like,
ether solvents such as tetrahydrofuran and the like,
aromatic hydrocarbon solvents such as toluene, xylene and
the like, ketone solvents such as acetone, 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
coating method, casting method, micro gravure coating

method, gravure coating method, bar coating method, roll

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

The polymer binder to be mixed is preferably that which
does not extremely disturb a charge transport property, and
that does not have strong absorption of a visible light is
suitably used. As such polymer binder, poly(N-
vinylcarbazole), polyaniline or derivatives thereof,
polythiophene or derivatives thereof, poly(p-phenylene
vinylene) or derivatives thereof, poly(2,5-thienylene
vinylene) or derivatives thereof, polycarbonate,
polyacrylate, poly(methyl acrylate), poly(methyl
methacrylate), polystyrene, poly(vinyl chloride),
polysiloxane and the like are exemplified.

Regarding the thickness of the electron 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
necessary, and too large thickness is not preferable since
the driving voltage of the device increases. Therefore, the
thickness of the electron transporting layer is, for
example, from 1 nm to 1 #m, preferably from 2 nm to 500 nm,
further preferably from 5 nm to 200 nm.

The substrate forming the polymer LED of the present
invention may preferably be that does not change in forming

an electrode and layers of organic materials, and there are
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exemplified glass, plastics, polymer f£ilm, silicon
substrates and the like. In the case of a opague substrate,
it is preferable that the opposite electrode is transparent
or semitransparent.

In the present invention, it is preferable that the
anode of an electrode consisting of an anode and a cathode
1s transparent or semitransparent.

As the material of this anode, electron conductive
metal oxide films, semitransparent metal thin films and the
like are used. Specifically, there are used indium oxide,
zinc oxide, tin oxide, and f£ilms (NESA and the like)
fabricated by using an electron conductive glass composed of
indium * tin * oxide (ITO) ,indium° zinc * oxide and the
like,which are metal oxide complexes, and gold, platinum,
silver, copper and the like are used, and among them, ITO,
indium* zinc * oxide, tin oxide are preferable. As the
fabricating method, a vacuum vapor deposition method,
sputtering method, ion plating method, plating method and
the like are used. As the anode, there may also be used
organic transparent conducting films such as polyaniline or
derivatives thereof, polythiophene or derivatives thereof
and the like.

The thickness of the anode can be appropriately
selected while considering transmission of a light and
electric conductivity, and for example, from 10 nm to 10 U

m, preferably from 20 nm to 1 4m, further preferably from

50 nm to 500 nm.
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provided on the anode a layer comprising a phthalocyanine
derivative conducting polymers, carbon and the like, or a
layer having an average film thickness of 2 nm or less
comprising a metal oxide, metal fluoride, organic insulating
material and the like.

As the material of a cathode used in the polymer LED of
the present invention, that having lower work function is
preferable. For example, there are used metals such as
lithium, sodium, potassium, rubidium, cesium, beryllium,
magnesium, calcium, strontium, barium, aluminum, scandium,
vanadium, zinc, yttrium, indium, cerium, samarium, 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, copper, manganese,
titanium, cobalt, nickel, tungsten and tin, graphite or
graphite intercalation compounds and the like. Examples of
alloys include a magnesium-silver alloy, magnesium-indium
alloy, magnesium-aluminum alloy, indium-silver alloy,
lithium-aluminum alloy, lithium-magnesium alloy, lithium-
indium alloy, calcium-aluminum alloy and the like. The
cathode may be formed into a laminated structure of two or
more layers.

The thickness of the cathode can be appropriately
selected while considering transmission of a light and

electric conductivity, and for example, from 10 nm to 10 4

m, preferably from 20 nm to 1 um, further preferably from
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50 nm to 500 nm.

As the method for fabricating a cathode, there are used
a vacuum vapor deposition method, sputtering method,
lamination method in which a metal thin film is adhered
under heat and pressure, and the like. Further, there may
also be provided, between a cathode and an organic layer, a
layer comprising an conducting polymer, or a layer having an
average film thickness of 2 nm or less comprising a metal
oxlde, metal fluoride, organic insulation material and the
like, and after fabrication of the cathode, a protective
layer may also be provided which protects the polymer LED.
For stable use of the polymer LED for a long period of time,
it is preferable 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 be used a polymer
compound, metal oxide, metal fluoride, metal borate and the
like. As the protective cover, there can be used a glass
plate, a plastic plate the surface of which has been
subjected to lower-water-permeation treatment, and the like,
and there is suitably used a method in which the cover 1is
pasted with an device substrate by a thermosetting resin or
light-curing resin for sealing. If space is maintained
using a spacer, it is easy to prevent an device from being
injured. If an inner gas such as nitrogen and argon is
sealed in this space, it is possible to prevent oxidation of

a cathode, and further, by placing a desiccant such as
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1s easy to suppress the damage of an device by moisture
adhered in the production process. Among them, any one
means or more are preferably adopted.

The polymer LED of the present invention can be used
for a flat light source, a segment display, a dot matrix
display, and a liquid crystal display as a back light, etc.

For obtaining light emission in plane form using the
polymer LED of the present invention, an anode and a cathode
in the plane form may properly be placed so that they are
laminated each other. Further, for obtaining light emission
in pattern form, there are a method in which a mask with a
window in pattern form is placed on the above-described
plane light emitting device, a method in which an organic
layer in non-light emission part is formed to obtain
extremely large thickness providing substantial non-1light
emission, and a method in which any one of an anode 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 polymeric

fluorescent substances emitting different colors of lights

10
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are placed separately or a method in which a color filter or
luminescence converting filter 1s used, area color displays
and multi color displays are obtained. A dot matrix display
can be driven by passive driving, or by active driving
combined with TFT and the like. These display devices can
be used as a display of a computer, television, portable
terminal, portable telephone, car navigation, view finder of
a video camera, and the like.

Further, the above-described light emitting device in
plane form is a thin self-light-emitting one, and can be
suitably used as a flat light source for back-light of a
liquid crystal display, or as a flat light source for
illumination. Further, if a flexible plate is used, it can
also be used as a curved light source or a display.

In the method for evaluating a solubility of a
copolymer exhibiting fluorescence in the solid state in an
organic solvent, ATlpH/<TlpH> is used, which is obtained by
measuring T,,H by '’C nuclear magnetic resonance with
carrying out high-speed rotation of the £ilm of the
copolymer around a magic angle in solid nuclear magnetic
resonance. The smaller ATlpH/<TlpH> 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 the method for evaluating a homogeneity of a film of
a polymer composition consisting of two or more kinds of

polymer compounds exhibiting fluorescence in the solid

10(
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state, and having a polystyrene reduced number average
molecular weight of 10°-10%, AT;,H/<T,,H> is used, which is
obtained by measuring T;,H by '’C nuclear magnetic resonance
with carrying out high-speed rotation of the film of the
copolymer around a magic angle in solid nuclear magnetic
resonance.
The smaller ATlpH/<TlpH> 1s, the better the homogeneity
is.
Thereby, the homogeneity of a film of a polymer
composition consisting of two or more kinds of polymer
compounds exhibiting fluorescence in the so0lid state, and

having a polystyrene reduced number average molecular weight

of 10%-10%, can 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 weight and
number-average molecular weight, the polystyrene reduced
number average molecular weight was determined by gel
permeation chromatography (GPC: HLC-8220GPC made by TOSOH or
SCL-10A by Shimadzu Corp.) using chloroform as a solvent.
The glass transition point was determined by DSC (DSC2920,
made by TA Instruments).

T.pH was measured in a room temperature using CMX-300
type apparatus made by Chemagnetics Inc.

Example 1



10B 10B}!'kb@ 1! 10B! "10%<& ()- "10%& ()- 10%& ()- 10 10 10F "10%& ()-"F
C"109%& () -"k}b*+, -0zl AP 109 ()- 10 10 10!'4"10%& ()- !'4"10%<& () -
4"109%<& ()- ! "109%& ()-OA}"<"P1IFI 109&' ()-yF'109%& ()-y!Y "109%& ()-Y
"109%B& ()-Y "109%& ()-'Y "109%& ()-fbCl gy 109%K& ()-Y
<Synthesis of Copolymer 1)
2,7-dibromo-9,9-dioctylfluorene (250mg, 0.456mmol),
2,7-dibromo-9,9-diisopentylfluorene (212mg, 0.457mmol),
N,N'-bis(4-bromophenyl)-N,N'-(bis-4-n-butylphenyl)-1,4-
phenylenediamine (270mg, 0.397mmol, and 2,2'-bipyridyl
(509mg, 3.26mmol) were 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),} (896mg, 3.26mmol) was added to this solution, and
the temperature was raised to 60 C to conduct the reaction
for 3 hours with stirring. After the reaction, the reaction
liguid was cooled to a room temperature (about 25 ), and
added dropwise in a mixed solution of 25% agqueous-ammonia
10mL/methanol 120mL/ion-exchanged water 50mL, and stirred
for 1 hour. The deposited precipitate was filtrated 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 aqueous layer was removed, 4%
agqueous ammonia 30mL was added to the organic 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
dissolved in toluene 30mL. Then, purification was performed
through alumina column ( 20g of alumina), the collected

toluene solution was added dropwise to methanol 250mL,
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stirred for 1 hour, and the deposited precipitate was
filtrated and dried under reduced pressure for 2 hours.
Copolymer 1 was obtained in yield of 269.8mg. From the
charging ratio of monomers, the ratio of the repeating units

of formula (4), formula (5), and formula (6) in Copolymer 1

is 35:35:30.

OO

The polystyrene reduced average molecular weights of
Copolymer 1 were, Mn=2.0x10%, and Mw=5.5x10‘. Copolymer 1

was easily soluble in solvents, such as toluene and
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chloroform.
Example 2

<Synthesis of Copolymer 2)

2,7-dibromo-9,9-dioctylfluorene (26.32g, 0.0480 mol),
2,7-dibromo-9,9-diisopentylfluorene (5.6g, 0.0121 mol), and
2,2'-bipyridyl (22g, 0.141 mol) were dissolved in
tetrahydrofuran (dehydrated) léoomL, 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),} (40.01g, 0.145mol) was
added to this solution, and the temperature was raised to 60
C to conduct the reaction for 8 hours. After the reaction,
the reaction liquid was cooled 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 dropwise to methanol 3300mL, and stirred for 30
minutes. The deposited precipitate was filtrated and washed
with methanol 1000mL, then it was dried under reduced
pressure for 5 hours. Copolymer 2 was obtained in yield of
20.47g. 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 reduced average molecular weights of

Copolymer 2 were, Mn=6.0x10*, and Mw=1.5x10°. Copolymer 2
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was easily soluble in solvents, such as toluene and
chloroform.
Synthetic Example 1
<{Synthesis of Polymer Compound 3>

2,7-dibromo-9,9-dioctylfluorene (5.8g, 10.6mmol), N,N'-

bis (4-bromophenyl)-N,N'-(bis-4-n-butylphenyl)-1,4-
phenylenediamine (3.1g, 4.54mmol), and 2,2'-bipyridyl (5.5g,
35.2mmol) were 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 C to conduct the reaction for
3 hours with stirring. After the reaction, the reaction
liquid was cooled to a room temperature (about 25 T), and
added dropwise in a mixed solution of 25% aqueous-ammonia
80mL/methanol 300mL/ion-exchanged water 300mL, and stirred.
The deposited precipitate was filtrated 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 solution 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
yvield 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.
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Polymer Compound 3 were, Mn=2.2x10%, and Mw=9.2x10*. Polymer
Compound 3 was hardly soluble in solvents, such as toluene
and chloroform, but soluble in toluene and chloroform, with
stirring at 50C.
Example 3
{Preparation of Polymer Composition 4>
The above Copolymer 2 and Polymer Compound 3 were used,
and 1.5% by weight toluene solutions for each of them were
prepared. Using each toluene solution, Polymer Composition
4 was prepared by mixing them so as to make Copolymer 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-d;bromo—9,9-
dioctylfluorene (287mg, 0.523mmol), and aligquat336 (15mg,
0.037mmol) were dissolved in toluene (4.3g), to which 1.0g
of agqueous solution of potassium carbonate (231mg, 1.67mmol)
was added. Further, tetrakis(triphenylphosphine)palladium
(4mg, 0.0035mmol) was added, and the temperature was raised
to 110 C to conduct the reaction for 20 hours, with
stirring. Then, bromobenzene (l4mg, 0.0892mmol) dissolved in
toluene 0.1lmL was added to the reaction liquid, and stirred
at 110 T for 5 hours. After cooling to 50C, the organic

layer was added dropwise in methanol/water (1/1), and was

stirred for 1 hour. The precipitate was filtrated, washed
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with using methanol and ion-exchanged water, and dried under
reduced pressure. Then, it was dissolved in toluene 50mL and
purified through silica column (amount of silica, 15mL). The
solution after purification was added dropwise to methanol,
stirred for 1 hour, and the precipitate was filtrated, and
dried under reduced pressure to obtain Polymer Compound 5.
Polymer Compound 5 was obtained in yield of 340mg. Polymer
Compound 5 is a polymer consisting of the repeating unit of
formula (4).

The polystyrene reduced average molecular weights of
Polymer Compound 5 were, Mn=1.2x10%, Mw=3.2x10%. Polymer
Compound 5 was hardly soluble in solvents, such as toluene
and chloroform, but could be dissolved by heating to 50C
with stirring.
Synthetic Example 3
<Synthesis of Polymer Compound 6>
2,7-dibromo-9,9-diisobutylfluorene (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 nitrogen atmosphere, bis(1l,5-cyclooctadiene)
nickel(0) {Ni(COD).,} (1.2g, 4.36 mmol) was added to this
solution, and temperature was raised to 60 C to conduct the
reaction for 7 hours, with stirring. After the reaction,
this reaction liquid was cooled to a room temperature (about

25 C), and added dropwise in a mixed solution of 25%

agueous ammonia 20mL/methanol 150mL/ion-exchanged water
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100mL, and stirred for 1 hour. The deposited precipitate was
filtrated, and dried under reduced pressure, and then
dissolved in chloroform. Then, it was added dropwise to
methanol, and stirred, the deposited precipitate was
filtrated, washed with acetone, and dried under reduced
pressure to give Polymer Compound 6. The yield of Polymer
Compound 6 was 350mg. From the charging ratio of monomers,
Polymer Compound 6 is a polymer consisting of the repeating
unit of formula (5).

The polystyrene reduced average molecular weights of
Polymer Compound 6 were, and Mn=7.3x10%, Mw=3.5x10°.
Synthetic Example 4
<Synthesis of Polymer Compound 7>

1,4-dibromo-2,5-di(3,7-dimethyloctyloxy)benzene (6.17g,
11.3mmol), N,N'-bis(4-bromo-3-methyl-phenyl)-N,N'-biphenyl
benzidine (2.53g, 3.75mmol), and 2,2'-bipyridyl (5.50g,
35.2mmol) were dissolved in tetrahydrofuran (dehydrated)
400mL, and the inside of the system was replaced with
nitrogen gas by bubbling with nitrogen. Under nitrogen
atmosphere, bis(l,5-cyclooctadiene)nickel(0) {Ni(COD),}
(9.6g, 34.9mmol) was added to this solution, and the
temperature was raised to 60 T to conduct the reaction for
8 hours, with stirring. After the reaction, the reaction
liquid was cooled to a room temperature (about 25 ), and
added dropwise in a mixed solution of 25% aqueous-ammonia
l00mL/methanol 1.0L/ion-exchanged water 500mL, and stirred

for 30 minutes. The deposited precipitate was filtrated,
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dried under reduced pressure, and dissolved in chloroform
500mL. Then, filtration was performed, and the filtrate was
condensed to about 50 mL with using a rotating evaporator,
and added dropwise in methanol 900mL with stirring. The
deposited precipitate was filtrated and dried under reduced
pressure. Furthermore, it was dissolved in toluene 200mL,
filtered again, and the filtrated solution was condensed to
about 50 mL with using a rotating evaporator, and added
dropwise in methanol 9200mL, and stirred for 30 minutes, then
the deposited precipitate was filtrated and dried under
reduced pressure to give Polymer Compound 7. The yield of
Polymer Compound 7 was 3.2g. From the charging ratio of

monomers, the ratio of the repeating unit of formula (7) and

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°.
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Synthetic Example 5
{Synthesis of Copolymer 8>

2,7-dibromo-9,9-dioctylfluorene (5.5g, 0.0100 mol),
2,7-dibromo-9,9-diisopentylfluorene (4.6g, 0.0100 mol), and
2,2'-bipyridyl (6.9g, 0.044 mol) were dissolved in
tetrahydrofuran (dehydrated) 1600mL, and the inside of the
system was replaced with nitrogen gas by bubbling with
nitrogen. Under nitrogen atmosphere, bis(1,5-
cyclooctadiene)nickel(0) {Ni(COD),} (1l2g, 0.044mol) was
added to this solution, and the temperature was raised to 60
C to conduct the reaction for 7 hours. After the reaction,
the reaction liquid was cooled to a room temperature (about
25 T:), and added dropwise in a mixed solution of 25%
aqueous-ammonia 100mL/methanol 1800mL/ion-exchanged water
1800mL, and stirred for 30 minutes. The deposited
precipitate was filtrated and dried under reduced pressure
for 2 hours, and dissolved in toluene 550mL. Then, 1N
hydrochloric acid 400mL was added, and stirred for 1 hour,
the agueous layer was removed, 4% agueous ammonia 400mL was
added to the organic layer, and after stirring for 1 hour,
the aqueous 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. From the
charging ratio of monomers, the ratio of the repeating unit
of formula (4) and formula (5) in a copolymer 8 is 50:50.

The polystyrene reduced average molecular weights of
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this copolymer 8 were, Mn=5.3x10%, and Mw=1.4x10°. Copolymer
8 was insoluble in solvents, such as toluene and chloroform,
but could be dissolved in toluene and chloroform by heat to
50C with stirring.
Preparative Example 1
{Preparation of Polymer Composition 9>
The above Copolymer 8 and Polymer Compound 7 were used,
and 1.5% by weight toluene solutions for each of them were
prepared. Using each toluene solution, Polymer Composition
9 was prepared by mixing them so as to make Copolymer
8:Polymer Compound 7 =50:50.
Example 4
<Production of device, and evaluation of life time>
A film was formed in a thickness of 50nm with spin
coating using a solution of poly(ethylenedioxythiophene) /
polystyrenesulfonic acid (Baytron, produced by Bayer AG.),
on a glass substrate attached with ITO f£ilm by sputtering
method of 150nm thickness, and dried for 10 minutes at 120TC
on a hot plate. Next, film forming was carried out in a
thickness of about 70nm with spin coating using 1.5wt#%
toluene solution of Polymer Composition 4. Furthermore,
after drying this under reduced pressure at 80C for 1 hour,
lithium fluoride was deposited in 0.4nm as a cathode buffer
layer, and as a cathode, calcium in 25nm, and subseguently
aluminum in 40nm were deposited, to produce a polymer LED.

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

8x10°% Torr.
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A device was taken out from the deposition apparatus,
immediately moved into a glove box of nitrogen atmosphere.
and sticked together with a glass substrate coated with UV
hardening resin (World Rock 8723K3, produced by Kyoritsu
Chemical Industries) on the periphery, and then irradiated
with UV light for 1 minute to seal the device.

By applying a constant electric current of current
density 16mA/cm? to the resulting device, the initial
luminance 1000d/m2 was halved in 800 hours.

Comparative Example 1
<Production of device, and evaluation of life time)

For Polymer Compound 3, a device was produced as the
same manner with Example 4. By applying a constant electric
current of current density 16mA/cm?® to the resulting
device, the initial luminance 100cd/m® 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 copolymer 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 Polymer

Compound 6) and toluene (1lml toluene per about 10mg of

sample) were contacted.

Copolymer 2 was dissolved in toluene at a room
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temperature (about 25 C), in a few minutes, without
stirring.

On the other hand, Polymer Compound 5 was gelled at a
room temperature (about 25 C), and could be dissolved with
stirring at 50C for about 10 minutes.

Polymer Compound 6 could not be dissolved in toluene,
even with stirring at 50C for about 10 minutes.

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 solution.

Example 6
<Film Production)>

Films were produced with using Copolymer 2, Polymer
Compound 5, and Polymer Compound 6. The films were formed in
a thickness of about 70nm by spin coating with using 1.5 wt%
toluene solution of the copolymer or the polymer compounds.
A uniform film could be formed when Copolymer 2 was used,
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 nonuniform 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 glass transition temperatures of Copolymer 2,
Polymer Compound 5, and Polymer Compound 6 were,

respectively, 85C, 73C, and 134C.
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{T1,H measurement of Polymer Composition 4>
About 0.03g of Polymer Composition 4 was dissolved in
2ml toluene at a room temperature, dropped on a sheet of
Teflon (registered trademark), and a cast film was prepared.
The film was dried under reduced pressure, overnight, in
order to remove the solvent, put into a sample tube for
measurement having outer diameter of 7mm, inserted in
apparatus, and measured with rotating 5000 volutlons per
second.
The observation center freguency of proton nucleus was
299.91 MHz, the observation center frequency of '°C nucleus
was 75.42MHz, and the observation width of the nuclear
magnetic resonance spectrum of °C was set to 30kHz. The 90°
pulse width used for polarization transfer was set to 5
micro-seconds for both of the proton nucleus and 3¢
nucleus, and the contact time was set to lms. For the spin
lock time of the proton nucleus for T;,H calculation, 11
values from 1lis to 20ms were sef. That is, 1U4s, 504s, 100U
s, 5004s, 1lms, 2ms, 4ms, 7ms, 1lOms, 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 T,,H obtained by least squares method calculation
from the peak strengths of '3C nuclear magnetic resonance

spectrum obtained in the above different spin lock time of

11 points, when the peak strength of the shortest spin lock
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time case is less than 8 times of the noise level, variation
of T:,H by noise is generated, accordingly the case is
omitted from the calculation of ATlpH/<TlpH>- Namely, the
peaks used for calculation of ATlpH/<TlpH> were nine peaks,
151.87ppm, 140.78ppm, 126.78ppm, 120.56ppm, 55.62ppm,
41 .04ppm, 30.34ppm, 23.34ppm, and 14.59ppm in the chemical
shift from methyl carbon of tetramethylsilane as 0 ppm. In
addition, as the above noise, the standard deviation of the
relaxation curve obtained by a least squares method from the
data and the actual data is used. AT, ,H/<T,,H> calculated
from T,,H obtained by these peaks was 0.10.
<T1pH measurement of Polymer Composition 9>

The measurement was conducted as the same manner as
above, except that 0.03g of Polymer Composition 9 was used.

T, ,H was obtained by least squares method calculation
from the peak strengths of 13¢ nuclear magnetic resonance
spectrum obtained in the above different spin lock time of
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
T1pH/<T1pH>. Namely, the peaks used for calculation of AT,
H/<T,,H> 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, and 14.79ppm in the chemical shift from methyl
carbon of tetramethylsilane as 0 ppm. In addition, as the

above noise, the standard deviation of the relaxation curve
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actual data is used. AT;,H/<Ti,H> calculated from T;,H
obtained by these peaks was 0.38.
Example 9
<Film Production)
Films were produced using Polymer Composition 4 and
Polymer Composition 9. The films were formed as the same
manner with Example 6.
A uniform film could be formed when Polymer Composition

4 was used, but when Polymer Composition 9 was used, the

obtained f£ilm had cloudiness.

The copolymer of the present invention has an excellent
solubility in an organic solvent, and a high glass
transition temperature in good balance. Accordingly, a
polymer LED using said copolymer can be preferably used for
a liquid crystal display as the back light, a light source
having plane or curved surface for lighting, a segment type

display and a dot matrix type flat panel display.

10
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What is claimed is:

1. 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

reépeating units represented by formula (3),
(R Ry
é§> ’

R{ R _____ (1)

wherein, R; and R, each independently show a hydrogen atom,
alkyl group, aryl group, or monovalent heterocyclic group:
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 R;, R;, Rs; and
R4, may be mutually connected to form a ring; and when R,
Rz, R;, or R, contains an alkyl chain, the alkyl chain may be

interrupted by a group containing a hetero atom,
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wherein, Rs and Rs each independently show a hydrogen atom,
alkyl group, aryl group, or a monovalent heterocyclic group:;
eilther R; or R¢ 1s different from either R; or R,;; R, and Rg
each independently show an alkyl group, alkoxy group,
alkylthio 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 O-
3; when k is two or more, a plurality of R;s are the same or
different; when 1 1s two or .more, a plurality of Rg is the
same or different; two or more of Rs, R¢, Ry and Rz, may be
connected mutually to form a ring; and when Rs, Rg, R7, Oor Rg
contains an alkyl chain, the alkyl chain may be interrupted
by a group containing a hetero atom,

A —— (3)

wherein, Ar; shows an arylene group, divalent heterocyclic
group, or divalent aromatic amine group.

2. A copolymer according to claim 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
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unit represented by formula (1) is 10-90 % by mole based on
the total of the repeating units represented by the above
formulas (1) and (2); and the total of the repeating unit
represented by formula (3) is 10 % by mole or more based on
the total of the repeating units represented by the above
formulas (1), (2) and (3).
3. A copolymer having a polystyrene reduced number average
molecular weight of 10%-10%, wherein the copolymer comprises
a 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) is 10 - 40% based on the total of the
moles of the repeating unit repregented 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 copolymer according to claim 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.
5. A copolymer according to any one of claims 1 to 4,
wherein R; and R; in formula (1) are each independently a
group selected from alkyl groups having five or less of
carbon atoms; Rs and Rs in formula (2) are each
independently a group selected from an aryl group,

monovalent heterocyclic group, and alkyl group having seven
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or more carbon atoms.
6. A copolymer having a polystyrene reduced number average
molecular weight of 10°-10%, and exhibiting fluorescence in
the solid state, wherein the value (AT, H/<T1,H>) obtained
by dividing the difference (zﬁTlpH) between the maximum
value of T;,H and the minimum value of T,,H by the average
value (<TipH>) of Ti1,H, is 0.35 or less; here, relaxation-
time (T:,H) of proton in a spin lock magnetic field is
measured by 13¢ nuclear magnetic resonance with carrying out
high-speed rotation of the film of the copolymer around a
magic angle in solid nuclear magnetic resonance.
7. A copolymer according to any one of claims 1 to 5,
wherein AT, ,H/<T1,H> obtained by the method of claim 6 is
0.35 or less.
8. A polymer composition comprising a polymer compound
having a polystyrene reduced number average molecular weight
of 10°-10%, and exhibiting fluorescence in the solid state,
and a copolymer according to any one of claims 1 to 5.
9. A polymer composition comprising a copolymer according
to claims 1 or 2, and a copolymer according to claim 3 or 4.
10. 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 T;,H/<T;,H> is 0.35 or
less, here, T;,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
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nuclear magnetic resonance.
11. A polymer composition according to claim 8 or 9,
wherein ATlpH/<TlpH> obtained by the method of claim 10 is
0.35 or less.
12. 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 7, or a
polymer composition according to any one of claims 8 to 11.
13. A polymer light-emitting device according to claim 12,
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
adjacent to said electrode.
14. A polymer light-emitting device according to Claim 12,
wherein an insulation layer having a thickness of .2nm or
less is disposed at least between one electrode and the
light emitting layer such that the insulation layer is
adjacent to sald electrode.
15. A polymer light-emitting device according to any one of
Claims 12 to 14, wherein an electron-transporting layer is
disposed between the cathode and the light emitting layer
such that the electron-transporting layer is adjacent to
sajid light-emitting layer.
16. A polymer light-emitting device according to any one of

Claims 12 to 14, wherein a hole-transporting layer is

disposed between the anode and the light emitting layer such
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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.
18. A flat l1light source using a polymer light-emitting
device according to any one of Claims 12 to 17.
19. A segment display using a polymer light-emitting dgvice
according to any one of Claims 12 to 17.
20. A dot matrix display using a polymer light-emitting
device according to any one of Claims 12 to 17.
21. A liquid crystal display using a polymer light-emitting
device according to any one of Claims 12 to 17 as a back
light.
22. A method for evaluating a solubility of a copolymer
exhibiting fluorescence in the solid state in an organic
solvent, wherein said method uses ATlpH/<TlpH> obtained
from T;,H measured by 3¢ nuclear magnetic resonance with
high-speed rotation of the copolymer f£ilm around the magic
angle in solid nuclear magnetic resonance.

23. A method for evaluating a homogeneity of a film of a

polymer composition consisting of two or more kinds of
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polymer compounds exhibiting fluorescence in the solid
state, and having a polystyrene reduced number average
molecular weight of 10°-10°, wherein said method uses AT,
H/<Ti,H> obtained by measuring T;,H by '’C nuclear magnetic
resonance with high-speed rotation of the copolymer f£ilm

around the magic angle in solid nuclear magnetic resonance.



