:Xyz{|}~e3e,,d| 6TuL a - 1 POLYMERS, THElI R PREPARATI ON AND USES The
[Jresent invention relates to an organic polyner and uses thereof such as in
an optical device, and to a process for preparing such a polynmer. Oganic
el ectrol um nescent devices are kno ich employ an or gaﬂi&co@‘ptgﬁ@i al for

| i ght emi ssion. For exanpl eu“\“ummﬂm\ﬁm8 descri bes such a devi cé*€onpri sing
a sem -conductor |ayer conp ynmer filmwhich conprises at | east
one conj ugat &40 pssErer sit uat ed*cbhveen el ectrodes. The polpyiRiBod/ddeiy | N
this case conprises a pol y(para-phenyl ene vinylene) (PPV) filmwhich is
capabl e of |ight emission when el ectrons! and holes are injected therein.

O her polyner |ayers capable of transporting holes or transporting

el ectrons to the em ssirEIMIRS, TEEIRERERARAPLINMIIMWD UBE® such devices. For
organi ¢ sem conductors inportant characteristics are the binding energies,
measured with respect to the vacuum |l evel of the electronic energy |evels,
parti cul arthg tgwmesehighestenotenpiretlated etal an. augaintal 'poll obE) andd uskegwest
unoccupi eq, nplecul ar. orhital " (L . Levels.. These can be estimated from
measur ene(r%{‘grg?gpﬁgfgenalgss?jl@)nagnéé'}%)éf??cﬁeé'ﬁcﬁ'm? Sursy B RFpEess for

el ectrocherepakipptsemh al poiywemwxi dati on and reduction. It is well
understood in the field that such energies are affected by a nunber of
factors, such as the |ocal environnent near an interface, and the point on
t he curveOfpeaky felestwhlwhinessenh| wevisedetagren kean Asbbeldi rgbyoyt ha use
of such v cLs_Lpdicati r r thap; guant L.t at | e} a
Cross sec'?’lkg%ﬁ(l)zf g'li?%)nica?alfvogevlﬁtgg%f g&\gg%ﬁﬂi ng%?gh%@m}fﬁ u%&zgosﬁgq t he
energy | edebsrikepssudie devigBicahecompadeingi sa a Jefjccopuctams davent

i ndiumtiRg gs'kﬂfEix(& TQ | YWpélyrer  A1M0 Rk eR92EomPr AT %OglieEQI' GQQ/ g0911

work function of 4.8 electron volts, The cathode 2 is a Li | ayer wth a
wor k functPBavERted 4PRL¥REY oA1 TR TR BREVRRIh £hECHIWSSrodedPRrs RPYYIGHL

elm' ssive lfayar £n ofthEBV, cadwvi Bampr idd¥O gnq&g}y(b@YﬁLpﬁe@lle&EOWﬂua;el?\e)

el ectron v nd a HOMO.ener ev around 5.2 electron volts.

Hol es and (gkgit ?bﬂ% PR éF‘eCPﬁ%{%ice[ e°§J ilﬁfggs:t ﬁrélﬂse’\ﬂncé'%ﬁch FHeeadrdti vel y
i n the PPYolayerareAninjneaetanhekedt ur e helrhepalgwmece liayetrhe dapkblér afspor t
| ayer 4 of,_polyethyl en | oxyt hi S r.is disclosed
i Ep 06a6eRssBeH I B ¥k, SRIRRE- I et PO W e T <
whi ch hel psyehendlbes iingpepewated dnte heugiTGevéceeach the HOMD | evel in the
PPV. It should be noted here that val ues stated for energy |levels, work
functions etc, are generally illustrative rather than absol ute. For

exanpl e, FRE VRFIETENCEFBIFBEULLRrEad™Paryaif dahgrarteysStids| &Fowthehat

t he val uepgan;idg@pensrfitd, TRAepesdt voEh ProsESR aftl tHestedtumKnewa1dgyi ce

structures_al sp nay have an el ectron transport_|ayer situated between the
cat hode 2t5ﬁde$ﬁ§t YT SRR g‘é"e.]tsay@tari gﬁ‘%‘?%lyp G dk‘%ggﬁs‘f TR Level
whi ch hel pslébel &f ecinbdnali’nj ¢donm f raoah t Méovatthodmdogupéadh ntdledulhPd | evel

of the material,gonstjtutin | i ght L§Si | ayer . itably) the
el ectron to(r%%ﬁg%%)rti E%b%‘g)yergﬁ%gﬁsd LUNDTgtnqlgggy\éggveI%%bet%ﬂékn%?ﬁé Llf]ﬁﬁmenergy
| evel s of meheucendrdde @hdphdeodniigihtiorniasdi wartagelanty naeaivagmeots hefL UMD

energy le%ﬁL Q&e&@f%éﬂéyybagnLﬁééH@iJf@”%br oxidation and reduction. It
is well understood in the field that such energies are affected
by a number of factors, such as the local environment near an
interface, and the point on the curve (peak) from which the
value 1s determined. Accordingly, the use of such values is

indicative rather than quantitative.

Figure 1 shows a cross section of a typical device for emitting
light. Figure 2 shows the energy levels across the device. The

anode 1 is a layer of transparent indium-tin oxide (ITO) with a

T
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One di sadvantage associated with nultiple layered devices is that where the
| ayers are deposited fromsolution it is difficult to avq§ ggre 4q§yer bei ng
di srupted when the next is deposited, and problens can arise ng voi ds or
mat eri al trapped between the |ncreased nunber of inter-|ayer boundari es.

WO 00/ 55927 o~ 8 ~cr 20~ PCT/ GB00/ 00911 - 3 Appl.Phys.Zett. 51, 913-915
(1987) is concerned with organic thin-filmelectrolum nescence. . Devices

di scl osed i nwdomsssiacunment consi st of a hol e-transporting bayesoddosan
aromatic diamne and an em ssive |ayer of 8-hydroxyquinoline alumnium |ITO
is used as the hole-injecting el ectrode and a nmagnesi unsilver alloy as the
el ectron-injecting electrode. As is disclosed in Nature, 397, 121-128

(1999) TPRokR YaRE: fn 200k & teaNERORt vhayel . HRYEVEERoddi 5 ol geyh ay
mat eri al has the di sadvantages associated wi_.th using small nolecule |ayers

in a devi ckYSy nfithy (3 Worki Jupskirmet & §c|e&§é§r‘t”’ha’t’°1F‘I§D i BEMWERA KBean

el ectron tepsides! axera fﬂﬁitn,eniﬂélﬁvgaia?gﬁ di sad\p@m ageeusy deviefo
characteristics associ at ed usi n_g nol ecul e | ayers as conpared

with pol yRBPT¥ayEFESt nd ePBCAFOFRHfH hek cBiftc dewi d@d s TREBAude FOMOpSPFRBY S in

general inmebéght e@i didund devi e@sctodil walthl.culianky asd CdpddeohkanaRert
materials is very atéractl ve, Pa %/mers show .excel | ent . devi ce
char act er PEBi ¢8I°Fhed et Bk ER® cASYART eFSIRERe (FACEAEI Koot 7 £ FR? eRRY,

processabihyéy. angh diﬁr\#o(i‘eahtf fédtare B6I yhé adertiard AeskharioXi sdagspdrtn US

5, 728, 801 as useful t rans ayers ht-emtti di odes.
Thi s documB¥E* fTr? e9°ld'| ?g‘gg%%% ‘{}h xtyt%' ?ﬂe p%gé’r ﬁ'é S P Q‘%E‘ﬁér 9@
transport diratessed Sin s:pe@ﬁﬂse@!.l y Ihosi prwxdﬂmrage eheagspm\telnmtterabahs
because tQey agem;ef"‘é%{' cuha%g LQ%QG% rﬁgféoﬁo teéd' C?m ?orm The

usef ul nessS " of 0ssi b ty Oof uSsi rsn
di scussedtpnredglts ﬂ@cﬁﬁﬁmle\#e{i \JLneV\h@fPEche above there still remains a
need to sinplify the structure of light emtting devices, thus, sinplifying

manuf act uri ng processes and reduci ng production costs. WO 00/ 55927 a 3
ocT 200 P@F/@BGB}909$1n°ted here that values stated for energy levels,

work functlons etc. are generally dillustrative rather than
absolute. For example, the work function of ITO can vary
widely. It is well known that the value can depend on ITO

deposition process and history.

Known device structures also may have an electron transport
layer situated between the cathode 2 and the 1light emissive
.« - layer 3. This provides an energy level which helps the
electrons injected from the cathode to reach the LUMO level of
the material constituting the light emissive layer. Suitably,
the electron transporting layer has a LUMO energy level between
the LUMO energy levels of the cathode and the light emissive
layer or matched to the LUMO energy level of the light emissive

layer.

One disadvantage associated with multiple layered devices 1is
that where the layers are deposited from solution it is
difficult to avoid one layer being disrupted when the next is
deposited, and problems can arise with voids or material trapped

between the increased number of inter-layer boundaries.



- 9 The present invention provides an el ectrol um nescent device conprising
ca first charge carrier injecting layer for injecting posig,'gv&-,cgﬂ]ége
carriers, a second charge carrier injecting layer for injecting gative
charge carriers and a light em ssive |ayer |ocated between the charge
carrier and injecting layers and conprising a mxture of a first conponent
for accepting positive charge carriers fromthe first charge carrier

i njecting | Moe00/5587second conponent for accepting negati vECTGROW®IIGArri ers
fromthe second charge carrier injecting |layer and a third organic |ight
em ssive conmponent for accepting and comdining charge carriers fromthe
first and second conponents to generate light. Two or nore of the
conponent&R3H: Pf’lﬁfé'égfgsi vé’ | e 2hry BE8P) ovieBoRReMMEAct ¥ bital cEgmHical
units or rjiatEesmOf e e ORI ABS QS ANyl uedheryicRpeBgnt snof tihe | ayer
may be provided by one or nopre further nol ecules physically mxed wth the
sai d si ngl9ecHBPREUICERSYREr 8 asihRies tRBNERRAtE Nr BAAYEEs GHor @0 t REPMBes
conponentqifQse GORPIENEHLLaWed 13§ee0FRi el yasoy AARRIYAB a08mPnid MaI N
chain, side chain, block aor randomform. Were a single nolecule provides
nore t hantXheltong8eds tHe coOMFHSALSEHRDV R HREFIRAS IERY nd| Pagresbimsf er abl y
i ncl ude tdigviehi aU169r@ORANRt el Stit fciBliyijebeiddididceoBponent and at | east one
of the first and second conponents are provided as a copol ymer. According
to a first aspect of the present invention there is provided an organic
pol yner lmviing dsplosadi iy Wéturegi 693, al phel2the{ U908gt DPDf i§ hesqDl asTRY
backbone ,and caomprisipg,two or re of e_follow.ng: (i) _a first region
for transkbo ot r‘f& ﬁgaﬁgi \l/%y% ar gI'EeEcheé'reff e%gl%n °Jh%‘i}‘|1ﬁ3 5&1’&'%%?{ b}éaf‘ﬁjg%ﬁf

defi ned biisadivansagesMisseuigitednarighf wsdng HOMEL ] emelecwdrrd Xayiersa imecond
region f . anspei i Sigl e 00L5 { -5

PCT/ woo%ggf%'cagﬁ%\%?%%&d tﬁééi ﬂgggﬁeggcgﬁééég%sgg%gie}égﬁeggbggéw%eacsond
LUMOD | evedn anglacteemnd q9a@nsPrPeyel ;1layad- (iii) Avaihird theg onhfer adwepti ng
and conbiflisg RAShLéNEs aRdvRedat dnG CRAL IS G I ia8LSci S dENGiake L% and
having a third bandgap defined by a third LUMO | evel and a third HO

| evel . wHErdiln é\a&ﬁcv&gi ORYESApr PEesCHRATES i BR novi@eE addYeRe duantity
and arrangei®rblehitd-dnNaeRises.n the organic polynmer is selected so that
the first, second and third bandgaps are distinct fromone another in the
pol ynmer. The organi c polyner provided by the present invention solves the
pr obl ens Wife tdee psf opokyredsy imediemienglt He tloighlt rmibeinof dbayers aardd
POLYITer SUIRARRLEL ) COU! LAG-bY Rebd Ml U1 0Ok O Gre 1900 Pl ve

requi ring a Separate polyner fo act "as a negafive chargée transpor

mat er i al ,Padysepar @hevwpoixiaedilend seviae ghpoartenistdisar ge Thegspdevice

mat eri al 1 and e FEPAI A € NRIKBET §OodClefdS dehbht ﬁfﬂc%%‘s‘é%i@ﬁlgﬁr'ﬂd the
present polyner 1s capable of acting as two or nore of these. i s reduces
t he numbeélevarecdbipdhiift's required in a light-enitting device. In the case
where each differently functioning conponent forns a separate |layer in the

devi ce, this reduces the nunber of |ayers, | e se wher ifferently
functi oniPr‘i’dyéBﬁiﬂgﬂéﬂfessnaraerebldéﬁ&gas?% H S?%gg’e-;#a)?gﬁ, atshiu§e$8guﬁlé§rqehe
nunber oftreaagponent sayeededn nlibet-bdneinctingor di béepur posks sof dbbemgriesent

| nvent i o, LRg, t CLTLLESOLON' HRY b [ 3KENL1Q.IA0, 2 SEOIRNt 07 pRLidon Of

t he pol yner ¢hai n & regron”™ nay conprise one or nore nonomners. F et erably
each "redirenspoohpriaest tads ror sReFet irmidyer posvhbve t¢H@IgeegitoANSRPOMpr i ses
two Or QL .FPOOUErSacdfle 9QL0R,Pr &5 &8Pk 169084SES e NQAFREBLEAL, t VWO

kS
r
di fferent nononmer species, spécifically,” a single species of nbnoner” or two
di f f er entragpeal escagfioppnonBpe usefywnewy 55§2the possibility of wusing

these polymers in film form is discussed in this document.

In view of the above, there still remains a need to simplify the
structure of light emitting devices, thus, simplifying

manufacturing processes and reducing production costs.



0 3 Or ~ PCT/GB00/00911 - 6 The first LUMO | evel should be such that the
first region is capable of transporting negative charge ca@@ig0Ts 49 an

em ssive material, which nmay or not be the third region. The second HOMO

| evel should be such that the second region is capable of transporting
positive charge carriers to an em ssive material, which may or may not be
the third region. The third LUMO | evel and the third HOMO | evel shoul d be
such that |iybtoosdoz2a desirabl e wavel ength is emtted when peasidobweiand
negative charge carriers are accepted and conbined in the third region to
generate light. Referring to the third f¥egi-on, the energy difference
between the third LUMO | evel and the third HOMO | evel defines the third
bandgap. The r egqesesd finmvenk ol iprpvofiesn ol yreectocomdnegcént t kievicesent

i nvention racgt.erLs j L QUS. . Finstly, .on a sinplistic
level , a pgﬁéﬁggsgﬁk}fla %tal\%(%kt ﬁga%%q%ggégguﬁ}é\?%%tnlﬁgi tl)%/ble%{ LoF fhjecting

el ectrol unprestieve alevrigeecaxricapabie oécamd t tehegdei glohrnben tivgjqualipger is

i ntroduce an pr jate |l o in evi.Ge.. r mpl e,, .a,pol ynmer
bel ongi ngqtagletrhef??r s?ﬁséu%%lggoug eés)'LcQ’Fi bechgg%?ovéa\%\nglllegge %ﬁ;cgabﬁ e l&fghe
em tting lenglssivhenayer r behated dstwe¢mytre bdtavgen canr deodendinthjEatdhbode in
an el ectrol_ym _pes t .ce: .. An el m_pescent. devi i1l .be _capable
of emtti ﬂ'galg'lrer:rght Qﬁ#}en&g%%g i/?ﬁgr aacgg;rc%'i?éneug tog t%en%le%gndggm -rbern(}upfor
descri bed dssleping bositded wharoe aasiriabkefeem stie dimaterhadganmhriries bl end
I'S '””Od%‘ﬁgc%n? 18x8", Betweesndn adplmeand aocat Bpdepd it henegativ

el ectrol um nescent device. An el ectrol um nescent device wl1l be capaBI e of
emtting IGgRESWFEATACHDI FFER TR | SR (HBFIEhEFRE®T SRilnriogp leeseri bed
bel ow i s ididr duatiddasrdahdy el ighihesnidsande donbbherd mrwép&&gghgha

transporting nmaterial, between an anode gnd a cathode in WO 001 55927 p. 3
OCT 200 PEFFEBBOFH061AT9% et T ECEr SF Ot fBEcéntShedPeSeRppd components
el ect r ol urdongsnenateladighe. W | | be capable of emitting |ight when a pol yner

falling within the fourth sub-group defined belowis introduced as a | ayer,
when bl ended with an appropriate electron transporting material, between an
anode and Taocatthodere nofhehel ecimponentaesfenthadevmissiwy t hawer wnahi bg t o be
pound by 11384s¥eadabulebREE: SN0 B ERANAGEE 3 B1kREeL I Led1aq1e
functionality of"a polymer according to the present invention |slb37

anal ysi s &blgculeli cApyl CaRERTaRSPORABRtPoPYNERe e RN Py droridgdam
(G V graphy), Whle! orndbcat eutthdMeoikihli&d PYHRR1LY S0R&s axt@Ntenhakibhe
single polyner has two or nore different oxidation potentials. Usually,
these dif SéPEhE BRI FBEENLT a1 MEuPAL AT T SECVEARASRINARLENGR CRE gr aph
as peaks @obmpbReghS thBsé hedmp¥némtis/ecoll® peakSonminkHOUHS avadapdlyarrbei ng
sharp to ver shal |l ow. The_exis en%%igf g&ffﬁrgntra%éi xgxa%ci;% pogﬂg{ui al s
within a. stngre PolferRolr °tTiCaE t 8-THe FkitFed  pefson t Hart *fha
pol ymer i sicapebieledulradimpyides tnpie fharctarensompbhenegeirel ¢anminange
transport ;3gg;60a" 08, CORBRRA! @Rkt aN SHEABYT NGRIGHL IRKECCthira

Accor di nglpy, t he cyc?ll c voltamagram of a polyner is a way of predicting how
a pol yrmer ceppprenrunctSudtablecthomindad gorporent addced appiopneatod] hent o an
el ectrol ugipescend RVhECconpthedttUate 8 2R1RAI &5 fANGH.aphag. Of the pol yner
in an el ectrolum nescent device would depend on factors such as where in
the device a layer of the polynmer was introduced. According to a second
aspect of ather@ieserd 4 et QRpethese tie Pidcted iaReRt B8t rdHgi n@scent
devi ce cogBri sing at | east .one I%er of a pol yner. acgor di ng to the present

i nventi onPTIREIRTr & rHHF CsHRANYESHe RETEE el SEUERREEY h&TF i T PEMVD | evel
or work fuabehyothefldry@hf bESthé eiplomeirs baakicdred sl coopelyims passirbl e to

t he LUMO Img\{glogftl_'geh%olﬂgmﬁge:m ssive material, when ~~3 OCT 2pp3
(1) a first region for transporting negative charge

carriers and having a first bandgap defined by a first LUMO
level and a first HOMO level; and

{(ii) &a second region for transporting positive charge



wo ool ss92~ g _ PCTI GB00O/ 00911 the pol yner according to the present
invention is used in an el ectrolum nescent device. The ligiga gﬁ?s bV €
"material nmay be a separate polyner or may be a third region in th ol yner
conprising the first region. The second HOMO | evel or work function of the
second region should be selected so that it is matched as closely as
possible to the HOMO | evel of the |ightem ssive material, when the polyner
accordi ng to woeosmmsent invention is used in an el ectrol uFREREHDEVI Ce.
The third region should be selected so that the bandgap defined by the
third LUMO |l evel and the third HOVO | evel sis such that |light of a desired
wavel ength is emtted when positive and negative charge carriers are

C(ﬁﬂbi E_eddi Ratheetidmnh rnjg;@i(h@ 0 slgeaxedl al’léﬁuddaghhefﬂﬁﬁfl Y @'él’_e{]&rnd(:@.ﬁﬂéi si ng
the third region is used in a ctrol unm nescent devi ce. e present

i nvention V\f‘?‘fe éndedcFrHuY ﬁ‘g’\%%l ®Yfhie a8t ai| with reference to the
following drawi ngs.i)i @ Winiltd Firggienl sbewsaacgsiiergal Vi Compindagure;
and Figure_2 shows ener | evel s _across the device of Figure,l. In fhe
present i nf8ftToHif f‘P\‘g 8%%%’5‘feti‘3?%r98f THE Pt S8B6RATaNnd 1Rt r 8ndegi ons
may be conskdetigdai reependentyyp beepisel these tRUEDNSUMAINTEYEN and a

i ndependen%}/ % odgvi ce. In a first aspect of the present invention, the
first regi £ g’f?ﬁs §V& first nononer conprising a substituted or

unsubsti t uvkereiromabtlh oregiehercamroiBatsCc @reoupr ToeeCorgnements add thige i r st
region are C ropriate first LUMO | evel. This
sel ection ﬁgggie/ls yg%n?g)eaci P}lgevﬁ{‘aﬁ %%Z&peg%’r?gge%g iljréelé T e pC&ymer

el ectrol unineseéatteldvsee thIhi $heelfdesiton secbhd depéndhbdndt bendgaks f anet i on
of the cat ; IV ~ /55927 PCT/ GBOO100911 _ g

| evel of tﬁggtglnlf%gif&gﬁrrgt er.“:ﬁt?‘e\%m%ﬁt%a%%?“?fgy not be the third LUMO

| evel . Preferably, the first LUMO |l evel is an energy level which |lies

bet ween t hepaod kg fHRC Ho@mef phricruhege RO fdienk UM dovRdn o1t RS £Rd ssive
material or which is matched to the LUMD | evel of the enmi ssive material. To
this end, PFRRAEDHIAN) HPRePFIPSt2H0RINEFIEOME i s tatahinRinRaR of dpvers
unsubstit uaed fdougmebe @nppenthi Scadiuapdi SireSpecl idjHtyeAdv el oaeuscyhen
conpri sed '&n thed fiést regi.on bgcagsae tthe stlructurte of tfI uorene i s _such
that certal i 1€t hed eRATHE %% f PERTENS MNoNErs, moatt cf afl v °@RET e

| engt hs ovenadge hawvenspoed | @ateeleli r an sepavsper t pplywsr t tes adtenadsesl with
an appropr| cath n ] k (whi c be, t he
third regi %‘%&ﬁqﬁe p%?at%lg%ul%ar%,ms tﬁ)gEf Fﬁrggtgg%%in'on%% cgnpgrg%%g%tgaé?g%ﬁ nk&d

di al kyl fl &t erme yridght em¥ssivekederiadr eblee ueEEBt apel yweaf disr gdpahbe e

preferabl yor t D ihg Tas ldudked doalkyle fhuoLenergioundied thed ndhBEL Vi e
fluorene. 9,9 disubstituted, preferably dialkyl or diaryl, fluorene groups

are pref er FRPPEEETs FHLERE] irea el bFNETAMYTELPE. deFEcoTt yITubRR | FRRAt S
preferred fporiiseathi aiFidrentasy thenctQbubhli tympénddte potnydes. skBazatecond
aspect of the present invention, . the secaond, regiqn conprises a secopd
nonomner co‘rﬁ‘ap?'rel si’}’n‘getz?esudﬁgtlf:?mgh soxrelﬁgﬁﬁsgp?u?‘é ezfrt?%tliag%i;‘ ¥R Fhe

het er oar oneésec e . diFfefrengby y funfei eicancamprosets congr btesded in a
triarylam jt i ng. she gepeal Jher 3N _+ Ln Ar_is

t he sane o%lﬁagqu%f elr%}?let\g'a%én%orrprl ?gs éhsulr?s%“;éfgt éé olgromﬁﬁgggg%i F%tgcg aromatic
or het er oa¥dliendgr oup. The presence of a triarylanine unit in the second
nmononer i s preferred because the | ow oxidation potential of triarylam nes

makes them particularly suitable as positive charge transport materi al s.
For the purposes of the present invention, the term “region” may

be taken to mean a segment or portion of the polymer chain. A
“region” may comprise one or more monomers. Preferably each
“region” comprises two or more monomers, Where the “region”

comprises two or more monomers, the region preferably consists
of no more than two different monomer species, specifically, a

single species of monomer or two different species of monomer.



a 3 Ccr 2pp~ WO 00155927 PCTI GBOO/ 00911 - 10 The conponents of the second
,Jegion are selected so as to select an appropriate second H3/BCiTexpy . This
selection is system specific when the polymer is used in an

el ectrol um nescent device. This selection will depend on the work function
of the anode and the HOMO | evel of the em ssive material, which may or may
not be the third HOMO | evel. Preferably, the second HOMO | evel is an energy
| evel which Iy ween the work function of the anode an | evel
of the em ssi‘?/ggor/r%l?ie-,ri al or | which is matched to the HOVD%%@?PW he

em ssive material. It is preferred that-at least one Ar conprises a
substituted or unsubstituted phenyl group. This is because this has been

shown to gime riss tougwotevil estduads R téutd ithatharsecander @ig@BnWhgn the
polymer is used with an a rogrlate emtter material,, which rrag/ or nmay not

be the thi FGPPBYFORT FT21POATLBY pPFArEd CPARYS 239 d53F bR N S HGHivEses a

subst i t ut egha@eryasubaiidniinag &F aitat be ehe heiidicoaegdt i C Thedse &hiimoMBat i s
pendent to, the po ackbone. Pref el:‘red side groyps are those conpri sing

pol
an unsubsti¥¥§ttedSy | P8 WHRonb s P utEFO8R 918 stibsERPERAR] PReny !
group. If dfespodeigy Sppshmeab&m_ i tdgealtﬁgf oup, a?r@fn%é'ﬁda sm&xsgtl lﬁé;talqgntl
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aryl al kyl ,W}Hé:?‘ef’ﬁgr OF, ™aY yFot A% Y, tt?‘ﬁf%af%é%‘"gr §n5hb?‘§tfp‘§‘?o MY are
preferred sigrcause tieyrdar gosai tlabks faroulel pbag swehsetied tLhghseamdaHOVO

| evel and/or_ .for.inproyi lubj i f.th ol r.. Exanples of suitable
groups corf'gersllsrg%l?n ?%‘)ééjt%rgﬁgggylggm ﬁéﬂxﬁgﬁa a&ﬁshéﬁlﬁlﬁef oggnﬁl Bkt S
1V, V, anchdrdeeckewriers) sxeO8Fceppry WD CBE9RYd -inl the PETY{GBOYi009td ! zI)

(1) X % X Qedebbbl Audhd, ~ 1 |

Referring to the third region, the energy difference between the
third LUMO level and the third HOMO level defines the third

bandgap.

The required functionality of a polymer according to the present

invention may be characterised in numerocus ways.

Firstly, on a simplistic level, a polymer will have the required
functionality if an electroluminescent device is capable of
emitting light when the polymer is introduced at an appropriate
location in the device. For example, a polymer belonging to the
first sub-group described below will be capable of emitting
light when introduced as a layer between an anode and a cathode
in an electroluminescent device. An electroluminescent device
will be capable of emitting light when a polymer according to
the second sub-group described below is blended with a suitable
emissive material and this blend is introduced as a layer
between an anode and a cathode in the electreluminescent device.
An electroluminescent device will be capable of emitting light
when a polymer falling within the third sub-group described
below is introduced as a layer, when blended with an appropriate

hole transporting material, between an anode and a cathode in



Mm\V~\V~\ ~\ ~(MI AHCv ~ADv ~-BIn formulas I, Il and IIl, X and
Y may be the sane or different and are substituent groups 0/ 0EHr M| as 1V,
Vand VI, AL H C and D may be the sane or different and are substituent
groups. As' set out above, it is preferred that one or nore of X, Y, A B,
C and D is independently selected fromthe group consisting of alkyl, aryl,
per fl uoroal kyl, thioal kyl, cyano, al koxy, heteroaryl, alkylaryl and

aryl al kyl e or nore of X, Y, AL B, Cand D also I dr ogen.
It is pref erﬁgﬁﬁtyﬁ% one or nmore of X, Y, A, H Cand Dis, %}rlﬁ?gg%oﬁéently
an unsubstituted, isobutyl group, an n-alkyl, an n-al koxy or a
trifluoronethyl group because they are suitable for helping to select the

second HOMEhd evalecansl @hi dedicehBPI%iRE, SO! Wh | &fdct@fo1bREnPALlAHTEN deyice O 3
OCT 2003 WD 00/55927 PCTI GB00/ Q0911 - 12 Froma practical view point, it

i s preferretltthde LaRAR S ohremattEng gt mhereat Relyask. fallr‘rlagtm‘%llraspect

accor di ng tihel o tdS el -igvept bePinddepd Tuw di ¢ eghOFoARIERN Ia58Sa a1 ¥ d
nonomer rising a substituted or yunsubstituted aronati c or

het er oaro 1t YOGS THED t 77 PPERBEUR N e T OPhEXRRFRF tHeFe Rt e idhhe
present i neiWdem anehnods Al ancaiiddecanhthesdlldetirsldii fdycant waysiengt h

| ight being emtted fromthe pol yner when used in a device structure.
Predom nantly, enbodinent 1 relates to, but is not restricted to, "red"
light em s&imutFomémmf;putqDoses l:lbfunt:lh&)ypr EBétISlfy,i neerdur@fer” mRaholi G may
be defined as Irt%%awrth a wavel eng %r— | 600 nmto 700 nm

n [an
Pr edomi nan‘frf"’&f FRENES HEIPAF &S unc:ﬂ'l? ?ét}']o?‘?r%s‘?%)@‘?édaF6°rd'j§jr9een"
| i ght em st othe Forestehé puorpoisien (;Lfs blye aprégeid ci>f1veen¢ycdnc Yol e gdanght

may be defg eq:h%s Eggﬂ.{é e1avi ng a %ﬁ'ﬂé”%@léaﬂna gmra %gapm)to %1 0 nm

Predom nant enb nt 3 re ate but 1s res rict
li ght emi slleb-rﬁ:atPortOt Hérepuiidded gferwe bP esene PHV@N‘I i tat bthee"singjlet may

be defi ned, Asmldrdhshawb NGr andiY @i eBgkdnd NbytikR k8RS AU iRt O In
t he frrstq?en%’odr rrrsnts accor%lr ng tolt he hrrdlasg):ect go the"L resg%'?égllryﬂn

i nventi on,thafe tq’ﬁﬁfrﬁﬁﬁor?é‘rldéﬁﬁr|E%‘5§%Fl§r15urﬁ’°l‘il\ﬂh|“lf‘ﬁ‘lrf§s ntAPBFRLYSS or

heteroarormilt@xedlg&aﬁﬂeagrmsf vgetréihis laeanz;aeecov &daphenge IO or
Speci fical | the third no according to t i rst enbodi nent co rlses
a group hawiomghs f"BF?‘ruF’ém%rs}’es‘ﬁ‘Gmﬁ DRTP 1 Mty PR a1 L9¥ 1 - -Thg- spipignce P13
20p3 WO DM iF¥RZEnPGldxGBa@1609 bbtentBal sshet ehin Al $ inA eS U yinteltt ebyid

unSUbStitu:i:[nedqcaart%n%“Qche S tl 588‘{38 ctujx Ct)gargughe polymer is capable of
having multiple functions with regard to charge transport and
charge combination in an electroluminescent device.
Accordingly, the cyclic voltamagram of a polymer is a way of
predicting how a polymer could function electronically if
introduced appropriately into an electroluminescent device. The
actual electronic functioning of the polymer in an
electroluminescent device would depend on factors such as where

in the device a layer of the polymer was introduced.

According to a second aspect of the present invention, there is
provided an electroluminescent device comprising at least one

layer of a polymer according to the present invention.

The first region should be selected so that the first LUMO level
or work function of the first region is matched as closely as

possible to the LUMO level of the light-emissive material, when



More preferably) the third nononer according to the first enp%dwcpzfﬂé
conprises a group having a fornula as shown in formula~X: AT H_ [ f X
") wherein Ar2 is a substituted or unsubstituted aromatic or heteroaronmatic
group and Arl, is as defined above in relation to formula I X. Referring (to
formula X, it is preferred that Arl or Ar2 independently conprises a
substituted or unsubstituted, fused or unfused benzene, thiophene, furan,

qui noxal i ne,wbigkseswy| or fluorene group because these grouRg/gHfosHi t abl e
far selecting, to sone extent, the third LUMO | evel and the third HOVO

| evel . As nentioned above, the third LUMB level and the third HOMO | evel
define the bandgap of the third region and, thus, the wavel ength of
em ssi on when plgoerorscanditm| s &dhe poabemedinverithent hisr dusepi 0 40

generate | Lc examle of the . first embadi ment, the
third rmno!:"%r]&tréﬂ"rﬁélggégnt'srlo(%‘ﬁ)1 “Raving a S?rru WS4V RAGRT T3 FE¥nBFa2 VI I
VIT1) n sgp&a@(e'l' @ODSBM\AD 00l M?bPC‘H CBBDtd)O&b@:.en 19.n Wam eipm%mezi S

RC=CR or agg Bﬁn&‘ngh%aggtt Beaeae Ol LSl gl S8Rk Ayar

substi tuent group i s 1 ndependen y se ec
hydr ogen, fahkyion a@?lthepeﬁqum Gf&lgkyh shénlohldey|selegand, sal kbay, it J.S

Nt er 0ar Yy Shi! 86 Vi1 o 1AW kil L8NG SfoRPOGIVEC XTI & 0f L he

first enmbodi nent nononer conprises a group ing a 5 nula as
shown in EBiastee Xr“atﬁfﬁgl (X¥hent they p3lyjher eRAcR3limgd Ry 4he Plessatre or

di fferent ;apdnaf & eashuiadepgndanichycar substlebHemt aéw& Forpul ag hé/é" and

Xl are preferred because these groups give rise to a third reglion having
desi r abl eTER PR ERREIAnEet BRLECERMF P eFBES. the ppandgam| gefinad oy nbre of

Rl, R2, Rgnapd mm sm@qh anfdepengentd aomel ecved {4 osudly di@gen gat kyt
ar yI perfl u roal , _thjoalkyl c?/ea o, al kox het eroaryl ) al kylaryl, or

aryl al kyl 2 oﬁﬁge%ﬁ’@tﬁ’re tre? e sa?r‘é“rté"é@on%n%s n§Paki€sed in

rel ation t:BaiQ;eApaBrlé}éiner ab@bfned in the third region to generate
light, when a polymer comprising the third region is used in an

electroluminescent device.

The present invention will be described now in more detail with

reference to the following drawings, in which:
Figure 1 shows a general device structure; and
Figure 2 shows energy levels across the device of Figure 1.

In the present invention, the compositions of the first, second
and third regions may be considered independently because these

regions function independently in a device.

In a first aspect of the present invention, the first region
comprises a first monomer comprising a substituted or
unsubstituted aromatic or hetercaromatic group. The components
of the first region are selected so as to select an appropriate
first LUMO level. This selection is system specific when the
peolymer is used in an electroluminescent device. This selection

will depend on the work function of the cathode and the LUMO



Preferably, for practical reasons, Rl and RZ and R3 and R4 are the sane.
.Mre preferably, they are the same and are each a phenyl group.3 BEemgpr e
preferably, RL and Rz are the sane and are 0 3 OCT 2003 WO 00/ 55927

PCT/ GB00100911 - 15 each a pyridine or furan group and R3 and RO are the
sanme and are each hydrogen. Wiere R3 and R4 are different, it is preferred
that R3 is hydrogen and R9 is an al kyl group. Specific exanples of third
nonomers ac ' to the first enbodinment of the third a shown
Dol ow 1 o formesy D e BB N TS s e b pn R0l O
(XIr1r) Ph Ph N P~Ph N-~\ (xV) / ~/ ~/_@QQ Ph Ph (XIV) ( XVI ) (XVIl)

level of the emissive material, which may or may not be the
third LUMO level. Preferably, the first LUMO level is an energy
level which lies between the work function of the cathode and
the LUMC level of the emissive material or which is matched to
the LUMO level of the emissive material. To this end,
preferably, the first monomer comprises a substituted or
unsubstituted fluorene group. This group is especially
advantageous when comprised in the first region because the
structure of fluorene is such that certain lengthed chains of
fluorene monomers, particularly chain lengths over 5, have
excellent electron transport properties when used with an
appropriate cathode and emitter material (which may or may not
be the third region).
In particular, the first monomer comprises a 2,7- linked dialkyl
fluorene group. 2,7- linked £fluorene groups are preferred.
More preferably, the 2,7- linked dialkyl fluorene group is a 9,9
dioctyl £fluorene. 9,9 disubstituted, preferably dialkyl or
diaryl, fluorene groups are preferred because of their ease of
synthesis. The octyl substituent is preferred because this

improves the solubility of the polymer.

In a second aspect of the present invention, the second region
comprises a second monomer comprising a @ substituted o=z
unsubstituted aromatic or heteroaromatic group. Preferably, the
second monomer compfises a triarylamine unit having the general
formula <4 ArisN 4 wherein each Ar is the same or different and
comprises a substituted or unsubstituted aromatic or
hetercaromatic group. The presence of a triarylamine unit in
the second monomer is preferred because the low oxidation
potential of triarylamines makes them particularly suitable as

positive charge transport materials.
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The components of the second region are selected so as to select
an appropriate second HOMO level. This selection is system
specific when the polymer is used in an electroluminescent
device. This selection will depend on the work function of the
anode and the HOMO level of the emissive material, which may or
may not be the third HOMO level. Preferably, the second HOMO
level is an energy level which lies between the work function of
the anode and the HOMO level of the emissive material or which

is matched to the HOMO level of the emissive material.

It is preferred that at least one Ar comprises a substituted or
unsubstituted phenyl group. This is because this has been shown
to give rise to good hole transporting in the second region when
the polymei is used with an appropriate emitter material, which

may or may not be the third region.

It 1is also preferred that at least one Ar comprises a
substituted or unsubstituted aromatic or heteroaromatic side
group that is pendent to the polymer backbone. Preferred side
groups are those comprising an unsubstituted phenyl or a
monosubstituted or 3,5- disubstituted phenyl group. If the side
group has a substituent group, preferred substituent groups are
substituted or unsubstituted alkyl, perfluoroalkyl, alkylaryl,
arylalkyl, heteroaryl, aryl, alkoxy, thiocalkyl or cyano groups.
These are preferred because they are suitable for helping to
select the second HOMO level and/or for improving solubility of

the polymer.

Examples of suitable groups comprised in the triarylamine unit

are shown in formulas I, I1I, III, IV, V, and VI below:



.\

WO 00i $s92~ - 17 S ~)--( ° S NN\ S PCT/GB00/00911 (XXVI) It should be
noted that selection of one or other of the above third nonogers will give
rise to different third LUMO and third HOVD | evel s and, thusl3WeT 20%ve
rise to a different bandgap of the third region. This will result in a

di fferent wavel ength of em ssion when el ectrons and hol es are conbined in
the third region to generate light. In the second enbodi nent of the third
aspect of th t invention, the third nonomer conpri aryl am ne
unit. Prefergb ysﬁggcordlng to second enbodi ment, the th|§§§%€%%h%?{
conprises a group having a fornmula -E(-A{2N) - Ar-( NAr2-)~-, wherein each
Ar is the sanme or different and conprises a substituted or unsubsti tuted

aromati c or hetepoqromati It is preferred that | east one Ar
conprises a s iils} bstltuted a ou. \| |cal an
unsubstituted phem ondthspect, ~as ‘r conﬁ fses a
substituted or unsu uted aromatic or heteroarz’; ic side group that is

pendent to the poly ackbone. Preferred side ¢ bs i nclude fused or
unfused benzene, thiofyhene, furan) quinoxaline, B\e enyl or fluorene

gr oups. 0 3 UCT 20094 WO 00/ S5927 PCT/ GB00/ 00911 - 18 It is further
preferred that the side group conprlses an unsubstituted or nonosubstituted
phenyl group. Suitable side groups include a substltuted or unsubstituted

al kyl, perfluoroal kyl , laryl, arylalky het er garyl, ar alkoxy,
t hi oal kyl or @ O he(sape ref , @ ‘o
According to \t Re_gec ofdi ment of tha e Jeny .,I , the

triarylam ne unit ne&Nconprise a group haV|ng Z shomm in formula
IV wherein A and B the same or different |ned above. A
specific exanple @ orul a 1V is shown in for ; [ Xxvy \ [ ~ |
(XXVI'1) A third nononmer conprising this group i g rd because it gives
rise to a third LUMO and third HOMO | evel and, thus, a bandgap of the third
region such that light, of a desirable wavelength is emtted when el ectrons

and hol es conpipe in third ionto erate |dight.
OO SO
(v)

(VI)

A B

In formulas I, II and III, X and Y may be the same or different
and are substituent groups. In formulas IV, V and VI, A, B, C
anad D may be the same or different and are substituent groups.
A; set out above, it is preferred that one or more of X, Y, A,
B, C and D is independently selected from the group consisting
of alkyl, aryl, perflucroalkyl, thioalkyl, cyano, alkoxy,
hetercaryl, alkylaryl and arylalkyl groups. One or more of X,

Y, A, B, C and D alsc may be hydrogen.

It is preferred that one or more of X, ¥, A, B, C and D is,
independently an unsubstituted, iscbutyl group, an n-alkyl, an
n-alkoxy or a trifluoromethyl group because they are suitable
for helping to select the second HOMO level and/or for improving

solubility of the polymer.



In a further aspect of the present invention, the first region nmay conprise
~a fourth nononer conprising a further substituted or unsubsthgud(ﬁd @gomati C
or heteroaronmatic group. The fourth nonomer has the function of |m§ Vi ng
negative charge carrier transport. Preferably, the further substituted or
unsubsti tut ed 0 3 OCT 2003 WO 001S5927 PCT/ GB00100911 - 19 aromatic or
het eroaronmati ¢ group conprises a group having general fornula XI wherein R3
and R4 are bath h%g_;ogen.. In still a further aspect of the _'{/wesent

i nvention, tHE%@Y8nd region additionally may conprise a fiGYEBHBHYer. The
fifth nononer may conprise a further secard-nononer as defined above, which
is different fromthe second nononmer. The function of the fifth nononmer is
to i nproverposa tprxetilalgeieargaisnt,t ianspgrtdfiegrpdopeat iX2sanmdf Yt her second
regi on. Wghig t eDbrzqadtrgeros%Reof pol ymers di scussed above in relation to
the first, secdfd and third aspécts of the present invention, four
sub-groups of polyners may be defined. The first of the sub-groups are
organi ¢ palyneLs. i Sl i ian far a ing atjve, charge
carri er s SRAnEOiED eRsyeperily, YL ogseht PRARRG I, REECERLEL D
first HOMVEegborel compsbremdar é@iiogd fmopomennspoptisigosi subetitharege @arriers
and havin J a def iLn | evel and a second
HOMO | eve n%?l%se%q{%iefgdgggrg%o%e lgr ﬁg%%%ﬁf‘iﬁ‘gggﬁ%’%o )i n~.ng . positive and
negative charge carriers to generate |ight and having a third bandgap
defined byng thifdl LUbEbhayGleAndea (T dnkO dgueh, vBerald gachedeoion
conprises one or nore nononers and the quantity and arrangement of the
mononers fEpvehpiay geti eupobPgher WidlsepeRt ePwls tifarifferent stavedenatil, and

third ba”@ﬂ?ﬁﬁé Be8ndi Hriitekdal rQBmONGANSE NAferd Nuitdte pobyman. A specidic
IS

exanpl e of sub-=group is shown in faornmula_ XXVII]|: p 3 OCT, 2003 WO
00155927 StDectyxey| Gsﬁmfgﬁgi’fn?lw \egoggiment, 1, rglates ) to, /byt iy ot
Si ~ .S.irestr{addd Gatl-~red” Sight RniXXibAl) wher ehs Wuipdses Yofr ¢he 1, w-

Z 0.5 OS x + +.z S.Q.5 and n,z.2., Preferabl wis apptoximately 0.5, x
is appr oxPﬁﬁf"e’R/E/ Vi il srggpr&%?lr’r%t ey ?0§§f5’ﬁe zagsaé%ﬁfr o%%gt%l y
0.341. Prebesndrigthn’ is Zhe Tampe 600 uemsm howe T9dennmshownPtedayiimentlge to

good performance of .th n,yus [ . t Lol um (1] vi ce.
TS ol yREPSLRE 2 B RERY TR, MURLANTRE: LR AERER! £, (Y ARE CRohE
el ectrol upmbssioent d&vi caheFpurhesespeti the preggitesintentiion,slgrgenlp are

shown in i@&ﬁylﬂ§y>%%>%é¥¥kégcgs light having a wavelength in the range
500 nm to 600 nm. Predominantly, embodiment 3 relates to, but
is not restricted to, “blue” light emission. For the purposes
of the present invention "“blue” light may be defined as light

having a wavelength in the range 400 nm to 500 nm.

In the first embodiment according to the third aspect of the
present invention, the third monomer comprises a group H which
is an aromatic or heteroaromatic diazine group fused to a

benzene or thiophene’ group.

Specifically, the third monomer according to the first
embodiment comprises a group having a formula as shown in

formula IX:

ary—n— (IX)



VLN w \' / i CeHm CBH ~ ~ x (XXI X) 0.9 OCT 2003 wo o00/ss9z~ -
21 v/~wv /[ " v ~eHmn ~eHm ~ PCT/ GB00/ 00911 x Iy N IN g ~ ng(3 5&¥K) 2pgherein
w+x +y =1 w205 Ox+y505andn2 2 For fornula XXX,

preferably, wis approximately 0.800, x is approximately 0.171 and y is
approximately 0.029. Preferably nis Z 5. For fornmula XXX, preferably wis
approximately 0.864, x is approximately 0.108 and y is approximately 0.028.
These val ues have been shown to give rise to good perfornmance of the

pol yner, haWRd¥$58ard to device efficiency and |ifetine, PREGROUWBY in an

el ectrol um nescent device. These polyngrqupit "green" |ight as defined
above when used in an el ectrolum nescent”device. Still further, specific
oxam e fheddlsd M HOUR bfoslMRebn HOT AR ieda ! aonatic o T ! ¥

heteroaromatic group.
More preferably, the third monomer according to the first
embodiment comprises a group having a formula as shown in

formula X:

{An—H—az) %)

wherein Ar, 1s a substituted or unsubstituted aromatic or
heterocaromatic group and Ar,, is as defined above in relation to

formula IX.

Referring to formula X, it is preferred that Ar; or Ar;
independently comprises a substltuted or unsubstituted, fused or
unfused benzene, thiophene, furan, quinoxaline, biphenyl or
fluorene group because these groups are suitable for selecting,
to some extent, the third LUMO level and the third HOMO level.
As mentioned above, the third LUMO level and the third HOMO
level define the bandgap of the third region and, thus, the
wavelength of emission when electrons and holes are combined in

the third region to generate light.

In a more specific example of the first embodiment, the third

monomer comprises a group having a formula as shown in formula

VIII:
Ry R,
N/ \N (VIII)



wherein w+ x +y =1, wz 0.5 OSx +y <0.5and n 2 2. Preferably, wis
‘approximately 0.80, x is approximately 0.10 and y is approxi m§te0GT C0A0.
Preferably n > 5. Also preferably, w Q3 O CT 2003 WO 00l 55927

PCTI GB0OO/ 0091 | - 22 is approximately 0.85, x is approxinmately 0.10 and y
is approximately 0.05. These val ues have been shown to give rise to good
performance of the polyner, having regard to device efficiency and
lifetime, in an el ectrol um nescent device. This Lymer emts

"bl ue" Iight Nwéﬁsused in an el ectrol um nescent device. Tﬁ%gg‘WQﬂﬂl
sub-group of polyners according to the gpesent invention are organic

pol ymers conprising a first region for transporting negative charge

carriers,aadePAvk NG & HdJcat obagdgap ethges, Rfea chir §£m4rLA\Pdi%\ésheR{‘d a
first HOMO | evel and a second region for transporting positive charge
carriers aRd HRHF nBReh sécofitbrditdgap d&uRed byrafetdvid Lemr | &veisand a

second HOMdguRlen?Y WhedeieBr€ACh ¥egHON GORRELEES ONG1REL TOT €,phnoner s
and the quantity and” arrangenent .of the nononefs within the organic

pol ymer Peridrerqadkyde thaPatitid fic¥anoanalisvdondesgroypyls al&ydrsylnct from
one anotggragingy§1polyner. A specific exanple of a polyner falling within
the second subgroup is shown in formula XXXII or XXXIIl: w~ ~ N~ ~ X
CeH 7 "eH~~ " n (XXXI1) r WD 001 55927 - 23 PCT/GB00/00911 \ / \"/ w\ [/

\' / ( XXXh &ndthet bp&cificeHxamplél of ~theNfirst embodiment, the third
monomer comprises a group having a formula as shown in fBrmula

XI:

{(XI)

7\
\s/

wherein R; and R; are the same or different and are each

independently a substituent group.

Formulas VIII and XI are preferred because these groups give
rise to a third region having desirable third LUMO and third
HOMO levels.

Preferably, one or more of Ry, Rz, Rs and Ry is each independently
selected from hydrogén, alkyl, aryl, perfluorcalkyl, thioalkyl,
cyano, alkoxy, hetercaryl, alkylaryl, or arylalkyl. These
groups are preferred for the same reasons as discussed in

relation to X, A, B, C and D above.

Preferably, for practical reasons, R: and R; and R; and Ry are the
same. More preferably, they are the same and are each a phenyl

group. Even more preferably, R; and R; are the same and are



wherein w+ x =1, wZ 0.5 x SOSand n z 2. Preferably, wis
.approximately 0.90, x is approxinmately 0.10. Preferably, n Z 9.3 00ER003

val ues have been shown to give rise to good perfornmance of the polyner,
having regard to device efficiency and lifetime, when used in an

el ectrol um nescent device. A further exanple of a polyner fall i ng with the
second sub-group is shown in formula XXXIV: \ / \ / w\ / N\ X ~ | ~eHW
Hmn . (XXX inw+x +v =1 w20.5 05x+vV n ~ 2.
Preferably w\’(?osw;%%?oxi mately 0.50, x is approximtely O. ;f:, QOO%MI
approximately 0.25 or wis approxi mately 1& 20, x i s approxi matel y 0.05 and
v is approximtely 0.05.. Preferably n z 5. These value s have been shown
to give rieaeht @ gopibiper ber Faree dfouphen@oky ARE, Rhaltenght egaid 4na deyi ce

efficiency_a )éetl me, when used in an el ectrolum nescent device. Still a
further exﬁﬁ%l’ Bol ymer falling within the second sub-group is shown
in for rml a XXXV p-3 COCT 2003 WO 00/5592 PCT/ GB00100911 - 29 _ (xxxv) X

I rein, w_+ Q.5 and n, Z 2.
Pr ef er abl ywewevtheap ?%xﬁfra é:Iey %l%%'r?ti's Jatpprlamprf'&tfgﬁeg FPRL Ry gis
appr oxi mahghyoferd Zthd Ry efseraablhykyh gkdmp.These val ues have been shown to
give rise to good performance of the polyner, having regard to device
efficiency and lifetinme, when used in an el ectrolum nescent device. A
pol yner fabbi:hgmvi tetxiamplém s:efconuisdjbmgncmprad\aanbagsmjsItys cetie beibsended

with al | Bier e y orm.a_s

| ayer in aRF t emtt| ng gg#gelpin@egz}%pdsggg HE%%YP?%I ’imuéﬁf gﬁi%m ve
mat eri al itg &XMH i ght-em ssive material having suitable HOMO and LUMO

| evel s and, thus, a suitable bandgap. Polyners falling within the third
sub-group of polynmers according to the present invention may be defined as
organi c polyners conprising a first region for transporting negative charge
carriers and haviemg a fenrst bandgap defined by a first LUMO | evel and a
first HOMO | evel a third region for accepting and egnbi neRg positive
and negative char caFriers to generate |ight and havin third bandgap

defined by, a and a third HOMO | evel , whereim each region
conpri ses nd t'#&duantity and arrahgefrent of(xthe
nonomners i is selected so that t and third

X0

bandgaps are distinct fromone another in the pol yner.

P Ph

P Ph
Vi \ /| (XV) J \ y; \ (XVI)
S S 0 0

{XVII)

CBH17‘ CgH1v C3H17 C3H17



p~3 OCT 2003 WD 00155927 J - 25 PCT/ GB00/ 00911 An exanple of a pol yner
falling within the third sub-group is shown in fornula XXXVI:OQ dct W ~
ly n ~eHm CeHm g cxxxvi) wherein w+y =1, w2 0.5 y S 0.5 and n gmg_
referably, wis approximately 0.964) y is approximately 0.036. Preferably,
n z 5. These val ues have been shown to give rise to good performance of the
pol ymer, having regard to device efficiency and lifetinme, when used in an
el ectrol um ne gent device. A polyner falling within the third sub-group
advant ageousl r%{ffgﬂe bl ended with a hole transporting nat &Cl&BoMeN used
in a light-em ssive device. An exanple 9f1€ suitabl e hole transporting
material is a poly-triarylam ne. A fourth™Sub-group of polynmers according
to~~the present invention may be defined as organic polynmers conprising a
second region for transporting positive charge carriers and having a second
bandgap definegd o= A\ evel and a second HOMO | evel and a third
: bositive and negative charge carriers to
andgap defined by a third LUN@IX®EVel and
erein edchW €gi on conpri ses one or nore nononers and
the quantity ang ﬁr %ngenentN f Pﬂe nononers in the organic polymer is
sel ected so that®tHe “8etond and third bandgaps are distinct from one
anot her in the polyner. ~i .~ OCT 2003 WO 00/559z7 PCT/ GB00/ 00911 - 26 An
exanple of a polynmer falling within the fourth sub-group is shown in
formula X)XXVIl: / \ \ / \ / x\ [/ \ [/ yn

athird HOMO | eve

e

7/ \ / N\ %)
o}
N/ \N °
\ g/
7/ \ /\ (XXII)
0 0
N/ \N
/' \ /' \ (XXIII) (XXIV)
[3] S
N/ \N
\ g/
7\ 7\ (XXV)
s S



(XXXVI'l) wherein x +y =1, x 2 0.5 y S0.5and n 2 2. Preferably, x is
approximately 0.5 and y is approximately 0.5. Preferably, n Z 5. A polyner
falling within the fourth sub-group advantageously may be bl en8&d00T t2003an
el ectron transporting material when used in a light emtting device. An
exanple of a suitable electron transporting material is a poly-fluorene
such as poly[2,7 (9 9 dialkyl fluorene)], preferably, poly[2,7 -(9,9
di octyl quoren It should be noted that the first, second and third
regi ons as rQPBPF & to above, in relation to the first, scWeBOOOMId and
fourth sub-groups of polyners according_éq present |nvent|on are regions
as defined in any of the aspects or enbodinents of the present invention
descri bed above. Several different polynerisation nmethods are known which
may be used to manufacture polyners in accordance with the present
invention. One particularly suitable nmethod is disclosed in UK patent p 3
OCT 2003 WD 00/ 55927 PCTI GB00/ 00911 _ 27 _ application No. 9925653.9, the
i ncorporated herein by reference. contents of which are This describes the
process for Rreparing a conjugated polyner, whi/ch conprises polynerising in
a reaction m e (a) an aromatic nDnoner aving at |east two reactive
boron derivative
group and a borane g QL d ail ¢ mononer havi ng at |east two

/i ON , an aromatic nonot#¥VIhavi ng vne
X i oral 0 p any e Feactive boron derivative group
sel ected froma boronit aci gy greup, dsboronlc ester group and a borane
group, wherein the reactlonfq xtire conprises a catalytic anount of a
pal | adi um cat al yst, and an argaﬁlc base in an amount sufficient to convert
the reactive boron derivative groups into -B/ OH)3 anions. Polyners
according to the present invention which have been produced by this nethod
are parti cul apbyladv@nt@ged UhatTBied et i dreCafliShe @ACIdtHR rt ionre&har gbsvert and

resi dual | adi um | evel s,are.]l ow., An the ol ri.s d.is

di scl osedgﬁ% %é“%mf“f’f Olf'dl;il év%rﬁ%seesg‘ | nc(}glgveé co%rfizc% %Ejage gnﬁ*’ér‘ﬁavi ng
two react HOBO gl owglss sgldecttddst rwid bayiow aisei dp €ld6fdmmanibandgap est er,
Cl- 6 borgng eRfk-& QUyiaali Offiid NANAOk cthif ﬁxwilf@egemlma eHgeh i gpal
nononers or nononers having one reactive boronic aci oroni c acid ester

or bor anee§i®tPmntheme eLBSEFPRAE ARY i &élﬁﬁln@trieorféim"’@ﬂéﬁp N t Bheathivdher. A
further pebyi®yisfldeaRra®s hothrts known from " Macronol ecul es”, 31, 1099-1103
(1998). The pol ynerisation reaction involves nickel -nmedi ated coupling of

di brom de nononers. This nethod conmonly is known as "Yananot o

Pol yrmeri sahi @lle. second embodiment of the third aspect of the present

invention, the third monomer comprises a triarylamine unit.

Preferably, according to second embodiment, the third monomer
comprises a group having a formula {(-Arﬁbﬁ-Ar—(-NArrﬂgq
wherein each Ar is the same or different and comprises a
substituted or unsubstituted aromatic or hetercaromatic group.
It is preferred that at least one Ar comprises a substituted or
unsubstituted aryl group, specifically an unsubstituted phenyl

group.

In one aspect, at least one Ar comprises a substituted or
unsubstituted aromatic or hetercaromatic side group that is
pendent to the polymer backbone. Preferred side groups include
fused or unfused Dbenzene, thiophene, furan, gquinoxaline,

biphenyl or fluorene groups.



~ 3 OCT 2003 WD 00155929 PCT/ GB00O/ 00911 _ 29 _ advantageously be bl ended
Wwth a hole transporting material, preferably a hole transporti[ﬂg&ml W' -
A layer of the blend nay be included between an anode and a cathode in an
el ectrol um nescent device. A polyner falling with the fourth sub-group

defi ned above advantageously may be blended with an el ectron transporting
material, preferably an electron transporting pol yner when used in an

el ectrol um device. A layer of the blend may be , jnc bet ween
an anode ang%z(’%ggb%hode in the el ectrol urninescent devi ce.f’%&%ﬁ’zg’dbse of
the second, third and fourth sub-groups,;durther polyner |ayers also may be
i ntroduced between the anode and the cathode if this is desirable in order
to optinige elsecknppnds a%&@@éi;éﬂ‘d/tﬂét hodie t s3REPOod) EBRpLEMdLEq and/ or
em ssion of light fromthe device. A 3 OCT 2003 wo ool ssn~ - 30 EXAMPLES
Exanpl e 1YSyHPRBLTEESS X ARHERbl vt RRaIL |9FGMBne PRY/t@BA6/ Gdde1

Fl uorene k86pe U, inc1ddedl )a iadibseitdeey 9) oand ghslsaneqetdanatdl) are
placed in a5 1, 3- necked]d{}' und_bottoped fl ask eg%}_pped with a magnetic
stirrer, RAGENPRG2H el 2GRS ¥ 1 | BTYHRridme et e 9ot Yhi 2 radtid®*d/ sodi um
car bonat e:15@laikiy@n 280y hd NgRodp Waber )tNdshhe reasbhon a’i xdidmisseal ed to
below 5 C using an ice/salt bath. The brom ne solution (120 m, 2.39 nol

i n 250- m2RAYENI or onet hane) is added dropwi se to the reaction m xture

mai ntai ning the tenperature below 5 C. Once the addition is conplete the
ice bath js renoved_and_t he reaction mxture is _allpwed_to rmwth
stirring ptccforrgbﬁf’t eﬁ%er‘él?%resiecﬂpgere“f%mﬁ%’tﬁ"? ofEst itg?i ngPii%he FPEGGet

preci pi t demeratilyasthe f t nbamtliaménpoudetr . mdyeconodiset A sgroubt eraedngf & and
washed with 1.x 120 f. 9 uegu ipn. o odi um. t hi osul phat e and
oo tfcinbi g 360 b, PRAGITIUAREELIN |0 .a%eéparrc?dl?&e i58%8, 824 on

t he rot ardifdeapotaznd agieviepgdefingdeabpve e powder, di bronofl uorene, 321g, 99
% Dibronofluorene ( 32a g) prepared pre'vious~ly ( as. described above) is
added to a KOH solution (1-1, 50~%w w) and Aliquat-336 (3 mz at 85 Cin
a 31 t hr desReEkEHC rotAT®IBoPE offtFdulralk huisyeding v wisagiettc stirrer,
refl ux condenser ahd dropping funnel. The suspension was heated to 85 C at
whi ch t enper ature noct Q0 mM) is added dropwi se, to form

event ual | hase ¢ addition is conplete the reaction is
stirred at over al l oned to cool to roomtenperature.
Di chl oronet h i eaction m xture (500 mI). 0 3 OCT
Zpp3 (XXVIT)

A third monomer comprising this group is preferred because it
gives rise to a third LUMO and third HOMO level and, thus, a
bandgap of the third region such that light of a desirable
wavelength is emitted when electrons and holes combine in the

third region to generate light.

In a further aspect of the present invention, the first region
may comprise a fourth monomer comprising a further substituted
or unsubstituted aromatic or heteroaromatic group. The fourth
monomer has the function of improving negative charge carrier

transport. Preferably, the further substituted or unsubstituted



WO 00l 55927 - 31 PCTI GB00100911 The reaction mxture is transferred to a 2
Il separating funnel. The organic |ayer is renoved and the aqueous | ayer
washed with 3 x 200 ml dichl oronet hane, the conbi ned organi c phafes0aF 2003
washed with 3 x 200 ml distilled water. The organi c phase was dried over
anhydr ous magnesi um sul phate, filtered and the sol vent renoved-on the
rotary evaporator to give a dark oil, which is then ice-cool ed and

"scrat ched" gh M a yell ow orange solid. The reaction m is left in
the fridge P dsbly 1 & an hour before the solid is filteﬁﬂéﬁ‘%"f""%hd dri ed
on a vacuum punp. The product is dissqlx?d_in hexane (-1.5 1) and passed
down a gl ass col um under pressure of nifrogen (colum dianeter ~ 60 mm

packed w (d.ecm Ll 70- n@§g : cm, sand. Pl ease
not e thatatrtgﬁgeggl uérrrﬁ s}ﬁggkééﬁdgna\%gghegrﬁh 1. ’rigggxagr?e goljeog"?r egg‘ﬁhn%fter

t he produeenésalelfigradleacin WherehRieboé i ase dyegohatedgemd cool ed to
produce a white solid, which is then recrystallised from hexane.
Recrystallisation is carried out in the m ninum vol ume of hexane required.
The proddet st2l¥- di rshpeD, ZeRfcscofl ftheopereert ) intentdbonai nbed sscand

col ourl egg ¢EySLAlL E Mol te)y SQnigdhisIne CEyatAl hddimeRl 0dUffe | §5 ¢y €d at
roomtenperature under vacuum'too constant mass, and anal ysedefor purity by
HPLC. Th&oppher Faw|ePrmprise7adfipreinr FeFeadomeprnecremefined4gbgye 64~
Exanpl e 2n$¥At D Sd St @iredt 71 RS (the3 s 2 Sh@*@didral-an- 2ry | e 3dh06E YE{d uor ene
In a 2 L three-neck flask equi pped wth magnetic stirrer, nitrogen inlet,
rubber s&pEln BPRPISFWiCeBetBRIAVE PRELADIRIEIAGNIE GRESHIN dfansporting

2, 7- di br grepOrHrel @t ¥hé | skomaerégfdh.g, 0.365 nol.) in 11 of dry THF. Wth
the aid of a dry ice/acetone bath the solution is cooled to ~ -78 C during
which tinme the di brom de 0 s ocr 200 WD 00/5S927 PGT/ GB00O/ 00911 - 32

pr eci p: t #L€Rin Bu%g'l b:@.—%&ﬂ Ut (up2 @ £r drploflgfnefs 5d£\¢$é\ﬂ§|slﬂdi Qboive haxaeeatderd

equi val ents_per _pbraqm de s.a air ui mai_nt ai_ni,ng the

t enper at uf et§8| Bt §62:&n\./\@A?n£g1%fl rgda??%/%tn tqr%'g %‘F oﬁ‘f%i%e’}?asmgﬂpﬂ?’é'sol ved
and ar oudidut hs@e-gyeaprser§ raddgmeromay pPeddefimed- 9, 9- di octyl fl uorene starts
to precipitate. After conplete addition the slurry of the dilithiofluorene
is stirred for a further half an hour. Fresh trimethylsilyl chloride
(TVMBC1) E220fArsy rd 488 FUGUPERYBE WHTS e FRANCaiRALYGeERe COBRPETERUrE bel ow
-30 C. Therseolididohat fot S HranByEst By hBgaspid!l ichargh! onad-ile@sWaghat o room
tenperature, (usuall 3{ overni g anal ysi s gpexa e eluent) shows

! ht). TLC ) a
singl e spaviRd RIS tﬁéng%"fR/éWtflPanl?Y e rSh ePY8ntT e idrfdepebiffto a
si ngl e- ngoMof haskland tiw-ohdl isstfisnarfsr etPareholry ingt poyiCioPOERs FHd.
Hexane is_added to e residue_and the resulti solution is filtered to
renove t f&*itYg® ii'/\I/EaCIs%f"n\ﬁ‘ntghoar osuegci'cu’lnﬁi1 vﬁapﬁlgﬁ%rgeﬁg&%ﬁe@ e *RERA e}‘ﬁg&rem)ved
and the dewal namd) @i $esury ¢OMOt deeyhandcaubhixd resmivom £pt tacgepsimd THF
and hexa Vi i Rids di {3 r] Si 5 99,01 QCt yIfl IS
quant i tat F%e;gﬁ%d%ff%él%#? rr‘éérgéhy'}ersai%}t;%?%3 gé#%%t?%%%eggt FonForiRe o 4

fresh 2 Right eandhelkAViMdask Yhédgdi ppRAIAM t Fefiinecoden & mhécd LUHBetevebt um and

ther momeggd) awidHi ra0GioMo dreved) Chherer®t Base 28gisMecsmbridddn ol &6 under
nitrogen to ~ -78 C during. which tine it cr%/stal | i ses. Boron tribrom de

(120 ni , ™RY sMRRRRSFS Ais Bér IFRBELFHUPYY i STEEERTTe Pt Ve MORATRES The
appear angf @heaoggesic CpbDHter( W Cdeledtieds sbn thatendet \firaecogpashe€s t he
addition _of the first one or two mllilitres. After conpl.ete addition the

m xt ure F%da"fri‘joﬁié aPRITRT A0 I DO T HFaFa? Tt £0T eirsl?y‘b'?eczﬂ"l%ym%f trred
overni ght. However the reaction~is probably conplete in two hours. The room
tenperatyre solution_is,th ed. dr L.se_t sQl uti of 600 g) in
wat er (1 Silf‘?m ltchleéﬁm%el togfnﬁsggi Sg‘ﬁ e?t(%gwéf 9? h%’og‘ln- gét %Jg'ﬁblrﬁ (¥|§ -Qgtl)%bnat e

salt is produced. 0 3 OCT 2ppg WO 00/55927 PCT/ GB00100911



- 33 Stirring is continued for ten mnutes to ensure that all the acid has
reacted. The two phase mxture is filtered in a large glass sinter funnel,
sucked to partial dryness and then washed with plenty of water. 0Th 8CT 0200
is then added gradually to a rapidly stirred mxture of 5 MHCL (1.21) and
ether (1.21) contained in a 51 conical flask. After about half an hour the
regenerated diacid is contained in the ether layer, which is separated and
washed with e-ionised water. This process is then d, i.e.

t he et her soﬁ@?ﬁ§% fs t hen added dropwi se to a solution oﬁkﬁgﬁﬂpgﬁﬁlg) in
water (1.51). Athick white precipitate _the di-potassium di-boronate
salt is produced. Stirring is continued for ten mnutes to ensure that all

the acid has reacted. The two phase mixture is filtered in a | arge _gl ass
sinter funpel, sucked to partlal dryness and then washed with pIent, of
wat er. The| so ' grad 3 % 0 ufe of 5
MHCL (1.2 AW j . sk about
hal f an hour con &l ned; whi ch

ed and ..h mnth 5 de i oni sed

i s separat te The etme enoved
and the prpduct “dssefived in c . 5~." toluene d ethyl ene g (90
g) 0.645 mol.), is added. The nlxture i s heated overnlght and the at er
produced renoved on a Dean-Stark trap (17 q& Iected) The tol uene is
renoved to yield an oil. To which is added acetonltrlle ( ca. 11): the

m xture is heated to reflux to dissolve the oil, and then left to cool to

roomtenperature. Cooling is continued in the fridge. The crystals are
filtered  aegcwashed mﬁthpreﬂty pfvacﬁkﬂﬁitbkle ang dried.o. Bhandry srystals
are then dissol ved hexane, then allowed to cool to
ore hon Sssolved bmeaney (ol dlionels, (e ol aued Lo coo

2, 7bis(lcﬁlzsdlqxahmrmﬁmmxamytkiﬁ 0: oﬂocayﬁfhudsem@prbsumhkawnedaaa a

col ourl e oI| 110 T RO03 o] -.34 Example 3
PCT/GBOO%%' g&%tﬁe5|s 0 qsfebygﬁne%e aY3 SM%§6§L§ yﬁotﬂﬁyelgﬁfﬁe In a
2 1r ounctobotctmtmad f:éasckrnfantqeed ofi t hthee mepbbyniezal dhvaar heasedst | Emer pngl ass
stirring g il r | ad 0 | acedr 1

9-sec- buty ?ﬁ% gﬁﬁe:['?%&%t, d&ggg ?I:hi%f[%% r%gs\kllgﬁlétgl SQEF é‘% 1E'ierasvacuum
prior to defdnedTapeve oisdurdeshais taheﬁld‘F*sfsQﬂ%deFﬁef&: HexXtoee of
concentrated hydrochloric acid (350 n1) and 350 m of water. A thernoneter
was placed in the solution and the flask was i rsed in a a one/dry ice
bath. Th&YFEREEi ofPRTXE AT e SKATPERS rr°§d éﬁdscoﬁ‘lgg‘g?rtc’b’pbe%ﬁv SSC}ffwnA ¢hRilled
sol uti on fAfrma0ds UXXIK taniat ®XX3100 g, 1.999 nol. in 250 M of water) was added
slowy (3-5mlL batches using a syringe) to the reaction m xture. The
tenperature was not allowed to rise above 10 C. A solution of potassium
iodide (2489, 1.73 mol. in 250 nl water) was added slomﬁy (5- 10 n

al i quots) .| The=rgact y& §

2- 3 hour 35 et
the reacti :
until evollution o g (nitrogen) gses. The n1xture¥m§g allomed tjo cool
to room t @nper &8 eSe¥The or ganic se was separ at ed m t he aquegus. The
aqueous phase was washed wi th dichlloronethane (4 x 500 m ). The organic
phase and di chl or onet hane extract s/ were conbinedx d washed with an excess
of a solution of sodlun1netab|sulph|te The organi'c phase was dried with
magnesi um sul phate, filtered and stripped of solvent using a reduced
pressure rotary evaporator. The crude oil was then distilled under vacuum
to afford a colourless |iquid, 4-sec-butyl-1i odobenzene, (245 g, 70 ~). ~
3 OCT 2003 WO 001 55927 PGI/ GB00100911 - 35 A 3 1 reaction vessel fitted

wi th nmechanical stirrer, condenser, nitrogen inlet and outlet was charged
with the foll ow ng reagents, 9-sec-butyl-1-iodobenzene (290 g 0.916 nvol e),




di phenyl am ne (153.2 g, 1.58 nole), sodiumtert-butoxide (273.2 g, 2.89
.nol e), palladiumacetate (3.B1 g, 0.0170 nol.), tri-otolyl phosphine (10.32
g, 0.039 nol.) and toluene 21. The reaction m xture was stirred at room
tenperature and the vessel was purged with nitrogen for 20 Bw%?a The
reaction mxture was heated to and nmai ntai ned at refl ux vvituh stUIrYT°'ng under
nitrogen for 24 hours (oil bath tenp 190 C). The reaction m xture was

al l owed to Gp@hysad quenched with 2 M hydrochloric acid 1} T,gﬁg fhgani c
phase was separated fromthe aqueous and passed through a E (1!/ Cellite.
The solution was then concentrated and-pgssed, (under pressure of
nitrogen), down a glass colum packed (6 cmdianmeter by ~ 70 cmlong) with
silica gel 70-230 nmesh using hexane as the eluting solyent. The el uent Was
striped of [solvent to afford an oil, which crystallisefl to a white solid

of XX)
N - a 11 three necked
, pressurNe equal | sed droppi ng funnel
N, N- di phenyls-4- sem but yl phenyl am ne

and nitrogén mF‘iﬁWo et was pla
(29 g 0.096 nole, 100 % pure by HPL ) and anhydrous D 350 ml.

N- br omosucci ni mi de (39.18 g 0.182 di ssolved in cold anhydrous DWMF
(100 M) was added dropwi se to the reaction mxture with rapid stirring at
-10 to 0 C over ~ 20 mnutes, The m xture was allowed to warmto room

t enper at ttheredRdWwAs*t fieh Adbred’ ot dhvirs@5t § 2 ¥ S Oet bl vat?er FoF with
rapi d stifdrmd@a TReINI t;ﬁemeembmtatwed isol iaﬁpmslnfaiﬂeuer ed.go¢, 8 3 LOCT
2pp3 WO 001 55927 E%?@@/ é recr sttalll i rom i s ropanol to

gi ve bi sCPPEPEMBPHE deh uf’yﬁﬁh@ﬁ@f% e Xs 1teP§ b(2'3 "5g, 53
~). Exanplse2458ynt hesis of 4, 7-di brono-2,1, 3- benzot hi adi azol e A suspensi on
of 2,1, 3-henz i a 7 m id 48%aq)
(500 i) RPN MARL S bEEPefhotd 76 nsabgfynﬂ'%ggégzo&@ 8 10l ) was
added dr camrgelm‘elehheﬂ §-19§péﬁ§| Mnl§t PPPERXiNatedy €-PoB- a 'fmqehevalzxesh The

reacti on ygs guencpﬁ&rbytoo%%nglwet&rg%e gb&kyfremtefvmgr e St rred
ice/water. Stirring was nmaintained for 30 mns after e resi due was

washed wW@SdF&?ﬁ‘E%R%L‘ﬂeﬁh'é?eefle%emg Apd %I-)@‘B%‘ﬁ‘leut I"’Bﬁlj‘ ‘é?ﬁf’veds &hen

?: S)sol vgtbueett:@mmﬁas(chnﬁ B;n&e S elslei @BlWﬁSré réi‘tﬁ.ttﬁdgfrﬁbﬁ‘e leléth:hq@r coal
g) an eat e of the charcoal the

sol ution C%égnﬁgn%le?ﬁer éﬁ"&& ﬁ?ﬁ I;Ln agoF?ﬁc%%" un“lf’ss‘éﬁrbfeafirenﬁ/ﬁt hanol was added

to the msdiante fanthéef tspexifécr ysamplese)f afHicr divivggtO8p gardWMhowmxainpl e 5

Synt hesi s Qf,,RQ! ygEf. according to formular XXXI'I ( where the degree of

polynmerisation is ~ 10). A2 1 recation vessel fitted with a glass stirring

rod attached to an electrical mechanical stirrer, teflon stirring bl ade,

refl ux congenser (connect ed to a nltrogen Ilne) was charged with

50 561. g 3} 33
anety, .

e
mT n2003 WO

— < 0"]

e

(XXXI)

wherein w + x + y = 1, w 2 0.5, 0s x + y £ 0.5 and n 2 2.
Preferably, w is approximately 0.B0, x is approximately 0.10 and
y i1s approximately 0.10. Preferably n 2 5. Also preferably, w



- 37 Tetraet hyl ammoni um hydroxi de (320, 20 s wv) is then added to the
mxture which is then allowed to stir at roomtenperature under flo
nitrogen for 20 mnutes. The reaction m xture was heated to ahd &l \rlé/p“gl ned
at reflux for up to 18 hours (typically left overnight). During this tine
the reaction mxture was stirred ( setting rate 2 -3 ) under an atnosphere
of nitrogen. Bronobbenzene (10 nm) was added and the reaction m xture was

al l oned to swioreomsezr ef l ux for a further 2 hours, after whigdivgdaget; bor oni c
acid was added (11g) and the reaction m xture was allowed to stir at
tenperature for a further 2 hours. The-nk&tture was allowed to cool to room
tenperature and poured into 4L of nmethanol to precipitate the polyner. The
pol yner/ ne*shammrqﬁixtaMEéYV\/a% &Shenxf i Lserapbrokimapely ndl. 1i050laadedy byis

filtrati d t

(1) LAt on, e gt yrs 1 oBiedl Mesakechiqy e anoh, Lhomoluee

net hod hadta peadi wekécxrancened Hhthef peBPmddN0. hél'ﬂeiqrmtmndarthledgvdtca/vas
reasur ed yskig: 4, Rol yOwr 1308, G0C IHSHeJACOLROLA T D AL iGhIAD. Iagorati c

punmp and ractive I ndex Detector sol vent use
fl ow r at edevide yri/ nThis amplynert émdseat (klaefaslépm r vhead waed35inCanThe

colum type.vas, a;m%gggmg*d?wlgg cm calibrated using PL 600-500, 000
pol ystyrene stan 3 OCT 2003 WJ UU155927 PCTI GB00100911 - 38

Exampl e 6 Synthesis of a blend of a polyner having formula XXXII with a
light -empgsi v dgRider kab- fﬂwawﬁﬁyﬁEEHCtéﬁ&rﬁi{Xbl £50 @k apdeig]rymer

wWth structure XXXVI, w = (2.37g) are placed in a 5 1round bott oned
flask fittRPEREian érﬁaﬁﬁ‘&’i% §PF’¥’F%‘?5 IFARPr+&¥NUx cBndeifSér TRAICR &or

connect edt%—&@pld‘ﬂtqwgoﬁe@aﬁI@geimariﬁecm;;émér aﬁﬂ)éh&ﬁﬁug @ tﬂl&@t%&ﬁ&&a\tﬁd in
f ol uene at th stirri u |
di ssol ut i g'ﬁ fined oY 8t efltrﬁg p‘glp@lrrelrevf I lﬁrlcgg i g 15P¥ oﬁé’éggg XSg\h 38 oom

t enper at usécordhe r‘élgscmusfos:ol tltarmrpqrsmdglerpoasdddade drcm[a\mgse ¢axrd elrar gmndexcess

of rapidly_stirrin a he pr 19 r |sthen
filtered. Maﬁ!le gpo'fl rgn%?gllt“g tg g’rlxde ltmgdc-cg) stag % év\c/’e?lldg glr‘%\ggcuum The
final vyi ebdcmeM%deqsén?nﬁawhwlln. @ach2regien Comprlses one or more

monomers and the gquantity and arrangement of the monomers within
the organic polymer is selected so that the first and second

bandgaps are distinct from one another in the polymer.

A specific example of a polymer falling within the second sub-

group is shown in formula XXXII or XXXIII:

.

M@@%

CgHi17 CgHin

(XXXIT)




WO 001 55927 - 39 CLAIMs: 0 3 O CT 2003 PC Cl GB00100911 1. An organic
polynmer having a plurality of regions along the length of the pole/

backbone and conprising two or nore of the following: (i) a f 8859 T éfon
for transporting negative charge carriers and having a first bandgap
defined by a first LUMO level and a first HOMO | evel; and (ii) a second
region for transporting positive charge carriers and having a second
bandgap defi MWQI0HHH923 second LUMO | evel and a second HOMO | pemtGBocangd1(iii) a
third region for accepting and combi ni ng %o& tive and negative charge
carriers to generate light and having a t4ird bandgap defined by a third
LUMO | evel and a third HOMO | evel, wherein each region conprises one or

second and third Rarggaps
An organi c pol yner
according t 2\ Of the precediff erein the first region
conprises alfi B NOgHey conpri si substituted or unsubstituted
aromatic or heteroaromatic group. 3. An‘@gani ¢ pol yner according to claim
2, wherein the first nononer conprises a substituted or unsubstituted
quorene group. 4. An organic poI mer according to claim3, wherein the
first mondfh&redBnpr tses™ aln2 W2 Prgke’ﬁ Li0aPkpnd {1 Brene PgeEEPadRY, Anier ganic
pol ymer acqprdikigatér ¢l @io, 9x meéﬁmxtlmstzlylé nked (il"r@kgi’éb]y ?f %n gr oup
is a9,9 dioctyl fluorene group. OCT 2003 WO 00/ 55927 PCT. /00911
- 40 6. Abeseg¥ateeporiife e&BcB‘Pﬂ‘I”hd""t Ji¥RyTHIR F qO°4i RSIFOW@G ®fier ei n
t he seconctweewaryzmnpma&esgaragamdtaoaeweecenpictﬁéxm;' aarsdibsifdeyted oOr
unsubstituted aro er.oar.omat i c %{) . An organic polyrrer

accor di ng Y c4F {S'I‘ a\ﬂngﬁ'gl %r?%"bmggécéﬁﬂt Vd'ﬁﬁl’ conprises a triaryl anine

unit having the general fornula -E Ar3N 3- wherein each Ar |s the sane or

di fferent ang %Rgm,%s,@olae 303! gawn?& Fa140ayDeLd hd 260 Hroup

het er oaronati ¢ gro nic polymer according to C alm
wherei n atis easwnonre f@rr“@éﬁp?mé?é@ a substituted or unsubstl tuted phenyl

-M X OHOLON ~

CpeH317 CpHiy

organi c poly
are distinc

wherein w + x + v = 1, w 2 0.5, 0 £ x + v £ 0.5 and n 2 2,
Preferably w is approximately 0.50, x is approximately 0.25 and
v 1is approximately 0.25 or w is approximately 0.90, x is
approximately 0.05 and v is approximately 0.05.. Preferably n 2
5. These values have been shown to give rise to good
performance of the polymer, having regard to device efficiency

and lifetime, when used in an electroluminescent device.

Still a further example of a polymer falling within the second

sub-group is shown in formula XXXV:



9. An organi ¢ polyner according to claim7 or 8, wherein at
unsubstituted aromatic or

het er oar ' | de
10. An organi cﬁ)gg‘fvn@ﬁlh

_conprises a substituted or
group that

i s pendent to the pol yner backbone.

| east one Ar

according to claim9, wherein the side group conprises a substituted or

unsubstituted aryl

group. 11. An organic polynmer according to claim 10,

wherein the side group conprises an unsubstituted phenyl or a

nonosubst i t uwedo/s$273, 5- di substituted phenyl

group. 12.° Anper@ai/sweRol ymer

according to any one of clainms 9 to 11 wherein the side group has a
substituent group conprising a substitutzat -or unsubstituted al kyl)

perfluoroal kyl, alkylaryl, arylalkyl, heteroaryl, aryl, alkoxy, thioalkyl
or cyano gfoup. _13. An_organic oolyner accord|no to any one of clainms 7 to
12, wher ei_l 2 TN ne . ey a hgving a fornula as
shown in a Jas Tx 2003 WO 0018%¥L7 N X
N XY (I) 00911 - N~ 1"X e X and Y are the
sanme or di duare substit gr oups. %m qrgani ¢ pol ymer
accordlng wherein the |arylan1ne§ﬂnt dqonprises a group
haV|ng a ownula as shown in any ong of Formulas IV, Yor VI: N~ ~ N~ ~°
(Iv) '\ AB (V) (M)

wherein w + x + z =1, w 2 0.5, 0 £ x + z £ 0.5 and n 2 2.

Preferably, w is approximately 0.50, x is approximately 0.377, z

is approximately 0.123. Preferably,

been shown to give

n 2 5,

having regard to device efficiency and lifetime,

electrolum@nescent device.

These values have

rise to good performance of the polymer,

when used in an

A polymer falling within the second sub-group advantageously can

be blended with a light emissive material.

may fbrm a single layer in a light-emitting device.

of a suitable

material having
suitable bandgap.
within the third

Polymers falling

light-emissive material

The blended polymers

any

suitable HOMO and LUMO levels

sub-group of

An example

light-emissive
and, thus, a
polymers

according to the present invention may be defined as organic

polymers comprising a

first region for transporting negative

charge carriers and having a first bandgap defined by a first

LUMO level and a first HOMO level and

third

region for

accepting and combining positive and negative charge carriers to

generate light and having a third bandgap defined by a third

LUMO level and a third HOMO level,

wherein each region comprises

one or more monomers and the quantity and arrangement of the

monomers in the organic polymer is selected so that the first

and third bandgaps are distinct from one another in the polymer.



ABCADB W 00155927 - 42 e.3 OCT 2003 PGTI GB00100911 wherein A, B, C
.and D are the sane or different and are substituent groups. 15. An organic
pol ymer according to claim 13 or 14, wherein one or nore of X,n‘aY{,]CIA,Zﬂﬂ, C
and D is independently selected fromthe group consisting of hydrogen,

al kyl, aryl, perfluoroal kyl, thioal kyl, cyano, al koxy, heteroaryl,

al kyl aryl , awdopEdl Kyl groups. 16. An organi c pol yner a%%?fc{yob}&w*lo claim
15, wherein one or nore of X, Y, A B, C and~D is independently sélected
fromthe group consisting of an unsubstipygted, isobutyl group, an nalkyl,
an n-al koxy or a trifluoronethyl group. 17. An organic polynmer according to
claim15 ap LRampher 6ENaXpdlgmet OfaXAind WEtARd Bharenthe SaBgrokd AN
organi ¢ pol ynmer according_to any one of the preceding clains, wherein the
third regi P ¥oripr £9E8E M¥XVY: nononer conprising a substituted or
unsubstituted aromatic or heteroaromatic group. 19. An organic pol yner
according to claim 18, wherein the third nononmer conprises a group H which
is an aronmatic or heteroaromatic diazine group fused to a benzene or

t hi ophene 200 0 60/ 55927 PCTI GB0O0/ 00911 - 93 20. An
organi ¢ po to ) wherein the third nononer coqprises a
group havi wsh ormula VI11: RL R2 N (XXxXv1)

wherein w + y = 1, w 2 0.5, vy S 0.5 and n 2 2. Preferably, w is
approximately 0.964, y is approximately 0.036. Preferably, n 2
5. These values have been shown to give rise to good
performance of the polymer, having regQrd to device efficiency

and lifetime, when used in an electroluminescent device.

A polymer falling within the third sub-group advantageously may
be blended with a hole transporting material when used in a
light-emissive device. An example of a suitable  hole

transporting material is a poly-triarylamine.

A fourth sub-group of polymers according to  the present
invention may be defined as organic polymers comprising a second
region for transporting positive charge carriers and having a
second bandgap defined by a second LUMO level and a second HOMO
level and a third region for accepting and combining positive
and negative charge carriers to generate light and having a
third bandgap defined by a third LUMO level and a third HOMO
level, wherein each region comprises one or more monomers and
the quantity and arrangement of the monomers in the organic
polymer is selected so that the second and third bandgaps are

distinct from one another in the polymer.



X (VII'l) wherein X~ is RC-CR or S and R1 and RZ are the sane or different
_and are each a substituent group. 21. An organic polyner according to claim
19, wherein the third nmononer conprises a group having a formg&08% pgown
in Formula Xl: WD 001 55927 p 3 OCT 2D03 PCTI GS0010W911 - 44 R Rq ~S (Xl

) wherein R3 and R4 are the sane or different and are each independently a
substituent yahpiM3ez722. An organi ¢ pol yner according to cl @

wherein one or nore of R , RZ, R3 and R9 is each |ndepen ent y sel ect ed
from hydrogen, alkyl, aryl, perfluoroalkyi,_thioalkyl) cyano, alkoxy,
heteroaryl, al kylaryl, aryI al kyl, pyridine or furan. 23. An organic pol yner
accordi ng s V\kg;g d e ahd are
each a phpéél QA 1L£l %%24a Anl o?rgﬁf%ﬂﬁﬁﬂhigggg@dlfﬁgr?% gﬁgegzsogﬁgf cl ai s
2p., 22 orsh@}}n Meg%ﬁwltahéxl(m d nmonomer conprises a group having a fornula
as shown in any one of Forrmulas Xl Il to XVII: P~eh N~~~/ S ~ S ~ S eh Ph N
S S P~-Ph N~u\~ (XIll)

wherein x + y =1, x 2 0.5, vy £ 0.5 and n 2 2. Preferably, x is
approximately 0.5 and y is approximately O0.5. Preferably, n 2
5.

A polymer falling within the fourth sub-group advantagecusly may

be blended with an electron transporting material when used in a

light emitting device. An example of a suitable electron
transporting material is a poly-fluorene such as poly([2,7 -(9,9
dialkyl fluorene)l, preferably, peoly[2,7 -{9,9 dioctyl
fluorene)]. .

It should be noted that the first, second and third regions as
referred to above, in relation to the first, second, third and
fourth sub-groups of polymers according to present invention,
are regions as defined in any of the aspects or embodiments of

the present invention described above.
Several different polymerisation methods are known which may be
used to manufacture polymers in accordance with the present

invention.

One particularly suitable method is disclosed in UK patent



(XIV) Ph Ph N (XV1 ~~1| ~~~(XVI) 0 O WO 00I155927 - 45 Ph Ph ~
‘CF 2003 PCT/ GB00/ 00911 (xvzl) 25. An organic polynmer accor di ng@z@
‘of clainms 2~ to23 wherein the third nonomer conprises a grou h

formul a as shown in any one of Fornmulas XVIII to XXVI: (XVIIl) \ ~\
CeH7 CeH7\, g/ \ ~/ \ ~xix) / \/ \ /. \ ~xx) N~/ \O0O/ [/ \\ O/ S

~\ S/N/ \wbodssdoapr cxxi) / \ /[ \ [ \ cxxtl) N -N/ \ OP{?T)&T?.%IAOMQ/

\' S

30

?g one
a

~-Anl 7 8nl7 ~%BH 7 08H17

- 27 -

application No. 9925653.9, the contents of which are
incorporated herein by reference. This aescribes the process
for preparing a conjugated polymer, which comprises polymerising
in a reaction mixture (a) an aromatic monomer having at least
two reactive boron derivative groups selected from a boronic
acid group, a boronic ester group and a borane group, and an
aromatic monomer having at least two reactive halide functional
groups; or (b) an aromatic monomer having one reactive halide
functional group and one reactive boron derivative group
selected from a boronic acid group, a boronic ester group and a
borane group, wherein the reaction mixture comprises a catalytic
amount of a palladium catalyst, and an organic base in an amount
sufficient to convert the reactive boron derivative groups into

-B(OH})3; anions.

Polymers according to the present invention which have been
produced by this method are particularly advantageous. This is
because reaction times are short and residual palladium levels

are low.

Another polymerisation method is disclosed in US 5,777,070. The
process involves contecting monomers having two reactive groups
selected from boronic acid, Cl-~Cé boronic acid ester, C1-Cé
borane and combinations thereof with aromatic dihalide
functional monomers or monomers having one reactive boronic
acid, boronic acid ester or borane group and one reactive halide

functional group with: each other.

A further polymerisation method is known from “Macromolecules”,
31, 1099-1103 (1998). The polymerisation reaction involves
nickel-mediated coupling of dibromide monomers. This method

commonly is known as “Yamamoto Polymerisation”.

/N



WD 001 55927 - 46 p.3 OCT 2003 PCTI GB00100911 I ~ | ~ (XXIIl) [/ ~ /| ~ [ ~
AXXIV) S~ SN/ VN /T /] NNSN '"NS~~S/ ~/ ~ 1 (XXv) S gq nasS,
(xxvl) s~ >-.( ~s NN\~ S 26. An organic polyner according tou'élaii.rn?oﬂ%,
wherein the third nononer conprises a triarylamne unit. 27. An organic

pol ynmer according to claim26., wherein the third nonomer conprises a group
havi ng the f Jsgyps E(- Ar2N-) -Ar- (-NAr2-)3-, wherein each Ar is the sane
or different and conprises a substituted or unsubstituted HGrRIppE Y

het eroaromatic group. 28. An organic pal yger according to claim 27, wherein
at | east one Ar conprises a substituted or unsubstituted aryl group. 29. An

organi ¢ pehypRé ASSAU-HetartAcdd YolyR8ri MEIRI RethSast d dhnoRBE” Akay,
conprises an unsubstituted phenyl group. WO 00155927 o a ocT 2~3

PCT/ GB0O/ 059 PRe3¢mbARIBeHaniPe pok§her SEBBFHihPNoanyh e tst, cpasand 27 to

29, \Werei gy alnjl/@askg0hfs AT 100BBEE S8R rAs$URSHI A8y 05 £ URSHURRELT Ub&ch
aromatic or heteroaromatjc side group that is pendent to the pofymer
backbone. COWRL GG gani 555 yn8¥CoRc 0P Bi it cFefAM30andhdiagitAgt HeWssi de

group Cconpgi&es,d Usashpd ndyf ywedhlepazedeint BhepBenaorburapst qubnoxald ne,
bi phenyl or fluorene group. 32. An organic polyner according to claim 31,
wherei n t FEeRIde PSupPoRprPRERd a‘“‘?ﬂﬁ%&bs"ﬂeﬁ%tw pPRNGPIERERAS with

r
other pre-prepared monomers in a polymerisation step. In
practice, the one or more first reaction steps and the
polymerisation step would be carried out in separate reaction

vessels.

Polymers according to the present invention typically have a
degree of polymerisation of greater than 2, preferably greater

than 5.

Typically, a polymer according to the present invention will be
introduced into an electroluminescent device as a layer. Such a

layer will be located between the anode and the cathode,

In the case of a polymer falling within the first sub-group as
defined above, further layers between the anode and the cathode
in addition to the layer of the polymer falling with the first
sub-group are not necessary. However, it may be advantageous to
include further layers such as hole transporting or electron

transporting layers.

A polymer falling within the second sub-group defined above may
advantageously be blended with a light-emissive material,
preferably a light-emissive polymer. A layer of the blend may
be included between an anode and a cathode in an

electroluminescent device.

A polymer falling within the third sub-group defined above may



33. An organic polynmer according to any one of clainms 30 to 32, wherein the
.side group has a substituent group conprising hydrogen or a subﬁg é ed or
unsubstituted al kyl, perfluoroal kyl, al kylaryl, arylal kyl, hete 2003
aryl, al koxy, thioalkyl or cyano group. 34. An organic polyner accordlng to
claim32 or 33, wherein the triarylam ne unit conprises a group having a
formul a as shpyasdsp Fornula IV / ~~\ / CAH(IV) wherej é‘n@h@@&n are t he
sanme or different and are substituent groups. WO 00l 559

2003 PCTI GB00100911 35. An organic pol yggr_according to claim 34, mhereln
the third nononmer conprises a group haviig a formula as shomn in Formul a
XXVIL: v zl)_ 3 r c.p accordln pe of

cl ai s 1afiga§%age°\t/‘\{"§f')i&el%e tﬁle'?&r&s)t g%l onqléc}ldl(f tF](:)anré c’ft(:':'o agggi X fourth
nonomer cprepfémsibly a m@ﬂeh@rasangxtinmenihwmeunsuBsﬂmwaredfambeablendw

het er oar o ro. GnPol rdj e Ia|n136 wherein
t he furthﬂy§ %thﬁ{e§2d Aﬁ%@ﬂ |t3te ngénd%?c or hé%gﬁgaro fat i &° group
conprlseslacgrqiqmuasssthwﬂqW4cﬁornula XI wherein R3 and R4 are both
hydrogen. 38. An organic polymer according to any one of clains 6 to 37,
wherein the second region additionally conmprises a fifth nonomer conprising
a furthep sE@bymarrmrﬁéngmhs wdéshi nklke i rfeamyphonsulpfgroni ndebineg 1abovenhi ch is

di {1 e el Lo 1390 ) TBEOBYencll (NLiPT GAN & RRKHET e AGGRLYL I 1O ANy

one of the preceding clains, rising
material, preferably an e ectron transportlng polymer when used
in an electroluminescent device. A layer of the blend may be .
included between an anode and a cathode in the

electroluminescent device.

In the case of the second, third and fourth sub-groups, further
polymer layers also may be introduced between the anode and the
cathode 4if this is desirable in order to optimise electron
transport and/or hole transport in the device, and/or emission

of light from the device.



(1) a first region for transporting negative charge carriers and having a
first bandgap defined by a first hUMO | evel and a first HOMO Iev€b:ocr¥ﬁ%
00155927 _ 49 p 3 OCT 2003 PCTI GB00O/ 00911 (ii) a second region f
transporting positive charge carriers and having a second bandgap defi ned
by a second LUMO | evel and a second HOMO | evel ; and (iii) a third region
for accepting and conbi ning positive and negative charge carriers to
generate |i gnaoossd? having a third bandgap defined by a thp¢tichddeba evel and
a third HOMO | evel , wherein each region conprises one or nore nononers and
the quantity .and arrangenment of the noggners in the organic polyner is

sel ected so that the first, second and third bandgaps are distinct from one
anot her iggaitBgrg®o0l yner. 40. An organi c pol yner according to claim 39
wherein fhe Thitd region is capable of generating light with a wavel ength

in the raﬂggqggplnrn to 700 nm 41. An organic polymer according to claim 39
or 40 having a tornula as shown in Formula XXvillt: / \ / \ [/ \ [\ \ | \ |

WA T\ syXtKesidy oF 2/ 7 aidrdaRbHd/o-@dcEyrfIusrénd \ n XXVIII wherein w + X
+y +z =1 w2 0.5 Ox+y+2z50.5andnZz 42. An organic polyner

accor di ng1hor&dai M2 Whereim ridlg ,t Hioadn8oONOMEr gi S agapabkbrl ¥or@eRghAt | NQ
1 ght hav(iﬁ'? gre\al\aglealceergigtir;x ian 5t 9: rB@-gggkégoronungc} %ogc(t):gmgcr!n flas Oe%lu?.gggg - S0
with a magnetic stirrer, dropping funnel and spirit thermometer.
To this is added a sodium carbonate solution (280 g in 2-1 water)
and the reaction mixture cooled to below 5 ° C using an ice/salt
bath. The bromine solution (120 ml, 2.34 mol in 250~ml
dichloromethane) is added dropwise to the reaction mixture
maintaining the temperature below 5 ° C. Once the addition is
complete the ice bath is removed and the reaction mixture is
allowed to warm with stirring to room temperature. After 18 hours
of stirring, the product precipitates out as a fine white powder.
The product is filtered off and washed with 1 x 120 ml of a 20%
aqueous solution of sodium thiosulphate and then with 3 x 350 ml
distilled/de-~ionised water. The product is dried on the rotary
evaporator giving a pure white powder, dibromofluorene, 321g, 99

%.

Dibromoflucrene (320 g) prepared previously (és.described above)
is added to a KOH solution (1-1, 50 $ w/w) and Aliquat-336 (3 ml)
at 85 ° C in a 31 three-necked round bottomed flask equipped with
a magnetic stirrer, ,reflux condenser and dropping funnel. The
suspension was heated to 85 ° C at which temperature n-
octylbromide (500 ml) is added dropwise, to form eventually a two-
phase system. Once the addition is complete the reaction is
stirred at B85 ° C overnight, and then allowed to cool to room
temperature. Dichloromethane is then added to the reaction

mixture (500 ml).



Qé OCT 203 PCTI GB00100911 43. An organic polymer according to claim 39 or
42, having a fornmula as shown in Formula XXI X2 W~eH ~ ~eH 7 X (XXl X)

wherein w+ x +y =1, w2 0.5, 05 x +y S0.5and n Z 2. 4 ni c
pol ynmer according to claim39 or 42, having a formula as shm'ﬁbﬁomwla

XXX: ~eHu CeH 7 w\ / (XXX) K wherein w+ x +y =1, wZ 0.5, OS5x +y SO0.5
and n 2 2. 45. An organic polynmer according to claim 3g) wherein the third
nononer i s capable of generating |ight having a wavel ength in the range 400
nmto 500 nnwo ooss927e-3 ocT ~n3 WO 00l 55927 PCT/ GB00100911 P'C'lﬁ.’;lBOO/ﬁO@ll An

organi ¢ pol yner according to claim45, having a fornmula as shown 1n Fornul a

- 31 -
The reaction mixture is transferred to a 2 1 separating funnel.
The organic layer is removed and the agqueous layer washed with 3
x 200 ml dichloromethane, the combined organic phases are washed
with 3 x 200 ml distilled water. The organic phase was dried over
anhydrous magnesium sulphate, filtered and the solvent removed on
the rotary evaporator to give a dark oil, which is then ice-cooled
and "scratched" giving a yellow/orange solid. The reaction mixture
is left in the fridge for at least an hour beforé the solid is

filtered off and dried on a vacuum pump.

The product is dissolved in hexane (~1.5 1) and passed down a
glass column under pressure of nitrogen (column diameter ~ 60 mm)
packed with sand (lcm), silica gel 70-230 mesh, (60 cm), lcm
sand. Please note that the column should be washed with 1.5 1
hexane before and after the product is eluted down it. The eluent
is evaporated and cooled to produce a white solid, which is then

recrystallised from hexane.

Recrystallisation is carried out in the minimum volume of hexane
required. The product, 2,7-dibromo-9,9%-dioctylfluorene (i), is
obtained as a colourless crystalline {white) solid, The
crystalline product is dried at room temperature under vacuum too
constant mass, and analysed for purity by HPLC. The final yield
of 2,7-dibromo~9, 9-dioctylfluorene is 347 g, 64%.

Example 2

Synthesis of 2,7-bis(1,3,2-dioxaborolan-2-yl)-9, 9~
dioctylfluorene

In a 2 L three-neck flask eguipped with magnetic stirrer,
nitrogen inlet, rubber septum and low temperature thermometer is
dissolved 2, 7-dibromo-8, 8~dioctylfluorene (200 g, 0.365 mol.) in
11 of dry THF. Wwith the aid of a dry ice/acetone bath the

solution is cooled to ~ =78 °C during which time the dibromide



C8H1~~1? n (XXXI') wherein w.+ x +y ~ 1, w_ 0.5 O x +y S0.5andn 2 2.
/47, An organic polymer according to any one clains 1 to 38 (P:g g (i7?
a first region for transporting negative charge carriers an avi néfbﬂ first
bandgap defined by a first -LUMO | evel and a first HOMO level ; and (ii) a
second region far transporting positive charge carriers and having a second
bandgap defined by a second LUMO | evel and a second HOMO | evel ; and wherein
each region conprises one or nore nononers and the quantity and arrangenent
of the nondvaeewsswrt hin the organic polyner is selected spct/BBéocodige first
and second bandgaps are distinct fromone another in the polymer. ~4% ~ An
organi ¢ pol yner according to claim4~ 32having a fornula as shown-in
Forrmula XXXI'l or XXXIII: p 3 OCCT 2p~~ WD 00135927 - 52 \ ~w\ ~ N\ ~ x
| | ~eHpreelpitaten \ Butyllithium/ (320\ml & /2.5eM soretidn in he&kahd8, wherei n

W Xxo= }’.lw >equ9V§ler¥csS Opesr anlgrrﬂni%eg' E)vgls-l CJ?AOC{)C{egOQJIJai§:¥L§XZ qulg?c(i(XI 1)
maintaining the temperature below ~ -50 °C. At half addition
the bromide has all dissolved and around three quarters addition
2,7-dilithio-9,9-dioctylfluorene starts to precipitate. After
complete addition the slurry of the dilithiofluorene is stirred
for a further half an hour. Fresh trimethylsilyl chloride
(TMSCl) (120 ml,} is added quickly while maintaining the
temperature below ~-30 °C. The cooling bath is removed and the
solution allowed to warm to room temperature, {usually
overnight). TLC analysis (hexane eluent) shows a single spot
close to the solvent front. The solution is filtered into a
single-neck flask and the solvents are removed by rotary
evaporation. Hexane 1is added to the residue and the resulting
solution is filtered to remove the LiCl, washing thoroughly with
more hexane. The hexane is removed and the remaining oil
subject to high vacuum to remove all traces of THF and hexane.
The yield of 2,7-di(trimethylsilyl) -9, 9~dioctylfluorene is
quantitative.

The di-TMS (trimethylsilyl) derivative is transferred to a fresh
2 L three-neck flask (equipped with nitrogen inlet, rubber
septum and thermometer) with 500 ml dry dichloromethane and the
solution cooled under nitrogen to ~ =78 °C during which time it
crystallises. Boron tribromide (120 ml, ~1.5 equivalents per
TMS group) is added over five minutes. The appearance of a green
colour (which varies in intensity) accompanies the addition of
the first one or two millilitres. After complete addition the
mixture is allowed to warm to room temperature and is typically
stirred overnight. However the reaction: is probably complete in
two hours.

The room temperature solution 1is then added dropwise to a
solution of KOH (600 g) in water (1.51). A thick white

precipitate of the di-potassium di-boronate salt is produced.



49. ~ organic polyner according to claim47, having a fornula as shown in
CFormula XXXIV: A IV I WY I NV I x\ | ~eKm~eHi~vxhereian3+¢$_+v =1,
wZO05 0Sx+vS05andnZzZ2 (XXXIV50. An organic po yr’r% ordi ng
to claim47, having a formula as shown in Formula XXXV: WO 00/ 55927 p 3
O CT 2003 PCT/GB00/00911 53 /\ \ / \ / Tw\ / "\ [/ x z CeH ~ Hl~ n
wherein w+ x +z =1, wZ 0.5 O x +z50.5and n z 2. (xxxv>51. An
organi ¢ pol yner according to any one of clainms 47 to 50~ which is bl ended
with a |ighwoesssssi ve material. 52. An organic pol ynmer agee/ghofahii0 any one
of claims L to 3g, conprising: (i) a first region for transporting negative
charge carriers and having a first bandggpp defined by a first LUMO | evel
and a first HOMO level : and (ii) a third region for accepting and comnbi ni ng

posi ti vesgang i mgga_fcsl VE&riiEa TRk itRhS nti%ugesercat %nlsluget tala@_ hayi ngea third
bandgap defined by a third LUMO Ievel and a thi HOMO | evel , wherein each
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bandgaps are distinct_ fromone another in the poaéfzd 53. An organic
pol yner %dbret$ifY% Pkl @52, Thfavitdda orifm eé’hc%‘?"?‘ﬁl#br KAl & XXXV

\' / ,W ~rapiHly stirred mixture of 5 M HClL (1.21) and ether (1.21)
contained in a 51 conical flask. After about half an hour the
regenerated diacid is contained in the ether layer, which is
separated and washed with 500 ml de-ionised water.

This process is then repeated, i.e. the ether solution is then
added dropwise to a solution of KOH (600 g) in water (1.51). A
thick white precipitate of the di-potassium di-boronate salt is
produced. Stirring is continued for ten minutes to ensure that
all the acid has reacted.

The two ﬁhase mixture 1is filtered in a large glass sinter
funnel, sucked to partial dryness and then washed with plenty of
water. The solid is then added gradually to a rapidly stirred
mixture of 5 M HCl1 (1.21) and ether (1.21) contained in a 51
conical flask. After about half an hour the regenerated diacid
is contained in the ether layer, which is separated and washed
with 500 ml de-ionised water.

The ether is removed and the product dissolved in ca 1-1.5],
toluene and ethylene glycol, (40 g, 0.645 mol.), is added. The
mixture is heated overnight and the water produced removed on a
Dean-Stark trap (17 ml collected). The toluene is removed to
yield an oil. To which is added acetonitrile { ca. 1l1); the
mixture is heated to reflux to dissolve the o0il, and then left
to cool to room temperature. Cooling 1is continued in the
fridge. The crystals are filtered and washed with plenty of
acetonitrile and dried. The dry crystals are then dissolved in
hexane, (ca. 11}, which is then allowed to cool to room temp.
and left in the fridge overnight. The target compound, 2,7-
bis (1, 3,2-dioxaborolan-2-yl) -9, 9-dioctylfluorene, is obtained as

a colourless solid (110 g, 57%*).
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pol ymer according to claim52 or 53, which is blendEd with 2003
a~hol e.transporting material. 55. An organic polymer according to claimb54,
wherein the hole transporting material conprises a poly-triarylam ne. 56.
An organi c pol ynmer according to any one of clains 1 to 38, conprising: (i)
a second region for transporting positive charge carriers and having a
second bandgemo@shy ned by a second hUMD | evel and a secongriddibrdepvel : and
(it) athird region for accepting and conbi ning positive and negative
charge carriers to generate |ight and_hgying a third bandgap defined by a
third LUMO |l evel and a third HOMO | evel, wherein each region conprises one
or note ﬁ§?§§§§a3and the quantity and arrangenent of the nonomers in the
organic poryner 1s selected so that the second and third bandgaps are
distinct fromone another in the polyner. An organic polynmer according to
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In a 2 1 round bottomed flask fitted with a mechanical overhead
stirrer, glass stirring shaft Teflon stirring blade, condenser
was placed 4-sec-butylaniline (200 g, 1.34 mol., often freshly
distilled under vacuum prior to use). This compound was then
dissolved in a mixture of concentrated hydrochloric acid (350
ml) and 350 ml of water. A thermometer was placed in the
solutien and the flask was immersed in a acetone/dry ice bath.
The reaction mixture was stirred and cooled to below 5 °C. A
chilled solution of sodium nitrite (100 g, 1.449 mol. in 250 ml
of water) was added slowly (3-5ml batches using a syringe) to
the reaction mixture. The temperature was not allowed to rise

above 10 °C.

A solution of potassium iodide (228g, 1.73 mol. in 250 ml water)
was added slowly (5-10 ml aliquots). The reaction mixture was
allowed to stir at room temperature for 2-3 hours. The reaction
vessel was then fitted with an air condenser and the reaction
mixture was heated cautiously (oil bath temp ~100 °C max) until
evolution of gas (nitrogen) ceases. The mixture was allowed to
cool to room temperature. The organic phase was separated from
the agueous. The aqueous phase was washed with dichloromethane
{4 x 500 ml). The organic phase and dichloromethane extracts
were combined and washed with an excess of a solution of sodium
metabisulphite. The organic phase was dried with magnesium
sulphate, filtered and stripped of solvent using a reduced
pressure rotary evaporator. The crude oil was then distilled
under vacuum, to afford a colourless 1ligquid, 4-sec-butyl-1-

iodobenzene, (245 g, 70 %).
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placed N,N-diphenyl-4-sec-butylphenylamine (29 g 0.096 mole, 100
$ pure by HPLC) and anhydrous DMF 350 ml. N-bromosuccinimide
(34.18 g 0.182 mole) dissolved in cold anhydrous DMF (100 ml)
was added dropwise to the reaction mixture with rapid stirring

at ~10 to 0 °C over ~ 20 minutes.

The mixture was allowed to warm to room temperature, and was
then added dropwise to 2 1 of ethanol/water 3:1 with rapid

stirring. The white precipitated solid was filtered and
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The polymer obtained by this method had a peak molecular weight
of 180,000. The molecular weight was measured using a Polymer
Labs GPC system incorporating an LC1120 isocratic pump and ERC-
7515A Refractive Index Detector. The solvent used was THF at a
flow rate of 1 mL/min, and the temperature was controlled at 35 °
C. The column type was PL mixed (*2, 30 cm) calibrated using PL
600~500, 000 polystyrene standards.
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Synthesis of a blend of a polymer having formula XXXII with a

light-emissive material

Polymer with structure XXXII (60 g) and polymer with structure
XXXVI, w = vy, (2.37g) are placed in a 5 1 round bottomed flask
fitted with a magnetic stirrer bar, reflux condenser which is
connected to a flow of nitrogen. The polymer mixture is then
dissolved in ~ 3.5 1 of toluene at ~ 65 ° C with stirring under
nitrogen. When dissolution is complete the polymer solution is
allowed to cool to room temperature. The viscous solution is
then added dropwise to a large excess of rapidly stirring
methanol (; x 4 1). The precipitated polymer is then filtered.
The polymer is then dried to constant weight under vacuum. The
final yield should be quantitative i.e. 62.37 g.
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1. An organic polymer having a plurality of regions along
the length of the polymer backbone and comprising two or more
of the following:

(1) a first regilon for transporting negative charge
carriers and having a first bandgap defined by a first LUMO
level and a first HOMO level; and

{(ii) a second region for transporting positive charge
carriers and having a second bandgap defined by a second LUMO
level and a second HOMO level; and

(iii) a third region for accepting and combining positive
and negative charge carriers to generate light and having a
third bandgap defined by a third LUMO level and a third HOMO
level,
wherein each region comprises one or more monomers and the
quantity and arrangement of the monomers in the organic polymer
is selected so that the first, second and third bandgaps are

distinct from one another in the polymer.

2. An organic polymer according to any one of the preceding
claims, wherein the first region comprises a first monomer
comprising a substituted or unsubstituted aromatic or

hetercaromatic group.

3. An organic polymer according to claim 2, wherein the first

monomer comprises a substituted or unsubstituted fluorene group.

4. An organic polymer according to claim 3, wherein the first

monomer comprises a 2,7- linked dialkyl fluorene group.

5. An organic polymer according to claim 4, wherein the 2,7-

linked dialkyl fluorene group is a 9,9 dioctyl fluorene group.
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7. An organic polymer according to claim 6, wherein the second
monomer comprises a triarylamine unit having the general formula
-E Ar;N }-wherein each Ar is the same or different and comprises a

substituted or unsubstituted aromatic or hetercaromatic group.

B. An organic polymer according to claim 6 or 7, wherein at
least one Ar comprises a substituted or unsubstituted phenyl

group.

9. An oréanic polymer according to claim 7 or 8, wherein at
least one Ar comprises a substituted or unsubstituted aromatic
or heteroaromatic side group that is pendent to the polymer

backbone.

10. An organic polymer according to claim 9, wherein the side

group comprises a substituted or unsubstituted aryl group.

11. An organic polymer according to claim 10, wherein the side
group comprises an unsubstituted phenyl or a monosubstituted or

3,5-disubstituted phenyl group.

12. An organic polymer according to any one of claims 9 to 11
wherein the side group has a substituent group comprising a
substituted or wunsubstituted alkyl, perfluorocalkyl, alkylaryl,
arylalkyl, heterocaryl, aryl, alkoxy, thiocalkyl or cyano group.

13. An organic polymer according to any one of claims 7 to 12,
wherein the triarylamine unit comprises a group having a formula

as shown in any one of Formulas I, II, or III:



10@ 10@ ' 10%& () - KpLOPQ Q' Q¥Q8QdYNC 10! 10b 10b 10b
 710%& ()- 11 10%& ()-*!1 10%& () -- L! 10%& () - Zs! 10%& () - $QIQ GETQ6RAIBYNC
10! 1. @O%QE: ()= L 10%@& ()- ! 10%@& () - @LOY%E& ()-f
109%& () - #é‘ffb@@zz ) - 6RRTQUWUYU[ U\ U] UdHE2 10@ PCT/GB00/00511
10@ 1109%@& () - Ms7s10%@&' () - MBLOYR' ()= #411Q%@& () -y! 10%& ()-'s!10%@& ()-] W
UKUUU: VWK Y: 2

-s@! 10%&' ()-109& ()-,4109%&

- L$109%& () -

) -1 F10% u& () - L%1
[S[\[~<bC

PLO%& ()-! DLOYBA& ()-t! 109
[Y[[[[zX9bC X

210%y& ()-!qf &10%& ()-!$J10%UQE ()-f10% u& ()-' N @ 10
[dVH 10 10 10

10@.10% u&' ( "

10" 6! 10%& ()-Z ¥
10@ <@ 10% Si S&'
110% u& ()-S\[j[q
10/ 10% u& () - @ RPf &

Wy{y& ()-[[[I
10! ~7- 109%&' () -
H:

where X and Y are the same or different and are substituent

groups.
14. An organic polymer according to claim 13, wherein the

triarylamine unit comprises a group having a formula as shown in

any one of Formulas IV, V or VI:
A B
(V1)

OO0~ 03050
QU &

A B C A D B
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substituent groups.

15. An organic polymer according to claim 13 or 14, wherein one
or more of X, ¥, A, B, C and D is independently selected from
the group consisting of hydrogen, alkyl, aryl, perfluoroalkyl,
thioalkyl, cyano, alkoxy, heteroaryl, alkylaryl, and arylalkyl

groups.

l6. An organic polymer according to claim 15, wherein one or
more of X, Y, A, B, C and D is independently selected from the
group consisting of an unsubstituted, isocbutyl group, an n-

alkyl, an n-alkoxy or a trifluoromethyl group.

17. An organic polymer according to claim 15 or 16, wherein X

and Y or A, B, C and D are the same.

18. An organic polymer according to any one of the preceding
claims, wherein the third region comprises a third monomer
comprising a substituted or  unsubstituted aromatic or

heteroaromatic group.

19. An organic polymer according to claim 18, wherein the third
monomer comprises a group H which is an aromatic or
hetercaromatic diazine group fused to a benzene or thiophene

group.
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shown in Formula VIII:

Ry Ra
;/ \:
N N (VIII)

o
x.

wherein X' is RC=CR or S and R; and R; are the same or different

and are each a substituent group.

21, An organic polymer according to claim 19,
wherein the third monomer comprises a group having a formula as

shown in Formula XI:
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wherein Ris and Rs; are the same or different and are each

independently a substituent group.

22, An organic polymer according to claim 20 or .21, wherein
one or more of Ry , R ,R3 and Ry is each independently selected
from hydrogen, alkyl, aryl, perfluorocalkyl, thioalkyl, cyano,
alkoxy, heterocaryl, alkylaryl, arylalkyl, pyridine or furan.

23. An organic polymer according to claim 22, wherein R; and R,

or R; and Ry are the same and are each a phenyl group.

24, An organic polymer according to any one of claims 20, 22 or
23, wherein the third monomer comprises a group having a formula

as shown in any one of Formulas XIII to XVII:

then
P Ph
a N~
7 N\

N
N

7 NN/ N\_/ \ (XIIT) (XIV)

S s S

Bh Ph Ph Ph
7~ an

7N\ 7 N\ (Xv) N\ J A\ (XVI)

S S 0 o]
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25. An organic polymer according to any one 'of claims 20 to023,
wherein the third monomer comprises a group having a formula as

shown in any one of Formulas XVIII to XXVI:

25R

CgHj" CgHiy

N N

\
\Ng”/ \g/

Q O Q (XXI) 7/ \ 7/ \ (XXII)

Xy
n
\\./
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26. An organic polymer according to claim 18, wherein the third

monomer comprises a triarylamine unit.

27. An organic polymer according to claim 26.,, wherein the third
monomer comprises a group having the formula
f(-Ar;N-) -Ar- (~NAr;-)}, wherein each Ar is the same or different
and comprises a substituted or unsubstituted aromatic or

heteroaromatic group.

28. An organic polymer according to claim 27, wherein at least

one Ar comprises a substituted or unsubstituted aryl group.

29. An organic polymer according to claim 28, wherein the at

least one Ar comprises an unsubstituted phenyl group.
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wherein at least one Ar comprises a substituted or unsubstituted
aromatic or heterocaromatic side group that is pendent to the

polymer backbone.

31, An organic polymer according to claim 30, wherein the side

group comprises fused or unfused benzene, thiophene, furan,

quinoxaline, biphenyl or fluorene group.

32. An organic polymer according to claim 31, wherein the side

group comprises a monosubstituted phenyl group.

33, An organic polymer according to any one of claims 30 to 32,
wherein the side group has a substituent group comprising
hydrogen or a substituted or unsubstituted alkyl,
perfluorcalkyl, alkylaryl, arylalkyl, heteroaryl, aryl, alkoxy,
thiocalkyl or cyano group.

34, An organic polymer according to claim 32 or 33, wherein the
triarylamine unit comprises a group having a formula as shown in
Formula IV

OO0

wherein A and B are the same or different and are substituent

groups.
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35. An organic polymer according to claim 34, wherein the third

monomer comprises a group having a formula as shown in Formula
XXVII:

36. An organic polymer according to any one of claims 1 to 35,
wherein the first region additionally comprises a fourth monomer

comprising a further substituted or unsubstituted aromatic or
heteroaromatic group.

37. An organic polymer according to claim 36 wherein the
further substituted or unsubstituted aromatic or heterocaromatic

group comprises a group as shown in formula XI wherein Rz and Ry
are both hydrogen.

38. An organic polymer according to any one of claims 6 to 37,
wherein the second region additionally comprises a fifth monomer
comprising a further second monomer as defined in any one of
claims 6 to 17, which is different from the second monomer.
39. An organic polymer according to any one of the preceding
claims, comprising:

(1) a first region for transporting negative charge
carriers and having a first bandgap defined by a first LUMO
level and a first HOMO level;
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(ii) "a secon region for transporting positive charge

carriers and having a second bandgap defined by a second LUMO
level and a second HOMO level; and

(1ii) a third region for accepting and combining positive
and negative charge carriers to generate light and having a
third bandgap defined by a third LUMO level and a third HOMO
level,
wherein each region comprises one or more monomers aﬂd the
quantity'and arrangement of the monomers in the organic polymer
is selected so that the first, second and third bandgaps are
distinct from one another in the polymer.

40, An organic polymer according to claim 39, wherein the third
region is capable of generating light with a wavelength in the

range 600 nm to 700 nm

41. An organic polymer according to claim 39 or 40 having a
formula as shown in Formula XXVIII:

/4
N
CeHy7 CaHit N\ s / s

XXVIII

wherein w + x + y + z =1, w2 0.5, 0< x + y + z £ 0.5 and n 2 z.

42 . An organic polymer according to claim 39, wherein the third
monomer is capable of generating light having a wavelength in

the range 500 nm to 600 nm
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wherein w+ X + y =1, w2 0.5, 0 S x +y £0.5 and n 2 2.

44, An organic polymer according to claim 39 or 42, having a
formula as shown in Formula XXX:

N
CeHy7 CgHiv t\ s/ n

{XXX)
wherein w + x + y = 1, w2 0.5, 0 x + y £ 0.5 and n 2 2,
45. An organic polymer according to claim 39, wherein the

third menomer is capable of generating light having a wavelength

in the range 400 nm to 500 nm.
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wherein w.+ x + y =1, w2 0.5, 0S x + y £ 0.5 and n 2 2.

47. An organic polymer according to any one claims 1 to 38,
comprising:

(i) a first region for transporting negative charge
carriers and having a first bandgap defined by a first -LUMO

level and a first HOMO level; and

(ii) a second region for transporting positive charge

carriers and having a second bandgap defined by a second LUMO

level and a second HCMO level; and
wherein each region comprises one or more monomers and the
quantity and arrangement of the monomers within the organic

polymer is selected so that the first and second bandgaps are
distinct from one another in the polymer.

48, An organic polymer according to claim 47,

as shown in Formula XXXIT or XXXIII:

having a formula
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wherein w + x = 1, w 2 0.5, x £ 0.5 and n 2 2.

49. An organic polymer according to claim 47, having a formula

as shown in Formula XXXIV:

COHOTOMO TN =

CeHyy CgHyy

— CF, -~

n

wherein w + x + v =1, w2 0.5, 0 S x + v £ 0.5 and n 2 2.

50. An organic polymer according to claim 47, having a formula

as shown in Formula XXXV:
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wherein w + X + z =1, w 2 0.5, 0£ x + z £ 0.5 and n 2 2.

51. An organic polymer according to any one of claims 47 to 50,

which is blended with a light emissive material.

52, An organic polymer according to any one of claims L to 38,
comprising:

(1) a - first region for transporting negative charge
carriers and having a first bandgap defined by a first LUMO
level and a first HOMO level; and

(ii) a third region for accepting and combining positive
and negative charge carriers to generate light and having a
third bandgap defined by a third LUMO level and a third HOMO
level,
wherein each region comprises one or more monomers and the
quantity and arrangement of the monomers in the organic polymer
is selected so that the first and third bandgaps are distinct

from one another in the polymer.

53. An organic polymer according to claim 52, having a formula
as shown 1in Formula XXXVI:

(XXXVI)
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55. An organic polymer according to claim 54, wherein the hole

transporting material comprises a poly~triarylamine.

56, An organic polymer according to any one of claims 1 to 38,
comprising:

(1) a second region for transporting positive charge
carriers and having a second bandgap defined by a second LUMO
level and a second HOMC level; and

(ii) a third region for accepting and combining positive
and negative charge carriers to generate light and having a
third bandgap defined by a third LUMO level and a third HOMO
level,
wherein each region comprises one or more monomers and the
quantity and arrangement of the monomers in the organic polymer
is selected so that the second and third bandgaps are distinct
from one another in the polymer.

57. An organic polymer according to claim 56, having a formula

as shown in Formula XXXVII:

n

X
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61. Use according to claim 60, wherein the optical device

comprises an electroluminescent device.

62. An electroluminescent device comprising an anode layer, a
cathode layer and a layer of a polymer according to any one of
claims 1 to 59 situated between the anode layer and the cathode

layer.



