,.3eeet V6JTXuc The present invention relates to an organic polymer and

uses thereof an optical device, and to a process for preparlng

Psuch a pol yr’jﬂ\mﬂ lﬂ(ﬁﬂmﬁtﬂ“‘c el ectrol um nescent devi ces a h enpl oy

an organic i ght em ssion. For exanpl e, scri bes
a o

such a device cdfpp¥sing a seni-condugtor |ayer corrprl 5| yrrer film
whi ch conprises at | east one conjugated polyner situated bet

el ectrodes. The pol ynBPLINERA,i MHERR SPREFPRAGEAPr ABR JISESpol y( par a phenyl ene
vinylene) (PPV) filmwhich is capable of |ight em ssion when el ectrons and
holes are injected therein. O her polyner |ayers capable of transporting
hol es orTher aprspaTtti nfnenddenorelages hé:oem'rssbveaﬂmepormgemeammcosegrat ed
into su i-Ce o] a 55{% nd 0 ortant. c cterlstlcs axe
t he bi ndtr}’ng%\el’ger%lcehg 5smsagu?g{engl W t ;1esg%(;: oo ?Kﬁe &gcuunggeve

el ect romrcep@\mengys‘h@wed eolgmericularly the ! h| ghest occupl ed nol ecul ar.
orbital"™ (HOMD and "l owest unoccupied nol ecular orbital” (LLTMO |evels
These can be estimated from neasurenents of photoem ssion and particularly
measur erfnigaficf elrctalodpnipetrafitcafepoiaent pag s Mnownoxihdahi osmelmy r educt i on.
It is wel/ a'ﬂ'l@ern%EQQQalnfBPeliéﬂ defladi clCh mNergi 69120 € af fs%?ﬁ%% y a
nunber of factors such as the | ocal environnent near an interface, and the
poi nt orﬂetsﬁélé’eﬁvesflﬁ%aké f4IHCRhi EATRRESIAE ué | SeRérerrAYt®r Adevedi ngI Y,

the use @mpzichnyal HeS polyh&ei calive wptder ddapriguant 'aEat Ilu.sstF' gHee 1
shows a cross sectlon of a typical device for_emtting Figure 2

shows t HPTENERGFY KRHNVEEcrYTYERE RARMEED T?]’é’%’f&&@si i s%ael z%?éﬁmBF
transparﬁrntm | tiell Uthid ncaxedeco(:dp15®)sew tah @olpr&ra’Z pMHnlylfaH@Ctde@lQEe‘ﬂ 8
electronv lThecthodeca albs 5@‘ ave vaqwokf nction qof 2.4
el ectron( BePREEH the 8L Fr 883172 “f Sgsﬁfmen{‘%’sl?/]eﬁﬁé‘ls 376t PPV,
havi ng ahct.'lldi‘af) emergy:léem Bhateigr.oun@tRe? @bégheonlugkts aadableiOMD ener gy
level 6 gt legctd,on Se ctron h nj ect ed
into the c?ewp%gr&fdlgg r%’oﬁ'ng I‘%lgl 5%[9{’/% yrt{_%lgtehe r%lngyeécp iﬁgl ?retﬁné"%{sgr‘{!a

f eat ur e Hyerh@agebe cin¢arpofatpsdl 149 §N§ﬁoﬂ?"i~<a%-r 9 of pol yethyl ene

di oxyt hi ophene (PEDOT). This polyner is disclosed in EP 0686662. This
prOV|des an energy l|level at about 5.2 electron volts which hel ps the hol es
i nj ect edf ¥ oRTFERBLF TGY CPRARFK- e m*‘rmfa CRATRREE PRSPt ¥ultdebe

not ed Pﬁéﬁclhlhnajt é@messtaﬁeﬁuﬁﬂf vﬁl‘tﬁfb gyed;fe\ce::s:,o VK vlfawwtulh QR¥ett @ff are
genera illustrative rather than abso]ute For .e, the wor unction
o T TO cHF VERSF TRDAPy SEASY S SHBLE K RBRRL P RM TohdToa BEORSH RSN | TO
deposi t i mol guyd@ess oabdtél ‘5t orHoMOKnoanddeVicwe st r uctogrepiad sancmaqula\te an

el ectron, ﬁtg %spprt%%r Sj(l aled betygen.the gathode nd.the Id ﬁ%

em ssi ve layer I'S ‘provi es an ,energy |evel which helps the electrons
i nj ect ednéapmeneateattfodthatoemdaston hand URBrkégel amky the:sunemenss of

constit UEHJ‘%E@&H&Q&@M Sﬁb&’@nél%ﬁ.%r fo§U'otx§Q!a¥1oﬁ hgn&! Sy chr,anspor ting
| ayer has a LUMO energy | evel between the LUMO energy |evels of the cathode

and the I§g¥elenirdgsagopdyép &pe nﬁ%%dﬁt# t$HEN SO EM.P 9P ¢ eFEfeited he

light enbgshveuhBY¥er orOFacdbsadvaniagss agaeciated whihrdandricpdraysy ed
devices is that where the |layers are deposited fromsolution it is

di fficul t"¥FEARS-d e FRSePOBBFng di StupfEvShdReEhE (/P "i¢8podit ed,

and probkel®e cap aeiceemvhddl. Voindsoodinglwr i the t uapped heicheers e I:I‘ecreased

nunber of inter-|layer. boundari es
d{katlve %ather rhan quantltatlve

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



- 3 Appl.Phys.Lett. 51, 913-915 (1987) is concerned with organic
thin-filmelectrol um nescence. Devices disclosed in this docunent consi st
vof a hole-transporting |layer of an aromatic diam nne and an em ssive | ayer
of 8-hydroxyquinoline alumnium |ITO is used as the holy-injecting

el ectrode and a magnesi unsil ver all oy as-the electron-injecting el ectrode.
As is disclosed in Nature, 397, 121-128 (1999) TPD is used as a hole

t ranspowdrk ayefict However4 . & hil=arebecttbats mat ehkakabpsdd he gdi sadvant ages
associ ated with using snall | ecul yers in a device. Simlarly, this
docum&*ntf (c10ses & %’é’trkPanF lcf(rhomvﬁ Zlag aeﬂ'efglté8?rBﬁlﬁsr'an%ﬁ‘?ef‘ai‘ré?. Agai n,
thi s haseldwrmideadantageoiie deniseévehanqet esi sifi ePvasnaeing ed woMb usi ng
smal | nolecul e |layers a conpa%e .yvl tg cool mer |l ayers in el ectrol um nescent
devi cesS'THEY L8V Of %o?%mgfgu‘? ehetaiC 559 i GHtSedPtt iendiodevistEL Y and
parti cuLatéy @sathargemd raanspaettrmt erdlalss | Holeky aalit ededdrnsds Rabyners
show excel | ent, dgVéC‘f gha;ﬁgctgr‘i’&tei CSs e 'I;@bese dev#'.cﬁg_ch ract er%sti ¢s i nclude
good ef FT%i &ReF-PT oclsRabifi t§ and o3 Ce NS A AEVRLY ytar yPManFhREs) are
di scl osgdyen. USrb, ifg®rBatt afeasefeulofchhe géett@nsiporthel Aybs Stdahsport
light-emittin ! I o.ucg&@‘ r 4i-seloses, that ;triarylam nes
are useg]a%ésé cﬂa%?o??aeﬁég %??Qn(%te igfé%ésxge:d%n?gl) Iy ?)%JSSI t‘??/lé’mc?ﬁa)riae

t ranspofiseiesad dins EPhA6EASE2 t hBpigr preutdey xiatiesad Llevehatraboaspondi ng
radical scat Lobceddie VSRl fATh AerbBCcROSALRLL | Ly OfcaisiAGA! hESE gl yITer's
infilmformis discussed in this docunent. In view of the above, there
still ré&paFeach HecHOM8 eyl ilfy thecPBhructure of light emtting devices,

t hus, sinplifying manufacturing processes and reduci ng production costs.

- 9 The present invention provides an_el ectrol um nescent device conprising
a first IEn&RGRLEaPri &PTRA] SEFEnGPPEYERIFRT FRFERY i AT pBRITIW el ¥fdSge
carriergprR SEadtlonBar gec carareer gémgtliyng ilayetrdmivd Npechéng dragat i ve
char ge cgrriers andFa Iieght %n' s%ih\ée vlma’_yker fLoggt ed tg@t n the charge
carrier 28RA YR ecti Ay | &8F8ANd “EonpriTst ng A~ Mt ufé ot FRPst"®Fdhponent
for "acceptehg. posit i ve eRidilg&knoanritdrs fytem vékud | cat dhpemyd oar riTer
injectipg. layer., r%ggggdagd)rmgqggg,_for accepting negative charge carriers
fromthe second ¢ arge carrier injecting layer and a third organic |ight
em ssive conmponent for accepting and conbining charge carriers fromthe

first apdosgCondicanpanNeMcs ks GARGSr A, | habk. aRWW0eOEctme ffaddifort
components of the em ssive |ayer nmay be provided as functional chem cal

units or2KBF etSiEsased 5 BELHERR FHRe R CCRNY? f BPEhd cohiBifentBidFishe | ayer
maydbe_. Qél%(i:defi. byI @h@\s/\ﬁrpf@fjﬁefsurlhﬂe_l‘erlmﬂg‘%fmle&eph%&ﬁ(ﬁﬂ I Memﬁgedcwu th the
sai d single nolecul e. ere a single ecul e provides more han on
conponefit *FhHRR® c Mttt sfer@S‘uI% ebéaégo Fned A28 c ’b%|{7%é? J;%‘f%'. ?% mai n
chai n, shde naha@irialblanstdrutangponné olapht Wesdesavei Agler nobedtkel s ovi des

nore th on ngn oi%%b t.hat C f er abl
i ncl Ude%gﬁee?ﬁl‘%?ﬁ %oﬁ%%?\stepn%t%.ﬁgg??g%%%%%e %/hl r céc/)nrsp er%ggégdgéﬁw%ergst oney
of the ftthestLUMed sregyd lcoredsnendt sther ecprhndedeandisthe cépshymemisatedr di ng

to a fingteasBeChaPindde PrapeoMoNURBEEPNILIET &t Serl OMigied «aisQf gani ¢
pol ymer having a plurality of regions along the | ength of the polyner
backbonéa¥fA8-conprising two or nore of the following: (i) a first region
for transporting negative charge carriers and having a first bandgap
defined by a first ZUMO level and a fi and (ii) a second

, st 0O | evel ;
regi on PBF (FARTIHCAAG ASCFAPESTnige muiciple layered devices is

that where the layers are deposited from solution it 1is
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.



- %5 carriers and having a second bandgap defined by a second LUMO | evel
and a second HOMO level; and (iii) a third region for accepting and

+ conbi ning positive and negative charge carriers to generate |ight and
having a'‘third bandgap defined by a third LUMO I evel and a third HOMO
| evel . wherein each region conprises -oRe~or mare nononers and the quantity

and arrangenment of the nononers in the organic polyner is selected so that
the fir8PPl sRivtdedid thir dobdntigapsl 8% di&t igrecerrefn gAshamRgsaici n t he

pol ymer . cHifie fan@aniet epekyMBkirRse¥heed by ddia Jasesantciswant i;gn sglyes the
probl ens of the prior, art by reducing the total nunber of |ayers and
pol ymer LFHIERENt LREF rd # nhaleTARSERIFELRAg LaveF cef |1amstakamasfic

requiri pgamisepanat Sanl'n}igEivé O1@¢dr ast agNPERid:NRuERST e t £ ABSIRA.
material, a separate%)1 msr to act as a positive charge transport

mat eri aFfakd #S&&hat Bolh?ﬁﬁrl‘ﬁbewgase%qtlr@ﬁ? SRfsd vBAFRASEMal | t he
present spoyyiEI1lioy GaPaké e lfcrachi DE; s ing0e0bcfRdf Of these. This r educes
t he nunber of conponents required in a light-emtting device. In the case
where each .differently functioning conponent forns a separate |ayer in the
devi ce, ashis aesktces=d hiey marhee, oﬁ91,ay1ens.1zbn (u999)casaa> whenged fakegent |y
functi ogi f% co oneq:t rs]leaare bl ended in g sin gg this reduces the
nunber 8f oﬁf)%ﬁse% S néd§&a i AOTRESH en:s puPdbeekelofashdnsr esent

i nvent i absadventagres "asesgicoatednyitie taleen malrﬂeaimlacmegnmatyees par tai on of
the pol Yig?{cé:hal Qimi&arl@? QRJ.S BcurfR’ Ell?gcfme Or‘t:hmf-:)r EBSDPSOWEJQS Preferably
each "region nor e nononer ragront énpri ses
two or mDre mms t:heanmglton pre¢er abl y bgﬁsmsts t@fisno hese tdren two

di ff er egt s IBANESG e%ra@c'eéméaoe%fak&@éé%sacgl ngésoélpaec@desw%% for two
di fferent speci es of nonomner. first LUMO | evel ou e such
that thémetk stmelesivde i 4agapablas ofc"t"\P&ﬁgﬁor‘H% REGAFRYe ¢h¥e%fe darriers
to an eghsstyemRsicaht ddvidesmay or not be the third region. The second
HOVD | evel shoul d be such that the second region is capable of transporting
positive charge carriers to an em ssive material, which may or may not be

t he thi mﬂeregéoraf ‘Hea yinkics d ihUenkex el mndltghe bhit i dOMIzvioeal, sheul d be
suchthat aht f a desirable | e gth.ls; e tted_when S|t|ve and
negat i v&® 5 ghaﬁ rrl"g'er‘gmargee atc’%/:‘glz1 8 v 5terﬁ%ﬂ et | Hefﬁea?g PA 1%y on to
gener at @olymggnts Reder exkpgllient héeviﬂer dChngamrltSMecener gYhehe f dewime

bet vveencf,gl‘ﬁ a AU A3 e UNO liGuelgand, d e L d; {e‘@rg ?c%ocr %@fabi‘f&% heyddird

bandgap e required functionality of a poly I'ng to the present
i nvent i gavhey Befetiaeact eri sed in numerous ways. Firstly, on a sinplistic
level, a polyner gill have the required functi onal ity if an

el ect roI um nescent device i s cagabl e of emtting |light when the polyner is
i nt r odu€8dY AT EPHFSSOpAFEL SLFHEATTDMT P ey FiB08. 2BoMSEXRApFRATSE pol yrrer
bel ongi mgahgpchhe fildystrssulngr G)U@hﬂ-%ﬁltltbﬁd beiowesn | | heli&apabl:&m@rfxt

emtti n? #ﬂht ng J(ntrodu e stalt_l ¥ bet ween an_an eaand g cat hode in
an el ectPd ne8tEmHi ¢ AT hesBBht  BEVF ce®Wi | FRBEISapabl e
of emittiragspoght mdterialpol ymcaﬁa:mrldlyngpbmthee Sectongyes ultrgnspprt

desor’ DRAsRELRNY) Sl andedolt fee S LANG,BTLES VS OB Sl AleaBflallys P end
i's |ntro uce as al en an andde and-a cathode 1N t

el ect roIrQMQeSc@mtldew ce'.I‘hﬂn ugkfslres unfleddent poesdkpid iyl |obeusapabl e of
e {4 gL g MR sROkY TR ed:al Lisng WL d) e chblr dosuhedi oup descri bed
bel ow i s introduced as a |ayer, when bl ended with an appropriate hole
transporting material, between an anode and a cathode in t he

el ectrolmmmevscsﬁtud@vw&e Arnekect ¢ 0l UNiRRIa8NL dewh Ces WidpiheyCapabl e of
emtting |ight when a po Iyner falling within the fourth sub-group defined
bel ow | StEHEFBHRIcCe®Tas AlTBYyer eMHRERIDI eAEEECHFt h FRUSppr obF RIS YéRgct r on

t r ansporfanigaBBL £IdRlpr RREWES N rAIREEndNgr s tiedeokBst he

el ectrol um nescent device. Wthout wishing to be bound by theory, a further
nmet hod of characterising the required functionality of a polyner according
to the present invention is by analysis of a cyclic voltanmagram of the

pol ynmer. The cyclic voltamagram (CV graphs will indicate to the skilled
person to sone extent that the single polynmer has two or nore different

oxi dation potentials. Usually, these different oxidation potentials would
mani f est thensel ves on the graph as peaks or troughs in the GV curve. The
peaks or troughs vary from being sharp to very shallow. The existence of
different oxidation potentials within a single polynmer would indicate to
the skilled person that the polyner is capable of having nultiple functions
with regard to charge transport and charge conbination in an

eI ect roI um nescent deV| ce. Accor di ngly, the cyclic vol tamagram of a pol yner

B Y N "



Aceording to a second aspect of the present invention, there is provided an
el ectrol um nescent device conprising at | east one | ayer of a polyner
+according to the present invention. The first region should be selected so
that the first LUMO |l evel or work function of the first region is matched
as closely as possible to the LUMO | evet of the |light-em ssive material,
when -a the polyner according to the present invention is used in an
el ectr ol Thd negeenadt deiveatiFhe piqyideenm axi vad apiretimingmopnbe desipar at e
pol yrner thi r.egi i : : o} |,Si : i
regi on. oénggéggﬁ%aaﬂg\llgslqe\?g?kgg %A}%ril% uﬁglbiggﬁi% {%Aiéggnégﬁgéjf%ﬁé shoul d
be sel ectreditdvenehaige carpexhed asecPndel phasggossitdiert o inhectiOMD | evel
of the I mSSi v rdal h me [ to_the. sent
i nventi oinaq%%eusf% i %ngﬁéﬁldggt PS%?H%%S%@%?%WF%@?E%% r!l?‘ﬁi ra rgﬁ oé; shoul d
be sel ectmisiyet Haver htoprlrihfetdetnnébebyghange t ¢d yxierUnDd| dugkchimg t he
third HOMDd.avelnhs Sihikhat 14 ohiRl-a desi red swayel eagihkgcentsled when
positive and negative charge carriers are conbined in the thlra region to
gener at e2¢qeTinanRes! bl Yol FecBRAPFIsHh o oRe thai Firstegghargies casedier n an
el ectrol Hmer&%%niag@w Ge. sER@nAr eseRboh&ENt tON WédeREngeSaRLREE,NOW i N
nore detail with reference to the follow ng drawings, in which® Figure 1
shows a feAr&ealcardieed SEPUCERP e SeEARS FPORTE 2CXHOWE SHUrGHinever¥ESaCr oss
the devig®i of Ehotd eodganlie t1ighpr eRessivavesigdientt R CorRestihonand@f the
first, second.and third regi ons n?lly be_ consj der edcindeoeé)ergidently because
t hese redf ingn&RERe i fabpetidentiSt i H'S TP ST SOTREPERES of t he
present tdvseirane Liwhtf.irst region conprises a first nononer conprising a
substituted or unsubstituted aromatic or heteroarornatic group. The
conponents of the first region are selected so as to select an appropriate
first LUMD | evelmorEhist stheckcopponsgntsyspémtdgecinfissiveentavies prynbe i s
used in l.gct r ' j Thi el ecti il | ,depe t he
hork f U e e A R L U T T E BoPer Al o7 T Re “ancasi ve
mat er i al M MFudie - nmayArT SREFRASL CRBRPRTHE%Shitd TV aveFeImaypRer drgifedt he
first LUMD diwedr inforan reRehey heveduldhii ghykiesl betibes thenwehk fsdagti on of
t he cat hode and 1'1he i_UIVD | evel of 'thf em ssive material or which i s matched
to the LUNSLePEre6rithe WHTEsPy &1 RBLRITAISCUEE PRPELERY, " f8RRbPPE t he
first nodsnpaned@npthces aomplisntsut @shlad basuhsdinhetiecad | Horapdlgmerp. Thi s
group is,especially advant ageous en conpr.ised _in.the_first regi on_because
the str.uti e % “‘#ﬂo?%?fén'i S lgﬁcﬁﬁ?h%‘t C%{er%kaioﬁ FERGPReE M ai ng%%fref Fuor ene
nononer ssirpere imallezuly phaviddsengides tdaer ohe lramporane| tlent caipegtendis
transpor . ti us i a ﬁé)&)e_r Kiat de d tter
mat eri al éfé\}yhl?dc%ﬁjr na@so\rﬂ@lﬁga\: nxg?l e‘h[éher&% I rcfg?égi oﬁ)ng}lﬁgpartﬁgcuf@r#tdt he
first noperRanesdnpr SgesakRly the [thikdd<emren§nt fAndopéndeafbuine 2L7-the nked
f1 uor enes GFNURSHALB RS nRAen MO £ PR aBlYas thecholymbi Nked di al kyl
fluorene group is a 9,9 dioctyl fluorene. 9,9 disubstituted, preferably
di al kyl oz diaryl, fluorene groups are preferred because of their ease of
synt hesi gccdhBimectty asuhgkict uepéct Sopreierpaddntcanyent hbs tHgyeovias t he

solubility of the polynmer. In second aspect of, the.present_invention, the
second r@ ?Weccgnﬁgi s%§aﬁl§ecpc? d™fbno Vrlr%on%rip&iuﬁﬁﬁé%u gtif?ﬁ’e?fsor
unsubst i albref e Mrnigehos £ hetie rpdvowret beciybong. ark? efepalhkyng t tweo second
nononer co?r%et%ea tiiglvg.rlla,m ne unit having the general formula f Ar3N +
wherei n B3¢ S FReY S or different arid conprises a substituted or
unsubsti t ut ediiar omet | €iost hetegionr divat | trgniRgrtifige peeswivee ohamge

triaryl aflpg A fadd) SORRPCONELIANORIGdS, PAST SldLh POLarpss { Neghow

oxi dation potential of triarylam nes msﬁi<e them particularly suitable as
posi ti velehak gend rradis pot t HeM areivgls. and

(1i) a second region for transporting positive charge




a * 10 The conponents of the second region are selected so as to sel ect an
ate second HOMO | evel . This selection is system specific when the

appropri
+ pol yner

is used in an el ectrol um nescent device. This selection wll

on the work function of the anode and the HOMO | evel of the emnm ssive

mat eri al

, which may or may not be the-third HOMO | evel. Preferably, t

depend
he

second HOMO |l evel is an energy level which |ies between the work function
of the anedeiears drhe H4QWEY| evekcaid tirndyaps 8k ¥enamtsyr il sedondhiLohoi S

mat ched tPeJe'lea'HQVQ Iseeé/o%ld %fOMPth% eni'_ssé\in\c/ie material. It is preferred t

| east one” Ar ctonprises a subs

hat at

ed Of unsubstituted phenyl group. This is

because this hasibeen gsihdwd t egive rifse tecgemdngol erd anspbibing i n t he

second r
mat eri al

SO i ofe BRI el Xl Rg B RP L Tty i

ch may or y not regi

BPRf erred

that at hewbig ometAirdobpnidgas deSidrst ibwtadtbirdinbuMist Léwdledasd oaati ¢ or

het er oar

Preferre

ggg}éqﬂﬁkpgeggyup that is pendent to the pol yner backbone.
ST de groups are those conprising an unsubstituted phenyl or

a

nmonosubswhexgied ercB, Sregdicsubsanipniised pirenydbr gmoup. mMdndmeessiatel grbelp has a
substitu ; r bst i s.ar u | t.ut or
g ST R10E | SN R8T SR By,

unsubsti

per tluor oal kyl , aryl, "aryl al

aryl, al kexpelentedl Ryl thRrtcyafo Yrolips seThede ande tpiefieradoteeaase t hey
are suitableidar MehPbRg dbe3Rl-ech the Aacped, HOMD | evel and/or for

improving solubility of the polyner.

in the t
bel ow:

Exanpl es of suitable groups conprised

riarylamne unit are shown in formulas I, IIl, Ill, 1V, V, and VI

The ldrgddi)c $oXyheX prddided byl he Prddedt AnBehtiomWolves tne (VI) A
BCvwADUVvV\B

problems of the prior art by reducing the total number of layers
and polyméi components required in a light-emitting device.
Instead of requiring a separate polymer to act as a negative
charge transport material, a separate polymer to act as a
positive charge transport material, and a separate polymer to
act as a light emissive material, the present polymer is capable
of acting as two ar more of these. This reduces the number of
components required in a light-emitting device. In the case
where each .differently functioning component forms a separate
layer in the device, this reduces the number of layers. 1In the
case where differently functioning components are blended in a

single layer, this reduces the number of components needed in
the blend.

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 mMOre mnoONomers. 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.



In*fornmulas I, Il and Il1l, X and Y may be the sane or different and are
substituent groups. In fornmulas IV, Vand VI, A B, C and D may be the sane
*or different and are substituent groups. As set out above) it is preferred
that one or nmore of X, Y, A, S, Cand Dis independently selected fromthe
group consisting of alkyl, aryl, perfluereal kyl, thioalkyl, cyano, alkoxy,
heteroaryl, alkylaryl and aryl al kyl groups. One or nore of X, Y, A B, C
and D al mge nﬁyréae by ogevel | §hdwdored e!%diﬁd £ e em Oird®r ee@forX isf, A B,
C and D is, independently an unsubstjtut i sobut group, an, n-al kyl, an
- al Koxy GP2RIET PEI HEFOTRATII S PERRE D GS SEn SR Ear S 351 ERB7 ¥ pi ng
to sel ectmattiéelsepomdldfm@yl ey eho A Qhef enndrpfe@\ibag STHalldiddoy RéMd he

pol yner. % Eg grao cgl $0|n is preferr that X and
Y, or Aleelc shan a BrrY sﬁ‘é%’torbcéar FHRFAE e
present tiueipcraingt Ipesthw@l cle@rgm wmrerses:oa drhi ¢l sEAR@MRateQIPI ) Si Ng a
substituted or unsubstituted mat i.c _or heteroargQmatic gr .. The three
enbodi mefREHAhE% ﬁ\aydnggp%%t& 'ir?‘?'er%r‘régéﬁ? i nrg%%ttlr&f%sg‘p%u *¥et ow wi | |
each resadd ithedi thirentiowavelerdt hshoghd el nguemi ttthad frignd hefpod yner
when use deV| Qmi n ly, ediment. 1 rel {es to,

but is n%? lrreastrl c §§e?ér’[3£% é? gﬂﬁiee@'m gglé%n P m%J"E’ﬁe At posegggb’f t he

pr esent cnaﬂgﬁ|amrxléredﬂr¢i§pﬂﬁpnay derd dednibiegdadn| tight tiviitch ragwanetengt h' i n
t he rang§ &gnhgghgoo nm Predom nantly, enbodinment 2 relates to, but is
not rest |cte green” light em ssion. For the purposes of the present

i nvention, "green" |ight nmay be defined as |ight having a wavel ength in the

range SRR ihgoq3 RAL. Ehedordagh), yth@nméiegperatiéer:@éx@é Seth@enPthel s NOt

restricted to, "blue" ght enission. For the purposes of the present

i nvent i ofhiAs} uEUMP | dﬁt’eﬁa?nﬁe der |ﬂ'é‘chasH<Ptf’cghf'e1ﬁ%l AgfingdmvERenghATEn the
range 400amugd2 500 nm In the first enbodi nent according to the third
aspect of the present invention, the third nononer conprises a group H
which is an aromatic or heteroaromatic diazine group fused to a benzene or
t hi ophenengrosuirSpecuhecadialityheft hi pdlymsnonercoaddng dimgthe fresehtr st
enbodlrrent crrprls fqQr own in formula I X
~Ari - H--t ton mg?S e%g#gicggxi?gd ain Ha EEL?L% %% unsubsti tuted
arorrat!c or het er oaromati ¢ group. More pref erably, the third nononer
accor di ng n%tjh ool & rsglﬁa@pﬂl@me(ve@rms | 582yrfer0h4R Ravé Neh& ffuTed as

a-...

shown |n erein IS a substituted or
unsubst i fm%@-%ﬁﬁt’l cifor aﬁet%%?ﬂfrr@#ﬁ-f“ilée@?%ﬁ}'p dr¥ige| is scagakfes i Réd above

in rel at b@c dhd oIy ltawhxn Rﬁéeﬁélﬁger tos foifekhacdd bt ks Ppsfsyriedet hat
Arl or Ar2 independentl

é rises subtltute or g’ bst)tuted, fused or
unfused B ’1"h|t5‘6h RE*<Fur &1PF cﬁ‘ﬁﬁaf%’ &t ihe® Bﬁ“ﬁﬁ SLORTARY (S ERE group
because these gnﬁugsow edsdctiiide baloselwddlli nygs kapsbhe efteatittimg third

LUMO | evel ndthet HQA/DIeve n et UMO
| evel g ?’ﬁ% BT o Fevel® def i%é‘f aer? gggl %88%{%6&{1%' rdpér{egoldc?n and,
t hus, t hénwawneledegt o blimigrd soengn dsvéreel ed‘tnr o Lol eescant cdemiiaeed in

the thirg;{eoion Lo.ge0ebat @nhit&fg 1ight 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 electroluminescent device.
An electroluminescent device will be capable of emitting light
when a polymer falling within the third sub-group described
below is intreduced as a layer, when blended with an appropriate

hole transporting material, bketween an anode and a cathode in



In-a nore specific exanple of the first enbodi nent, the third nononer
conprises a group having a fornmula as shown in formula Villt: ( VIIl) n

. 1q wherein X~ is RCECR or S and Rl and RZ are the sanme or different
and are each a substituent group. Preferably, each Ris independently
sel ected from hydrogen, al kyl, aryl, perfluoroal kyl, thioalkyl, cyano,
al koxy, heteroaryl, alkylaryl, or arylalkyl. I n anot her specific exanple of
the fi r&heen@m&dmhmlhbecédti r devmdEner mmubaeﬁom&@ueeﬂavid&@efOrmll a
as shown in fornula Xl: Fg_égé% ... NN wherein R3 and R4 are the sane
or diffefeht BRHdC3RAPL8a0h FRY déndhy Eb%%b%tﬂqaxgﬁF g2 btiN9 petRiPas VI 1|
ﬁnd X Sﬁl&e prfetzetn edubegrsife del(;f&&edglbelllaﬁ glsvel.rlftlr%auEQd a?s hb[) fla"y%&' on
aving desir LUMO and t | evel s. era one or
mare of ¥ ?@A]Vé}qunlngE%?Fﬁﬂﬁﬁeﬁg GERTT Y- ARPOEE “$rTﬁﬁ$%ﬁiﬂogen
al kyl , aeykeeﬁeaﬁlaﬂma@ahkyla dd&heaékyi1ﬂﬁyauect£6iumﬁhesbeherdéﬂﬂda.
al kyl aryl, or arylalkyl. These groups are preferred for the sane reasons as
di scussed in relation to X, A, B, C and D above. Preferably, for practical
reasonswiBhoand WwR3dhand RD aed Bdumd ebyhetismiry., Mr euptréer ab{:yodt h.@y are

t he sane _and re; each phen | B Even nore ref er.abl Rz are
the samS"BAACEFRISTRY fBe £52 lrecgé);flrjl FRe T ¥y urafg AFSIE™ Z%d ?&p §H‘6‘9R9 are
t he sarmoamdealpeeeach hy‘dafruggn_ls by analysis of a cyclJ.c voltamagram

of the polymer. The cyclic voltamagram (C-V graph) will
indicate to the skilled person to some extent that the single
polymer has two or more different oxidation potentials. Usually,
these different oxldation potentials would manifest themselves
on the grabh as peaks or troughs in the C-V curve. The peaks or
troughs vary from being sharp to very shallow. The gxistence of
different oxidation potentials within a single polymer would
indicate to the skilled person that the 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

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



Were R3 and R4 are different, it is preferred that R3 is hydrogen and RO

Is an al kyl group, Specific exanples of third nmononmers according to the
-first enbodi nent of the third aspect are shown below in fornulas Xl to
XXVI: Ph Ph N/S~S~S (XIll) Ph Ph N ( XIV) P~Ph Ph ,Ph \\/ N/~~\\/N
(XV) L XVI ) SS~0p Ph Ph (XVI1? L8 HL7 ~-8nl7 LB HL7 ~-8 nl7 - 16 /
\'\V/ V' / NCaHm CeHm (xXvii1) / \ [/ [/ \ ~xix) / \ [\ /[ \ ~xx) i ~Oi N~ ~
O ~ | \one/ YoiWimkr according to the present invention is used in an

electroluminescent device. The light-emissive material may be a
separate polymer or may be a third region in the polymer
comprising the first region. The second HOMO level or work
function of the second region should be selected so that it is
matched as closely as possible to the HOMO level of the light-
emissive material, when the polymer according to the present
invention is used in an electroluminescent device. The.third
region should be selected so that the bandgap defined by the
third LUMO level and the third HOMO level is such that light of
a desired wavelength 1is emitted when positive and negative
charge carriers are combined 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
polymer is used in an electroluminescent device. This selection

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



Iy !/ \ I\ ~xxl) /~\ [/ \ /] \ exxrt) ~ ~i \S/ [\ /[ \ ] ~cxxzir) [ \ [/
\' / "~¢cxxzv) s ~\V s\ s/ ~\Vs. /I \''s~-N\ alINr~1/w (XXvjf ~Si ~
*S ~ - 17 (XXVI) S ~ ?~-~~ S NN -~S It should be noted that selection of
one or other of the above third nononers will give rise to different third
LUMO and third HOMO | evel s and, thus, wll give rise to a different bandgap
of the third region. This will result in a different wavel ength of em ssion

when el egtyons, an@haoleﬁasawe CHH@éf‘&q g tlyd, Ee?x'a?hntoQ gen {ﬁée

light. In the. second enbodi nent of the third aspect o e presen
|nvent|cnthhﬂ¢eLPMPr%Fvﬁinonﬁreé%ﬁﬁﬂﬂwbe§ha £4relr iUMQI Aevehiits an. eReefer abl vy,

accor di ng d,15¢30d §7090LERNen L LU A FBNATRE GRMRLLSESfodd Okpy NAVI N

a formula -E(- N-)-Ar-(-NAr2-)3-, wherein each Ar is the sanme or
differ enth%\nielu%rr%ﬁ‘{eé-esﬁa ‘L‘é’tﬁbﬂ“ﬂ?ﬁ%e‘ﬂ prtemisdbsn twitied aﬁowaf-q:be@r to

het er oar gn@at i Gy OURvell &6 RIHRf eEhedsihatl ralc a8t onerAr (QEPriggs a
substituted or unsubstituted aryl group, specifically an unsubst It ut ed

phenyl gPEREPIabLy on&NBspELESt aMANCHEE oFEVRFiZVIpIa scWbFL4GHEER t UPRd OF

unsubst i tdackarQrali C ronohaier %rduwtlc siithes Oroddudt hats | s perdgpiyto the
pol ymer backbone. Preferred side g S |nclude used or unfused benzene
t h- | opheR@VaFtAIER 1S qUTHESX aFPTRF 156 yFher Finsdr eReifoupecause the |t s

further pteferyred dhatiddiensi de guenp mlﬂ)rdé‘zQ&J.&n 1eRgURed | EHL Bgk Obf

oL haaih PiRne S, 0UBar SULLARLG SLHZ: " LRS! S8, 2 SUPRLLL U 00 O

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 or
unsubstituted aromatic or heterocaromatic group. Preferably, the
second moncmer comprises a triarylamine unit having the general
formula + ArsN 3 wherein each Ar is the same or different and
comprises a substituted or unsubstituted aromatic or
heterocaromatic group. The presence of a triarylamine unit in
the second monomer 1is preferred because the low oxidation
potential of triarylamines makes them particularly suitable as

positive charge transport materials.



perfluoroal kyl, al kylaryl, arylalkyl, heteroaryl, aryl, alkoxy, thioalkyl

or cyano group for the sane reasons. as di scussed above. According to the
*second enbodi ment of the third aspect, generally, the triarylamne unit may
conprise a group having a fornmula as shown in fornula IV wherein A and B
are the sanme or different and are as defjigned above. A specific exanple of
formula 1V is shown in formula XXvVit: \ / \ / \ [/ (XXVII? A third nmonomer
conpri si nget BbspShaa icx Rhef ssssadk Q%g%ﬁeafé Qvesehi §6 10 @ Hhhkd, LUMO
and third HOMO l evel and, thus, a ban he third region such that
light. of 2R e&gFPaﬁJr%t%/va%CF%rPgt*hOfﬂ% é?rY?lt-ed \Eﬁéﬁ &eéepﬁm 4Ad siysten

combi ne i gpéberidi Lhes €@hen $4) gRREr 84 eu'slaghtln | 8n @ f1deb beTumshRecknef the
pr esent |nvent|on the first region may nprise a fourth nmononer

conpri si #§VACEur t RS stRfRatE ARt b GRRAMSS OPt (PEWAFBIENTGEIGR OF the

het er oar @RBHECagaOtRe HOMO flauwkl hofOBREEENIRS vieh@atuRedl ONyHAlchi HREO¥ENY
negative char e carrler transport Preferably, the further substituted or

unsubst i f¥ed°t D8 Fhe Fhirg: HOMG, 1¥eL, oa?Gﬁﬁ??@]Q’r'OLFﬁ‘eccﬁ?ﬁPPQeﬁomgr oup
Pavn Rg geeeeal J..E]?éﬂ}:#rfér)s‘ly Waee Bi vhih aﬂdsRﬁe&rx&ertéiQ bMQkOﬂﬁrbddtlohno$H Il a
urther aspect t es ent i t he second regi on _addi-tionally may
conpri se gngPP gngé gﬁ&Pf#% %}rﬁﬁkﬁﬂﬁ'?ﬁéﬁsbbﬁpP? &Figlf 9Tt W& cBecond
nononmer ds def:bmmj tabave, HoWo dlevied df f ey eimiisbieenddwersacond nonomer. The
function of the fifth nmononer is to inprove positive charge carrier

transporting properties of the second region. Wthin the broad group of
pol yner s Ii Ssupsedenbaechiat ragl diereh owe the dompstiseseeondbamitutleldr draspect s

of the prg %gﬂéﬁtw IRy L OYf orHb- qrnquisoae@m;éﬂ%isﬂﬁxsbgeegffgn%%g The

first of roups afre organlc pol'ymers conprising region for’
tr ansporthngEgai-ﬁ/etQ:IﬁP@ehe £ r FRARSPRAG thavimgthe fSecondboeaigap viehi ned by

a first LWMOLeyRérapd asdd ruslttthxpalpg\fsbnftée&:&&@ei—e%i@@riﬂr LrgRgporti ng
positive charge carriers and having a second bandgap defined by a second

LUMD | evEBRYaRH BRY R ¥mnbeHEMD thevvdl T8AY°R third region for accepting and
conbing .positive and negative charge carriers to generate |ight and having
athird ggn gap dgflned by a %hlrg #UND l evel and a third HOMQ | eve

wher ei n h*PegPoR® cRPHiHESTonE BF e +ﬁﬁﬁ§ne?§ean5rthﬁpTﬁﬁﬁﬁﬁstyaand

arr angerrenbsbitmﬂ:md rmmonmaamsmthew)r gaematpol yorer hes«e:s:elr@mbeﬂcscs:ldaat t he
first, 5%%88% qad]‘%%@d é‘pﬁné‘rp%xg)miﬁs' B&L ] drT m one p@@?é?@é | Jy
polyner ecl I's sub-group 1s's ornmu II
- 20 \ Mreupswy ¢r¢ \tuos@/cvmpr&s:/ng\ POy pnsubsvitsqeck phenyd ~ qr ~@Hm ~aHm
n 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, II, III, IV, V, and VI below:



(XXVI'l1'l) whereinw+ x +y +z =1 w20.5 Ox+y+zS0.5andnZ2.
Preferably, wis approximately O S, x is approximately Q 125, y is
*approximately 0.034 and z is approxinmately 0.341. Preferably nis ~ 5.
These val ues have been shown to give rise to good perfornmance of the

pol ymer when used in an el ectrol um nesgent device. This polymer enits "red"
|l i ght as defined above when used in an el ectrol um nescent device. Further

speci fic exapples of this sub-group are shown in formulas XXI X and XXX: \ /
\ LW\ ‘@ i~x(xxzx)i 1 [ wA | N\ /X
~eH ~ ~eHm\ Iy I n{€kxx) whera X\+ ¥ 1, Y 0.5 ©Sx

+y50.5and n Z or fornmula XXI X, preferablaswIs approxinmtely
0.800, x is approx er 0.171 and vy is approely 0.029. Preferably n

is Z5. for formul @YAXX, preferably wis approxf™eately 0.864, x is
approximately D.108yand y is approxi mately 0.028. These val ues have been
shown to give rise to good performance of the polyner, having regard to
device efficiency and lifetinme, Wen used in an el ectrol um nescent device.

. These polyners emt "green"” l|light as defined aboye when u in an
el ectrol uni n t Nde. Stilkrfurt i fiarg)I \this
sub- group S I REdgr mul a XXXI : :

(IV)
A

{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
and D may be the same or different and are substituent groups.
A; sét out above, it 1s preferred that one or more of X, Y, A,
B, C and D is independently selected from the group consisting
of alkyl, aryl, perfluoroalkyl, thioalkyl, cyano, alkoxy,
heterocaryl, alkylaryl and arylalkyl groups. One or more of X,

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

It is preferred that one or more of X, ¥, A, B, C and D is,
independently an unsubstituted, isobutyl 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.



V"V 1wl ~ N\ XV I NVINVI Yy ~eHH~\ ~\ ~\ ~ . n (XXX)
wherein w+ x +y =1, wz 0.5, S x +y S0.5and n Z 2. Preferably, wis
*appr oxi mately O. 80 X is approxinmately 0.10 and y is approximately 0.10
Preferably n > 5. Also preferably, w - 22 is approximately 0.85, x is
approximately 0.10 and y is approxi natel -0. 05. These val ues have been
shown to give rise to good performance of the polyner, having regard to
devi ce eﬂ'n‘dnciaencycamiall inJ'@M' geintwheit usedrifieared|uhatr &l dnd Mesaanta, devi ce.
This pol yreg gmtDsa ;ﬂg % fht when used in an el ectrol um nescent devi ce.
The second sub-group o po yNers according to the present invention are
organi c polyners conprising a first regl on for transportl ng negati ve charge

carrier n Lr a n | flrs | ev nd a
P OB sl sBebt { Bt PIatRaIEhE NEEL N ddeBbs onlV e

carrier sr%@nhamnmglaese@on'@hmw@ppw |md>rti)uagsecombsu:ulvﬁ)tb6veir and a
second m}bs‘ﬂ%té@%r\éﬁ%‘c?h%P%%Qe?ggltle tQL%rr%EEses one or nore nmononers

and the quantity and arrangement monorersEwi thin t he organic

polymer is selected so that the first and second bandgaps are distinct from
one anot e c C I y f w thin

t he secoirﬂlﬂt?r sﬁgé%gup&@s&&gﬁ%%é rsﬁeolrt%hl a@a)%%)ﬁjl ggggxﬁxpﬁ f{ﬁg g‘u(%&g(l | 2 CeHm
CeKm ~ /inyentiopgset guf helgw will ¢agh megulf| }nc@mtqre@eHwavelenqthc F3
wher ei N M ghtX Beihg V\érZJ.LOce'ii Xrém Othe A 19mdr 2 wnBhef &dab! yn ‘Q( '&ev
approximately 0.90, x is r oxi mat eI 0.10. Preferably, n J’hese

val ues HHFEHEER: shc?\ﬁ/ﬁd?rﬁl RF¥r | §§‘bf’ LRI Jpeﬁ‘?lcﬂftr?énéérofbktthé-spd’f%rer
havi ng regardcteddeyj cerefifi tigmeyeminbionf et irsy whenpwsRbdsn &N the

el ectrol um nescent device. M r. examl e po rofallin V\nththe
second 5 ﬁf’g gnvgngh%‘?/m |ﬁe4 or]:ﬁ.‘ﬁ(%1 n{)? é)e7f"\“e)d \Bys\ Light, with \a
CeHWH - rwavelefdXXI'\)n the range 600 nm to 700 nm. Predominantly,

embodiment 2 relates to, but is not restricted to, “green” light

emission. For the purposes of the present invention, “green”
light may be defined as 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 hetercaromatic diazine group Ffused 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:

-eArl—-H—ﬁ— (IX)



wherein w+ x +v =1, wZ 0.5 0Sx+v S0.5and n ~ 2. Preferably wis
approxi mately 0.50, x is approximately 0.25 and v is approxi mately 0.25 or
‘W is approximtely 0.90, x is approximately 0.05 and v is approxi mtely
0.05.. Preferably n Zz 5. These val ues have been shown to give rise to good
perfor mance of the polymer, having regakd_to device efficiency and

|ifetime, when used in an el ectrol um néScent device. Still a further
exampl e, ol ryfalji he _se - up, | homm in
Faael SOyl 81d | ot fldkd N8O PaRABSULILR P d I8 ot N

, ~ S | hetgroagionatie grorpz - 1, w2 0.5, 0 Sx +z S 0.5 and n zZ 2.
Prefera Jolels mat el Ve .20, p 0.377

appr oxi ﬂkac%/eﬁ y96§{§ lBfeferabltyh,q n méné rgsgggé# h}aé\ole eenféﬁ(s)gm to

gi ve ri sebedimpndd s@W@rfmﬁncé ongtUrPe b@?mr 2 hﬁvrmglar egar csttayndeynce
efficie@§yh&ggiﬂj'fetine, when used in an el ectrol um nescent device) A
polymer talling within the second sub-group advant ageously can be bl ended
with a light em ssive material. The bl ended polymers may forma single

| ayer i I ight ting device. An exahple of a suitable |ight-enssive
mat eri al |s any ﬁgnﬁ% em ssi ve naterlaé?haV|ng sui tabl e HOMO and LUMO

| evel s and, thus, a suitable bandgap. Polyners falling within the third
sub- gr oup of polyners according to the present invention may be defined as
or gani cvwpetsarer froonpt | A ngulstireied egironuharbstiddedr t argratdgat bve char ge
carrier g, anch aylahd cagkbistaandgap; defd nad by @ Ly st I .gnd a
first Hde\/D | evel aang g th?raa rgg:lqonlfor accé}ptl na ang é%%agtﬁéﬁpogl tive
and neg&PFWelxHar-ge carriers to generate light and having a third bandgap
defined by a third LUMO | evel and a third HOMO | evel ) wherein each region
conprlses one. or I1ore_Mmnoner g and t he quant and arrangenent of the
mononer BEF§F T or anFBr'b‘berré(r’ |§tsef%ct%?g§6)éfﬁat Rk htst O and*ihi r d
bandgapsnaesertieitilyc tohpoisonea mtslmtute\dtdme polupset tuted, Zusedn ogxanpl e
of a pol [ aII|n t hir ar hown L fornula XXXVI :
I\ o\ Q{geifvf XX)%\I}IXVI ﬁhﬂ' yplgn%Hl gﬁz qugo eirsnéel’n W nh = 1 *w z 0.5,
y S 0. 5famir¢nez Foupr dlecrubieythess sglapmmmmtselllyabl%dor ysqabecapmgom mat el y
0. 036. E’&eLSﬁgbLﬁm& 2 the AR \L%‘Mﬁeieb@i'eap@egh§h9)§?¥é OydHd € de )¢ to good

per formance o yner, having regard devi ce I cl ency
lifetinm®s weatigsed PH%‘FV eltBet roLEdi nterlvi apd Ahsol%&iﬁ f"%ﬂ”’loi ng

W thin tbgei hu&@ﬁ@btﬁaomn@q\ﬁgnt&gwl YhiBy Regbbendad, Wirhiisa haolee
transporting material when used in ht - em SS|ve device. An exanple of a

Ut o) B ORGP R HalBFF aF L9 SR Ao sy FPARS| BHF ngonbined 17

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 (VIII)

/' \

XI



A fourth sub-group of polyners according to' ~the present invention nmay be
defined as organic polyners conprising a second region for transporting
‘positive charge carriers and having a second bandgap defined by a second
LUMO | evel and a second HOMO | evel and a third region for accepting and
conbi ning positive and negative charge,garriers to generate light and
having a third bandgap defined by a third LUMO | evel and a third HOVO

evel . yhereln LG HRURNEOIPIISaY 9RE RI I EHIDONE!S: A Lbgaguanti ty
and arrangenent of the nononers in the organic polyner is selec €d so t hat
t he seco®@l addet he3eh bandipirs1&Penti Srioyet f r Aredarakkot herchn & héspol yner.
- 26 An; a pq al l'i Wt R fourth b- gr i's shown
o or PSRy, %5_}1@55?&/ i 3{3’?’:\5?831 (x§§<{‘/?¥'1 hargtn X+ y =
1, x 2 Besflyomadkylanghioadkyl, pcyprapabpikony i hedpppary hmtalikylargland v is
approxi gat glyi Hga Preferably, n Z 5. A polymer falling within the fourth
sub- group advant ageously nmay be bl ended with an el ectron transporting
material when used in a light emtting device. An exanple of a suitable

el ectrofpt LABEROF t Lpse MMIErdxAlph & dePehy- Ehugee ofb @S Yefifa- (9,9
di al kyl quorene)],gpreferabI ? 80|¥%%’I1 §%9F9Qﬁ?§§§%%d%fLE%%@%@?E? ~ 't
shoul d BeOABE R tTRELSCHe 2f (F-SEP §a¥ AnfeEMit Fegitd d forapiad to
above, km:relation to the first, second, third and fourth sub-groups of

pol ymers according to present invention, are regions as defined in any of
the aspects or enbodi nents of the present invention described above.
Several different polynerisation nethods are known which may be used to
nanufactgre polxners in accordance with the present invention. One

particul a syitable nethod is disclosed in UK patent _ 27 _ application
No. 9925657 the copggnts of which are incorporated herein by reference.
Thi s deskr f'e process for preparing a conjugated polyner, which

conprises potnerising in a reaction mxture (a) an aromati c nononer havi ng
at | east two remctive boron derivative groups selected froma boronic acid
group, a baronf ¢ ester group and a borane group, and an aronmatic nonomner
having at |east two reactive halide functional groups: or (b) an aromatic
nononer havi ng one reactive halide functional group and one reactive boron
deri vat whergimuRisedrett &l farem shdorsemec acri didifeupnt a dor oare esiadr group
and a b , rel.n r jon m xture conprises a catalytic
anount g§§§5%éﬁﬁaalyuﬁ?§%§% f%??taﬁg&gﬁ organi ¢ base in an anount sufficient
to convert the reactive boron derivative groups into -B(OH)3 anions.
Pol yner go2GPLdi §grt 0 ahhe x3r esant pidaateob G haws hegnpsodicrd by
this nmethod are particularly advantageous. This is because reaction timnmes
are shoftSandor & bykFd pEed R Ui Y8l te @bl gw, thasst HeMCp Aphethiskst i on
met hod wueMdi sedeised in US 5, 777, 070. The process invol ves contacting
nononers having two reactive groups selected fromboronic acid, .Cl-C6
boronic acid ester. Cl-C6 borane and conbinations thereof with aromatic
di hal i dertfacabpnaloneonemesse arf MaNOREr R hawd IRy beeceadadindepehdemtiyy aci d,
&P{ﬁ“'eggﬁ‘i'ggﬁggt Lo nPAL G, 9941 and g0e [eaetiyg N3l hde yagiigpal group
cyano, alkoxy, heterocaryl, 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 Rz 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



,

A further polymerisation method is known from "Macronol ecul es”) 31,

1099- 1103 (199B). The pol ynerisation reaction involves nickel - medi at ed
coupling of dibrom de nmononmers. This nmethod commonly is known as "Yamanoto
Pol ymeri sation". - 28 In the above-referenced pol ynerisati on nethods, a
“mononer" may, in one enbodinment, be faken to conprise one of the first,
second or third regions. In other words, a plurality of nononers, each
CONPr i SiNGna,f ggfzdirﬁe%ﬂ@uaﬁsnt{gm Al Rg_ﬁ@dahaﬂeﬂ&;ﬁgw@mﬁ@%{d L@ dr 0ups
may be prepared”in one or nore Tirst reaction sfeps. he pre-prepared
nmononer s eeReNhyREPIFA - cont acted with ot her pre-prepared nononers in a

pol ynerisation step. In practice, the one or nore first reaction steps and
t he pol ynerisation step would be carried out in separate reaction vessels.
Pol yner dihggeor & ngne o Fehe g5 edehfersfifent i bn Sy preafarredaviat dByr dé of

pol ymer ih%%ggno;mgr;{qaggrag hamy2, gPs@lerably greater than 5. Typically, a
pol ymer according to the present irnvention will be introduced into an

el ectrol um nescent device as a layer. Such a |ayer will be |ocated between
the anodgeandithe.Gaphiade. of NthiedCakhdfers PRIHFRENEAIdd NERY tHiAY .t he
first sub-group as de~~ned above, further |ayers between the anode and the
cat hode SRCSABPEF off t B'& H4T&y @SPEFTt AES perYfTeP el FAg I AF MR dsh &K T T st

sub- grouyp &xermot necessary. However, it may be advantageous to incl ude
further |ayers such as hole transporting or electron transporting |layers. A
polymer falling within the second sub-group defined above may

advant ageously be blended with a light-em ssive material, preferably a

| i ght -em ssi ve | ymeg,, A layer of the blend may be included between an
anode and a cat oyeﬂ(n an el ectrol um nescent device. /A polyqer falling
within the thirdyg$ubhgroup defined above may - 29 agyaqfageously be

bl ended with a hote fransporting material, preferably g hdle transporting
pol yner . [ A/l ayer #f Y hebl may beirncl uded between ode ang,

cat hode Lkn\an/el ectrpl uNin ent device. A polyner f th the fourth
sub- group defined &bove aﬁvantageously may be bl ende el ectron

transporting material, preferably an electron transporting polynmer when
used in an el ectrol um nescent device. A layer of the blend may be ,

i ncl uded between an anode and a cathode in the el ectrol urninescent device.
In the case of the second, third and fourth sub-groups, further polyner

| ayers al so nay be introduced between the anode and the cathode if this is

desirable in or®sr tgFtoptim se el ectron transﬂﬁS;TS?HVOr hol e transport in
€. -

t he devi ce, and/g ission of light fromthe deyt 30
N N
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EXAMPLES Exanple 1 Synthesis of 2,7-dibrono-9, 9-dioctylfluorene Fluorene
(166.2 g, 1.0 nol), iodine (0.4 g) and dichloronethane . (11) are placed
'in a5 1, 3-necked round bottoned flask equi pped with a nmagnetic stirrer,
dropping funnel and spirit thernmonmeter. To this is added a sodi um car bonat e
solution (2B0O g in 2-1 water) and the_r§€q}ion m xture cooled to below 5 C
using an ice/salt bath. The brom ne solttion (120 m, 2.34 nol in 250-n

di chl oronet hane) is added dropw se to the reaction mxture maintaining the
tenperature below 5 C. Once the addition is conplete the ice bath is
renoved and 8 S s allowed to warmwi th stirring to room

t enper at W ; ring, the product precipitates out as a
fine whitg : Is/filtered off and washed wi t(XVII)120 i

O
wat er . \The product is dried on the rotary evaporator
giving a pure BBMder & bronof | uorene, 321g, 99 % D bronofl uorene
(32~0~ g) prepared pret~ious~ly (as. described above) is added to a KOH
solution (1-1, 50~%ww and Aliquat-336 (3 mM) at 85 Cin a 31

t hr ee- necked round bottoned flask equi pped with a magnetic stirrer, reflux
condenser, apo . The. suspensi on was heated to 85 C at whi ch
t enper at UYr.¢g i 340 m ). .4, addeg QoW
t wnphase sy\sis nce t he—addition I's co % reactian/ijs stftred at

B5S C overnight, ¢ hen all owed to cool to roonyteRgerature.
Di chl oromet hane i & tWen added to the reaction m X ur? t500 m). - 31 The
reaction mxture is transferred to a 2 1 separatlng unnel . The organic

| ayer is renoved and the aqueous |ayer washed with 3 x 200 m

di chl oronet hane, the conbi ned organi c phases are washed with 3 x 200 n
distilled water. fihe organi c phase was dried over anhydrous nagnesi um

sul phate, filtered apd the solvent renopved on fje retary evaporator to give
a dark oi e} cool ed anpd /Sy at ghey” g a yell ow orange
15 | &%) Qe A ETs tXEEE Y hour
before the solid s #t i The product is
di ssol ved in hexdke (F1.5 1) and passed down aNQIa ¥ col utm under pressure
of nitrogen (colunn®di aneter ~ 60 nmm) packed wi ths Sand (lcm), silica gel
70-230 nmesh, (60 cm), lcmsand. Please note that the colum 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 fronrhexane Recrystallisation is carried out in the mninmm

vol une of e gT e product, ~ =ej oet yl f | uor ene
(i), is ai ngt™ | ou SYXXEY s i NG » i ThexIv)
crystallihe' $rodu s driS¢d/at room t enpesat ur .wder vieacuum.t oo const ant.
mass, and anal ys ? purity by HPLC. The frnam | | d of

2, 7-di brono-9, 9-di‘ottyl fluorene is 347 g, 64% |l e 2 Synt hesis of

2, 7-bis(1, 3, 2-di oxaborol an-2-yl)-9, 9d|octylfluorene In a 2 L three-neck
flask equi pped with magnetic stirrer, nitrogen inlet, rubber septum and | ow
tenperature thernmonmeter is dissolved 2,7-di bronp-9, 9-di octyl fl uorene (200
g, 0.365 mol.) inNl of,dry THF. Wth the aid of a dry ice/acetone bath the
sol ution g€xduying which tine the di brom de - 32

preci pi t4 ; i of 2.5 Msolution in héX&he) 1.1

equi val e Re 1€) wasg d fairly quickly maintaining the
tenperature bel ow #50MC. At half addition the brom de has all dissol ved
and around three quarters addition 2,7-dilithio-9,9-dioctylfluorene starts
to precipitate. Afters tonplete addition the slurry of the dilithiofluorene
is stirred for a further half an hour. Fresh trinmethylsilyl chloride
(TMSCL1l) (120 m,) is added quickly while nmaintaining the tenperature bel ow
-30 C. The cooling bath is renoved and the solution allowed to warmto roam
tenperature, (usually overnight). TLC analysis (hexane eluent) shows a
single spot close to the solvent front. The solution is filtered into a

si ngl e-neck flask and the solvents are renoved by rotary evaporation.
Hexane is added to the residue and the resulting solution is filtered to
renove the LiCl, washing thoroughly with nore hexane. The hexane is renoved
and the remaining oil subject to high vacuumto renove all traces of THF
and hexane. The yield of 2.7-di(trimethylsilyl)-9,9-dioctylfluorene is
quantitative.




The di-TVM5 (trinethylsilyl) derivative is transferred to a fresh 2 L
three-neck flask (equipped with nitrogen inlet. rubber septum and
‘thernmometer) with 500 ml dry dichl oronet hane and, the solution cool ed under
nitrogen to ~ -78 C during which tine it crystallises. Boron tribromde
(120 mM, ~1.5 equivalents per TMS groyp]?7 i s added over five mnutes. The
appearance of a green colour (which varies in intensity) acconpanies the
addition of the first one or two millilitres. After conplete addition the
m xture is allowed to warmto roomtenperature and is typically stirred
overni ght. However the reaction~is probably conplete in two hours. The room
tenperature solution is then added dropwi se to a solution of KOH (600 g) in
water (1.51). A thick white precipitate of the_di-potassiumdi-boronate

d for ten mnutes to ensure

gl ass sinter funmel, sucked to parti al/dryness and then washed with plenty
) s, t hen—agded grafually to a rapidly stirred mxture of
5 MHCL (1.21) a d/ethr c#htaNndd in a 51 coni callXKVakk. After
about hal f an hoyr \t he/r egg O i cijd is contained in the ether |ayer,
whi ch is separated 580 Wi t h $00 M de-ionised water. This process is
then repeated, i.e. the ether lution is then added dropwi se to a solution
of KOH (600 g) in water (1MNdyY . Athick white precipitate of the

di - pot assi um di - boronate salt is produced. Stirring is continued for ten
mnutes to ensure that all the acid has reacted. The two phase m xture is
filteredd I"BI&)LilaIgﬂ gioa.esl shateseiemﬁeln, ofuekedotoophét i af duiqnassvand t hen

e il e L L e

coni cal Hdmld.ekaltselanabouhummllan gh&ar rﬂ-he regendiifeaend aendgazs gbdHnt ai ned
N the ellields3uele gt Ch i > Gadi Ak et AN s Bedeut 5&%%@%9@ sed
wat er . e ether 'srenpved and the ggoduct |sso Inca 1-1.

t ol uene &M sdohy| €N gRiRVILONEARRY BOBS ABE. )compsnaddéa thee ERi€dre is
heat ed oy&fiRidRl, §odet& WALAE. produced renoved on a Dean-Stark trap (17 m
coll ected). The toluene is renoved to yield an oil. To which is added
acetonitrile ( ca. 11); the mxture is heated to reflux to dissolve the

oi |, andrd henel afelcoha Cemblodﬁ.memtDOﬁft eﬁpertahurde aspeelti nf | sheoptenert in the
frldge The sta r red t cetonitrile
and dri ech1 eﬂ1 &t‘yjcrcsl:?;a/tsrf s are ?@gggvegrﬂrﬁ%g@h& q%ncg 11), which
is then allowed to cool to roomterrp and left in the fridge overni ght The
target CP:F@&%% a{yc%%iﬁ 219' @s@maola&oam&at,@’ 9&9' ALY lmtaaeﬁe@

obt ai ned Iyour ess so Exanple 3 theS| S
of bi s(4cmnﬂmﬁ?eny'*l ) 9Fo¥BC- Ban;FF‘?pheal“lyl%ﬁﬁ“\’ﬁ’éal nf4- értk“r)obﬁd(‘o%’iltzo d flask

fitted widraidreehani G querfpad sshbr réy, qu:9§§ers¢lrahungcaﬂﬁltse2ef kon
stirring bl ade, condenser was gl aced 4-sec c:)ut%l aniline 34 nol .
o)

of ten fredpfituted |qrePRAHRST LT RERAINRFPPRTL G o° s@??eﬁ%@g“eﬁhﬁoﬁﬁd%s t hen
di ssol vetk i s apFé #drded Qhaeoaeenéiﬁ eﬂ1e|1)Pd:r aRhp@LEEs Miﬂzt(s’iﬁ&w‘de)i ard 350
m of water AtherHDrret aedt solutlo W;tg | ask -was
i mer sed P HIBS HEMEE R AT i é’“Bat FPeThe T cytl%lh H??('f §3sFHPY4 and
cooled tgrdggow 5 C. A chilled solution of sodiumnitri te (100 g, 1.449
nmol, in 250 mM of water) was added slowy (3-5nml batches using a syringe)
to the reaction mxture. The tenperature was not allowed to rise above 10
C. A sol iti ameof appectssi ath | bzlisde ¢PR8@Gr lcq®aisles | h ZE®sHitwaedr )omvas
added sl ! gg_q ) ar T X I IQM\@? Q stir
room ?}gén%be% at %u&éag:‘ o‘?]l‘ C(S)u?g m%teggggglﬁﬁlrr? v%ggg Véﬁ%u% h i tted with
an ai r cpeuesstertanthe o hymest POAKPODE ur eF Meiearest eeldeaaw@mm ynglgide pat h
ter~~ - 10056y max). Unhiclis8Y¥0! BEhMO! 0asi dghehb0gCRL 6RASCHuiABLa TR Ur € Was
all owed to pool to roomtenper ature.' The or gani c phase was separated from
t he aqueBéBhemhe AqidsaZePhad® RAs washed with dichl oromet hane (9 x 500
m ). The organi c phase and di chl oronet hane extracts were conbi ned and
washed with an excess of a solution of sodi um netabisul phite. The organic
phase was dried with magnesi um sul phate, filtered and stripped of sol vent
using a reduced pressure rotary evaporator. The crude oil was then
distilled under vacuum to afford a colourless |iquid,
9-sec- butyl - 1i odobenzene, 1295 g, 70 ~). - 35 A 31 reaction vessel
fitted wth nechanical stirrer, condenser, nitrogen inlet and outlet was
charged with the foll ow ng reagents, 4-sec-butyl-1-iodobenzene (290 g 0.916
nol e),




di phenyl am ne (153.2 g, 1.58 nole), sodiumtert-butoxide (273.2 g, 2.84
nol e), palladiumacetate (3.B1 g, 0.0170 nol.), tri-otolyl phosphine (10.32
‘g, 0.034 nol.) and toluene 21. The reaction m xture was stirred at room
tenperature and the vessel was purged with nitrogen for 20 m nutes. The
reaction m xture was heated to and naiq%gLned at reflux with stirring under
nitrogen for 24 hours (oil bath tenp 140 C). The reaction m xture was

al | owned #.0 gQol rapd, Hue i4 h o] ri | d The organic
phase WaIT;c sggar gt ed %o%ggﬁgelr%&cﬁjegﬁg%ﬂa%a%ggg t(ﬁrr%@ghcé%%?dp%ﬁ (?gl lite.
The sol uthswbsibktuliteh womeemsuiseitutat pehwed, (uevgder plwigsable cfide
nitrogenkyoggun agligss cobuUMLBREKeddd CBdi ARLAIs DX zed0 CBANO) W Lh
silica ger -230 nesh using hexane as the eluting solvent. The gl'dent was
stri ped Perfdbpyeptkylo aF¥ordrsh orFylawkwdh drefsrabrybedarywl.a abkdxy,sol id
upon { he.addikion &f aysml Lrabanidoly e MebRandleasthe Q1 ;v JheN
recrystallised fromisopropanol to yield white crystals of

N, N- di p#®RyER-4- secbut yl phenyl anine (101 g, 37%. ,. . In a 11 three necked
flask fitted with magnetic stirrer bar, pressure equalised dropping funnel
and nitrogen inlet/out]|et was placed N N-diphenyl-4-sec-butyl phenyl am ne
(29 g 0A9S6*ABRE, 1D0 YBHuUrttIPPIHPETRORHHRE N hRFr oFeeDMENBED nspect,

N- br onmospeeeirBl L {j dené 3ér 180l dtiAS2uRDE Chadli ssmp¥edk i D %.%Q; a{dmdigous DVF
(100 m)_ was_added dropwise_to the reaction mxture with rapid stirring at
-10 to GOE™Bvar 22 S8°WR nift eE0TMHE VX PBEES RSP afPOVRI2ED YRE nFA™E SGom

t enper atdif€erant aws dreeasadeihedr apwiree to 2 1 of ethanol/water 3:1 with
rapid stirring. The white precipitated solid was filtered and - 36
recrystallised fromisopropanol to give

bi s(4- brrospphéfyt)exagd-ebof yfphwriyl dVniseshas anwhetrmulsoXK§IE23. 59, 53 0).
Exaxapl e 9 Synthesis of 4, 7-di bronp-2, 1, 3-benzot hi adi azol e A suspensi on of
2,1, 3-benzot hi adi azol e (100 g, 0.74 nol) in hydrobrornic acid (48~ aqg. )
(500 m) fwag gat ed t C. ~ el 30 mins) bromne (120 ni, 4.6B nol)
was addéeqy @ 2 DR o stirred at 100 C far a further 24 h.
The reactVi on—was ¢ g/the crude m xture onto vigorously
stirred ice/ wat ¢ i mai nt ai ned for 30 mins &KXEFIMhich, the
resi due was was i t hi osul phate (2 x 400 nL, 20% sol ution) and
was then dissolvedin toluen€ (1.5 L). The solution was treated twice with
charcoal (lg) and lheated for| 2-h at 100 C. After renoval of the charcoal
the solution was cogcentrated\until a solid began to appear. Methanol was
added to the m xturg and left |to recrystallise, affording 105 g, 49%
Exanpl e 5 Synt hesis Wwf pol yrnér\according to fornmular XXXI'l ( Were the
degree of polynerisationis ~ 10). A2 1 recation vessel fitted with a
glass stirring rod attached to an electrical nechanical stirrer) teflon
stirring birdes meddnbe Conianseng (eansegkedpt @sa grelfe8ged bbbglsdase char ged
with 2,7-bis(1,3, 2-di oxaboro| an-2-y1)-9 QTq%océXIfluorenqﬁ%gO.SGIO g 95. 33
mol . ), BYPSdidicito- ¢ dFottY | PRt ERATY TR 1980l g2 i) FhuS

bi s(4- broamaphpnydd - Bhe eaHiuty | fedeynl asddre €Bat SAQght 1D 08a naslirable

t et raki st.ri phenyl phasphi.n al | adi um 300 , .and, toluene 950 nl. The
TR RSB E AR hER, ATHRCRY o8B o Red cRSnSCne Sha TRE

nmi xt ur e "Ras ~SUP
Tet r aet loniaxanoegien $oy gremeirdee (BRNtE.20 ~ W v) is then added to the m xture
which is then allowed to stir at roomtenperature under flow of nitrogen
for 20 m nutes. The reaction m xture was heated to and mai ntai ned at reflux
for up tin 18 foxshey tagrecsl [of Itékt Poeeentghnyentian ngthtehi sl asitnereghen

reacti oy xtsr MRS SESLAY (no?BhbrNGohBLes Zng 3a) sHPER - 20uRdMRAGr e of

ni t rogen.
or unsubstituted aromatic or heterocaromatic group. The fourth

monomer has the function of improving negative charge carrier

transport. Preferably, the further substituted or unsubstituted



Br onobenzene (10 m) was added and the reaction m xture was. allowed to
stir at reflux for a further 2 hours, after which phenyl boronic acid was
-added (11g) and the reaction mxture was allowed to stir at tenperature for
a further 2 hours. The m xture was allowed to cool to roomtenperature and
poured into 4L of nethanol to precipi ta}1te t he pol yner. The pol yner/ met hanol
m xture was then filtered. The pol yner %35l at ed by filtration was then
further recl pitated  into_nethanol fromtoluene solution, and dried under
vacuum yairé’ﬁ‘a 5% %e%&leyfﬁéfm%ttlaﬁ ndd°BY t RPPTeERod2had* A ReddvitBBecul ar
wei ght okeA8Pa Dbrmlhe xDlwritean Reiaght Rypaenbashrgirdsgieng. a Pol ymer Labs
GPC systemincorporating an LC1120 isocratic punp and ERC7515A Refractive

| ndex Detector. The solvent used was THF at a flowrate of 1 ni/mn, and
the tenper aitine wasurehkrohbpebtatoB35heC. prE@ntolintent ye Wafe Fged’ﬂn&ed (*2,
30 cm calibr at ed usi ng PL 600-500, 000 pol %Sﬁ\ér ene st andar d;?x

Exanpl e ré’géﬁﬁt 1GPHY B BRI vier ThEYi RGRPBT Il a Iﬁl%ht h a

| i ght - eficnshee fayecompriRel wnetursheh sécarat wiomok¥Xl bs ( 8Of e b,y mer

With str re (2.37 ar.e Iacedi a 1 round bottoned
flask f ﬂ%tlég‘ ioogééﬁ%e nr‘%etf%(l%ms%l'll r rs?rwﬁgr TOPRP U gr&?dgﬁgﬁp%i?ﬁ 95"'5
connect efi fith achbmoex 01fs nict iogeave Tmmvynehan@e(tmnr:jes thensmsh iIx<sipigved i n

-- 3.5 1r%f el;:gg_ggn qh o~ sgéonacr\gl tQnStirring under nitrogen. Wen
di ssol uti"6R i s corrp ete the poly Solution is allowed to cool to room

terrperature The vi scous solution |s t hen added dropwi se to a | arge excess

rap'gh*%%h'Eﬁbngrgﬁahaggup(éfxpéhﬁaer§TQﬁsEE§§é@'Eﬁé@ | YOBI¢ i, then
un

flltere is’then dried to constant wei er vacuum The
final yite c}h@héaratbesetﬁ?&ﬁlt 2pdt FRArd aépeezss?fgthqmrsesesxtalavwfsiqma|

appl i catign 9hbSEROPE246p0 Bymers 89y b\l ddEinkd.An organi c pol ymer having a
plurality of regiens along the |length of the polymer backbone and

conprising: (i) a first region for transporting negative charge carriers
and havim SE i sfei rasﬁ trendgap-gtebipsedrby oaxrobintiet pbikketevebmpricdingf ia st HOMO

level | andior (11)o2 $860N0-L020ah8" ALGIRRY {ERY-F051 L veeEhar gty

carrlers
hav1ng a first bandgap defined by a first LUMO level and a first

HOMO 1level, 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 first, second,

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

A specific example of this sub-group is shown in formula XXVIII:



havi ng a second bandgap defined by a second LUMO | evel and a second HOMO
l evel; and (iii) a third region for accepting and conbi ning positive and
‘negative io charge carriers to generate light and having a third bandgap
defined by a third LUMO | evel and a third HOMO | evel, each region
conprising one or nore nononers and thg guantity and arrangenent of the
mononers in the organic polymer is sel Bted so that the first, second and
third bandgaps are distinct fromone another in the polymer, wherein the

fornul a & : &=\ X: : ad |or
unsubst i O+ i ; } i

. olyner accord\ o cl ai

t hi rd nononer Cetinpfatises a grob aving a formnul s shown r
Ark,- H [Ar2 (X) wherein Ar2 is a substituted or unsubstltuted ardiatic or
het eroaromatic group and Arl is as defi ne((jxxiv?n%l ai m 20.

wherein w + x + vy + 2z =1, w2 0.5, 0S x + y + 2 $ 0.5 and n 2
2. Preferably, w is approximately 0.5, x is approximately
0.125, y is approximately 0.034 and 2z is approximately 0.341.
Preferably n is 2 5. These values have been shown to give rise
to good performance of the polymer when used in an
electrolumihescent device. This polymer emits “red” light as

defined above when used in an electroluminescent device.

Further specific examples of this sub-group are shown in
formulas XXIX and XXX:

CgHi17 CgHyq \ s /

{XXIX)



3. 'An organi c polymer according to claim1 ar 2, wherein Arl or Ar2
i ndependently conprises a substituted or unsubstituted, fused or unfused

‘benzene, thiophene, furan, quino~taline) biphenyl oz' fluorene group. . 4,
An organic polyner according to any one of clainms 1 to 3 wherein the third
nmononer conprises a group having a fornula as shown in Formula VITI: (VIII)

n wherein X~ is RC=CR or S and Rl and are the sane or different and are
each a substituent group. 5. An organic polynmer according to any one of

clainms 1 groug having a fornul a
as shown 2t ; 4 ; wherein R3 and R4 are the

sane or 5 3 ‘ = 2 psiiiuent group(xx@ An

or gani ¢ ppl ynt i 5, 1% or nmore of Rl , R2 ,

dr ogen, al kyl, aryl,

oxy, hetJQEQaryln al kyl.aryl .

rgani ¢ pol ymer atcording to claimb
wherein RL and RZ or R3 and R4 arelthge sanme and are each a phenyl group. 8.
An organi c polyner according to 6ne of clainms ,4, 6 or 7, wherein the
third nononer conprises a group having a fornmula as shown i many one of

For mul asin¥kkinte, XVl + $Ph=Ph (62 \05\8, 03\ k & Rhs oPh and A \> N.S Fdaxzzza

( Xv1i

@il kyl , cyano
aryl al kyl% pyridine or furan. 7,

formula XXIX, preferably, w 1is approximately 0.800, x \is
approximately 0.171 and y is approximately 0.029. Preferably n
is 2 5.

For formula XXX, preferably w s approximately 0.864, x is
approximately 0.108 and y is approximately 0.028. 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. .These polymers emit “green” light as
defined above when used in an electroluminescent device.

Still further, specific examples of this sub-group are shown in

formula XXXI:

A OMOT MO OOM

CgHyy CagHy

} In

(XXXI)

wherein w + x + y =1, w2 0.5, 0S x + y £ 0.5 and n 2 2.
Preferably, w is approximately 0.80, X is approximately 0.10 and

y is approximately 0.10. Preferably n 2 5. Alsoc preferably, w



Ph*Ph N/ \ cxzv~ (XVI) ~2 Ph Ph (XV'I1 ) 9. An organic polymer
according to any one 'of clainms 4 to 7, wherein the third nonomer conprises

-a group having~a forrmula as shown in any one of Forrmulas XVIII to XXVI: ,.
(Xviir) "I ~eH ~ ~eHn1~, S(XIX? ~'"~~~~(XX) ~o\ %' ~%. s s (xxz>/

/| .~~~~xximv..=r ~~o0~ 0N |3 NNS~~g ~aHWL8H17 ~-8H17
~9BKI 7

is approximately 0.85, x is approximately 0.10 and y is
épproximately 0.05. These values have been shown to give rise
to good performance of the polymer, having regard to device
efficiency and lifetime, when wused in an electroluminescent
device. This polymer emits “blue” light when used in an

electroluminescent device.

The second sub-group of polymers according to the present
invention are 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 a
second région for transporting positive charge carriers and
having a second bandgap defined by a second LUMO lewvel and a
second HOMb 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.

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

group is shown in formula XXXII or XXXIII:

—

M@{H—

CgHi17 CgHio

{XXXIT)




- 243 (xxnf /~\ [/ \ [/ \ xxzv ~-- ~-~- ¢ ) s ~~S-s/ ~s/ 1 \ s/N\ s
[r~/ ~\ /[ \ . /] \ txxv) 's, ~, s, , Scxxvz) s ~}---.t s ~N\. S
~10, An organic polynmer according clainms, wherein the first regio conprising
a substituted or heteroaronatic group. 11. An organic polynmer according
monomer conprises a substituted or ta gRy_one of the preceding n conprises
a first -nmononmer unsubstituted aromatic or to claim~0, wherein the first
uri substi uted fluorene group: .1_2. An organi ¢ pol yner according to claim
y 2;7- linked dialkyl f luorene
aim 1.2, wherein, (XKXI)
Giloct ~r | quorene group. - 44
of the preceding cl ains,

3 fononer conprising a
substituted or unsubstituted aromatic a#x heteroarornatic group. 15. An
organi ¢ polyner according to clairn: I4 mhereln the second nmonomer conprises
a Eriar kanlne unij t haV|n ng enera ~- wherein each Ar is

t he sam¥Bredf ¥ ef eht™ alr‘Id cb sé% a Og b§ t’ﬁlt?eo'ﬁor PeREahRR It utedSar omat i ¢
or het eaparoxthd =l @USO, 16. i Ameprgaiinat @Dy YOEI0.ac Ceedengolyy heast.one Ar

Conprls%%egesggf&églﬁé%e been shown to give rise to good performance of
the polymer, having regard to device efficiency and lifetime,

when used in an electroluminescent device.

A further example of a polymer falling with the second sub-group

is shown in formula XXXIV:

HO-h KOO KOOt e

CgH17 CgHyy

wherein w + x + v =.1, w2 0.5, 0 £ x + v S 0.5 and n 2.2.
Preferably w 1s approximately 0.50, x is approximately 0.25 and
v is 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:



claim 14 or 15, wherein at d or unsubstituted phenyl group. 17. An organic
pol ynmer according, to claim 15 or 16.) wherein at | east one Ar conprises a
~substituted or unsubstituted aromatic or heteroaro~atic side group that is
pendent to the pol ymer backbone.
17~ wherein the side group conprises _a ﬁupstituted or unsubstituted aryl
group. 19. An'organic polyner according'to claiml8, wherein the side group
conpri ses.an unsubstituted phenyl or a nonosubstituted or 3,5-disubstituted

18. An organic polymer according to claim

phenyl grjoup.~28. Al gani c/8| ynmer raecar di any one of.clains~l7 to
19~ wher-t 5+ p @ HeHs ent BNPri si ng axswdHstituted
or unsubgtiit ’ Xy ﬁerf 4Ir od] k Al %k , yl al kyl, heteroaryl,
aryl, alKk or cyang N c polymer according to

any one df cl &lim €8t o 20; wherig

having a|fornmul a as shown in any

45 (LZ) T X ~Y (Ill) ~N
and are substituent groups.

22.

X

the triarykafri nefunit conprises a group
gne of Formulas |, |d, or III: X (xX? -
bepe X and Y are the sane or different

An 6r gani ¢ pol ymer according to claim 21~

wherein the triarylamne unit conprises a group having a fornmula as shown
in any one of Formulas IV, Vor VI: N~ ~N~~ (IV) \ \ AB

wherein w + x + z =1, w 2 0.5, 0 £ x + 2 £ 0.5 and n 2 2,
Preferably, w is approximately 0.50, x is approximately 0.377, z
is approximately 0.123. 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

electrolum;nescent device.

A polymer falling within the second sub-group advantageously can
be blended with a light emissive material. The blended polymers
may férm a single layer in a light-emitting device. An example
of a suitable light-emissive material 4is any light-emissive
material having suitable HOMO and LUMO 1levels and, thus, a
sultable bandgap.

Polymers falling within the third sub-group of' 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 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.



l ~Np~~NN""/cvz) \\ A~SCADB - 46 wherein A, B, Cand D
are the sane or different and are ' substituent groups. 23. An organic

pol ymer according to claim?21 or 22, wherein one or nore of X, Y, A B, C
and D is independent~.y selected fromthe group consisting of hydrogen,

al kyl, aryl, perfluoroal kyl, thioalkyL,%éyano, al koxy, heteroaryl,

al kyl aryl, and aryl al kyl groups. . 24. ‘organi ¢ polynmer according to

4

claim 23, wherein one or re of _ X..Y, R, C and~D.is independently

sel ect ed™? r SRITRAE g?‘gu?) Egﬁ‘é"i‘eﬁi%% gaﬁ“‘ﬁﬁéﬁbgsﬁﬁg‘)ﬁf? 7 'bgfﬁcsﬂp dréoup, as
nal kyl , ahommalkokyrmrlaaxkkvii uor onet hyl gxoup. 25. An organi c pol yner
according to claim23 or 24, where~.n X and Y or A B, Cand D are the
same. 26. An organic polyner according to claim1, wherein the third
nononer conprises a triarylamne unit. 27, An organic polynmer according to
claim 26) _wherein the third nononer, conprise s a group haying the fornul a

-E(- ArZN-)) - N/ N\3-, /ey ain . each ' Ar is the sane or different
and co T Ot.ed NgAPst i t uted aromati c or heter paxernati c
group. . pol y yadcording to claim?27, wherein at |east one

Ar conpriijses a su@Stituted c\g U}WSUS"titut ed aryl group. 29. An organic

pol ymer accor ity Fefizl ai m 285 wherein the at |east one Ar conprises an
unsubstituted phenyl group. -- 47 30. An organic polymer according to
any one of clains 27 to 29, wherein at |east one Ar congrises a substituted
or unsubstituted aromatic or_ heteroaromatic side group that is pendent to

t he pol y¥RETHACKbANE. =31 Af FrGan¥ cS pi §ridd &c@ofdi nerafrebPaym 80oLs wherein

the sideag QA a@ERYyi 56564 USPdi Hragprbusrbt boNZenas .t higRkepsp1f Urdn
gui noxal i ne, bi phenyl or fluorene roulc’)[%'.f 32. An or%anl c .pol ynmer according
to clain31l) VESE nVEhBeSi d¥V§r oﬁge%o s 2 nBhBSubEtSet utBd PRty

group. 3gerf¥rmanganioc poley melymeepr Havithd Or&girdone afevdlcai rRiffidfehoy 32,
wherein th s.iofd .qroup_has__a _substituen oup co i sing hydrogen or a
substi tu?‘%cg,ll rE%LJIEEUbst? e g‘i‘ kayr} 2 58%1:%%1?0% SI?{%F? %?‘f(%edr yl, aryl al kyl,
heteroaryl, aryl, al koxy, thioalkyl or cyano group.

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 Thole

transporting material is a poly-triarylamine.

A fourth sub—-group o¢f 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 1light .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.



34." An organic polynmer according to claim32 or 33., wherein the
triarylam ne unit conprises a group having a fornmula a$ shown in formula

TV~ ~1'" A B wherein A and a are the sane or different and are substituent
gr oups. .. 48 _35. An organic polyner according to claim34; wherein
the third nonomer. conprises a group having a formula as shown in Formul a
XXVIL: ' " (KXVTI) 36. An organic poryﬁér'according to any one of the

precedi -ng c7, aj ns mherein the first region additionally' conprises a
fourth ﬁﬁn&ﬁ%?p%%n%§i%iﬁ§ FuritetrguBEER Rt BRE of omiduIb-8GPER AF omati ¢
or het er gigvimainl Eogr@lyp.XXxv3Z: An organi c pol ymer according to claim 36
wherein the further substituted or unsubstituted aromatic or heteroaromatic
group conprises a group as shown in forrmula XI wherein R3 and R4 are both
hydrogen.. 3g, An organic polymer according to any one of clainms ,14 to 37,
wherein the second region additionally conprises a fifth nonomer conpri sing

Cor ng as{ get\ned i inms 14 to 25, which is
@.. r. 3‘@— ol ymer amgargi ng to
eding ‘cl ai s, gB Tax rst region for

qg (ii) a second region for
avi ng a second bandgap defined
by a second LUMO el and a second D eI\ and (iii) a third region
for accepting and conbining positive and negative charge carriers to
generate light and having a third bandgap defined by a third LUMO | evel and
a third HOMO.l evel , wherein each region conprises one or nore nononers and
the quaphbtyimnéd arns angemrnt ofst ke <MONONBRS 4 2 the @rgaBisbRPl WTBE i S

| he fir n n hir r i in from an
Zﬁ;ﬁ;?%ﬁ%ﬁ%&@ﬁ&rﬁ Satn’d SyeCi% dap%rgxgmatedlybad].cp.apspfefeergbﬁ(, gt 2 om ane
s.

A polymer falling within the fourth sub-group advantageously 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)}, preferably, poly[2,7 -{9,9 dioctyl

fluorene)]. e

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 pclymers 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



40." Rn organi c pol yner according to claim 39~ wherein the third region is
capabl e of generating light with a wavel ength in the range 600 nrn to 700
‘'nm 41. . An organic polyner according to claim39 or 40 having a fornula as
shown in Formula XXvitt: I ~1 w~1 ~/ x| ~I ~1 ~y 1l ,. gi v Si'
CaHm caHm~ ~ g ~~g ~n XXVIII whereinw+ x +y +z =1, w 0.5,
s x + y +z S0.5and n Z z. 42: An-o#gani c pol yner according to claim 39,
wherein the third nononer is capable of generating |light having a
wavel engppliqetiloa r afgre 5002h#§31-P.600tkAan coptemts Anoér gathiichpol Freer

accc\rNd' n%{oqukgyga 39e9éu42by hmmr@ef or myl;a dfshounsi ehg%% XX

~e~l ~ ~eH ~ x (XXI'x? wherein w + X + 505
+y S 0.®mpdepazing a44=°nAh‘96Fg%rﬂCt,1Yp\ern‘é¢l%tb@@F\§theQ cPOdIYallemslgnmr _42,

having @,fprpdlas 8sn Showaid FOr i aa 20ie ik~ n%ngmermhgvgnéf%{qlg§§g7 ()&&0
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 1is
because reaction times are short and residual palladium levels

are low.

Another polymerisation method is disclosed in US §5,777,070. The
process involves contacting monomers having two reactive groups
selected from boronic acid, 61—06 boronic acid ester, C1-C6
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, 10%9-1103 (18¢98). The polymerisation reaction involves
nickel-mediated coupling of dibromide monomers. This method

commonly is known as “Yamamoto Polymerisation”.



X wherein w+ x +y =1, w2 0.5 OSx +y S0.5and n 2 2. 45. An organic
pol ymer according to claim39, wherein the third nononer is capabl e of
‘generating light having a wavel ength in the range 400 nmto 500 nm --
51 46. An organic polyner according to claim45, having a fornula as shown
in Formula XXXI: \ / \ / w\ / \ [ X\ N\ / \/ ~eHH~-Hm~ 1 ~1 ~ 1 n(
Xxxi ) wherein w+ x +y =1, wZ 0.5, X +y S0.5and n 2 2. 47. An
organiclpol nme accorr(ej%gl to a

r 0 ny,one clains 1 to 3g~ _cqonmprising: (i) a
first regt ons PYFaREpor TG éé ?{/1651&&8&88&&%?% & s "R Havitya first
bandgap def bnedefhlyodifdntst bk UMRdrevrel camolr isef iohat o FIGM2 Ifavet; seebrdi) ~ a
second regi fqr_transportin Qsitive charge carriers and having . ,a second
bandgap J&f i%ﬁéﬁgbfleghonssgcoﬁ 8 éf’ aarld°lg‘5§g&é%d°{@\95°f"85‘§1 :e'ag%
wher ei n eagrisdgigona c digrsits essemeadororortkirdnareyionangnd héaguagt i twe and
arrangenent .qQf t o] S,w thi rgani ¢ _polyner .is_selected so that
the firs eaé:r?gvseeggrﬁgggaﬁgag\g %Ir;lgg%‘%és] i Jgr(‘:t o??oﬁ?o érgngttﬁ%? Fﬁa?%’embol ymner .
48. An orgpsi.c p@hpmmrezprepaliatg nanagiegismthidn heay rge acboranteal aslthown in
FornU|a'39§Qg 8§exé¥lgéfed hogéﬁers 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 polymef 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



w~~N-~.~x-~w/ vijwv |l ~eHn~eH-~ n ¢ xxxz x ~ (xxxzzz) C F3
wherein w+ x =1, w>~0.5 x S0.5and n 2 2. 49. An organic polyner
*according to claim4~~ having a fornmula as shown i ~n'~ormula XXXIV: CH
CaHmw\ / K... f (XXXIV whereinw+ x +v =1 wzZ0.5 0Sx+vSO0.

5, and n 2 2 . 50. An organic polymer according to claim47, having a
formula as shown in Formula XXXV:

- 29 -

advantageously be blended with a hole transporting material,
preferably a hole transporting polymer. A layer of the blend
may be included between an anode and a <cathode in an

electroluminescent device.

A polymer falling with the fourth sub-group defined above
advantageously may be blended with an electron transporting
material, preferably an electron transporting 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 la&ers also may be introduced between the anode and the
cathode if this is desirable in order to optimise electron
transport and/or hole transport in the device, and/or emission

of light from the device.



-. 53 \V/ \/.~wW\ /[ "\ CeHm CeHm x "ixxxv), wherein 'w+ X +z =1, w
Z0, 5 Ox+zS0. 5and n Z 2 . 51. An organic polynmer according to
‘any one of clains 47 to 50, , which is blended Wth a |ight em ssive
material. 52. Rn organic polyner according to any one of clainms 1 to 38,.
conprising: (i) a first region for transporting negative charge carriers
and having a first bandgap defined" by a first LLIM) |level and a first HOMO
|l evel; and , (ii) a third region for accepting and conbi ning positive and
negative charge carriers to generate |ight and having a third bandgap
defined by a third LUMO | evel and a thi3@d -HOMO | evel ., . wherein each
regi on conprises one or nore nononers and the ' quantity and arrangenent of
t he nonEXAMPLER t he organic polyner is selected so that the first and third
bandgaps are distinct fromone another in the polyner. 53. An organic

pol ymer Fgewmpllenty to claim52, having a forrmula as shown in Fornula XXXVI:

[\ exxxvi) \ I-\ | ~-Wuly n. CeHv ~eH, ¢ -- 54

Synthesis of 2,7-dibromo-9, 9-dioctylfluorene

Fluorene (166.2 g, 1.0 mol), iodine (0.4 g) and dichloromethane
(11) are placed in a 5 l, 3-necked round bottomed flask eguipped
with a magnetic stirrer, dropping funnel and spirit thermometer.
To this is added a sodium carbonate sclution (280 g in Z—i water)
and the reaction mixture cooled to below 5 ° C using an ice/salt
bath. The bromine solution (120 ml, 2.34 mol 4in 250-ml
dichloromethane) 1s 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%
aqueocus 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, dibromoflucrene, 321g, 99
%.

Dibromoflucrene (320° g) prepared previously (as. 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 B85 °® 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 85 ° C overnight, and then allowed to cool to room

temperature. Dichloromethane is then added to the reaction

mixture (500 ml).



wherein w+y =1, w2 0.5andy S0.5 and n Z 2. 54. An organic pol yner
according to claim52 or 53, which is blended with a. hol e~. transporting
material. 55. An organic polynmer according to claimb54, wherein the hole
transporting material conprises a poly-triarylamne. 56. An organic pol yner
according to any one of clainms 1 to 38, conprising: (i) a second region for
transporting positive charge carriers and having a second bandt~ap defi ned
by a second LUMO |l evel and a second HOMO level: and (ii) a third region for
accepting and conbi ni ng positive and negative charge carriers to ,generate
i ght and having a third bandgap defined by a third LUMO | evel and a third
HOMO | evel , wherein each regi on conpri-s@s ene or mare nononers and the
guantity and arrangenment of the nononers in the organic polyner is selected
so' that the seeonibranlisthired isandgasseared dist anet 1f rsepaoati @nofheiel .

.in:'"the polymer. .57, An_organic I r.accordin o.claimpb56, having a
formil a alSITWETR FBYREI S ooRn el Shg' cA7Qdqdld n3yr™ahaes yieh We
wher ei n xx +290 =mll, dixhZoobe tinche;, ZHR Toabiined Zoryarig, pARsesgané CwPsHadrer
according.to ¢l ai 6 ,0r,.57. whj i,s blended Wth an electron_transporting
mat eri al glé’@ §A’ﬁ %Brogé“r%'l gl%gf'#rlécr?h‘éactce&r'dﬁﬁﬁ PoITTH rﬁr}":ﬁ?,e Wﬁgrgfhe$h% er

el ect r onahhpdispoy tnaggestitrer $@lpredtepr ifdésepad yardd udreers®lvet bewowdd son

pol yrer cordi t t.he cedj cl.ai i tical _device 61_.
Use acco?glené%%%clegfﬁgéﬁ€g%%r eq?'%gt %e&op ioég'ngg%%gpsc%%ﬁﬁ 488 gpeled
el ect r ol aniintseeatich@dVi gevigp.a AeldbedoraigmisgdddenThelendasdionnpiksiry, an

anode | ayer j.2:cahhede |r3y8ge aRdraatayghsof 2f P&Lynﬁéf ol ng 1 one

of .clains tc 59 situated between the ano ayer and the cathode Tayer.
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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 (lecm), 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), 1is
obtained as a colourless crystalline {(white) solid, The
crystalline product is dried at room temperature under wvacuum 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(1l,3,2-dioxaborolan~2~yl)-9, 9~
dioctylfluorene

In a 2 L three-neck flask equipped with magnetic stirrer,
nitrogen inlet, rubber septum and low temperature thermometer is
dissolved 2,7-dibromo-9, 9~dioctylfluorene (200 g, 0.365 mol.) in
11 of dry THF. With the aid of a dry ice/acetone bath the

solution is cooled to ~ =78 °C during which time the dibromide
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solution is filtered to remove the LiCl, washing thoroughly with
more hexane. The hexane 1is 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 1. 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 rocm temperature 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.
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]ca]ca]mak@aépakea]calpa]oaicm]csatheﬁ %l lowed to cool to room temp.
and left in the fridge overnight. The target compound, 2,7-
bis(1l,3,2~dioxaborolan-2~yl) =89, 9-dioctylfluorene, is obtained as
a colourless solid (110 g, 57%*),
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ca]caLﬂcuﬂsmyﬂ(nadjqngmﬂﬁxxted with an ailr 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
¢ool to room temperature.” The organic phase was separated from
the aqueous. The aqueous phase was washed with dichloromethane
(4 x 500 ml). The ocrganic 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 liquid, 4-sec-butyl-1-

iodobenzene, (245 g, 70 %).
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./012xrﬁ¥§§ fgggﬁigk'ﬁixture was allowed to cool and quenched with 2 M
hydrochloric acid 11. The organic phase was separated from the
aqueous and passed through a bed of cellite. The solution was
then concentrated and passed, (under pressure of nitrogen), down
a glass column packed (6 cm diameter by ~ 70 cm long) with
silica gel 70-230 mesh using hexane as the eluting solvent., The
eluent was striped of solvent to afford an oil, which
crystallised to a white solid upon the addition of a small
guantity of methanol. The solid was then recrystallised from
isopropanol to yield white crystals of N,N-diphenyl-4-sec~
butylphenylamine (101 g, 37%).

In a 11 three necked flask fitted with magnetic stirrer bar,
pressure equalised dropping funnel and nitrogen inlet/outlet was
placed N,N-diphenyl-4-sec-butylphenylamine (22 g 0.056 mole, 100
% pure by HPLC) and anhydrous DMF 350 ml. N-bromosuccinimide
(34.18 g 0.182 mole) dissolved in cold anhydroﬁs DME (100 ml)
was added dropwise to the reacfion 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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sec-putylphenylamine, as a white solid (23.5g, 53 %).

Exeggle 4

Synthesis of 4,7-dibromo-2,1, 3-benzothiadiazole

A suspension of 2,1,3-benzothiadiazole (100 g, 0.74 mol) in
hydrobromic acid (48% aq.) (500 mL) was heated to 100 °C.5After
30 mins, bromine (120 mL, 4.68 mol) was added dropwise and the
suspension stirred at 100 °C for a further 24 h. The reaction was
quenched by pouring the crude mixture onto vigorously stirred
ice/water. Stirfing was maintained for 30 mins after which, the
residue was washed with sodium thiosulphate (2 x 400 nmL, 20%
solution) ‘and was then dissolved in toluene (1.5 L). The
solution was treated twice with charcoal (lg) and heated for 2 h
at 100 °C. After removal of the charcoal the solution was
concentrated until a solid began tc appear. Methanol was added

to the mixture and left to recrystallise, affording 105 g, 49%.

Example 5

" Synthesis of polymer according to formular XXXII ( where the
degree of polymerisation is ~ 10).

A 2 1 recation vessel fltted with a glass stirring rod attached
to an electrical mechanical stirrer, teflon stirring blade,
reflux condenser (connected to a nitrogen line) was charged with
2,7-bis (1,3, 2-dioxaborolan-2-yl)-9, 9-dioctylfluorene (50.5610 g
, 95.33 mmol.), 2,7-dibomo-9,9-dioctylflucorene (41.7812 g, 76.18
mmol), bis(4-bromophenyl)-4-sec-butylphenylamine (8.7560 g 19.08
mmol), tetrakistriphenylphosphine palladium 300 mg, and toluene

950 ml. The mixture was stirred at room temperature for ten

minutes.
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Tetraethylammonium hydroxide (320, 20 % w/v) is then added to
the mixture which is then allowed to stir at room temperature

under flow of nitrogen for 20 minutes.

The reaction mixture was heated to and maintaiged at reflux for
up to 18 hours (typically left overnight). During this time the
reaction mixture was stirred ( setting rate 2 -3 } under an

atmosphere of nitrogen.

Bromobenzene (10 ml) was added and the reaction mixture was.
allowed to stir at reflux for a further 2 hours, after which
phenyl boronic acid was added (llg) and the reaction mixture was

allowed to stir at temperature for a further 2 hours.

The mixture was allowed to cool to room temperature and poured
into 4L of methanol to precipitate the polymer. The
polymer/methanol mixture was then filtered. The polymer
isolated by filtration was then further reprecipitated into

methanol from toluene solution, and dried under vacuum yield ~
55.

The polymer obtained by this method h;d 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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light-emissive material

Polymer with structure XXXII (60 g) and polymer with structure
XXXVI, w =y, (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 yieid should be quantitative i.e. 62.37 g.

This is a divisional application of SG200105465-9,.
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polymer backbone and comprising:

(i) a first region for transporting negative charge carriers and having
5 afirst bandgap defined by a first LUMO level and a first HOMO level; and/or
(i)  asecond region for transporting positive charge carriers and
having a second bandgap defined by a second LUMO level and a second
HOMO level; and
(i)  a third region for accepting and combining positive and negative
10  charge carriers to generate light and having a third bandgap defined by a third
LUMO level and a third HOMO level, each region comprising 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, wherein the third region comprises a third monomer
15 comprising a group having a formula as shown in Formula IX:
A - H—y (1X)
wherein Ary is a substituted or unsubstituted aromatic or heteroaromatic group
and wherein group H is an aromatic or heteroaromatic diazine group fused to a
benzene or thiophene group.

20
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2. An organic polymer according to claim 1, wherein the third

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

-(-Arl—H—Arz—j— (X)

wherein Ar; 31s a substituted or unsubstituted aromatic or

heteroaromatic group and Ar, 1s as defined in claim 20.

3. An organic polymer according to claim 1 or 2, wherein Ar;

or Arz; independently comprises a substituted or unsubstituted,

fused or unfused Dbenzene, thiophene, fu;an, guinoxXaline,
biphenyl or fluorene group. '
4. An organic polymer acéording to any one of claims 1 to 3

wherein the third monomer comprises a group having a formula as
shown in Formu;a VIII:

Rj., Ra
N/ \N . (VIII)

wherein X' is RC=CR or S_and Ry and R; are the same or different
and are each a substituent group.

5. An organic polymer according to any one of claims 1 to 3,
wherein the third monomer comprises a group having a formula as
shown in Formula XI:
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wherein R3 and Ry are the same or different and are each

independently a substituent group.

6. An organic polymer according to claim 4 or 5, wherein
one or more of Ry , Ry ,R3 anq R iIs each independently selected °
from hydrogen, alkyl, aryl, perfluorcalkyl, <thicalkyl, cyano.,
alkoxy, heteroaryl, alkylaryl, arylalkyl, pyridine or furan.

7. An organic polymer according to claim 6, wherein R; and Rj

or R; and Ry are the same and are each a phenyl group.
8, An organic polymer according te any one of claims 4, 6 or

7, wherein the third monomer comprises a group having a formula
as shown in any one of Formulas XIII to, XVII:

H Ph Ph

/7 N/ N/ N\ (KIII) (KIV)
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© 9, An organlic polymer according to any one 'of claims & to 7,
" wherein the third monomer comprises a group having a formula as
shown in any one of Formulas XVIII to XXVI:

¢’

O’O O . ‘ (XVIII)

7 N

CgHys CgHir [\ 5 /1

"/ \ oI\, °

(XXITD)
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10, An orbanic 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.

11, An organic polymer according to claim 10, wherein the first
monomer comprises a substituted or unsubstituted fluorene group.

12. An organic polymer according to claim 11, wherein the first

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

13. An organic polymer according to claiml2, wherein the 2,7-

linked dialkyl fluorene group is a 9,9 dioctyl fluorene group.



10' 0! 10% 0& ()-310% 0& ()- 10: 10:
10: &6!10% & ()-90!'10% & ()-'110% & ()-j A() *+2xnbC 10' 010% & ()- 10'0 10'o
. 10" o/ ! 10% 0&' () - Sy#! 10% 0& ()- ! 10% 0&' ()-!10% 0& ()-2_, dEnbC
10' 04,110% & ()-&'!110% & ()-&@10% & ()-& 10% & ()-& 10% & ()- & 10% & () -
,10129ChC 10" ol " 10%H&! () - F | 10%# (), @10%4& ()- 10" 10" 10"95 -
"10% & ()-&P. "10% & ()- OWKYZaj t bC

14, An organic polymer according to any one of thelnecedingcﬂaims,
wherein the second region éomprises a2 second monomer comprising

a substituted or unsubstituted aromatic ox hetercaromatic group.

15, An organic polymer according to claim .l4, wherein the second
monomer comprises a triarylamine unit having the general formuia
+ ArsN F wherein each Ar is the same or different and comprises a
substituted or unsubstituted aromatic ox hetercaromatic grphp.

16. BAn organic polymer according to claim 14 or 15, wherein at

least one Ar comprises a substituted or unsubstituted phenyl
group.

17. An oréanic polymer according to claim; 15 or 16, wherein at
least one Ar comprises a substituted or unsubstituted aromatic

or hetercaromatic side group that is pendent to the polymer
backbone. ' '

. !
18. An organic polymer according to claiml7, wherein the side

group comprises a substituted or unsubstituted aryl group.

19. An ‘organic polymer according to claim 18, wherein the side

group comprises an unsubstituted phenyl or a monosubstituted or
3,5-disubstituted phenyl group.

20. An organic polymer according to any one of.claimsll7 to 19

wherein the side group has a substituent group comprising a
substituted or unsubstituted alkyl, perfluorcalkyl, alkylaryl,
arylalkyl, heteroaryl, aryl, alkoxy, thiocalkyl or cyano group.

21. An organié bolymer according to any one of claims 15 to 20,
wherein the triarylamine unit comprises a group having a formula

as shown in any one of Formulas I, II, or III:
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where X and ¥ are the same or different and are substituent
groups.

22. An organic polymer according to claim 21, wherein the

triarylamine unit comprises a group having a formula as shown in

any one of Formulas IV, V or VI:
A

%
w
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wherein A, B, C and D are the same or different and are
substituent groups.

23, An organic polymer according to claim 21 or 22, wherein one

or more of X, Y; A, B, C and D is independently selected from
the group consisting of hydrogen, alkyl, aryl, perfluoroalkyl,
thioalkyl, cyano, alkoxy, heterocaryl, alkylaryl, and arylalkyl
groups. ) )

24. An organic polymer according to claim 23, whereln one or
more of X, ¥, A, B, C and D is independently selected from the
group consisting of an unsubstituted, isobutyl group, an n-

alkyl, an n-alkoxy or a trifluoromethyl group.

25. An organic polymer according to claim 23 or 24, wherein X
and Y or A, B, C and D are the same.

26. PAn organic polymer according to claim 1, wherein the third
monomer comprises a triarjlamine unit.

27. Bn organic polymer according to claim 20, wherein the third
monomer comprises' a group having the formula
{ﬂfArﬂbﬂ-Ar-(—NArrﬁgn wherein .each "'Ar is the same or different
and comprises a substituted or unsubstituted aromatic
hetercaromatic group..

or

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.

105
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30. An organic polymer according to any one of claims 27 to 29,

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,

perfluoroalkyl, alkylaryl, arylalkyl, heteroaryl, aryl, alkoxy,
"thicalkyl 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

wherein A and B are the same or different and are substituent
groups.
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36. An organic polymer according to any one of the preceding claims,
wherein the first region additionally comprises a fourth monomer
comprising a further substituted or unsubstituted aromatic or
heteroa}.-omatic group.

37, An organic polymer according to claim 36 wherein the
further substituted or unsubstituted aromatic or heteroaromatic
group comprises a group as shown in formula XI wherein R; and Rq
are both hydrogen.

38, An organic polymer according to any one of claims 14 to 37,
wherein the second region additionally comprises a fifth monomer
comprising a further second monomer as defined in any one of
claims 14 to 25, which is different from the second monomer.
39, ‘ An organic polymer according to any one of the preceding
claixps, 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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carriers and having & second bandgap defined by a second LUMO
level and a second HOMO lefel; and .

{(1ii) a third region for accepting and combining positive
and negative charge carriers to generate lighf and having a
third bandgap defined by a third LUMC level and a third HOMO
level,
wherein each region comprises one or more ménomers 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 1s capable of generating light with a wavelength in the
range 600 nm to 700 nm

1

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

\

| )
MO OMO- OO

/4 7 N\
N
CyHy7 CeHiy \ \ s )

S

XXVIII

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

42. Bn 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, 0SS x +y <0.5and n 2 2.

44, An organic polymer according to claim 39 or 42, naving a

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

third monomer 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 organlc polymer according to any one clalims 1 to 387
. camprising:

(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 HOMO 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 cne another in the polymer.

48, An organic polymer according to claim 47, having a forﬁula
as shown in Formula XXXII or XXXIII:
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wherein w + x = 1, w 2 0.5, x £ 0.5 and n 2 2,

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

as shown in Formula XXXIV:
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wheréin w + x + v = 1, w 2 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.
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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 1 to 38,.
comprisingi
(1) a - first region for transporting négative charge
carriers and having a first bandgap defined by a first LOUMO
‘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 reglon comprises one or more monomers and' thg
" quantity and arrangement of the monomers in the organic polyﬁer
is selected so that the first and third bandgaps are distinct

from one another in the polymer.

53, BAn organic polymer according to claim 52, having'a formula
as shown in Formula XXXVI:
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wherein w + y =1, w 2 0.5 and ¥ £ 0.5 and n 2 2.

54, An organlc polymer according to claim 52 or 53, | which is
blended with a.hole-transporting material.

55. An organic polyger according to claim 54, wherein the hole
transporting material comprises a poly-triarylamine.

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

(i) a second region for transporting poéitive charge
carriers and having a second bandgap defined by a second LUMO
level and 2 second HOMO level; and

(1i) 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,
whereln each region comprises one or mare monomers and the
quantity and arrangement of the monomers in the organic polymer
is selectea so that the second and third bandgaps are distinct
from .one another .in:the polymer.

57. An organlic polymer according to claim 56, having' ' a formula
as shown in Formula XXXVII:

n

% .



- 55 -

wherein x + y =1, x 2 0.5 and y £ 0.5 and n 2 2.

58. An organic polymer according to claim 56 or 57 which is
blended with an electron transporting material.

59, An organic polymer according to claim 58, wherein the

electron transporting material comprises poly-fluorene.

60. Use of a polymer according to any of the preceding claims
in an optical device.

6l. 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 tc 50 situated between the anode layer and the cathode
layer. .



