-1- POLYMERS, THEI R PREPARATI ON AND USES The—present invention relates to
an organi c pol yner and uses thereof such as i optical device, and to a
process for preparing such a polyner. O gani cj‘mm,ﬁﬂuﬁmummescent devi ces
are known which enploy an organic material fo i on. For

exanpl e, WD 90/13148 describes suchk a €device conprisgesmg a sem - conduct or

| ayer conprising a p filmwhich conprises at |east one conjugated
pol yner situated bet vvgée)%yr%?és(ft Fgaég.P%%WeﬁNDﬁfﬁsm in this case

conpri ses a pol y(para-phenyl ene vinylene) (PPV) filmwhich is capabl e of

l'i ght enijhsési on whégn el ectrons and, holes are injected therein. O her

pol yrmer 14y et ECAFabt & By °fr GFFi T hdPeSTERNET aRSpYPEY naneél estsons to

the em ssieveof| ayeh nay he iaicosperaneddibnt e SUghadey ces FoL9r ganic

sem condur%t qrs i ortant c);‘[har acteristics are the binding energies,
measur ed WPt A PspETt 4 6°r KBV acuum | evel of the electronic energy |evels,
particularly the "highest occupied nolecular, orbital”. (HOMD and "I owest

unoccupigd mol ect Ieartro%lrntg'%gslgen(tLl I\/Q% | evel s. These. can be estimted from
measur ement s of prot S SsT oI Uitd PRFITTUI &FPy *ReASur dHet sem@loy hen
el ectr ocirgané¢al mpotentl afsr f digoxi datddrorand reductd@ne, | two 6 MBIl

under st ¢ L e field th h energies are affected by a nunber of
factors,%%gﬁc%gbé‘g t%‘g&} ocal q}eer‘{\s'};é(réonﬁ%m ‘th%’ar?g arf IS FRRIICEHTd tiRyemoi nt on

t he cur\veemppeakigfram whirhet hefilml uehich detenprined. AgtcondiaBgl Y.onkhe use

of such é@ﬂjﬁ@ﬁté& polymer situated between electrodes. The polymer

film in this case comprises a poly(para-phenylene vinylene)
{PPV) £ilm which is capable of light emission when electrons and
holes are injected therein. Other polymer layers capable of
transporting holes or transporting electrons to the emissive

layer may be incorporated into such devices.

For organic semiconductors important characteristics are the
binding energies, measured with respect to the vacuum level of
the electronic energy levels, particularly the “highest occupied
molecuylar. orbital” (HOMO) and “lowest unoccupied molecular
-orbital” (LUMO) levels. . .These. ‘can be estimated from
measurements of photoemission and pérticularly measurements of
the electrochémical potentials for oxidation and reduction.. It
is well understood in the field that such enefgies are affected
by a number of factors, such as the local environment near an
interface, and the 'point on the curve (peak) from which ¢the
value is determined. Accordingly, the use of such wvalues is
indicative rather than quantitétive.

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

anode’1l is a layer of transparent indium-tin oxide (ITO) with a
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indicative rather than quantitative. Figure 1 shows a cross section of a
typical device for emtting light. Figure 2 shows the energy | evels across
the device. The anode 1 is a |ayer of transparent indiumtin oxide (ITO
with a 2 work function of 4.8 electron volts. The cathode 2 is a LiA

| ayer with a work function of 2.4 electdon volts. Between the el ectrodes .
is alight emssive layer 3 of PPV, having a LUMO energy level 5 at around
2.7 el e¥PFbnIVBFESCRNEL a4 HOMD ettty Vdlesel 6Tiat ertowad 3. 2 selLcton.
volts. Hpl I : b o @ pnjected into the device recaonbine
radi at i ve'Iy?% ﬁﬁ%hkg f;clé&v&q?:fyég??&%% ?ﬁp%r% a%%e Olteracinurv EBF' t hBeHERA s the
hol e trafkspfriodesayley @ idipol seitdpivend adieaxyd ho dpbene {RERGN)a Thivo pol yner

is disehos hB 6866 i rQvi an_energ evel at about 5.2
el ectron vo '\?s \/\%igghghglﬁpg%toﬁgghgf2sglxlﬁjggg 2dF1 5 %/'?fL 3 TEOMQ ooRREh the

HOMD | evBrel nét Ak PPRund t5 ghallegtbennvekds her koldmtandaleuest sémd echfor

energy hevelig iecwikifupctihong 6 rally.illustrative rather than
absol ute. For jggiarrpl e, the work éﬁ%c?%gﬂg%¥§? Tba%la%t%iiy Wi ey PRY s
vel | knd@eE hat AR hWRRATEE tcpatiepreif el Ti@videpbsitHedmopkOEesss st

hi storyjafkepwp gevi S ME LT 850,059 a el egtron transport |ayer
si t uat edifl et ween t%ﬁﬁ&at ﬁ)gde 2 an thgm}éf‘ghggg%&s)s'i vgguisﬁ%iy?rﬂﬁ s

provi deS1 3Rt %4 gy IER/ MEBRAPEN HEMSs Pswideseanr emscgynjleetBdat r apade
cat hodestp eeacbrémevelM 188 Hfips the holes injected from the ITO

to reach the HOMO level in the PPV.

It should be noted here that values stated for energy levels,

-work functions etc. are "generally illustrative 'rather than

absolute. For éxample( the work function of ITO can vary
widely. It is well known that the value can depend on ITO

deposition process and history.

Known device structures also may have an electron transpoft
layer ‘Ssituated between the cathode 2 and the light emissive
-layer. 3.  This provides an energy level which helps the
electrons injected from the cathode to reach the LUMO level of
the material constituting the light emissi&e -layerL Suitably,
the electron transporting layer has a LUMO energy level between
the LUMO energy levels of the cathode and the light emissive

" layer or matched to the LUMO energy level of the light emissive
layer.

One disadvantage associated with multiple layered devices is

that where the layers are deposited from solution it is
difficult to avoid one layer being disrupted Qhen the next is
deposited, and problems can arise with voids or material trappéd

between the increased number of inter-layer boundaries.



the material constituting the light em ssive layer. Suitably, the.

el ectron transporting | ayer has a LUMO energy | evel between the LUMO
energy |levels of the cathode and the light em ssive |ayer or matched to
the LUMO energy |level of the light em ssive |ayer. One disadvantage
associated with multiple layered devices s that where the layers are
deposi t f.r solution_it i ifficult to avoid one |ayer being disrupted
when thg&ﬁé)i?g}'g"L%Eetbbsistléd,gslé’ﬁglﬁro‘t}19é3r?é ckh &phsermgd hwiohdsreanmat eri al
trapped thétweihmt helédtoraaneteseuthies, of ipaterzLayg dari.es. - .3

Appl . Phyg Lett. 51 913-91 (198%') is con'cer_neg‘l Wi Sgb)fr)%naeﬁi?c M hEREFI I m

el ectrol unt nescence >R 8bs i RS EEaPRoE Hing  Havamenf eonsirshaefca

hol e- t r alispdnei regpd aareremifs AveariaNali G di @y 348 o3 17 _ssive .l ayer of

8- hydr o>&%uipgl ngdalalémt;hi um I TOis used gsra fhgg‘ﬁ%fbel-eﬁmﬁ] eac]tulmﬁﬁl Fect rode
and a magnesium"SF 1 V&r W9 o) HE IHECEEREt FAACT APt BNY el ertgnedéunAS | S
di scl osedlverNalloe,a8Ghe 223ed2dh-(1h999)k i APRisysad as a hole transport
|'ayer. However, this nolecular material has the disadvantages associ ated
Wi th using small nolecule layers in a device. Sinmlarly, this docunment

di scl osés tikatdiPBDossd kimwiaase,ar3ogl, ecbLomd r pisdagr LrPIDaxgr\\sttéﬁalasn, this

has thep.gis 0 Vi characteristics associate usi g
smal | . mol ecSg\éﬂ%?/ggsy%é&gbnpc‘gorweege\ﬁ’t ﬁ%bﬁl PAkfcHRfermateyial has the

el ect r oldgiRAB3REIT vt Teslatle wise ofsipol wARLS WB1EEAEL akajdrd i ght,
enlttlngqu&égeSSiﬁgﬁgrly, this document discloses that PBD is known as

an electron transport layer. Again, this has the

disadvantageous device characteristics associated with using

small molecule layers as compared with polymer layers in

electroluminescent devices.

The use of polymers in general in light emitting devicés, and

particularly as charge transport materials is very attractive

Polymers show excellent device characteristics. These device

characteristics include good efficiency, processability and

device lifetime.

Poly({arylamines) are disclosed in US 5,728,801 as useful charge

‘transport layers in light-emitting diodes. This document
further discloses that triarylamines are used as charge
transport materials, specifically 'positive charge transport

materials, because they are easily oxidised to the corresponding
radical cation. The usefulness of the possibility of using

these polymers in film form is discussed in this document.

In view of the above, there still remains a need to simplify the

~Structure of light emitting devices, thus, simplifying

manufacturing processes and reducing production costs



particularly as charge transport materials is very attractive. Polyners
show excel | ent device characteristics. These device characteristics

i ncl ude good efficiency, processability and device lifetine.

Pol y(aryl am nes) are disclosed in US 5,728,801 as useful charge transport
| ayers in light-emtting diodes. This document further discloses that
triarylam nes are used as charge transport materials, specifically

ositive ¢ e transpor erials, .because ey ar.e_easi oxi,di se 0
t h t t t | b t I d dt

: resent 1nvention prgovides aq cle tﬁpluﬁlnesc n .Fe¥lce
t he correspondin radi cal  cation. e ‘useful néss of 'the possibility of

using thesecpubyiemg i fifimstor ehksgei scussied | ningkicsidgcuiener | fowvi ew
of the abo"?iréf%%i% S?JJ%ri%a'dPl%rge”%S?rﬁgra' LisEY L€ pstiucture; of
evi , thus, sinmplrfying gp

light emttin e np _ manufacturin rocesses and
reduci ng protuttdtomacdstysr fog4 iThecpirsemdtiventchengpr ogirdesrannd a

el ectrol um nesgent . deviGe  COMN 1$JA 8 fb!ert%eﬁh@ﬁgecﬁ%Eé%]eEaj:Pi@thér‘[‘cg
layer for injecting positive charge carriers, a second charge carrier
i nj ecting | ayeiedtomd njléyeirfg ARgat FORPEIFANge @ar miigEgrandoh @i ghtrst

em ssive |aygsr,lacatedebet weenpt hgg ChaLge: far hekq@ndadRbect iNQyl ayeds and
conprising a mxture of a flnsF conponent for acceptln% positive charge
carriers froft¥He CHIFET CHAr§E careretnd nfa&®hng 18Fend £o8BeBMR cbiponent

for acceptifngedpdald Veeghalge eREFILI Sabrommd herspcand chacge eRLFGEr
injecting layer and a third organic I&th em ssive conponent for accepting
and conbi ni ng? thdiget tatT5%er%s J?garyc?rﬁ and” a third organic’ light emissive

component for accepting and combining charge carriers from

the first and second components to generate light.

Two or more of the components of the emissive layer may be
provided as functional chemical units or moieties of a single
molecule. Any further components of the layer may be provided
by one or more further molecules physically mixed with the
said single molecule. Where a single molecule provides more
than one component those components could be combined as a
copolymer (e.g. in main chain, side chain, block or random
form). Where a single molecule provides more than one
component the components provided by that molecule preferably
include the third component. Suitably the third component and
at least one of the first and second components are provided

as a copolymer.

According to a first aspect of the present invention there is
provided an organic polymer having a plurality of regions
along the 1length of the polymer backbone and said regions
comprising:

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

(i1) a second region for transporting positive charge



the first

and second conponents to generate light. Two or nore of the

conponents of the em ssive |ayer may be provided as functional chem cal
units or noieties of a single nolecule. Any further conponents of the
be provided by one or nore further nol ecules physically m xed

| ayer may
with the

said single nolecule. Were a single nolecule provides nore

one conponent those conponents could be conbined as a copolyner (e.g.
mai n chain, side chain, block or rand form. ere singl e no e
brovi des. M TRAR GRE PESAON et LHE C BABOHRT 4 TS Gl Dyt THAT HOlSEul e
preferably ldwedl ude theetdna H cHopdrertl, Soidtably the third conponent and

at least one of the.fiLstnand Seeand SOTRANEDE 5ol IO IRGa 3 B c e

copol yner. Accordfng to a

aspect resent |1 nventi ere
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a third regdions¢brctaccesst i Ay lanth e ofbf i ngspomid iand B chelgtdoeescirarege
carriers toy08nelat efrlo'mghcgn@ngngé‘ﬂéﬁgiﬁ the polymer, wherein  the third

region comprises a third monomercomprising a group having a

formula as shown in Formula IX:

fﬁr;—ﬂﬂ‘ (IX):

wherein Ar; 1is a substituted or unsubstituted aromatic or
hetercaromatic group and wherein group H 1is an aromatic or
heteroaromatic diazine group fused to a benzene or thiophene

group.

The organic polymer provided by the present invention solves the
.prOblems of the prior art by reducing the total number of layers
and polymer 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 or more of these. This reduces the number of
components reguired 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. In the
case where differently functioning components are blended in a
single layer, this reduces the number of components needed in

the blend.



third bandgap defined by a third LUMO Il evel and a third HOMO |evel, each
regi on conprising one or nore nononers and the quantity and arrangenent of
the nononers in the organic polyner is selected so that the first, second
and third bandgaps are distinct fromone another in the polynmer, wherein
the third region conprises a third nonggerconprising a group having a
formula as shown in Fornmula I X f A=1- H- (.IX) wherein Art is a
substitute ortﬁpsubstituted rtnatic or . h%%ga gggnaghg gggup"%nd.mh@rein
group His '8 aronati®sr> fet erdarondti'c difdzinegroup f useld t 6°2*Denzene
or thiophemay geoupkedhieo oreganiac spohymeroprovicded by the grlesemt chaventi on
sol ves the . proplems of, LNG.RELOT AL T, by fedhslag the t ghaleunber . of,

| ayers and poF?ner CONPONERt 3 required in a light-emtting devicte.

| nst ead of "megdpnl' ngoaprsepas att@opcirymeere omaeenes -a Wegat | Vee Chaggen”
transport matgrigls ,3CPATALe: RALIRLCLOLAE! 8510 PASIdIe,ChBLOe, s
transport material, and a separate polymer to act as a |gh¥ em ssive

mat eri al , toife nor eoant thehyinee {5ftrayl aonghepctpogies tawecafippt by ofa
these. Thig;neduces.thes nTheh by SCOMRRNEALS. FEAUIJRD LR Brl hGHm&M tTing
device. In the case where each differently functioning conponent forns a
separate layer in the device, this reduces the nunber of |ayers. In the
case where differently functioning conponents are blended in a single

| ayer, this reduces the nunber of conponents needed in the bl end.



- 5a For the purposes of the present invention, the term"region" may be
taken to nean a segnent or portion of the polyner chain. A "region" my
conprise one or nore nononers. Preferably each "region" conprises two or
nore nononers. Were the "region” conprises two or nore nononers, the
region preferably consists of no nore-than two different nononer species,
specifically, a single species of nononer or two different species of
nonomer . The6 fiFse fHUWMOt LehD Istweldsheul shdre wieh drhatsiha fidslonregion is

capabl e of, spost |veech rriers to an em ssive nmaterial,
whi ch mayé ‘B’E%’t H e%%spﬁgél{ G fh&ﬁgé%nﬁam%s tevepr &Rbesirebe such

that the Iset@mjalr,eglm;rhnsaycaqaahﬂoe bé the attsin@ reBPcROSITHeV @ € BAL JoMAl 'l €r s

to an e ri not, be the third region. The
third L%%eve %gir?dat%éﬁe St EH%VD%SV %/e°s°ﬁ8u|’a’-‘%‘é’nsuéﬁ tH@EPLe gL of a
desi r abl éraaved etigich n><as:e:mvtet ethanben caasitryetan@dnnegdksyYee gngeégfalcar riers

are acce C the thitrd relonto enerate |i Referring
to the tPn}’rgghreg}f’oél)gb’k%gdhednterbgy(at |fftér FERc e%’e?r%/veer?q}%é?hlml F‘Hg@d\&)’qlevel

and t he ehdr dtIMOMOhligde| HQMT | Aesel hestidildd bbanshgaptndbhe rigmei red .

function a c di e present. invention nay be
char act eré%%a%ak?{]e nuv}r%gljﬁgg}g&t\:/gygﬁr eg@tkgd "n’ spﬁﬁf‘f"s‘f‘? c ai“é’vef‘eg%tt%/‘tﬂ ymer

Wi | | have€bghgereaghrexs afenactemiad tayld fcoatbz.ada@cirﬂ odwndhﬁ&aelii&gﬂ&vl&ﬁ is
capabl e gknerate 1ight.

Referring to the third region, the energy difference between the

third LUMO level and the third HOMO level defines the third
bandgap. '

The required functionality of a polymer according to the present

invention may be characterised in numerous ways.

Firstly, on a simplistic level, a polymer will have the required
functionality if an electroluminescent device is capable of
emitting light when the polymer is introduced at an appropriate
location in the device. For example, a2 polymer belonging é; tge
first sub-group described below will be capable of emitting
light when introduced as a layer between an anodé and a cathode
in an electroluminescent device. An electroluminescent device
will be capable of emitting light when a polymer according. to
the second sub-group described below is blended with a suitable
emissive material and this blend 1is introduced as a layer
between an anode and a cathode in the electrolﬁminescent device.
An electroluminescent device will be capable of emitting light
when a polymer falling within the third sub-group described
below is introduced as a layer, when blended with an appropriate

hole transporting material, between an anode and a cathode in



emtting light when the polyner is introduced at an appropriate |ocation
in the device. For exanple, a polyner belonging to the first sub-group
descri bed below wi Il be capable of emitting |ight when introduced as a

| ayer between an anode and a cathode in an electrolum nescent device. An
el ectrol um nescent device wll be capalle of emtting |ight when a pol yner
according. to the second sub-group described belowis blended with a

sui t abl e h%ni%%ﬁQ@éohﬂm%nésﬂenanddewﬁce.bIewd:islgegfgmuﬁ§ygsg§ng | aver

bet ween apy 1angde andya.cathgde .n _the_ el ectrol um nescent devi ce. AR
el ect rol um nescent IBdeviace W % lélgcéﬁ)gi# e"oF" ehiRIYAG | EghtingwhEnhanpol yner

falling viftshi Rowhed: t fir roub- giedupedesderbbed s Qﬁﬁﬁ%@héeénggogqugeas a

| ayer, waesh bl ended W opriate hole transporting materrar,
bet ween an anode and értgatgﬂo%gpoﬁro r'}a%thlEF’éE‘?rf JtapfisReseema manerdal, An

el ect r ol R 1RAt @ adeds cand wi Fhthedeadpalihe ef eeridhimiGeki-ght mg@ea pol yner
falling wwthin the fourth sub-group defined belowis introduced as a

| ayer, when bl ended with an appropriate electron transporting material,

bet ween %HFhtSdeafing chehdge hanrchebel ettepelUmnessente deyL 68 \é\%t hout

W shi ng déraha-RyrdnbyrhdeU i ragf [ t.hod of characterising the
requi red functional ﬁ?y of a@ﬁollr rre!ré[lg%%b?nnﬁﬁgty £6 fhE°pyB¥ercdondanti on i s

by anal y&i s RESSRAL dnyertxemgisamy ohallysipobyner cyEhec cy&ildaay @bk amagr am

(G V graph) oMd | pol reécat e et Skid | n' to_sone extent "that the
si ngl e [ has two or nore i ffer eﬁglg%gd‘gfal%n Goten?¥a3RNY. WaLAI |y,

pol.y :
these diTTETeNT o ddtS o iddEEnteaFen WS al domenichesntt heageltwes single

polymer has two or more different oxidation potentials. Usually

these different oxidation potentials wduld manifest themselves

on the graph as peaks or troughs in the C-V curve. The peaks or

troughs vary from being sharp to very shallow. The existence 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
int;oduced appropriately'into an electroluminescent device. The
actual electron;c 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 le§el
or work function of -the first region is matched as closely as

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



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

oxi dation potentials within a single polymer would indicate to the skilled
person that the polyner is capable of having multiple functions with
regard to charge transport and charge g&onbination in an el ectrol um nescent
device. Accordingly, the cyclic voltamagramof a polyner is a way of

predi ct i%§ RS VRS0l AaRer dénal dof et imresenectimy@heabh y ikl udeRt r;eduged

appropri at ety é,mngn@g ghec n ent devi ce. , The actual electronic
functi oni ng of th po hgrrgéépﬁléman%ﬁgl 20? ol USSR PR E Rfahile BayioRe da depend

on fact oF8P3IREF a@O\MIEPe dm whe devi ee thirayeredford henpoindeL

i ntroducedprAseny dicng tAQ ,3.S aspe of the present |nvenF| on, there is
provi ded an el ec?rol umi nescent EQe\?l ce g%rrpr PSPRY HPMPedSivedner | W9k of a

pol yner fRBESLEPNGTt SPEheeperd ermegian eritaudn. bEheelbésdd r egi onashoul g be

sel ect echagehtBabst BeobiIpt a4 UMAd BMQI  Or, Wor ction of the first region
is matched as closel ; asﬁ§ E[l)osm bie to hethl_eUI{jé Feggi"e f othEPE; gheoEmi ssive

mat eri al*™L{ASKE 8 "AEREI HbI yIHBED addSr diigyTies tdheopriesgnttd nyent beBsks: used in

an el eahxrehﬂﬂbxﬁl%geﬁhts devinCan Theaddgh e fmterial may-be a
separ at e g Xme% Oi mai be a third rte%:lgﬁgﬁ%]%s%\éé p(:gq’lr?(?r coh %/i EPhEA t he
eg guig

first L cORd F9MOPEvEr dihakorthe frmcidapn dffitnee s8cORKk I €gi on
shoul d beisel BUM@dlé@eJI haid idhel ehimat 866 Bs, Ll qgelsylcgs th,O%S'] ble to the

HOVD | eyel 4of . 1h h sgi.ve_nmterial —when the p 3%5rAf ng to
t he presen?e CF g Eenggg emitted when p031t1ve and negative

charge carriers are combined in the third region to generate

light, when a polymer comprising the third region is used in an

electrolumlnescent 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 eppropriate
first LUMO 1level. 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



invention is used in an electrolum nes cent device. The third region

shoul d be sel ected so that the bandgap defined by the third LUMO | evel and
the-third HOMO | evel is such that Iight of a desired wavelength is emtted
when positive and negative charge carriers are conbined in the third
region to generate |ight, when a polyoeg conprising the third region is
used in an electrolum nescent device. The present invention wll be

descri bederew igf N eetsdilvewWiddterigher epgent 9.t e fol Ll owi ng draw ngs, in
whi ch: Figure 1 shows a_general device s??ﬁ%thu%\e%wa%% ll—l%’ﬁurng%dbsano%e ener gy
level s acFBbE? (HE UGS of PISIGERRLY, Fhe tHerg5r 65MAL Lévalenitsi an, ehbegy
conposi t i bage Df whien f1isd ,b&ReeAd chanddyl rehnL@9L QNS ¢ MY, bE_ cONSi der ed

i ndependggt I éup]ec%use these regjions function in ependen?l voina d¥ffce. In
a first a8fet™Br 1EKEL pPEsERE $MVEHtViCorRatierd ati pst whagh ohs teamphddess a
first nonaeerLoROpPrisidly arsubsd itddiadioe HASUPSLituted aropatic o
heteroaroma%i c_ 9y oup. The conponents of the first region are Sel &%ed so
as to seP&Cthf g‘ﬁprotﬁ}el at’'eéTSFi r BPPPRRD | EFBRELSHS s aselsebskonuted syst em
speci fi cunhebst heutgapl yiRIoriefie USgdobH. an elggtr olyni,nescent yice . This
selection, w |l depend on the work fsancti on of tﬁgg(l:lgt hgge ae(rglgefhael'lﬁbwo _9
level of 2R EATERHY e VHER e PRPEISGH cAPnalhor fiagt notegbent Hescasier dtia VD

| evel . Psétecabty, of hélhbraie LUMBLeveknhhs @@reaﬁﬁgxenéf@we%l x\@ﬁﬂg ligs

bet ween tf'ﬂ@o%’éé‘ fryor;l%;nleon of _the c?gpgge c:nd, the LUMO T evel 05 the em ssive

. S r
material “or which s matched & ain lengths over
excellent electron transport properties when

; have
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 fluocrene group is a 9,9

or.
diaryl, fluorene groups are preferred because of their ease of

dioctyl fluorene. 9,9 disubstituted, preferably dialkyl

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 monomer comprises a .triarylamine unit having the general

formula 4 Ar;N 3 wherein each Ar is the same or different and

comprises a substituted or unsubstituted aromatic or
hetercaromatic group. The presence of a triarylamine unit in
the second monomer is preferred because the low oxidation

potential of triarylamines makes them particularly suitable as

positive charge transport materials.



the LUMO | evel of the em ssive material. To this end, preferably, the
first nononmer conprises a substituted or unsubstituted fluorene group.
Thiis group is especially advantageous when conprised in the first region
because the structure of fluorene is such that certain | engthed chains of
fl uorene mononers, particularly chain Lepgths over 5, have excellent

el ectron transport properties when used wwth an appropriate cathode and

em tter mBfeeidombohdhit € o ATB 0L BBYA NBL g1 e Jhae Lhi egiqn) ., In
particul ar, tﬁgbfi rst Monomer sgonE?i se?sléa}%afj%- SF?%\%(%&{ dlsl%alal?yfco PRt ene
group. 2, 7" 13RAKERTERLOr ERECTT olif¥Car@veief er Plois  s&beetizmef &y abyyterd he

2, 7- linkededialkylwnkhuonenepgr gner i 952 9 & djoctyl fluorene. 9,9
di substituted, preferably dialkyl “or. s disaryl ,ghf %E%r%%%cﬁ$°o&5§n5?%e“t
pref er r eféCHuse T8£St ARt §C e Wil SpRendshs. tiRheraadt VAunsubst i 6 fiettie | S

pref erredinbeeausa thesnomdpromas dhmarsoldiski by of. fhe,polymer. 1n a second
aspect of the sent. i nvention, the second region conprisés a second

;
nonomer &?ﬁpﬂogtl a bt tut G rievigdsubsk e feretl ar onhei seosnd HOMO

het er oar Araeilc igr aHpend¥Hf Qeabhy whi b 15604  ARQo rd.ses; a
triaryl aq;i ne unit havi nﬂat p@%&rg?er al formul aw-g?{? %%I\Tg%flél?g?ho%a%% Ar is

the sanme Of &YFS &R & PYBL afstbst prifAsddeomatrsibyt ot utetch
aromat i ¢ ier mahehed ooy amet HOMOT Dekl BFe tReesRGE of ngeLEiaryl anine unit in
t he second nmononer is preferred because the | ow oxidation potential of
triaryl am nes makes them particularly suitable as positive charge
transpor tltndisepralfsrred that at least one Ar comprises a substituted or

unsubstituted phenyl group. This is because this has been shown
to give rise to good hole transporting in the second region when

the polymer is used with an appropriate emitter material, which

may or may not be the third region.

It is also preferred that at 1least one Ar comprises a

substituted or unsubstitutgd aromatic or "heteroaromatic side
group that is pendent to the polymer backbone. Preferred side
groups are those comprising an unsubstituted phenyl or a
monosubstituted or 3,5- disubstituted phenyl group. If the side
group has a substituent group, preferred substituént groups are
substituted or unsubstituted alkyl, perfluoroalkyl, alkylaryl,
arylalkyl, heteroaryl, aryl, alkoxy, thioalkyl or cyano gréups.
These are preferred because they are suitable for helping to
select the second HOMO level and/or for impro&ing solubility of

the polymer.

Examples of suitable groups comprised in the triarylamine unit

are shown in formulas I, I71, iII. IV, V, and VI below:



10 The conponents of the second region are selected so as to select an
appropriate second HOMO |l evel. This selection is system specific when the
pol ynmer is used in an el ectrol um nescent device. This selection wll
depend on the work function of the anode and the HOMO | evel of the

em ssive material, which may or may nof; be the third HOMO | evel.
Preferably, the second HOMO Ilevel is an energy |evel which |ies between

the work fungti of t aRode and the HOMO | evel of the em ssive nmaterial
or which isgqézzbeq; | evel of{the W ssi et erial. It is
preferred that | last\arfe /Ar cbhprises § gt11uted gr/- undtibstituted
phenyl group. This because this has been sho
hol e transporting he second regi on when the ynmer is used with an
appropriate emtter yraterial, which my or may g the third region. It
is also preferred that at | east one Ar conprises a substituted or
unsubstituted aromatic or heteroaromatic side group that is pendent to the
pol ymer backbone. Preferred side groups are those conprising an

unsubsti tut ed enyl or nonosubstituted or 3,5- disubstituted phenyl

group. If t e as gsupstit @. stituent
il unsubst?tute- ¥ 3
()

groups are i tjut & al kyl aryl,
aryl al kyl, hetero , aryl, al koxy, thioalKky, )s. These are
preferred because y are suitable for hel pi t he second HOVO
| evel and/or fokg”i S :

A B

In formulas I, IT and III, X and Y may be the same or different
and are substituent groups. In formulas IV, V and VI, A, B, C
aié Q may be the same or different and are substituent groups.
As set 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, thiealkyl, éyano, alkoxy,
heteroaryl, 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, Y, 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 polymef.



Exanpl es of suitable groups conprised in the triarylamne unit are shown
in formulas I, I, IlI, 1V, V, and VI below - 11 - / \ N (l) N (Il) X X
N~-(Ill)y . NNY(IV) A ABMW\I \ 1l (VI) CADBIn formulas I, II
and 111, X and Y may be the sane or different and are substituent groups.
In fornulas 1V, Vand VI, AL B, C and DXmay be the sanme or -different and
are substituent groups. As set out above, it is preferred that one or nore
of X, Y,Fmem apprechherD VieW ®gépendehtiy melfected fhamx hedgreupr consi sting
of al kyl g,agyhnaperddeuengakkyd, thioal kyl, cyano, alkoxy, heteroaryl,

al kyl aryl "and aryl al kyl groups. One. or nore of X, Y, A B, Cand D also
may be hydrogen. It is preferred that one or nore of X, Y, AA- B Cand Dis
i ndependentd yeranraunsylsti bubeideS RUtHe 9LauR,.. an noalkyl, .an . p:al koxy or
a trifluoraonethyl group because they are suitable or "hel pi'ng FB%21 ect

t he secorffHIOM>IRAFESeandt ofMEEF MAPPRRA ngompol ulrid i 4y sobstitheepol yrer. |

unsubstituted aromatic or hetercaromatic group. : '

The three embodiments of the third aspect of the preseﬁt

invention set out below will each result in different wavelength

light being emitted from the polymer when used in a device
structure. Predominantly, embodiment 1 relates to, but is not
restricted_to, “red” light emission. For the purposes of the

present invention, “red” light may be defined as light with a
wavelengthL'in 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 heteroaromatic diazine group fused to a

benzene or thiophene group.
Specifically, the third monomer according to the first

embodiment comprises a group having a formula as shown in

formula IX:

-{—Arl—H+ . (IX)



12 Froma practical view point, it is preferred that X and Y; or A, B, C
and D are the sane. In a third aspect according to the present invention,
the-third region conprises a third nonomer conprising a. substituted or
unsubstituted aromatic or heteroaromatic group. The three enbodi ments of
the third aspect of the present inventjipn set out below will each result
in different wavelength |ight being emtted fromthe polyner when used in

a devi cgnesdsictam,e. ; Or edog pant | yy e £mhodi el.ates_to, _but is not
restricted to, "red" Iight em ssion. . For tﬁggga%%gggﬁdofafﬂﬁatﬁ?e§%ht

i nvent i difteraag@marighd= Iy be defined as light with a wavelength in the
range 606 dd ”gterZQQb N Rrgdog nant k¥nonerbadl 2 relates to, but is
not restricted to, "g?gén" | i ght enisgfgn. %g%g?ﬁén%ufﬁbségeoﬁgfﬁg pr esent
i nvent i BRPCAHIEN" CoTPEhieay ber@st | eéyiag |4 giorhavi ngisa wavet ength in
the rangerm®0 stmto 600 nm Predom nantly, enbodinent 3 relates to, but

is not restricted to, "blue" light emi ssion. For the purposes of the
present invention "blue" light nmay be defined as |ight having a wavel ength
in the rapg

e_4pDAgp%}o 500 nm In the L%rst enbodi ment according to the
third a pec% of the/ present inventionf he third nononer conprises a group
H which is an aronmatic or heteroaronmatic diazine group fused to a benzene
or thiophene group. Specifically, the third nononer according to the first
enbodi n¥RErighprizesia gy oFbsaVFYEeh for mubaubst sthowal | Bromatic  or

hetercaromatic group and Ar,;, is as defined above in relation to

formula IX.

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

the third region to generate light.

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

monomer comprises a group having a formula as shown in formula
VITI: '

(VIII)




formula I X2 Arl-H ( 1 X) 13 wherein Arl is a substituted or unsubstituted
aromatic or heteroaromatic group. Mre preferably, the third nononer
according to the first enbodi nent conprises a group having a fornula as
shown in formula X2 -{- Arl-H Ar2-}- (X) wherein Are is a substituted or
unsubstituted aromatic or heteroaromatj,c-group and Arl, is as defined
above in relation to fornula IX Referring ,to fornula X, it is preferred
that Ardnefefi2x’ iflegeadest!y @@cﬂmﬂ 08 8, smteﬁeutsgﬂeogrua%pg}% ttut ed,
fused or nf used benzene, thiophene, furan ui noxal I ne

f l.uor eneaﬁéjoﬁﬁebeﬁ%ﬁféeat h%‘été“g‘rtg‘ﬁ& 24P Wi t abtke fegbak| ec-’talq%ilg R ths sorre
extent, 11|i’l@e;5é’ﬂd'e(§xtlw\/o |eMektaad t eokhi r dhyddMgehevel ., ,mentjgned above,
the third %UI\/DIeveI gthethlrdHC]VD | evel deT'lnet yandgap of the
third rB§FORSHRP Hus FRE A mavéqyé‘ﬁﬁt'haéf‘oém s%?’%ﬁfqmifefhrelaééﬂ@nslland

hol es awe eepbingd.in the third-region to generate light. In a nore
specific exanple of the first enbodi nent, the third nononmer conprises a
group having .a fornula as shown in formula WVIII: RL R2 NN (VIII)

In another specific example of the first embodiment, the third

monomer comprlses a group having a formula as shown in formula

XI:

(XI)

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

independently a substituent group.

Formulas VIII and XI are preferred because these groups give

rise to. a third region having desirable third LUMO and third
HOMO levels.

Preferably, one or more of Ri, Rz, R3 and Rq is each independently
selected from hydrogen, alkyl, aryl,-perfluoroélkyl,'thioalkyl,
cyano, alkoxy, heteroaryl, alkylaryl, or arylalkyl. These
groups are preferréd for the same reasons as discussed in
reiation to X, A, B, C and D above.

Preferably, for practical reasons, R; and R; and R; and Ry are the
-gsame.'_More preferably, they are the same and are each a phenyl

group. ' Even more préfefably, R; and R; are the same and are



X 19 wherein Xis RC=CR or S and Rl and R2 are the sane or different and
are each a substituent group. Preferably, each Ris independently selected
from hydrogen, alkyl, aryl, perfluoroal kyl, thioalkyl, cyano, alkoxy,
heteroaryl, alkylaryl, or arylalkyl. In another specific exanple of the
first enbodinent, the third nonomer coggrises a group having a fornmula as
shown in formula XI: RR4 (XI) NNS wherein R3 and R4 are the sane or

di fferentacand @keientd od ndeRANGLALD Yarfy SUDSEA tlent . 9fQUR., For myl as as VI
and. XI are preferred because these groups give rise to a {hi reg on

havi ng d&éFgaBY %™rd LUMO and third HOMO | evels. Preferably, one or nore
of Rl, R2, R3 and R4 is each independently selected from hydrogen, alkyl,
aryl, perfluoroalk t hi oal kyl, cyano, al koxy, heteroaryl, al kylaryl, or
arylalky1er?he§b é?odbs e ﬁﬂéF%F?%ﬂlfdﬁ the samEereessonbats Ry stussed in
rel ati omyid@ o¥enAand r,Ci angh [Alagggvgrol\/%ef erably, for practical reasons, Rl
and R2 and R3 and R4 are the sane. re preferably, they are the sane and
are each a phenyl :

Specific examples of third monomers according to the first
embodiment of the third aspect are shown below in formulas XIII
to XXVI:

Ph Ph

7 | Ph Ph
NN >/ éf

N N
7 N _/ N\_/ \ ©(XIIT) kv
s - s s’ ' _

7/ \ 720 S s\ I\ (gvx)

(XVII)




group. Even nore preferably, Rl and Rz are the same and are - 15 each a
pyridine or furan group and R3 and R4 are the sanme and are each hydrogen.
Wiere R3 and R4 are different, it is preferred that R3 is hydrogen and R4
is an al kyl group. Specific exanples of third nononmers according to the

first enbodinent of the third aspect_aye shown below in formulas XIIl to
XXVI: Ph Ph Ph Ph NN NN (XII) (X +<S S S Ph Ph Ph Ph NN N N
(XV). XMI) SSO_OPh Ph NN(xvll) CBHL 7" Celli, .C8HL7 C8HL*7 16

(XVIII)

Q O Q (X.IX) 7\ 7\ )
v |

(XXI) (XXII)

A 2 Y

{(XXV)




1) N N CEH17 CBHL7 \ S./ (XIX) (XX) - Nl \N- ON \NO SS./ (XX)
1) 00 N NN N\5 \s/ (XXIlIl) " (xxrv) 5S N \NSNN Ss/\

IV (XXV) s s NN s - 17 (XXVI) SSNN S It should be noted that
sel ection of one or other of the above third nononers will give rise to
different third LUMO and third HOMO Leyels and, thus, will give rise'to a
di fferent bandgap of

(XVI
( XXI
I\

Z

[/ N\ 74 7\ ' (XXVI)
\\ s/ s

7\
N N
\ ¢/

It should be noted that selection of one or other of the above
third monomers will give .rise to different third LUMO and third
HOMO 1levels and, thus, will give rise to a different bandgap of
the third region. This will result in a different wavelength of
emission when electrons and holes are combined in the third

region to generate light.

In the second embodiment of the third aspect of the present

invention, the third monomer comprises a triarylamine unit.

Preferably, according to second embodiment, the third monomer
comprises a group having a formula {(—Arﬂbﬁ-Ar-(-NArrﬁ}y
wherein each Ar is the same or ‘different and comprises a
substituted or unsubstituted aromatic or heteroaromatic group.
It is preferred that at least one Ar comprises a substituted or

unsubstituted aryl group, specifically an unsubstituted phenyl
group.

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

biphenyl or fluorene groups.



the third region. This will result in a different wavel ength of em ssion
when el ectrons and holes are conbined in the third region to generate
light. In the second enbodi ment of the third aspect of the present
invention, the third nononer conprises a triarylamne unit. Preferably,
according to second enbodi ment, the thigfg nonomer conprises a group having
a formula -f (-Ar2N-) -Ar- (-NAr2-)J- wherein each Ar is the sane or
"differet amrd €qoprése r@fegyg@tltthtattedtgg usnls&ébs rorratl c or
het er oar omat j ¢_gr oup, §> is preferred that at tg % rlsﬁprl%’bs a
subst i t utBGUBFEIEAS s‘ﬁ tﬂ?%%S%S}PtBF%pPhgfpbbl f;mtabl y amtm}slzbsisidwt ed
phenyl Feups | Nigfedespest, @lpd+8a ne C subst ed or
unsubst i tgut g aropmtjc or heteroaron%ttleg sfﬁf ?%E%?ﬁ?%&ed Hﬁ% to the
“pol yner B5&& HBﬁ@aTE\”e'f et tied aivde @Féﬂ&b%ki’hcl@@l"eerdméd erylnf asedxy),enzene
t hi ophengichukgn, & BPXAb I RRoupbi fHeNy e Org U0 I oups 4.+ t is
furthersa%r efer?ed t hat 9t he s@?depgroup corrprslafénes %ﬁ%ur%su%stldtlﬁfeﬁs%ci
monosubsti*®’Gted phenyl group. Suitable side groups include a substituted
or unsubstituted al kyl, perfl uoroal kyl, al kylaryl, arylal kyl, heteroaryl,
aryl, al kox t hi pal kél1 ?%Dano group for the sanme reasons as. di scussed
%ec%

above. &?€8¥8H§ th’t h b GIPREARERE (P thie d thspdct aspeener al |y,
the triaeykaning, uthe FBYar@rgMinge vaigl @) RAKLPYs@ 2 group having a

formula as shown in formula IV wherein A and B are the same or

different and are as defined above.

A specific example of formula IV is shown in formula XXVII:

Vs Vsa

(XXVII)

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

third region to. generate light.

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

transport. Preferably, the further substituted or unsubstituted



formula as shown in formula IV wherein A and B are the sane or different
and are as defined above. A specific exanple of formula IV is shown in
formula XXVI1: NN (XXVI1) A third nononer. conprising this group is
preferred because it gives rise to a third LUMO and third HOMO | evel and,
thus, a bandgap of the third region such that light. of a desirable

wavel ength is emtted when el ectrons and°hol es conbine in the third regi on
to. generate l.ight. In a further. aspect of the present invention, the first
region MECSipr PEe ge’f%ﬁﬂatrﬁm%h%ne‘?rr%%pﬁ%‘ipﬁgsasfufrtWé?rou§>ub§9if@uged or
unsubst i tgenedadr pomiula GO -hed By ieaRe NEid CngElQélFbot-Fh@xyEQHt%érh monomer has the

function of inproving negative charge carrier transpor Preferably, the

further substituted or unsubstituted 19 aromatic or heteroaromatic group
conpri sesn asgrlaum havitgr gepecal of oeRYl ar&beMbel gdhtR3nand L4 sargRot h
hydrogen.. In stcH.I .a fEét her a}pect .of the present invention, the second
regi on atftft3 ond Y478 - EOPPY sECHPFITE h 2mohofiey . momemer- f t hTherpAdfth may
conpri semendmsrt ey seepadssronoferthas dekoradnahoner MiLh heg ditier ent
fromthe second m)E?rrer.the fggction of the fifth mononer is to iInhprove
posi ti ve"Bray §& EAFFFET T rHEpSPEi RGCONT JRIAEEs oF he hEunssdond ofeghen.
W t hi n t fief thr emdogroups ofo poigrwees pds SELIES echAlRY @ak-d; €l Adipo kAnkhe

first, second and third aspects of. the present invention,
properties o Ne seltond "region.

Within the broad group of polymers discussed above in relation
to the first, second and third aspects of the present invention,

four sub-groups of polymers may be defined.

The first of the sub-groups 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, a second region for transporting positive charge
carriers and having a second bandgap defined by a secénd“LUMO
level and a second HOMO level and a third région for accepting
and combining poéitive 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:



four sub-groups of polyners may be defined. The first of the sub-groups are
organi c polyners conprising a first region for transporting negative
charge carriers and having a first bandgap defined by a first LUMO | evel
and a first HOVO level, a second region for transporting positive charge
carriers and having a second bandgap_dg&iged by a second LUMO |evel and a
second HOMO Il evel and a third region f accepting and conbining positive
and negative charge carriers to generate |ight and having a third b. andgap

noNoNer s

01\ CBHL7 CBRdHi7|Ce81S / (
y +z SQ5and n Z 2. Preferably, wis approximately 0.5, x is
approximately 0.125, y is approxinmately 0.034 and z is approximately

0.341. Preferably nis Z 5. These val ues ‘t¥& 'been shown to give rise to
good performance of the polynmer when used in an el ectrolum nescent device.

N

This polymer emts "red" light as defined above when used in an
el ectrolyuingscent devife ; = 1, w2 0.5, 0S x + y + 2z € 0.5 and n >
2. Preferably, w 1s approximately 0.5, x is approximately

0.125, y is approximately 0.034 and z 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
eléctrolumihescent device. This polymer emits “red” 1light as

defined above when used in an electroluminescent device.

Further specific examples of this sub-group are shown 1in

formulas XXIX and XXX:

AT

CgHi7 CgsHyy \g/

(XXIX)



Further specific exanples of this sub-group are shown in formulas XXl X and

[
XXX: X\ /Y NNGC8HL7 C8H17 \ \ 3/ (XXIX) 21 N\ / xy (XXX) C8HL7
C8H17 S Nn whereinw+ x +'y =1, w? 0.5 05x +y 50.5and n ? 2. For
formula XXI X, preferably, wis approximately 0.800, x is approxinmately

0.171 and y is approximately 0.029. Pre

preferably wis approxi mtely 0.864,
appr oxi ely 0.028. These val ues

L ol

"green” it W
Still fur e a
XXXI: N \ I I n
+ y < 0.5 and %efzr LeHyy
wherein w + x + y =1, w 2 0.5,
formula XXIX, preferably, w

approximately 0.171 and y is approximately 0.029..

>

is 5.

have been shown taq
havi ng regard to device-éfficiency and

1er_ably n is ? 5. For formula XXX,
I's approximately 0.108 and y is
give rise to good

X

. |These polynmers em't
Lol uni nescemxxdevi ce.

> shown in formula

+y =1 wo0.5 05X

In

2

0OfS x + y £ 0.5 and n 2 2.

is 0.800,

For

approximately X 1is

Preferably n

For formula XXX, preferably w is approximately 0.864, x 1is

approximafely 0.108 and y is approximately 0.028.

have been shown to give rise to

These values

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 sib-group are shown in

formula XXXI:

oge

CgH17 CgHin

pd

wherein w + x + y =1, w .5,

Preferably, w 1is approximately

Yy 1s approximately 0.10.

@@%@ENS}@%

Preferably n

T

(XXXTI)

0fL x + y £0.5 and n 2 2.

0.80, x is approximately 0.10 and

2 5.

Also preferably, w



Preferably, wis approximately 0.80, x is approximately 0.10 and vy is
approximately 0.10. Preferably n > S. Also preferably, w22 is
approximately 0.85, x is approximately 0.10 and y is approximtely 0.05.
These val ues have been shown to give rise to good performance of the

pol ymer, having regard to device efficizmncy and lifetinme, when used in an
el ectrol um nescent device. This polynmer emts "blue" |ight when used in an

el ectrolisni nppeenindeniyces.8he secand spbroxompafy pelysers,according to

t he present invqg&io ﬁée o&ganic $o| mers conprising. a first region for
t r anspor YR HEAT Ve “eRar ge TE8TT i B SEn a8y PG ashPYRt EhahicksapFiseef i ned
by a first lgdhB Ipeebrantdca bEr sheH@Mymevel ARANE 285084 tedian for
transpo%%ing. ositive charge carriers and having a sécond bandgap defined
by a se€5hd t%ﬁfé | 878 *f{]é%mesec‘ghed‘ HERES | el 2BnEMiserel wnizrsrandgi on
conpri segvoae. or Imaie pENGRRT Seaits t hgiguantiighrangh &y r apggmrent - of, the
nonomer § mﬁ%hi t he organicwpolyner is selected so that the first and
second °BaR @%E%M%FECSP t FR%%'r om one another in the pol ymer. A specific
exanple of a polynmer falling within the second sub- group is shown in

formul & Lo 95, dO0bliy- . QOOLLY ymds QLLGB HI7 |/ 0 23

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 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 cdmprises 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:

(XXXIT)




wx (XXXI'll) C8HL7 C8H17 In CF3 wherein w+ x =1, wO0.5 x5 0.5and n ?
2. Preferably, wis approximately 0.90, x is approxi mately 0.10.
Preferably, n z 5. These val ues have been shown to give rise to good
performance of the polymer, having regard to device efficiency and
lifetime, when used in an electrolumnggcent device. A further exanple of
a polyner falling with the second sub-group is shown in formula XXXIV: \ \
ul / N\ XNV (XXXIV) CeH17 COH17 CF3 wherein w+ x +v=1, w> 0.5 0

Sx+v50.8 4 ? Pr ¢ oxi mately 0.50, x is

appr oxi maf e \ Wl 8 T —25 or wis approxixxtetyy 0.90
X IS appfoxXi 05 'and 7S 2 ' mtely 0.05.. Preferably n > 5.
These val lies have Xeen shown to d rise to good performance of the

pol ynmer, havi ngefhegs™ t o devi ce e
el ectrolum nescent device. Still a further exanple of a polyner falling
within the second sub-group is shown in formula XXXV: - 24 w N x z (XXXV)

L C8H17w§§t@2n\wl+\xSLPif]w.2 0.5, x £ 0.5 and n 2 2. Preferably, w is
approximately 0.90, x is approximately 0.10. 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.

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

is shown in formula XXXIV:

—

CF; -

CgHjyy CpH1n

wherein w + x + v - 1, w2 0.5, 0 £ x+ v £ 0.5 and n 2 .2.
Preferably w is approximately 0.50, x is approximately 0.25 and
v 1s approximately 0.25 or w is approximately .0.90, x is
approximately 0.05 and v is approximately 0.0S5.. 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 1is shown in formula XXXV:



wherein w+ x+ z=1, w2 0.5 0Sx+z S0.5andn Z 2. Preferably, wis

approximately 0.50, x is approximately 0.377, z is approximately 0.123.
Preferably, n ? 5. These val ues have been shown to give rise to good
performance of the polyner, having regard to device efficiency and
lifetine, when used in an electrolum ngscent device. A polyner falling
within the second sub-group advantageously can be blended with a |ight

em ssive Aaterial. The bl ended polymers may forma single layer-in a

i ght-emittf ng=aevig ekamp e of/—m\sui t | ight -em ssive materi al
any |ighti ' s g i @ bl e - LUMO | evel gxand,
thus, a -@ ' . fal¥i ng n/€He third sub-group of
pol ymers | accordibg to the prese nventi on y y\be defined as organic
pol yners |conprfsindge®first regi or transpord¥ng riegative charge

carriers land having a first bandgap defined by a firgtk LUMO level and a

is

first HOMO l evel and a third regi or accepting and conbining positive
and negative charge carriers to "generate |light and having a third bandgap
defined by a third LUMO level and a third HOVO | evel , wherein each region

conprises one or nore nononers and the quantity and arrangenent of the
nononer sheBeifeworgani€ poryrprwi 3 sebecihed sp fhat (the f'%it n gnd2 third
bandgap§, ar.e ifti nct, from one anqther in the pol yner. 35 n
pol yrer *FEFFFAY Y tthilF ARETPRIPAFSSdb Ogr8up™i 5 apmgKimatesy nRil 37 OO0V -

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 blgnded with a light emissive material. The blended pdlymers
may form a single layer in a light—emittiné device. An ekample
of a suitable light-emissive material is any light-emissive
material having suitable HOMO and LUMO levels and, thus,

a
suitable bandgap.

1 -

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.

exanpl e of a



wy (XXXVI) N Nn C8H17 C8H17 \ S/ whereinw+y =1, w2 0.5 vy <- 0.5
and n 2. Preferably, wis approximately 0.964, y is approxi mately 0.036.
Preferably, n 5. These val ues have been shown to give rise to good
performance. of the polymer, having regard to device efficiency and
lifetime, 'when used in an electrolunineﬁgept device. A polyner falling
within the third sub-group advant ageously nay be blended with a hole
transporgd n i 1H§ﬁﬂ } i - em,ssi .devi ce. An exanpl e of
a sui tabzlt‘de %}({)@lee{ r?ns%@??% ng rraftc_{elrlﬁglg i“gagugolt?/’?t &?‘éf% 5HEH%F°UPA Fdurth
sub- gr ouFhernpah yhermplac&8X¥ing. to' the' present invention may 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 level and a third region for accepting and conbi ni ng
positive ~and negative charge carriers to generate |ight and having a

i i D | evel and a third HOMO | evel
wherein opgwi S efyr nore nonomers and the quamtdavty and

arrange DNomer s e prganic polyner is selected so that the
second and thisd z?qﬂgaps aH@ stdmct from one another in the polyner. 26
An exanpl e of A Polyrter falllfd within the fourth sub-group is shown in

formul a XXXVII:

wherein w + y =1, w2 0.5, v £ 0.5 and n 2 2. Preferably, Q is
approximately 0.964, y is approximately 0.036. Preferably, n 2
5. These values have been shown to give rise to good
performance of the polymer, having regérd to device efficiency

and lifetime, when used in an electroluminescent device.

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

transporting material is a poly—triarylamine.

A fourth sub-group of polymers according. to " the present
invention may be defined as organic polymers comprising a second
region for transporting positive charge carriers and having a
second bandgap defined by a second LUMO level and a second HOMO
level and a third region for accepting and combining positive
and negative charge carriers to generate light .and having a
third bandgap defined by a third LUMO level and a third HOMO
level, wherein each'region comprises'one or more monomers and
the quantity and arrangement of the monomers in the organic
polymer 1is selected so that the second and third bandgaps are

distinct from one another in the polymer.



NNN.  / y (XXXVIT) NV 1 I VI nwhereinx +y 1, x 2 0.5 y SO0.5and n Z
2. Preferably, x is approximately 0.5 and y is approximtely 0.5.
Preferably, n Z 5. A polyner falling within the fourth sub-group

advant ageously may be blended with an el ectron transporting material when
used in a light emtting device. An eﬁgpple of a suitable electron
transporting material is a poly-flLuore such as poly[2,7 -(9,9 dialkyl

fl uorene)] ref er I (09,9 dioctyl fluorene)]. It should be
not ed t étéfggpi?rg sgggﬁ%éan %Hﬁﬁ@d ﬁé898n§hﬁsfOPéF%rF%RYQR?WﬁbG#e in
rel ati onshaynt ie Ebr@mlaS@cﬁﬂﬂ, third and fourth sub-groups of polyners
according to present invention, are regions as defined in any of the
aspects or enbodiments of the present invention described above. Several
di fferent polynerisation nethods are known which may be wused to

manuf acture pol ymers in accordance with the present _invention. One

parti culjar t abl t\hod dISC| i K hat ent 27 application No.
9925653.19, ont e Offx W fryerein by rekergnce.
Thi s degcri bes t rocess for d polynmer, which
conpris ng in a react gomati ¢ nonomer havi ng
at | east

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

approximately 0.5 and y is approximately 0.5. Preferably, n 2
5.

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)]. ve

It should be noted that the first, second and third regions as
referred to above, in relatidn to the first, second, third and
fourth sub-groups of polymers according to present iﬁventioﬁ,
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 pPresent

invention.

-One particularly suitable method is disclosed in UK patent



two reactive boron derivative groups selected froma boronic acid group, a
boronic ester group and a borane group, and an aromatic nononer having at

| east two reactive halide functional groups; or (b) an aromatic nononer
havi ng one reactive halide functional group and one reactive boron
derivative group selected froma boronic acid group, a boronic ester group
and a borane group, wherein the reaCtfén—nixture conprises a catalytic
amount of .a pall adi um cat al and an organi c base in an anount
sufflC|%@R1R9§téeﬁver¥°the9Pééé$qv% boklbh decintartve gfoupshigito arB(OH) 3

ani ons. RplypBEstagCAELEENG P EbeeRIREENt h‘i‘i@”&és%}l‘éf%c%ga‘ﬂ%o%%%”
produced by this nethod are particularly advant ageous. bedause

reacti onfQ% RESPAF NS HoricrangdaFedirflalesal FRHEumdTereEss B@kyd&mN51Agother
p0|y”9rL§aB'98a3€i5@dmi§t&kécléﬁﬁﬁh'£E$$%éiérﬁkd%%gr Fg@an?rggeﬁi i;pvol ves

contacting nononers having two reactive groups selecte r om BOFani ¢ aci d,
Cl - C6 bbYONFE28E Y eBPEPT  CEFEBAt 5 apEC WY E0hDIYRS | Hrem t herbaafondict h

aromati gch hgtdele, £ubetbADAl e FBNONBFSUPI a ﬂ@nQ”%6§aR@Vg99u8ne ah§aGh! ve
boroni ¢ acid, boronic acid ester or borane group and one reactivé halide

functi OREIMAGTLSUFARCPAT e BEKE BT hat . l?@ﬁ‘turtt‘ﬁ’errﬁ?&t&ﬁérhéh%ciifonfmm@dlalls known

from " Mgesupm! esull €5, an3hroh@0fc 1dOFor(ehd 983 vinkheodo! ,yggirtll%t iyn shgact i on

i nvol ve ni.ckel - nedi at ed %gupllng of di brom de nononers. This nethod
connnnlg PN £€°9and t 0"l yH9 St ofOropg 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 derlvatlve groups into

-B(OH) 3 anlons

Polymers according to the present invention which have been
produced by this method are particularly advantageous. This is

because reaction times are short and residual palladium levels

are low.

Another polymerisation method is disclosed in US 5,777,070. The
process involves contacting monomers having two reactive groups
selected from boronic acid, c1-Cé6 boronic acid ester, Cl1-Cé6
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, 1085-1103 (1998). The polymerisation reaction involves
nickel-mediated coupling of dibromide monomers. This method

commonly is known as “Yamamoto Polymerisation”.



In the above-referenced pol ynerisati on nethods, a "nononer"” may, 1in one
enbodi nent, be taken to conprise one of the first, second or third
regions. In other words, a plurality of nononers, each conmprising a first,
second or third region and having two reactive groups may be prepared in
one or nore first reaction steps. The pge-prepared nononers then may be
contacted with other pre-prepared nononers in a polynerisation step. In

practi cen @ QBRvALre AOF ekl 8b1 AL AN 5t fRSHAN the, pal yoer l3ation
step would be carried out. in separate reaction vessels. ) yn€?§”

accor di ng™t BRNEhEMPPERERT/ | BT eFtliSn Loy FPERTiSe Ivaeecs thiedfigstof second

pol ymeri sat kan-of r@saater thadkrer %@E@;aé)lyl%aqgwroft Res 1YRIGRI Y, a
pol ymer according to the gresent i nvention Wi e’ Thtroduced’ i mo an
el ect r ol PFPHéSEBAt Ye\ilEELas SBPRFeror St rd fegiem wehit bBeviogatted bet ween

the anodeaardvkhereabbodey ba bhepsase ga 3nRolymer, fald;ing \éﬂe&@{lgoé he

first sub-group as defined above, further [ayers between the anode and the
cat hode S58RSaddi £P8n AF6 " PREPILRFermPtomete polgpmeray ab¢ i mgniected heifh r st

Sub- gr oufehedl epROLpAESASSAl onddaVelin | L NBY1 R -adyaNtagequs to  jnclude
further |ayers such_as hole transporting or el'ectron transporting [ayers.

A pol ymeFaFERFEng WPEhi AP heSedHE sdir§Foupedetiqed sisove Ang the

advant ageayskeyibetbbendeeh wwbhildl béglearelessbue. Mal &dRlrate PEELADLY @

Iight-eni%%LXg polymer. P. layer of the blend may be included between an

v N .
anode and 4 Cathode in an

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
advéntageously be blended with a 1light-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



el ectrol um nescent device. A polymer falling within the third sub-group
defi ned above nay 29 advantageously be bl ended with a hole .transporting
material, preferably a hole transporting polynmer. A layer of the blend
may be included between an anode and a cathode in an el ectrol um nescent
device. A polymer falling wth the fourth sub-group defined above
advant ageously may be bl ended with an electron transporting material,
preferably an el ectron transporting pol yner when used in an
el ectrol um nescent device. A layer of -the blend may be included between an
anode and a cathode in the electrolum nescent device. In the case of the
second, advandagaduslourbé sulengedupsithf uat hele polanERbriay@r makks@aBY be
i ntroduce t n the anode he cathode if _this is desirable in order
to optin§g§9§ %Cf¥o%hh?$%ﬂ§%%§§95%dfgrPﬁ 8%t anBpoR¥eF not h&hgevierd and/ or
em ssi onmagf beghtinélwiad heedoeese. a80 anEXAVRIIES Bxargalt8ode Synt hegis of
2, 7-di br -9, 9-dioctylflyore Fl uorene (166.2 g, 1.0 nol), iodine (0.4
g) and éﬁ%%ﬁgpgﬁg %Eﬁ%“g(ﬁiflgge placed in a 5 1, 3-necked round bottoned
flask equipped wth a magnetic stirrer, dropping funnel and spirit
\tl\g.'?rewn% erp'olyxgrt hfa%.lliﬁgadgde.gn a éu%dl %@u%% bos%t—%rggy{::UtclieC)fnirm(ezci8oa o!wg 2-1
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.



and the reaction mxture cooled to below 5 C using an ice/salt bath. The
brom ne solution (120 mM, 2.34 nol in 250-mL dichl oronethane) is added
dropwi se to the reaction mixture naintaining the tenperature below5 C.
Once the addition is conplete the ice bath is renoved and the reaction
mxture is allowed to warmwi th stirring to roomtenperature. 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 nl of a 20% aqueous
solution of sodiumthiosul phate and then with 3 x 350 ni

distilled/ de-ionised water. The product39s dried on the rotary evaporator
giving a pure white powder, dibronofluorene, 321g, 99 D bronofl uorene (320
g) prepéﬁgﬂghiéviously- (as. described above) is added to a KOH sol ution
(1-1, 50 %ww and Aliquat-336 (3 m) at 85Cin a 31 three-necked round
bot t omedEEpBEREE dqui pped wWith a magnetic stirrer, reflux condenser and
droppi ng funnel. The _suspension was heated to 85 C at which tenperature.
n- octy%ﬁﬁéﬁ?ﬂ%ﬁ(Qﬁﬂ?'ﬁrﬁl et -dioptv 8luaxenfeor m eventual |y a two- phase
system Once the addition is conplete the reaction is stirred at 8 C
overnigﬁﬂ?°5ﬁﬂethéﬁ6a§I%meé-?omggbl tediepm(0tenper andr diciti atdrerbaee hane

is then @ddedrtoptR€ed eaets 08 1M XA DAY podlomdde I;?%“éd%& g%éture
is transferred to a 2 1 separating funnel. The organic fayer is “Feroved
and t he “&4lieGuPATRFEF CWASHEEL T t FEOPPiRI2FGNAEL dRBRI SPHREL hilkrEmomegeconbi ned

or gani c ehases aseaddshed sdifim3 cXrROkatd hsidibheq2Bat &rin, TN QagaRic
phase was dried over ) .
and the reaction mixture cooled to below 5 ° C using an ice/salt

bath. The bromine solution (120 ml,  2.34 mol in 250-ml
dichloromethane) is added dropwise to the reaction mixture
maintaining the temperature below 5 ° C. Once the addition is
complete the ice bath is removed and the reaction .mixture is
allowed to.warm with stirring to room temperature. After 18 hours
of stirring, the product precipitates out as a fine white powder.
The product is filtered off and washed with 1 x 120 ml of a 20%
agqueous solution of sodium thiosulphate and then with 3 x 350 ml

distilled/de-ionised water. The product is dried on the rotary

evaporator giving a pure white powder, dibromofluorene, 321g, 99.
5.

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

temperature. Dichloromethane 1is then added to the reaction

mixture (500 ml).



anhydr ous magnesi um sul phate, filtered and the solvent renoved on the
rotary evaporator to give a dark oil, which is then ice-cooled and
"scratched" giving a yellow orange solid. The reaction mxture is left in
the fridge for at |east an hour before the solid is filtered off and dried
on a vacuum punp. The product is dissolved in hexane (--1.5 1) and passed
down a glass colum under pressure of nitrogen (colum dianeter - 60
packed with sand (1lcn), silica gel 70-230 nesh, (60 cn), 1lcm sand. Pl ease
note that the colum should be washed with 1.5 1 hexane before and after
the product is eluted down it. The eluent 1is evaporated and cooled to
produce a white solid, which is then +té&drystallised from hexane. '
Recrystallisation is carried out in the m ninumvol ume of hexane required.
The prodTice , r@aFeidirbrmonsuge9igi daayisflegoer@neo (k) 2 ils sephtraithed dsnagel.

col our| esye CLYSLIL! L0Ge W Linifld dnaTge CYSLAl iR -PLAGHEY LS.y Al ed
at room tenperature under vacuumtoo constant naess, dnd ana yseﬁ For
purity byx HRAC miThE cdhilpabmgtdne, dfhe? corthiibednor@3rd-cdipdetselst lawer gnehes 347
g, 64% e hesi_s : ozl s( bar ol an-2-vl).-9, 9-

di octyl f ug$2%exﬁﬁ§gq% Eﬁfﬁﬁgg?%e%ig%faﬁﬁgeéﬁgégg% ih ﬁgﬁnéf%ggs VFFer,

ni t r ogenanmy@tquy wisigaessept swd Rt 9.0 itlarped atnd etheheyaipmeiteremsvedissol ved
2, 7-di br - - dJ .200 .0 3 )y f. dr Wth
the aid g?@a %?qai/g: %g;agéjé-%g%ee%gtg%%%hg dgg u‘tﬁlﬁdgmihé):gogf e%ﬂ?rg l-C%-A%é;ggﬁﬁ%uri ng
whi ch tiapdt hecriisheri'deiving a yellow/orange solid. The reaction mixture

is left in the fridge for at 1least an hour before the so0lid is

filtered off and dried on a vacuum pump.

The product_is dissolved in hexane (~1.5 1) and passed down a
glass column under pressure of nitrogen (column diameter ~ 60 mm)
packed with sand (lcm), silica_gel 70-230 mesh, (60 cm), lcm

sand. Please note that the column should be washed with 1.5 1
hexane before and after the product is eluted down it. The eluent
is evaporated and coocled 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 ptoduct i;.dr;ed.at foom temperature under vacuum too
constant mass, and analysed for purit? Ey HPLC. The final yield
of 2,7-dibromo-9, 9-dioctylfluorene is 347 g, 64%.

Example 2

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

In a 2 L three;neck flask equipped with magnetic stirrer,
nitrogen inlet, rubber septum and low temperature thermometer is
dissolved 2,7-dibromo-9,8-diocctylfluorene (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



32 precipitates. Butyllithium (320 mM of 2.5 Msolution in hexane, 1.1
equi val ents per brom de) was added fairly quickly maintaining the
tenperature below - -50 C. At half addition the brom de has all dissolved
and around three quarters addition 2,7-dilithio-9,9-dioctylfluorene starts
to precipitate. After conplete addition the slurry of the dilithiofluorene
is stirred for a further half an hour. Fresh trinethylsilyl chloride
(TMsA) (120 m,) is added quickly while maintaining the tenperature bel ow
-30 C. The cooling bath is renoved and the solution allowed to warmto
roomtenperature, (usually overnight), TLC analysis (hexane eluent) shows
a single spot close to the solvent Tr%)% The solution is filtered into a
si ngl e-neck flask an vent e.re r.ot ary .eva oration.
Hexane PF§SAH4EE D tﬂaéJ zsﬁg{]’em%m@%%hénlr ng¥t ng Oﬁnlg ¥it%ered to
remove the Liduiveashing paor obghinydey t hwasor eddﬂe&anEalirh}e hexasely s
renoved and the renaini ng oi | sublnect to high vacuumto renove all traces
of THE BAINRekRIRE Ehmhet§ARAT@tHES 2292 aY (frinBt iyt si PYI 2dE028rsE1SA f | uor ene

is  quael tb%ln‘i@e fhe £ir TR sGthrécﬁrBMMa%dLﬁﬁb) tleLd Vald M& AsS aliapsderred to
a fresh 2 L _three-neck flask (equipped with nitrogen inlet, rubber septum
and t heroReteERian 319 S60CRY L HhSP TRREN| Dritst Heth ePBFRLRIT@ tes 0l URFBRE cool ed

under nidm-agee taadltlgrg @éjbﬁ’lldi:g:yV\ﬁHfothbl raenﬁm&fms,tz@hlal $8SstBerad

tri bromoc;l__e élZO m, ;equ ents per roup1 i s.added over five

i nute Th énc%?%ﬁ g0 gr¥ Fre sh t methylsilyl ch;orlde
(TMSCl) (120 ml,) is added quickly while maintaining the
temperature below -30 °C. The .cooling bath is removed and the
solution allowed to warm to room temperature, " {usually
overnight). TLC analysis (hexane eluent) shows a single spot
close to the solvent front. The solution is filtered into a
single-neck flask and the solvents are removed by rotary
evaporatibd. Hexane 1s added to the residue and the resulting

solution is filtered to remove the LiCl, washing thoroughly with

more hexane. The hexane is removed and the remaining oil

subject to high vacuum to remove all tracés.of THF and hexane.

The yield of 2,7-di(trimethylsilyl)-S,9—dioctylfluorene is

-quantitative. o

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) accompadies the addition of

the first one or two millilitres. After complete addition the

mixture is allowed to warm to room temperature and is typically
stirred overnight. However the reaction-.is probably complete in
two hours.

The room temperature solution 1is then added dropwise to a

solution of KOBH (600 g) in water (1.51). A  thick

white

precipitate of the di-potassium di-borcnate salt 1is produced.



col our (which varies in intensity) acconpanies the addition of the first
one or two millilitres. After conplete addition the mxture is allowed to
warmto roomtenperature and is typically stirred overnight. However the
reaction is probably conplete in two hours. The room tenperature solution
is then added dropwise to a solution of KOH (600 g) in water (1.51). A
thick white precipitate of the di-potassiumdi-boronate salt is produced.
33 Stirring is continued for ten mnutes to ensure that all the acid has
reacted. The two phase mixture is filtered in a large glass sinter funnel,
sucked to partial dryness and then washed wth plenty of water. The solid
is then added gradually to a rapidly $Birred mxture of 5 MHO (1.21) and
ether (1.21), contained in a 51 conical flask. After about half an hour the
regener At ¥ W%ct FRNEOHES nfeRF | BeR helettry Fayensupki thatsalsepaeat ed and

washed vddifi 2Q3Q Headeed ONtBLdc WAl aseTHiStRLACESS en jrepeated, i.e.
the ether, solution is then adde darsgpvx,ilsé: to a S(f)?'lfjﬁ%ﬁd]o %Oa—lla(rgﬁo g) in
wat er (BSPP. SANLERi ERPU 1 SHHES fiot A téplt Heydes pormd sthan diasheronat e

salt iswigh oplusedy Stitatag. i sheonbi pwedsf %ehersdﬁiegutg%%dhglfysyge t hat
all the acjd has reacted, The two phase m xture is filtered 1n. a Farge
gl ass sTHR¥HY fahheied sBtKe e o%part i ¥l Hlynéks2landardertiveshed @ity h pl enty

of waté&sntalfedsahni @ is3 tddencaddedagr adugkly, t &, E}Qlcy yanSthio(.lgre%hem xture
51

of 5 MHO (1.21) and ether (1.21) contained in a

regenerateé lacid 1is ‘contdined in the ether layer, which is
separated and washed with 500 ml de-ionised water. |

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

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

The ether is removed and the product dissolved in ca 1-1.51, .
toluene and ethylene glycol, (40 g, 0.645 mol.), is added. The
mixture is heated overnight and the water produced remévea on a
Dean~Stark trap (17 ml collected). The toluene is removed to
yield an oil. To which is added acetonitrile ( ca. 11); the
mixture is heated to reflux to dissolve the oil,‘and then left
to cool to room temperature. Cooling 1s continued in the
fridge. The crystals are filtered and washed with plenty of
acetonitrile and dried. The dry crystals are then dissolved in
hexane, (ca. 1l), which is then allowed to cool to room temp.
and left in the fridge overnight. The target compound, 2,7-
bis(l,3,2-dioxaborolan-2-yl)-9, 9-dioctylfluorene, is obtained as

a colourless solid (110 g, 57%*).



conical flask. After about half an hour the regenerated diacid is
contained in the ether layer, which is separated and washed with 500 ni
de-ionised water. The ether is renoved and the product dissolved in ca
1-1.51 toluene and ethylene glycol, (40 g, 0.645 nol.), is added. The

m xture is heated overnight and the water produced renoved on a Dean-Stark

trap (17 m collected) The toluene is renoved to yield an oil. To which is
added acetonitrile ( ca. 11); the mxture is heated to reflux to dissolve
the oil, and then left to cool to roomtenperature. Cooling is continued

inthe fridge. The crystals are filtered and washed with plenty of
acetonitrile and dried. The dry crystaP4 are then dissolved in hexane,

(ca. 11%, which is then allowed to cool to roomtenp. and left in the
fridge The target conpound, 2,7-

bi s(1, 3, 2-di oxaborol an-2-yl)-9,9-dioctylfluorene, is obtained as a
colourless solid (110 g, 57%). - 34 - Exanple 3 Synthesis of

bi s( 4- brOFtRIesAy PE 4252 BICHPRIMINA) afi-ARC Tty IPheny bamicnsot t omed f | ask
fitted with a nmechanical overhead stirrer, glass stirring shaft Teflon
stirring"bPadel EBHUGNRRTTOMRES fﬂ)?%eﬁl?ﬂi%dﬂ%@t V| BRFhameE L0 Eherd34 nol . |
often feeshtyr, dysddd | o€ tyidgr shaCUUMeBLbAT stOrHSE) - bidHsS cosmud was then
di ssolved in_a m xture qof concentrated hydrochloric acid (350 m) and 350
m of wif@r PLACtHhef ADRETRIT AR pt:tetf (% $hel - 3bITR% on AfFE™ hErgIrdek was

I mrer sedi i Bl &C ebd dFacuuvee grabh. to use). This compound was then

dissolved in a mixture of concentrated hydrochloric acid (350

ml) and 350 ml of water. A thermometer was placed in the
solution and the flask was immersed in a acetone/dry ice bath.
The reaction mixture was stirred and cooled to below 5 °C. a
chilled solution of sodium nitrite {100 g, 1.449 mol. in 250 ml

~of water) was added slowly (3-5ml batches using a syringe) to
the reaction mixture. The temperature was not allowed to rise
above 10 °C.

A solution of potassium iodide (228g, 1.73 mol. in 250 ml water)
was added slowly (5-10 ml aliquots). The reaction mixture was
allowed to stir at room temperature for 2-3 hours. The reaction
vessel was then fitted with an air condenser and the reaction
mixture was heated cautiously (oil bath temp ~100 °C max) until
-evolution of gés (nitrogen) ceases. The mixture was ailowed to
cool to room temperature.” The organic phase was separated from
the agqueous. The aqueous phase was washed with dichloromethane
(4 x 500 ml). The organic phase and dichloromethane extracts
were combined and washed with an excess of a solution of sodium
metabisulphite. The organic phase was dried with magnesium
sulphate, €filtered and stripped of solvent using a reduced
pressure rotary evaporator. The crude o0il was then distilled
under vacuum, to afford a colourless 1liquid, 4-sec-butyl-1-

iodobenzene, (245 g, 70 %}.



The reaction mxture was stirred and cooled to below 5 C. A chilled
solution of sodiumnitrite (100 g, 1.449 nol. in 250 mM of water) was
added slowy (3-5ml batches using a syringe) to the reaction m xture. The
tenperature was not allowed to rise above 10 C. A solution of potassium
iodide (226g, 1.73 mol. in 250 mM water) was added slowy (5-10 ni
aliquots) The reaction m xture was allowed to stir at roomtenperature: for
2-3 hours. The reaction vessel was then fitted with an air condenser and
the reaction mxture was heated cautiously (oil bath tenp -100 C max)
until evolution of gas (nitrogen) ceases. The. mixture was allowed to
cool to roomtenperature.- The organic 5ﬁa§e was separated from the
aqueous.p, He p e hed _wi th dichl oronmethane (4 x 500 nl)
The organic lpﬁlg%g&g% g?% ﬁlﬁ&&?%aﬁ'étgxw%?%”%?élé%i rrethdemg ewas hed
W t hda_n @%@ez;eof_ ianlsaql uehpon @ff]tsﬂdi E:_rai:st rrehgbc_i,@jél g?kge.t%'@efﬁrlg?,wig phase
was drie gnesi.um phat.e iltered and stripped of solvent using
a reduce%e\égr egggr eelr Stgg]ri)/‘?tg}vlaporgp& SDFRRE cr U480 0i 19 wal-¥hen dicdei ) | ed
under vatipmnytlemahé of b3 L of.our I smdlaui dsodhumete Piilroks gl Qg9REHZENE,
(245 g, /0.9) 3 I ion vessel fitted with mechanical sfirrer,
condensér’, p'nalqt?%%leér?’i Iéflggcrf;‘é“ oﬂ??%?t?/\aég tHarged WB7R 19 -9 ol Iteii-ny

r eagent 0141lpbesbuing - [(10eddbenzee 06240naL 0. 936a MiA)endi PRENY! ag} pe

153. 2 lie), i . -,but. oxide (273.2 , 2.84 nole),

E)al | adi %’%a%ggt%é‘tng‘l(%‘.’rﬁo‘g%yggd?f%drr&t. VPO, {tfpeiaturd and the vaksel

was purged with nitrogen for 20 minutes. The reaction mixture

was heated to and maintained at reflux with stirring under

nitrogen for 24 hours (oil bath temp 140 °C).

The reaction mixture was allowed to cool and quenched with 2 M

hydrochloric acid ;l. The orxganic 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 upen the addition of a small
qu;ntity of methanol. The solid was then recrystallised from

isopropanol to yield white crystals of N,N-diphenyl-4-sec-

v -

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 (29 g 0.096 mole, 100
% pure by HPLC) and anhydrous DMF 350 ml. N-bromosuccinimide
{(34.18 g 0.182 mole) dissolve@ in cold anhydroﬁs DME (100 ml)
was addgd dropwise to the reaction mixture with rapid stirring

at ~10 to 0 °C over ~ 20 minutes.

The mixture was allowed to warm to room temperature, and was

then added dropwise to 2 1 of ethanol/water 3:1 with rapid

stirring. The white precipitated solid was filtered and



t ol yl phosphine (10.32 g, 0.034 nol.) and toluene 21. The reaction mxture
was stirred at roomtenperature and the vessel -was purged with nitrogen
for 20 minutes. The reaction mxture was heated to ane mai nt ai ned at
reflux with stirring under nitrogen for 24 hours (oil \bath tenp 140 C).
The reaction mxture was all owed to €0 -and quenched mnth 2 M
hydrochloric acid 11. The organi ¢ phase was separated fromthe aqueous and
passed rehrpsipil ld sedd Dforcelbepeopdiiel sabutdiore wass (4-henrepneant fajed and
passed,sé%l y%%%gﬁfrgﬁ %f gtgo‘gg o Soq _}839 ass cgl um packed (6 cm

di amet er mnth Ica eI P mestt! usi ng hexane as the
el uting solvent The eluent was strlped of solvent to afford an oil, which

cryst akl.l tp a white solid upon the addition of a snmall quantity of
nethano%ééég%—solid was then recrystallised from isopropanol to yield

white crystals of N, N- di phenyl - 4- sec- bupylphenylanine (101 g, 37a). In a
11 thr%_e]n geke % k fidfed wth 3ngg€?£%c,§gfa ﬁgcbar pressure equalised

dropplng unne nltrogen i nrét/ou
N, N- di ﬁheﬂrﬁﬂpwssea I9dt YA /ghErPEanrt hei{ Rt 1p16. oe:enme, 10014 smgur eify HPLC)

and anhydegusoVE 350 MassNy %Mgn%ae%ﬂ; m,de héérge 009 B 82 ;Tg' e%é

di ssolved in cold anhydrous r OpW S€
reacti 6f AiRfur ePEPRINE aFidd @@vrﬂlﬁg mat) - % @St@ﬂddednuaW1se26ndlmuées The

7 Xt Ur 8u4B8nal douad sLaqvat mo® *CogBL! EMRKAdY 94 ANTrNES: o d 8N added
dropwise to 2 1 of ethanol/water 3:1 with rapid stirring.

preClpﬂPﬁPgaegopydRﬁ&§lP?lFBFG§§%%3 mixture onto v1qorously stirred
" ice/water . Stlrrlng was maintained for 30 mins ‘after which, the
residue was washed with sodium thiosulphate (2 x 400 mL, 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 thé solution was

concentrated until a solid began to 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 fitted 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 kSO.SGlO g

, 95.33 mmoi.), 2,7-dibomo-9, 9-dioctylfluorene (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.



-36 recrystallised fromisopropanol to give bis (4-bronophenyl) -4-

sec- butyl phenylam ne, as a white solid (23.5g, 53 % Exanple 4 Synthesis of
4, 7-di brono- 2, 1, 3- benzot hi adi azol e A suspension of 2,1, 3-benzot hi adi azol e
(100 g, 0.74 m)l) in hydrobromc.acid (48% aq.) (500 nmL) was heated to 100
C.After 30 mns, bromne (120 n., 4.-68m®vl) was added dropw se and the
suspensi on sti rred at 100 C for a further 24 h. The reaction was quenched
by pour Fhgrashdremgeniikt byétoximteo (3for oasl y svivired tdhee/ wakien. +oStirring
was mnai n i the resi due was washed with sodi um
t hi osul Béhat e %J%e4%%l?th SiZSO%th%éo\Ié(gtllgon 5RdSKAE fhel AP sEBTRRTATH % ol uene
(1.5 L).umer fdekupf omlvregenr éat e2P tniiroeewi.t h charcoal (1g) and heated for
2 h at 100 C. After renoval of the charcoal the solution was concentrated
until a solid began to appear. Methanol was added to the mxture and |eft
to recry3¢aFe2seomfigtaragWasheptedtogs a@(arqimal«'m&nweﬂﬂ@i ol yner
accordi g r r ree rlsatlon is - 10).
A21 rega%f)o%@vkgeggs% Q?Ué%ﬂbmw%% E;OP%?SI Thri (r)ﬁd’ r]'BH f%c‘?fé‘t? %% an

el ectri EBCHEThaRt tBHrest V3T eFtiredd on skittinag rhkade, -73efl qugendﬁ-nser
(connectefodgh e Nioler Qggpoéé,ne) was charged with

2, 7-bis(1, 3, 2-di oxaborol an-2-yl)-9,9-dioctyl fl uorene (50.5610 g 95. 33

ol . ), 2,7-dibono-9,9-dioctyl fluorene (41.7812 g, 76.18 muol), bis

(4-br 0”99&1%5/41)2&1@' sero biy! pRgNYiaENeah 8- €380 419,08 mixture was.
allowed to stir at reflux for a further 2 hours,. after which

phenyl boronic acid was added (1lg) 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,

55.

and dried under vacuum yield ~

The polymer obtained by this method had a peak molecular weight

of 180,000. The molecular weight was measured using a Polymer

Labs GPC system incorporating an LC1l120 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 controllea at 35 °
C. The column type was PL mixed (*2, 30 cm) calibrated using PL
600-500, 000 polystyrene standards.



mol ), tetrakistriphenyl phosphi ne palladium 300 ng, and toluene 950 ni.
The m xture was stirred at roomtenperature for ten mnutes. - 37
Tetraet hyl ammoni um hydr oxi de (320, 20 %w vVv) is then added to the m xture
which is then allowed to stir at roomtenperature under flow of nitrogen
for 20 mnutes. The reaction m xture wagg heated to and mai ntai ned at refl ux
for wup to 18 hours (typically left overnight). During this tine the

reacti oExEinyidre was stirred ( setting rate 2 -3 ) under an atnosphere of
ni trogen. Bronobenzene (10 nml) was added and the reaction m xture was.
allowed to stir at reflux for a further 2 hours,. after which .phenyl

boroni ¢ agatheess asiled Kldg) omdh thel RACHH QA Nl ¥hihe Yasyy A I oued to stir
at tenperature for a further 2 hours. The mxture was allowed to cool to
room t enp@Pat BPESHTE PBGFEHPY i nto 4L of methanol to precipitate the

pol ymer. The pol yner/methanol m xture was then filtered. The pol yner

i sol at ed gy filtration was then further reprecipitated into nethanol from
t ol uene *8OFIET ol 2 *AnF Y § et Surfd& Lv deQurfllyiasidd rolyBer THétholsymertwid ai ned

by thi sxrevbpdwhadya peak7eml eedilmracei ght 2 of 180,000, Thg. 08! peul ar

wei ght %ag ngasur d _usin %.Pol mer Labs GPC system i ncorporating an
LC1120 i"36EF @t i* tguﬁp ’%?r?g‘e RC- ST5IEN RBAF acFPFEYF ndexdexaeact WrichThies sol vent
used wasodhictédatof howlrat efohitragémi n, Tand pbomt £MRELALA € WaSHe

controlled at 35 .
dlssoiveg 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 (4 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 S$G200105465-90.



C. The colum type was PL m xed (*2, 30 cm calibrated using PL

600- 500, 000 pol ystyrene standards. 38 - Exanple 6 Synthesis of a blend of a
pol ymer having formula XXXIl with a |ight-em ssive materlal P@Y)br@{ Wt h
structure XXXII (60 g) and polymer with structure 7g)
are placed in a5 1 round bottoned fl-3k fitted W|t_h a magnetlc stirrer
bar, reflex condenser which is connected to a flow of. nitrogen. The

pol ymer origifaq-e is then dissolved in -- 3.5 1 of toluene at - 65 C wth
stirring under ni trogen When di ssolution is conplete the pol yrrer sol ution
is allqgwed to o om The wviscous sglutio t hen
added dﬁopw & i ?§P{}{é“erﬂ%}m§8a5 Rty 00 Fedipls Aleng tha kadh) o(thex 4 1.
The pre t i The polyner is then dried to
const ant I ght?gcwgié%cﬁ%%r%@ng %‘oﬁ'ﬁ%ﬁu el d should be quantitative i.e.
62.37 g. This is a divisional application of SG00105465-9. LLOYD WSE -39
CLAIMS: 1. AN or gafist regibyrier haspading pegatald thargk gegésnendhanagt he

l ength of the polymer backbone and said regions conprising: (i) a flrst

regi on fzofirst banagan defiled &yad fivg L@M@%V@ﬂéﬁﬁ%rﬁs@“l@lﬂé)vl'e'ﬂga andfy | 1St
bandgap defined by a first LUMO | evel and a first | eve o[/ or

a second regigh fop SLEZRASPALibhTEr RAREhbYMCHG B Eﬁélrdeeéasmgpsdanc

having a second bandgap defined by a .second LUMO level and a second

(i)

‘HOMO level; and
(iify  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 cdmpri;ing one or more -
monomers and the quantity and arrangement-of the monomers in the organic
poiyrﬁer is selected so that the first, second and third. bandgaps are dis'ﬁnct from

one another in the polymer, wherein the third region comprises a third monomer

p—
tha

comprising a group having a formula as shown in Formuia 1X;

. N -
_r_A-_—‘_.E_'__. "Y)

N - T
wherein Ar4 is a substituted or unsubstituted -heteroaromatic group
and wherein group H is an aromatic or heteroaromatic diazine group fused to a

benzene or thiophene group, and wherein there is no cross-linking functionality

20 on the polymer.



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 10 charge carriers to generate |ight and having a thipgphpagoap
defined by a third. LUMO level and a third HOMO | evel, each region
conprising one or nore nononers and thhgoquantity and arrangenent of the
nononers in the organic polyner is selected so that the first, second and
third bandgaps are distinct from one another in the polynmer, wherein the
third region conprises. a third nonomer 15 conprising a group having a
formula as shown in Formula I X2 wherein Art is a substituted or
unsubstituted -heteroaromati c group and wherein group His an aromatic or
het eroaromati c di azine group fused to a benzene or thiophene group, and
wher ei - t het $BIFHB- T RS N RSTE Tt iTon&l-=t% 120 enetéin poleymeizc LLOYD
WSE  7400m2: AdmQFgalu C. PebyiBr -aceardingd.q 6l.aim 1, wherein the.third
nonomer conprises a group having a formula as shown i'n Formil a
(-Arl-K:Ar2-) (X) wherein Ar2 is a substituted or unsubstituted aromatic
or heteroaromatic group and Arl is as defined in claiml. 3. An organic
pol ymer according to clam1 or 2, wherein Arl or Ar2 independently

conpri sésam-sabsatstated or unsubstituted, fused O unf used benzene,
thiophehe, furan, quinoxaline, biphenyl or fluorene group. 4. An organic
pol ymer according to any one of claims 1 to 3

wnersin Ar, 1is & substifuted ‘or unsubstizuted aromatic ar

hatearparomatic grour and Rr; is as defined in claim 1.

3. An.organi: pelvmer according to claim 1 gr 2 whersin Ar;
or Ar; independently comprises .2 substituted or unsubstisuced,
fused or unfused benzene, thiocphene, furan, gquinoxaline,

biphenyl or fluorane grou

4. An organic polymer aczording o any one of claims 1 to .3

wherein H is a group having a formula as shown in Formula VIII:

N N (VIZII)

S and R; and R; are the same or differant

£
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and aze each & sSubstitusnt group.

5. An organic polymer according o any ome of claims 1 to 3,

wherein H is a group having & formule as shown in Formula XI:



mherein His a group having a fornmula as shown in Fornula VII1: R1\
Wherein X is RC=CR or S and Rl and R2 are the sane or different
and aré each a substituent group. 5. An organic polynmer accordiowp wsgany

one of claims 1 to 3. wherein His a group having.a fornula as shown in

Formula XI: LLOYD WSE 41 R3 R4 (X4} “1~\ S wherein R3 and R4 are the
same or different and are each independently a substituent group. 6.
organic olyner according to claim4 or 5, wherein one or nore of RL , R2

N (V.=

/R2 N

An

, R3 an Bach independently selected from hydrogen, alkyl, aryl,
perfl uo hi oal kyl , cyano, al koxy, heteroaryl, al kyl aryl ,
arylalk?ﬁ? e or furan 7. An organic pol ynmer accordlng h@wclaln16
wherein ang ~or R3 and R4 are the sanme and are-each a p group.

8. An orggaf
t he third&gn er conprises a group having a fornula as shown in an
of Fornul as SX(| |

to XVI1: Ph Ph N~ Ph P-~h (X I1)

wherein R3 and R, are the $ame or
independently a substituent group.

6. An organic polymer'according to claim 4
one or more of R; , R, ,R; and Ry

or 3, wherein

from hydrogen, alkyl, aryl, perfluoroalkyl, thisalkyl, cyano
. . - ’ ‘

alkoxy, heterocaryl, alkylaryl, arylalkyl, pyridine or furan

7. An organic polymer according to claim 6,

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

8.. An organic'polymer according to any one of claims 4 6
7, N

or
wherein the third monomer comprises a group having a formula

as shown in any one of Formulas XIII to XVII:

Ph Ph : | | | - |
;%_f;-' .- . _ Ph Ph
N\

(XIII)

(KIV)

{XV)
(XVI)

i c\Yol yner according to any one of clains .4, 6 - or 7, wherein

y one

different' and are each. -

is each independently selected °

wherein R; and Rfl



(XIV)  +(S S S Phu Ph Ph Ph NN (XV) (XVMI) S S OO0 LLOYDWSE 42 Ph Ph
NN\ ~ \ (Xvil) C8H17 C8H17 C8H17 C8H17 9. An organi c pol yner
according to. any one of clains 4 to 7,. wherein the '"third MONOORH w)
conprises a group having a formula as shown in any one of Fornul as %I I
to XXVI: \ / \ (XVIIl) C8HL17 C8H17 S4XIX) _ (XX) Np N NOS\ S/ \\
IV (X)) VvV / VANO(XXIl) N A\ NOS S _ :

(XVII)

N/ | | W N

o N ° o/




LLOYD WSE 43 (XXIII) VAV (X)) SN ~NSS\ SSSN(XXV) SSS
(XXMI) SSNN S 10, An. organic polyner according to any one of the
precedi ng cl ai ns, wherein- the first region conprises a firstLLOWDWISE
conprising a. substituted or unsubstituted aromatic or heteroaromatic

group.

11. An organic polyner according to claim10, wherein the first

mononer conprises a substituted or unsupstituted fluorene group: 12. An
organi c polymer according to. claim1l, wherein the first nononer

conpri ses 2, 7- | inked dlalkyl f | uor ene group 13. or gani ¢ pol yner
accordi ng R / the '2,7- ' \UQr ene group IS
a 9,9 diadchy LLOYD WY SE gan)-8 podx‘,(mr
according to any orecedlng cl ai 7
\ / N N
S \ 5 /

10,

claims, wherein- the first

comprising a  substituted . or

(XXV)

L (XXVI)

An, organlc polymer according to any one of the preceding

region cqmprls;s a f;rst ‘monomer

unsubstituted aromatic 6:' .

hetercaromatic group.

11,

monomer comprises a substituted or unsubstituted fluorene

12.

An organic polymer according to claim i0, wherein the first
e grbup;

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 claim 12, wherein the 2,7-

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



wherein. the second region conprises a second nononer conprising
substituted or unsubstituted aromatic or heteroaronmatic group. | %ﬁ$ or gan
pol ymer according to claim1l the second nononer is a trlarylanlne

having the general formula [ Ar3B3N ] wherein each Ar3 is the sane or
different and is a substituted or unsubstituted aromatic or heteroaromatic
group 16. An organic polymer accordimg:4o-claim15, wherein at |east one
Ar3 is a substituted or unsubstituted phenyl group. 17. An organic pol ymer
accor di Hy t 0" cPRFIR4S BPLIBST WABFRTH-RE “keasty ame Ar3: ths pReSdilgti utigd or
unsubsti-hat eth afpbdd £0r0d  hedeiparppRli & Side group that is_pendent to the
pol ymer — backbone. 18. An organic pol ymer accd%a‘ﬁanBDE?aJré%ﬁr L SHAST ei n

t he sidé S@?%U-p""}“s"caos*ub’éltsldpﬁfeéie?” URSODBTLL Wt etheaarybagé@i.c 13 0uAN
organi ¢ polyner according to claim 18, wherein the side groupis an
unsubstltuted phenyl or a nonosubstituted-or 3,5-disubstituted phenyl

group. 120. AR GF§ante PolymeY aeToiding to amyimongefherctai 8. 17- 1.0,19-

wher ei mdenst des gr euf 5h qaﬁlggb§5Lgug? OHf c(gpr|3|qg substituted or
unsubstituted al kyl,- perfl uoroal kyl kyl ar al Hé?eroaryl

aryl , élﬁﬁiv.JtYﬁ%ﬁﬂ%Qﬂ°%ﬁ“éyaﬁé gpeupamEZbr Az @égﬁ&IQnQOLMQQ{ accor di ng
to any fue-ekuebai 88 Joshi9s 204, tm%r,g%_t he triarylamne unit has a formula
as shown in any one of For%ulé% I, or 11 1% PECYEPIgEE=1< gzoup.

16. An erganic polymer according <o ciaim 15, wherein at

tituted or unsubstizuted phenyl

17. An crganic polymer aczording =o zl

.le;st one Ar: 1s 2 subsitituted g- unsubstitucted aroma<tic

or hetesrocaromatic side group <=hat

is pendent +to the polymer
bazkbone.

18. An organic polymer  aczarding to claim 17, wherain “ne side

group is a substituted or unsubstituted aryl group

19. An ‘organic pelymer according to zlaim 18, Whersin the 'side
an unsubstituted phenyl or a monosubstituted or

Tding to any cne of. claims 17 to 19-
whersin the side group nas a substi:uent. group comprising a

substituted or uURsSubs+Titutad 1 kv - 1
usstizuted or unsubstituted alkyl, perifluorsalkyl, alkylar-yl,

acylalkyl, nezeroaryl, aryl, alkoxy, “hisalkvl or gvano .grous

21. An organic polymer aczordinc to

any one gf claims 135 to 20,

-+

wherein the triarylamine unit has a formula as shown in any

one of Formulas I, II or IIT:



- 45 t 7)) ~~ NN (I=T) T Xy where X and Y are the sanme or different
and are substituent groups. 22. An organic polyner accordlngﬁﬁﬁﬁiﬁ, 21,
wherein the trlarylanlne unit has a fornula as shown in any o S

Formulas IV, Vor Vi: 4 ~\ //-j \ /- (V) AgngLLOYD WSE 46 mhereln
A B, Cand D are the sane or different qu are substituted groups- . 23.
An organlc pol ymer according to cl ai m 21 °0r “22, wherein one nore of X,
Y, A B, ,_aVﬁd— is |n antly selected from the group conS|st|ng of
hydr ogen /&yl per¥l 1lor oal kyl, thy , cyange== oxy,
heteroaryﬂy\aLKYIaHj_K\an ¢ arylalkyl gr ——A rge?Lg_ ner
according to clai , Wherein one or nor C/and d TS

i ndependently sel d fromthe

2

l|

/ l
\ :
X Y
where X and v e the s dissas
_ v = “he ame c¢r diffaranps st
~=SI2nt anc are substituent
T an
gr-oups ]
22 An  crganic polymes a::o—ﬂﬂng to zlaim’ 71

wnezein +ne

triarylamine unit has a formula as shown in any one of

Formulas IV, V or VI:

JV/Q_N@—IF \~/' ) | (1v)

M\ N
—o=uro- OO0 »—/j

:: I Ei:l\ﬁ (V) /J\W

A

/

(V)

U}



group consi sting of an unsubstituted, isobutyl group, an n- alkyl, an
n-al koxy or a trifluoronmethyl group. 25. An organic polynmer according to
claim23 or 24, wherein X and Y or A, B, Cand D are the sakQYR¥ISEn
organi ¢ polyner according to claim1, wherein the third nononer further
conprises a triarylamne unit. 27. An_ogganic pol yner according to claim
26, wherein the third nononmer has the formula [(-Ar2N-)-Arl-(-NAr2-)],
wher ei ppeachArR, i s the sgne o ditfergnt i a.substituted or
unsubstituted aromatic or heteroar onalsi c sg%g%p.3’28T‘Aﬁ‘leb“an|“5‘°poT'§/°'rTer
accordi Ag~Eb-etalm ERRrherein at | east one Ar2 is a substituted or
unsubstituted aryl group. 29. An organic polynmer according to O aim 28,
wherein the at |least one Ar2 is an unsubstituted phenyl group. LLOYD W SE
47 30. ZAn oPgamice=péknerligmedrdipgrdionanye oneiof 2t @i M8, 27 4@-29, Mherein
at least. qne Ar2.is a,substituted_or substituted aromatic or
heteroacr“o%%'c ST dg'gr‘(’)uﬁ’th“dt Tsagéng)gn't' t O RE 5o Ve s BEERPBNESOBL.  An
or gani c=nzol ynewr acodr s Tnd 0c€| alvm=3@emwhesriaivl ,t heosi deqe 9F 01 oS i f Used or
unfused. henzeng, thiophene,. furan, __quinoxalin ,'bi phenyl or fluoreéne
group. “SF’%'.O.A%E& g%vnaﬁ{gc’poﬁ/ﬁ%}f‘“ ’ac%é'r‘%i‘ﬁﬁ“%’b' clae?t'r‘cﬁﬁ'-éi}“lmhér“éi rIHElsvle
group iscaumronosubstituted phenyl group.

24  An organic palymer according te elaim 23

e}
X‘I <,

more Q

i2)
o

-t - —

group consisting of an unsubstiztuted,
alkyl, an rn-alkaxy or a tsifluoromethyl grsouo..

25. An crganic polymer according o ziaim 23 or 24,

and Y oz A, B, T and D are thes same.

26. An organic polymer acsording to claim 1, wnersin the third
monomer Iurther comprises a triarylamine unit.
27. An organic polymer acsording to claim 26, wher=in . the £hird

monomer has the formula

——— ot

20, An eorganic polymer acoording to claim 28,

least one Ar:; is an unsubstituted phenyl group.



33. An organic polynmer according to any one of clains 30 to 32, wherein
the side group has a substituent group conprising hydrogen or 6
substituted or unsubstituted al kyl, perfluoroal kyl, alkyl aryIL,L 5P>W'§Ekyl ,
heteroaryl, aryl, al koxy, thioalkyl or cyano group. 34. An organic pol yner
ac=or ding to claim32 or 33, wherein-the _triarylamne unit has a formul a
as showmn in Formula IV: \-/ ~\~~\~ c=tea F. p wherein. A and 3 are the
sane or3@i f fer entgaand avevsebsidiamiiind LQYRAY SE. 48 .35, An,0rg3pic

pol yner @gpgq}% cl.ai me3§ wherein the third nononer has a fofhula as
shown in Forrmul a 35 88 AR?or'gafi ¢UBSFY FBFCActoriHP S tarpcone of t he
precedi ng- whanivs, or aherergeddratiicr didLgbop,@ddiiional |y conprises. a fourth
mononer __eonprising a_substituted or unsubstituted aromatic or ~ mhe

het er oar oY T C group.  37. An organic polynmer according to claim36 wherein
the substituted or unsubstituted aromatic or heteraromatic group conprises
a group,as sgrg)\/\@_:iranp,.f_ornrrculvan)g wherein R3 and R4 are both hydrogen. 38. An
or gani ¢~ pol yrier “according t6-afy -One-8f cPaiksi®d 30o 8Rereivhersi neiche
second regiven iaddusieanak! yneospd i 5&s:énd i filth Jppaqaer fuﬁQﬁPpCfi sing a second
mononer cg$qg§£%%ge?' 1) 30y, PNE- of, claims 14 to 25, which is different from

t he second non ene group.

32. Ao organic polymer aczording

to claim 31, wherein

the sids
group 1is a monosubstituted phenyl group.

33. An ocganic polymer according o any one of claims 30 to. 32

bl i}
wherein <the =side group has a subs:i:uenﬁ group comprising
hydr-ogen or a substituted o= unsubstituted alkyl,
pesfluoroalkyl, alkylazyl, acylalkyl, heta:oaryl; acyl, alkc;v
thioalkyl er zvano group. ‘ h

34, An organic pelymer aczording <o claim 32 or 33, wherein <=he
. ey -— — - =3 "

triarylamine unit has a formula as shown in Formula 1IV:

) N—\\—//—I‘Q __/— | (Zv)
e - |

whneresin A and B8 are +th

m
n
G
1]

or different. zng

&re subsTituent
gTOours.



39 An organic polymer according to any one of the preceding

conpri si ng:

and having a first bandgap defined by a first LUMO

cl ai ns,
region for transporting negative charge carriers

| evel and a (f byptwiBEMO

(i) a first

| evel ; LLOYD WSE - 49 - (ii) a second region for transporting positive
charge carriers and having a second ba gggp defined by a second LUMO
| evel and a second HOMO | evel ; and (iiig a third region for accepting and

conbi ni pg positive and negative char,

e carriers to generate |ight and

havi ng & - t Af'r d~Bamdyap
level, whergicn eachar egi-gn: SONPr £S6Sn O Y iDI-€ x¥RARGMErs and the
and arrangenent of the nononers in the organic polyner
the first, second, and third bandgaps are
pol ymer, wherein the third region

%*ne’*&%f%g‘[% T TOMD | ¥velhangia e rahiEEVO

quantity

is selected so that
di stinct from one anot her
conprises a third nonomer conprising a

in the

group having a fornula_as shown in Fornula X: wherein Arl is a substituted

or unsubﬁt!fﬁfed
or heterué&p 7T
mhermr1&hé4¥is
organi ¢ pol yner rdccyr di ng 6
light with a wayel efigth id_thel
AN -

N
0

aim 39, wherein the third
range 600 nm

ngi | fggeq—To a benzene or thi opheng;atoup,
Cl - I i pki ~unctionality on the polymer. 40. An

regi on generates

hetgrﬁanpnatiq/'gTQup and wherein group His an aromatic

and

36 An orfFanic volymer accoarding o any one of the pracediug claims,
‘whexein the Zi-st region additiognally comprises z four=n monome-r
comprising a substitTute o unsubstitured

aromatic ar

gzougp.

37 An a@rganiz peclymez aczcerding s claim 36 wherain <the

sunstituted oz unsubstituted aromatic Qr nhetergaromatis

group comprises  a ITOUr as snown in formulsz XI whersip By and Re

are both nhvdrogan.

. \

38. An organic peolymer acoording T2 any one of zlaims 14 o 37
- - - '

wherein the seconcd region additiomnally comprises a fiftn monome-

comprising a second monome: as dafined in any one of

to 25, wnich is difZarent Zrom She secand monomer.
3d. An organic pelymer accorZing o any cne of the praceding
claims, ccocmprising

(i) =z TFfirst r=gian Zorz TZansperTing nhegztive charge
czrriars, aznd having & Iizst Dandgap defined bv a2z TirsT LUMO
laval =znd = Zirst HOMD lavel;



to 700 nm 41. An organic pol yner according to claim 39 or 40 havi ng a

formula as shown in Formula XXVII1: “\\ // \\ [/ W\\ //
\ /\, )y \/ I =\ 11 N ,:.-dnL7 - 17 "~J \ 5\ S/ |
w+Xx +y +z =1 w_0.5 0<x+y+z< 0.5 and n>_z.

x~\ S
= wherein

LLOYBLQYBRISE) 42,

An organi c pol ymer according to claim39z wherein the third nononer

generates |ight having a wavel ength in the range

500 nmto 600 nm

43. An

organi ¢ pol yner accof«dioag t @=gkakm 39-or ‘42p<9@-v+%a ~darmyla as, shown in

Forrrula XXIX N\ h

L CBh17 AQLLlZ s

—2..
clai m 3%-an 42c h_a\éleﬁgna .—10‘31% nukdeas shewn in Formula XXX |

(XXI X)

wherein w + X ¥y =1,
C443°%r‘afor@ﬁa+ﬁ-‘ee9po=l>yner sacone dLigp t o

~N::7 Ce~=_7
Jn (XXX) . . . -

(L21) 2 zhird region Zer aczsspiing and combining peositive
anc negative charge cazITlers To gensrzte light z2nd havins =
thizd’ bandgap definad Dy 2 thizd LUMQ level ang = =hird HOMO
lavel,
wnersin each region cSompzises one or mors menomers and =hne
cuan:i:y ancd zrrangement of the monomers in +the Qrganiz polymer
iz selected so. that +he £fizst, second and tnizZd bpandgaps =re
distinst IZam one another in the Dolymer, wWherein the zhira region
comprises a third monomer comprising a group having a formula
4s shown 1n Formula IX:

r < N\
T—A:r—&jf (IX)
wherein Ar: is a substituted or unsubstituted heteroaromatic

group and wherein group H is an aromatic or hetercaromatic

o a benzene or thiopnene group, and
wherein tnere 1s no cress-linking functionality on the polymer.
40. An organiz polvmer according <o zlaim 39, wherein the “hi=d
region generates light with a wavelength in the nge 600 nm
to 700 nm.
41 . AR organic polymer accarding wo ziaim 39 gr 40 naving =

Zformulza a2s shown in

STormula XXVIII:

1
|

L~
|
\

/
\\\ // —\ //)K\ e .%—<_//-\x\< \L_/’ \\__// \\_//—\

7 //Y\\ / /=
NS 3 7 Y |
z. ;.'{1_ CeHyy \ N \ Va |
3817 any t\/ 5 / N g/ Ign
XVIII
wnerein w + x + y + z =1, w2 0.3, 0 x + v + = £ 0.5 and n > =



wherein w+ x +y =1, w 0.5 0<_x +y <0.5and n > 2. 45. An organic
pol ymer according to claim39, wherein the third nononmer generates |ight
having a wavel ength in the range 400 nmto 500 nm LLOYD W SK)cybwig. An
organi ¢ pol yner according claim45, having a fornula as shown in Fornul a
XXXI: i1 Cei]?- Gass--7 11 1~ 1i . (XX&) wherein w+ x +y =1, w>_0.5,

O< X +y <0.5and n > 2. 47. An organic polyner according to any one of
clainms 42to ﬁ% OmHFEh”i@ObY@ﬁdeﬂ‘ﬁPFhlaglhghr leminsSve wmlefinakne 48; AN
or gani CmBﬁng?rg@HQPeﬁgélei&@r}%’ r}k% of cla a:}}ﬁto 13 and 26 to 38

conpris first region ranspor eb%t ™@™¥ge carriers
and hav?ﬁg amfFPsﬁo%aﬂ@gap deflned by a flrst LUMO |evel and a first HOMO

|l evel; and (ii) a third region for accepting and conbi ning positive and.
negatlve charge carriers to generate |light and having a third bandgap
defi ned 4By &t MTFLIMPISTET AeFarIFRT dotOVDELh e\B8l pr wher eixu-aagh  egi on

Conpri Ses -ee 20k = NPASADNO MBI And e, . quantity and arrangenent of
monomers in he organic polymer is selected so that the first and third
bandgaps are di stinct

p——

T S T e ]
s W WaaWay C\ﬁ ‘./—\_/\ﬂ/ \—%T\

Y (/\“ 7 \
CeHiy CeHys Q§// \ / _ \
l A n

//K\//

[XXTIX)

wherein w + x + y = 1, w 0.3, 0 £ x + Yy SC.5 and n 2 2.

~

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

et

7 N
N
\'S/- n
(XXX)
Wwherein w4 x + vy =1, w2 0.5, 0£ x + v < 0.5 and n > 2
43, An corganic polymer accozding to claim 30, whersin e

third monomer generates light having a wavelength in the range

400 nm to 500 nm.



fromone another in the polyner. 49. An organic polyner according to cI aim
48, having a formula as shown in Formula XXXVI: |' V ti NC8;ij -7
S LLOYD WSE - 52 wherein w+y =1, w>_0.5 and y< 0.5 and n bLOzf‘T\QtﬁE An
organi ¢ pol yner according to claima48 ers4% which is blended with a hole
transporting material. 51. An organic polynmer according to claim50,

wher ei n 4the hel exteansposlimg: NBtesdn £ OPPr & S5L5, a5 POl ; y_x;,rﬁcaryl%r;%.ge

An organic pol ymer according to any one of clains 1 to 15 to énd 38
conpri si fig: StPY" a5 6CoAY Pedion  for transporting positive charge carriers
and having a second bandgap defined by a second LUMO |evel and a second
HOMO | evel ; and (ii) a third region for accepting and conbini ng positive

and negatilve charge carriers to generate | i ght and having a third-bandgap
defined by Gﬁ@\‘\l e eT—‘\and a [fr | evel==pher ei achjregion
conpri sesT o rs/an ti arrian -D.f__t.he
m)gmers i 1 // IP_(\h Q }/ \ 7/ \ Y I
Cgiliy Cafrg h (\h ||
' )\/ < 9
N \
(XXXI)
wherein w.+ x + y =1, w2 0.3, 0€£ x + v £ 0.5 and n > 2.

47_. An organic polymer according to any one of claims '

1 To 46, which is blended wizth & light emissive matarial
48. BAn orga polymer aczording o any one af s=laims
1 To 13 and 26 to 38 comprising
(L) a <first regien Zor ctransporitinc negative charge

carriexs and bhaving a £first Dbandgap defined' bv
‘level and = fi:st.HCJMO level; and

(1i) a third region for ac:eptin_g- and combining positive
and. negative charge ca-riecs <o

7~ SSERETDE B — .y

generate lignt and having a
thizd bandgap defined by a =whird LUMO

[

evel and a %hird HOMO

Wwhnerein each ragion comprises one or more monomers and <*“he

quantity and acczngement o the monomerss in the arganic Dalymer

is selected so that <he Zfirst and <hird Jandgaps are distin=-

IZom one another in. the Do

49, An organic polvmer according to- zlaim 48, having = formula

as shown in Tormula XXXV::

. r [ /7N / NS a2

\- \\\ V4 \__/ fw _{_// /_ - SV
\N

CEHI'F ':GH1_1 \\ /N -

S 4




is selected so that the second and third bandgaps are distinct fromone

anot her in the pol yner.

53. An organic polynmer according to claimb52,

having a formula as shown in Fornula XXXVII

LLOYD W SE

53 LLGMBMVEBR x +

y =1,

x> 0.5 and y< 0.5 and n >_2. 54. An organic polyner according to

claim52 or 53 which i

S blended with -ad2el-ectron transporting material 55.

~An organi ¢ polynmer according to claimb54, wherein the electron
transporting material conprises poly-fluorene. 56. Use of a polyner
accordim@aggiany,ofvthq;pgpgpdjngEﬁL@ins in_an optical device. 57. Use
according to claimb56, wherein the dbﬁiéﬁp'&eﬂPéen gohpri ses an

el ectrol um nescent device. 58. An el ectrol um nescent device conprising an
anode |l syer aa & Qdg, l.ayer_and_a_layer of a polyner according to any one

of

claims 1 to 55 Situated bet Wesn-Th

Y anBdeYadyrert Sand 4%he caghedle: <l ayer.

bLendsc with z.hole-TTansporting mate—:al

51. An organic polymer acoo

cords . = ~l =5 . ¥
‘ Y 22ng o clzim 30| ywherain he hcle
transporting materizl zomori . ) -
cIansparIin ~2Cli. COomDrises a poly—==: i i
= DPoly-tr-iaryiamipns,
52 ganic polymers !
An organic polymer aczording to any one of clzims
1 to &, 1% to 35 and 38 comprising: |
<\ I ’ :
. a cor - . - - il
(i) second  Tegion fgo- ~TanSPoTiing positive charge
| . - = o ~— LY — —
carriars d. hawi c ] ! j -
c anc. naving 2 second bandgap defiped by a second LUMO
1gar -lec Y a ac oo

level and a2 se=osnc HOMO lavel;

and

(1) 2 third regicn for accapting and

and negative charge

carriars

combining positive

| ge Zarrziars -0 generates light and having a
thizd i ie £ 3 [=ab. I ' .

fandgap delined Dy a third LUMO level and = thizd HoMo

—-— = 512 » Sap g -
level,
wheresin sach T-‘=~r.;7*7cm comprises an
regi CSmPZiSes. one or more mon
_ == omers € the

quancity and arrangement of the monomers in the

is selec:;d S0’ That *“he sezand

fZom .one another in the polvme=.

polymer a::o:ding'to

EXVII:

claim 52, ‘having a

organic palymer

and <thiz-d bandgaps are diss=ine-

(L= =\ /= = \
\ Q;_/"$‘“§;_/f7; Kﬁ\__jf_'”‘*\__}F_T_*<:;>>%;‘F (XEXVIT]
Oy g 3




LLOYD WISE

- 53 -

1, x 2 0.3 and y £ 0.3

54. An organic polymer acczordine to cizinm 52 or 53  which is
blended with an eleact-on tzansporting matsrial.
55. An organic polymer according *eo  claim 54 whersin +tne

56. Use of z polymer according To anv ol the preceding cslzims
in an optical deviczce.
57. Use acsarding to cliaim 56, whermin the opticzl device

comprises an elactroluminescent device

58. 'An electroluminescent device comprising_an anode layez, a
.cathode layer and a layer of a polymer aczording £o any ons of
claims 1 to 55 situated betw=sn the anode layer and the =athode
layer.



