HEUR ()*+,-.e3eDE D> > ? 4A |HB D 64E TE s QUANTUM CONFI NED LI GHT- EM TTI NG
DOT MATERI AL FOR LOW DI MENSI ONAL SEM CONDUCTORS 5 Field of the Invention
This invention relates to | ow di mensi onal sem conductors “M"II"M"MI "uumll“"l
particular, to quantumconfined light-emtting dot materia

di mensi onal seni conductor systenms. 10 Background to the |nventdgpslow

di mensi onal inorganic sem conductor systens have been of nuch scientific
and technol ogi cal |nterest in the ast three decades due to their potential
applications i : CONFINED ALLIING BOT MATERIAL EOR

sel fel ectroopti cal deV| ces, QW@QW%Q@EYM@FG samd cavity-Iless

nonl i near 15 optical bist ab onductors, |ow

di mensi onal sem conductors (ie nanostructures) exhibit novel and/or

nodi fi ed eIE HOEIC and ogtical properties that can be attributed to

spati al Zon lgye ge carriers or excitons. Excitons are elenentary
excitations in SehisdfydifbrivdlBs §ifou AIMEIYIOTA JOMIECASIOR AR, 96 BArdliar,

el ectrons and hol es ctron-hole pairs aretyplcalyforne n an
excitation ’(Osuqhaamna plonfioad ilightyeptiitind t dota swtérialeadfor odow Thdimensinabns
and holes are o f ely charged and (assum ng a Coul onb interaction

exi sts) ah?ﬁm ey 5\{' pair (ie an exciton) is formed in place of a
free electron-hole pair. In senm conductor materials, the excitons which are

created extend cover many 25 atomic sites in the crystal. These excitons
can oVl quBaekdroandyo the yghtione crystal. In bul k seniconductors, excitons

pai 15 i ssoci at eco /R ChEER ¢ SPmESRERST etk Hivs e BP B
di mensi onal sgieniifi®andl tdchindlodicaravterest irhthecigadtitheeeddcadestdue ©xtheir patentimds
to hi gher ex0|ton|c bi ndi ng. ener gi es (so that 30 excitons still exist at

room t enper aPRIGALIONS n N Keragdysie nligh oARddioss daserssi @ﬁmalséﬂﬁ@%@[ﬁ)t &elf:

the free ca e C t I S

potent i ol - paeciedeféal HEVbETy oBEa WakeDEe BucREE, and SE0Y; 5 HAFACAY
el ect r o6 wawplical pistabititye el ectroni c states becorre quant| zed at discrete

energy | evels. Tgp mat eri al an t hen exhi bi 't guant um effects, The

t wo- di mensi onal BRared t9a8ulknsemiseRALGIA Selow @Hﬁ@nﬁf’ﬁ%r SPRIFMAMSHYS ol
syst ens) eXHéﬁéétﬁJcﬁuﬂe%') 8RniBHHRE| é’ffnd/BPH%ldlfFH&eél@Bi‘P&ﬁc ahgl @ptﬁ:‘éf‘ﬁ%éﬁ"&etha@

| ar ge nunber of new el ectronic and opto-el ectronic devices have been nade
usi ng quant cam el attribded o spatialncanfingsrent of aharge lcalriars oF exaitens.alExsitonswer

band- gan. e Gr Pt SRR S SorR AR Ak o PN b uch ReRhagn,

I s conpzy abkkctrens RaddeolBs 0 Eibetravneleepgitd apd tyq:ﬁ@lltyrf@ﬂaed IWhauaﬁtemmﬁd)Hu S,
the el ect rons and holes enter into the quantum regine. particle wave

function i s(sush @t aceheien} ifcanpliadstood semaicardyderent hmel@\fétrcpn%ﬁngthqhgs afet he
t het

el ect rons. alRPonEF Enfffctad A Bnt™ Eobirhf el bl acte] E¥hardddr e

el ec:jron (hbba?d gfmr fiesan \nﬁc:le?) eeﬂomfer?‘ lr;a@dhlm eha frlee[)el’eotren-d:\otstglairu_t & a
t wo I mensi onal el .eciron ol e as e anent a orptipn e e 1na
bul k. sen coRdiaoBrGaE Matalinks, ik sxatolfWios Mg reeliil et GoRA gapy
ener gy. 29N t Btonit eshtést it thePbrylsha. tﬁhé@%&%rtoﬁé’%aﬁ%@@ﬂﬂ}h‘ét ﬁéel?romé%ﬂe@ﬁé’

the gquantumregi ne and the quanti sed energy | evel s nove away _
nom nal ban@rystijesin whkk a@qumduowredgmtongrr@m gepaidlly sowobindinig: energiesgy

i eahol d 1 Nty SaRREMEDER] the, eltibighalh TR Hrssfuielt LRl B To8HE (! A

20 observedrddmprtémrplemur?ne flpatiowe dimepionadl sahficuriucirsanlowever, the
re-conbination in all kinds of quantumwel| structures is t hat shar p

exci toni ¢ feanfinessent, of H}ee%ﬁtoﬂsn|eﬁﬁ§ t9pRigher exGitanie bindben Qr@r?ﬂl@ﬁa(tser@at
When t%caéiiﬁrnsdsqﬂ%ﬁéf dt?‘o t&ﬁ'gﬁ%&g%& as in a laser structure, the

excitonic peak 1s co tely the absorption and re
In the abovementloned low dlmenSIOnaI semiconductors, the free carriers

or excitons are confined to a small region of space by potential barriers, and if the
size of this region is less than the electron wavelength, the electronic states
become quantized at discrete energy levels. The materials can then exhibit
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25 conbination are then due to transitions between val ence sub-bands and
conduction sub-bands. In addition to the usual band-to-band transitions,

t hese processes may al so occur between the sub-bands belonging to the sane
band. For exanple, an electron in the ground sub-band in the conduction
band may absorb a photon and go to the neZt higher sub-band bel onging to
the same 30qgamdus effectsbTNE twobkdimengional elicaonsgHs iea Guahrh iielPandSother
processes nay al so take place between two sub-bands bel onging to the

val ence banlPWw dirsgnsipRalasygiems) extiits adargenaympgiofiineyelipbaaemens: es @ he
conf i nenent rLi ds_ t.
ol'atively RgreuprERieion ifiag Sl sideic AR B BRenoRRETelites bows, o

room t enper bée enadeusing uanfuns eelisonduct ors, on the ot her hand, higher
tenperatures often result in disassociatjon of excitons (omﬁggéto t he

relatively | ow blmaiaygniremsl, afthindayenef mat@)ri.al ohlower &RerabaP {6 &aAs)ds

o di . ' . .

havi ng ot | e e o o o (AR AT A
one- di nensi @hel thigigiess) b theomiddle &adAsudayermisn costipambiehito hthehaleelBroglien

ti [ fined al di ' d [ ' | ect
S or oat od. WNEIPPALLPERREPNSI 11 AHRROM WELe el DurEreaad DRigs SReLiTa e i
the quant umydfn@f rebifndthi The tHHIGE" Whoé Suntfort 8 Tref8dteliNattthe MHIRCOf the

directions. Therefore, a quantum dot can be thought of as a
zer o- di tens potentiabwel taxistingzat. the twgLketeinteédiases ahd p standingwaverpattess is he

Compl et o1y Mutiorbe”onie BY/oRR aue abé GBbaR L. el a2t B Hindscnivg,
level s corr psqumiry électrbe (hlgRbas has tR0 degRbed SiTedduim ahl thBRTedhstitutes

quantum dot is sonetines referred to as an artificial atom (or a super
atom) . GenePdwpyimgnsionahelgstrenifagle) Baen formed as two- di mensi onal arrays

in which the qua f ; L QF res
Such a5 GaAs/ A GLS THiFaReReF abRdrlth bhBETRBUR LR Eter S he el
to the P9 hpheioni erierg§ @gaalehaband Gabsersardy AVGERNa .redugtion ofcthe thickagssfthe
phot oresi st dots serves as the sk for further pro essin%,aad,(gé

enpl oyi ng aSBYFARTERIORPrigniR e ayaBivng reeme; aﬁfigt eufualtised rnarEly 1eNelR 1o
the active A% aAPBACIETOMARNSIPEGHES wh'aﬁgagﬁ@h e &GOS 1§00
nmin dianeter). Sone of the electrons Tromthe doped Al GaAs regions are
trapped by bhighes enkeagy and asetheathidheashds gl fugheh egtiusiede ankirther ancreaseliifi y
the potentigl profile.electrostatjcally. Thus.. the boundaries of the

cont  ni ng. plteArRaeS 4§ cRsenEEk nIhcormected RB ko GecarSupliut ude el bes
dot andad heopéémeetiiypratiteget er of the quantumdots is then about 100 nm

O her known quantum dot systens are nano-crystallites enbedded in a 30
solid optically Sréendpatrentofnaptical pbaerpipasand Treegembinatipnt in ralle kinsts o

non- | i near i 1 =1 i i er
pr esent ed aaﬁ%bﬁ?gg%wgm@%ghgg#%gﬂggbgﬁgéﬁgﬁgmgﬁgﬁvﬂ%?ﬁ%xg?%%gqpg@%ﬁpggﬁ or
guant um dot svan at abomhemperaturaf Whemdtlyr apirier demdity dsnqaite dagfep mspnae tsgr ng
techni ques and al so, becayuse, the 4 dot interfaces, should he kept

def ect - f r ee SITHCHFIeNe: X GIBNIG PERinis ROGRILEN b3t o0F dhecAmaspin Aed ena
are reqys r eofBindiRh Ge 2RI CRld GBS trafiSitdns O BRI CPaleiBdYs§i-bands Baye
been made to develop alternative routes for the fabrication of quantum dots
t hat are baseodustionhgulpbands.plle additie to dheasuahbaod-toAand, transitionsyHhese
singl e quantum dots woul d exhi bit .extr | y shar nd atom c-like

Uni nescenc BRETaEs e aler ot e GEER TS AP R ARCoBIngta e Fme band.

i nhonbgeneopsr @xanfdigcan elédtfort AHHRS PO @ebaRirel imkimespagstith baAg may
broadening to occur in larger dot ensenbles and this has posed considerabl e

| i mi t at i onsabserbdevpleionapid igeata dhe. next daiaher suhitasddbelosoinama Hhe esamed
di mensi 56‘3' bR DD SR O‘rh%rig‘@n”ﬂté'rﬁ)sdb% I € fanSHbAI S’ Sr%c'ésgéépﬁfageﬂso
uni que Teatures conpared to the correspondi ng | norgani ¢ sem conductors.

Def ect - f r eetdiet glaos betiwden o sa-bbadsbengiagid hehadsnczbatd.due to the weak
Van der Waal s interactions betweepn or?anic mol ecul es. The sqgller
r

di el ectric const &0, d aodaum well o pter Ignadimanairnal systema: 8§ sanfingBIegini c
sem conduct e N I Later i ;

el ectrons aﬁg%ﬁ%ﬁ'legsrﬁetlrse% trf]rge'et Sgscgrregﬁg@glg[%%illgag ftgc't%iétg}r%!}ﬁ Ihg{g\eéﬁgg%ri“%on
bi ndi ng enebiidisy eBengies ssmfthatoexaiomsnpersisl eviarg ahiroose keropacaigrteor dn bulk
(prepared from bl ock conjugated copol yners) have reveal ed remarkabl e new
phenonmena due to quantum confinenment effects (eg one- and two-di nensi onal
confinenment). For 20 instance, new discrete excitation states have been
detected which confirmthe | owdi nensional nature of the excitons in the
particul ar sem conducting pol ynmer heterostructures. Additional evidence

oy -, .



In spite of the theoretical studies which have predicted quantum
confinenent effects in heterostructured organic sem conductors, clear 5
experinmental observation of such effects (eg from one- and two-di nensi onal
confinement) was not reported until recently. One major experinental
difficulty arises fromthe rather small eiciton Bohr radii in bulk organic

sem conduct gemidondiudtdds,- ch Othemothehi Idndd| aigtsers aemiperaturas asftemsre®lt in
sui tabl e techni ques for prepari n&ag;['ihe nanoscal e structures. Recently

quant um conflisaesesiation afnexcitongi (@wiag die the ralagivelt low Jkinding aereray etuthe

di nensi ons gkat(ﬁ‘)quantum wi re) have been denonstrated. Such quantum
confinenents éxhi’bit facilitation of stinulated em ssion and | owthreshold
anplified spont afheurermendaisosucdess lrfiswbatimepsiohal guastuhhakells hasrprompted
sem conduct or systens in which the notigp of charges or eryzéitons | S

conf i nec® t o[WHEr ANAMHYI BIP S¥jeqShRIAY il dower dirseneipralily heaansdimension
quant um dot nMizkls H[rﬂ%héi@nm%rnb%i&e%l%aﬁﬁgétbﬁﬂisﬂﬁiﬁmm P8I GuUaRUF TR 64 to
| ayer ed quantum wel et er'ostructures. t hough these theoretic

cal cul at i onwhichv ehgi ek=ctrons endtions us hegrifisted! alorgnstwat dimenkiane bednanone-

reports of gnré succq%iéctél formul ati %E' of organic quantum dot materials (in
whi ch t her e 9[reenSILN!, B 93 iseieated al | three dimensions). 20 Polyneric
l'ight-em tting myhgrthabretibaV@itiReee Thitdf BV dinseHsidndl Hutichibs id e ﬁggﬁtlﬁﬁ

production of bright and efficient polyner light-emtting diodes
stimul at@d dat einswhichr e anastiersnasy congped ianall phoeeshisestiens. pibpeafore, a

conj ugat od GORBITREBE o b8 Botight bE a8 & At BMen e Sledih) §44 1 Afithtm 1,
i nvesti gat edats, HePotuhtiRP RbhieeE tHe phftRsSIn All HedeCHiftBiRionsy TREMABlion of
het erostructures. Theoretical studies have al so been done on vari ous

aspects of {the particies éitkernsgmpletehosrantisashandi erly odiserigle ibowne. shates &rdnal

sem conduct | ol r r ' ' erd. e | se
t heoreti cal ||:s t?gi e?ﬂﬁasé ggégéeﬁdegﬁ?%e\gpbgpt gar ﬁtg?i [)ér\l'%o Cf(s)ﬁf I c'ixgl‘raalﬁ%y eﬁ%ﬁg
sequences ofTherdforeea quemitgy didfis SOmptimeseeferrdditot dar adfficial latoidor gagupene
could result in electron confinenent in the segnents of the chain with

| ower energ?tQjH . However, experinental attenpts to produce such materials

have not been sug@?@éw t@gnéﬁtﬁ%%&a%‘e&ﬁféﬁﬁe@i é@%saiﬁ@gwgggﬁawgs h ze

effects. 6 Studies o ysics of fu conj ugat e yners,
mai n- chai n phighihehguarduanddtp ary femmeddrom meddationdopedheterostragtues such

occurrence Qf stnho interchain or intrachain . interactions between th
Cunophor es. SraeARRaRb Tty it dideidls” gl BB EoliRd to'he
aggr egapi onpeterdintériid bétwkeheGaAs Hidf AIGEAL e Rep&iode apfaydofshbtbRRistadbts he
| onger wavel ength side in the fluorescence spectrumand this usually | eads

to a |l over §BBMeSURS dhei BaskclproiurihrbtRIPCAsSIRE canst, . byrmploxisenaedet etching
aggregation i r @d%jp it N nj tedyno L QeVi |y
changes t he?erChgﬁtH’Tiedn%epgglror S Sa%'?ﬁ%@#‘ﬂ%é@ﬁ%ﬁnﬁ%ﬁ%%@ 3%1%?%8 Tmﬁ?ch
i's not desi etdhing feavestehinmptylindricalntiesps ¢ed abdbuodO@ napipl diaatdtens .Sane of

I f Kk i | vj i.c ligh itti di ED
and hybr o TheAECkAns oAbt dored flleahs S0ipes afk rapaed bvdfle uizes stafes at
PCT/ US034 4183 ohén bitheddiBe WallSaRAMESRHEHY SbtekBAL i file &1k &trodtafdIyC A

di scl oses a range of organic-inorganic HLED materials based on _ .
si | sesqui oxthebeendarigsi ok theucerfining otentials dornalicoincide aviimthehplysical side

specification,.s,directed to HLED.|light-emt}jing conpasitjons, in i

ol ectron tr MRUBEH e B3 80 ife Brelle SAmaiRtot LR GABET bt arf apBpETpo

noi eti es argntovalently |inked to pol yhedral silsesqui oxanes. The nmaterials
di scl osed in the specification contain a silsesqui oxane core to which

nul tiple | ayers &ther kaewve-quaitgandet BYSiEMSsaknnapo-ciygtallitay smbedded in a
coval ent)y LLE ; 08) . e LT Gatd . IS S
Chat ~o3th PRUEEPICER, BERuRALREBILE K8 cldets, TRES St RilreifaiFondhZs
functi on nooetiyalgrbpértiesent s sel ected from hole transport, electron

transfer and em ssive material, noieties”. The specification disc|lose
nunber of sil sesa'tf?le %ﬁ’r‘i@%‘&@é&f BHﬁ'thUhdjé’tQEh%i?‘@WqVﬁEcﬁrﬁﬁ?’&tﬁ e rm'C?ﬁb?e

organi ¢ noi efl } I t A 1 or
ot a1 ve maene SO Ry Rk sAlf R hdted RY QA GRRAS ar¢ B IncAAt
conpounds cah liteogigghiciand semimondiiator processing tedhmidugse andralswlbeichagethe
light emtting devices. Wiere a single | ayer device is being forned, the
rel evant conpounds each contain nore than one type of organic noiety. For
30 instance, each conmpound nay contain ET and HT noieties, ET and EM

noi eties, HT and EM noi eties, or ET, HT and EM noi eti es. Devices contai ni ng
a layer of such conmpounds can then exhibit a nunber of desired properties
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The observed EL enhancenent in polynmer blends is caused primarily fromthe
spatial confinenent of excitons which |eads to inproved exciton stability
and 30 el ectron-hol e reconbi nation efficiency. Larger EL enhancenent in

bl ended materials can be expected if both |arger exciton confinenent and
excitation energy transfer could be facil4tated. It is however the

aggr egat i ondef intbfatéghoald thel RepiRIBfetniivE G dridet tte bbtdimethei highayemient
of quantumefficiency. 8 The present invention is directed towards

provi di ng nelgstroicquapertigsdnatiaredsauisedferginiica applipations.alAs :EONSRAUENSEY ed
barti ol e o rishy, S KIS BBLY RARI Lo LRy SRR SSARREARSs rdY 68 Bhriudl b
ef ficiencies, stable electrolumnescent emM SStons, non-aggregation (or
reduced aggqeastuirpdotsithatate dasddaor the pripbipleof self-ofgariizationonABy¢ altlesligh
em ssions, narrow em ssion wi dths, facile s&nthesis nethqdi and processes,

h
and t ai 1%r aBinglepagipm datspudd exhikit extremely s And-atopnic-lisg ymingsesnes s

woul d conbi 1 t z 3 jcRO L CinS Wf@o i-al s
wi th organi I?:'PoéndI pé%&?@gagﬂ%ﬁﬁgﬁgﬁ)ﬁésﬁa{%gl T ﬁ'@or I'hst aﬁ'%eg&]t :%Lz_'gg
or gani ¢ andThisl gauseisccansidarablesinhomegeneaus linalbroadenidg de remcal liry ldrgee dot
nol ecul ar 10 _wei ght s ich are typical.l re an 0Qg/.mol . Thu t he
Coul d bo. f BRSPS AN Besed perus bRt hs Top ARHERR grpiEonSes
rather than vacugﬂ@éruéléem&wuctéﬂée\r&/&weggeyd @'ilﬂGnéioHQﬁt? &8Sils&fdregroiy

application route.” On the other hand, i inorganic maferials, such
mat eri alG wintgresbewingtarthaiy expedied unigus faafuiasr camparteshvte ther caviesnsnsing ar

broper t| es. METgE FaipisBRAwaBE” o B8fach e nBouficiuiec Fn e Imd Waow
intrinsic sigotiehtydesdushitehtiwtweak yvanhider t Werays tiatdragtiinso rbetWeéih e brgahid
many inorgani ¢ sem conductor materials) but they would al so inhibit

aggr egat i on"\%@ﬁlﬁ%ﬁ-_ tTﬂ%SmHW éiqlmtri@rcgaﬁtaf\t ﬁ@rsanwmlwwemgwrs
mater | al's) . ogplRE) | B Clkeihit S SBRGHIVCREL el fy IRNMN RO sty hestibhig
and characteéeri Zing organi ccor hybrid conpounds Wth a core striocturée and
mul ti pl € suinteractioms) betwesrs eletrbhs randhteolesy leadingntal $trqrice ekeitanic effepiscand vy

have precise sizes, and 8i fferent functions. The nultiple |ayers generally
give rise tGrenEXEIONBINGING§NEIP€Ssuch as quant um confi nenent, i nproved

sol ubility, suitghlfesdeoW-dHABAsIBAR BF@;{arﬁé‘@éﬁﬁco?rﬁich&_@S(b?épared from block
phot ol um nescent or electron | um nescent, spacer function of separation of
di fferent |egmjugated fcopelymesns) hewve. relwabed yreofarkalklel neentphenomenar duagtao a
first aspect oft this inventi 08 the(£r§e IS _pro(gi ded. .a uantahjm dﬁt 30

seni conduct SYARAHSHAMYBRRY FUPHG (§9 RGP LSS dmeSrina oRB0E™S D RBF e
subst i taent pstdricas iy dRRFSEOexdNAEbAI dlaftls h&as beeRedétbciddewnidhs Ebhfiran tise

i ncl udes an organic functional noiety adapted to exhibit three dinensional

quant um confoMEifensionaldnatuisep! Her exitons: i beapAicrlgr semieNdIAg RAMYEEDM
a silicon ahgmrobhdhRel Y NEitinad IR 3HIAG HE! didnium BoffindMBAL ofOr ©
formed of a polyhedral 'Silsesquioxane structure Ts particularly preferred.
Such a pol ybecltomls siinh sesuphi oxteeberostrucitires e imeldbdyv e laaggenenbhandamentsa of

(Si 0~,5)~, erein n ranges from®6 _tq 100, eferably from®6.to 12. The

Si sebqut ox BRBIOBAEBLRE " AT c SIGORRY: o SPRRBERAT SR MBS, Bt e
Wien 5 o1 megedHtiohBf ExtoPStiBRE dith frhs&BeeRNErgd BRclridilgcore may have
up to 8 substituents, each of which may include one of said organic

functi onal noi et Layeredt organit squanisimi-vied heterostiectugss t whigkntate matackaciof
have nore than one qQf. the or ic functi.onal fetres..ln referre
embod nent , 0aeriEe PR st AR e SR SHe MR B Badl BrePRES (o
only of oneumfa-Bighd vaictidfi Cofdamid | eitécul@r NBe&in edepdsitid)i S eBtieli MBRied t he
energy band gap of the organic functional moiety is |less than the energy
band gap of NBRestruteiesc@geformes ofinepthaiene apdeperviens, detvalivesy have begrr
core al t . r negd . al | a Thare y be
sone m%h g?(gﬁ?hysg)ﬁeﬂglén@%\gﬁ@%d\%ﬂl&zs S"?e"ﬁﬁ@?'gr gH%B&'(ST? gﬁ'%rﬁ’g( i\?g?y,

t hey nay al Hinbensioridlexeitdn cobhfinemént. e vesultyenbradimensiehalrexeitonfir sutte
said functional nmoieties within a gi ven conpound are the sane. | n an

al t er nat i veClystalie BWIRS SYRRERD ,qulédT?V@r §h9‘ﬁﬁcf?it@n%‘?atl?ﬁ§«ﬁx§eﬂ%¢ ande
an addition Ctl.d ol ach }r;g@-{ et M?yé e oL I
group has aﬁJ eﬁ]ég?ggélggﬂ%yglg%r%g@g? tgﬂg It e E}gn gg’pﬂg? t eg((:)trgggt(rr‘ﬁt cr%g'g
functional disiceatg excitovhic dbatures in alvscaptienior Excitatioh spesira ecohdimonbynalbserved
functional groups may in turn have a further functional group attached to
it. This ensures exciton confinenment to the region of said functional
noiety. It is further preferred that each of the substituents includes a

functional noiety and an additional functional group attached thereto. Such
a conpound 25 can be viewed as having 2 layer shells about the inner core -
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said organic functional noieties. These 2 or nore noieties may be attached
together in bl ocks. These bl ocks may be separated by one or nore additional
functional groups (or blocks of such functional groups), wherein the
functional groups have a higher energy band gap than that of the organic
functi onal 10 moieties. It is also possdble that a number of single

or gani ¢ f unigxt irgrganioos@nicendeastos tmultibld uiahturaulells tweret nendbsbheld i e¢he
separ at ed bé(yone or npre of the abovenentioned functional groups. In a

further prelRYEFRHORAPKINFRARIUSIUrERi s i nvention, a terninal end of each 5

substituent conp I U ' I ChJ g t he
further functi onrad %ﬁtgﬁ;bsfagﬁ%/ (t)l'?&fl’hﬁc |%§1“ﬂgﬁa%‘i&€aﬂé%€ é@e@%%d@?@%%
| ar ge r angecorffirgnoents. efféetsr imel detarostrugtUred e pegahioposernitendastorssd clear

pur poses_ or uses of conmpounds and, nsequently, they may be chosen for
their desi r@éP?fIfBﬁ'ét@E @@er‘éﬂj@ﬁ 8§ Sqlﬁan?ﬁ% 18 olg e rﬂ”e'l@nCIHMPofﬁimquS@W

(to inpr °VecéIY‘?fIrﬁ=I g@dé hby ?eepn rt8f EIHﬁIdreﬁthS?' 'd)ﬁé( rh oP%SIEBhHIeﬁPAIVd?ﬁIcEIty

ener gy band gap sired ergy trans um nescence
el ectrical ausnmirelretnhleer,atmpaamall excitan Bah fautii lsd:fwk argargc derfrﬁmmirmbtdra;(ag S)

tc. Each bst t t mb d_ f whi ch
20 n_can b8 1RbonOr B NERER dRaRe e FRyRBnPIatns AR dIAH ecBagHes for
substituentp %a’i‘"ﬂﬁe He fn%ﬁbs@éﬂ@%ﬁuctgfesa PREy &Ry, ChFantulh &onfinernBat AR yhET

chain corrprl ses t functional noiety and the attached one or nore
functi otal dinension fieea cwaptumavelyanseinstwaidlimneasion® (iehatquantigmnesiie bhavée

subst t uont BoRESeTRaRaB%, " AR AFBREI SPbiehr b RPt Biogidh et Poylatedng
the functi ogmlissién ahy |cahitmbadldta1naﬁhéd@dmaﬁé¢waﬂmmmvp As noted above,
the functional group will have a higher energy band gap than the functi onal

noi ety attached ttHasebgen nesiulated: Hhiat qsganisrsermicendeetrmsystests imavhich the
| nvention, ﬁ%?lgnsdft?:f?ﬁtamé%em FQ&IH% I$%%nﬂn88't826%9uﬁ@[é %@%&“@&UW%&BPG"

noi ety forms part o he or gani

connect 3l t pefohdimensén o(tnsIr eqtuantum odlnth;awél dvovide enateguisbawith gdmsutﬁd trieav

organi ¢ functional noi et¥cL§o| ower .t han that gfh both the inn core and a
& e 'éIts

mononeri ¢ uRTQPERFHLAMPG dRXpERd Quantemrwelh nefrlpalrycturgs. o ABPHYR these he
organi ¢ fung{dopa c%b%‘tlbngﬁiév’éeg@@ﬁ'rIéeOfbegu&?%ﬁﬂat?od@QH% hévé“?iebﬁ ﬁ’é

the polyner, both of which have energy band gaps higher than that of
organic f untaiosisadf any sugcesstul farrnulptivy of orgaryic cuantursedat matetmebe(lmwmdhd
organi ¢ fungtional ieties. These or e.mieties my be attached

t oget her inﬁmrg&gxﬁ@nﬁp&mmr\g@ ?@w{ag?rggngmﬁafe units al ong the pol yner
chain. 3@ either Pepsserid Iight-ethitingd it &ria® Ihave e dromisl of PasticdulRRTintrést. b¥he
nmononeric units of the polyner which have energ é bandggaps hi gher than that

of the orgafidee fon@fqdwapnn@f dright and) efficienb ppdymen Jight-emiltind peiedesabas
ol i go-conj u é’d)IrIf dive réskdtcAor® %yrﬂﬂeQ? a{f'ﬁih&ﬁytbéﬂfs dproP?rt%TstLH]es of

ol i go- pol yt |o ene. napre erred Torm o i nv
substi t uent somjugbtede poigmefs swithinortbeniastf uecadenal Omiaml Hrseant tcmmiugiate«b

e e 2S5 St 553 B Sl B

substi taent gughteth | B6NAHEMER addictd Oiha|sérH|66ﬁd@étﬁIg %cﬂ%eﬁt hafehsstriuidae

organic functional noiety, thereby formng a second |ayer shell about the
i nner cor e. THeeletigalkstutiesaveualso ibseal daeoop vanw&esaecpimqfrﬂ&e elgsitronisy amd vy

i I dy .
o1 go- ol yt RXGBENe PTaBSTes » 4 pgBRsin. ES AN SRRAL: SPRufuctng , Rojuper
functi onal QUMtﬁéésaWTﬁ& teﬁ*etb@nc&ﬂdlddﬁw,&heffsuncth@éalhéﬁréml sth@iegbhave
formng a third It%er shel | about said inner core. Such a further

functional §WedRs ﬁh@iealéﬁrnatlwof awfficientiyslong: sepuanses, oft adowanenerdyr gap s

prefer y i r

substi '?%Hent QOQH ac edﬁogérog%fﬂﬂt\&(ggﬁ Og‘%tdlbg"?ﬁw%mifg &“thrggérrg‘é{e ??]%.Tt% "f' fhe

pol yheydr al segimeatsuofctharohagt withttower mergytdw [ It-luwat/er :ee:benmedtal attempts to
produce such materials have not been successful as the materials have failed to
show quantum size effects.



fromthe group consisting of: - an organic functional noiety adapted to
exhi bit three-di nensi onal quantum confinenent; - such an organic functional
noi ety having a functional group 20 attached thereto, said organic
functional noiety having a | ower energy band gap than the functional group;
- a functional group having such a functi®nal noiety attached thereto, said
functional groupShajies®dre the ghtestophysicy dfafully gesnjubatedt pelyriedsningain-chain
functi onal nolety and 25 - a polynmer which I ncludes such an organic

f unct i onal %N@tqph@fﬁﬁ and miymmwm pendaitt lumarbRregifevas amecerrgenae: of
functi onal Y, high g p nct a
moi ety 1t RO ipfEndn, of i ERANT HRRAOHR bR e LA ork TR
pol ynmers. Amteractionsitinsiadingl ememjaxgmﬂexéspahw&ggsemtbmacan dedditd @ red-
preferred |n|§h|s 30 re ard._ The p égers ma ncl ude an al kyl c¢hain

at t achedP t hehidt 8r Q%ﬁré '1‘y°ata d‘qv\ér alone eo*o"lgﬁé paveigpgth side pp %‘%r
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functi onal ﬁ%%ggf:ee@%r% {))tpté era Igi@lga?st%t:“gngtegggt \ﬁéﬂ GE? I@?%?ft@%l cyal y
of 2-9 unltphotalumlnaad:en/tely, t he pol yner may conpri se only 1 organic
functional noi et¥ In either _case, the functional or..bl ock. of

moi eties, is typhC&IRGSHIS Of AIOFFIHONS e KX IR %X(iﬁﬁ?%éés H‘él‘ih"hg?ogﬂbqatﬁp
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CE
substituent 1 ncludes nore”than one function 9 groups, or consi sts of
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mner cor e, Al ePhg PYETbIE' BE 3 SR omo, GRS i Bfnlffe ' Jolt
in the pol y(®LEDR)I dhd nybnd ligat letnitgatioded (HLED'spmsl ted siyBRng Addlosdd isuch
enbodi nent s uncti onal oup or nononerlc group adjoining the organic

functional RETAUSOWATE5HyD: # Names ek GANQSISABYSHh Kaishg. wiitis SPeciEation
than that ofyctageb WEHGNG! okl Bland WD SnaRral haSETBsBXaHbRahe

confinenent In theé region o |ona
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sﬂsesqwoxanes The materials disclosed in the specification contain a

silsesquioxane core to which multiple layers of organic-inorganic luminescent

20 materials can be covalently linked (eg see pages 6 to 8). The specification further

states that “each layer can be based upon luminescent material having different

function moiety substituents selected from hole transport, electron transfer and
emissive material moieties”.

The specification discloses a number of silsesquioxane-based compounds

25 which incorporate certain organic moieties being electron transport (ET), hole

transport (HT) and/or emissive material (EM) moieties. The specification states

that these compounds can be used in the manufacture of single layer or multi-

layer light emitting devices. Where a single layer device is being formed, the

relevant compounds each contain more than one type of organic moiety. For

30 instance, each compound may contain ET and HT moieties, ET and EM moieties,

HT and EM moieties, or ET, HT and EM moieties. Devices containing a layer of

such compounds can then exhibit a number of desired properties (eg electron

transport and emission) Where a multi-layer device is being formed, the

specification states that different compounds are used for each layer, each



~d ~R~. RzZ R ~~SR Ra. _ . Rn ~2 Rz R3 R "~ Rn wherein R1,
R2...Rn can consist of aromatic ring structures and multi aromatic 20 ring
structures arranged so that a structure of |ow energy band gap is | ocated
ei ther between the inner core and a structure of higher energy band gap, or
between two such structures of higher enefgy band gap. These aromatic ring

structures e@yipbend lavirigednlyrane type of ihepalsoves hidieties. oFopbramble, ureslayert ed
phenyl , vinyl phenyl, substituted vinyl phenil , arylene, heteroaryl ene,
fused ring Payhefamed ¢f carapounds Ravidg oaly Fdiroieliprang angthen layel may be

vi nyl ene, e I &3, C [ : ol | | ;
structures %ﬁems%ﬂgp?lte ﬁ s‘é'd y dgﬁldeggﬁ?%rﬁgé unsc%sia(;%zﬁw dgﬁﬁﬂ%@" Iﬂ:'é]ngﬁﬁ'{ﬁdng
el ect r on- dofumictiogalidy ofifiee devieet Daviodst duthtainingomaitiple yesblifuidh sompogndsips,

silicon containing groups, tal_ containin roups, or Goup Ill to V

el ement %onF‘é‘Mﬁ'%eg?'gﬁﬁsnlﬁgg%'b%&@?s"ﬁ%emﬁpgﬂ%si c ring structures 5

specifically i ”CPB*HJSH%HB‘s#tc?dbsohét?ﬁ?méé%E%%k%%fﬁfé’hﬁbn%:ffbcﬁé'dié'&Bééd are
0 ydro | uor h

sel ected fromthe group consisting gen, I ne, chlorine,

broni ne, anmateriais bhaxingaany qlantiuendot prapsrtiés gSpecificpliywfibdoesl netbtakereny of
t he above a&oe { offthe L nvention relates tto a h}(tbrif Iiﬂht-em'tt'k.ng deyi ce
mat eri al ha eﬁﬁoa %om,p'%tf% une QHﬁntfH‘ rﬂﬂ tﬁ"}QPS &5 (Yuf ?'ﬁ%’"l‘ é‘g?é‘ ‘gemen
wher ei n t heef&dts). SNbHEGES R nhékéJQﬁ}eﬂwéPﬁoﬁ'df%@%&ﬂh?%l@é‘ﬂjeﬁ‘ﬂit?}héﬁ@ﬁdé'tiéﬁ of The
multiple layers may be formed of the same or different organic materials
whi ch at® selgapicmdieties ethe e@nppupds sopheal thi: composindawxbitgf quartum dot

encr gy banaPisig ey “SRAIALY. fRpRREfEEton AR R ERHE baboits uiibh ROLE be

| um nescencgehigved #rsaehiqubbtdr rohfisemeht eftees Atdreproductd. f erent | ayers or
functions. The core structure of silsesquioxane material has the ageneral

formul a (RS O-. sBlenging afntwe tQpineere polyaeyss is raoiwell-establishest sdralegwtfer
truct =8 R~ j et : e f i

cage St uCt il 1S S 5SRAI Brisf are paRbrRRth o Hhefera Wikoll 1

provi di 1y t heegds siybihesize néwgratyiars. t As chs dbends dhgemjugdied pdipwers are

lti-| d t d, b t hesi zed f ' f
pol yhedr a1 - SXREeq 1 BranprefinoHlar Bideraisraiovsy it MBI BV DRReres nof * ©
substi t uent foqrnaanthbqqdiﬁawgﬁlteﬁyrég;eaﬁte’a\ﬁéﬂgﬁga@@ r@suﬂqu%i}hé?élb't%ﬂntéfnﬁ’c?}'éeulgf

mul tiple |ayers. Exanples o i cal reactive substituent” groups o
si | sesqui oxkteragionshbetwaati aormponents,efdhebuixturee spatiall domfinethend effegtsr andn,

vinyl, phenyl, substitute heny! ... wher e phenyl stituents includ

nal o, " a noselfoBRTkAtoR, e PSR leierd Hahdy of PERgaBl ROMMER e GHEES 1y
cor e- mud i psifowRY Blenst fol Gxhitsit Gsvebesuamolaslil® tdedtrofi@ bpitRiledtiorti@yand
additions to the core structure or a one step reaction conbi ni ng core and

pr e- pr epar eBh@iQN{G propertigrepuch ap stiticak abgferp@ge rgpdwatienaphetondyired ehasge
R e e e s
"Rz ~Rl ~ O tréhsfdr,Rzemanced. ReleBinelumifdsdenc® Gand enhanced nonlinear optical
properties. The enhanced electroluminescence (EL) from blends of conjugated
25 polymers has been described in some recent reports. The mechanism of the
observed EL enhancement has been attributed to Forster-type energy transfer
from high band-gap polymer to low band-gap polymer.

The observed EL enhancement in polymer blends is caused primarily from
the spatial confinement of excitons which leads to improved exciton stability and
30 electron-hole recombination efficiency. Larger EL enhancement in blended
materials can be expected if both larger exciton confinement and excitation
energy transfer could be facilitated. It is however the aggregation of the light

emitting medium which limits further improvement of quantum efficiency.



i~i . d~R-. Sip SRR ~R R ~~t ~R1/ Rz Rz /], RRR1 R wherein
Rl, R2, R3,...Rn are the multiple |layer conponents which can be any group,
such as, but not limted to, aromatic ring or nmulti-aromatic ring, the 5
aromatic ring may be selected fromthe group consisting of aryl ene,

het eroaryl ene, fused-ring arylene and fus&d-ring heteroaryl ene, al koxy,

al kyl ene, vinyl eTRe prédbfityhvertion iS AFachR IoWFd9 bradging Vet bidhic qhantpeve
noi eties can be substituted by one or nore functional groups such as

el ect r on- doflet sepiconducies imaterials: hariagidegirgd aaskicle siashiquastung cgniopent

silicon contaigning,.: 0 NHai A roeh il - I [ s
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gr oups Chpsemisfﬂidaris,dm%%brugamoﬁ ter redutéd aggregationpiresslier state fir gHoto- and

conpound is intended to be used. Accordingly, in certain circunstances,

ot her fuhct PEEHPNEXSHPD eMHBRIPNS RATFRW equssied Wigihsptadile synthesis methpdsjandor

this reason o] S L IH o) r I : be

regar ded asp'é)tcl(% Sggdg‘ﬁ?’s@%@%?p’f&pgﬁfgg @%E?‘g @@pﬁg@g% ﬁldt}ﬂﬁlcag@gartlslrﬁh

from t he namateriaie dveuldpeorabinehimanynot thie advaiitagesbofv thorgaio nsamhicondactbe

synt hesi zed froma series of c re)po(l%réhhedral sel sequi oxane lj__nt,er di at.es

having a vaMatenaly withearganic-and, pel e ?e'@f@lﬁﬂé’c\%aﬁ?t&vﬁ e THeNSIAACe: ke

poi nt's of ¥ SR pdIIHE Hat@ﬂi‘a%l&,‘ Mele! ARl WBLIGZGendtahRRage rholBLGak

reactive substituent ‘groups of silsequioxane internedfates 1nclude, but are

no; lima edwetght@ydhlldgar&htylwoa}ly raone ttlﬁbzﬁﬁ&ﬁgll/mdl.pﬁb?ylthey lmeutﬂqbengabrllc;t?d

subsi tuent s, nay \incl ude. hal o, amni.no roxyl, vinyl, unsaturated a

hal oal kyl, L0y AedFes Yige PIERING Qe Ryinthg. PEacesseg fatel Mgy, vaculin

structures) sG@Iﬁnélﬂ)rﬁ&héb@BWQRMcﬁﬁ%t% nidtet Edteaffedfiod | Pplicatisifiroget O #yer s
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to the core one at a tine, or 1 a one-step reaction which conbi nes

thfa core wi otheprianss éﬂi&riaergfﬁm imaterals, shigh mataniels svgudhde hermady siable, .
b 2 cubi ¢ BR R A §0e LB ind bl MR PoustFolstyy apirishd Brodid™

enbodi ment , phiieled sizabawith upidue prepertidsd RutHdmorantieseosigabic quantunnaiot he
ei ght corners of the POSS structure with oligo poly-phenylene or oligo

pol y-t hi oph@?‘?éer(%!?’ gWOF*@SBaWHP"WGS’S-SyPﬁt,UFW'@ m%tnentyogéubh-m!hzw
size of the t } b i ; f s or
t hi ophenes &éwa@t?ég%gﬁéom{ Efgr@??g?tem%&hdl%q%@%?etmdgséﬁgnftﬂé dolélasﬁ“;we(ﬁ?}ﬁm
smal | er t haaggtegatonr (bedtdtiruthast rhaey bathkr eorgianicn anghipolymaerigesemigbhguctbout
2nm f or organitcé%e)m conductor materials), the electronic excitation is
strongly cof" &%} n all 3 dinensions. This collapses the continuous

densi tyo®f stat eThE iftmtidn! ik afd difedtad %o deSighfige sPhfekiziy §n§bﬁb§ctéﬁziﬁ$1e
dot. Decreasing the dot dianeter |eads to |arge band gap energy and a blue
shift 15 i notganih$sr ybrish copraunds Bithi a agarg, structvee @ndd uliiple esurenging
shift in ph i C ; t ' S ifts
Tn U absor PVESH ERAEHRRIGI AR B AR e PRGBS BRee AR St
confirns thturgtiens.uTihe endltipledagéisegénerbllys gile s tnione prambrareffottssyiriheas.

The quantum effi ci encies of such guantum confin organi ¢ quantum dots are
o i Bl SherthuSand éapr B

qui te hi gh 9820YR1 caniigementydarraysst sobbiiha ryita rQYaRamse SAPr WX rRNEr8%t

t he col gur ﬁm}a Ir S3é i t ;

mani pul éa!?i ngg? ﬁ%?’qluan?um ggesrﬁz@é%;énﬁ%rgﬂmlﬁﬁsé%ﬁ %%]éféeeﬁg uﬁg}rﬂ‘ gg%eparatlon
mat eri al s. Bbdifferentpdyersiofr furmationk| ets. pol yphenyl ene is substituted with

ol i go pol yt hi ophene (which has a | ower band gap energy), the UV absorption
and the 25 photol um nescence spectra undergo a red shift to | onger

wavel engt h. sghithasr dfthe IVertighS- 3Ph, the phot ol um nescence peak is at about
380nm whereas for 5S- Ph-2Thi o, the photol uni nescence peak is at about
500nm The conpodaeerdiig to fiestaspeat ehbisdinventiorntheraiis pravidad a siastuim isiot

2730 pornearmasiets, ERRICbpHENEIE af R Grs p Eublp n&R 8 S°HERe 2
ol i go- conj ugabstiueats\ateichedtlereto, aMiarein alleasoénebkite sutsstinsentd irecledey gy

band gap of the relevant oligoconjugated polypers is less than that of both
the inner cBra@ninqdfunetional dnaisty apdamtedndp ngxhipife thres:t digipnsignal y guaBM

confined bewﬁﬁbrﬁ@ﬁt.i TRE" inhEF %ogeg(i"s td?@fegéﬂlfrfoﬁhgéf | ofC8%iafSon atdf, H'Silicon

conpounds o S Invention are 'e to be forned having particufar
atom, or a polyhedral silsesquioxane structure.




particle sizes, quantum confinenent in 3 dinensions, thermal stability,

hi gh phot ol um nescent quantum efficiencies, stable electrolum nescent

om ssi ons, non-aggregation of particles and narrow em ssion wi dths. The
met hods of 5 synthesizing these conpounds are relatively straightforward.
Al so) the conpounds can be tailored to ha%e certain desired properties by
modi fyi ng or var ghngnéreore tformeédiofa polyhed ral eiipesyudexanc steuctureis)partidarly
conpounds facilitate colour-tuneability and property tailorability of the
devi ces nadBrafeBRdt hSHC THeP@\‘YBPaE’a'tﬂ@eégH'ﬁéﬁﬂ@sStB#Ct‘t"}@e mAedEve Angeneidbn
have great I it h I \ h er
fields, inc ugﬁfrl;%bg Selgt?'lﬁ%l ﬁ%ghegégie%?ggé\;@ﬁ?qgn ditpgécfgpﬁ glpb?g\%ﬂggiﬂw

t hese mat er sildesquimxahe stsectues iertygisalhyn ambetaheldsaloor cubicystrustureer When
transporting nat erLaI S,. Furfger rT[fre t he ,conl%)ounds, of this invention can_be
used as hosPrBiedybkstchd BPIYArdral silsepgyigyans ather bnep cofr dRRY RAYEnR e rdnt
for other i irfhRle i idl i&ticel ks
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under st ood tU(S‘CF'ﬂB"f’Iy ’?%8&[15% Egi 8np5§%'§e§t§8@8 gp%%n?§c Fla%ey?ﬁ %“fbsg'm?&tsor
group of 20s@freuimdlhg. tHeNifesT 8oy cBINBREs dHIY dPlonkehef exfid Usiganicoffuctiona her
el ement, integer or step, or group of elenents, integers or steps. Any

di scussi®n groletipsundnitbis ambodimenterthel energyhanss gaprefi e organie Hanctiang!

whi ch has bgen_.i,n ] t i i is solely for the
pur pose of %?’Eﬁ&(ﬁcIneé‘ggq%%méegﬁe'%gﬁqﬁeg%%@gﬁt'ﬁﬁ%'i/(gﬂﬁ on. It is not to be
taken as an adm Fhéedanetioridhahoiatiys Gurreuihdivly theeimaermebte htay all eptid sainet he

prior art base or were connon qeneral know edge in the field relevant to
the present NOMEYARTi Y Seed nehdlkthegs#peor Bhargemay isr sempeubish Aredhersame m
of this applyj haR whRSChiPY i ; hey

i nvention néggﬁcg[h%%t ter u%@?ﬁ%ﬁg %E*@%@W?ﬁg mﬁyﬁélggéi@ffﬁrtsetn:t.aﬁéds by
ref erent® t bowbeer geherllyg prefamed gthat Rhgusaidlfurstiangl apdietideowitihin a given
phot ol um nescence $f a con%\onound 4 thin filmand dilute solution in the THF.
17 Figure 2°79PUg é‘_ﬁ?}t%ﬁ g phot ol umi nescence of conpound 5 thin film
and dilute sol uti pnghnaltdifatid préferrtiCerbbginfert! @R6h Scﬂfﬁﬁhi_@gfunctional moiety
phot ol um nescence of bl ending a conventi onal pol ymer (Raving a hi gher band
gap than comgyuhave) ani additionpbduact®nah group aftaehed-itharato4 ansl gaghagtich

showi ng cur . in valta in.respect of e r .
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Preferred Eﬁ%’cﬂsn@ﬁwnltH”thY%faeW@@r dupctianab groun attackeq iR dnt 70is, eRsetor e
structure i i i eS| sesqui oxanes. Such a
structure cg)r(\atr%gﬁébe@@r?t rﬁ?ﬁﬁ?%@eg@ﬁ?ﬁé@ﬁgﬁt&ﬂé@h@%&equent reaction can
add nul tipl e | ayHris forteebrdfesrednthahigachdes thee dupstitpentsi iesludlesf airfunctaomsal on

coch Levet, R CBRE AT B A R kd St Sooca ©"
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crucial core structure with eight” or nore starting points to enabl'e growh
into a sphefasmedkef thexdunstionel meietes af thewsubistitugnis aod arablter layeeisbphent
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o aue. TReBefhed 18 BEPAER bR AP SRR BlodRiPRb RS danten,

phenyl , subtid inteedapdrestyéll aill hawyla lowesr lsarmd gap thaanye swutestayarestetl and

i ncl ude hal o, am no(mﬁ;édroxyl_ Vi ngl_l ,.unstaturated al kyl, hal oal kyl, silyl,

etc. As nenflH3pl & ,m‘?"HéN'BP@ﬁH '(E‘taﬁdﬁg'QFth&t‘e mneslavarshelln pe” 25
hesized f I . : g . _ . .

Substi Thont ar oubeS JURRER BrefpiredREt Rt i e i 0108 BB O o1

ei t her the saideorganic flirestioapk nwieties: orhdser 8tor mpee moieties unay belattackhed by

subsequent yeactions, addi ng_l aye ne by,one. Several possible reactions
That -can beldGeeet B bERKS " HR6<e0skS e be{Tenacelegene a8 o Bire AT
reactions I ffcigRal ﬁkﬂup@r r39108Rs of 'éﬂchefﬂmbﬂonéleél%'up%at\ﬁhém,the functional
hydrosi |l ati on, Graghard reaction, Heck reaction,” Suzuki coupling reaction,
and Buchwal gradsst Wage aai higheorenetge band igape thary dhat iehvtbeaorganietfunctonal
functions or results, including but not limted to, quantum confinenent,

i nproved solubility, matching of energy band gap for energy transfer,
phot ol um nescence or el ectrol um nescence, electron or



5 18 hole transporting or injection; isolation of different |ayers or

functi ons,

etc. The conponents of each |ayer can be selected from

conventional structures with desired properties. For exanple, the em ssi
| ayer can be formed of any aryl ene, heteroarylene, fused-ring arylene and
fused-ring heteroaryl ene. The sol ubilisifd® or quantum confinenent |ayer and

spacer can hpidtiysief iofalgnpossibR thetla namber @fisingle drgagicfuption Uhbictigs S,

O N Si,

P ~~~0

ve

nmetal, etc. Sone exanple structures of compounds of the present
i nvention af¥st gthin jthg substityent and whigh|are-separated by ope-opmpre of the By
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substituent comprises an alkyl chain.

The additional functional groups, the further functional groups and/or the
alkyl chains can be selected from a large range of groups. Their selection will
depend upon the desired purposes or uses of the compounds and, consequently,
they may be chosen for their desired properties, such as quantum confinement,
hydrophilicity (to improve water solubility), improved solubility in organic solvents,
energy band gap (for desired energy transfer), photoluminescence, electrical
luminescence, spacer function (for separating different layers) etc.

Each substituent may comprise a number of said functional groups which
again can be chosen for their desired properties. Accordingly, each substituent
may in fact consist of a polymer chain wherein the polymer chain comprises the
functional moiety and the attached one or more functional groups.

The compound may be structured so that (instead of the functional
moieties being attached directly to the inner core) the substituents may include a
functional group attached to the inner core and the functional moiety attached to
the functional group. As noted above, the functional group will have a higher
energy band gap than the functional moiety attached thereto.

In a further preferred embodiment of the invention, each substituent
comprises a polymer and the organic functional moiety forms part of the polymer.
The organic functional moiety may be connected to the inner core in which case
the energy band gap of the organic functional moiety is lower than that of both the
inner core and a monomeric unit adjoining the organic functional moiety.
Alternatively, the organic functional moiety may be positioned between 2
monomeric units of the polymer, both of which have energy band gaps higher
than that of the organic functional moiety.

Each polymer may comprise 2 or more of said organic functional moieties.
These 2 or more moieties may be attached together in blocks or they may be
located as single units along the polymer chain. In either case, they will
preferably be bound on either side by monomeric units of the polymer which have
energy band gaps higher than that of the organic functional moiety.
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11
The above polymers are preferably oligo-conjugated polymers, such as

oligo-polyphenylene and oligo-polythiophene.

In a preferred form of the invention, all of the substituents include one of
said organic functional moieties attached to the inner core, said inner functional
moieties forming a first layer shell about said inner core. It is further preferred that
all of the substituents also include an additional functional group attached to the
organic functional moiety, thereby forming a second layer shell about the inner
core. Each additional functional group may be a polymer, preferably an oligo-
conjugated polymer, such as oligo-polyphenylene and oligo-polythiophene.

Each substituent may further include a further functional group attached to
the additional functional group, thereby forming a third layer shell about said inner
core. Such a further functional group may be an alkyl chain.

As noted above, the inner core is preferably a polyhedral silesquioxane
structure having from 6 to 12 substituents attached thereto. It is particularly
preferred that the polyheydral silesquioxane structure has substituents selected
from the group consisting of:

- an organic functional moiety adapted to exhibit three-dimensional

quantum confinement;

- such an organic functional moiety having a functional group
attached thereto, said organic functional moiety having a lower
energy band gap than the functional group;

- a functional group having such a functional moiety attached thereto,
said functional group having a higher energy band gap than the
organic functional moiety; and

- a polymer which includes such an organic functional moiety wherein
any monomeric unit which adjoins the organic functional moiety has
a higher energy band gap than the organic functional moiety. It is
particularly preferred that the substituents are such polymers.

As noted above, oligo-conjugated polymers are particularly preferred in this
regard. The polymers may include an alkyl chain attached thereto, typically at a
terminal end of the polymer. The polymer may comprise 2 or more of the organic
functional moieties. These 2 or more functional moieties are preferably attached
together in blocks, typically of 2-9 units. Alternatively, the polymer may comprise
only 1 organic functional moiety. In either case, the functional moiety, or block of
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contains 2 curves showi ng the photol um nescence of conpound 4 both in
solution and as a film The graph of Figl2e 2 also contains 2 curves which
represent tmeigties] ¢ dypicaidc posiionéd dsstwesndmbnoierib unitss favingoenenyy band:
film As can be seen, the well matched PL 5 spectra of the solution and the
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whi ch t her epolymen chiing oriitveouldh degt a disterfteandf ofdietdiaimi fheuchhembaglipents,
material (ie_a.polyne to the materjal of cpnpound 5 which. has | ower. band
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as pol ymer \Wﬂ?ﬁi&bny RELE JFESNERY HalndoyEmn WwiiBroRt greBtedtRan tHAY &F tHeToR&tidrRl es
the intrinsic fhree di nmensional” quantum confinenent exhibited by conpound
5. Mat et al goigty hdinis israor asitn ensureraxgitoe sonfinement inghel regipneofttheifunetionakak
bl ue shift ﬁﬁjéékendi ng with higher 20 band gap nmaterials occurs. This is
because the nigher band gap surrounding naterial will help | ower band gap
mol ecul es separ atRe fpofymeamiay Gohesrise its baditibh b rsa%@ig{?ﬁf@fdr@tibﬂélwﬁbidm@
and nore localized. Figure 4 is a graph showi ng the change in
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| um nescence conpared to the current suggests that the electron injection
and transporting are the crucial step. Consequently, better performance is
expected if an ETlg(electron transporting layer) is added between the

cat hode 30 and conpound 3a. This indicates that the materials can be used
as em ssive candidates, Figure 5 is a graph ghowing tinme resolved

phot ol um nescence of aRﬁ{J m of the conpaoynd 5, a filmin matrix of conpound

4 (1:3 wt), and a dilute sglution in > As can be seen, the
phot ol um neggent decay of t%&@o\lu,t/il?a’n, the filmin 5 10
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wherein R1, R2...Rn can consist of aromatic ring structures and multi aromatic
20 ring structures arranged so that a structure of low energy band gap is located
either between the inner core and a structure of higher energy band gap, or
between two such structures of higher energy band gap. These aromatic ring
structures may be selected from the group consisting of phenyl, substituted
phenyl, vinyl phenyl, substituted vinyl phenyl, arylene, heteroarylene, fused ring
25 arylene, fused ring heteroarylene, alkoxy, alkylene, vinylene, ethynyl, and



15 20 25 22 matrix (higher band gap material), and the filmall have
simlar decay tines (150ps-180ps). This suggests that the carriers are

| ocalized even in the filmsanple, again denonstrating the intrinsic
quant um confinement in conpound 5. Conventional polymers nornally show a
bi g difference in photol um nescence deperld ng on whether they are in the

formof a fgomiblritisns Aerebf. 1TRBroMatia ritg sthucdiiresemely babulistiledns) ene or
Preferred enbodi nents of the invention are exenplified bel ow Example 1:

Oorrpound 1 meke fengtionalgseunrs. drcludipgrelecirawdopating groypss electipniwithdragving i |\

0y oo, Sotofone Ryl AT aind L AR e <

suspensi on Gmm;alllhltmty elbmaﬂts:ohmmglgmamot@pa)ﬁg mmﬂo)m@tminrh@rstmctures
chloride (O. hl oroform After stirring for 96 hrs at

room ten'iperﬁ@%@'@ca"b’h@’@‘dﬁ%t$l69§t'%ﬁ§§p8l]?'é¥] whesein dhe upherd Sustitventsr Biat e
00, :
voter <ol UL LOBGRADREH, R qkeoRRRERy O MR, NIdHACOSof oLl L e

400nl wat er amitee adkayarard alkgpleaewas filtered through a 0.45um syri nge filter

d the sol vent d fromthe filt whi t d
1"(4. 95, "60% wabCORATERER ByAaER I ARAIMERb O £ 3PPV GSPRG! LG onton

met hanol . PFéPét%@ Mg h?ﬁf‘l&Qbﬁtiehﬁ@lh?tB&ﬁ@e Viaatdial Harirld 20 cBRd %'h‘u%{ure I\/??nd

remai ning and this is ctonsistent w t he expected structure.
(sol i d)10 - 6oudtjpleg sBugrpundingdayemOvbarsive theadre sinmtwnas;bapedlonmksesqwoxane

AR s B e e e B e
exanmpl es (spratéfdi®Wvhich 3re Eehstid® i tﬁ@uﬁpémnq ﬁ> RrOVIEE 6@@@4 mcﬁd ép thidown
below. B/~ 1 : r s~ o0 os~ i 0O ~S.r l~r P~~~ 00 s. Br sl ~~\ |
Br Br following effects, quantum conflnement improved solubility, sunable energy band
gap for energy transfer, photoluminescence or electron luminescence, and spacer
15  function of separation of different layers or functions.
The core structure of silsesquioxane material has the general formula
(RSiO1.5)n Wherein n typically ranges from 6 to 12 for discrete cage structures.
More preferably n=8. R is selected either as the first layer or the part of the first
layer having at least one function of providing the possibility of growing the
20 second layer.
The above multi-layered quantum dot compound can be synthesized from
a series of core polyhedral silsesquioxane intermediates having a variety of
reactive substituent groups to provide the starting point of subsequent growth of
multiple layers. Examples of typical reactive substituent groups of silsesquioxane
25 intermediates include, but are not limited to, hydrogen, vinyl, phenyl, substituted
phenyl, where the phenyl substituents include halo, amino, hydroxyl, vinyl,
unsaturated alkyl, haloalkyl, silyl, etc. The core-multiple-layer structure can be
realized either via layer by layer additions to the core structure or a one step
reaction combining core and pre-prepared multiple layer components.
30 One such organic quantum dot material having an octahedral
silsesquioxane structure has the structure set out above, namely:



r Mg/ THF /Pd(0) OCgHi~ (A) O/~1 r I ds~0~0~s 11~-rrr \'" ~0o0I
|l ,~s~ 1 | o3~ 05 10 15 20 Followi ng Gragnard reacti on procedures,
conmpound A (4.67g, 12mmol) in 30nl dry THF was added dropw se into a RBF
cont ai ning 0.302g My unde# Argon and refluxing. After 8 hrs the solution
was cooled to roomtenperature and transflérred to another RBF (under Argon)
whi ch cont ai ned cd®ound 1 and cat al yst

tetrakis(triphenyl -ﬁhpsphi ne) pal | adi un(0) resolved in 10mL dry THF under
stirring. The solutionRyas then refluxed f,orR'24 hrs and the reaction

m xture was then cool ed Rp room tenperaiRfe. Saturated NH4CL sol ution was
then added into the RBF aﬁﬂ{the orgewi%z phase was then extracted. The
compound 3 ®n.-9g. 54% was &bt fngd as white crystals through silica gel

col um chr omat ogPépWy\erélfﬂVoQi’ . GPC indicated that there is only one
sharp peak with pol ydi spefty |§@' xRof Rir63.Rm9S)  NVR (CDCI3): -69.2)
-69.8, -70.5. RARD-iRjei R g\t hgt ¢ he conpound 3 has uniform size that
corresponds with theoreti i-ta ftions. The results are again summarised
in Table 1. DSC reveal ed gihere 5is¥ no 'Pghl;j?hotol um nescent em ssion is 386nm
for the conpound as a tﬁ,’vn\f mBnNd 388nm TorRi he conpound as a dilute

sol ution, both of thﬁm/g'i ving of f Raright blue |ight. Absol ute guantum

ef ficiency (int egra}i ﬁg sphere) giVvirgyg a phot ol uni nescent efficiency above
30% was achi eved Hwr the thin film (as_summarized in Table 1 ). Exanple 3:

Compound 2 can be formul ated as shown s ow: 51024 0l ~sl,i ~r ~ ~
1' s~~S. o~ M/ THF/ Pd(0) ~0~ S ~s. i ~~oB\ | P~~~ ~r Br OCgH(~ o \
| P~~~ 00 ~0 "'sl o

wherein R1, R2, R3,...Rn are the multiple layer components which can be

any group, such as, but not limited to, aromatic ring or multi-aromatic ring, the

5 aromatic ring may be selected from the group -consisting of arylene,
heteroarylene, fused-ring arylene and fused-ring heteroarylene, alkoxy, alkylene,
vinylene, ethynyl, and combinations of above moieties. The above moieties can
be substituted by one or more functional groups such as electron-donating or
electron-withdrawing groups, solubilising groups, silicon containing, metal

10 containing, or |lI-V element containing moieties, and epoxy. As will be
appreciated, the additional functional groups chosen will depend upon the
particular purpose for which the compound is intended to be used. Accordingly, in
certain circumstances, other functional groups, having other desired properties,
may be used. For this reason, the above specified functional groups should not

15 be regarded as a closed list. Other groups could be used without departing from
the nature and scope of this invention.

The above components can be synthesized from a series of core
polyhedral selsequioxane intermediates having a variety of reactive substituent
groups to provide the starting points of subsequent growth of multiple layers. For

20 instance, typical reactive substituent groups of silsequioxane intermediates
include, but are not limited to, hydrogen, vinyl and substituted phenyl. The phenyl
subsituents may include halo, amino, hydroxyl, vinyl, unsaturated alkyl, haloalkyl,
silyl etc.

The components (e.g. the core-multiple layer structures) can be

25 synthesized by multiple reactions, adding the layers to the core one at a time, or
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Compound 2 was obtai ned, through the reaction exenplified above, by
reacting conpounds 1 and B. The same procedures were followed as in Exanple
2 to give a white solid in a yield of about 60% GPC indicated that there
is only one sharp peak with polydispersith i ndex of 1.02. XRD indicated

that the cobpawré-gtepasaction whithstorbinbsthe eoreewin piis-prépdret molticuihctidnal
cal cul ations. DSC revealed there is no Tg. Photolum nescent em ssion is
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achieved. The results are again sunmarised I n-Table
Conpound 5 guantom ﬂonﬂm&éﬁﬁechgf §hoburor‘gehmmqu81tum det systems. -Th;e quaotum B ~

-/ 011 1e1‘f|0|e90|es of' sDich quantum confit ne% o?gamc qu'\é% rlﬁ":/ P%( Ope qu%e high —
20 typically between about 25% and 45%.

It has been found that the colour of the quantum dot emission can be
controlled both by manipulating the quantum dot size and by using different band
gap materials. For example, if the oligo polyphenylene is substituted with oligo
polythiophene (which has a lower band gap energy), the UV absorption and the

25 photoluminescence spectra undergo a red shift to longer wavelength. Similarly,
for POSS-3Ph, the photoluminescence peak is at about 380nm, whereas for
POSS-Ph-2Thio, the photoluminescence peak is at about 500nm.
The compounds of a preferred embodiment of this invention can be
considered as being 3-layered structures comprising an inner core (such as a
30 polyhedral silsequioxane structure), a middle layer of oligo-conjugated polymers
and an outer layer of alkyl chains. The energy band gap of the relevant oligo-
conjugated polymers is less than that of both the inner core and the relevant alkyl
chains. The electrons are thereby confined between the inner core and the outer

alkyl chains.



~~s~~ ~-Br (D) 26 Conpound 5 was obtai ned through the above reaction by
reacting conpounds 1 and D, follow ng the sanme procedures in Exanple 2 to
give a green solid in yield 35% Photol um nescent em ssion is 486nm for
thin filmand dilute solution, both of themgiving off bright green |ight.

Ti me-resol ved Phot ol umi nescent analysis fl6 s thin filmand dilute solution

reveal ed the decTjetdompaindsxef thisisnventionl aresablehte isaficrmed batingcpstisulafhe
simlar result was obtained froma matrix system by bl endi ng conpound 4
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devices and diode lasers, wherein these materials can be used as emission
materials or charge carrier transporting materials. Furthermore the compounds of
this invention can be used as host or guest materials for energy transfer or
quantum confinement for other materials. They also have applications in

15  photovoltaic cells and as biosensors and biodetectors (e.g. fluorescent biological
labels).

Throughout this specification, unless the context requires otherwise, the
word “comprise” or variations such as “comprises” or “comprising”, will be
understood to imply the inclusion of a stated element, integer or step, or group of

20 elements, integers or steps, but not the exclusion of any other element, integer or
step, or group of elements, integers or steps.

Any discussion of documents, acts, materials, devices, articles or the like,
which has been included in the present specification, is solely for the purpose of
providing a context for the present invention. It is not to be taken as an admission

25 that any or all of these matters form part of the prior art base or were common
general knowledge in the field relevant to the present invention as it existed
before the priority date of each claim of this application.

Description of the Drawings

30 In order that the invention may be better understood, preferred forms will
be illustrated by reference to the following drawings:
Figure 1 is a graph showing photoluminescence of a compound 4 thin film
and dilute solution in the THF.



27 Table 2 shows the tinme resolved photol um nescence for dilute solutions
of conpounds 2, 3 and 4 in THF. The increase of decay tine with nolecul ar
size, together with the increase of em ssion wavel ength, indicates the
presence of quantum confinenent effects. 5 It will be appreciated by
persons skilled in the art that nunmerous Wariations and/ or nodifications
may by made to tRigurd2eista grapls steadrid padtdenmiescanddofiicoftgipantdi Sahity filf t he
spirit or scope. of the_ invention. The present enbodi nents are therefore to
be consi der 8ad dHutg olytionyiadhe T&¥.i | | ustrative and not restrictive.

CLAI Ms: The cl ai I i dot
sem conduct or coﬁ%o §|§' :;%' leﬁg aﬁﬁhg@&@@gg‘@gﬂd&ﬁ{) @wﬁgmﬁave g\l,mfol'r#@e
subst i t uent polgiierqhadinghe higher baner gap than lceagtoundoBewith dompeurics 6i inuthirt s

i ncl udes_ an or gani c functional noiety adapted to exhibit three di nmensional
guant umZonflhenent. 2. A conmpound according to claim1 wherein the inner
core is formed o

structure. 3. A Elga?éogﬂg 2 @Ha'gpgélﬁr%wﬁ% Cﬁ'f al mgggﬁﬁg&%ﬁldfﬁi ngﬁaﬁgrdeo%blse

f or med of alqyerpleeﬂbhlmlsesmmvmdﬁé)llslﬂ'u&alﬁae 4. A corrpound according to

claim 3 wherein the l.yhedr a I ses Ui oxan ener al for | a.of

(S 0m )1 wher AT 84 A5 AR, Siavid St e et pndel et By o
claim4 meé@*nPo[]ndi BNEFRmIin efatkx { P.3%d) arkd aAiIGRIBSUNSHh RFFRFdi ng to claim 5
wherein the silsesquioxane structure is an octahedral or cubic structure.

7. A cotpound accor ding to claim 6 wher e| n the sil sesqui oxane structure has
up to 8 subgtit.ile . 2 . hi ch i ncludes at | east one
of said orgartc orpound according to any one of

claims 1 to 7 V\h&félpﬁef@ﬁ%d%rﬂbﬁdlme?ﬂ ofrwstummﬂionrrmeebdreos&trmﬂe isUdedt orent
is attached to the inner core and the energy band ap of the organic

functional Relybegral ctarsarig ﬁar@upr%%ﬁ?éﬂggpxsaﬁa g%%c ﬁ $tHeCtuRg 6aN dBPEESeDt A
conmpound ac C f‘h&i

addi ti onal ?g%dg?gg)rll% S #rr{grt\”%vﬁ ac tf\églatuﬁer e e&{u@ﬁ% eac C@chﬁﬁ %tsﬁ%%ﬁeml
group h#s aonermttgylekwecd pgmmrhegberfumdilanstdreeadeﬂ@;erba'ﬁmb gape sfruttuesagaNi C

f t I ty t h it tached, 10. A d di
ci'aim o whePEIY PKEReEdaIN i Bl Sielie dTofhalovh s RRETE TORISKES (WD, PR
group attacBefméieify @vaildble” TRIENRHA FratRENEFK Bﬂertson%w &isediihg PropBhies, L 0

10 wherein each said 30 substituent consists of or nore of said organic
functi onal Not emnlesloesait /pr@wdpdhadcractabro@mgstwtweawrﬂn leighiher eneret atarumg)r

ol & m 11 or POPEY ip 1/ dHe ok HbitEia, shnererfieS B, SRe R el B LA
bl ocks of oBRaBIEs "BEWRIGEMERT es,um U needBls adfegllicy sumfaces WRICR ﬁ@kﬁb tspesial
functional groups, said functi on groups havi ng a hi gger ener gy band b%gp

than said nof¥antages im samicansiGiis adB dhai ahpveostasiuighormulay Ba iss prefes
wh th 1

e SoPESehe g Bl ShEES, B Sy RERl et oy SRR
noi eties ar mch.mie lzalb, amincs aaydroxyb vinyl,amstaturated atiof, d|a1¢galkyll gihyl, etoe of

| 1to 15 wh t | epd of h substituent
a1yl chai n. 17 PR COMIRINE 0P Nl (T9BNG: T, (A1 GO El G 0o

wher ei na4 hesﬁﬂﬁéét@&f'ﬂfrd‘rﬁ'”ﬁbly%éblgrsﬂélé)sqtﬁ&@érfeurlhhﬁfné‘dﬂétéé' Wé@lnggrr‘é‘éléh%
the al kyl chain are selected from groups which confer on the conpound

desired propebstitesntsgibaps sapablenfgeaatingrnitbrathae functionahgrospsdo Jotmtsither v,
hol e trahslogk%,ﬁ"%%i‘%@?ﬂé%_ 3SBP dore S rs?t%{lgrj WRLRARSE Yono®ad by subsequent

phot ol um ne
reactions adding layers one by one. Several possible reactions that can be used

for this purpose are illustrated generally below. Such reactions include, but are

30 not limited to, metal catalyzed hydrosilation, Gragnard reaction, Heck reaction,
Suzuki coupling reaction, and Buchwald Hartwig amination.

The multiple layers have a variety of functions or results, including but not

limited to, quantum confinement, improved solubility, matching of energy band

gap for energy transfer, photoluminescence or electroluminescence, electron or



18. A compound according to any one of clainms 1 to 7 wherein each 15
substituent conprises a polyner and the organic functional noiety forns
part of the polyner. 19. A conpound according to claim 18 wherein the
organi c functional noiety is connected to the inner core and the energy
band gap of the organic functional noiety8is |ower than that of both the

i nner core i i ty.
20. A compold CaFRRRIT of IAGptH, sGatah UrHHrhieh fR8 & AitBions k. e
nmore of sai cbmpgmmts <bfueach da;ader canebé exelectéd fﬁomoopmmmombcstndnngeso/vm aim
20 wherein é or nretles ar.e ?%tached t oget her ggglocks (35 22. A
conpound ac %?'Eﬁ%@r?%e P%ﬂ o8 SfMUNRIPH ‘FleerBlﬁsﬂ)’ﬁe Ye5 iR fomeed 1 fa A%
functional dﬁﬂ; (o] hd S
of the pol yﬁ@‘r, bol‘t?%}g'(')f gpgﬁlf'%aévﬂeh@gne 'ehgaﬁ g@ggaﬁ?ghgs fgt}ﬁgwﬁ%ﬂhﬁt ug?ét he
organic & unmlubiﬁaihgmm' quantunsconfuwnpnumyeaandr spargertcarc bei formpedwfeany of t he
bl ocks of 2 nmor.e . of o noi et i p i on et ween 2 nononeric
uni ts of th%'RB@( Wen%cﬁrﬁ;lqg e\ﬁﬁ?@ﬁuﬁgﬁa%hgr Blilbﬁ Fag 938 hi gher than that
of said noietiesgoge e)érﬁﬂgwmlaﬁjr%%%gh%uhés@ﬂthé)ﬁr%s@ht rﬂvahfr@n afe:t 0 23
wherein the polyners are oligo-conjugated pol yners. 30 . A conpound
according to claim24 wherein the polyners include oligo polyphenylene or

ol i go pol yt hi ophene. 26. A conpound according tao any one of claims 1 to 25
wherein all of the substituents include one of s&id organic functional

noi eties attached to the 5 inner core, said funet{onal noieties formng a
first layer shell about said inner core. 27. A co#pound accordlng(to claim

26 wherein all of the substituents include one of Isid additi
[~ Yyroi et rmng a

functional groups attached to the organic functional

second | ayer shell ut said_inner core. 10 28. A cq#pﬁuad according to
claim 27 wherein ea addi ti T functional gr ﬁé 29 A
conpound accordi ng t os¢Taidh 28 wher ei n each jpg “ﬁ/é onj ugated
pol ymer. 30. A c nﬂkaqéﬁgy*ng to any one of chpk#s.2 rein al
of the 15 substit ntstn7iU e one of said f b «"nctl grou

attached to the aqggy onaljoe ctional grou ormidg a thi yer shel
about said inner c*’, wpound according 0 cIa m 30 awh in the
further functional Bjg oup i Aan al kyl chain. 3§JJ; conpound ccording to any
one of clainms 26 to 31 erein the inner 20 core is a polyh dra

si | sesqui oxane structure having from6 to 12 substituents at'tached thereto.
33. A conpound according to claim 32 wherein the pol yhedral sil sesqui oxane
structure has substituents selected fromthe group consisting of: - an
organi c functional noiety adapted to exhibit three dimensional 25 quantum
confinenent; - such an organjc functional noiety having a functional group
attached thereto, said organijc functional noiety having a | ower energy band
gap than the functional growp, - a functional group having such a
functional noiety attached thegreto,



30 said functional group having a higher energy band gap than the organic
functional noiety; and - a polynmer which includes such an organic

functional noiety, wherein any nononeric unit which adjoins the organic
functional noiety has a higher energy band gap than the organic functional
noi ety. 31 34. A conpound according to 18 ai m 33 wherei n each substituent
conprises said polyner. 35.71A conpound according to claim 34 wherein the
polymer is an oligo conjugé&ég polymer. 5 36. A conpound according to claim
34 or claim 35 wherein said pa
thereto. 37. A conpound accort

mer includes an al kyl chain attached
\/Ekains 34 to 36 wherein the

ety and said noiety is

pol ynmer, both of which have

energy band gaps higher than tha fe_organic functional noiety. 38. A
conpound according to _any of ' ﬂ; Eﬁ{jﬁgﬁ?6 wherein the pol ynmer
conprises 2 or nore of sai‘d ; honal omi eties. 39. A conpound
according to claim 38 ﬁ%ﬁgr' CQOTELNnDi ety es are attached toget her
in bl ocks. 15 40. A confo BJm 39 wherein the bl ocks of 2
or nore of said noieties ar&fyg ‘ mononeric units of the
pol ymer, both of which unitg have energy band gaps higher than that of said
noi eties. 41. A conpound ording to claim 32 having the structural
formula: R ., Rn R3, R Rz Rn., ~~p i~-R ~Ra ~ Rz ~ R~ 0 /p S d- Rz
_RRB~_ . RMR-__ R-RZi~i ~R~~R, SipSSRa_ R ~~R~'" ~Rn/
'~z R/ . RBRn




20 "~ Rn wherein R1, R2...Rn are selected fromthe group consisting of
aromatic ring structures and nulti aromatic ring structures. 42. A conpound
according to claim4l wherein said aromatic ring structures 25 are sel ected
fromthe group consisting of phenyl, substituted phenyl, vinyl 32 phenyl,
substituted vinyl phenyl, arylene, heterddtylene, fused ring arylene, fused
ring heteroaryl ene, al koxy, &l kylene, vinylene, ethynyl, and conbinations

t hereof. 43. A conpound according to claim42 wherein said aromatic ring
structures 5 are substituted i@ one or nore functiondl —groups, including

el ectron donating groups, eleCttkan-w thdraw ng g , solubilising groups,
silicon containing groups, rretal ntai ning gresps~ or Goup Il to V

el enent contai ning groups or epox 44. A conpotind according to claim42
wherein the aromatic ring structur e;pn\is' ude substituted phenyl and the
phenyl substituents are sel ected from-thg, group consisting of hydrogen,
fluorine, chlorine, bromn oV ¢al ko S‘.@- | Kyl ene. 45. A quantum dot
sem conduct or conpoun ted frogl ' o Bl,; ~>r s,- ~s
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Turning to the drawings, the graph of Figure 1 contains 2 curves showing

the photoluminescence of compound 4 both in solution and as a film. The graph
of Figure 2 also contains 2 curves which represent the photoluminescence of
compound 5, both in solution and as a film. As can be seen, the well matched PL
spectra of the solution and the film in each case indicates that there is no
significant aggregation of the compound in the solid state. For conventional
polymers and oligomers, there is a common phenomenon of PL spectra red shifts
of film over solution due to aggregation of the compounds in their solid states.
This lack of aggregation is a substantial benefit of the compounds of the present
invention.

In a blending system there is an effective energy transfer from higher band
gap environment (polymer) to a material, such as one of the new compounds,
having a lower band gap. Figure 3 shows a blending system in which there is an
effective energy transfer from the higher band gap material (ie a polymer) to the
material of compound 5 which has lower band gap than the polymer. The PL
peak of compound 5 (486nm) remains unchanged as polymer content increases
and PL quantum gets higher. This demonstrates the intrinsic three dimensional
quantum confinement exhibited by compound 5. Materials without intrinsic
quantum confinement will have their PL peak blue shift as blending with higher
band gap materials occurs. This is because the higher band gap surrounding
material will help lower band gap molecules separate from each other causing
their excitons to become more and more localized.

Figure 4 is a graph showing the change in current/lJuminescence as the
voltage increases across a double layer device formed of ITO/HTL/3a/Ca (where
3a is the compound 3a referred to above). This graph shows the preliminary
results of the double layer electroluminescent device. The substantial delay in the
increase of luminescence compared to the current suggests that the electron
injection and transporting are the crucial step. Consequently, better performance
is expected if an ETL (electron transporting layer) is added between the cathode
and compound 3a. This indicates that the materials can be used as emissive
candidates.

Figure 5 is a graph showing time resolved photoluminescence of a film of
the compound 5, a film in matrix of compound 4 (1:3 wt), and a dilute solution in
THF. As can be seen, the photoluminescent decay of the solution, the film in
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46. A quantum dot sem conductor conpound substantially as herei nbefore
defined with reference to any one of Figures 1 to 5 and any one of the
exanmpl es. . AE. AH?. AHR. AlR Al . AnR A[ . An?. AZe. AHR. AHR. A5. AH

. AH, . ASR. Al mitiix AhigheAlband fbp material), and the film all have similar decay times
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in Table 1, together with the results of the other examples (see below).
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give a white solid in a yield of about 60%. GPC indicated that there is only one

k2$10%&' ()-m

5 sharp peak with polydispersity index of 1.02. XRD indicated that the compound 2
has uniform size that corresponds with theoretical calculations. DSC revealed
there is no Tg. Photoluminescent emission is 368nm for the compound as a thin
film and 366nm for it as a dilute solution, both of them giving off bright blue light.
Absolute quantum efficiency (integrating sphere) giving a photoluminescent

10  efficiency of above 25% was achieved for the thin film. Again, the above results
are summarized in Table 1.

Example 4:

Compound 4 can be formulated as shown below:
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refluxed for 24hrs and the organic phase was extracted following the same

10  procedures as performed in Example 2. After purification by a silica gel column a
white crystal of compound 4 (0.156, 21%) was obtained. GPC indicated that
there is only one sharp peak with polydispersity index of 1.03. ?°Si NMR (CDCI3):
-69.35. XRD indicated that the compound 4 has uniform size that corresponds
with theoretical calculations. DSC revealed there is no Tg. Photoluminescent

15  emission is 380nm for the thin film and 387nm for dilute solution, both of them
giving off bright blue light. Absolute quantum efficiency (integrating sphere) giving
a photoluminescent efficiency of about 40% for the thin film was achieved. The
results are again summarised in Table 1.

20 Example 5:

Compound 5 can be formulated as shown below:
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provides strong evidence demonstrating the quantum confinement, even in solid
state, of compound 5. See Figure 5.
10
Table 1: Particle size by XRD and Mw by GPC

Compound Size Size Mw GPC PDI PLQE
calculation | XRD (absolute
for thin film)

1 1nm 1nm 657 1.01

2 2nm 2nm 1777 1.03 25%

2a 2nm 2nm 2100 1.03

3 3nm 3nm 2293 1.03 34%

3a 3nm 3nm 21%

3b 3nm 3nm 2635 1.02

4 4nm 4nm 2714 1.03 40%

Table 1 shows the results of analyses performed on the compounds produced in
the Examples. For instance, Table 1 shows the particle sizes of the compounds,

15 determined from wide-angle XRD, compared with the size of the compounds
determined by theoretical calculations. The Table also shows the compounds’
molecular weights (g/mol) from GPC and absolute photoluminescent quantum
efficiencies (PLQE) from the integrating sphere.

20 Table 2: Time resolved Photoluminescent for 2, 3, 4 of dilute solution in THF

Compound 2 3 4

Size 2nm 3nm 4nm
Decay time 840ps 940ps 1000ps
Emission 360nm 374nm 390nm
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The claims defining this invention are as follows:
1. A quantum dot semiconductor compound comprising an inner core
adapted to have 3 or more substituents attached thereto, wherein at least
5 one of the substituents includes an organic functional moiety adapted to
exhibit three dimensional quantum confinement.
2. A compound according to claim 1 wherein the inner core is formed of
carbon, silicon, or a polyhedral silsesquioxane structure.

3. A compound according to claim 2 wherein the inner core is formed of a
10 polyhedral silsesquioxane structure.
4, A compound according to claim 3 wherein the polyhedral silsesquioxane

has a general formula of (SiO1 5),, wherein n ranges from 6 to 100.

A compound according to claim 4 wherein n ranges from 6 to 12.

A compound according to claim 5 wherein the silsesquioxane structure is
15 an octahedral or cubic structure.

7. A compound according to claim 6 wherein the silsesquioxane structure has
up to 8 substituents attached thereto, each of which includes at least one
of said organic functional moieties.

8. A compound according to any one of claims 1 to 7 wherein one organic

20 functional moiety of each substituent is attached to the inner core and the
energy band gap of the organic functional moiety is less than the energy
band gap of the inner core.

9. A compound according to claim 8 wherein each organic functional moiety
has an additional functional group attached thereto, and each such

25 functional group has an energy band gap higher than the energy band gap
of the organic functional moiety to which it is attached.

10. A compound according to claim 9 wherein each additional functional group
has a further functional group attached thereto.

11. A compound according to any one of claims 7 to 10 wherein each said

30 substituent consists of 2 or more of said organic functional moieties.

12 A compound according to claim 11 wherein the 2 or more moieties are
attached together in blocks.

13. A compound according to claim 11 or claim 12 wherein the organic
functional moieties are located in blocks of one or more moieties,
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5 15. A compound according to any one of claims 7 to 13 wherein the organic
functional moieties are not all the same.

16. A compound according to any one of claims 1 to 15 wherein a terminal end
of each substituent comprises an alkyl chain.

17. A compound according to claim 9, claim 10 or claim 16 wherein the

10 additional functional group, the further functional group or the alkyl chain
are selected from groups which confer on the compound desired properties
selected from quantum confinement, improved solubility, hole transport,
electron transport, electroluminescent, and photoluminescent properties.

18. A compound according to any one of claims 1 to 7 wherein each

15 substituent comprises a polymer and the organic functional moiety forms
part of the polymer.

19. A compound according to claim 18 wherein the organic functional moiety is
connected to the inner core and the energy band gap of the organic
functional moiety is lower than that of both the inner core and a monomeric

20 unit adjoining the organic functional moiety.

20. A compound according to claim 18 wherein each polymer comprises 2 or
more of said organic functional moieties.

21. A compound according to claim 20 wherein the 2 or more moieties are
attached together in blocks.

25 22. A compound according to claim 18 wherein the polymer comprises one
organic functional moiety and said moiety is positioned between 2
monomeric units of the polymer, both of which have energy band gaps
higher than that of the organic functional moiety.

23. A compound according to claim 21 wherein the blocks of 2 or more of said

30 moieties are positioned between 2 monomeric units of the polymer, both of
which have energy band gaps higher than that of said moieties.

24. A compound according to any one of claims 18 to 23 wherein the polymers
are oligo-conjugated polymers.
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conjugated polymer.
30. A compound according to any one of claims 27 to 29 wherein all of the
15 substituents include one of said further functional groups attached to the
additional functional group, forming a third layer shell about said inner core.
31. A compound according to claim 30 wherein the further functional group is
an alkyl chain.
32. A compound according to any one of claims 26 to 31 wherein the inner
20 core is a polyhedral silsesquioxane structure having from 6 to 12
substituents attached thereto.
33. A compound according to claim 32 wherein the polyhedral silsesquioxane
structure has substituents selected from the group consisting of:
- an organic functional moiety adapted to exhibit three dimensional
25 quantum confinement;

- such an organic functional moiety having a functional group
attached thereto, said organic functional moiety having a lower
energy band gap than the functional group;

- a functional group having such a functional moiety attached thereto,

30 said functional group having a higher energy band gap than the
organic functional moiety; and

- a polymer which includes such an organic functional moiety, wherein
any monomeric unit which adjoins the organic functional moiety has
a higher energy band gap than the organic functional moiety.



10 10*109%& ()- 0| 36dEyZ; ! (110% & ()-3&10% & ()-"10% & ()- "10% & ()-S
"10% & ()-$10% & () - 6bkp| dEyZ;

!(!."10%&'()-."10%&'()-."10‘V&() '10% & () - ocV&()-llo%&'()-Gesyz;
!(/ww-"."m%&'()-."10%&'() O(V&() O(V&() 10%&'()-iQ/Z;

(] KWr-" 00/‘&'()-."10%&'() "10% & ()31."10% & ()-."10% & ()-."10% & () -

STSyZ, A compound accordin to claim 33 wherein each substituent comprlses

(- O(V&()- 1096 & ()" 1006 & (3~ " 1096 & (). 109% & () -/ KW - X Y2y 2
"10% & ()-." 1@%189C{|yme"10tV& ()-."10% & ()- I KWr-"."10% & ()-xY: yZ'

0 . .
(20 s (b Moo P e S Gihdb0 e et Ne. &L -
I( '10% & ()-/ KWOH]U atua%dym)ef 10% & ()-."10% & ()-."10% & () " &*] 456] 1 yZ

(TR

O(V 10% & "10% & "10%, & 68<@JNeF
: % g;ompound accc}rdmg to cfélrgn) 34 or claim (?35 wherein s(a)ld poI%er y
Z,

7UT3y7 1 1‘37 &18%/'“&*?“%@% Sl gfpeq i ) ;TP ¢ O o E DR
" 1094 $& () - 37 10% @ropound/acedmiing o] ayyphe of claims 34 to 36 wherein the polymer

[0) - 0 0 O - -
igc}/géz&(&) (%] ,\(5:;10 KR é) rie organlg gfuﬂ%tlon?éllz r%glé );$ %n@ sg’ldorlnoo‘l/et?}gﬁs( bositibned

, 5s10%-$& () -, 53&@9@&&\ (2) mo‘ﬁ%ﬂr%@m@ of IRé Péiyrfef,) bR of which have energy
tr- 5510%3$& ()-opz <yZ;!

tr,5s1098-$& () - bgm@mamghersbarm%at&fme omEniApetionalygoiety. ES; |

10+$, 5510%

1049, 55100:3§ O o Shpaund peoargng ooy §re st ATt o 3P here BRI o
0#10# f 3" 1006#&! ():on@h@&@& dr)mofe’ d%o(@amdﬁﬂﬁil@ﬂr&?m&le[tleyl\ “$10%$& () -
& $10%$& (g3 + $10%l-$&oé/ 10% ()- S $10%-$& g $10%@8x' () - Egtt] [ ;
vil: 1s$109%88& (N 6PMBQY a%‘&O(QIDWtoocd@m%wheyelwt 82 GUANPHe \mcLetles are

10%+$& $10 4 10+$10+$10+$ >s$10%3$&
035100854 () - woLERIURETTS 0 HKEL 00 +5( & () -w S310908 ()L wr* *| [ NA: 10
Xs$10%-$&' ( #0- Asdiirggﬁﬂ?&i égcerdln’gzlﬁlag%:ggggn)/hggelmmllﬂ@@ifb(/i of nMdde of said
"10%+$& () - "10%+$& () - * Yor -- .S OB+ - -
+S$1°6%$((&.) 0 fi_ & é@( éon monom%u;g@gpfl t?v )(rpgé,@pth of
#109%:$& ()- & 1%&&1&&5 ﬁ”’ave é@&f@y@ana gap%W@ﬁ@f than @& df%d@mﬁeti’éé +3,

's$10% +$, & g) --M Z9vU4
4 A compound accordlng to claim 34 having the structural formula:

Rn
R3 R Rn
Rz RS’
\R{ _RY
Rn._ R Si— O\(§1/ 1
3 \RZ \RI\ J O.
S|/()/ ~—— S\l_kd- R2 —_ R3|_ Rn
R\ b
1
7%81\‘1‘" R
R{ '» n
‘Rz/ 2 R
/ 3
R’ AN
20 Rn

wherein R1, R2...Rn are selected from the group consisting of aromatic
ring structures and multi aromatic ring structures.
42. A compound according to claim 41 wherein said aromatic ring structures

25 are selected from the group consisting of phenyl, substituted phenyl, vinyl
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A compound according to claim 42 wherein said aromatic ring structures
are substituted by one or more functional groups, including electron-
donating groups, electron-withdrawing groups, solubilising groups, silicon
containing groups, metal containing groups, or Group Ill to V element
containing groups or epoxy.

A compound according to claim 42 wherein the aromatic ring structures
include substituted phenyl and the phenyl substituents are selected from
the group consisting of hydrogen, fluorine, chlorine, bromine, amino, alkoxy
and alkylene.

A quantum dot semiconductor compound selected from the following:

r

Si/\S
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35
46. A quantum dot semiconductor compound substantially as hereinbefore

defined with reference to any one of Figures 1 to 5 and any one of the

examples.



