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DI MENSI ONAL SEM CONDUCTORS 5 Field of the Invention This invention relates
to | ow di nensi onal seniconductors and, in particular, to quantum confined

light-emtting dot materials for |ow dinegpsional semn conductopgsyftengs 10
Background to the Invention Low di nensional inorganic sem conductor systens
have been of much scientific and technological interest in the past three

decades due to their potential applications in products such as diode
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Compared to bulk semiconductors, low dimensional semiconductors (ie
nanostructures) exhibit novel and/or modified electronic and optical properties that
can be attributed to spatial confinement of charge carriers or excitons. Excitons
are elementary excitations in solids and arise due to Coulomb interaction between

20  electrons and holes. Electron-hole pairs are typically formed when an excitation
(such as a photon) is applied to a semiconductor. The electrons and holes are
oppositely charged and (assuming a Coulomb interaction exists) a hydrogen-like
bound pair (ie an exciton) is formed in place of a free electron-hole pair. In
semiconductor materials, the excitons which are created extend over many

25 atomic sites in the crystal. These excitons can move quite freely through the
crystal. In bulk semiconductors, excitons have generally low binding energies
and, consequently, the electron-hole pairs dissociate relatively readily (even at
room temperature). In low dimensional semiconductors, however, the
confinement of the excitons leads to higher excitonic binding energies (so that

30 excitons still exist at room temperature).

In the abovementioned low dimensional 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 Ievel_'s. The materials can th_én exhibit
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higher energy and as the thickness is still further reduced, a further increase in

the threshold is observed. This expected shift in the absorption edge has been

20 observed in practice.

One feature of optical absorption and re-combination in all kinds of
quantum well structures is that sharp excitonic features are present in the spectra
even at room temperature. When the carrier density is quite large, as in a laser
structure, the excitonic peak is completely bleached out; the absorption and re-

25 combination are then due to transitions between valence sub-bands and
conduction sub-bands. In addition to the usual band-to-band transitions, these
processes may also occur between the sub-bands belonging to the same band.
For example, an electron in the ground sub-band in the conduction band may
absorb a photon and go to the next higher sub-band belonging to the same

30 conduction band. This is an inter-sub-band transition. Such processes may also
take place between two sub-bands belonging to the valence band.

Also, in a quantum well or other low-dimensional system, the confinement
of the carriers (eg free electrons and holes) leads to relatively high excitonic

binding energies so that excitons persist even at room temperature. In bulk
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Generally, quantum dots have been formed as two-dimensional arrays in
which the quantum dots are formed from modulation doped heterostructures such
as GaAs/AlGaAs heterostructures. The electrons are strongly confined to the

20  heterointerface between GaAs and AlGaAs. A periodic array of photoresist dots
serves as the mask for further processing and, by employing a dry etching
technique, deep grooves are cut all the way down to the active GaAs. The
etching leaves behind cylindrical mesas (eg about 500 nm in diameter). Some of
the electrons from the doped AlGaAs regions are trapped by the surface states at

25 the open etched side walls and modify the potential profile electrostatically. Thus,
the boundaries of the confining potentials do not coincide with the physical side
walls of the dot and the effective diameter of the quantum dots is then about 100
nm.

Other known quantum dot systems are nano-crystallites embedded in a

30 solid optically transparent matrix like glass. These exhibit interesting non-linear
optical properties.

The fabrication of quantum dots has however presented a formidable
challenge because the small dimensions required for quantum dots are at the limit

of lithographic and semiconductor processing techniques and also because the
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large exciton binding energies.

Studies of low-dimensional organic semiconductors (prepared from block
conjugated copolymers} have revealed remarkable new phenomena due to
quantum confinement effects (eg one- and two-dimensional confinement). For

20 instance, new discrete excitation states have been detected which confirm the
low-dimensional nature of the excitons in the particular semiconducting polymer
heterostructures. Additional evidence confirming the quantum confinement of
excitons in such heterostructures included large enhancements of
photoluminescent quantum efficiency, enhanced exciton lifetime, and the

25 exceptional exciton stability with temperature and large electric field.

Layered organic quantum-well heterostructures, which are stacks of
alternating thin films of different organic dye molecules, have been prepared (by
ultra-high vacuum organic molecular beam deposition). Such layered
nanostructures (eg formed of naphthalene and perylene derivatives) have been

30 shown to exhibit the characteristics of multiple quantum wells with one-
dimensional exciton confinement. The resulting two-dimensional excitons in such
crystalline’ multiple quantum wells have been shown to be spatially extended and
to have relatively large binding energies. However, the characteristic new

discrete excitonic features in absorption or excitation spectra commonly observed
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properties compared to layered quantum-well heterostructures. Although these
theoretic calculations have given rise to such postulations, there have been no
reports of any successful formulation of organic quantum dot materials (in which
there is exciton confinement in all three dimensions).

20 Polymeric light-emitting materials have become of particular interest. The
ease of production of bright and efficient polymer light-emitting diodes has
stimulated intensive research on synthesis and photophysical property studies of
conjugated polymers within the last decade. Certain l!inear conjugated
copolymers have also been synthesized, characterized and used to investigate

25 quantum confinement effects in semiconducting polymer heterostructures.
Theoretical studies have also been done on various aspects of the electronic and
excitonic properties of quasi one-dimensional semiconducting polymer
superlattices which are periodic copolymers. These theoretical studies have
suggested that alternation of sufficiently fong sequences of a lower energy gap

30 polymer with those of a higher gap one could result in electron confinement in the
segments of the chain with lower energy gap. However, experimental attempts to
produce such materials have not been successful as the materials have failed to
show quantum size effects.
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and emissive material (EM) moieties are covalently linked to polyhedral
silsesquioxanes. The specification states that “each layer can be based upon
luminescent material having different function moiety substituents selected from

20 hole transport, electron transfer and emissive material moieties”.

The specification discloses a number of silsesquioxane-based compounds
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-

25 layer light emitting devices. Where a single layer device is being formed, the
relevant compounds each confain more than one type of organic moiety. For
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 eleciron

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

specification states that different compounds are used for each layer, each
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found in the homopolymers can emerge as a result of synergistic intermolecular

interactions between components of the mixture, spatial confinement effects and

self-organization. Recent studies of blends of conjugated polymers have indeed

20 shown them to exhibit novel supramolecular electronic, optoelectronic and

photonic properties such as optical absorption modulation, photoinduced charge

transfer, bipolar conductivity, enhanced photoconductivity, efficient energy

transfer, enhanced electroluminescence and enhanced nonlinear opfical

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.
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any nention of noieties having quantum dot properties (or quantum
confinement effects). Nor does it make any nention of selecting the
identity and location of the 10 organic n®ieties in the conpouZ@sdulydQdiat
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confinement (petter than many inorganic semiconductor materials) but they would also inhibit
aggregation (better than many other organic and polymeric semiconductor
materials).

20 The invention is also directed to designing, synthesizing and characterizing
organic or hybrid compounds with a core structure and multiple surrounding
layers. Either the core or multiple layers typically have precise sizes and different
functions. The multiple layers generally give rise to one or more effects such as
quantum confinement, improved solubility, suitable energy band gap for energy

25 transfer, photoluminescent or electron luminescent, spacer function of separation

of different layers or functions, etc.

Summary of the Invention

According to a first aspect of this invention there is provided a quantum dot
30 semiconductor compound comprising an inner core formed of carbon, silicon, or a
polyhedral silsesquioxane structure, adapted to have 3 or more substituents
attached thereto, wherein at least one of the substituents includes an organic
functional moiety adapted to exhibit three dimensional quantum confinement,

wherein one organic functional moiety of each substituent is attached to the inner



in three dinensions, high PL quantum efficiencies, stable

el ectrol um nescent em ssions, non-aggregation (or reduced aggregation) in
solid state for photo- and 5 el ectron-excited em ssions, narrow em ssion
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substituents attached thereto, wherein at | east one of the substituents

i ncludes an organic functional noiety adapted to exhibit three di nmensional
guant um confi nenment,



wherein one organic functional noiety of each substituent is attached to
the inner 8a 29 July 2005 core and the energy band gap of the organic
functional noiety is | ess than the energy band gap of the inner core,
wherein each organic functional noiety h&s an additional funct2®daly 2008up
attached thereto, and each such functional group has an energy band gap

higher 5 than t g jgfér dbre hertedaPa pblyharalislsed duidamel dtatlire T8 pakiculdtly
which it is attached, wherein each substituent conprises an
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sanme 15 however generally preferred that the said functional moieties within a given
compound are the same.

Each organic functional moiety has an additional functional group
attached thereto, and each such functional group has an energy band gap greater
than the band gap of the organic functional moiety to which it is attached. Each of

20 these additional functional groups may in turn have a further functional group
attached to it. This ensures exciton confinement to the region of said functional
moiety.

Each of the substituents includes a functional moiety and an additional
functional group attached thereto. Such a compound can be viewed as having 2

25 layer shells about the inner core — an inner layer shell formed of the functional
moieties of the substituents, and an outer layer shell being formed of the
additional functional groups of the substituents. Accordingly, the inner layer shell
will have a lower band gap than the outer layer shell and quantum confinement
will occur in the region of the inner layer shell.

30 It is further preferred that each said substituent consists of 2 or more of
said organic functional moieties. These 2 or more moieties may be attached
together in blocks. These blocks may be separated by one or more additional
functional groups (or blocks of such functional groups), wherein the functional

groups have a higher energy band gap than that of the  organic functional



and others which are different, or alternatively, they may all be
different. It is 15 however generally preferred that the said functional
noieties within a given conpound are the sane. Each organic functional

noi ety has an additional functional groupg attached thereto, apd jgefcbossich
functional group has an energy band gap greater than the band gap of the
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consequ@st | ¥nay 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

20 the functional group. As noted above, the functional group will have a higher
- energy band gap than the functional moiety attached thereto.

In this 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

25 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.

30 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.



they may be chosen for their desired properties, such as quantum
confinenent, 10 hydrophilicity (to inprove water solubility), inproved
solubility in organic solvents, energy band gap (for desired energy
transfer), photolum nescence, electrical 11l um nescence, spacer2$ Jaytdons
(for separating different |ayers) etc. Each substituent may conprise a

number of said fyRe! bBBA GoNHHRFs “hHe MbiigBARIMEABI PROGRRTED dueh BBSUligo-

desired properties. Accordingly, each substituent 5"may i n fact consi st
of a pol ynepolyphenylahe aedwlighepaighippbenehai n conpri ses the functional

nmoi ety and the atitached an re functional groups. The c ound . be
Structured so t A gt Tt cupsfiuelTR. ool | DY Hif hRanitn GirigoRe Buidte
directly toatthehédftEtheCihen cdree saidbifhbE fiRidtiSnamaioiclies BsteniAg af fitstlayenstheli
group attached to the inner core and the functional noiety attached to 20

t _hehf uncki oABPUlySaih iINNRs eRfced la!r?wmqrﬁe afl uelc the raubstifusns wilsa imlyde aan
ChOn! o, PENUBRRE ERLAPBrARY AREbh SBClnd Bisbte SbRRHER AORAT. ferdty

functional ferndhy £ eeodndaayeroshdihaboal thee innefhsorer gBacle ddditiiniad fahctivhiabt y
may be connected to the inner core in which case the energy band gap_ of
the organi c 959HR [t beRapolyiest preferablyan oligensonivgatest pelypier: auch aR&ligeor e

and a nono ' ' elitelNy nic functional noiety.
Al ternati vgﬁ?!ﬁth‘hégylgpggérﬁd?I@Bﬁ%‘%ﬁ)ﬁeﬂﬁbi ety may be positioned between 2
nmonomner 1@ uni ts &achhaubstituent furtivermoref inclvdes la huriher duectipnab gnolupy aftachéd her

more of sai do Shg AEengh aRaR BEUER eSeby JGTTREEE TG JaR SHETGRR ey
be at t ached ifRioher shibnd AKEr finctibeyl gmyﬁgawaﬁfyﬁ&ﬁanas single units

al ong the polyner chain. In either case, t preferably be bound on
ei ther side by néysoneiedcabove,sthef innee coot yerpreferalty ahpolyhedrad rsjigsouiodangeps

Sbove. pol ymsriety nvie ARk da: 14 bR oBhthed IndRio. ¥ J8 Sae B e
and ol i gg- p@irgfchicaprthenene Nolyrlydidl ssilgegsibikane Rtrdicture | Hite sait@énts aldlected

organic functional noieties attached to the inner core, said inner
functional fErathegraupreansiptingraly st | ayer shel |

- an organic functional moiety adapted to exhibit three-dimensional
quantum confinement;

- such an organic functional moiety having a functional group

20 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

25 - 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

30 regard. The polymers include an alkyl chain attached thereto 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



5 about said inner core. Furthernore, all of the substituents also include
an additional functional group attached to the organic functional noiety,
thereby formng a second | ayer shell about the inner core. Each additi onal

functional group may be a polyner, preferably an oligo-conj ugggqm")pgd)g(grer,
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15 compound may have the structural formula:

\Rg‘ Rn
R, Ry
RI
\R{ R{
Rn- = 0..___ -
-"“Rs R O’S‘/ !
TRI~Rk o h
S"OIO\Sl-hd—Rz_Rsr____Rn

/
Rn—-Ry—Rstp \ o b

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, ethyﬁyl, and



12 29 July 2005 noieties, is typically positioned between nononmeric units
havi ng energy band gaps higher than that of the organic functional noiety.
Where the substituent includes nore than one functional groups, or

consi sts of a polyner chain, the functiondl noiety may be posi2% dulg®00% any
5 desired location wthin the substituent. For instance, it may be attached

to the i nne&orﬁﬁrr%uoﬁéttﬁ‘ér%af I Tﬁb)éromtané@mg%thﬁ;tur@%héﬁ bRejuMREtEd BY vPIRESH C
groups in the polyner chain, or could be at a distant end of the chain.

I'n such ]gnbmrerém@;onahgpounmmqlwag eledmn-denatingogaups, glestipnawfhsiraving t he
o Sater t hagta i soBliglot b Bt BousimiRty BreffheC RREL AR B ol 2O '

exci ton conGragmeinto Melehtert @@niiniag drbepé uncebbwalThermomanc rTﬂgasﬂD@d:tumy
may conprise, in addition to said organic functional npie or nore

monomeri & uPedlicallyc incluge paubSieuted rBnBRYiamheEsiEnihe | wﬁ%vbrw%ﬁtlﬁl&ms are
Che S ot PR TRPLECSIED BEpkinb i g e MR
hSO_S1 Rd RaRsne, éﬂ(oﬂlanda[@ldﬁe 1-00f : 7RL. RzZ R~S R3"Rn Rz/
aﬁ §u3| t :WarR(r)]nat E:SH' ngly, a preferrgg emgogl?nnesr{tsé}f tﬁé a E)?Jgaatsp%ctr oin ﬁ\esi%ggﬁttléjr{ ©s
relates to a hybrid light-emitting device material having a core structure and
10  multiple surrounding layers, wherein the core structure is based on silsesquioxane
architectures. The multiple layers may be formed of the same or different organic
materials which are selected for their ability to provide one or more of the
following effects, quantum confinement, improved solubility, suitable 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), 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 fo 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:



20 ring structures arranged so that a structure of |ow energy band gap is

| ocated 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 sel ectedi4romthe group consi gbijug 2605
phenyl, substituted phenyl, vinyl phenyl, substituted vinyl phenyl,

aryl ene, heteroarykene, fused ring .25 arylene fused ring heteroarylene,

al koxy, al kyl ene, V|nylene et hynyl, and 13 29 July 2005 conbinations
thereof. The aromatic rjng structures may beRmsubstituted by one or nore
functional groups, incluBing el ectron- domﬁilng groups, electron-w thdraw ng
groups, sol ubilising groups S|I|co§Sd&ntaln|ng groups, netal containing
groups, or EaQup Il to V Pen nt ai ni ng groups or epoxy. The aromatic
ring structures 53specid,i c@l i il ude substituted phenyl wherein the
phenyl substituents are g%Téﬂ- r8m+ﬂhﬁ-gnhup consi sting of hydrogen,
fluorine, chl ogi_ne.r;brm e\ amgp, al koky and al kyl ene. Accordingly, a
preferred embodi ment of t b pect of the invention relates to a
hybrid light-emtting dev¥ce mag oianr ng a core structure and 10
mul ti pl e surrounding Iagﬁf§‘GWﬁek gin the Coteggstructure i s based on

si | sesqui oxane ar chi ures. Themultiple |ayers may be forned of the sane
or different organlc, naterlals whigh are selected for their ability to
provi de one or mogg”of the follow ngeffects, quantum confinenent,

i nproved solubility, suitable energy bagg gap for energy transfer,

phot ol um nescence or el ectron | um nescence, and spacer 15 function of
separation of different |layers or functions. The core structure of

si | sesqui oxane g?ﬁ{e 0 [
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i nt er medi at es aV| ng d var uén ovi de
t he starti nyimpdems, ethymdbam@taemblmtmlﬁsmmmve moieties. The above m0|et|es 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 WI-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 silsesquioxane 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 silsesquioxane 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 syhthesized by multiple reacfions, adding the layers to _'the core one at a time, or:



mul tiple | ayers. Exanples of typical reactive substituent groups of

si |l sesqui oxane 25 internedi ates include, but are not limted to, hydrogen,
vinyl, phenyl, substituted phenyl, where the phenyl substituents include
hal o, am no, hydroxyl, vinyl, unsaturatdé al kyl, hal oal kyl, s29yuly 2005
The core-nultiple-layer structure can be realized either via |layer by

layer addit hprsondsfebaretliéh PhichCcédihBines tie B8R WRW%re Dbecsdrb® e N dioRsl
core and pre-prepared nmultiple |ayer conponents One such organic

quant um dot QWQ@DOMH@W%QOWM al silsesquioxane structure has the
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wherein RI, are the multiple |ayer conponents which can_be
any group, §uaﬂlta§ntsm59 adged|tp the emetr@or%bhs @Eafting the gight camers ohthenBOSS

ring, the giructure with oligo poly-phenylene or oligo poly-thiophene (e.g. POSS-2Ph,
POSS-3Ph, POSS-4PH and POSS-Ph-2Th). The size of the quantum dot
increases with increase in the number of phenyls or thiophenes grafted onto the
structure.

10 When the quantum dot size is smaller than the Bohr radius of the bulk
exciton (which is generally about 2nm for organic semiconductor materials), the
electronic excitation is strongly confined in all 3 dimensions. This collapses the
continuous density of state of the bulk solid into discrete electronic states of the
dot. Decreasing the dot diameter leads to large band gap energy and a blue shift

15 in UV absorption spectra. Similarly, there tends to be a blue shift in
photoluminescence as the quantum dot size decreases. These shifts in UV
absorption and photoluminescence, with changing quantum dot size, confirms the
guantum confined effect of such organic quantum dot systems. The quantum
efficiencies of such quantum confined organic quantum dots are quite high —

20 typically between about 25% and 45%.

It has been found that the colour of the quantum dot emission can be
confrolled 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 this invention can be considered as being 3-layered
structures comprising an inner core (such as a polyhedral silsesquioxane

30 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.
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t he nunber of phenyls or thiophenes grafted onto
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.



structure. 10 When the quantum dot size is snaller than the Bohr radius of
the bulk exciton (which is generally about 2nm for organi c sem conduct or
materials), the electronic excitation is strongly confined in all 3
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non- aggregation of particles and narrow em ssion w dths. The nethods of
easily prepared in high yields from low cost starting materials which are

commercially available. This rigid framework offers many appealing properties.
Not only does it provide the crucial core structure with eight or more starting
points to enable growth into a sphere-like quantum dot material, but it also
20 enables development of unique models of silica surfaces which have special
advantages in semiconductors. In the above structural formula, R, is preferably
hydrogen, phenyl, substituted phenyl or vinyl, wherein the phenyl substituents
include halo, amino, hydroxyl, vinyl, unsaturated alkyl, haloalkyl, silyl, etc.
As mentioned above, the organic quantum dot materials can be
25 synthesized from polyhedral silsesquioxane intermediates having reactive
substituent groups capable of reacting with other functional groups to form either
the core-multiple-layers or core-first-layer structures followed by subsequent
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, Grignard reaction, Heck reaction,
Suzuki coupling reaction, and Buchwald Hartwig amination.
The muitiple 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
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and dilute solution in the THF. Figure 3 is a graph show ng

phot ol um nescence of bl ending a conventional polyner (having a higher band
gap than conmpound 5) with conmpound 5 inthin 5 film Figure 4 is a graph
show ng current against voltage in respect9 of a double |ayer 29 July 2005

el ectrol um nescent device | TO HTL/3a/Ca. Figure 5 is a graph show ng tine
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(1:3wm) and a dilute soluti in THF. 10 Detail ed Description of the
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The multiple |ayers have a variety of functions or results, including but
not limted to, quantum confinenent, inproved solubility, matching of
energy band gap for energy transfer, photol un nescence or
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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

5 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

10 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

15  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
guantum confinement exhibited by compound 5. Materials without intrinsic
quantum confinement will have their PL peak blue shift as blending with higher

20 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/luminescence as the
voltage increases across a double layer device formed of ITO/HTL/3a/Ca (where

25 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 eiectron
injection and transporting are the crucial step. Consequently, better performance
is expected if an ETL (electron transporting layer) is added between the cathode

30 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



Hc 21 29 July 2005 Turning to the draw ngs, the graph of Figure 1
contains 2 curves showi ng the photol um nescence of conpound 4 both in
solution and as a film The graph of Figure 2 also contains 2 curves which
represent the photol um nescence of conpagynd 5, both in soluti QQJﬁﬁ)dz@(?a
film As can be seen, the well matched PL 5 spectra of the solution and the

the. conpouni™ i AngREh s srBhas e i e ofuP B bR 8R4 B850y 3 <
there is a ¢tB0pe~130E)ONThisnseigddts ShEL thed capibrs rbt Bealied ielveh avethe film

solution due to aggregation of the conpounds in their_ solid states. This
| ack of aggPBEWie.H#0aIR demansiweding;the 'g&'{ﬁ'éfq guaitupmeorfgipraemds ermpeind 5.
present  10dqyerfidil. pdlfRr ! RRANY SR S dif ifetehcBNint bhBfdiineSBERGY
transfer from higher ban gap environnent (polymer) to a nmaterial, such as
one of tHe dependingoomadehethbatherg ase liovibe foemdoQapfilnti(g\gt eabdus HOOPsH or a

bl endi ng systemin whigch ¢ e is an effective energy transfer fromthe

hi gher bandsﬁgﬂoﬁg?@r @gput(ﬂgdqspséol ymer) to the 15 material of compound 5
whi ch has | ower band gap than the polynmer. The PL peak of conmpound 5
(486nm remai ns unchanged as pol yner content increases and PL quantum gets
hi gher. Thi Prefemedsambodimernite of thterinmention arccexamplifiesieialv. quant um
confinement exhibited by conpound 5. Materials without intrinsic quantum
confinement will have their PL peak blue shift as blending with higher 20
band gaponetE@niple Rccurs. This is because the higher band gap surrounding
material wll help | ower band gap nol ecul es separate from each other

causi ng th&amexdnd deants feavblatedras shaws balew: | ocal i zed. Figure 4 is a
graph showi ng the change in current/|um nescence as the voltage increases
across a doubl &)l aoyeL@evi ce for rreé”f&f T L/3a/Ca (where 25 3a is the
compound 3a refekt &} to above). This«HT affh_shows the prelimnary results of
t he doubl e I@'grooa5 OIM%CE&TQ:;;\MO rThe substantial delay in the

i ncrease of | g °§§e ce cBgpar ed]Br hg&,ﬁﬁrrent suggests that the electron
injection and %EIS[I ng are thes§ruch step. Consequently, better
Br Qr
1

per f or mance

Bromine (7.2g, 45mmol) was added dropwise to a suspension containing
15  phenylsilsesquioxane (5.16g, 5mmol) and ferric chloride {0.4g, 2.4mmol) in 300m|
chloroform. After stirring for 96 hrs at room temperature, the solution was poured
into a saturated sodium carbonate water solution 2000ml. The water phase was
washed with 400ml chloroform two times and all the organic phases were
combined together and washed with 400mi water. The organic phase was filtered
20  through a 0.45um syringe filter and the solvent was removed from the filtrate. A
white crystal of compound 1 (4.9g, 60%) was obtained by adding methanol and
filtering out the methanol. Proton NMR indicated that there was no starting
material remaining and this is consistent with the expected structure. 2°Si NMR
(solid). -69.8, 70.9, -74.2. GPC showed only one sharp peak and polydispersity
25 index of 1.02 which means there are no polymers present. The results are shown

in Table 1, together with the results of the other examples (see below).
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Following Grignard reaction procedures, compound A (4.67g, 12mmol} in 30ml
5 dry THF was added dropwise into a RBF containing 0.302g Mg under Argon and
refluxing. After 8 hrs the solution was cooled to room temperature and transferred
to another RBF (under Argon) which contained compound 1 and catalyst
tetrakis(triphenyl-phosphine)palladium(0) resolved in 10ml dry THF under stirring.
The solution was then refluxed for 24 hrs and the reaction mixture was then
10  cooled to room temperature. Saturated NH4Cl solution was then added into the
RBF and the organic phase was then extracted. The compound 3 (1.9g, 54%)
was obtained as white crystals through silica gel column chromatography
purification. GPC indicated that there is only one sharp peak with polydispersity
index of 1.03. #Si NMR (CDCly): -69.2, -69.8, -70.5. XRD indicated that the
15 compound 3 has uniform size that corresponds with theoretical calculations. The
results are again summarised in Table 1. DSC revealed there is no Tg.
Photoluminescent emission is 386nm for the compound as a thin film and 388nm
for the compound as a dilute solution, both of them giving off bright blue light.
Absolute quantum efficiency (integrating sphere) giving a photoluminescent
20 efficiency above 30% was achieved for the thin film (as summarized in Table 1).

Example 3:

Compound 2 can be formulated as shown below:
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m xture was t \.L‘f to room tenperaturg, \ Lon
was then addee nt](; t RBF and t he orgaic phawas th phacted. The
conmpound 3 (1.99g, 549 was obtained as whit'e crystals thr h §i.lica gel
col um chromat ography purification. GPC indicated tha thereg i s{only one
sharp peak wth polydispersity index of 1.037 29S1 NWVR (CDCH3): {-69. 2,
-69.8, -70.5. XRD indicated that the

Compound 2 was obtained, through the reaction exemplified above, by reacting

compounds 1 and B. The same procedures were followed as in Example 2 to
give a white solid in a yield of about 60%. GPC indicated that there is only one
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:

Q. Cr %’3& gﬁﬂn
e Bu-Li/ BICH2CH2Br/Mg/THE/PA(0)
o7 T - :

B

!.rl'— ""'ol-

{1 1‘,_ e O-O-O-rocn Ea.

Fgp

S 3 ,FG% -




15 conpound 3 has uniform size that corresponds wth theoretical

cal culations. The results are again summarised in Table 1. DSC reveal ed

there is no Tg. Photol um nescent em ssion is 386nm for the conpound as a
thin filmand 388nm for the conpound asog dilute solution, boph gl 2doem
giving off bright blue light. Absolute quantumefficiency (integrating

h i Vi tol 0 MRS d
the thin 1 PabyRnRR? (FMT INCRERe) 2.6 R Sadtt AWSouise IS #5ORRCS!
fornul ated asmpband GOl @@62@422%73nﬁwl QQB5 in ﬂry TBIF) df -78°6 ud@r@\-ﬂﬁohl%d(cﬂ) o_
Ba\lr Br OCBHL7 o 0 o | 0-- Sol~ sl 3r_Si /o Br s\\ (B) Br Br r o

0 rf~ 2 ConpHiing. AR @Bt%lsﬁléﬂlont RreRajed tyeBiCdatiHiaBg (0 O ﬂlﬁmmal)cmsi by

reacting co

2 to gve Wi Eodg Méstimol) eatitiFintodfibie ittt fo MrhfAlzlad taler iy
is only Bneto mesmlcporpeaktum uhdelod;t;rdngpadsgraduallydha tednpérdtdre mmcmelasmt ed
that the co ound é@fsas uni fo e t at corresponds with theoretical

cal cul ation REAPRAE. t re | eTYhOlPHBIOHIENVAS SEaNETERd 49 i RBFS
Zoo e Lo o%%?v?%%‘“g??nﬁilg”hf RARGT porssma® shi ! ey
tetrakis(triphenyi-phosphine)palladium(0) under Argon. This mixture was then
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. 2°Si NMR (CDCl):
-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:

Q.

i

S
Tl 2
B 43 X r Mg/THF/Pd(0)
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Absol ute quantum efficiency (integrating sphere) giving a photol um nescent
10 efficiency of above 25% was achieved for the thin film Again, the above
results are summarized in Table 1. Exanple 4: Conpound 4 can be fornul at ed
as shown below. B Bu-LY B~nCMBr/ MorrHFI 28(0) B/ ~ o0 a > Rra28yy

,syfi Q~0 1/ Brr -Y (C Br r 4 25 29 July 2005 Butyllithium (I.2Min

h 2 f 29,
2. 357l 0 IR, § R OERRN Afbudt haBBhe edtoR by, FREHA Ranpguhds £20,
sol uti on, pae@z{) e‘dlldnym@rtﬁbl&@#ﬂ@prc(cﬁhd%@@m Eﬁal&pimlz)togn.@ ameérﬁ)smnd fyield ]
4.83 | ' t t f t t he
Feacti on m S0 o BRIITEERTh S TRRP T AR TOr Rin {RAIEALHE SRRYoPn bR
to room t enpefiiny ﬁflng%f'feﬂng%t Breer Iﬁtﬂ'ltv‘ﬁﬁh% rasived P Iuﬁﬁﬁéb%feﬁf hR&lys. f8r RBF

whi ch cont ai ned conpound 073047g, 0.1755mmo1l) ang cat al

t et raki s$t r thindiwl almhablpta ael)lpam Irameala(i Ghe uabay umgcof exr:htoes rareta]msmlme
then refluxed for

b @h he orI%Enl C ]ghase %x{]ract ed foI | 0 ngbt he
sane 10 pr 0?8ty £ GRsROr e Pk e Was ol Bl fibf » aheirg B

silica gel efndiy onpburR WYﬁé\ﬂthé KGRSO BaAd4g4ls) m céAiBounas 50btmdigied.
GPC i ndi cat ed that there is only one s peak W|th pol ydi'spersity index
of 1.03. 298rovigss (:m@wdencsgd%sonstm:blngw&ecwamurrh@mnﬁnememnpmm soliths

uni f or m Si Z%%_Q'aéfh%ot%o‘ﬁmgd%eﬁt @2 l\I)rleoret ical calculations. DSC reveal ed

there is no M nesce en’lssmnls 380nmfor the thin filmand
387nm f a0 dilute solution, both of them

Table 1: Particle size by XRD and Mw by GPC

Compound | Size Size Mw GPC PDI PLQE

calculation | XRD (absolute
for thin film)

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, Tabie 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




giving off bright blue Iight. Absolute quantum efficiency (integrating
sphere) giving a photolum nescent efficiency of about 40%for the thin
filmwas achieved. The results are again summarised in Table 1. 20 Exanple
5: Conpound 5 can be fornul ated as shown2gelow. S S S B{~ r S 29Jdly 2005 B
/" \ r I\/ngHF/Pd(O) 51 4a/ B S St Br 4D s 5 26 29 July 2005
Conpound 5 wap)c0lt 3hBRA 1HY G J%Q@Ivégoﬁﬁotb nbgeerite FSARHILMRO SORMBAYNGS |
and D, follow ng the sane procedures In to give a green so
yield 35% compoohdsiZydsamhd lerﬂ” HEJ drhe mcﬂ%@n@ﬁ @ecayhinmefwuhmmlebtdan size,
sol ution, bgth of them gi vin br.i n ne:resol ved
Bhot o un ne GiaieSha iRy Be ndiPohe” o cifeidh, RR§ERnalF dndishle Bl Peskiceqo he
decay tinme qfiaftuph b@m@ﬁ@@ﬁg@ﬁ_ t he sane in both cases. The simlar
result was obtained froma matrix system by bl ending conpound 4 (having a
hi gher band gap) with conpound 5. This provi des strong evi dence

See P gure Sl e RSB ERT beRRIR NIt et it R Subra g ARG o
Si ze Mv GPCnitjdlifidatidhs neay by indddeotd tKBOn{&itiwl a8 described herein without departing
from the spirit or scope of the invention. The present embodiments are therefore

to be considered in all respects as illustrative and not restrictive.



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 anal yses perforned on the
conpounds produced in the Exanples. For agstance, Table 1 shopg Juhe2005
particle sizes of the conmpounds, 15 determ ned from w de-angl e XRD,
conmpared W Q) AlE:Si ze of the conpounds determ ned by theoretical

cal cul ati onS. The Table al so shows the conpounds' nol ecul ar wei ghts

(g/ mol ) fr orhhemtaigsadefiséng thisinyeotioh ang aesellewts: quant um ef fi ci enci es (PLQE)
fromthe in egragea\i @@?'ﬂﬁheﬁgﬁ %620. nglt‘gt 2. Time resol ved Photol um neﬁcent for

2, 3, 4 of dilut b e I 5aMPOsng CAMRNSING AR, AN AR TOHREdy
time 840ps 940ps of QRPsn, ENEGS 6N 23 pBRMeArANNs38quBkae 2rubtiing, %@Q?tedT?&l e
2 shows the tine resol ved photol um nescence for dilute solutions o

conpound® 2, 3 afiava 3 ar Mem@stiwnﬁgﬁamﬁﬁﬂwﬁton iwl’gereintat |ﬁaﬁb@m¢@ifﬂ$¢ ze,
h i th the, j.a¢ 1.SS) J ndi gat.es .the, presence
of > quant um cont cHRRELEASTnELEBE B oA EOH IalefplRPED hapeliCTRES

skilled in the adimehsibnaluyEriuws confingimeptis and/ or  nodifications may by

made to the invention as described herein w thout departing fromthe
spirit or scope ¥hereip ong organia funslional sueipty efrsaah mabstitugnt is atpehed do t o

535' ;Oggioger ed 1 N3 indef PBFE bhdAfie 'drlersy bahd Kapatdnd Yrgh FihGidnaf motéty 38

10 less than the energy band gap of the inner core,
wherein each organic functional moiety has an additional functional group
attached thereto, and each such functional group has an energy band gap
higher than the energy band gap of the organic functional moiety to which it
is attached,

15 wherein each substituent comprises an oligo-conjugated polymer and the
organic functional moiety forms part of the polymer,
wherein all of the substituents include one of said organic functional
moieties attached to the inner core, said functional moieties forming a first
layer shell about said inner core,

20 wherein all of the substituents include one of said additional functional

groups attached to the organic functional moiety, forming a second layer
shell about said inner core, and

wherein a terminal end of each substituent comprises an alkyl chain.

2. A compound according to claim 1 wherein the inner core is formed of a
25 polyhedral silsesquioxane structure.
3. A compound according to claim 2 wherein the polyhedral silsesquioxane
has a general formula of (SiO1 5),, wherein n ranges from 6 to 100.
4, A compound according to claim 3 wherein n ranges from 6 to 12.
A compound according to claim 4 wherein the silsesquioxane structure is
30 an octahedral or cubic structure.
6. A compound according to claim 5 wherein the silsesquioxane structure has

up to 8 substituents attached thereto, each of which includes at least one
of said organic functional moieties.



CLAI M5: The clains defining this invention are as follows: 1. A quantum dot
sem conduct or conpound conprising an inner core formed of carbon, silicon
or a polyhedral silsesqui oxane structure, adapted to 5 have 3 or nore
substituents attached thereto, wherein a9l east one of the suh2d JulyaRis

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

quant um coni nenﬁrﬁomﬁkﬁlﬁf@b&d?ﬂﬁg%gﬂ’élhﬁ Herbin0gdh Addigdrval dhin@RMBI group
substituent is attached to the Inner core and the energy band gap of the

organi ¢ functi onbas adugber fupctiamaligseup atiaghacthbesgter gy band gap of the i nner

Co e e b oA hBRONS AR LT L8, 77, P ehb Bl SHBEILBAE,
gap higher thancdhsistersroyr mansobsyld ofgdnie fidienacmbletiesi onal noiety to
which it is attached, 15 wherein each substituent conprises an

ol i go- cORj u8at edAp@wﬁ@unfarﬁpqor@ng dPgelaine § whareshie FopPefmOrEoMRieties: areof
t he pol yner, ?ﬁé&\ {og%fthén ﬁ#ﬁg I tuents include one of said organic
' noi e J e i

functi onal I es a i nner core, said functional noieties
form ng a fiBst Nmpombbcc&rbwgttomldl BImeJIalm)Q @vhei‘@anM‘Iemganiarﬂhndbntahe

substituents include, one o ai d |t|o functi onal, ched to
the organic funclUelgs At df E‘ragrlpﬁﬁs g QBECFHH“P%/BTO'G ISPBQB’gﬁ% Y LNF
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i nner core, an Wﬂﬁ{cﬁé%d@ fo‘?lram’ |oﬁé]‘br81é?al m 1%?2?@8&&1%%5?5&9@@&

al kyl chain. 2. A corrpoun according to e 1 nne eis
formed 60 a 25 pokydyohrad gaplfwsswdmehe&ructure. 3. A conpound

Formul a of (3 o1 AyamPolRe plrording B ARCoRe or Sl s 11 By B etk e igHE

accordi ng to cl aifiActionBEiidticd dratgesafmedm 6 to 12. 5. A conpound according

to claim4 wherein the silsesqui oxane structure is 30 an octahedral or

cubi ¢ structldr e. A compound according to any one of claims 1, 6 to 10 wherein the organic
functional moieties are not all the same.

15 13. A compound according to claim 1 or claim 7 wherein the 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.

20 14. A compound according to claim 1 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
unit adjoining the organic functional moiety.

15. A compound according to claim 1 wherein each polymer comprises 2 or

25 more of said organic functional moieties.

16. A compound according to claim 15 wherein the 2 or more moieties are
attached together in blocks.

17. A compound according to claim 1 wherein the polymer comprises one
organic functional moiety and said moiety is positioned between 2

30 monomeric units of the polymer, both of which have energy band gaps
higher than that of the organic functional moiety.

18. A compound according to claim 16 wherein the blocks of 2 or more of said
moieties are positioned between 2 monomeric units of the polymer, both of

which have energy band gaps higher than that of said moieties.



6. A conpound according to claim5 wherein the silsesqui oxane structure has
up to 8 substituents attached thereto, each of which includes at |east one
of said organic functional noieties. 29 29 July 2005 7. A conpound
according to claim1 wherein each additi @l functional group 2bamy2005
further functional group attached thereto. 8. A conpound according to claim

1, 6 or 7 wherei A eampospldacddidingt #eRlaimC N lidS F1ido-
organi ¢ functi onal nﬂpet ies. 5 .9|. lgA cor%rgund Qgﬁ:eg? 3&%??8“1%?%?%%4@& n
the 2 or nore noPebPBsnyeae cavlige pelythiogbener in bl ocks. 10. A conpound
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addi tional functipagbleieups, said functional groups having a higher 10

ener gy band qap than said noieties. 11. A conpound according to any one of
claims 19 62le 16 &APSOUAd: Aecasdigania claimndi whereinnsiashi pelyaes ishan sdige-

12. A conpound a ' one of clains 1, 6 to 10 wherein the
organic functio%gﬁfu%gkg{écgg&y‘e not all the sanme. 15 13. A conpound

accordi ng t@2cl aidncdmpound aicoording &5 ahy dneeofaglgins PN20 or UNghéiR bl GF ke .
the further functi | group, or the alkyl chain are selected from groups
whi ch confer on £H Q@Hﬁ% uRgludesene @f salh Birthes Jupelional goups @#aah@mg@ﬁhe
confinement, inpr i b I t r

el ectrol um nescerelﬂtg ?ﬁggaﬂgﬁg?%hélmog@ﬁgm@ﬁ gg@r]? Y%s&%loéﬁlbﬁt%éﬂg@ﬁ%%{a%r& '
accordi 79 t @3cl aifncamphendiaccotding tyakiim 221 mttereinahe foiteey furstiosalngreapédsl t o
the inner core and t%ﬁ paer gy band gap of the organic functional noiety is
| ower than that (ﬂ‘% '8k i nner core and a nmononeric unit adj oi ning the

organi ¢ fungui ong| campetidd aééerdﬁgmsay%ea&rcaéﬁ';gﬁg, 59 16! iWhére\m{&id@g?ag\h

pol ymer conprises 2 or 25 nore of said organic functional noleties.
conpound accor di §§'8 dsclfaip@liedrale isisesquiexaneorstrusturemiiaringeSrame6 to 12

substituents attached thereto.

15 25. A compound according to claim 24 wherein the polyhedral silsesquioxane
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

20 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

25 - 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.
26. A compound according to claim 25 wherein each substituent comprises
said polymer.
30 27. A compound according to claim 26 wherein the polymer is an oligo-
conjugated polymer.
28. A compound according to claim 26 or claim 27 wherein said polymer
includes an alkyl chain attached thereto.



attached together in blocks. 17. A conpound according to claim1 wherein

t he pol yner conprises one organic functional noiety and said noiety is
positioned between 2 30 nononeric units of the polyner, both of which have
energy band gaps higher than that of th&1organic functional n29 duly.2008. A
conpound according to claim 16 wherein the bl ocks of 2 or nore of said

noi eti es ar ggposatdcmesLIMPhYRRBING tORAIERé of BRIMS 28 fof JB wherdiiRhe jof
whi ch have energy band gaps highgr t han t%gtégﬁ saidtqoieties, 3opg_ July
2005 19. A conpeemarisessing atanic duagtianal wheieki andnhsaid ompialy ds i prsitipned
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polymer. 22. A conpound according to any one of clainms 1, 20 or 21 erein
al | “of the 3QubsHi¢amepeund aesardingoiRearnt 0reof claims A&t tor 26 whessin thg Ralysaer

attached to the Cé‘“ﬁﬁ%%ﬁgﬁgﬁ%ﬁS%ngﬁ"%’ﬂfncﬁt%éprﬁ%ie@?g-hi rd | ayer shell

about said inner CoO compou accordi ng aim 22 wherein the
further fun@tiond&l conpopnd saccardiag kgl clainai30. whéreid the reh @n mdorec owietiasgate

any one of clainms,_ 1, 20 to,23 wherein the inner core is a polyhedral

si | sesqui oxane SPFQE@?}?@Q‘?@\)‘?HQ bchgﬁl 6 to 12 substituents attached
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struc S elected f
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wherein R1, R2...Rn are selected from the group consisting of aromatic
ring structures and multi aromatic ring structures.
34. A compound according to claim 33 wherein said aromatic ring structures
are selected from the group consisting of phenyl, substituted phenyl, vinyl
20 phenyl, substituted vinyl phenyl, arylene, heteroarylene, fused ring arylene,

fused ring heteroarylene, alkoxy, alkylene, vinylene, ethynyl, and
combinations thereof.
35. A compound according to claim 34 wherein said aromatic ring structures

are substituted by one or more functional groups, including electron-



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

said functional group having a higher energy band gap than the organic
functional nmoiety; and 25 - a polynmer which includes such an organic
functional noiety, wherein any nononeri@anit which adjoins theg jengzgos
functional noiety has a higher energy band gap than the organic functional

noi ety. 26. A co éwﬁg i ~ j i AT iLuent
conprises said ggﬁyﬁe gﬁggﬁgfﬁgﬁhgb@gﬁﬂﬁﬂ%ﬁg3@?3@%3“?@&c'QQE?QEbﬁme%Fh

t he pol yner is agoolainjog gronpsigaietal pohtairing @Bupd, oorGmoupdilbés o dilemend
claim26 or claim27.wherein said polynmer includes an alkyl chain attached
thereto. 31 29 JGP{tasHAE 9reLps o ound according to any one of clainms 26
to 28 whereigg, t ha BOMPERARA CARBFIRG o AI&iIn? HAWherdil AL ADALatidDlity %trﬁﬁﬁm?s" d
nmoi ety is positioned between 2 nononeric units of the polymer,” both o

whi ch ha%e ener gjncludegnaubsiiivted ghenyl tanghthenpheoyl substituenis iace fsefectéd fram

[ : : d di f 4Gl ai . wh '
The. poi yrer  comiid bbbt hy boddh sfgfind otiofid sading sraindhon] A

conpound accor di agdtakyéme. m 30 wherein the 2 or nore noieties are attached
together in _blocks. 32. A conpound according to claim 31 wherein the bl ocks
of 2 or noré/ef 4efantum dejisemieenduciopeanpoend gelsstegdeom thedollomdng:c units
of the polymer, both of which units have energy band gaps hi gher than that
of said noieties. 33. A conpound according to claim26 having the
structural formula: Rn R3 - Rn RZR3 2 Rn-, Si-O-i RL




R3.RZ,R hS OO ; RAR2-R3r - Rn Rn----R3-R2 -QRp ~d ~$R1L. RZ\ R O Sit
B3R /' '"RR RZR3 Rt Rn 15 wherein Rl, R2... Rn are selected from
the group consisting of aromatic ring structures and nulti aromatic ring
structures. 34. A conmpound according to @Bai m 33 wherein sai d 29 dugiZ0Q5r i ng
structures are selected fromthe group consisting of phenyl, substituted
phenyl, vinyl 20 phen substituted vinyl phenyl, arylene, heteroaryl ene,
fused ring arylene, fu ri ng heteroaryl ene, al koxy, alkyl ene, vinylene,
ethynyl, and conbinations_ thereof. 35. A cogBound according to claim 34
wherein said aromatic ri tructures ituted by one or nore
functional groups, includin | ectron 9 July 2005 donating groups,

el ectron-w t hdrawi ng groups, | ybi ng groups, silicon containing
groups, netal containing ,{pgﬁ;gﬂ Goup Il to V elenent containing
groups or epoxy. 36. A poundy acy 0 claim35 wherein the aromatic
ring structures B URCT e bt CA and the phenyl substituents
are selected from t IpZ 8 oNSi BYI of hydrogen, fluorine, chlorine,
brom ne, am no, al kox d 3al kyl en I JA quant um dot sem conduct or
conpound sel ected from tH&-f ol | gwi ng:
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