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Eiﬁb% el . 281 , pages 2013- 2015, 2001 ; Chan &
N e, SCI ence Vol . 281 , pages 2016-201 8, 2001 ; US
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agnosti c’ areas, I ng,
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RAIGEloGH. ol eSdbolt Sebebhipereldl Soaion v Pafopagss 2013-
o 2% WEs ; t ORAn URAied BEeh&, VbBRNES Oba§é§ 2016-2018, 2001; US
fluorescent, [um nescent. Fl uorescent | abel i ng of

Patent Number 6,207,392, summarized in Klarreich, Nature, Vol. 43, pages
450-452, 2001; see also Mitchell, Nature Biotechnology, pages 1013-1017,
2001, and US Patent Numbers 6,423,551, 6,306,610, and 6,326,144.

[0003] The development of sensitive non-isotopic detection systems for

use in biological assays has significantly impacted many research and
diagnostic areas, such as DNA sequencing, clinical diagnostic assays, and
fundamental cellular and molecular biology protocols. Current non-isotopic
detection methods are mainly based on organic reporter molecules that
undergo color change or are fluorescent, luminescent. Fluorescent labeling of
molecules is a standard technique in biology. The labels are often organic dyes
that give rise to the usual problems of broad spectral features, short lifetime,
photobleaching, and potential toxicity to cells. The recent emerging technology
of quantum dots has spawned a new era for development of fluorescent labels
using inorganic complexes or particles. These materials offer substantial
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particle size. Moreover, the ZnS capping layer passivates surface nonradiative
recombination sites and leads to greater stability of the quantum dot. (Dabbousi
et al., J. Phys. Chem. B101, 9463-75, 1997. Kortan, et al., J. Am. Chem. Soc.
112, 1327-1332, 1990.)

[0006] Despite the progress in luminescent quantum dots technology, the
conventional capped luminescent quantum dots are not suitable for biological
applications because they are not water-soluble.

[0007]In order to overcome this problem, the organic passivating layer of
the quantum dots were replaced with water-soluble moieties. However, the
resultant quantum dots are not highly luminescent (Zhong et al., J. Am. Chem.
Soc. 125, 8589, 2003). Short chain thiols such as 2-mercaptoethanol and 1-
thio-glycerol have also been used as stabilizers in the preparation of water-
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dots technol ogy, the conventional capped | um nescent
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applications because they are not water-sol uble.
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atargudationt af b]dmaolecules such as proteins or nucleic acids. GB 2342651 also

describes the use of trioctylphosphine as capping material that is supposed to

confer water solubility of the nanocrystals.

[0010]Another approach is taught in PCT publication WO 00/27365,
which reports the use of diaminocarboxylic acids as water-solubilising agents. In
this PCT publication, the diamino acids are linked to the nanocrystal core by
monovalent capping compounds.

[0011]PCT publication WO 00/17655 discloses nanocrystals that are
rendered water-soluble by the use of a solubilising agent that has a hydrophilic
moiety and a hydrophobic moiety. The solubilising agent attaches to the
nanocrystal via the hydrophobic group, whereas the hydrophilic group, such as
a carboxylic acid or methacrylic acid, provides for water solubility.

[0012]in a further PCT application (WO 02/073155), water soluble
semiconductor nanocrystals are described in which various molecules such as
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| ane- | |nked nanoparticles are bonded
describes that of amphiphilic, diblock polymers can be attached non covalently

via hydrophobic interactions to a nanocrystal, the surface of which is coated
with agents such as trioctylphosphine or trioctylphosphine oxide. Similarly, Gao
et al. (Nature Biotechnology, Vol. 22, 969-976, August 2004) disclose water
soluble semiconductor nanocrystals that are encapsulated with amphiphilic, tri-
block copolymers via non covalent hydrophobic interactions.

[0015] Despite these developments, there remains a need for
luminescent nanocrystals that can be used for detection purposes in biological
assays. In this respect, it would be is desirable to have nanocrystals that can be
attached to a biomolecule in a manner that preserves the biological activity of
the biomolecule. Furthermore, it would be desirable to have water-soluble
semiconductor nanocrystals which can be prepared and stored as stable, robust

suspensions or solutions in aqueous media. Finally, these water-soluble
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produced in the matrix due to the renoval of the

tenpl ate nol ecul e has propertides that can be used for

| abel ing. [0014] Recently, the use of synthetic

polynmers to stabilize water soluble nanocrystals have
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nanOOth;ésécﬂJeSofimb tiamoprystais sail chppingdrezigemt having at least one
nanocrystals having the features of the respective
indepfé?\’cﬂ’@ﬂg OfPU¥:ns. [ 0018] In one aspect, the

'Cgrvrgpf 'Slon drii Y 's8EbRE! Ibfer® cURIRISIRP U Bofyman fialing! 8t least one
couplmg moiety covalently coupled to the at least one coupling group of
the capping reagent.

[001 91 The water soluble nanocrystal is obtainable by a method

comprising:

reacting a nanocrystal core as defined above with a capping reagent,
thereby attaching the capping reagent to the surface of the nanocrystal core
and forming a first layer surrounding the nanocrystal core,

and

coupling the capping reagent with a polymer having at least one coupling
moiety that is reactive towards the at least one coupling group of the capping
reagent, thereby forming a second layer covalently coupled to the first layer and
completing the formation of a water soluble shell surrounding the nanocrystal

core.
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VI1b, subgroup VIIlb, main group Il, main group IIl or
mai n group |V of the periodicBsystemof the el enments
(PSE) and a water-sol uble shell surrounding the
nanocrystal core, said shell conprising: a first layer

conpr [6020] I8 AhEierngsperag e invdriioned tivetied tuaf aater soluble
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tWriding:he at | east one coupling group of the capp| ng
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coupl ed t @ firatlayer sempESig rRPRIBETEAIGHFMAREEd to the surface of
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nano core anot
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she wa’(emfsotubée nanocrystal is obtalnable by a method compnsmg

reacting a nanocrystal core as defined above with a capping reagent,
thereby attaching the capping reagent to the surface of the nanocrystal core
and forming a first layer surrounding the nanocrystal core,

and

coupling the capping reagent with a polymer having at least at least one
coupling moiety that is reactive towards the at least one coupling group of the
capping reagent, thereby forming a second layer covalently coupled to the first
layer and completing the formation of a water soluble shell surrounding the
nanocrystal core.

[0021] Traditional methods of coating nanocrystals typically do not
involve covalent bonding at the interface between the polymer layer and
nanocrystals. In the present invention; both small monomers or low molecular
weight polymers/oligomers (typically polymers with rather low molecular weight)
are first used to cap the nanocrystal surface (for example, to form a metal-
sulfur or metal-nitrogen bond) to form a capping reagent layer, also known as
the first layer. This firs layer is covalently bonded to the nanocrystal core. This
step is followed by coupling of a polymer (bearing water soluble groups) to the
capping reagent in the presence of a coupling agent. In carrying out the



el ements (PSE), and at |east one el enent A selected

frommain group V or main group VI of the PSE, and a
wozwen1ssed ubl e shell surroundi ng the nanocrystET/$£62085/000136

said shell conprising: a first |ayer conprising a
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[0021] Traditional nethods of coating nanocr¥st al s

tiherely atfaching dbe iaappingeresgeat datthe sufacg at theneanocrystal core
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nanocrystal core.

[0023] The present invention is based on the finding that water soluble
nanocrystals can be effectively stabilized through the formation of a water
soluble polymer shell surrounding the nanocrystal. This shell comprises a first
layer (comprising a capping reagent) covalently bonded to the surface of the
nanocrystal core, and a second layer (a coating reagent comprising a polymer)
which is covalently coupled to the first layer, thereby over-coating the first layer
(thus acting as a coating reagent). It is found that a polymer shell synthesized in
this manner allows the nanocrystal to stay in an aqueous environment for a
reasonably long period of time without any substantial loss of luminescence.
Without wishing to be bound by theory, it is believed that the improved stability
of the nanocrystals can be attributed to the protective function of the polymer
shell. The shell behaves as a hermetic box or protective barrier that reduces
contact between the nanocrystal core and reactive water-soluble species such
as ions, radicals or molecules that may be present. This is useful for preventing
the aggregation of nanocrystals in an aqueous environment. It is thought that in
so doing the nanocrystals are kept electrically isolated from each other, thereby



cappi ng reagent in the presence of a coupling agent.

In carrying out thecoupling step, the polyner forns a
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thereof. Once the polymer is dbupled to the capping

reagent, what results is the formation of a water
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surface t he nanocrystal core and f
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e coupling noi ety reactive to
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e ‘present” i nvention 1s based on the finding
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| oss | um nescence thout wishing to be bound fy
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(quantum dot) can be rendered water soluble, so as long as the surface of the
nanocrystal can be attached with a capping reagent. In this context, the terms
“nanocrystal” and “quantum dot” are used interchangeably.

[0025]In one embodiment, suitable nanocrystals have a nanocrystal core
comprising metal alone. For this purpose, M1 may be selected from the group
consisting of an element of main group Il, subgroup VIIA, subgroup VIIIA,

»  subgroup 1B, subgroup 1IB, main group Il or main group IV of the periodic
system of the elements (PSE). Accordingly, the nanocrystal core may consist of
only‘ the metal element M1; the non-metal element A or B, as defined below, is
absent. In this embodiment, the nanocrystal consists only of a pure metal from
any of the above groups of the PSE, such as gold, silver, copper (subgroup Ib),

) titanium (subgroup [Vb), terbium (subgroup llib), cobalt, platinum, rhodium,
ruthenium (subgroup VIIIb); lead (main group V) or an alloy thereof. While the
invention is mainly illustrated in the following with reference only to nanocrystals



of the nanocrystals can be attributed to the

protective function of the polyner shell. The shell
whmhavsss2as a hernetic box or protective barrirT/i¢ombs/000136

reduces contact between the nanocrystal core and

reactive water-sol ubl e speci ed such as ions, radicals

or nol ecules that may be present. This is useful for

preventi ng the aggregati on of nanocrystals in an
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the nanocrystals are kept electrically isolated from

empureomnpatal or amp@yyafmr@ mt@lﬁgqaﬁlgalsg ¥>e used in the invention.
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appl i cati ons. 24] In accordance with the invention,
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CRarfocrystals having a ZnS shell, as well as (CdS)-nanocrystals having ZnS
shell.

[0027] The invention is not limited to the use of the above-described
core-shell nanocrystals. In another embodiment, the nanocrystal of the
invention can have a core consisting of a homogeneous ternary alloy having the
composition M14.\M2,A, wherein

a) M1 and M2 are independently selected from an element of subgroup
llb, subgroup Vlia, subgroup Vlila, subgroup Ib or main group |l of the periodic
system of the elements (PSE), when A represents an element of the main group
VI of the PSE, or

b) M1 and M2 are both selected from an element of the main group (lll)
of the PSE, when A represents an element of the main group (V) of the PSE.



conprising netal alone. For this purpose, ML may be

sel ected fromthe group consisting of an el enent of
wormoeigseup |1, subgroup VIITA, subgroup VIIIAPCI/SG2005/000136

subgroup | B, subgroup HB, main group Il or main group

IV of the periodic systemof flRe el ements (PSE).

Accordi ngly, the nanocrystal core may consist of only

the nmetal element ML; the non-netal element A or B, as
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core rr(% be a binary nanocrystal alloy conprising two
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heating a reaction mixture containing the element M1 in a form
suitable for the generation of a nanocrystal to a suitable temperature T1, adding
at this temperature the element A in a form suitable for the generation of a
" nanocrystal, heating the reaction mixture for a sufficient period of time at a
temperature suitable for forming said binary nanocrystal M1A and then allowing
the reaction mixture to cool, and
reheating the reaction mixture, without precipitating or isolating the
formed binary nanocrystal M1A, to a suitable temperature T2, adding to the
reaction mixture at this temperature a sufficient quantity of the element M2 in a
form suitable for the generation of a nanocrystal, then heating the reaction
mixture for a sufficient period of time at a temperature suitable for forming said



group V). The core and/or the shell includes GN, GP,
GaAs, GSb, InN, InP InAs, InSh, AIN 1 AP, AlAs,
woXBk118Speci fi c exanpl es of core shell nanocr yRIT$G2005/000136
that can be used in the present invention include, but
are not limted to, (CdSe)- ndhocrystals having a ZnS
shell, as well as (CdS)-nanocrystals having ZnS shell.
[0027] The invention is not limted to the use of the
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A Cchen 283101 980 8mT8530 85649 Bhong et al - 3.

Am Cr[@UMﬁﬁCson?@Q%fé%d ehi&d@ments, x as used in the above chemical
formulas has a value of 0.10 < x < 0.90 or 0.15 < x < 0.85, and more preferably
a value of 0.2 < x < 0.8. In particularly preferred embodiments, the nanocrystals
have the composition Zn,Cd,S and Zn,Cdi,Se. Such nanocrystals are
preferred in which x has a value of 0.10 < x < 0.95, and more preferably a value
of 0.2 <x<0.8.

[0035]In certain embodiments in which the nanocrystal core is made
from lI-V nanocrystals of the invention, each of the elements M1 and M2 are
independently selected from Ga and In. The element A is preferably selected
from P, As and Sb. All possible combinations of these elements M1, M2 and A
are within the scope of the invention. In some presently preferred embodiments,
nanocrystals have the composition Gaylni.4P, GaxIni,As and Gaylnq.,As.

[0036]In the invention, the nanocrystal core is encased in a water
soluble polymer shell which comprises 2 main components. The first component
of the water soluble shell is a capping reagent that has affinity for the surface of
the nanocrystal core and that forms the first layer of the polymer shell. The



13553, or the International patent application WO
2004/ 054923. [0030] The designation ML and M2 as used
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i nt erchangeabl y throughout the specification. For
exanpl e, an alloy conprising @ and Hg can be
designated by ML or M2 as well as M2 and ML, each
respectively. Likew se, the designation A and B for
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B prietfir Wi el eSHRInG, fractiPhn BBl Tieks 1o ppoieties may be
Spriekaht i thercappmdlRizjent leﬁﬁeloét a temninal bshtibn ohithe molecule, or
heating the reaction mxture for a sufficient periao

od
odt aineB-terminal dogatieatalpeg 4oe raainechain of dhaimelecule. Examples of
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€ reaction 0 cool to room tenperatiure,
i ;bitaviestigetclo t er nary nanocrystal ML -XI\/QXA [0032]

of 0. BB3Bfia’Sne) e5apuimeek ohahegPring GEageR! KErbefsgh ot moiety
Ohavi Qﬂ%n?rfomﬂ*ie? sOff8E& of Gtk %reooﬁtrfe ﬁaﬁoé}y&ﬁl dd’d AVSIBty being

nor e r ef enbod |nEnts X can have a val ue bet ween
alocatedoata terminalpositian oo the sappgseagenb melequl® The,interaction
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atbe?rl#\tlnacl) gjzro(trj};r;(s]I lggl?.llcjite r%o?eﬂes that have free (unbonded) electron pairs,
thereby enabling the capping reagent to be bonded to the surface of the
nanocrystal core. Exemplary terminal groups comprise moieties containing S,
N, P atoms or a P=0 group. Specific examples of these moieties include amine,
thiol, amine-oxide and phosphine, for example.
[0039]In a further embodiment, the capping reagent further comprises at
least one coupling group spaced apart from the terminal group by a
hydrophobic region. Each coupling group may comprise any suitable number of
main chain carbon atoms, and any suitable functional group that can react with
a complementary coupling moiety on the polymer which is used to form the
second layer of the water soluble shell. Exemplary coupling moieties may be
selected from the group consisting of hydroxy (-OH), amino (-NH_), carboxyl (-

COOH), carbonyl (-CHO), cyano groups (-CN).



[0033] In the HVI ternary nanocrystals, the elenents
ML and M2 conprised therein are preferably
wO ndepsadent | y sel ected fromthe group consi stRCESGH005/000136
Zn, Cd and Hg. The elenment A of the group VI of the
PSE in these ternary alloys i33preferably selected
fromthe group consisting of S, Se and Te. Thus, all
conbi nati ons of these elenents M, M2 and A are within
t he sdqOp40h & peefemednémbodinentptied eappithge rdagintreohgprises one
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F%g% af)rgﬁjssgée pr etpg;fc?go '8 odib%-rf(tgg?@gqg?r’med in the
above chem cal fornulas has a value of 0.10 < x < 0.90
or 0.15 < x < 0. 85, andT(?D_r_eHE@f_ bly a value of 0.2
< X <0.8. In particularTy prefer enbodi nents, the
nanocrystals have the conposition ZnxCdi -xS and
ZnxCdi -xSe. Such nanocrystals are preferred in which
x has a value of 0.10 < x < 0.95, and nore preferably
a value of 0.2 < x < 0.8°9035] In certain
embodi nents in which th&T WB'@}]%@P%\I_ core is made from
H -V nanocrystal s of tH&RiMWIERPORKYEI®ACch of the
elenents ML and M2 ar e GMdEperiB@aOrR sel ected from Ga

and | e ' r :

ho- andoQ8inrs B ehpBUERERE LY G FacdlBomprises two
MioupViRg ajrdup spaeedviapaitrfrérhethedeminal gtdup by\eehydrophobic region,
song presentl referred e di nen _hanocrystals

ha% Blustrategdd Q'PW@QWQW%‘E%@M -xAs and

Gaxl ni -xAs. [0036] In the inveswmj on, the nanocrystal

core is encased in a water so)/ubl e pol ynmer shell which
conprises 2 mai n conpdfemtsiRThe first conponent of

the water soluble shell is a c i ng reagent that has
affinity for the surface of the ranocrystal core and

that forns the first layer of the polyner shell.

Thesecond conponent i swhéreie pol yner that is coupled to

t he cappi ng reagent amG -wrmglal graupns t he second | ayer

of the water sol ubl e siRelhlydrppdBic]rédidn t ypes of snal |

nol ecul es or macr onol emylkeammtioaginggreepsi ndi ng v

affi ni[b;(/’ to surface of nanomaterials rmg be used as

cappi ni§0dehigdhesormulas G1 and G2 above, the coupling groups CM1 and
CM2 may be hydrophilic. Examples of hydrophilic coupling groups include -
NH2, ;COOH or OH functional groups. Other examples include nitrile groups,
isocyante groups and halides. The coupling groups may also be hydrophobic. A
capping reagent having a combination of hydrophobic and hydrophilic groups
may be used. Some examples of hydrophobic groups include an alkyl moiety,
an aromatic ring, or a methoxy group.

[0043] Without wishing to be bound by theory, it is believed that the
hydrophobic region in the capping reagent as defined in formula (G1) and (G2)
is capable of shielding the nanocrystal core from charged species present in an
aqueous environment. Charge transfer from the aqueous environment to the
surface of the nanocrystal core becomes hindered by the hydrophobic region,
thereby minimizing premature quenching of intermediate nanocrystals (i.e.

nanocrystals that are capped with the capping reagent) during synthesis. Thus,



for formng the firs layer. Preferred capping reagents

are organi c nol ecul es and may have, firstly, at |east
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i mmobi li zed on the surface of the nanocrystal core,

and, secondly, at least one cdfipling group that

provi des for subsequent coupling with the polyner. The

coupling group may react directly with the coupling
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{4138 HverkiBAHEL the oA ﬁra?'f@rﬁml the capping reagent

conprises one nol ety havi ng afflnlty for the surface
of the core of the nanocrystal, said noiety being

| ocated at a term nal positieaﬁg&_&?g_ appi ng reagent
nol ecul e. The interaction be ocrystal core
and the noieties may arise from hy obic or

el ectrostatic interaction, or fromcoval ent or

coordi native bonding. Suitable ternidg, groups include
noi eti es that have free (unbonded) electron pairs,

t hereby enabling the capping reagent to be bonded to

tor i r12Pa8fiphis' REmIR K FekibSentd fempifl BioBblinat nag afiinity for
ahengurfiicedofhe arvLpystaipeoref D(crr@ya\WIsebctéd fioas S, N, P, or O=P.
moi eties include amne, thiogl, am.n

de and _
ppRRgific g¥amples téfxtaﬁ—rjp@let){ U@Q@]mp)ﬁ uﬁp @ﬁgrone of the followmg' H-
L C aggn
PSRRI IR CRRRPERS §UHLR CERPFEIEPSt ast 2 mai
t ehraim nedrbgn oatonis;  andhyitius ppossessesghydiopBabie cbaradtery if R, is

gr%gmq'g%rg&gwé{haﬁ%agﬁﬁ | ta Irefeunag‘%) rﬂchc i iy fﬂﬁ%{]provides a
Cﬁ\{drbﬁﬁéﬁlc%%lbnaséb@?ﬁﬂr@métmz ﬁ@ﬁpkheﬂﬁaﬁ@d:r%tal eord. hEhe moiety

is used to formthe second Ia\é;ar of the

ki selesleghemdiet) -CQRemi-eMeQod s Brgoiety tatcomniipes at least

b(?ne coupling moiety for subsequent polymerization, and which thus confers a
predominantly hydrophilic character to a portion of the hydrophilic capping
reagent. Exemplary polar functional groups include, but are not limited to —OH,
—-COOH, -NH;, —CHO, -CONHR, -CN, -NCO, -COR and halides. The numerals
in the formula are represented by the symbols k, n, n’ and m. kis 0 or 1. The
numeral n is an integer from 0 to 3 and n’ is an integer from O to 2; both are
selected in order to satisfy the valence requirement of X and Y respectively. The
numeral m is an integer from 0 to 2. The numeral k is 0 or 1. The condition
applies that if k is 0, Z will be bonded to Ra. The value of k=0 caters to the case
where the coupling moiéty Z is directly bonded to R, where, for example, R, is a
cyclic moiety, e.g. aliphatic cycloalkanes, aromatic hydrocarbons or
heterocycles. However, it is possible that R, is a cyclic moiety when k=1, e.g. a
tertiary amino group bonded to a benzene ring, or a cyclic hydrocarbon.



selected fromthe group consisting of hydroxy (-OH),

amno (-NH2) , carboxyl (- COOH), carbonyl (-CHO,
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appi K dsistRiesediuas Arepupling grevackgnapdnay fyungtionnas a structural

t er m WC7 e [

R g U RRbZ R BogRRt oY S Him part
tafithé ealipliiigogroupR - hydr ophobic region CML & CM2 -

coupl i na &roups [.004 [n the form#l as GlL and & .

above, 00481 Theumeigly Feollhdhenabayf TeipuiRa{aye comprise between

high L. S r | | E52iR OWBOhEY 19 i

BB 5 RS Bl ORI | g0 S 48 pariculr
eerabpdiaentnedchief R4 and & indapendently cpmnprisegr2dpsSimiin chain

hal i d h | | al so” be_hydr ophobic.
RO e GRS 67 VBB SnSHE! Iy KPEBRobramples of
gt aBIRRek vihish ediR DeiRedoBr RaGicluds By aiEHyeSallkbxy and aryl

hydrophobi ¢ groups include an al kyl noiety, an
anowediesc ring, or a nethoxy group. [0043] Wt hout

Wi shi 3&8%?1:19% ,ngﬂd."QMYﬁhggrYJseht hief’einelr.i%gsgdtgte%;tégﬁ%hed or

hydr o egion in e cappi ng reagen
| uhbranchdd) st@ightamding@pr cyclicagathrated fhyanoedrongrobpe, generally
in

RTBDAING 401 Sh RO Ry SUh AR FIE Y SRV REPERRYE JePropyl, -
BT NYTRR, £5utyctyl, decyl, tetradecyl, hexadecyl, eicosyl, tetracosyl, as
well as cycloalkyl groups such as cyclopentyl, cyclohexyl, for instance. The term
"alkenyl" as used herein refers to a branched‘ or unbranched hydrocarbon group
generally comprising 2 to 50 carbon atoms and containing at least one double
bond, typically containing one to six-double bonds, more typically one or two
double bonds, e.g. ethenyl, n-propenyl, n-butenyl, octenyl, decenyl, as well as
cycloalkenyl groups, such as cyclopentenyl, cyclohexenyl, for instance. The
term "alkoxy" as used herein refers to a substituent --O--R wherein R is alky! as
defined above. The term "aryl" as used herein, and unless otherwise specified,
refers to an aromatic moiety containing one or more aromatic rings. Aryl groups
are optionally substituted with one or more inert, non-hydrogen substituents on
the aromatic ring, and suitable substituents include, for example, halo, haloalkyl
(preferably halo-substituted lower alkyl), alkyl (preferably lower alkyl), alkenyl
(preferably lower alkenyl), alkynyl (preferably lower alkynyl), alkoxy (preferably
lower alkoxy), alkoxycarbonyl (preferably lower alkoxycarbonyl), carboxy, nitro,
cyano and sulfonyl. In all embodiments, R, may include heteroaromatic
moieties, which generally comprise heteroatoms such as nitrogen, oxygen or
sulfur.

[0048]In a preferred embodiment, R, is selected from the group
consisting of ethyl, propyi, butyl and pentyl, cyclopentyl, cyclohexyl, cyclo-octyl,



surfa

ce of the nanocrystal core becones hindered by

t he hydrophobi c region, thereby m nim zing premature
waeeercissszg of i nternedi ate nanocrystals (i.e. PCT/SG2005/000136

nanoc
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regio
final

rystals that are capped with the cappi ng reagent)
g synthesis. Thus,the pr&ent of the hydr ophobi c
n in the capping reagent can help to inprove the
quantumyi el d of the nanocrystals. Exanples of

hatbo a0 vbhexyTdUEsiye 2ind Uidraly| moietiest [Drse pmbmﬂraennof admeferred
hydr ocar bon noi eti es, |nclud|ng al
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EacaoBl comaohass hryd B shacte Tafra ab el

8mﬂpﬁd|nent t he cappi ng

hﬁiyhhgmﬁﬁ&%% nanocrystal of the invention has

€0049] Extapnplas sof( lspmez pariidady Isuitables dapping agagents are
t hat ,.has affinit or the

fromS, N P, or O=P. Specific exanples of the noiety
Hn- X- may |nclude any one of the follovwnﬁgl"i HS-, O=P-,
and H2N-, for exanple. Ris a noiety c I sing at

| east 2 main chain carbon at ons, An hus possesses
hydr ophobi ¢ character. | i sNpredom nantly

hydr ophobic in charact®, e.g. a arbon, it then
provides a hydrophobic region separatingoamiety Z from

the n

anocrystal core. The noiety Y is sglected fromN,

C, -COO, or -CH2O. Zis a noiety that conprlses at
| east one coupling noiety for subs t
pol yneri zati on, and which thus confers a predom nantly

hydr o
cappi
i nclu
- CHO
inth

philic character to ti of the hydrophilic
ng reagent. Exenpl &y polar f i onal groups
de, but are not limted to -OH, , -NH 2,
-CONHR, -CN, -NCO -COR and hallde§HzThe nunerals

e fornula are represented by the synbols k, n, n

and m k is OCor 1. The n ra IS ,1 nteger from

o 3

and n'" is an integer from Qo 2; “both are

selected in order to satis h ence requirenent

of X

and Y respectivel y."$The nuneral®¥Hs an integer

fromQo 2. The nuneral o condi ti on
applies that if kis O ”%ér'ﬁ b%“bon% to Ra. The
val ue of k=0 caters to the case PE the coupling
nmoiety Z is directly bonded t where, for exanple, R
is a

HS

COOH, and

NH,

CONH

/\/
NN

CONH

NH,

[0050]In another embodiment, the capping reagent couples with the

polymer via polymerizable unsaturated groups, such as C=C double bonds, via



cyclic noiety, e.g. aliphatic cycloal kanes, aromatic
hydr ocar bons or heterocycles. However, it is possible
wda tmb/11Ra42 s a cyclic noiety when k=1 , e.g. a RENV$SGRADY000136
am no group bonded to a benzene ring, or a cyclic
hydr ocar bon. Therefore, in thelpresent fornula, either
Y or Z can function as a coupling group. If Zis
present as a coupling group, then Y may function as a

Sarfyuféel FadicSIopaipRenzatio methasiBi Spsvifid exemplesusf stich capping
If°Zis absent, Y may then formpart of the cou

i
gesgents[iogude, tmtear@m@ttlgvmt%d fohwrthiol deBnwatest mﬁtgylrmthacrvlate,

FERierRfRE, "R RTENERS AR, | SETF bR IO S
ahéth&lbutehmemdtatec @muinstiserdethmrizthiohi and h&iZquinolinemethyl

at ons. may conprise one or nore amide or ester
|thma&g@ée Exanpl es of suitable noieties which can be

used f@g ﬁ%%ﬁd{i&&%bon&kt@ﬁﬁ% wélhk%bﬁbf’é‘ghé‘ﬂ ¥lrrounding the

noi et i erm "al as used herein
rredreocsystal aoter @ ddrankd byuonbupimghefl,a golymehbearing nedter-soluble

GRpRS & fod Fapbegreadbib vattnusdutt e calBfHE Agpt to activate the
eécmﬂlm ggerggﬁé’)firesérﬂ%rtﬂ@)’éapﬁ‘ﬁbﬂréé?emsqtﬁét ¥ouplingdagent. and the

octyl, tetradecyl, hexadecy el cos
tmlvmeosqaarmesthnenpualng:mlgmsxynaxgrlzmp%id@dcﬁeg@entla"y. i.e. the

I
CHPNERE I Mo S04 Nty L8 0 g BRalPine potymer may
%@édﬂ@@GanWTmelytmﬂn@mhnhemephhg agermprl Si ng 2 to
50 carbon atons and cont ai n| ng at gﬁast on

bond | OPBRE B ncan: s CauplRcegentuRal aebtes B euping groups
”ﬂrtﬁet&é%@l He)ég@ﬂlec bé‘ﬁ@egoﬂ%’icﬁye)%ﬂ?e c@u&rn\%gfﬁggé chemically

ute oct ehy cen
cearhpatitie with meocqmlng; oedpend used fopécmm;nglthe first and the polymer

rbseef forraithing 1B seQERYRL APEE Bay fh 20kpifg 48Rt does not

At with tHinh tedaihameir StRscttRy Mdéally| o amredsted coupling agent
herei n, and unl ess ot herw se specified, refers to an

ashowid be piesentyin domnaneenigtabas e cREPENg,AgARMelecklggsshould be
Aﬁgrlnp%w? pcﬁsﬁége@ Fﬁa)r ggg)n]\é/r E‘ibk? Sduicdt FI%W@VEH a?x(r)%éltclalc reality, it

nor e non trtuents on t
rimight bed pmssibbé)ltha‘summlat:tmtresnwlsuabé tHeor caupdingl @gent may
hr?cle\;)erthe?ess e %resent in the final nanocrystal.

[0053] The determination of an appropriate coupling agent is within the
knowledge of the person of average skill in the art. One example of a suitable
coupling reagent is 1-ethyl-3-[3-dimethylaminopropyl!] carbodiimide (EDC) used
in combination with sulfo-N-hydroxysuccinimide (NHS). Other types of coupling
reagents may be used, including, but not limited to, imides and azoles. Some
examples of imides which can be used are carbodiimides, succinimides and
pthalimides. Some explicit examples of imides include 1-ethyl-3-[3-
dimethylaminopropyl] carbodiimide (EDC), sulfo-N-hydroxysuccinimide, N,N'-
Dicyclohexylcarbodiimide (DCC), N,N’-dicyclohexyl carbodiimide, N-(3-'
dimethylaminopropyl)-N'-ethylcarbodiimide, used in connection with N-

hydroxysuccinimide or any other activation molecule.



(preferably hal o-substituted | ower al kyl), alkyl

(preferably | ower alkyl), alkenyl (preferably |ower
watdoemssy2, al kynyl (preferably | ower al kynyl),PGi/&@2095/000136

(preferably | ower al koxy), al koxycar bonyl (preferably

| ower al koxycarbonyl), carbox¥8 nitro, cyano and

sulfonyl. In all enbodinents, Ra may i ncl ude

het eroaromati c noi eti es, whi ch general ly conpri se

het er q@064Hnstheh case Noft aogappingxsgemt or vehith uthe E:60|4ﬁﬁg group
In a preferred enbodi ment, E 1S sel ected fromth

gci%ﬁﬁf'scﬁ%]%" sppalyraied &y bongy i Foun U\gyiigf?mocqggwa%s an initiator
LR R UL e DAY RS byl EBRAY potassium

enzyl noi'eti es odi men
erbelfatedandppravgticeamgent i s sel ected fromthe group

B B o o R i yer o
S«Né{e@-@bﬁxb‘?@%ﬁéw Qnéﬁé&ﬁPF@e e ohwibreiitabe cé@ﬁlﬂ@l ﬁ'iiﬁetles that

having the respective tornulas as follows: [005Q
chvast beupmgwmuam whtGherhmmﬁgNlﬂmgﬁmtedommmvmmps on the

L6l YTk’ Aol SR RS A By AbietdHhat cary

PPl bt FrsdaBe rftsatiments, abieastia (.ecxapipfaity of), functional groups
capgl ng reagents include, but are not limted to

AEg reagtive fewawsribeAativaiacheeyr)ing: aroups 1o the capping reagent.
Sg%lll%sﬁgteﬁq@ F]i%uﬂehﬂ ‘?lk erﬁat(@éstzt\nm%&lﬁﬁlngtrﬂb%ﬁ@?toﬂﬁe polymer are

| oacetat e
2reauterd0W|th anmednﬂesbhtm! carmnmig Be@em; thel polymmet bgtomes covalently

hi 0 f .the.
ered ifimeciniaah 6 3 FRGRGOEBREL Tasrsty/fina  pater soluble
' éol{;ﬁu(a?%ﬁeﬁ’ﬂwaﬁ QuRbLIAgs fn‘e ﬁamrygfar chear i ng

wat er - sol ub groups to the capping reagent, via the
use of[0@56l)'ﬂlp¢|0¢glp raf 1lh@ rebimelt with Hibec gappinggreagent can be

S48 Tyt AP PO SR s o

f@)itabﬁe pstittidn sehemekiintilye fneeeradﬂdm cpobwgaramlsleauhﬂmﬂng or ester
-after the activation has been carried o or th

SRRRED TEACHRNd ARPIS, FaM aHeGds] oTEGHgNa) (PPURjg  reactions,
C;%ig ef%aﬁ@@rnérs ICAASBE §raridd 'b?!'tcﬁ"t?le 28Yp iﬁ%uﬁ]éégj%t via suitable

agent t-activates the coupling groups I
cem[pllng neaatimng, fomexdnaples b pnessmbodiment; the polvpler tg be grafted
r?tgtthie%yc r&%iﬁg Iczlaﬁ{ping reagent is first synthesized, and then it is coupled
to the exposed coupling moieties on the capping reagent via a carbodiimide
mediated coupling reaction (i.e. the cross-linking agent). Suitable polymers
include random as well as block copolymers bearing functional groups that can
be coupled to the hydrophilic capping reagent.

[0057] One preferred coupling reaction is the carbodiimide coupling
reaction provided by 1-ethyl-3-[3-dimethylaminopropyl] carbodiimide] and
promoted by sulfo-N-hydroxysuccinimide, in which carboxyl functional groups
and amino functional groups in the coupling groups of the capping reagent and
the coupling moieties on the polymer react to form covalent bonds.

[0058]In the context of the invention, the term ‘polymer’ that is present
as the second layer of the water-soluble shell includes low molecular weight

polymers (e.g. oligomer) as well as high molecular weight polymers, ranging



conpati ble with the cappi ng reagent used for formng
the first and the polynmer used for form ng the second

wd aye1i8s4eeani ng that the coupling agent does rrRT/$G@A01/000136

with themto alter their structure. ldeally, no
unreact ed coupling agent shoul® be present in the
nanocrystal as the coupling agent nol ecul es shoul d be
conpl etely di spl aced by pol ymer nol ecul es. However, in

Arcifitd edled@a Wkight idf abouidt! Obetopalssitol @00IGN0 Dalteast THe lower
resi dues of the coupling agent nmay neverthel ess be

ﬁmé@ﬁmqlecwafé/v@ghbpf therRRlypet may bedugherithan 100, dependlng on
qﬁ% ﬁ& h@ﬁ\g% S dge&(gﬁg ?I%rsleﬂ{ f é&éwtéﬂ&tﬂg%ﬁn I the polymer is

he "person of 'aver age sk
tdwvédtfronﬁne lexamblecuar aveightt edpleatioguiphit (g.g. cleapdng sreall side

SIS PUhLas ARG U § ROV BENNEPINSS PAST I b 8 molecular
M@\t ofither 6|WH@P c%fn Beugw NG {HRAGESE SofM8Yp apm&em which the

di ng, not I m des and azo
srmpepllregs uoits |havel@hlgh| mblemllarbaellbteée gr bearing bulky sude chains),

S5 36 ISRt S5 b A ECI G  S e oo, the lower
dinpi?blﬂyhélebmapw%t] ofCadeM‘héfﬂnﬁtﬂ/ b&EBout 400, or 500, or 600, or

f o- N- hydr oxysucci ni m de,

01 Q0% | ash 6290, ceir H500.i af @tgl’(eD@t) abcwty\iom cybe drens| “‘coupling” and
e hg@%b‘ %ﬁﬁ'@gr éylu)seﬂr mtetrﬁ r}'%?q[t)) o\((jto refer generaofly to any type of

creaaw whichMditis Nay dhohe¢ﬂlescmgethed€todbrranqne)lsmg1e bigger entlty
activation nol ecule.

s oming e e ahg By SBsn6TR T &8P ine couping
WIsal Yot 884 Grabiidto hgrﬁg %lﬁué’rhid& Péacﬁiéﬁ%'a? %ﬁnaébuple the

Inttrator suc as tert peracetate tert-b
peupding greupsand digé coapling owieties pasenhinpthe gamane reagent and

B B B0 TR Y et et nctuces

sfeaktind'Bhie 0P Mitre iMsafifatid groups $eligl ab=C-cdoyble bonds) present as
noi eties that has coupling noleties which wil] react

vihercoapling graup @otbgmapelr@r w@gENbWiIth r?ecwa%mq@'ngas%wfng moiety
Iﬁg{bg?&adrlyrgeliw éﬁﬁ:’é% %v&l@?ﬂlﬁeﬂlﬁ\\régth&oﬁ@kh@ tHQh a?? ng reagent

I'n SO
(layer. a plurality of), functional groups that are

nggit @Spéﬁ%?pso&mhgr ar%ta\ll V&;rﬁgngg S lher}ghgrr%%ﬁﬁlc orthydrophoblc
moieties, or it may comprise both hydrophilic and hydrophobic moieties, i.e. it is
amphiphilic. These moieties may be present in any suitable proportion in the
polymer to obtain a desired solubility in the environment in which the
nanocrystals of the invention are to be used. For example, in order to improve
water solubility of the water soluble shell, the polymer forming the second layer
may comprise more hydrophilic moieties than hydrophobic moieties.
Conversely, if the shell is to be rendered hydrophobic, a polymer that has a
larger number of hydrophobic moieties than hydrophilic moieties may be used.
[0060]In one embodiment, the polymer comprising at least one coupling
moiety that is reactive towards the coupling group of the capping reagent has

the formula (H1):



As illustrated in Figure 3, when at |east two coupling
noi eties of the polynmer are reacted with nol ecul es of
wda tvee/cBpg Ng reagent, the pol yner beconmes covat@mid2005/000136
coupled ("cross-linked") to the capping reagent,
thereby formng a water sol ub2@ pol ymer shell that
surrounds the nanocrystal core. [0056] The coupling of
the polynmer with the cappi ng reagent can be carried
out by neans of any suitable coupling reaction schene.
Exanpl es of suitable reacti S mes i ncl ude
free-radi cal coupling, amidelcodpling or ester
coupling reactions. Apart frdm usi ng conventiona
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tIRapragticalpd @oew%@et*&at Ret ilarping: eoietiss agd coupling groups
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I'm de coupling react rovi
Imay el pcﬂyménzbdmﬁth)drmnorgmwp}:pml thedastlagér. mi de] and

P borlosRlinc Anefiar et Tl Bt 2oan dvEnsibomyliseminated

| Surtee, Qﬁé’piéc%ﬁdg!'a?ép?o%érh@aﬁ&mbngnfr&ﬁ@%ﬁpsﬂ%lém%ovalenﬂy
coupl i ng noi eties On | ymer react to form

c@ml@mthmnd@arbpm?,}gyunsqof ﬂ'@ ficshiayar. Brisalgo possible that not all

IR By T BB ST BRef L]y covelen

r‘@dlfphugalethglhhceow%ﬂaml(\e @roupsi magebe pdymelirediswith amino
hi gh npl ecul ar, wei ght pol yners, rangi ngfrom a
%yeaurathev@ﬁglﬁvebf about 100 to about 1,000, 000

Dal t g osi@% Arfaeﬁér érmBbdinfint rmleq;dwmbr ¥Binphse®ht It two
pol yne hi gher than 100, depending on the size

mmngbmuetnes Qrailms r@@wertoward%tﬁ@iﬁtrle@@aqnaq@oumm group of

g aPrtE Rt In gt é§?»nt§e§0@%%§ﬁ%aﬂﬁfeuﬂn§)f°”ﬁk%*@@

a polyol or a polyamne he lower |imt of the

nol ecul ar
m n

J K
where J and K are coupling moieties, said J and K are the same or different,
and each of m and n is an integer of at least 1.

[0064]In general, if the capping reagent also has both J and K
terminating groups, the polymer can have one or both K and J groups for
covalent coupling with the capping reagent. For example, if the first layer has
both carboxyl- and amino-terminated surface, the second layer polymer may
have only one of or both amino- and carboxyl- groups, respectively, for covalent
coupling with the carboxyl groups and amino groups of the first layer. It is
sufficient that some of the coupling moieties are covalently coupled to the



wei ght of the polynmer can be low In the case of a
pol ymer in which the repeating units have a high

wombecisser wei ght (e.g. bearing bul ky side chaamyG2005/000136

then the lower Iimt may be higher than 100. In sone

enbodi ments, the lower limt 9 nolecular weight of a
pol yner may be about 400, or 500, or 600, or 1000, or
1200, or 1500, or higher at about 2000. The terns

'cotphd BEbupd)@nddpigalot mecessarlyifogtheacsuplimgdmoieties to be present

i nterchangeably to refer generally to any type of

i gXactsHoORRICENEYie 3t asuheeP RO OB et her to form
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that can coupl e the couplin roups and the coupljn

B¢ saPREg Pagent: I fois sEbeg ety SPBRAINTER Rt fiaVe theformula
ynmer are within the neaning of the term ' Coupling

al'so includes reacting one or nore unsaturated groups

(e.g. -C=C- doubl e bonds) present as the coupling

group in the capping reagent with a correspondi ng

coupling noiety in th | [ to covalently

bond t he pol ynmer to the |cappilng T¢agent | ayer.

[ 0059] The polynmer may cqQmpri g ei ther hydrophilic or

hydr ophobic noieties, or it may conprise both

twhizretshill Kcaadd- layeircophting eneisties. said J.. 1. and Lj gre the same or
OISR b s 30 o B T BEEE 57t RS i forner

srhbddihieny, the pdigmengan bave® or mord idifferehefunctional groups (NH2,
nanocrystals of the jnventi o_g_ are to be kﬁﬁ? For
XN e NGO, &H@r ate) i M50Wding: dratebsRIpPlity yasomvelh@s surface
V&R@iini&ht‘ﬁ%@fﬁ&%%r.the pol ymer form ng the second

| ayer y conprise nore hydrophilic noieties than

hydr o {RO86LT hevipotyimear. fooming:theeisgcond layer whuld comet ipto contact

S B 50y RBRP S RoBBLOHE e ke e or e
RirRichtalnty e sohasle 0B dolvente winibRdigniconigiige water, for
pol ymer conprising at | east one coupling noiety that

exanale: a\IBasbLRE B5SHEOSBIRY MRISHRLHIRAY Lt HegraBl srprises a
G o0 1 B d $OpAv10 GRG0 shel. For
chisppurppse, the polymer may also comprise at least one moiety having a
hydrophilic group that confers water solubility to water-soluble shell. The moiety
may be present either separately from the coupling moiety or on the coupling
moiety itself.

[0067]In one embodiment, the coupling moieties J, K and L each
comprises a functional group selected from amino, hydroxyl, carbonyl, carboxyl,
nitrile, isocyanate and halide groups. If it is desired to have a homofunctional
polymer, the coupling moieties of the polymer may be made up solely of, for
instance, hydroxyl groups, or carboxyl groups, or amino groups. In such a case,
the polymer is, respectively, a polyvinyl alcohol, a polycarboxylic acid, and a
polyamine.

[0068]In order to obtain nanocrystals with differing properties (e.g.

solubility in water), other types of polymers having more than one type of



group of the capping reagent, and mis an integer of
at least 1. [0061]To illustrate this enbodinent, if

wd mos/irssazance the first |ayer has am no-term ntEsiG2005/000136
groups, the polyner form ng the second | ayer can have
car boxyl groups for coval entl ¥2coupling with the am no
groups of the first layer. In practical, it is
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[0071]If the capping reagent present comprises polymerizable
unsaturated groups as coupling groups, unsaturated polymers can be used for
forming the second layer of the water souble shell, including polyacetylene,
polyacrylic acid, polyethylenimine.

[0072]in a further embodiment, the polymer may functionalized by
attaching an affinity ligand to the polymer. In so doing, a functionalized
nanocrystal is obtained. Such a nanocrystal can detect the presence or
absence of a substrate for which the affinity ligand has binding specificity.
Contact, and subsequent binding, between the affinity ligand of the
functionalized nanocrystal and a targeted substrate, if present in the sample,
may serve a variety of purposes. For example, it can result in the formation of a
complex comprising the functionalized nanocrystal-substrate which can emit a
detectable signal for quantization, visualization, or other forms of detection.
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pspesd Ny the cattathment of yther wappinac reag@ht amdthe surface of the
pol yanmi ne. [0068] In order to obtain nanocrystals wth
dnanQsTYsgl ¢A8perties (e.g. solubility in water), other
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may be" use I s possible to use
dindirectk conmtlygethe tqqordhhatmg dlggodywepreparad P e;ussolvmg in an

rgrrg]a%llrg g&vgnt Ne%(% tth r?olafym?al cf:c9rre oanrrnngr%emﬁ the organic solvent
for a predetermined period of time, so that a sufficiently stable passivating layer
is formed on the surface of the core of the nanocrystal (hereinafter referred to
as ‘“passivated nanocrystal”). This passivating layer serves to repel any
hydrophilic species which may contact the nanocrystal core, thereby preventing
any degradation of the nanocrystal. The passivated nanocrystal can be isolated
and stored, if desired, for any desired period of time in the organic solvent
containing the coordinating ligand. If desired, a suitable neutral organic solvent,
for example, chloroform, methylene chloride, or tetrahydrofuran, may be added.
[0076]in the second step of indirect contacting, ligand exchange may be
carried out in the presence of an organic solvent or in an aqueous solution.
Ligand exchange (displacement) is carried out by adding an excess of the
capping reagent to the passivated nanocrystal to facilitate contact of the
passivated nanocrystals with the capping reagent. The contact time required to
achieve high levels of displacement may be shortened by agitating or sonicating
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Ltwsm wfaceordipatings llaandﬁadbaﬁ meayy sy pisedu isdide dbiels, amines or
Qﬂgxagrs can be used for form ng the second | ayer of
ter souble shell, including polyacetyl ene,
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capping reagent. Displacement may occur by dispersion of TOPO-layered
nanocrystals in a medium containing high concentrations of the capping
reagent. This step is typically carried out either in an organic solvent or an
aqueous solution. Preferred organic solvents include polar organic solvents
such as pyridine, dimethyiformamide (DMF), DMSO, dichloromethane, ether,
chloroform, or tetrahydrofuran. Thereafter, the polymer to be coupled to the
capping reagent may be prepared and added to the capped nanocrystal cores.
[0079] The method of the invention comprises, once the first layer of the
water-soluble shell has been formed, the further step of coupling the
nanocrystals capped with the capping reagent with a polymer having water-
soluble groups. Coupling may be carried out in the presence of a coupling agent
if desired. The coupling agent may be used to prime the capping reagent to
render it reactive towards the polymer, or the coupling agent may be used to
prime coupling moieties on the polymer to render them reactive towards the
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removed via centrifugation, for example. The amount of polymer added to
couple with the capped nanocrystal may be added in excess as well, typically in
the region of about 10, or about 20 or about 30 to 1000 moles of polymer per
mole of capped nanocrystal.

[0081]In order to couple the polymer to the capping reagent which is
comprised on the surface of the nanocrystal core, the polymer is mixed with the
capping reagent in the presence of a coupling agent. The coupling agent and
the polymer may be added simultaneously to a solution containing the
nanocrystal comprising the first layer (cf. Examples 1 and 2), or they may be
added sequentially, the polymer being added after the coupling agent. The

coupling agent acts as a initiator to activate the coupling groups and coupling
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[0084] The present invention further refers to a nanocrystal, as disclosed
herein, that is conjugated to a molecule having binding affinity for a given
analyte. By conjugating the nanocrystal to a molecule having binding affinity for
a given analyte, a marker compound or probe is formed. In such a probe, the
nanocrystal of the invention serves as a label or tag which emits radiation, for
example in the visible or near infrared range of the electromagnetic spectrum,
that can be used for the detection of a given analyte.

[0085]In principle every analyte can be detected for which a specific
binding partner exists that is able to at least somewhat specifically bind to the
analyte. The analyte can be a chemical compound such as a drug (e.g.
Aspirin® or Ribavirin), or a biochemical molecule such as a protein (for

example, an antibody specific for troponin or a cell surface protein) or a nucleic
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coupl i 9988} bhgrefgseetsemfu hertmg fesrgshemgodiment, the molecule having
binding affinity for the analyte is a protein, a peptide, a compound having

features of an immunogenic hapten, a nucleic acid, a carbohydrate or an
organic molecule. The protein employed as analyte binding partner can be, for
example, an antibody, an antibody fragment, a ligand, avidin, streptavidin or an
enzyme. Examples of organic molecules are compounds such as biotin,
digoxigenin, serotronine, folate derivatives, antigens, peptides, proteins, nucleic
acids and enzymes and the like. A nucleic acid may be selected from, but not
limited to, a DNA, RNA or PNA molecule, a short oligonucleotide with 10 to 50
bp as well as longer nucleic acids.

[0088] When used for the detection of biomolecules a nanocrystal of the
invention can be conjugated to the molecule having binding activity via surface
exposed groups of the host molecule. For this purpose, a surface exposed
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may be ‘incorporated into a plastic bead, a magnetic bead or a latex bead.
Furthermore, a detection kit containing a nanocrystal as defined here is also
part of the invention.

[0090]The invention is further illustrated by the following non-limiting
examples and the attached drawings in which:

[0091]Figure 1 depicts a generalized diagram of a water soluble
nanocrystal of the invention (Fig.1a), wherein Fig. 1b shows in greater detail the
first layer that is attached to the surface of the nanocrystal core comprising
amino ethylthiol as capping reagent, and polyacetyl acid polymer used for
forming the second layer (cf. also Fig 3). As can be seen from Fig. 1b, the
nanocrystal comprises an interfacial region formed from the covalent bonding
between at least one (neighboring) molecules of the coupling group of the

capping reagent and one molecule of the coupling moiety of the polymer, such
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bi ndi 8§§];Fugur"ey3 fsﬁéw? a%df@ﬁné‘tﬁ@ﬂhébﬁam%f@i‘déﬂﬁod for synthesizing
conpo robe I's formed. In such a probe,

t he
rmmmrysnlwiemamne/staimapsulam rea maamngmlymer shegll, formed

n\eapovnﬁiﬁahs PellaBe nelim X B AckPotlU3ich ffl sheil. The.

|r€g}1fﬂe agentsesed & caftsogeteahyltiiol. dh tansglexammath,et polyamide
rinciple every anal yte can be detected for

mltmeaswg@@ﬂtamsmmesg@ apyne GEPURSi sts that is able
I
to at n@p}ﬁ/tﬁLFléﬁféeMﬁwaﬁé'sfé ﬁ’(gdnf‘gyl}}mesuc fé@ r‘?’é]'ﬁ:l sqals of the

The a be a chem ca as a
(iaventioks pgainsi chemicaRokidation rcp,mpnred tbitbe e ofa(CdSe)-ZnS core

helliqanochisials wtwpre eped efly & PeEepPhrdfinpeaia men) or
n&ﬁlr@eﬂ?éﬁéihqugqql e. Wen coupled to an appropriate

nol ecule with binding affinity (which is also referred
to as the anal yte bi ndi ng partner) for an analyte of

I nter S Bréfiatiohr bf CwARsHSbiiEle’ MRfioER/itals _with

be us
moni t oCouglddPolynvers infaqueouls solution he pl asma of a

[0095]TOPO capped nanocrystals were first prepared in accordance with

the following procedure.

[0096] Trioctylphosphine oxide (TOPO) (30g) was placed in a flask and
dried under vacuum (~ 1 Torr) at 180°C for 1 hour. The flask was then filled with
nitrogen and heated to 350°C. In an inert atmosphere (dry box) the following
injection solution was prepared: CdMe; (0.35 ml), 1 M trioctylphosphine-Se
(TOPSe) solution (4.0 ml), and trioctylphosphine (TOP) (16 ml). The injection
solution was thoroughly mixed, loaded into a syringe, and removed from the
drybox. .

[0097]The heat was removed from the reaction and the reaction mixture
was transferred into vigorously stirring TOPO with a single continuous injection.
Heating was resorted to the reaction flask and the temperature was gradually

raised to 260-280°C. After the reaction, the reaction flask was allowed to cool to



patient. In case of troponin, which is a marker

protein for damage of the heart nuscle, and thus in
wameersb4A or a heart attack, a conjugate cont aau/$GR08FI000136

antitroponin anti body and an inventive nanocrystal can

be used in the diagnosis of h&art attack. In case of

an conjugate of the inventive nanocrystals with an

anti body that it specific for a tunor associ ated cell

SUBHAS Carky 98 FIMbf Hulbhrfol (st Uied BRebEntustdific@tioh Wthe TOPO.

di agnosis or 1 magi ng. Another exanple is a conjugate

Addithan rmariaxgeyexmssmot methamxpjt@ausesnthe[ pagdigleEhto flocculate. The

al yte can al so | ex biologi.cal . uct u
Hreliafe, G, BoRBrated raBatie, SuPoElRM iy by Cefftfrugation; the
f
RS PR o e in e A g anic sifts fo produce an
cxmticaﬂuénibaasﬁutlanconj ugat e corrprl sing a nanocrystal of

ot ectbBRBLAn dask cesitaing on S0Pt A GRG) §33 Ratibio ' fiooc under
R}éf&aﬂﬁPSfo?U%Bvé‘r%lcﬁbhrsStmgﬁ Ybod cg) | 609 IiaRg REr Which 0.5 mi
nanocrystal emtting visible light s preferably used

Itrioetgiphiogphine (TOR) twas atided. oRoughly he.1ahidl yireols heft ddSe dots
to be detected by use of a marker conpound t hat
dispareed 4n hexane puere; kprsfarred Hato %\?e?ﬂ%ctiﬂ" eS8l ¥aestyringe and

t I

b’tﬁgﬁé&l@%ﬁpﬁé? 83%-6‘%@?%{9@% zirIE:nEZ t%: ﬁh yheg?ae eth}/ld O]'snathlane
dS) 18 ntvere rusenlo lascthiee Zmandg Sbipretiurgoraf feispectivellpr Equimolar
500085 ok et ot ARRBLA 2ATERCHGE, BRMS B0 nen
%ﬁ%ﬁﬁ@f@b%v@rbcﬁ(‘ ﬂ'ﬁ@@?écﬁué@l 861utién mﬂselmaemtb a syringe and
enpl oyed aS anal yte bi ndi ng partner can be,

or
drangiereed da ama tignal funaat adaeked rtagimnfeaCélonu flasie, After the

i @ Fah %A%%[}nésmﬁ{é‘&%”éégﬁ?°&‘ﬁ?€'{3 75l R siing for

sverdIonours, BUBr) avale dddalli toethe AINGUEE RS prowdtit theSTOPO from
proteins, nucleic acids and enzynes and the |ike. A

rﬁmlwv'agatppamngéowrede@@efatafﬁ but not linited to,

W'th 1[8%1%P§p as vveél‘il?Jé Sﬁgg?”bhéﬁg e| c acoﬁ;\giéd f#f chioroform,

[@66@]wntl’ﬁariatmdn'fanmttdieardmbethyltbml ¢Ef. FHignB) stepl 8% Fhe mixture

nva\}gg Curleégst;oall'llca(%ed %r 2 hours and then left at room temperature until the

formation of precipitate was completed. The obtained solid was washed with
chloroform several times and collected by centrifugation. Then the amino
capped quantum dots were dissolved into a buffer solution with pH value of 8
and then added drop-wisé into a solution of the poly(acrylic acid) polymer
(Average Molecular Weight: 2,000 based on GPC), with EDC and sulfo-NHS
present as coupling agents to activate the coupling groups on the capping
reagent, and stirred at room temperature for 30 minutes (cf. Fig. 2, steps 2 and
3).

[00100] The reaction mixture was first stirred at 0°C for 4 hours and
then left to react at room temperature overnight. The obtained solution was
dialyzed overnight and stored after degassing with nitrogen. Further purification
was carried out by first washing the reaction solution with ether twice and



i nvention can be conjugated to the nol ecul e having

bi nding activity via surface exposed groups of the
wdhmeé/11s8d2ecul e. For this purpose, a surface PCT/SG2005/000136

exposedfuncti onal group on the polynmer such as an

am ne, hydroxyl or carboxyl atélgroup may be reacted

with a linking agent. A |linking agent as used herein,

nmeans any conpound that is capable of linking a

neeneeuysticd o théeatidiceripHoadjusted M) esndie BeB)i pdlymer coated

bi nding affinity for any biol ogical target. Exanples .

dTafloﬁé/S{t@‘ p%@'uﬁﬁ’n-l Thei %‘e@@énf@nm%W'WrSem?@eb‘H’@SO'Ved into

' . t t anal yte bindi ng partner

&?éekéfg?%ﬁﬁ%{'ﬂgﬁgﬁ%?, nki"%@eégb:?wt%g' such as et hyl - 3-

di met {E0#Oinocarthedi physibal-ohemwidedr prapertidd eofc dhel palymer shell

conpounds which are known to the rson skil [ he

Ao Bals [ imenipRsIate IoRR Tl dadnoss of [08e)-2n§Bre shell

Niér?ofcﬁ}%lepf b 'Iﬁm?apérﬂybeﬁr%%ﬂ%propionic acid (MCA) or

3-am nmopropyl -tri met hoxysi | ane,
raminapthamnetio! | (AET) ast foows:i Taaa, aqueous solution of the nanocrystals,

- i meth iyl | - mal eim d 3- .
(OSSP 1Y 3 09l CRPRRUEH o 85, Mo - 20 dheq ghemica
FehaRiR foflowedi plistbSpedttdseopiatlyi (R a?.l FoKitha regfietystals that
that is coupled to the selected nol ecul e having the
i werendoatas reningwithf MGA yoorARhapyidatiennaf tjepannaeiystals was

F I ' [ ATA s .

e SHA) Bl LBl R S9REILBEBRL i 20 minutes. I
neontizet, the dheed hanagrystald oftthe ibuénticn wete significantly more stable
ferrocene derivatives, adanmantan c ounds,

RaajashEDeRy SRl RAIaSIRROUNEE OCaHERAANY SMBbunds al | of

whi ch have a suitable reactive group for formng a

coval ent bond with the nolecule of interest. [0089]

Furt heExample t Be Prepardtion ;| of | WatetrSolubdel iNanocrystals with

COMposLtiQ nt ai ni type of

nanocr &d B0 J .ﬁ? ocrystal may be

i ncor qgonozp i nt TOPOIcapped rzrrtrystalbgers prepaeed iroaceordance
| at ex_bead. Furthernore, a detectiqgn kit containing a
nwithcEyample ot aedi disgolved e I sCtHPERf%Ef talgpg t with excess of 3-
[ j Thecipvent | i ' L
ERRP PPl dEATEr TR, R 1E THE RS Neltrsfbbitcated for
aabhaudetodr and iyen ileft ahradm teoP@taturé gyemightaepil @ krge amount

gl%{1 %% ‘rilaln.l:‘égi?latgIv??l g ggrr?efd ?n_Yi%t %cr)lu%igwqjh% precipitate was collected by

centrifugation and free 3-mercaptopropinoic acid was removed by washing with

acetone for several times. The obtained 3-mercaptopropropionic acid capped
quantum dots were dried briefly with argon gas and then dissolved into
anhydrous DMF. To this solution, excess of EDC and NHS was added and then
stirred at room temperature for about 30 minutes for activation and subsequent
formation of the covalent coupling interface between the capping reagent and
the polymer (cf. Fig 4, step 2). From an additional funnel, polyethylenimine
(Sigma-Aldrich Pte Ltd) with a molecular weight of 1200 (a MW of 400 to 60,000
is generally suitable), dissolved in anhydrous DMF was added dropwise with
strong stirring. After the entire polyethylenimine solution was added, the
reaction was continued at room temperature overnight for coupling of the
polymer second layer to the capping reagent (cf. Fig 4, step 3). Then, the DMF



nanocrystal of the invention (Fig. 1la), wherein Fig.
1b shows in greater detail the first layer that is
watmwectsse t o t he surface of the nanocrystal car@/SG2005/000136
conprising amno ethylthiol as capping reagent, and
pol yacetyl acid polyner used 82r formng the second
| ayer (cf. also Fig 3). As can be seen fromFig. 1b,
t he nanocrystal conprises an interfacial region fornmed
fSNBrt hPad RIAbESY bPQBEHrVQEVB?bVlﬂ@ﬁ ahdéreslucefressure and then
(net ghboring) nol ecul es” of the coupling group of the
odipgolved indaguater. anertharepurification eofdpwet yoeugoatefl quantum dots
noi ety of t pol ymer., . .t he coval ent bond
b‘%?%%rﬁ'epi%‘qgé'm%ﬁbg \3F§§E‘b%ﬂ%%ee cappi ng reagent and
the coupling noiety of the polyner serves as a bridge
i nking the capping reagent nol ecul es together. [0092]
Figure 2 shows a schematic diagram of a nmethod for
synt hesi zing a water sol uble nanocrystal encapsul at ed
in a polyam de polyner shell, fornmed via coupling
usi ng pol yacetyl acid polynmer to formthe second | ayer
of the shell. The cappi hg reagent used is am no
ethylthiol. In this exanple, the polyam de pol ymner
shel | al so contains exposed carboxylic acid groups.
[0093] Figure 3 shows a schematic diagram of a nethod
for synthesizing a water sol uble nanocrystal
encapsul ated in a polyam de polyner shell, formed via
coupl i ng using polyam ne polyner to formthe second
| ayer of the shell. The cappi ng reagent used is
carboxyl ethylthiol. In this exanple, the polyam de
pol ymer shell contains exposed am no groups. [0094]
Figure 4 shows the stability of polynmer shelled
nanocrystals of the invention against chem ca
oxi dation conpared to the one of (CdSe)-ZnS core shel
nanocrystals with were capped only with
mer capt opropi oni ¢ acid (MCA) or am noet hanet hol (AET).
EXAMPLE 1: Preparation of Wter-Sol ubl e Nanocrystals
wi th Coupl ed Pol yners in aqueous sol ution [0095] TOPO
capped nanocrystals were first prepared in accordance
with the foll ow ng procedure. :



[ 0096] Tri oct yl phosphi ne oxide (TOPO (3Qg) was pl aced
in a flask and dried under vacuum (~ 1 Torr) at 1800C
wd ze/d1sseur. The flask was then filled w th niRCU§EIN05/000136

and heated to 3500C. In an inert atnosphere (dry box)

the follow ng injection solut3dn was prepared: CdMe 2
(0.35 M), 1 Mtrioctyl phosphine-Se (TOPSe) sol ution

(4.0 M), and trioctyl phosphine (TOP) (16 nml). The
WhSELI Ghimee: ut i on was thoroughly mxed, |oaded into a
syringe, and renoved fromthe drybox. [0097] The heat

was renoved fromthe reaction and the reaction m xture

s transfer into vigor N stirring TOPOwi th a
s 'nglpéwé%ﬂtﬁo %Qapﬁﬁ;@é%%ﬁ&%hél %f ng was resorted to
t he raeﬂﬁhb@'Zs{fa'I oke @oEhprizing atmedstt otiee mietal M hdelddted from an
rai sed to 260-280 0C. After the reaction, the reaction

falerornthvat subgwmedlb; subgmup Bk, subgrougnlybGubgreyp Vb, subgroup
ST PV 081,55 g1 o ru

A9rdfithé peribdicidystemi béthe eféheenits (R8E),atnel was separ at ed

fromthe supernatant |iquid by centrifugation; the .

eouia | WatepoRbie helbesTaseing e, Nt yRy, or, said shel
'sqng;ol vents to produce an optically clear

3% tion: [0098] A flask containing 5 g of TOPO was
heat ed t o alfi8t @yendemprisinguncapping soagent attagheditadne surface of

I 600C, af whi ch 0, L I [
c2oh Aol BB hBoPhER, Be) EhndbhoriHeRlgath 5t teast one
di spejoe@fing Grdipiane were transferred into the reaction

vessel via syringe and the solvent was punped.off.

Di et hyl zians @zaeeend dayemEQERESING @i BPIYMEl Bawng at least one
((T i i
FespaerPng ol Edfienty Eadiled 8 (ReRiIEHEEBhe soupling group of
di ssahgeappingiedgent. TOP i nsi de an inert atnosphere

gl ove box. The precursor solution was | oaded into a

syringe and transferred to an additional funnel

23 t ach Qrhtd s diiie bRkl icoAfdfisinf:t er the addition was

conpl et ed rﬁwurri xt urew\%as _cgf)dl?eddg 0 900C and | eft

st i r ra m@nporystad\cara| comopriising Eitlgast onasnataldditselested from an

?@éhuerng %fg rﬁ%@\ésfcgequgf ag%)&ofu'bomlﬁgl 58b§reuRY WA subgroup 1B,

subgroup 1IB, main group Ill or main group IV of the periodic system of the

elements (PSE), and at least one element A selected from main group V or
main group V! of the PSE, and

a water-soluble shell surrounding the nanocrystal core, said shell
comprising:

a first layer comprising a capping reagent attached to the surface of
the core of the nanocrystal, said capping reagent having at least one
coupling group,

and a second layer comprising a polymer having at least one
coupling moiety covalently coupled to the at least one coupling group of

the capping reagent.

3. The nanocrystal of claim 1 or 2, wherein the capping reagent comprises a
terminal group having affinity for the surface of the core of the nanocrystal.



[ 0099] TOPO coat ed quantum dots were then dissolved in
chloroform along with a | arge anount of

waoaroerossdeyl t hi ol (cf. Fig. 2, step 1). The m XtaQWsG288000136
ultrasoni cated for 2 hours and then left at room
tenperature until the formatidh of precipitate was
conpl eted. The obtai ned solid was washed wi th
chl orof orm several tinmes and collected by
centrifugation. Then the am no capped quantum dots
were dissolved into a buffer solution wth pH val ue_of
&t.and hehranaetyrial of any ane of ickaigsal &»Buwhereibithe irapping reagent

pol v(acrylic aci ; j ;
St et GO RINE ot EREEE AP Tolahe dElribl group by
CPHpdropBolgeagiont 0 activate the coupling groups on the

cappi ng reagent, and stirred at roomtenperature for

30 mnutes (cf. Fig. 2, steps 2 and 3). [00100] The

react4 j Sapbi b St L I r :
i nAhderbBl bl B heleifookh Polning gt kbfmprises
Toactidrtzhi gredp s séletiedn froas amimoy zieyHroxyr magbonyndarboxyl, nitrile,
stored after degassi n% wi th nitrogen. Further
papPevanata aom hakide UASed out by first washing the

reaction solution with ether tw ce andcentrifugation

of the acidic (pH adjusted to about 4-5) polyner

chat ekhenaanaarystabof aoy of ClaimsThito Sowheteindhe capping reagent is a

nanpcryst al. s re then re-dissolved into water by
a’EPF?ﬂ’ V"&%%@’?Hﬁb‘éfue (to 7-8). [00101] The

physi cal - chem cal propertiesHof¥hR r shel |
nanocrystals of the inventi on"wer e ¢ r8d to those
of (CdSe)-2ZnS core shell nanocrystalg capped with only
mer capt opropi oni ¢ acid (MCA) or am nget hanet hol (AET)
as follows: To an aqueous sol ution of~M he

stals, H2O2 was added in a final concentration
ro\gﬂ%%ﬁ; nmol /1 and the chem cal behavi our foll owed

phot 0% jsea ternsicalgrelp geleleteyl frdin SFNL Pt beOxhocryst al s
t hat re coated only wt or .AET oxidation of the
nanodis ORI OMAREINGAP3ots fiait Bt ATbHR Storms.
nanocy ksgdibstel isth N, (LEOOI, 1dhi-0HBO- MM nutes. 1n
contrast, the shelled nanocrystals of the invention
wer e Zisghirfdietyeonyprisinga pokari funelienal grovmeni cal
oxi da\“s oM‘i ch occurred only slowy.
n is an integer from 0 to 3,
n' is an integer from O to 2, wherein n’ is selected to satisfy the valence
requirement of Y, and

m is an integer from 0 to 2.

7. The nanocrystal of claim 6, wherein the moiety R, comprises 2 to 50 main

chain atoms.

8. The nanocrystal of Claim 6 or 7, wherein R, is selected from the group

consisting of alkyl, alkenyl, alkoxy and aryl moieties.



Exanpl e 2: Preparation of Water-Sol uble Nanocrvstals

wi th Coupl ed Polyners in organic solution [00102] TOPO
waappessranocrystal s were prepared i n accor darreE/sa2005/000136

Exanple 1 and dissolved in chloroform along with

excess of 3- mercaptopropioni3bacid (cf. Fig. 4, step

1). The m xture was first sonicated for about 1 hour

and then left at roomtenperature overnight until a

lgar g harfaHYcry4l SFCIRIe ®, NHeréid owch 6PRIRaimoieheindependently

solution. The precipitate was col |l ected b

selrated frigm ithe dipwp fcoasisingwf thylo mr@rpvlnSﬁyl,aeeatymclopentyl,

r b ' ' for several tinmes. The
6@?@?‘%&! %ch@ﬁg{a\@%é%’yﬁraggﬁ}&g‘? "aci d capped quantum
dots were dried briefly wwth argon gas and then

di ssolved into anhydrous DMF. _To this sol ution, _excess .
J0. EdbeanencgIrstahs! aMcane: Al GIAGIS gﬁq hereiyg s a functional

h o . .
B O D b o M8 A Ul YarBOY, carbory
initrit, isooyabatevarehhalide grappsng reagent and the pol yner

(cf. Fig 4, step 2). Froman additional funnel,

pol yet hyl eni mne (Sigma-Aldrich Pte Ltd) with a
nﬂ'.equeaﬁaH&br?%l ef Gl 102, Wepdin 40Qohtprid@sIPQ0i150 main chain
generally suitable), dissolved in anhydrous DMF was

®lomd. dropwi se with strong stirring. After the entire

pol yet hyl eni m ne sol uti on was added, the reaction was

conti nued at room tenperature overnight for coupling

of2. t MhePtddBrystabeoORirh ayieiwherelnZ foringr camprsesah amide or an
(cf. Fig 4, step 3). Then, the DWFsol vent was renoved
Bpterdinépgeevapor ati on under reduced pressure and then

di ssolved into water. Further purification of the

pol ynmer coated quantum dots was carried out by washing

vi3. h Tiehmaindonystal offarty ofsclaims indol 121 whareiattbe capping reagent is a

nanocrystal, _comprising: a nanocrystal core conprising
é%onl‘@%léldtﬁ%‘;tﬁgﬁlﬁm mgg'a“@cﬁ%lf'%t (9n9%an el enent of
subgroup | b, subgroup Iib, subgroup |IVb, subgroup Vb,
subgroup VI b, subgr oupcgclj%b, subgroup VI1Ib, nmain

group Il, main group r main group IV of the
periodi c system e elenments (PSE), and a
wat er - sol ubl e spyel |l surroundi ng the nanocrystal core,

sai d %WH

COOH,

HS/\/\COOH,
HS-(CH3),-COOH, with n = 6-11



conprising: a first |layer conprising a capping reagent
attached to the surface of the core of the

womnecsyet al , sai d cappi ng reagent havi ng at |PEa33G20082000136
coupling group, and a second | ayer conprising a
pol ymer having at | east one cd@pling noiety covalently
coupled to the at | east one coupling group of the
cappi ng reagent. 2. A water sol ubl e nanocryst al
conprising: a maaocrystal core conprising at | east one
metal ML selegted froman elenment of main group Il
subgroup XA\ subgroup VIIIA, subgroup |IB, subgroup
HB, wgin/group) Il or main group |V of the periodic
syst em of\t he/el enents (PSE), and at | east one el enent
A sel ect ed Qm mai n group V or main group VI of the
PSE, and a water - golu | e shell surrounding the
nanocr yst al core sHY shel | conprising: a first |ayer
conprising a capping reagent it ached to the surface
of the core of the nanocrystg#l, said capping reagent
havi ng at | east one coupfing group, and a second | ayer
conprising a polymer b&i ng at | east one coupling
noi ety coval ent cotpled to the at | east one coupling
group of the gdépping reagent. 3. The nanocrystal of
claipgA4 o \Qﬁ/Legn t he cappi ng reagent conprises a
termnal group havin §mj|n|ty for the surface of the
core of the nanocrystg 4 . The nanocrystal of any one
of clainms 1 to 3, wherei\n the cappi ng reagent
conprises at | east one coupling group spaced apart

fromthe term nal group by hydr ophobi ¢ regi on. 5.
The nanocrystal of claim 4, Mherei n each coupling

g up m%?b§§§'3%é gh*‘ éb‘?ﬁa g@ h%elz&.‘gﬁ ﬁ\% §7oP of the capping

reagent comprises a polymerizable unsaturated carbon- carbon bond.

15. The nanocrystal of Claim 14,wherein the capping reagent is selected
from the group consisting of w-thiol terminated methyl methacrylate, 2-
butenethiol, (E)-2-Butene-1-thiol, S-(E)-2-butenyl thioacetate, S-3-methylbutenyl
thioacetate, 2-quinolinemethanethiol, and S-2-quinolinemethyl thioacetate

16.  The nanocrystal of Claims 1 to 13, wherein the polymer has the formula

(H1):

J
wherein
J is a coupling moiety that is reactive towards the at least one coupling
group of the capping reagent, and
m is an integer of at least 1.



i socyanate and halide groups. 6. The nanocrystal of
any of Clains 1 to 5, wherein the capping reagent is a
womlecisse having the formula (1): Hn- X'R -Y kpd4risG2005/000136

wherein X is a termnal group selected fromS, N, P,

or O=P, Ris a noiety conpris3hg at |least 2 main chain

carbon atons, Y is selected fromN, C -COO, or

-CH2O, Zis a noiety conprising a polar functional

U2UP.THE ﬁa'?}o%sté{ ofrériysofﬁl‘lalnﬁ‘é 24813, Wér%Qhé’ponéﬁcompnses

an integer fromQ wherein n is selected

sattiéastywo Imeupiaiganwtte@dhafr anegeactive towardg the atsleaﬁt one coupling
fromQto 2. 7. The nanocrystal of claim®6,

M@Pgioitl}%%aprpdn%f‘??%gtconpri ses 2 to 50 main chain

atons. 8. The nanocrystal of Caim6 or 7, wherein Ra

Is selected fromthe group consisting of aIk I

al&enylihe nanasxystalef Glaim 1%0W€?F%B tioe polyan ahﬁ?cthﬁpanula (IV):

of Cla|m8 wherein each of Ris a,noiety

i ndependent |y sel ected fT(QEY\')»épgf\e)up consi sting of

et hyl, propyl, butyl, pentyl,mcycl opentyl, cycl ohexyl,

cycl o-octyl, ethoxy, and bgnzylK 10. The nanocryst al

of any one of Clainms 6 to 9, wherein Z is a functional

gr oup wheretx ed from the group consisti ng of ami no,

hydr ox r| a :

et e gpeddere BlipiERizcs, Sid o' arfu K SREURTSAMS B diferent,

wiyedein Z conprlses 2 to 50 main chain atons. 12. The

nanocr yst. aI of Clajm 11, wherein Z further conprises
an am {RENAf manddi isran |"Fﬁ‘$dé’f at least 1.

19.  The nanocrystal of any of Claims 1 to 13, wherein the polymer comprises
at least three coupling moieties that are reactive towards the at least one

coupling group of the capping reagent.

20. The nanocrystal of Claim 19, said polymer having the formula (V):

i

J K L
wherein
J, K and L are coupling moieties, said J, K and L are the same or
different, and
each of m, n and p is an integer of at least 1.

21. The nanocrystal of any one of Claims 16 to 20, wherein at least one of
said coupling moieties J, K or L comprises a hydrophilic group which confers

water solubility to the water-soluble shell.



13. The nanocrystal of any of clainms 1 to 12, wherein

the capping reagent is a conpound selected fromthe
wayrooerpissensi sti ng of: HS- (CH2) n- COOH, with n =P@EYIG051000136

The nanocrystal of Claim4, wherein the coupling group

of the capping reagent conpri3®s a pol ynerizable

unsat ur ated carbon-carbon bond. 15. The nanocrystal of

Cl ai m 14, wherei n the capping reagent is selected from

t3e gr og ﬁQHéd:r%ﬂaT‘%f%f [yV\bﬁ@bWClélﬂ{sﬂﬂ'Fatbem ”ﬁhBVéln the polymer

met hacryl ate, 2- butene (E)-2-Butene-1 -thiol

Su(tber zompneaguattlmsim mmetygmummahwc!mpbmylgroup that confers

oSBT PRI S e 16 e nanocrystal of

Clains 1 to 13, wherein the polyner has the fornul a
(I11): wherein J is a coupllng4rm|et that is reactive

tBhar dihe nanaerysiehef Chaimn d6UpIdsvhpTsilsaid eanplinggppiegies J, K
t
RISy BpERStn S, YRSl s, Bt nycrooy

pedrigoryl, Caipxyls aitrilef isbeymtate and dalijeigngupsi et i es t hat
are reactive towards the at |east one coupling group

of the capping reagent. 18. The nanocrystal of Caim

R PR TS24 AR, Chlbind kB of e

speipmer afd hoeiofrictionad each of mand n is an integer
of at least 1. 19. The nanocrystal of any of Clains 1

to 13, wherein the polynmer conprises at |east three

CosIP| I A FBhEENERI I Hlaih 241 EVEtHeOHE! ﬂﬁartlé‘%e‘%cted from the

|'éast one coupling group of 't capplng eagent
Tireupaonsisying af polyaGiine rpdgcarsaxylicasi,rand pelyviny alh@hol
formula (V): J KL wherein

26. The nanocrystal of Claim 18, wherein the polymer comprises a diblock

copolymer.

27. The nanocrystal of Claim 26, wherein said diblock copolymer is selected
from the group consisting of poly(acrylic acid-b-methyl methacrylate),
poly(methyl methacrylate-b-sodium acrylate), poly(t-butyl methacrylate-b-
ethylene oxide), poly(methyl methacrylate-b-sodium methacrylate), and
poly(methyl methacrylate-b-N,N-dimethyl acrylamide).

28. The nanocrystal of Claims 14 or 15, wherein the polymer comprises

poly(acetylene), polyacrylic acid, and polyethylenimine.

29. The nanocrystal of any of Claims 1 to 28, wherein the molecular weight
of the polymer is between about 2000 to about 750000.

30. The nanocrystal of any of claims 2 to 29, wherein the nanocrystal is a

core-shell nanocrystal.



J, Kand L are coupling noieties, said J, Kand L are
the sane or different, and each of m n and p is an

wa woegs420f at least 1. 2 1. The nanocrystal fCT8G20a3/@®0136

of Clainms 16 to 20, wherein at |east one of said
coupling noieties J, Kor L c88prises a hydrophilic
group which confers water solubility to the

wat er - sol ubl e shel |l .22. The nanocrystal of any one of

Gl ”Bl'hle7nérﬂ)c?ys]tal IR 50 [WiSerd WeBhetdlid Q&écted from the group
conprises at |east one noiety having a hydrophil

groosstingaf ZooGide Hy, M, &re, Sisl, N Clt gt andvier - sol ubI e
shell. 23. The nanocrystal of Caim1l7 to 22, wherein
said coupling noieties J, K and L each conprises a

famcet 'Whaﬁé&V@tﬁ@fQﬁélﬁﬂSUr@ﬂBﬂmWh@relh)’tﬁéOéléhent A is selected
carbonyl, carboxyl, nitrile, isocyanate and halide

drastee group qQONSISHecrSisSelanst Tel ai m 23, wherein the
coupling noieties of the polyner are honofunctional.

25. The nanocrystal of Caim24, wherein the pol yner
133.selTed ednbenystdl haf gammz;owaésmm npe ofanorystal iea core shell

polycarboxyllc acid, and polyvin al cqhol 6. T
mrxsé@ o$elgeted; tipm the giust EPHz'F ;93 @ﬁ%%f %W@E@ CdTe,
|§F§ nocrystal of C ai m 26,
a%ereln sgﬁﬂle ocC copéﬁhﬁgméls sel ected fromthe
group consi sting of poly(acryllc aci d- b- nethyl
| at e thyI thacr | at - sodi.um
yI g’f’é %)BPS)PPFE" ;ﬁ"yan 3%1 op th‘Sﬁ"é" oegapnocrystal

rxsaru.sr@shw hmbgéﬁéw@&@maws Qﬂiby Mhaleidaré YdorhSositidN M1, M2,A,
pol y(met hyl nmethacryl at e-b-'N, N-di net hyl acrylamn de).

2ghergiie nanocrystal of Cains 14 or 15, wherein the

POl YT ACADY M e S RHRRNAG RElct88 o A britr subgroup

and eni m ne nanocr yst al
d ai nb-vIiB oIIIBVBV\ben‘éBn mdir gmbpchulmrmam ghoupflll tdfethe periodic

b of e S SesEronnes £ B basae ot B e mai
nanodryap § of heé*PSE, or
b) M1 and M2 are both selected from an element of the main group (lll) of
the PSE, when A represents an element of the main group (V) of the PSE,
obtainable by a process comprising
| i) forming a binary nanocrystal M1A by heating a reaction mixture
containing the element M1 in a form suitable for the generation of
a nanocrystal to a suitable temperature T1, adding at this
temperature the element A in a form suitable for the generation of
a nanocrystal, heating the reaction mixture for a sufficient period
of time at a temperature suitable for forming said binary
nanocrystal M1A and then allowing the reaction mixture to cool,
and
i) reheating the reaction mixture, without precipitating or isolating
the formed binary nanocrystal M1A, to a suitable temperature T2,
adding to the reaction mixture at this temperature a sufficient
quantity of the element M2 in a form suitable for the generation of
a nanocrystal, then heating the reaction mixture for a sufficient



core-shell nanocrystal.3 1. The nanocrystal of claim

30, wherein the netal is selected fromthe group
wamoeissizng of Zn, Cd, Hg, M, Fe, Co, N, Cu,PCASGA08I000136

Au. 32. The nanocrystal of claim30 or 31, wherein the

element A is selected fromth40group consisting of S,

Se, and Te. 33. The nanocrystal of claim 32, wherein

the nanocrystal is a core shell nanocrystal selected

fromthe grg &Qﬂiﬁhfé hhé t@fnp@ﬂ&ur@%ﬁﬁabl&@ fo@ﬁlfﬁg said ternary

ZnS, ZnSe nTe, HgSe, and HgTe. .

nanocr yst al n@m0%§tabM1olxM2n@ and me:msallqmagéhﬂ regetion mixture to

naving the E0BeicDRs EBBRUDSEHE (3ailf e ity panocrystal

M2 are indepmngeiriAy sel ected froman el ement of
subgroup M-VIB, IMB-VB or IVB, nmain group Il or main
group III of the periodic systemof the el enments

Of A in group
stsof the {%@J@é{éﬁm& Ef eg?gqbo{(ﬁ(zgf)ggt ed from
an el enent of the main group(lll) of the PSE, when A

S T o A BB o e

bi nary nanocrystal MLA by heating a reaction mxture
containing the elenent ML in a formsuitable for the
g¥her atThennaocaystahofcanysofatiaims 34 4o BBawthe0tterget 895 e
T 1, adding at this tenperature the elenment Ain a
form suitable for the generation of a nanocrystal,

hg@t | NgTH Aah8@rysiab of Mnyt of elaims 3 1137i wmémpme eléments M1
of tine at a tenperature suitable for f or mi ng said

banchiM2 aze drdepengdentiy selacted fom dhe @ipHp qonsistiegcefi ép. Cd, Hg,
nms\t FEeCBONf%RJu{A%‘%ﬂ diAd. reheating the reaction
0

m xture, W recipitating or isolating the forned
bi nary nanocrystal MLA to a suitable tenperature T2,
39. The nanocrystal of any of claims 34 to38 wherein the element A is

selected from the group consisting of S, Se and Te.

40. The nanocrystal of Claim 28 or 39, said nanocrystal having the

composition Zn,Cd1,Se or Zn,Cd1.,S.

41. The nanocrystél of any of the foregoing claims, further comprising a
molecule having binding affinity for a given analyte being conjugated to the

second layer of the polymer shell.

42. The nanocrystal of claim 41, wherein the molecule having binding
affinity for an analyte is a protein, a peptide, a compound having features of an

immunogenic hapten, a nucleic acid, a carbohydrate or an organic molecule.

43, The nanocrystal of claim 41, wherein the nanocrystal is conjugated to
said molecule having binding activity for an analyte via a covalent linking agent.



adding to the reaction mxture at this tenperature a

sufficient quantity of the element M2 in a form
wosuoé/alsse f or t he generation of a nanocryst al ,PAG2005/000136

heating the reaction m xture for a sufficientperiod of

time at a tenperature suitabl4tfor form ng said

ternary nanocyrstal ML -XMXA and then allow ng the

reaction mxture to cool to roomtenperature, and

igol ati r
o?ocl aﬂ?nfé?,%&g\n of % %ﬁ%d&%ié‘loﬁ Héﬁﬁéd %5an-ly_htﬁ‘ tﬂ@"f@Fé@b?ﬁg"'clalms for

rthe detgatioalof @n analyte 34 or 35 with O. 01 < x < 0.99.
37. The nanocrystal of any of clains 34 to 36 with 0.5
< X < 0.95. 38. The nanocrystal of any of clainms 34 to

36, WrehRitiod Bep:@paﬁagtas\/v%r@amblréznaﬁ@cnym@@m@ﬁaﬂgy

sel ected fromthe group consisting of
Fe, Copravidingia nAgocmstalmre ggmpns@q]ahlﬁasngl metal eMi/ selected

Ao, #h Fegrifns, 87 SHEUELP, b RGO T, piiofif 166, Bllogroup o,

reubgesus Vi, subgrb@d WIBS sabgrfup Valbj maimgnrcmt K mia@ry igngup 11l or
t he, conposition ZnxCdi -xSe o (‘S% él The
erﬁ'&ﬂf?EPéV %Fh%ﬁ?r'%q'ctsM%teF‘bP 6”19”& SELur t her

COMPrpgk t"ﬁe i ng@ﬁal%\‘é Wth tob;?ﬂg%é%éﬁtt M]JrQEy th?ching the

gi ven ana conj ugat e ayer

tdeppirg w@ens teetHe sdrfaceTbktheamanoorystal cofe mhdafcm'ndnga first layer
wher ei nol ecul haV| ng bi nding affinity for an
a%%'f%"@"]gs sﬁ ICOept i de, a conpound havi ng

feat ymp of an |rmunogen| c hapten, a nucleic acid, a

car bohydrate or an organi c nol ecule. 43. The

nanodioupling the capging rpagentwithea polyeenbaning i deastial least one

Cc%ndpﬂﬂatrﬁ& th%?'lsd re[ggt@g % wa PPSIV#H%aP 'e%gi Bﬂ?aéﬁrl'_pY%éroup of the

for ana tevia cova agen

U@pﬂfg mamoaﬁeﬂtﬁﬁ foasirdeaiseednd rlayiem,ccnlfaIérhl@v coupled to the first .
f oregoi ng cl 'glms for the dete$t|on of a

nal y
A3yl ABd Gom P@%r‘hﬁd"ﬁ“ﬁh‘?’é DWHPE SR h&['aﬁ“rmund'“g the

Cﬁ},{'ﬁyclrygtgqmrgrow ding a nanocrystal core conprising at
| east one netal ML sel ected froman el enent of

subgroup | b, subgroup lib, subgroup IVb, subgroup Vb,
46. A method of preparing a water soluble nanocrystal comprising:
providing a nanocrystal core comprising at least one metal M1 selected
from the group consisting of an element of subgroup 11B-VIB, 11IB-VB or IVB,
main group I or main group Il of the periodic system of the elements (PSE),
and at least one element A selected from an element of the main group V or VI
of the periodic system of the elements,
reacting the nanocrystal core with a capping reagent, thereby attaching
the capping reagent to the surface of the nanocrystal core and forming a first
layer surrounding the nanocrystal core,
and
coupling the capping reagent with a polymer having at least at least one
coupling moiety that is reactive towards the at least one coupling group of the
capping reagent, thereby forming a second layer covalently coupled to the first
layer and completing the formation of a water soiuble shell surrounding the
nanocrystal core.



subgroup VI b, subgroup VIIb, subgroup VIIIDb, main
group Il, main group IIl or main group IV of the
wEmos/oks€2 system of the el enents (PSE), reactir@r/s¢amos/000136
nanocrystal core with a cappi ng reagent, thereby
attachi ng the cappi ng reagent42o the surface of the
nanocrystal core and formng a first |ayer surrounding
t he nanocrystal core, and coupling the capping reagent
with a polymer having at |east at |east one coupling
noiety that is reactive towards the at | east one
odupl |Tr’rg3 gnetnodofof t Glaima@d gy déageherein hibeelppppmanireggent is
3?@90 | ayer covalently coupled to the first |ayer
r ‘eting the formation of a water sol uble shell
surroundi ng the nanocrystal core. 46. A method of
prepari ng a water sol uble nanocrystal conprising: )
p48)V| dihey methwsbof y&laim dr corcdfpr Wherein athel cappingndeagent is
xgﬁg I\éﬂbﬁgel ected fromthe group consisting of an
WP & subgroup MB-VIB, MB-VB or |VB, main group
Il or main group IlIl of the periodic system of the
el enents (PSE), and at | east one. el A sel ect ed

149m atheresthad oramnef fHamyAsule ¢ orW reigr eagfe coupling group
o t a

n@{]eggﬁfyg'l e c‘aa:ﬁgm\% P{bega caeépB%ﬂpl gssers{e ?gglnritcﬂSnﬁlhgrobup selected from
aamian) |h|ygrdxlyle cagqupiyh garteagé mitrie) istayasatd and hafide geoups.
nanocrystal core and formng a first |ayer surrounding

t he nanocrystal core, and coupling the capping reagent

w5 h a‘l'r%’hiéfﬁéd Bﬁ‘éh?%f Tlaih®gb 19149, AtereiftAe ©applrig'@agent has
noiety that is reactive towards the at |east one
cthedormglaghoup of the cappi ng reagent, thereby forning

a second |l ayer covalently coupleg tg theg,(first |ayer
and conpleting the fornmati onFETeg vgﬁgk ol ubl e shel |

surroundi ng the nanocrystal core. 47. e met hod of
Claim 45 or 46, wherein the capping reagent is
hydr ophi | i c. Zn

wherein

X is a terminal group selected from S, N, P, or O=P,

R. is a moiety comprising at least 2 main chain carbon atoms,

Y is selected from N, C, -COO- , or -CH;0-,

Z is a moiety comprising a polar functional group,

kisOor1,

n is an integer from O to 3,

n’ is an integer from 0 to 2, wherein n’ is selected to satisfy the valence
requirement of Y, and

m is an integer from 0 to 2.

51. The method of any of claims 45 to 50, wherein the capping reagent is

a compound selected from the group consisting of



48. The nethod of C aim45 or 46, wherein the capping
reagent i s hydrophobic. 49. The nethod of any of
web@ismess4b to 48, wherein each coupling group PCESEXNS/000136
in the capping reagent conprises a functional group
sel ected from ami no, hydroxyl43carbonyl, carboxyl,
nitrile, isocyanate and halide groups. 50. The nethod
of any of Clains 45 to 49, wherein the capping reagent
has the forrmula (1): o0XX"R Y -Hn wherein X is a
termnal group selected fromS, N, P, or =P, Ris a
noi ety conprising at |east 2 main chain carbon atons,
Y is sel ed fxomN, C -COO , or -CH2O, Zis a
NI etwsmn a polar functional group, k is 0 or
1, nis aninteger Trqm0 to 3, n" is an integer from
Oto 2, wherein n'" isctetected to satisfy the val ence
requi renent of Y, and |\mzis an integer from0O to 2. 5
1. The nethod of any 6f "clains 45 to 50, wherein the
cappi ng reagent ilﬁ—a/gon'pound sel ected fromthe group
consisting of HS-A CH2) n-COOH, with n = 6-1 1 52. The
nmet hod W?‘ clainms 45 to 5 1, further conprising
t he st'f’p of acti L ng coupling groups of the capping
reagent before couplig the capping reagent to the
pol yner.53. The net hotNHef Cl ai m 52, wherein the step
of activating conprises reacting the nanocrystal
conpd-Si n e R4St layer of capping reagent with a
coupl i ng agent. 54’ The method of O aim 53, wherein

the caq n ent is selected fromthe group
consiSsting~of 1-@ Nyl - 3-[ 3-di et hyl ami nopr opyl ]

car be [¢ge.cdBi) with n = 6-11

COOH
HS
COOH, and
NH,
/\/CONH
/\/N
CONH
NH,

52. The method of any of claims 45 to 51, further comprising the step of
activating coupling groups of the capping reagent before coupling the capping

reagent to the polymer.



sul f o- N- hydr oxysucci ni m de,
N, N - Di cycl ohexyl carbodiimde (DCC), N/ N -
waoleayalsskexyl car bodii m de, PCT/SG2005/000136
N- ( 3- di et hyl am nopr opyl )-N -et hyl carbodi i m de, and
N- hydr oxysucci ni m de. 55. Thed#éethod of C aim53 or
54, wherein coupling the capping reagent with a
pol ymer conprises addi ng the pol yner and the coupling

agient Tr@@%&%bdt Bf 1AM U52 OWh%%lﬁatH@ "é.geﬁ ht?f actlvatlng comprlses

nanocrystal conprising t first |ayer. . The me
ofeaatiyg e rxdno@‘yata’rscdﬁpm&ngshe\/ﬁrst dayert ¢fecapmpg waggest with a
carri ed out i n an aqueous buffer solution. 57. The
(9 89598t ai m 56, wherein the aqueous buffer
sol ution conprises a phosphate or amoni um buffer
solution. 58. The nethod of any one of Clains 45to 57,

whrer ei the netlmshpf Claimi &3, shareidthguzoupling qg@nérs sﬁlg@ﬁido‘rom the

SSHolR ! congtind ¢ CRERE e AR AR AIERA DeaBbdjmide (EDO),

OéulfbyNLWdi’@(ysDbﬁnlrmdé cmwxﬁnoymhéaflcérrbedrmtdeod (DK:C) N,N'-
of claim45 to 59, wherejn the polyner

f@pmjp%em p@vjbodMM%.Nrj 1d§naﬂw!ﬂmnnpﬁ@°w @r9ﬂwmb%'mlde and
rﬁe}%lrcy shOURIdget he at | east one coupling group of

e “cappi ng reagent and mis an integer of at |east
1 6 1. The nethod of Clains 45 to 59, wherein the

PGa e Rt ot Gl & o4, wikdrimeulingifig SgPbing reagent with
dj fﬁgﬁfn@é}t corﬁﬁﬁ’s@saébdlﬁb the ?ﬂbg/rﬂet anarthe g,wgﬁhg \%%;ea{ together to a

| east . he neth al s erern

tmlumn malmthehreancmryﬁjalapqmwsmg the first layer.

56. The method of any one of Claims 45 to 55, wherein the coupling is

carried out in an aqueous buffer solution.

57. The method of Claim 56, wherein the aqueous buffer solution comprises

a phosphate or ammonium buffer solution.

58. The method of any one of Claims 45to 57, wherein the coupling is carried

out in a polar organic solvent.

59. The method of Claim 58, wherein the organic solvent is selected from the
group consisting of pyridine, DMF, and chloroform.

60. The method of any of claim 45 to 59, wherein the polymer has the

A

J

formula (lll):

wherein



J KL wherein J, Kand L are coupling noieties, said

J, Kand L are the sane or different, and each of m n
w@naep1§532 an i nteger of at least 1. 63. The nepdDSGTN5/000136

any of the claim45 to 62, further conprising reacting

t he polyner conprised in the 4®cond |ayer with a

reagent suitable for exposing water sol uble groups

present in the second | ayer.

J is a coupling moiety that is reactive towards the at least one coupling
group of the capping reagent, and

m is an integer of at least 1.

61. The method of Claims 45 to 59,
wherein the polymer has the formula (1V):

R

J K
wherein

J and K are coupling moieties, said J and K are the same or different,
and

each of m and n is an integer of at least 1.

62. The method of Claims 45 to 59 ,
wherein the polymer has the formula (IV):

hOgi)

J K L
wherein
J, K and L are coupling moieties, said J, K and L are the same or
different, and

each of m, n and p is an integer of at least 1.

63. The method of any of the claim 45 to 62, further comprising reacting the
polymer comprised in the second layer with a reagent suitable for exposing

water soluble groups present in the second layer.



