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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 advantages over organic dyes
including large Stocks shift, longer emission half-life, narrow emission peak and

minimal photo-bleaching (cf. references cited above).



particles. These materials offer substanti al
advant ages over organic dyes including | arge Stocks
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[0006] Despite the progress in luminescent quantum dots technology, the
conventional capped luminescent quantum dots are not suitable for bioIAogicaI
applications because they are not water-soluble.

[0007] In order to overcome this problem, the organic passivating layer of the
quantum dots was replaced with water-soluble moieties. However, the resultant
derivatized quantum dots are less luminescent than the parent ones because of
charge-carrier tunneling. (See, for example, 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-soluble
CdTe nanocrystals(Rogach et al., Ber. Bunsenges. Phys. Chem. 100, 1772,

1996; Rajh et al., J. Phys. Chem. 97, 11999, 1993). In another approach the use



derivatized quantum dots are | ess |um nescent than the
parent ones because of charge-carrier tunneling. (See,
wo eneexmpl e, Zhong et al., J. Am Chem Soc. BRBESG2005/000009
8589, 2003). Short chain thiols such as
2- mer capt oet hanol and 1-thioglycerol have al so been
used as stabilizers in the prsparat|on of
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that are render water soluble by the use of a solubilising (capping) agent that has
a hydrophilic moiety and a hydrophobic moiety. The capping agent attaches to
the nanocrystal via the hydrophobic group whereas the hydrophilic group such as
a carboxylic acid or methacrylic acid group provides for water solubility. In a
further International patent application (WO 02/073155) water soluble
semiconductor nanocrystals are described which use hydroxamates, derivatives
of hydroxamic acid or multidentate complexing agents such as ethylenediamine
as water-solubilising agents. Finally, the International patent application PCT WO
00/58731 discloses nanocrystals which are used for the analysis of blood cell



a hydrophilic noiety and a hydrophobic noiety. The
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as a carboxylic acid or nmethacrylic acid group

provides for water solubility. In a further

I nternational patent application (W 02/073155) water

sol ubl e seni conduct or nanocrystals are descri bed which

Rap s 200 BoIPR aTTIH A LI i e Y AL R B et faolecular
i Im %BBPPB l0odt Qbé@t]eé‘bée Oﬁbrﬁélllﬁke& ﬁ?the nanocrystals

I nternati ona at ent cat’ion PCTWD 0
qmml] 0s elﬂowavmc r c)eﬂpatbsthﬂsec eselpownts ftbere h'enzmass yaineed for

bl ood [ | di i ch . . .
iuwnnsgg%} e tieBnot Gedh -aed R SetrptionmRinees dp biologica
1 R @%Bé'& & \Q?tht% 8PABIpfd t@%@oﬂaﬁéﬁéﬂa@(%t can be

e nanocrysta However, despite ese
@&aelhexbtceatmombbcaler irssichsa goaneed tias IPFGBSﬁﬂlﬁ@ﬂE% hiological activity

SRS Pl e SR SH R o€ PR HaR Bl sotube
Remoidutor B RS WHidHESn bBaireparedndbiorede@ dtabla, robust

bi onol ecul e in such a manner t hat preserves t he
lsuspengieng  eictgolutionsoin t aguasiusnonedial & inglly.t heeserwater-soluble

Qéﬂ%@%%%&%ﬁﬁ%a%t {h?wkba:f% \gﬁb%téllﬁ (gﬁeg%@a mjssion with high

Yuanteth éﬁlcﬁr@iéseand@huaki [FO$SpEB mmwpasmlemzens in
Iiﬁeous medi a. Fi nal ly, these water-so

Fdr ys‘b%%d'@gyn!tdWB&biecé%Lﬂ%'W@n%%fb’ébeEOVdﬁe BARpgystals that
%@é%ﬁggbg@é Rebiggh quantum efficiencies, and should

possess a narrow particle size. [0012] Accor di ngly, it
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respective independent claims. [0014] In one
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I'ng reagent ached to the surface of the core
of th/bereln a capping reagent is attached to the surface of the core of the

nanocrystal, and

wherein the capping reagent forms a host guest complex with a water
soluble host molecule. Accordingly, in this embodiment the present invention is
directed to a new class of water-soluble nanocrystal having a pure metal core.
[0015] In another embodiment, a nanocrystal of the invention is a water
soluble nanocrystal having a core comprising at least one metal M1 selected
from an element of subgroup lb subgroup Iib, subgroup IVb, subgroup Vb,
subgroup VIb, subgroup Vllb, subgroup Vlilb 11B-VIB, 1lIB-VB or IVB, main group
ll, main group Il or main group IV of the periodic system of the elements (PSE),

at least one element A selected from an element of the main group

V or VI of the periodic system of the elements,



nanocrystal, and wherein the capping reagent forns a

host guest conplex with a water sol uble host nol ecul e.
waewondiongl y, in this enbodi ment the present |iPUESG2005000009

is directed to a new class of water-sol uble

nanocrystal having a pure netal core. [0015] In

anot her enbodi nent, a nanocrystal of the invention is

a water sol ubl e nanocrystal having a core corrpri si ng
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at least one metal M1 selected from an element of subgroup lib, lIB-VIB,
llIB-VB or IVB, main group Il or main group lll of the periodic system of the
elements (PSE), and at least one element A selected from an element of the
main group V or V1 of the periodic system of the elements, and,
wherein a hydrophobic capping reagent is attached to the surface of the
core of the nanocrystal, and
wherein the hydrophobic capping agent is covalently linked to a crown
ether and wherein the hydrophobic reagent has the formuila (1)
HaX-Y-Z, |
wherein
X is a terminal group selected from S, N, P, or O=P,
A is an integer from 0 to 3,
Y is a moiety having at least three main chain atoms, and

Z is a hydrophobic ending group.



H B-VB or 1VB, main group Il or main group IIl of the
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group V or VI of the periodic systemof the el enents,
and, wherein a hydrophobi c capping reagent is attached
to the surface of the core of the nanocrystal, and
wher ei n t he hydrophobic cappi%g agent is covalently
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[0019] Every known nanocrystal can be employed in the present invention. In
embodiments, in which no element A is present, the nanocrystal consists only of
a metal such as gold, silver, copper (subgroup Ib), titanium (subgroup IVb),
terbium (subgroup llib), cobalt, platinum, rhodium, ruthenium (subgroup Vilib),
lead (main group IV) or an alloy thereof. In this respect, it is noted that if in the
following, the invention is illustrated with reference only to nanocrystals
comprising an counter element A, it is clear that nanocrystals consisting of a pure
metal or a metal alloy can used in all these embodiments as well. A nanocrystal
used in the present invention may be a well known core-shell nanocrystal
(quantum dot) such as a binary nanocrystal formed from metals such as Zn, Cd,
Hg (subgroup lib), Mg (main group II), Mn (main group Vlib), Ga, In, Al, (main
group Ill) Fe, Co, Ni (subgroup Vllib), Cu, Ag, or Au (subgroup Ib). The

nanocrystal may be any group II-VI semiconductor nanocrystal, wherein the core



groups. This activatable groups al so all ow easy
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the host nol ecule. [0019] Every known nanocrystal can

be enpl oyed in the present invention. I n enbodi nent s,

in which no elenent Ais pres; t he nanocryst al

consists only of a metal such as gol d, silver, copper
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groug sem conduct or nanocrystal wherein the cor
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Se% nanocrystals having a ZnS shell ((CdSe)-ZnS
PEIQ) or (CdS)- ZnS nanocrystals. [0020]
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t he a ovedescri bed core shell nanocrystals.
PSEpihen A mmesemtswmrelerrbotjoh@mmalﬁwrnan d¥) pkthel P$Eat

I T PR kR B PR oo By SRACHE 5 hipogencous

éggﬁéﬁﬂagy ‘éﬂoyMban ?fé/mé%d Weirirnag) allysaod th8 tgpe may have the
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subgroup Vlla, subgroup Vlila, subgroup Ib or main group 1l of the periodic
system of the elements (PSE), when A and B both represent an element of the
main group VI of the PSE, or

b) M1 and M2 are independently selected from an element of the main group (lIl)
of the PSE, when A and B both represent an element of the main group (V) of
the PSE.

[0022] Examples of this type of homogenous ternary or quaternary
nanocrystals have been described in Zhong et al, J. Am. Chem. Soc, 2003 125,
8598-8594, Zhong et al, J. Am. Chem. Soc, 2003 125, 13559-13553, and the
International application WO 2004/054923.

[0023] Such ternary nanocrystals are obtainable by a process comprising

forming a binary nanocrystal M1A by



VI of the PSE, or b) ML and M2 are both selected from
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PSE. [0021] In another enbodi nent a nanocryst al
consi sting of a honbgeneous quartemary all oy can be
used. Quarternary alloys of fNﬁi s type may have the
conposi tion M .xMCAyBI -v, erein a) ML and M2 are

i ndependent|ly sel ected froman el enent of subgrou .
lib, BubgrBud a\l‘ﬁﬁﬁt,'o%MVW'\WWW%R!EW@GEN?'U“@%W suitable
mai n gr IO f e

(PSE) , mﬁﬁé %l{\gtr%ﬁbngt%ﬁ ér)ﬁpaﬁ\es ntag%cpeﬁ tesrqg% Eoﬁ?;girature ™,
_maijn gr éauuir}g abﬁrllisherﬂgéftétum tiog e:wmant:lAl\/}h arhferm suitable for the
i ndependent |y, sel ecte roma eent of the. main,

group. ( PNeraion . PSEENGETUHEh BRAUES pisen PEGIAL dRMIYR for a
el ement sﬁf‘qﬁét}ﬁ ﬁ@r‘ic&pg? gw(a\()a%rﬁ aftr-suitd8i@2kor forming said

Exanpl es 0 ist onogenous ternary or

quat er ndinam azoockysta M A and thee alldesy iheedactorzixtgre to cool,
et al, J. Am Chem Soc, 2003 125, 8598-8594, Zhong et

al, J. A chem Soc, 2003 125, 13559-13553, and the

I nt er patbREking? B irééétioﬁnm%?é?%{tﬂ&%tgﬁr}ciﬂi%ﬁé] oSidiating the

ternary nanocrystals are obtail nable by process )
conpr i siforgnéd biriang nanbémyskay Mithoter g ssuiteblentamparature T2, adding

heating.,a,reacti,on mxture gcontaini h rent .

'na foffntaGieagion MuE GNP B SO g gy of the
to a suidehbft MeTRE RiHIsRiithbl fordte Hendfatibhiof a nanocrystal, then
tenperature the elenment Ain a formsuitable for the

gener at iheating tenapactiops mirturecleri Agseffieiepbarariagh of time at a
m xture térﬂée@a&ﬁ% %P@étﬁ%ﬁfer‘)%r‘rﬂﬂa@ai& ggﬁ}a%rn%nocrystal M1 1, M2,A

t enper at'ur formng sai
nanocr ysindl thighAaliowing lthe rehttion mgxiune to ezpol itoroohxtemperature,

to cool, and ii.) reheati th ' i, Xt ,
W thout FRderIBRa e A IOk MheMEred bi nary
{f(gdﬁﬁr Y$h Qheé\@ﬁerné@lt ﬁ%ﬁdﬁé{ré”t?s?tﬁeem@&%@ H&S aldaluddi MO01 < x <

the reaction m hlsterrperaturea
OFFY, prefatabhyuai®.0d v >of 0t9% Oc1 n@Btorvroterprefereadchof 0.5 < x < 0.95.

] iebgr? Imeoré %rregepr%dgéenqgcr)&me%s,o; canHAVRAE };51{18 lbet\‘i\/ggﬁ about 0.2 or
about 0.3 to about 0.8 or about 0.9. In the quarternary nanocrystals employed
here, y has a value of 0.001 <y < 0.999, preferably of 0.01 <y < 0.99, or more
preferably of 0.1 < x <0.95 or between about 0.2 and about 0.8.

[0025] In some embodiments of the lI-VI ternary nanocrystals, the elements
M1 and M2 comprised therein are preferably independently selected from the
group consisting of Zn, Cd and Hg. The element A of the group VI of the PSE in
these ternary alloys is preferably selected from the group consisting of S, Se and
Te. Thus, all combinations of these elements M1, M2 and A are within the scope
of the invention. In some presently preferred embodiments nanocrystals used
have the composition ZnxCd1Se, ZnCd1xS, ZnCd1«Te, HgxCdixSe, HgCd1.
x1e, HgxCd1S, ZnHg1.xSe, ZnHg1xTe, and Zn,Hg1xS.

[0026] In this respect, it is noted that the designation M1 and M2 can be used
interchangeably throughout the present application, for example in an ailoy
comprising Cd and Hg, either of which can be named M1 or M2. Likewise, the
designation A and B for elements of group V or VI of the PSE are used



heating the reaction m xture for a sufficient period
of tinme at a tenperature suitable for formng said

W ernarip7hanocrystal MLi - XMRXA and t hen al | owi PQI/8G®05/000009
reaction mxture to cool to roomtenperature, and
isolating the ternary nanocrystal MLi-XMXA. [0024] In
t hese ternary nanocrystals thg i ndex x has a val ue of
0.001 < x < 0.999, preferably of O OK x < 0.99, 0.1 <
0.9 or nore preferred of 0.5 < I n _even_nor

Ipteselangsabifiiods Mﬁgat%fn%(rﬁ”ﬁxﬁ ﬂae m%@%éi%@ﬁe can both be
%ﬁgg ge[% ALARYYE 0.3 to about 0.8 or about 0.9. In

ary nanocrystal s enpl oyed here, y has a
ngap oin @on@x@lpréfatreé @m%@tmqmtsf meabh}aryfnaﬂhoﬁﬂys{aly used herein

or nore_preferably of 1< .95 bet
BN e COMBRBItIA ACOr 650, BRI ANCEs seqf%f)rareﬁeerﬁffi in,hich x
E&?a'{fa}d détetméwa@%roY%t‘%ﬁ L pess?! Mefé%l;}vgvalue of
npri se ere n are preferably ndepen ent

BQI eciked 0.)80nnt bmegrmeterMSambmmg]emnts zthe Eainmﬁsta@ have the
The el enent f ot f th t

CP Rl SR esel b el h W g @ vane
§ﬁ0;%b&t>f 29, @é and ﬁ@r@ﬁéf%%bly@%bueadflo ;_SQnsbkrMI ons of

enent’s , are wthin the scope of
[0028] nvémtasmof Ilhl\,énmmqnysiabmfltpe prvendon eihecremeintaell sand M2

nanocrf raig@l lsnf%i%gg hrﬂwesélgg gt@ 3%5%% #@8 element A is

bly’salect8d fight PSRs adiSli _ xTe, and anng - XS.
0026] "In this respect, it is noted that th

[929nain eacomanae with tharabeye daseription ravesy @@aewsta' (quantum

é?r) &éﬁ}%ﬁ%#é;ﬁngr{e(ﬁr%g%aﬁﬁgghel 1 ﬁgpog %\%hlf%ﬁu”ﬂgan Egn PR reacted

withed cbﬂplﬂ? felageht kmwrsaastmfetedmegngtomtrmtdms Bffinity for (the
el enent s group V or V

sedaneRe mﬁ?r@ewmswué\cpwdg\@m?% CABPipERgGNPicall forms
Ené’cﬁ/égﬁ]rbcﬁ? WIthTﬁleC er r eg’f l%ﬁenlmrfﬁale“ﬁ”@ﬁe Of ¥ core-shell

sone pr enbodi nmen the ternar
nammysytal; dhe aovakbnhbpadris hsually Iiermeﬂrbeslveerbme capping reagent

Zné ?ﬂe \§§pﬁ é)f iﬁg Swa%gp;&% rg Icégg (r?:e hgm% §Wg8§ téﬂ\@\ag ig? rEqu)étemary

ﬁQﬁ’oéT?étSl BECAES R DY i Wﬁﬂ)U;_@O(IIf/OSMQZ:i< iX usSed,; 8he lcovatdmerbond is
preferred enbodi nents the nanocrystals have t he

&um@dsbetweanzm@dnrfacasf thg dmRERItUpstale angt e capping reagent.

Rhe' Gt A3t <R o "R Sk ttfsighidly BygrophificOoP Substantiatly

hydrophobic nature, depending, for example, on the hydrophobicity (or
hydrophily) of the inner cavity of the host molecule. In this respect it is noted that
within the meaning of term “(substantially) hydrophobic molecule” is also a
molecule that in addition to hydrophobic parts can also comprise hydrophilic
parts as long as these hydrophilic parts do not interfere with the formation of the
host guest complex by the hydrophobic parts of the molecule (i.e. capping agent)
with a host molecule having a hydrophobic internal cavity. Likewise, the term
“(substantially) hydrophilic molecule” include a molecule that in addition to
hydrophilic parts can comprise hydrophobic parts as long as these hydrophobic
parts do not interfere with the formation of the host guest complex by the
hydrophilic parts of the molecule (i.e. capping reagent) with a host molecule

having a hydrophilic internal cavity.



[0028] In case of M-1V nanocrystals of the invention,
the elements ML and M2 are preferably independently
w@edoent®m from Ga and | ndium The el enent A i SPCT/SG2005/000009
preferably selected fromP, As and Sb. [0029] In
accordance with the above description, every
nanocrystal (quantum dot) cag be used in the present
inventlon as long as its sur fce can be reacted with a

i ng reagent which has a (term nal), group t has,

[GPBI T4n pos cuRATSERt Hise.capging HEaGutd L Bped el the "surface

é@‘bﬂ{ggnr{é%txefé @ﬂfp' ng reagent typically forns a

bond™ w he surface of the nanocrystal. In
case of a core-shell nanocHyX{YaZ, the coval ent bond is

whirein % BieraRarPyB SaIeces TORLS N, BoRt b i o ntgger from
(238%',8%%%‘%{0@ nﬂgngtQ{ 1855t IRREE IRsH 'cﬁaiﬁgatorrd\s, and Z is a

he coval ent bond is rme
elrosieobic kadingr draap that che fownteg bosttguesb rieclasidnt ¢domplex with a
capgi |r%_t‘rea ent. The cappl ng agent can be either of
tam 9CW9droph| lic or substantially hydrophobic

[PESY] ©: TSRSNIRI gty 6N oo 1SN ARIARST 1950 main

I nner cavity of the
dtailmtatrbms The trhdistyr ¥ sgarc principplly compdse Hady wlttémiﬁ n¢jeties that

a1 Soprdsmngtive PORESTOR S sipita 18 iR EadEl EXefpies o

bl ARLtRISSKNIER FRAI e uB¥d NP MMEbmpriga iyl mouénérgsm as CH,-
these hydrophilic parts do not interfere with the

groppait cwpacufylmeuﬂssw@uagtcy@@hﬁwé)grwm rethgy mgligsiuch as —

BEHSHRL SR0PT0 S UGl il McA0sElla "hdiehceil or

Mdﬂtﬁuléﬂe ringetd same a( mvbsf them aThg/)ndwtgtr\Splanl be:stralght chained,
mol ecul e" include a nolecule that, in additi

braaekRhANd CapAITShR U SURHNHANS %Pdﬁﬂ‘&b@*@ 'p)é\mngs fsmay be a -
CRLYER LEBEORID BSHPaiRgnBlny Aot ) an ao
gmdpcﬁdmelxammmr-ﬁé)aldf POhtl orok e€Q@HJ ia easie Qp@umg‘or example, NHz

B Ry oo

or Ful?y (tﬁf’{e\mﬁs@ﬁﬁ%@)( sfl(‘“’?e)s)slél‘r\fefr‘l‘?:)%eiaxé',lIQj}bUFeol“aﬁ ddd¢nantine

X'I's a terninal group selected
droamtSnae fewexamplesA is an integer fromO0 to 3,Y is

o3 ) "R SHdeRE A BB SR, S B rsh
OPSOEMESH, O\ CHISHON HEOBLEM,@HL(SH)(CH2)nCHs, CHa(CH2)nCHaNH,,
CH30(CH2CH,0),CH:NH,; P((CH2)nCHs)s, O=P((CH2)nCHas)s, wherein n is an
integer 30>n>6 are used as cépping agent. In other embodiments n is an integer
30=n>8.

[0033] In this regard it is noted examples of capping reagents that provide
more hydrophobic or substantially hydrophobic properties include, but are not
limited to, 1-mercapto-6-phenyl hexane acid (HS-(CHz)s-Ph), 1,16-dimercapto-
hexadecane (HS-(CH.)-1s-SH), 18-mercapto-octadecylamine (HS-(CHz)1s-NH>),
trioctylphosphine, or 6-mercapto-hexane (HS-(CHa)s-CHa).

[0034] Examplary capping reagents that provide more hydrophobic or
substantially hydrophilic properties include, but are not limited to, 6-mercapto-
hexanoic acid (HS-(CH,)s-COOH), 16-mercapto-hexadeconic acid (HS-(CHz)-16-



suitabl e host nolecule. [0031] Typically, the noiety Y

of the capping reagent conprises 3 to 50 main chain
wW@r@i®759The noiety Y can principally conprise BEESG2005/000009
suitable noieties that confer a predom nantly

hydr ophobi ¢ character to this reagent. Exanpl es of

sui tabl e noi eties which can he used in Y conprise

al kyl noieties such as CH2- dﬂoups cycl oal kyl

noi eti es such as cycl oheyxl ether noieties i
cOOH)ad 8- mmtq—actagegﬂg@m%(ﬂ* {6k DNHe) Garsarigdiexylamine

G5 Todie e SRt SRAROTCTeHRREH, D g7 * T

[uoaa]:hem@mbsmﬁbl@bme dmwee Susbdtmtthé upme@erttanwrmomauas long it is
chai n at ons. e
qu@apﬂyact with Bw ga@mpg %eﬁyaﬂémn ﬁd\ﬁie( @K‘b"lgf]t%&%complex

I‘glgg l{%tWPegﬁg agypeﬁﬁ%ar% rﬁ%;'aﬁ& tﬁe FEQQg%oIe@uIQa%Blcally, the

Rosthiddlecule iBal watst doluBle Lonfpoundlthat Epntaltld, sele@rElxposed polar
CH=CH2, a trinethylsilyl grou

-Si (M) 3
grOUPSC SHEN gﬁ%ubydmbngré’&gﬁa afﬁ@ﬁﬁgtsuzwﬁpﬁa?%&'fan?f&m groups,

Wﬁ?ﬂ&%@%—é@ﬁw@gﬁmq nq_gbu?Q@P%m{e, such

[0BGEP CHERER(R$) OCisijtable3 hogH3od)esChziige, but are not limited to
CH2CH2Q H2: . P((
& 3%%3 SteaoURIE, oA, O FCLEH e R PR diprggimers and

@%g Keng agent. In other enbodinments n is an integer
>n>8. [0033] In this regard it is noted exanples of
w@m ng Exeapden: of wyalic polyanieesnshat egiibepHeed @sopost molecules

stantial |y hydr ropgrt nclé,m:% b are
Fdﬁ m ttgﬁ %zg 1- ngpog:é{‘é (96 p enﬁ% gexane aci d%s 1,4.8.11-
éclnlz t@trﬁ’@écanb (s elikmenvnags ehelatieamheerivatives thereof such
(HS- ( -16-S 1d- ner capt o- oct adec

asist 6@7@) 1tetgaqqggyclotqtr,ad§§gge; D@W yI ’g-:&—ammomethyl) 1,4,8,11-
BBl b0, i 08 Bgpiccne .1
dichrdoxylatel wylchydre)rdeslcrlbem m’peﬁmcamskncﬂndjeﬁrzbmzm J. Incl

Bhenorer iesrebyslic CREM%, oog 2, 19850 fr Berahardt gt aloy- Aus

Uﬁgﬁp@s avts;sbsﬁeaeeﬁt ﬁe%a%@@bgﬁgﬂw%m é@‘@-)au%nﬁ‘&rlﬁi J.etal,
i CuTNG A iy
Efeq?ﬁgnglyg%n 2860 U589 4%  BE MRS FhcrbBY SR d¥boutiis! K¥bayashi,
K. et al, J. Am. Chem. Soc. 1992, 114, 1105), for example. The octaza
macrocyclic compounds described by Kobayashi, K. et al, supra are also one
example of compounds that are suitable for accommodation of polar guest
molecules (for example, hydrophilic capping agents). It is also possible to employ
a cyclic polyamine which may only be water soluble to a limited extent, for
example, 5,5,7,12,14,14-hexamethyl-1,4,8,11-tetraazacyclotetradecane
(Mescylcam) and to modify it with substituents that provide polar groups such as
carboxylate or sulfonate groups. Other examples of macrocyclic amines that can
be used as host molecule are the compounds described in Odashima, K.,
Journal of Inclusion phenomena and molecular recognition in chemistry, 1998,

32, 165 (see for example, compounds 24 to 26 therein).



able to react with the cappi ng agent and confers water

solubility to the conplex forned between the capped
wmawenor3pst al and the host nol ecul e. Typi cal | y, P€TIBGHO5000009

nol ecul e is a water sol ubl e conmpound that contains

sol vent exposed pol ar groups such as hydroxyl groups,

car boxyl ate groups, sulfonati groups, phosphate

groups, am ne groups, carbox fi de groups or the |ike.

lb0036 Exanpl es of SU|tabIe host nol ecul es i nc¢l ud

088hr eEP@mPIGISm te@to caitBBIBydr a@@lg(ar%rﬁq i ¢ include 4-tert-

g@&yct%ﬂ%[ﬁfﬁ?(né%ﬁ%gg{be %:%iod??:trae V@st@f hfét r})Id‘é‘?ﬁ(ﬁrene as

ddwdribedn e W@as hest eerI @mines |Emrl udd te3raa27'5r'4 1997,
macrocyclic nol ecul es such_as

@Hﬁga@%@y@ﬁ@t%ﬁﬂgd%é{ﬁeﬁ(%i %foa'm%wxe\%s%?m any Edify 1999, 38,

éjﬁ V?%?\Zégﬁnéém a%?frre Elh[ﬁ%(%ﬂsegéc?ig%z%c{v, E.K. et al, Eur. J. Org.

Chém: am004>wa3l291)) 4-sumr8)nib1catyatrr]aeae§'c(\€ar@t rAtgcade Pharm.

PR 2 2D Wi h SHIDT AL T BEaNIA & BLSipRg.(unsasgi-
| h

Eﬂa ?;516115%%%8 gﬂettél%‘éezrogﬁa?ggmfsswcE@B@hk&e@%‘ﬂeerﬁcnbed in

K6hayGitdi 684, 20BN, GhenazSoeredibo&paNi 984 muidekeanragihara et al., J.

é@oﬁw réoﬁiéstg?%(p 1\% 'rm,SErryét AalEuropean Jour nal ,

[0089] I O&RAMYRsSof 839(91@ peb%deé%%)carpbe Q%baZ& host molecule in the
macrocycl i ¢ conpounds (Kobayashi, K

[iesant swcnthrggrzcluc_i.QAbunﬁ%)not ﬂlmlteé!xmxpﬂh@ dwcsloé@ea%e bearing

«g%&agq%e%éhg? é%”ﬁgg&iéeopﬁséhbbw’ Y. K?B?r&ﬁg@ﬂop ittt 2002, 43,

ne exanpl e o
5665; b IFenb Qi ebak ogundat Oogan@cf Cpehmtr;g@@@ﬂ GDI ecul es

b5 R R PR i 7 3y v
%%‘“@‘f%a@@léi%%ﬁtei gﬂgtwwéoﬁﬁ%% sfor1@xamie.15, 16, 18 or
20 ateehs aﬁwhmhcsloaue:ar@t;@axmﬂy h(etﬁoatplnma@lclaaﬁ QG or Holiypigal crown

Lt e Bes) SDAE, SOE L TR JRRAT A" o

aaﬁbeeu@d '(ﬁ/héf&lﬂea ﬁﬁtﬁ&at@gntH@e riigeserasf hpstersabre) ®-Crown-3
are the conpounds described in OQdashima, K., Journal

edmpaendssi dA-Grawiofre GAMRAUNGS | ééc@wméwgmp@uaﬂsﬂ ni 8-Crown-6
SHFBLABEY k20 crofn A BBrlSSfah Qb TG oL BRHATES of such
S@itdbiérarows étherdidacldde e(1i8-Crown-6)-2,3,11,12 tetracarboxylic acid or
1,4,7,10-tetrazaacylcododecane-1,4,7,10 tetracarboxylic acid) to name only a
few.

[0041] In principal, every water soluble dendrimer that provides a hydrophilic
or hydrophobic cavity (depending on whether a hydrophobic or hydrophilic
capping reagent is used) that is able to at least partially accommodate the
capping reagent used in the present invention. Suitable classes of dendrimers
include, but are not limited to, polypropylene imine dendrimers, polyamido amine
dendrimers, poly aryl ether dendrimers, polylysine dendrimers, carbohydrate
dendrimers and silicon dendrimers (reviewed in Boas and Heegard, Chem. Soc.
Rev. 33, 43-63, 2004, for example).



Butyl cal i x[ 4] arenetetraacetic acid tetraethyl ester,

tetragal act osyl cal i xarene as descri bed in Dondoni et
w@bkgoeema Eur., J. 3, 1774, 1997, PCT/SG2005/000009

tetragal act osyl cal i xarene (Davis, AP. et al., Angew.

Chem Int. Edit., 1999, 38, 2979.) octaam noam de

resorcinf4]- arenes (Kazakov, _E.K et al., Eur. J. Og.

Chem , 2004 3323 ), 4-sul ph& ic cal yx[n] ar enes

é}g . Pharm Pharmacol o 2004, 56, 703.),
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43, 5665; or Peng Li et al., Current O
ionEe §13ly, Chaipo These| oigaNerey By BEnhe saigRhicr chsanched chained
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LS B Pyt A, ARG AN, 15, 4 7,5, 1062 o

¢)&ﬂlbafumt©@ﬁgb$@cmnd¢st(d'ahanet @l W.aChew. §d@D4Chetmn Commun.,
gél ncipal, every water soluble dendrimer that provides
@3 phl l'ic or hydrophobic cavity (depending on
w?ﬁhg IfastEVéH %OUQ%I %s%oéﬂﬁbl‘é@hle' tHe §1%PéH Reay AB9E™H molecular
ed) t IS a

e to at least partially
weighirvivd af aboie1 @@ﬁﬁor@quéﬁgma Das dni somet mbpdtm@ﬁs, the starch

A% 5 opieria Metot M S DB L AO0EE T RE: 3bRAf P tER.DA Starches
d%lt gé‘mog QJS@H‘ F\%SI el 5se Pk ¥x glaﬁjylose or p- amylose

riners, ndrlrrers drate
[0045] Examples of cyclodextnns that are swtable as host molecule include

a-cyclodextrin, B-cyclodextrin, y-cyclodextrin, Dimethyl-a-cyclodextrin, Trimethyl-
a-cyclodextrin, Dimethyi-p-cyclodextrin, Trimethyl-B-cyclodextrin, Dimethyl-y-
cyclodextrin, and Trimethyl-y-cyclodextrin.
[0046] In accordance with the above disclosure, the present invention also
refers in one embodiment to a method of preparing a water soluble nanocrystal
comprising

reacting a nanocrystal having a core comprising at least one metal
M1 selected from an element of subgroup 1IB-VIB, 1IB-VB or IVB, main group I
or main group Il of the periodic system of the elements (PSE), and (in case
binary nanocrystals are used) at least one element selected from an element of

the main group V or VI of the periodic system of the elements, with a capping



dendrinmers and silicon dendrinmers (reviewed in Boas

and Heegard, Chem Soc. Rev. 33, 43-63, 2004, for
wex@apr®y4 [ 0042] I n one enbodi nent, the nanocrBGL/a62005/000009

the present invention conprises a carbohydrate as host

nol ecul e. This carbohydrate host nol ecul e may be, but

is not limted to, an oligosaccharide, starch or a

cycl odextrin nol ecule (cf. s and Wareham Angew.

Chem Int. Edit. 38, 2979-2996, 1999). [0043] In

eAgent, thareby attacking the RePRIBgtagmtdeihe sufags of the core of the

ﬁé (%gzsggggﬁpl de, this oligosaccharide may conprise

or exanple 6, and 20 nononer units in the
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aa@%tal:%egﬁcm%s&%vsmo yaﬁa the same reactign can-hg farried out to
1,2,3,4,56
é%&ﬁ gg'gé)é??sgas!&l\f)mé()ﬁf%gﬁ 3, 4) a- D~ al ucopyz a%osyl ],
[0D43% ut t Thistreadtion nétalsballwmraed iRbse sepdrate otEps, 9Mb |solating the
ﬁgggcrggcet ¥l|1agggg?r§gtrﬁ%rllg%§§‘m BE‘["{’:@/ES It r@%lgeht Ac‘)nrg‘%W'eir C@t?r?%ce For
Ekéfﬁbl@ Ohér%?r?é’cﬁléarthﬁle%a(véa%%'enetreééted NithChenieagefit such as

53. 44] 1f starch is used as
trmtylnhﬂsebmee tnn@tymh@snmwm@m @efﬁﬁpé@mcéﬁcaro@i@ﬁ@d can be

M?S%# Rt Stoveflofy, pE ailrel Bt . SHSRE proapie spotvent (or

gle4 Gl ofany; Wl?ylét@@hlo&d@@&efﬁahycﬁs‘bmradneﬁo themte a few of
can e used al so |nclude anyl ose, r exanpl e
me&rwaﬁ@@ reacting thare ydth the hesi -es of

de [ IRl
%cl Ede)ﬁz!f%cyct é‘%xt ri npl%g cyclesggﬁ? P?ﬁﬁed‘rﬁbﬁ%ﬂygtal and the host
mahemlle)damﬂoel easnmfmeq/ Linder earidusdsactiom comditiops hipor- examples,

%%Exoﬁgﬁ(;% pp, may % E{émedgby lgg ﬁ\)é;qr :S%H.ltl-grgllngF %hhé/ Inémocrystals
Wthﬁ&rﬁ rb}dueogls%‘él’uﬂgﬁxéff tHe hb@P4Rblekileadep ed@nfste Wa t dyclodextrin

t he above disclosure, the present invention also
selutiers, drrbyorefluxingdbiemanoceystals wétha dessrecive gaPRYs golution. For

15 b B TS BRI 7 A sgvent may e
waheferred into aqueous solution after refluxing for an extended period of time
(see Example 2, for instance). Other possibilities of complex formation include
stirring or incubating nanocrystal suspensions in a solution of a host molecule
such as a cyclodextrin solution or other host molecules at ambient temperature
for a suitable period of time. A typical incubation time may range from about 1 to
about 10 days, however, shorter or longer incubation times may of course also
be used.

[0049] The invention is also directed to a further method of preparing a water
soluble nanocrystal. This method comprises reacting a nanocrystal having a core
comprising at least one metal M1 selected from an element of subgroup Ib, Ilb,
lIB-VIB, IlIB-VB or IVB, main group I or main group Ill of the periodic system of

the elements (PSE), and at least one element A selected from an element of the



ML sel ected from an el enent of subgroup I1B-VIB,

H B-VB or 1VB, main group Il or main group Il1l of the
WEebotots syst em of the el enents (PSE), and (iPCT/&&B05/000009

bi nary nanocrystals are used) at |east one el enent

sel ected froman elenent of the main group V or VI of

the periodic systemof the elenents, with a

cappi ngr eagent, thereby attad i ng t he cappi ng agent to

the surface of the core of the nanocrystal, and

At aeuPnY ehy! £ themariedic S%HsEt yétt%g 8lemRnts, rm%h 3 (capping)

r é&&mlr?tlrng r%%tl}%mgpg‘?éé %g?éccﬁlgs : lﬁ&nﬁ@&%%‘%ﬁ@r soluble host

reagent an er s ecul e

rholepplienthatr isagslatted afrorai tHeelgrdmm ebnsigting pdfi cabobydrates, cyclic
hydr ophobi ¢ nature. In case a (igrret al nanocrystal

yaé“ﬁ@ﬁo%‘#é@%%‘ﬂﬁ%r%? '?S?rerﬁ‘@&r? BOOWRRERr yst al  as
[6b§ 03(?%3 h}?\o’iﬁs i A g%ﬁﬁ@g?éﬂ%%g@aﬂ%éﬁge@%atatermmal

carr prepar € 2 the invention
er@é'lthaﬂ' hias affiaityt farnthesnarsacystel carer i Bdsimeans that the capping

e
?o TR 'cgﬁgﬁ@ Pé‘ﬁ’tt Rlaetd DAth haviearRReysthe ot B8l téhiiRal group

ri octyl phosphi ne, trioctyl phosphi ne
andi tgqomuynmrmpaocmmmm avthd thenisuface sofl thedhaanarystal (cf.

@%&bgﬂ? (qfl o?ﬁ )é&%ﬁ%l{ ! ed ﬁpgr gp§?m4§u'1t1§? rc%%? o§f- 8 ecore—shell

HeoARYAr ﬂféé@%leﬁt%oﬁéﬂ@ udubByrinetiVAfA tHeeSiRsIEof the nanocrystal
reacting themwth t host nol ecul e. [0048] The host

andedhe c 6appiag m%age@én e heagepReHOMREBBPYS t HMARYI Grhauaternary

453‘3’%{3{32%'6%80&%?@%9?5 Vlﬁ_ésidédxggg{lée‘%? 1suun§5‘c{ tNé;dgrQH%nt bond will be

foRed ®etvwsare thesuriaee adithng harrmgjeubusnom‘ ahdhthe capplng reagent
nanocrystals with an aqu i,on of fhe

|
BEPEELT B Sotre wrhagmenis of HhisBeihbi A SaPBIBarRdant fsyemployed
OS] SRR RE P YSB AR 2 respect i ve agueous
SO

ut1on tter nethod, the nanocrystals
pr esent Xiis askerminghgioupsssieciad fmySbbl Pran§=dtred into
aqueous, sol ut i on ther refl uxi ng for an extended

peri od b a1 e te 2, for instance). O her

possi bi Ml&'aer%oié"’tyﬁ @xle‘a@trmfeemmrmbudgtom rarndng or
|ncubat|ng nanocrysta suspenS|ons in a solutlon

host moBeisuthe watst s;%u@ledmtda@lepuientr@@l@tqoaﬁlqswydtmﬁ to the

%z)?) gg%h es at anbient tenperature for a suitable
i'me. A typical incubation tine may range

[0082) abfuthid réspect, it is noted that the covalent bond formed between the
capping reagent and the host molecule can be any covalent bond, for example, a
C-C bond, an ether bond (-O-), a thioether bond (-S-), an ester bond, an amide
bond or an imide bond, to name only a few possibilities. The type of covalent
bond usually depends only on the approach that is taken to link the host
molecule with the capping reagent. For example, if the capping agent is an alkyl
halide and the host molecule has free (or activated) hydroxyl or thiol groups, an
ether or thioether bond is formed (see Examples 3 and 5, for instance).
Alternatively, if the capping agent can provide an amine group for the covalent
coupling and the host molecules has a reactive carboxyl group, an ester bond is

formed. Accordingly, the choice of an appropriate combination of reactive groups



about 10 days, however, shorter or |onger incubation
times may of course al so be used. [0049] The invention
w0 200a0%0974i rected to a further nmethod of prepaPCHgG205/000009
wat er sol ubl e nanocrystal. This nmethod conprises
reacting a nanocrystal having a core conprising at
| east one netal ML selected from an el enment of
subgroup I'b, lib, MB-VIB, WB- 9B or I VB, main group I
or main group Il of the perlodlc system of the
for éh@mpyal(ep’s%kag@n@lf the hesigno 6ﬁ'é'ee4*®réfﬂﬁ‘ CAPE@IQef@?EE”t is within

e e R0 bt SRR 7% 2 Cappi no)

ant in khis tr8ése et tyadlsbheote@amns rict newesbanytthyt the covalent
nked to a water sol ubl e host nol ecul e that

lscmdacﬁ faimeddvetween gh@wp@msswegeewgaaﬁ tBﬁrﬂR%ﬁ&&S‘t“&% (to yield a
Gl i BIBAECH BB ol B resBlon e naRborystal,

Rep@eNtt thinakke wittdn thbascopet efr tienplesgnd upvertian thab the capping
affinity for the nanocrystal

©aesThi5 fﬂréb@aete%\ﬁg;h 05 hanoin sl eng e B ROV e Between
{h%acgal%%‘ingr féﬁ&ﬁ{e Y9 ﬁeblﬁé fs fIrmidydr ophobi ¢

reacts wt e nanocrystal via its
[o954] nalin gimuanbodlmqmlafathlsynfedm@s 2 cappigeraageshdsed has the
with the surface of the nanocrystal (cf. Masihul et
fmulaj  Am  Chem Soc. 2002, 43, 1132). In case of a
core-shell nanocrystal, theyoyz ent bond is usually
formed with the shell of the nanocrystal and the
whemim iseatgeminal groupaseieratedcfmg&bﬁé’ t@r@aPyAds an integer from

0A8 LI SmBRHaGA R R 2R TRE ot Chafh A (RIRAL e moiety

Y%fflﬁée(cﬁfnghg? réuyEpe eomsiisesretadd rham cmapuatgms The moiety Y
reagent

In sone errbodl nments of this
oap pngnallEATPIiSe Al SydabEnaIoRHiES (et KQPTRI 4 piedpminantly
@&la(rﬁgh&m%‘aa@%@r fé ik ?eé v @?ém?(e@“& ﬁﬁ{a@ﬂ‘é ﬁﬂ)létfe%mlvhlch can
I's an nteger rom 1 3, I's a
beiugeyd ihakié nepiaty Y eantprisbraliey! moieties suoh eaSoﬁtlz-gmupsB cycloalkyl

s S5 SEEh 5 RS ReTR HhSeBRE b ARGLBENE rous.
), 108 A i b of o T oo e name
fawvaberthetwonY, caor bexatrpight ehained, branched and “can also have
substitutions to the main chain atoms.. Z may be any functional group that can
covalently couple to the host molecule, for example a -SH group, a hydroxyl
group (OH), an acid group (for example, -SO3H, POsH or a -COOH), a basic
group (for example, NHz o- NHR1 with R =CH3 or ~CH»-CHa), or a halogen (-Cl, -
Br, -1, -F) to name only a few examples.

[0055] The present invention further refers to a nanocrystal, as disclosed
here, conjugated to a molecule having binding affinity for a given analyte. By
conjugation to a molecule having binding affinity for a given analyte, a marker
compound or probe is formed. In this 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.



C-C bond, an ether bond (-O), a thioether bond (-S-),
an ester bond, an am de bond or an im de bond, to nane
wWo@og/0Z897€ew possi bilities. The type of coval eneCeGZ05/000009

usual |y depends only on the approach that is taken to
link the host nolecule with the capping reagent. For
exanple, if the capping agent_is an al kyl halide and

t he host nol ecul e has free (6? activated) hydroxyl or

t hi ol groups, an ether or thioether bond is forned

[0856] Ex impriegiple ewely Bnafte cambeAriestedor shiglt avpegific binding

R eI T g At REnRG R SECHEAA il 16ihe analyte
TIeR Girlafe CNbBE YA chiemipal eompsurel soohdas & Hargréelg. Aspirin® or

Accordi'ngly, the choice of an appropriate conbinati .
Bibawisingt orvabigeherpicad maleeule syeh 55@ rpiﬁeaZ@f@%aHﬂ)Ze,'r?gg%ntlbody

e b ) i Frea
SR A 0 A9BSR 5 P e when
ﬁu ptiedti ﬁtﬁ ae prlrdpirita't% rraiolle@Jlel ;Mitb cbinédiigg afinibotwhielt issalao yeferred to
a e coval en on h ' ..
(nt " he oLl oot Bendls oL be ven Lne, SORPLG i, e
fR0 g2 qu'e) cﬁ‘éﬁe\('u@bdpfdroéxah‘?qléhﬁ HefGbieQBeM fAmURBassay for
Py BtA". “Kather a

nanocry 't this so wthin the scope of
tromitprieg ¢ level ehthieodruchint thehelasrmppong natiegtde dase of troponin,
{yla{(%t reacted w,th nanoctr,

I

. h .
S AMBEUPEL oh daREce D5 Ber R daes e e e i ggperal for
%e‘]’llte%gtgitfadéafc%fﬂ@@te £8RfHingd Bn enE-tRspuin @Rtibody ahdiad inventive

a capping reagent used has the fornul a: )
ranocrystalway be nsad i the diegnesialof heatmtiaskelit eaper ofan sonjugate

P, . =P A | i nt. f Y g .
N, e Aol Ao B3, A, o) e or 3 umor
Ay$8chabl eell lSuEaB®iprotein! this domfudatappay e ussaigienttumor diagnosis

conprises 3 to 50 main_chain, at Th lety Y. -
oF imagipal Apotb@hﬁxa@@'%h‘;a %H@eﬁ&%%ﬁ@ggé&?ﬁéé V‘e’g‘ﬁ?qéﬁp"a‘"d'”

rpnant 'y hydrophobi c character to this reagent.
%E'?n@ﬂ%;bgf sui tabl e noi eties which can be used in the

[uﬂslergyl zl‘hleoarmlyteecai ledo beizetompleubiolegicalistrugiwepiscluding but
CyclL | et h | oh y

b s o AU o e, i e
Hﬁ.’algfé Sﬁtdﬁ'#écﬁ‘arﬂ%r%theﬁﬁiﬁﬂﬁatf hiftgchds B Aaithahbiend,i ngonjugate
to name a few of them Y can be straight chained,

borapcking andnectystal ob thexinvestionslinked o sych @ tirid Gap; be used for

SRl oA isuafizafoh BF adMoid LB EGNBlrpdsBYRUER s &'taining or
cell imaging, a nanocrystal emitting visible light is preferably used. In accordance
with this disclosure the analyte that is to be detected by use of a marker
compound that comprises a nanoparticle of the invention conjugated to an
analyte binding partner is preferably a biomolecule.

[0058] Therefore, in a further preferred embodiment, 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 and the like. A nucleic acid may be selected from,



covalently couple to the host nolecule, for exanple a

-SH group, a hydroxyl group (OH), an acid group (for
wex@apr®74 - SOBH, PO3H or a -COOH), a basic gr oR@I/§&m05/000009

exanple, NH2 or NHRL with R =CH3 or -CH 2-CH3) , or a

hal ogen (-, - Br, -1, -F) to nane only a few

exanpl es. [0055] The present invention further refers

to a nanocrystal, as di scl osé§ here, conj ugat ed to a

nol ecul e havi ng blndlng affinity for a given anal

m;t red fimitgeltto oa INA RN @dtNA malackip 19 ﬁmrhgh@qrfuqlﬁthe with 10

|ve r conpound or probe is
tPgQT@%I arﬁnlgné 'B‘é&?'ﬁgc hocrystal of the invention

[POs9F> V‘ﬁ'\efh iabg! foprthe adbtadtiorh of ribmoletileat eonancﬁcmystal of the
exanple in the visible or near infrared range of t

isvertionopary hetdanjugaied tathe Melecelamadng, Sidling ACkY Vi surface

et ol R il T R RuEBsly ¢ R SgiGie orouw

HaH 88 anaamhipks hiydrixyl or eélbexylat@grdtqﬁmymmmd W|th a linking
specifically bind to the anal yte. The anal

agrti Adlnkmn@wﬁoa% ueed Beren.dnggngry. Comp lmqq?'}%t I%rca%able of
Im@r?%? r{{ ?v?)cry(%falaoftlhe‘?ﬁ\f‘e'ﬁ'n{iﬁ”to @hﬁﬂé‘&ﬂe W\gasilcﬁl binding affinity.

exa an ant S ecu
Exapprisnofothea typsl of dinking eagends e.win):homaa bmalsedctoacodjugate a

a"?r'p&%%'gglatpwﬁ%” antbiaricing Rl bR BLPbford nkMargdbets such
ﬂLé’ BE-rﬁ‘Tﬂ% BQ d?@éé ﬂﬁ’r&ﬁg ?éH eHMis apl dﬁé@lfl@é ekaﬁ@igésérosrs -linking

RS i ng probe can be used fo
@@Eptse andatmé ubrseAldEydtoxysuwomlsiay gster raspss-tnking reagents.

he | f th th

Lo BEH B hEaeriudrd R B AR PRHbEREnglypiemice.
&%nﬁéﬂﬁnﬂ‘tﬁﬂﬁaﬁ&lscl e, anddiiobisimagshmeloathahe; a heart 1,11-bis-
attack a conj ugate cont ai ni ng an anti -troponl

mﬂelmmetéaﬂihﬂﬁnewéﬂh i Ve-Bnarfter yaisyifidesn de%usdisi ndlsulfldes
bBSehARGS, B ardlEor oAl GRELRE, ALEORILINES bis

t€s|§1@@infmnclylé(;J{:cnﬁatel)mISIbweﬁsesrog izahatoaysial sﬂﬂfeaneerptrcm isiused, which

i s conjugate na e used. for tu agnosi s

CORBIIERE a/FRRANS féﬁ%‘ﬂl Baf is govglRPHy AkBE 8 4, dueter soluble host

ﬁiﬁi@ﬁﬂé/ Sth?'hd@'t %I?&ul@%vfo%na (dbfnjud:dté Wigh &)suitbBRSIking agent
e andl yte can also be a conpl ex bi ol ogi cal structure

(that mdy bgfdletor mfter therhostguest eomiplexsfopaatien) eoupded to a selected

chro ne. or

Skl POV G 1 o pclng, s HER Prarbnig. fca pgtoglentin i

G8bd dTﬁBQtr Ritfecile Uab@atiAking agents include, but are not limited to,
ferrocene derivatives, adamantan compounds, polyoxyethylene compounds,
aromatic compounds all of which have a suitable reactive group for forming a
covalent bond with the molecule of interest (cf. Fig. 6).

[0060] Furthermore, the invention is also directed to a composition containing
at least one type of water-soluble nanocrystal as defined here. The nanocrystal
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.

[0061] The invention is further illustrated by the following non-limiting

examples and the attached drawings in which:



conprising a nanocrystal of the invention [inked to
such a lipid can be used for detection and
WO e@aariozat i on of a whole cell. For purposes sSBCISGZ05/000009
cell staining or cell imaging, a nanocrystal emtting
visible light is preferably used. In accordance with
this disclosure the analyte that is to be detected by
use of a marker conpound t hat conprises a nanoparticle
of the invention conjugated to an analyte bi ndi n
0

[0862her Figurprkisepashpmatipirsrtaseatation olwsisy l%franeg:rystals
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dﬁﬁtﬁé to ofahé @l@h@dﬂétam MI|GMfofmetwh®§ gnfesaoommamng«e nyc:todextnn
ten, a nucleic acid, a carbohydrate or an
@B Pisdiame PKOpWBIB nverliased Alyddanoblc S1STahg 1 covalently

bRody, an anti body
PREYRE R R FiylediosEhtiReiie GEhee A 2" A" oy,
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onuc as wel |l as |onger
l!lBEd & h:oa(rmdecul[e@%m]e phasentuiseentiasy, t he detection of
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SHEIT R CRSPAS %nﬁl CRIGPSToRh éthe 396 aaiﬁb@@y Iseluticar (Fid1i3p) that is

pur pose, a surface eéxposea group sucn as an am ne,

Wd)byltheraddmohcnfwl-%@@xtmp may be reacted with a
t., Al lnki
GBALTSRE A TR ool O 8o e sho
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a I Nni

I the t f. Iinki
(00661 rkigupa 3 SeweotheofiHEARENSS HEIRBERY AlaL 0S8/ core shell
f
ﬁgﬁdc&?&é@sﬁggﬁgsﬂﬁﬁtl&br c@h‘%azléc?n g'ﬁiér ?Sﬂ?tmlb'nﬂlgir\]g&ystals before
fo@mgt’mi efthbhmsdilgﬂattfcameplex;change cross-|inking

{006 ent f:fgg?%gs :@g&g%ﬁ\gu (g f’ éﬁsu o rpgd q@iﬁg@mmescence of
EHQEI %@i&‘il%a‘%@ tals-of ihe fhvléhﬁ@ry Ferfsag 2ehsstgudst complex

[ srra oet hane, dithi obi s-mal ei ndoet hane,
W;th]{-dyclndammm dot et r aet hyI eneglycol, C6 bis

es LSUGCI

81(@# ra égu Qi guc% tﬁ§ té%géra%lta,wggh)% eneg e}//%% core - shell
RhgocrystHIB Of thaTirehtow at sare) . However, if 2

nanocrystal of the invention is used, whi

[0069] ~ Figure 8 shows a schematic drawing of the preparation of a
nanocrystal of the invention comprising a host guest-complex, wherein the host
molecule has free reactive groups that can used of preparation of a conjugate
(Fig. 8a). Fig 8 also shows examples of ligands that can form a host guest
complex with a host molecule such as cyclodextrin for preparation of conjugates
of the water soluble nanocrystals of the invention (Fig. 8b) as well as a schematic
drawing of a conjugate of a nanocrystal of the invention with streptavidin (Fig.

8c).



conprises a capping reagent that is covalently |inked
to a water sol uble host nol ecule, the host nol ecul e
W@ a0v60T9M a conj ugate with a suitabl e |inking BOESG2005/000009
(that may before or after the host guest conpl ex
formation) coupled to a sel ected nol ecul e having the
wi shed binding affinity. For exanple, if a
cycl odextrin is used a host ®9l ecul e’ suitable, |inking
agent s |nclude but are not limted to, ferrocene
es, adamantan conpounds, pol yoxyethyl ene

d
BRI o PTGt R han@en M oiiipPDats. QD)
with the nolecule of interest (cf. Fig. 6). [0060]
Furthernmore, the invention is also directed to

Eﬂﬁﬁfﬂbsu irioptytabesahinend TP aiesty! mwwa aﬂde (‘?OPO) capped

B A Spltplaf JRRErafRd a2 fin. TROPDSR )W placgd in 2 flask

é‘iﬂﬂaﬁédﬂ GnBeRgadUund (L at PampartBoBufor I‘Ielﬁcmrf a'heeﬂask was then filled
detection kit containing a nanocrystal as defined here

wsh alitsageyaand beateldetd 3961 loran nedisatmospbers damaxoihe following

@ “ﬁ@I@kﬁsﬁaéé‘tpf\?na%ﬂeﬁﬁam}zﬁé"@ﬁn‘?\‘Mi FQPbbisRdton (4.0 m

c? 116SmB. TRBERRIcton' SMitRsIEWagt therouwdhiyahized, loaded into a
ubl e nanoCrystals of the invention which either

Weaandaemde froar therdybex.r eagent to the surface of

@Sﬁa or \noh?t Ige a@gﬁé ﬁ]ﬁéﬁ\gﬁé?Qa%ﬂn”%?tﬁ?%ac%ﬁ%lxture was

ﬁéNﬁeﬁbHthttﬁdngbrbuﬁlyoﬂhﬂhg CT@@@ItWItm&t siregle oocaitimuioliy  injection.

linked to a water sol ubl e host Itésche ?N) I

Heatng wasgtmseredsiaote @@@ﬂemﬁarbf M RPPG, Whk oradually
L

; r?fgf'ﬂ %@%%9‘%9@%’ ?',é r%ég,{ %q? %%t;[?ﬂ:f x| \%ﬁ% alIGW%H'tS cool to

Caéd°6ara%ea) o8 buthol wzarrévmid@tjhermeod,ﬁntgsomebcatnan f the TOPO.
dendrimers (Fig. 2f) that can be used as host

Adtition| ef large texeeps cxfemethangd Mausas t[’@olea']“ciﬁﬁgﬁﬂ fogculate. The

TGt Retk e SRl VSR o P PARPE G2 A o Bation; the

PEBURINESpOWdattdadnbée Bispersty) int A atriety afaurgamctgol\tdlrés to produce an
addi tion of cyclodextrin; [0065] Figure 4 shows a
vptigatly cquﬁjrSQgWOGf CdSe/ ZnS core shell nanocrystals

(8207 A 9 aRa SR e bl Beanboe i vacuum for
CERSAY ASuBOthensesdled to 60°C after which 0.5 ml trioctylphosphine (TOP)
was added. Roughly 0.1-0.4 pmols of CdSe dots dispersed in hexane were
transferred into the reaction vessel via syringe and the solvent was pumped off.
Diethyl zinc (ZnEtz) and hexamethyldisilathiane ((TMS),S) were used as the Zn
and S precursors, respectively. Equimolar amount of the precursors were
dissolved in 2-4 ml TOP inside an inert atmosphere glove box. The precursor
solution was loaded into a syringe and transferred to an additional funnel
attached to the reaction flask. After the addition was completed, the mixture was
cooled to 90°C and left stirring for several hours. Butanol was added to the

mixture to prevent the TOPO from solidifying upon cooling to room temperature.



nanocrystals of the invention conpared to the starting

nanocrystals before formati on of the host guest

w@oovplese74 [ 0067] Figure 6 shows the effect of PEESEHOHM0009

t he photol um nescence of CdSe/ ZnS core shel

nanocrystals of the invention form ng a host guest

conplex with g-cyclodextrin ; [0068] Figure 7 shows

the thermal stability of cdsétzns core shel

nanocrystals of the invention at 50 0C, [0069] Figure
schematic drawi ng of the preparation of a

%‘E@%@ |V¥§{er ﬁ@@%‘w&c% F‘oZrlg\agoﬁ d?%c{gst-Guest Complex

Vp,ﬁ,aﬁt; ¥RdekQHPs that can used of preparation of a
conjugate (Fig. 8a). Fig 8 also shows exanpl es of

i gands that can form a host guest conplex with a host

Bl gatse SRrBRoSi: oo in HthER) STl ' g yyorophobic
da%gfﬁ:% L\9ith (P TeIPO agere! Bls§§lvédsﬁh6”@*000 dr @ 2o M@ixture of

ugate of a nanocrystal of the invention with
cHigreforavhelame( Fid). BbpuEXXE/RY Fofl yRyelpdestrinoandf tieOP@nocrystal

L T
riaﬁ—ﬂj e fo‘faa?%ggsqggﬁ @ﬂﬁ%ﬁ uﬁi’tﬁ\r fRriReaPAr l%@ar?sevapgrator was

in a flask and drie
usedeto ranmmmrﬁestloﬂ' ther Wat&r mddhﬁemthe foomed frost-guest Knclusion

th fil Lt
AR eLishirtn BV cRaRLARRT FROePEHSHE sblly JE figrioP washea
91 UAtep Wsreﬁ{cﬁ@a"d%j frél '@c(o”d&trms) mdlebliEEPSEhe so obtained
ution .0m), and TOP(16 m ). The injection

mms&ismttmcfggm@ i hasd, guesideeMplexo Waths wyrlegextrins  via

B39 Ge] SBd et 71 o S0 B fto watr

by @iRS5I0TNgEtheni ird wateg dyyormelans sifi ulilrasuynd' oeatmenth Toe nanocrystals

Si ngl e continuous i njectjon. Heat was re gﬂjg |

whigh rase qarptacted &ykthQMSE/s@e?%ﬁ%@P %r%%"ﬁf gl ?t9be in the
N t t he reactlon the reaction

3 Sgete Br éﬁ?rﬁ@%ﬂ}g%@%@ P to ~ 600C and 20 m of

joovanol Ther farmatied df chpreatentsaladle d(i—@Dcmddiﬁecbhuahwm dots by

%%?fmAgg'at 'ngq g?tfé%lg?{g% (Sg(r(éggl% gé fc“‘l%wecf1 optlcaé}llf/ When adding v-

cyclodextrin to a chloroform solution containing TOP/TOPO-capped CdSe/ZnS
core shell nanocrystals, the formed nanocrystals migrated from the organic
chloroform phase (Fig. 3a) to the aqueous solution (Fig. 3b).

[0075] The formation of y-CD modified quantum dots was also confirmed by
'H-NMR, FT-IR spectroscopy and XRD measurement (data not shown).
Transmission electron microscopy (TEM) (Fig. 4) and fluorescence images (cf.
Fig. 5 for example) show that the quantum dots having formed host guest
complexes with y-cyclodextrin form high mono-dispersed particles.Fig. 5 in
addition shows that the CdSe/ZnS core shell nanocrystals of the invention
possess a higher fluorescence intensity after formation of the host compiex
(measured in water) than the unmodified TOP/TOPO-capped core shell
nanocrystals (measured in CHCls), whereas the wavelengths of the emission
maximum remained unchanged. The photoluminescence measurements of Fig.
6 shows that that the CdSe/ZnS core shell nanocrystals that have formed a host



floccul ate was separated fromthe supernatant |iquid
by centrifugation; the resulting powder can be
wael@perved in a variety of organic sol vents toPQI/SE208000009
an optically clear solution. [0072] A flask contai ning
5 g of TOPO was heated to 190C under vacuum for
several hours then cooled to 600C after which 0.5 ni
trioctyl phosphine (TOP) was &dded. Roughly 0.1-0.4
mol s of CdSe dots dispersed in hexane were
guest soatplex withtyscydiedextdr are NeRyedaklie i BBSyRufiegof Rh7-4 (open

t.h t d of f

et fy e TG crigiforS L GOt shahiz Spydhilg stabitty
RN GoBeBlS CEEIGHS  of| PPPBDI v@wam&qpomhgr traanglasst) ahd pH 3.0,
t he precursors were di ssolved in 2- TOP insi

iespectielyrddpnawardg aowtlngtnamQIQS)pr@@@HboFl%oT quSHﬁt%éhat the

CARREANS, P08 el HapCERsPIE erRR) KEThe g p RSP Blecd Bblex with

PedEbberrinashoaoapbet aderrhalestability un aquesus ealeibnt wh&OhEated to
and left stirring for several hours. Butanol was added

5@°Che mixture to prevent the TOPO from solidifying

upon cooling to room tenperature. EXAMPLE 2 Preparation

of Water-Sol ubl e Nanocrystals by Formati on of

EXAMBLES Conplex with g-Cycl odextrin [0073] The

nanocr%/mbal s obtained in Exanple 1 ha%]l(g?
ptB-eupprexrinienorticythigb(P M I ssol ved i nt o

200 of a m xture of chloroformhexane ( 1 :1).

About 0.5 g of g-cyclodextrin and the nanocryst al

761 on iMeBemattledakoaddezbtaiti solutidn 20 drieddieireButytimethylsilyl

[0
s preteeind orsiadmarn (T BONEGHY 222 Apdpade AL GotmD and
L ool 59315 af hblfs. W?‘h?ﬁ trﬁﬂgnﬁlh%thﬁﬁolf Wréfé@ted 8-bromo-1-

guest |nc usi on conmpl ex was I sol at ed
oehahthubIL(gahmmﬂ wahadded bed trefiuxed duernigbt. fTha seiveRtavaetemoved

with water to remove the free cycl [

Freacs 8o s ot e shrsa et F Sy T SRRg WS washed
AR SdilESa G oNitidh, aheh anme! ahasdridda PUCAGE0 wa earried out by
stored in solid state. They can easHa be_transferred

colummeheemptogiapisolof siicahnesth 308-4¢0ky The spRtatged solid was
I tr e
HisspBER dno, PP RLTRIL Wi 47 BORET beCamE ANESS? erpaining trace
ot e &cid uintberstivced psésture fand the caldet reae:hynlpmo@cttww dissolved
in water. For purification, the cyclodextrin octanthiol was washed with diethyl
ether to remove the unreacted starting materials. After lyophilization, the product

was obtained as a powder in a yield of 21%. "HNMR (D20, 8, ppm): 5.1, 3.9-3.2,
2.4, 1.5-1.0.

EXAMPLE 4
Preparation of water-soluble quantum dots by ligand exchange with cyclodextrin

monoalkylthiol

[0077] Purification of the TOP/TOPO capped quantum dots was done by
dissolving of the quantum dots in chloroform and precipitated from acetone and
methanol as described in Zhong et al., J. Am. Chem. Soc. 125, 8589, 2003. The

obtained quantum dots were dissolved in dry chloroform to form a clear solution.



[0074] The formation of the water soluble g-CD

nodi fi ed quantum dots by formation of a host guest
w@eowphese7coul d be foll owed optically. Wien addp@rySG2005/000009
Ycycl odextrin to a chloroform sol ution containing

TOP/ TOPO capped CdSe/ ZnS core shell nanocrystals, the
formed nanocrystals mgrated fromthe organic

chl or of orm phase (Fig. 3a) t 63t he aqueous sol ution

(Fig. 3b). [0075] The formation of CD nodi fi ed

\dndert stirritgt an waeess gbcwﬂdeﬁmmwa?wlmm prepared in Example 3

S RARRRCIoBPE.F 0N R, GEIR 20y Dl ves

efddé‘é!f 6 B CEolifiTODRchffe cldad. Aftef ctheea@@inb@)wa@mummated the
the quantum dots havi ng fornmed host guest conpl exe

raacmprgrwt@ma@& kept $WFiRgAtgRORD ERIMBLEYIEREs eyernight. The solvent

8 GRS T Sl o 3 bt SOHE wlet el WRCAET ther to

rehiver thel fisy epstedesdrin rrtcﬂwmwmaf tHie fesultitlg powoér Mae collected
host conpl ex (nmeasured in water) than the unnodifi e

arop/ facher cawiiied dor éeé'ﬁ@)ﬁugawﬁho@@staal BUEBMAIEF o0 lufon.  After
I%ﬁ ﬁ’%atron"“ﬂ% é@‘a(‘fa c?%'@{wgﬁd a'if%ﬁeﬁﬂé& PYORNMR. "THNMR

mm rén‘B_I unc ange m nesc nce

(@@)S,@fﬁmh t510411:32 28, SIBJWQ DJ@aﬂJ 8t hat the CdSe/ ZnS
core s nanocrystals that have formed a hostguest
conplex with g-cyclodextrin are very stable in PBS

@*J\ g pH 7.4 (open circles) (i.e. under
physi oll' 0gi cal conditions), and even show a sati sfying
ﬁﬁe@brétldnyoflmthmls&xwtbdwtrw on of pH 5.0 (upwards

pointing triangles) and pH 3.0, respectively
(downwar ds pointing triangles). F| naI ly, Fig. 7

ng’ g ?@F‘ﬁébﬁl‘g’?ﬁ%ﬁ’% a@ np?‘é‘%(d ORI 1o S thiourea

©@-/CHPaRY tHeh S8 andog’ fé%\@tlﬂmmﬁdlﬁ’él hé4tedi @ 70 °C under a
aqueous sol ution when heated to 50 0C. EXAMPLE 3

mitrogan atmosphsire PAR§Ic1 D heihier DMFnWﬁ% aeropvedjuider reduced pressure

G PR b R R i g o

tvedh eddeddmdt then réd’c&lﬁﬁﬁﬁ&lur&héamto) gentlergflibHnder a
( ) and refl uxed for apout hours. Then tri pha’gﬁj .
W@Q@'ﬁoﬁ‘tn‘pﬂsﬁh%‘@t & dr Ondha - re%%'f'ﬁﬂtﬂr'%ﬂertslpr}n’f{ﬂs) led with

S AR UhlAA il icnBle RElstFDl WBmeE RISy v
di bmlabWaterpandeemiwd To remove the last traces of DMF, the product
was suspended in water (50 mL) and the minimum amount of potassium
hydroxide added to give a clear solution; the product was then reprecipitated by
acidifying with aqueous KHSO4. The resulting fine precipitate was carefully
filtered off and dried under vacuum over P.Os to yield per-6-thio-cyclodextrin
(65%) as an off-white powder. 'H NMR (DMSQO, §, ppm) 2.16, 2.79. 3.21, 3.36-

3.40, 3.60, 3.68, 4.95, 5.83, 5.97.

EXAMPLE 6

Preparation of water-soluble quantum dots capped by 6-thio-B-cyclodextrin

[0079] Purification of the TOP/TOPO capped quantum dots is similar to the

procedure described in Examples 2 and 4. The obtained quantum dots were



with diluted HCI solution, then brine, and dried.

Purification was carried out by columm chromat ography
woeoosirioca (nmesh 200-400). The obtai ned sol i d RBESG2005/000009

di ssolved into TFA (10 m ). When the sol ution becane

colorless, remaining trace of the acid under reduced

pressure and the crude reactéﬁn product was di ssol ved

in water. For purification, e cyclodextrin

octant hi ol was washed with diethyl ether to renmpve the

disgabeast dal dryapyridiae nigt &ormalss cledrt splutipppHinderastiging, 6-thio-p-

cyshoRifues B%ed d T pRijes B, RYeGloybE AR G Stiring was
coptinGed\¥Pkdordt tEhpERitald Seraibhtvallest sodhebddvetitadd! moved and
dots by ligand exchange with cycl odextrin

them 581 il diethyb ethiep evar) adead, A white erecipitataavasorplirgted and rinsed

R P e s PR st BAg el O hffiried. HNMR
(BRRSONS, 5Uie): 588, o) 1252 deg cz bbeds il Zhong et al ., J.
Am Chem Soc. 125, 8589, 2003. The obtai ned quantum

dots were dissolved in dry chloroformto forma cl ear
o] utq’ .Under stirring, an excess of cyclodextrin
Bq(zilthi ol prepared in Exanple 3 was added in

Arephiion dfashjughts com Hismtféih@inbcmmaiflﬂyé triveation
(ogt ant hi ol ) vags addedpti 'l the solution becane clear.
After the addition was conpleted, the reaction m xture

ept; [ t,r . - )

850 POl 55008 2 BTRA S M BUEARL cFir o
im@entioastred ounbpristisebhiidstafuest coonplexmfeat baprimgeaeagent with a
cycl odextrin m?noal kylthiol. The resulting powder was
serblechest malecy'eir t her purified by centrifugation from

. wat : . e .
0Bt = A SISl AR 3P KBy nonca o o
aLpivsurfaReQyf the napoprystal maydbe azhipl cepgpoundswith adeng alkyl chain

@ 4 RO ORI i ok B SaBhec BaRogrvetal anay bs dpasies with a host

rholbcllle 8B6h tiss $0lcyedderribfMeatity mb)a higiyogtatsy (£.wakér soluble
g) was then added and the reaction m xture heated to

nemocrystale Forpreparasiparofa eaniyigate of ke sanegrygtal that nagyrbe used
405 GITRERE A LG SO REGE ol e o a gan
dfyiptepegtdrich as biotin, digoxigenin, a small molecule drug or an protein such
as streptavidin, avidin or an antibody, to name only a few examples.

[0082] The conjugate can be prepared by reacting a free reactive group such
as a solvent exposed hydrophilic group (e.g. an —OH, COOH or NH. group) with
the ligand of interest (cf. Fig 8a). The conjugate may also be prepared by forming
a further host guest complex between the guest molecule and a suitable host
molecule that is linked to the ligand of interest. Exemplary host molecules that
can be used for forming such a (second) host guest complex with a cyclodextrin
compound, for example, are shown in Fig. 8b. It is noted in this regard that it is
within the knowledge of the average person skilled in the art to select the
appropriate guest for the chosen host molecule. This approach of forming a
conjugate of a nanocrystal of the invention via a host guest complex is illustrated

by the streptavidin conjugate shown in Fig. 8c.



(0.26 g) was added and the reaction m xture heated to
gentle reflux under a nitrogen atnosphere. After 1 h,

W0 bz t i ng suspensi on was acidified with aPCESGH05/000009

KHSO4 and the resulting precipitate filtered off,
washed thoroughly with distilled water, and then
dried. To renove the last traces of DMF, the product
was suspended in water (50 n@? and the m ni rum anmount
of potassium hydroxide added to give a clear solution;
t as then reprecipitated by acidifying with
aqueous KHSO4. The resulting fine precipitate was
carefully filtered off and dried under vacuum over P20

10 YA Qlateri®lulle NAinBciy¥Rl RAENKY H toretdiprisingain of f-whi te
powder. 1H NVR (DMSO, d, p 2.16, 2.79. 3.2

, 1, 3.36-
& least gnasmetal b, saleged fmrgae,m slementexiasatgrogp Ib, subgroup b,

EXB 0l 5 S BB i, mar
driebp TOMRAiaagTBap |1 wamiaimgeedrs IV of sheipedvdicesystem of the elements

rocedure described in Exanples 2 and 4. The obtai ned
&xﬂﬂnum dots weredi ssolved in dry pyridine to forma

cle ut,i . Peg - thio-

cye WSl B ShphE i EEagh i dfibned Kk slitace, of the core of the

heerongstall ead. Stirring was continued at room

tenperature overnjight. Mst of the solvent was, renmyed

and VRIS CAPIEEN {2080 PR TRLALGR HTRISK Wih & water
b collected and rinsed again with

B NosEhR IR

he obtai ned powder was filtered off
and dried. 1HNWMR (DVMBO, d, ppm: 5.8, 5.1, 4.1-3.2,

.6, .2, 1.5-1 .0. Ex le. 7 Preparation of
%-onj'ﬁM@SS%%H@PHQS%TEQWBQ@E?% cogﬁpr{i)srﬁréé)i nventi on
50881 ofid EHELS! Bia SNSd Arohfantdlemene be BBbGroupritapast o metal
a nanocrystal of the invention that conBrl ses

Mdsselgaies fropmareelement ebsyParuRdBe SHOROUR b, subgroup Iitb,
' | ecul i , .
el Bl sinciBin? 4, SuborBHE Vi SUBHRA . 8RGoe S, main

groupat;enaih droep nirovenaistgrbuprdly diehe pehiodic sysitgrousfdhe elements

with a | ong al kyl chain or a pol yoxyal kyl chain. Such
€MhpBd nanocrystal may be reacted with a host

Qﬂbgg&%ﬁe SIRFREAR %?tea @dAx bhidlemn@at bfhelrRaim GroBbW or VI of the
y f

sta a wat er sol ubl'e nanocrystal. For preparation o
penadi¢ sysiameofdhe ehementsocr yst al that nay be used

wherein a capping reagent is attached to the surface of the core of the

nanocrystal, and
wherein the capping reagent forms a host guest complex with a water

soluble host molecule.

3. The nanocrystal of claim 1 or 2, wherein the capping reagent is a

hydrophobic or a hydrophilic agent.

4. The nanocrystal of claim 3, wherein the capping reagent has a terminal

group that has affinity for the nanocrystal core.

5. The nanocrystal of any of claims 1 to 4, wherein the capping reagent has

the formula (I)



as a diagnostic tool such a host nol ecule can either

be conjugated with a Iigand of interest such as
whe@biomso74di goxi genin, a small nol ecul e drug orPErSG2005/000009

protein such as streptavidin, avidin or an anti body,

to name only a few exanples. [0082] The conjugate can

be prepared by reacting a free reactive group such as

a sol vent exposed hydrophilié”broup (e.g. an -OH, COOH

or NH2 group) with the ligand of interest (cf. Fig

8a). The cldafYgdte may al so be prepared by formng a

furthﬁé host guest conpl ex between the guest nol ecul e

and ¥"¥'&"M abl e host nolecule that is |inked to the

|'i gaxgs afterniihar golip sBicerad fom $astP el ®ep| es that can
be used for form ng such a (second) host guest conplex
wi t hAds ap éntegesdremy @ohpound, for exanple, are shown

' Fi - . . o T
w8 eoghin il Bt Rl SRS RIald | 2, |
t he 2id athgdrginobic éftinggrouppri ate guest for the chosen

host nol ecul e. This approach of form ng a conjugate of
a nanocrystal of the invention via a host guest

onpl 1S, r i ' i

B ounT 1 ENBCEH GF LAY WASel HRE e ¥ of B8 WBhRg reagent
somphises Bam60mysinahaimeaton. a core conprising at | east

one nmetal ML selected froman el enment of subgroup Ib,
subgroup Hb, subgroup |Vb, subgroup Vb, subgroup VIDb,

gubgr T’Ht? pgg!r)@r;yrgt%‘l‘ BOEGWR 6\,/\\//\}He?einnﬂabﬁm%ﬁ§é'§ alklyl niBiéties, cycloalkyl

group | in group [V of the periodic sSystem of
ruietiEiseatier sdieiBE) or athmatichmeietieppi ng reagent is
attached to the surface of the core of the
nanocrystal, and wherein the capping reagent forns a

Bost PHESTanveRfta XMk of cleiirer 536! TiblvReleds tthemdappiigeagent is
2 . A water sol uble nanocrystal having a core
gelepiedsi ndrem | edke on8roH al ®RNYEINKCt edof r onChla(CH2)CH2SH,

el
BHOTRCHCROURISIR. Tistrich PRI NBB0) Sfifdy cr.
BIHI0(SHEQHEOR, ONANH, S IRIGE H)aCHa)3, SOFEB((Glil)GHa)s, swberedum is an
VI1b, subgroup VIIlb, main group Il, main group Il or
Hie9eT@%up |V of the periodic systemof the el enents
(PSE), and

9. The nanocrystal of claim 8, wherein n is an integer >8.

10. The nanocrystal of any of claim 1-9, wherein the water soluble host

molecule is a compound containing solvent exposed polar groups.

11.  The nanocrystal of claim 10, wherein the host molecule is selected from
the group consisting of carbohydrates, cyclic polyamines, cyclic peptides,

calixarenes, crown ethers, and dendrimers.

12.  The nanocrystal of claim 11, wherein the carbohydrate is selected from

the group consisting of oligosaccharide, starch and cyclodextrin.

13. The nanocrystal of claim 12, wherein the starch is a-amylose or B-

amylose.



at |l east one elenent A selected froman el enent of the

main group V or VI of the periodic systemof the
wWeb@aerz4 wherein a cappi ng reagent is attachedI/s&2005@00009

surface of the core of the nanocrystal, and wherein

the capping reagent fornms a host guest conplex with a

wat er sol ubl e host nolecule. 3, The nanocrystal of

claiml1 or 2, wherein the capﬁ?ng reagent is a

hydr ophobi ¢ or a hydrophilic agent. 4 . The

nanocrystal of claim3, wherein the capping reagent

S a‘rbg tng}—,BngP&'i 8g&a#ﬂalt2 IU\?rFéré]lW CWIPEggdrﬁnhﬁ sglected from the

nocr e nanocrys

%rdu‘b éonsxﬁhﬁﬁ Qjf o lchEloBiaRiPinh J3-Ef08E)trim a2 §- dbe:cfe&trW' Bimethyl-c-
wherein X is a termnal group sel ected

tycjodextnm\] - FPrlmethy@aR;ycbodextmm i Rireetbyl-Boyatodextying, Tyimethyl-B-
is a noiety having at | east three in chain atomns,
a¥iodextEn DimRiRyprEladediin. Agogh Gushy 6r-Cxigdesdrin.

nanocrystal of claim5, wherein the noiety Y of the

cappi ng reagent conprises 3 to 50 nain chain atons. 7.

The n@hedaaystaistadbf cladinnt B, whbeirethe dligozgecharde abkprises 2 to
nai eties, n‘ﬂ%/d oal kyl npieties, ether noieties or

4P RAee it i es. " 8. The nanocrystal of any of clains

5to 7, wherein the capping agent is selected fromthe
group consisting of CH3(CH2) CH2SH,

GB3Q Th2 Chiz@ar@@iaiSiaf  apCHICHREHR e ingCHRIirasI3 2-15, wherein the

CH3 CH2NH2, CH2 O nCH2NH2: P((CH2) nCH3) 3
e By SN (RS an | ot o, FeEo@Ince) s >

nanocrystal of claim@8, wherein n is an integer >8.
10. The nanocrystal of a@y of claim1-9, wherein the
Bt er The |nanp@ryﬁta§pf algira @, whesein the myiahis salaeted ionythe group

8&#3‘{&[}\‘9 WS(%]' I-fb?ll\ﬁ\{, FE, BBNi, Cu, Ag, and Au.

18.  The nanocrystal of claim 16 or 17, wherein the element A is selected from
the group consisting of S, Se, and Te.

19.  The nanocrystal of any of claims 16 to 18, wherein the nanocrystal is a
core shell nanocrystal selected from the group consisting of CdS, CdSe, MgTe,
CdTe, ZnS, ZnSe, ZnTe, HgS, HgSe, and HgTe.

20. The nanocrystal of any of claims 2 to 19, wherein the nanocrystal is
consisting of a homogeneous ternary alloy having the composition M11.,M2,A,
wherein
a) M1 and M2 are independently selected from an element of subgroup lib,
subgroup Vlia, subgroup Vllla, subgroup Ib or main group 1l 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 (liI) of
the PSE, when A represents an element of the main group (V) of the PSE,

obtainable by a process comprising



11. The nanocrystal of claim 10, wherein the host
nol ecul e is selected fromthe group consisting of

w@ a00borspdy at es, cyclic pol yam nes, cyclic peptPdESG2005/000009
cal i xarenes, crown ethers, and dendriners. 12. The
nanocrystal of claim 11, wherein the carbohydrate is
sel ected fromthe group consisting of oligosaccharide,
starch and cycl odextrin. 13. %Phe nanocrystal of claim
12, wherein the starch is a-anylose or b- anyl ose. 14.

The nixnocr §ermang abingrginanegrysid M Ry heating @ waestian mixture

is selected fromthe ar i St .
a-cycl odexf:P'lnthi‘fn"H1 C%S%?x)”ﬁ Wﬁ‘ %fdcr)&g?@gaebi F?rrwe generation of
Di net hyl - ag r@h@b?@@ﬂté arsuithblenehipdraturs Ydl, adengrat this

Di et hyl - b-cycl odextrin, Trinethyl- b- cyclaodextrin,

Di et hyl - gterpperetise the sleraget Arin ademy suiiakle doidhe generation of

15. The nanagcr j ' = ;

ol i gos acchgrqa@égé%@%%%!s@zﬁ?g% aﬁt%@%ngFé {Jbﬁiatséqﬁlci%r)t period of
The nanocr Yifieadt sofentptatiire shitablerfegfarming saidrsnaty hanocrystal
wherein the nanocrystal is a core-shel| nanocrystal.

17. The nahbdh grd Hercallawing the seaciipereitirede crek and; s

sel ected f . isting: . .

Fo, - PRyt 6 BBy e fauB; Motating the
cl ai m 16 oforinéd biharyenandcngstel MAAnto Asuitaklel texipedatéireoh,

the group consisting of | S Se anag Te. 19. The .

nanocr yst aPAANGARNG reaqtan EMUSEE t tefRgralife 7 ufficient
nanocr yst aly, s i :
oo oo BT o Bk TR Rt slag ot g cereraton of
ZnSe, ZnTea ndyScrysisethearhieatiggdhe zeactivmemiriwiedoy g safficient

of any of clains to,19, wherein r N

consi sti ng pgpo%oﬁﬁwggaér?e@urgpqrgﬁ{grswgl?lgg@Pﬁoa{ﬁ!ﬁ%éqlﬁZemary

conposi t i opalBéyrsteR KA NI2gAING thgn Mllowitl e retétion mixture to
i ndependent |y sel ect ea froman el enent of subgroup

li b, subgrcapltvirpam temmeraiuse\and igolatingdhe igynap eanocrystal

mai n gr outh &fz;\he peri odic system of the elenments
(PSE), when AX'éPresents an el ement of the main group
VI of the PSE, or b) ML and M2 are both selected from

an element of the in gro [11) of

21.  The nanocrystal ofnglaim %O \MPn 6.001)< X < 0.999.

22.  The nanocrystal of claim 20 or 21 with 0.01 < x < 0.99.

23.  The nanocrystal of any of claims 20 to 22 with 0.5 <x < 0.95.

24. The nanocrystal of any of claims 20 to 23, wherein the elements M1 and
M2 are independently selected from the group consisting of Zn, Cd, Hg, Mn, Fe,
Co, Ni, Cu, Ag, and Au.

25. The nanocrystal of any of claims 20 to 24, wherein the element A is

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

26. The nanocrystal of any of claims 20 to 25 having the composition ZnxCd.
xSe or ZnyCd1.S.



the PSE, when A represents an elenent of the main
group (V) of the PSE, obtainable by a process
W@ wp7®rygi ) form ng a binary nanocrystal MLAPGESG2005/000009
heating a reaction m xture containing the element M
in aformsuitable for the generation of a nanocrystal
to a suitable tenperature T 1 adding at this
tenperature the elenent Ain 28 formsuitable for the
generation of a nanocrystal, heating the reactiaon
M. xt A enatbod of prepariag envatge pelyblegranaargstat camprising

tenperature _suit r

nanoch%tt"}uq am%ogﬁéﬁ?lh@%wégl%&%gﬁ?l’ngngi ?/Ioer? SFnOQte umetal M1
dfe@e! frodngh biemémhesibeten fida slﬂjgrbuprlbms&bgnroap Ilb subgroup
wi thout precipitating or isolating the formed bin

IVan subgrougl Vivisubgreur VA, subtareun Sabgreupryll lbaer@alﬁggroup H,

I'b%llnf E@urg %fu'i%gm]p)&%ﬂ ?\(%@thé? nghﬁ{gh’/gé?%éﬁt Rreby attaching the

cappirpleagent totthe suefaee af tiencart of tmmnanomswl,,artdwen
heatl ng the reaction mxture for a suffbm ent ngé
%ule to form a

of t ithen gentactingiihe a0 gbtaingd panncaystal Witk
10z a:;t?‘[ t%ﬂ@?éﬁ{ g&@beé\/{l%hé'}é%b‘@ogm tg@ﬁf‘ d ﬂw‘él' \W/St c5h§‘oluble host

0 Ccool erature,
melelcate. ng the ternary nanocryst al I\/I1| - XM2XA. 2 1 The
nanocrystal of claim20 with 0.001 < x < 0.999. 22.
The nanocrystal of claim20 or 2 1 with 0.01 < x <

évé. ?ﬁ'%?@etggd“ﬁf ﬁ%ﬁ@ﬁhy%ﬁétePEoﬁBbé @én&d@gt@iﬁccﬁﬁpﬁgngz

The nanocrystal of any o
cl aireactd®y @ 0aasgrysiakhavingtaheorelcomprissngvl and M2 are

' nde ”dﬁg& Ie{ms?qllj\ﬁli f | o&n fr&ﬁgﬁ ecigﬁg%g&? sé@é@g% subgroup

nanqu y&imrouy NlYs C?r@l,lpl\?@ élﬂ)gréuﬁ‘kllb\/\/fwt)gidmpﬂlﬂb subgroup
element Als selected fromthe group conS| sting

Se aviibrmairpgroupnlh mainogiopstHiordnainrgrogp ¥ of h@ p@@lositp system

25 n ZnxCdi _ xSe or ZnxCdi

-xshgghg%b%%qﬁggﬁgg?pérdggarl ng a water sol uble

nancmrlaastaineoelemns W@leetedtfrdmg an elament o the miagty gragupaV or Vi

core npri.si.n taI ML sel ected from an

el er@ﬁhe§éf'%9 M H‘Fﬁ‘\?cf’a?%‘ﬁﬁ subgroup |ib,

SUbgER capping reagent, thereby attachlng the capping reagent to the
surface of the core of the nanocrystal, and then

contacting the so obtained nanocrystal with a host molecule to form a host
guest complex between the reagent and the water soluble host molecule.

29. The method of claims 28 or 29, wherein the capping reagent is a

hydrophobic or a hydrophilic agent.

30. The method of claim 29, wherein the capping reagent has a terminal

group that has affinity for the nanocrystal core.

31.  The method of any of claims 28 to 30, wherein a capping reagent is used
that has the formuia (1)
H.X-Y-Z,

wherein



| Vb, subgroup Vb, subgroup VIb, subgroup VIIDb,

subgroup VIIlb, main group Il, main group |1l or main
wW@e@ap7399% wi t h a cappi ng reagent, thereby att arti/eG2005e00009

cappi ng reagent to the surface of the core of the

nanocrystal, and then contacting the so obtained

nanocrystal with a host nolecule to forma host guest

conpl ex between the cappi ng r3@agent and the water

sol ubl e host nol ecule. 28. A nethod of preparing a

wat eX isatemiisakgragpselectad kompy.iNi Rgor @3Bt i ng a

nanogr. Vd re conprising at |east one

net a 'ﬁﬁ%@géc#{% (ﬁpﬁ] an el ement of subgroup IDb,
subgvasg mdiéty Ity auleasiMhreesmbaT Shiin \deoms Ldrgr oup VI b,
subgroup VII1b, subgroup VIIIb, main group I, main

. [ up
gr oud 1 @ hy@iophabie idNGHIToUPef the periodic system of
the elenments (PSE), and at | east one element A
sel ected froman elenent of the main group V or VI of
8he pEhd onéthodyst emiraf 31 haheledethiesmoiéty hY sofcthiepicapping agent
reagent, thereby attaching the capping reagent to the
eQIPpPHzes Hto PP aainchakratoRs. nanocrystal, and then
contacting the so obtained nanocrystal with a host
nol ecul e to forma host guest conpl ex between the
82ageTihe amathodhofvaaiar 32 pvhbrein Mo ommrises eyl rAbieti€bge cycloalkyl
met hod of cl ai. 28 or 29, wherein the capping reagent
molelieh, SB R Leso Or AaRYRHCIBRIGIRE: agent . 30. The
met hod of claim 29, wherein the capping reagent has a
termnal group that has affinity for the nanocrystal
34r e. T metithd okwhydofotlaimg I tel33,nwheein dhgoreagent used is

erei,n a.cappi ng reagent is used.that has th 0
%A‘A?]?Ckfﬂer eifl ips Ser gpf%p gr o%PE’%%F" ct eaosffroﬁl:lf—sl?(rq@l)&HZSH'
CH,O0(CICEH, @), CH,8H, | HSTUHICHIORLGH)CR,),CHL'S @HITCIEL)YCH,LNH,,
having at |east three main chain atons, and Zis a i )
GHdPER S OG22 Pé(2) 83 ThandePRBUCHR)EHs)m wharein n is
Mﬂtgéé}%he noi ety Y of the capping agent

35. The method of any of claims 29 to 34, wherein the water soluble host

molecule used is a compound containing solvent exposed polar groups.

36. The method of claim 35, wherein the host molecule used is selected from
the group consisting of carbohydrates, cyclic polyamines, cyclic peptides,

calixarenes, crown ethers, and dendrimers.

37. The method of claim 36, wherein the carbohydrate used is selected from

the group consisting of oligosaccharide, starch and cyclodextrin.
38.  The method of claim 37, wherein the starch is a-amylose or B-amylose.

39. The method of claim 38, wherein the cyclodextrin used is selected from
the group consisting of a-cyclodextrin, B-cyclodextrin, y-cyclodextrin, Dimethyl-o-
cyclodextrin, Trimethyl-a-cyclodextrin, Dimethyl--cyclodextrin, Trimethyl-B-
cyclodextrin, Dimethyl-y-cyclodextrin, and Trimethyl-y-cyclodextrin.



conprises 3 to 50 main chain atons. 33. The nethod of
claim 32, wherein Y conprises al kyl noieties,

wWeywboz9ky | noi eties, ether noieties, or aronmakPCTSG2005/000009
noi eties. 34. The nethod of any of clains 3 1 to 33,
wherein the reagent used is selected fromthe group
consi sting of CH3(CHa) nCH2SH, . CH3Q( CH2CH20) nCH2SH,
HSCH2CH2CH2( SH) ( CH 2) nCHS3; Cﬁé( CH2) nCH2NH2,
CH3Q( CH2CH20) nCH2NH2; P((CH2) nCH3) 3, and
O=P((CH2) NnCH3) 3, wherein n is an integer >6. 35. The

E@t hgﬂeeoﬁ'noegﬁgq&ff c?e{ir%i 3& \gﬁer.re% %\46 oNMGe éﬂ%rg&n? cwmpggses 2to 20

SOl u ecul e"lUsed’i's a conpoun arni'n
sehu@st usitosed pol ar groups. 36. The nethod of claim
35, wherein the host nplecule used is selected from
the group consisting of carbohydrates, cyclic

| yan] . 1 . .

B LR B oy BF Beh]S S5, 240, A GRAThe A Bugst complex i

foineeei byt kaeadingphylr eflaximgedby s stieingc toed ifcubatinge at ambient
roup consi stjng, of ol jgosaccharide, starch and

eRIEIR fomabagt Trigeabelthb@ davscing RRAOCTYSIRE: ¥ith 8Reaqueous
§§|@ﬁdﬂb&f ﬁemgm i©r b-anylose. 39. The nethod of
claim § erern t

e cyclodextrin used is sel ected
fromthe group consisting of a-cyclodextrin,

-cycl odextrin -CycC extrin, D nethyl-a-

£ X GaBEaIihIE vV R PAUDE FSUBERTIATRINGD et hy! -

b- cy it gekest tgriemetdl IME s BlktedPfroy4n BReadnt iof subbFBRIp Y] subgroup
-cyclodextrin, and Trinethyl- g-cyclodextrin. 40. The

it #bgrasip iVia SulzIoURALT ciubOrow Mibgehasetaiits subgroup Villb,

BRI GPOE TG b RES IR B sk Pelioie Rt Y FREAES R ). an
atsledfilomecelonenb pastiected Mo ahlelernept ofttie sihainrgrogp o or VI of the
i ncubating at ambi ent tenperature for about 1 to about

neyiogigsysiena ofdhe eleenissand.t h an aqueous sol ution of
h |
the Wﬁférefﬁoéefécﬂgm ?%al%égtt ‘g?tal%cﬁ% 48tRe %{ﬁgﬁ%ﬁ%&ﬁ fAk core of the

havi ng a core east one ne
saosotséal, &nddm an el enent of subgroup Ib, subgroup I|ib,

subgrqup J Vh, subdaroup Vb, .subgrou ] ubgro

Vit bty Bisn SO endk i By kel G MR pPlkble host
iR, BRE WAHrEInSth IR Rlolddife W §8RBE fldnPtle gPdlEp consisting of
of carbohydrates, cyclic polyamines, cyclic peptides, calixarenes, and

dendrimers.

43. The nanocrystal of claim 42, wherein the capping reagent is a
hydrophobic or a hydrophilic reagent having a terminal group that has affinity for

the nanocrystal.

44. The nanocrystal of claim 42 or 43, wherein the capping reagent has the
formula (II)
HX-Y-B (ll),
wherein
Xis a terminal group selected from S, N, P, or O=P,
| is an integer from 1 to 3,
Y is a moiety having at least three main chain atoms, and



at |l east one elenent A selected froman el enent of the

main group V or VI of the periodic systemof the
web@aerz4 and, wherein a capping reagent is apCESGEUS/000009

to the surface of the core of the nanocrystal, and

wherein the capping reagent is covalently linked to a

wat er sol ubl e host nol ecul e, and wherein the host

nol ecule is selected fromt he°’2gr oup consisting of of

car bohydrates, cyclic polyanm nes, cyclic peptides,

cal iKisrewatsr solbledegiknetgcstle.43. The nanocrystal of

claim42, wherein the capping reagent is a hydrophobic

or a hydrophilic reagent having a term nal group that

hgs affd mahychyetal idieldmnas whbadin tHet mdibly Wasfoeysdmling agent

of claim42 or 43, wherein the capping reagent has the

tonpiiges 3 (o POmp@nehginatpms. wherein X is a terninal

group selected fromS1 N, P, or O=P, | is an integer

from1l to 3, Yis a noiety having at |east three main

g6ai NTias ORBno@YEBl i 6f elavat @5, swheldie Yiosbnprisesulatkyl moieties,

45. The nanocrystal of claim 44, wherein the noiety Y

eyclealeyl cagiptiag efbeimoetiap:y PrAOMALCINGBLRSi n chai n

atons. 46. The nanocrystal of claim45, wherein Y

conprises al kyl noieties, cycloal kyl noieties, ether

Api et Ties nanovcastaradfianynefi dbines 4243 . 46T veheraimn they sappingfagent is

an

of clains 42 to 46, wherein the, cappin '
SabaBEed (UM £ hdhgr UG SEPRTSI CLBPEHD) MESpInCHzSH,

A S N ol s L P A B REL o gy g CHaNre
CERO(CHZG HEDIR)CHMbr d7((CH2)EHa)s, | GEREEeH2 e H)8. wirheein n is an
nanocrystal of claim47, wherein n is an integer >8.

WELIEFKE- nanocrystal of any of clains 42 to 48, wherein
t he carbohydrate used

48.  The nanocrystal of claim 47, wherein n is an integer >8.

49. The nanocrystal of any of claims 42 to 48, wherein the carbohydrate used
is selected from the group consisting of oligosaccharide, starch and cyclodextrin.

50. The nanocrystal of claim 49, wherein the starch is a-amylose or B-

amylose.

51. The nanocrystal of claim 49, wherein the cyclodextrin used is selected
from the group consisting of a-cyclodextrin, B-cyclodextrin, y-cyclodextrin,
Dimethyl-a-cyclodextrin,  Trimethyl-a-cyclodextrin, Dimethyl--cyclodextrin,
Trimethyl-B-cyclodextrin, Dimethyl-y-cyclodextrin, and Trimethyl-y-cyclodextrin.

52. The nanocrystal of claim 51, wherein the oligosaccharide comprises 6 to

20 monomer units.

53. A method of preparing a water soluble nanocrystal comprising
reacting a nanocrystal having a core comprising at least one metal M1
selected from an element of subgroup lib, IIB-VIB, IlIB-VB or VB, main



is selected fromthe group consisting of

ol i gosacchari de, starch and cycl odextrin. 50. The
wmawenor3pss al of claim49, wherein the starch iBCT/SG2005/000009

a-anyl ose or b- anylose. 51. The nanocrystal of claim

49, wherein the cyclodextrin used is selected fromthe

group consisting of a-cyclodextrin, b-cyclodextrin,

g-cycl odextrin, Di nethyl-a-cﬁélodextrin, Tri net hyl -

a-cycl odextrin, D nethyl- b-cyclodextrin

Tr i rasoHp Il or-rogto sauR ¢H jof thepperadiy Bygfeny ef Bgexlements €IRF), and
Tri - g-cvcl '
ol ai 1824 or SR Rdibeg dom Al PRERE S el group v or v

20 rempeperivdicisystehBof thenaémentspf preparing a wat er
sol ubl e nanocrystal conprising reacting a nanocrysta

I
haviwigh 8 ceppingoieapent whigrain the £appgeageitds geyalently linked to a
sel f S [ B- -
EAED I8 AR hEIEhe Py RRE Mo 8o opssting o
per i gxtbshyirates M eyiclit hpoBiaatingd, s cy@IBE) dipapiides, kelstrenes, and
one elenent A selected froman elenment of the nmain
gr olfENAreNery of the periodic systemof the el enents,
with a capping reagent, wherein the capping agent is
covalently linked to a water sol uble host nol ecul e
5hat Tise sesthod of daionb8 hehgrenihe saagsni isgadfydrophobic capping

car bohydrates, . cyclic. pol yam nes, cyclic.dipeptigde -
ERDPRRPoh YT oRAHE Al DS Eving, & el i BERUR. T hes affinity
f@?thé/\ﬁgﬁ&}rystg%ré_eagent i s a hydrophobi c capping

reagent or”a hydrophilic capping reagent having a
term nal group that has affinity for the nanocrystal

el TSR o i o Hia

is atermpxly@@yp selected fromS, N P, or G=P, |
is an integer from1l to 3, Yis a noiety having at
| easwWhetigiee main chain atons, and B is the water

sol upl : @@ t I'W=othe
reaé%ﬁf?q%@'nﬁgﬁg%ﬁlgg 0 r@faaél”)r{r\]l’g%’, eFéi n the
noi eltiy an integéhfrormalptn Bg agent

Y is a moiety having at least three main chain atoms, and

B is the water soluble host molecule covalently linked to the reagent.

56. The method of claim 55, wherein the moiety Y of the capping agent

comprises 3 to 50 main chain atoms.

57. The method of claim 56, wherein Y comprises alkyl moieties, cycloalkyl

moieties, ether moieties, or aromatic moieties.

58. The method of any of claims 53 to 57, wherein the capping agent is
selected from the group consisting of CHs(CH),CH2SH,
CH30O(CH2CH,0),,CH,SH, HSCH,CHCH2(SH)(CH2)nCH3, CH3(CH2),CH2NH,
CH30(CH,CH,0),CH2NH,; P((CH,),CHs)s, O=P((CH2)»CHs)s, wherein n is an

integer >3.



conprises 3 to 50 main chain atons. 57. The nmet hod of
cl aim 56, wherein Y conprises al kyl noieties,

wWeywboz9ky | noi eties, ether noieties, or aronmakPCTSG2005/000009
noi eties. 58. The nethod of any of clainms 53 to 57,
wherein the capping agent is selected fromthe group
consi sting of CH3(CH2) CH2SH, CH3Q( CH2CH20) nCH2SH,
HSCH2CH2CH2( SH) ( CH 2) nCH3, Cﬁé( CH2) nCH2NH2,

CH3Q( CH2CH20) nCH2NH2; P(_(CHS%)gnCI—B)B O;P&QCH 2 nCHS; 3, )
Bfher elie metkodiaf aRY Of&laimg S3oto TBeWhetain dhe cadiphivgrate used is
l, A i . i :
SURUER 197 1 g Puo oG Rla ST OIERRRETIIS [t Bl clogintrin.
starch and cycl odextrin. 60. The nmethod of claim59,

wherein the ca/cl odextrin used is sel egted fromt

t he
&t oupl o matked g clMa0% whejglkthe Fyclgdextan (is; $elected from

-C Lde - - | .=
e oS8T oD TRERE e pRUEIRERH yveHideT imetnyt-o-
@z_l&dé&{rﬁﬁexrﬁm&hymr@bm&xtrm; cymihedRyig-cyslo@ddrin,  Trimethyl-B-
rimethyl- g-cyclodextrin. 6 1. A water soluble
cyatomteExirat, Dimethyi-peyalodexisincamp Trigiatbylatcydedsaxtrone
nmetal ML selected froman el enent of subgroup Hb,
HB-VIB, 111B-VB or IVB, main group Il or main group

8.1 Ok wotsr 'IQWaﬁoé%%faWh@iﬁg teh€ore! @MpHsing PSE) , and

at | east one el enent sel ected froman el enent of the
mai n ajrleagt aneometal M1 selestgrbfroguan edgrweahrbsulgieup ilb, IB-VIB,

BB IvER "aint BES I, & BT SATF Uf, S8 PRiSREKRtem of the
élérﬁ*@ﬁwmst?, a0 atviRistidhet lenfayd o pldited dappiangeleaesrt of the
is coval ent %bl inked to a crown _ether and wherein the

Mgy @enBB! er Yeeljbatweniadia vystars ofihaclemethad®in X is a
o TR o AEBIE LaL AT Soally §.aficntaf e e of e
d¢dre @f thmhanadipstal, andns, and Z is a hydrophobi c endi ng
ot ergherelt T YGPHPHE Fensiin actys icordlesty rsbdria a crown
&hél An@WhEFein the hydrophobic reagent has the formula (1)
HaX-Y-Z,

wherein

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

A is an integer from 0 to 3,

Y is a moiety having at least three main chain atoms, and

Z is a hydrophobic ending group.

62. The nanocrystal of claim 61, wherein the moiety Y of the capping reagent

comprises 3 to 50 main chain atoms.

63. The nanocrystal of claim 62, wherein Y comprises alkyl moieties,

cycloalkyl moieties, ether moieties, or aromatic moieties.

64. The nanocrystal of claim 62 or 63, wherein the hydrophobic reagent is
selected from the group consisting of CH3(CH3),CH2SH,
CH3O(CH,CH20),CH,SH, HSCH,CH,CH2(SH)(CH2).CH3s; CH3(CH2),CH2NH,,



63. The nanocrystal of claim62, wherein Y conprises

al kyl noieties, cycloal kyl noieties, ether nvieties,
W@e00a/0Ti¥8L | ¢ nDi eties. 64. The nanocrystal of PCEHBG2082000009

or 63, wherein the hydrophobic reagent is selected

fromthe group consisting of CH3(CH2) nCH2SH, CH3Q( CH

2CH20) nCH2SH, HSCI—|ZCI—|ZCI—|2(S}—|;3(50H 2) nCH3;

CH3( CH2) nCH2NH2, CH3Q( CH2CH2Oy nCH2NH2;  P( ( CH2) nCH3) 3,

SRS R GRS R Bt b BB EERRLER frein n i
thens g 0 ether is a conpound selected fromthe group

consi g of 8-Crown-4 conpounds, 9- rown- 3
compounds, 12-Crown-4 conpounds, 15- Crovvn-5 compounds,

é‘gnocf:f%ﬂanow alof qq??'?ﬁ%%% 10168, Srhre nt%sé'z@%%n ener is a
é&négwﬁ s% &teBCfrcﬁﬁ tﬁé’g}dﬁ?%ﬁglshﬁ %f@t?&bﬂ ﬁ d%ﬂ’{bdlglds 9- rown-
Ing a |n|ty or ven analyte. .

dacomopouatds| 1@-Codvan-h Gﬁmpumn‘sel 115-1GTewnEﬁ emuhrmdmim rd-Crown-6
bi ndi ng, affinity for a given  anal yte has bi ndi ng

CAPPRYRs, ﬁadg%ﬂ)f 1-8GIMPOUBES. The nanocrystal of

claim67, wherein the nol ecul e having binding affinity

for an analyte is a protein, a peptide, a conpound
diﬁwu y rfanactystal a$ definednmmoyeol thenslrios, 1-26nderas or 61 to 65

RiifonBa IR TRPERE i Bl BT B e T pudile o°

conjugated to said nol ecul e havi ng bi ndi ng act|V|ty
for an anal yte via a coval ent |inking agent.

%nocﬂy%nanowstal of elaim 66wwdesein theenelatyler bgwag hl@dmg affinity
ng act t
n anﬁ?lg@eﬁ% gm geéggﬂr% ttgﬁée/\{) [ %&l%dgby tlﬁ\él hgst

rml ecul e. . The use of a nanocryst als as defined in

th I 1t
é%t ec h%ﬁgggcrglﬁtgi,quﬁqa 647? wﬁmergm t%e mo ecu?e Lavmg q)lndlng 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.

69. The nanocrystal of claim 67, wherein the nanocrystal is conjugated to said

molecule having binding activity for an analyte via a covalent linking agent.

70. The nanocrystal of claim 67, wherein the nanocrystal is conjugated to said
molecule having binding activity for an analyte via a ligand that is bound by the

host molecule.

71. The use of a nanocrystals as defined in any of the claims 1-26, 42-52 or
61 to 65 for the detection of an analyte.



