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[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 asséys, 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 advantages over organic dyes
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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-soluble
CdTe nanocrystals. (Rogach et al., Ber. Bunsenges. Phys. Chem. 100, 1772,
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of biomolecules 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
trioctylphosphin oxide hydroxamates, derivatives of hydroxamic acid or
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R AT BELR  Bbsutt GB PERaL AR N8 28R 817 A
B84 ARG AT b @FpPMNINE 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
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 nanocrystals quantum
dots should be capable of energy emission with high quantum efficiencies, and

should possess a narrow particle size.
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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 low molecular weight coating reagent having
at least at least two coupling moieties that are reactive towards the at least two
coupling groups of the capping reagent, and at least one water soluble group for
conferring water solubility to the second layer, thereby forming a second layer
covalently coupled to the first layer and completing the formation of a water
soluble shell surrounding the nanocrystal core.

[0020]In another aspect, the invention is directed to a water soluble

nanocrystal comprising:

a nanocrystal core comprising at least one metal M1 selected from an
element of main group I, subgroup VIIA, subgroup VIIIA, subgroup 1B, subgroup



solutions in aqueous nedia. Finally, these
wat er - sol ubl e nanocrystal s quantum dots shoul d be

w@e apabiss4df energy em ssion w th hi gh quant um PCT/SG2005/000138

efficiencies, and should poss%ss a narrow particle
size.[001 6] Accordingly, it Ps an object of the

invention to provide nanocrystals that neet the above

needs. [001 7] This object is solved by the

HBnowairy gtaalps!llaoranainggroup £\ of the pdriqaio dystenmgof the elements (PSE),

AR apiaab e 1aNear A S0ePa 10 asia.grefio \BR B Youp Vi of the
PRYEBhHIOrthér EBrhBRdiIAG tO a water sol ubl e nanocrystal

conprising:. a nanocrystal core conprising at |east one
nmetal M 1a diestdayesdcampiising actapping reggent itached tethe surface of

subcrBupetst 6, e HaRtyeel s8R f5ag3y HaplB ot feast two

gr ougouplingrodpé,n group |V of the periodic system of
the elenments (PSE), and further conprising a first )
| ayer con®did A Ecandalayeh FonRIifing aitlowc Aiesular meight coating

surf cqr ' [ -
T eaggeflpiBoCe Badl wid olHEF Meles, coRIEnGAERLEIE with the
secomhtlr%ymagenﬂmﬁdséh@aat boevwattesalubte geiuphfor coaferring water
reagent, having at | east two coupling noieties
cova?‘gHP'l"SY @JBEISQGOW??%YeF-he coating reagent, and at
| east [(24] TRé Haterddnbie r&{n@e@sw?% 8?’%’]%% BY a'¥Reiod

solubl'lity to the second |ayer. The wat er
sampbsidghanocrystal is obtainable by a nethod

COTPIoaRH Y o e BRI B Sele 54 o rescent
firpeby attacHieg e tapping reagérmas thé sulfaceafn tw pataedrystal eore and
%g@;goéﬁmm&qa?e rfslulrrrsot u nld?nygetrhesnuar nro%lrjyns?:is\ Incgo ré ,h e nanocrystal

and

coupling the capping reagent with a low molecular weight coating reagent
having at least at least two coupling moieties that are reactive towards the at
least two coupling groups of the capping reagent, and at least one water solubie
group for conferring water solubility to the second layer, thereby forming a
second layer covalently coupled to the first layer and completing the formation of
a water soluble shell surrounding the nanocrystal core.

[0022] Traditional methods of coating nanocrystals typically do not involve
covalent bonding at the interface between the water soluble shell covering the
nanocrystal core. In the invention, both capping reagents comprising small
monomers or low molecular weight oligomeric molecules 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 first layer is
covalently bonded to the nanocrystal core. This step is followed by coupling of a
low molecular weight coating reagent bearing water soluble groups to the
capping reagent in the presence of a coupling agent. The coupling results in the
formation of a water soluble shell over the nanocrystal core. The shell is attached

and immobilized onto the surface of a nanocrystal core (see also Fig. 1). As the
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group for conferring water solubility to the second layer, thereby forming a
second layer covalently coupled to the first layer and completing the formation of
a water soluble shell surrounding the nanocrystal core.

[0024] The present invention is based on the finding that water soluble
nanocrystals can be effectively stabilized through the formation of a water
soluble 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 comprising a low molecular weight coating
reagent covalently coupled or covalently cross-linked to the first layer. It is found
that a water soluble 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 water-soluble 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
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consisting of an element of main group Il, subgroup VIIA, subgroup VIIIA,
subgroup B, subgroup 11B, main group Ill 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 IVb), terbium (subgroup Ilib), cobalt, platinum, rhodium,
ruthenium (subgroup VIIIb), lead (main group IV) or an alloy thereof. While the
invention is mainly illustrated in the following with reference only to nanocrystals
comprising a counter element A, it is understood that nanocrystals consisting of a
pure metal or a mixture of pure metals can also be used in the invention.
[0027]In another embodiment, the nanocrystal core used in the present
invention may comprise two elements. Accordingly, the nanocrystal core may be

a binary nanocrystal alloy comprising two metal elements, M1 and M2, such as



capping reagent to the surface of the nanocrystal core
and formng a first |ayer surroundi ng the nanocrystal

w@eoooe/1188msl coupl i ng the capping reagent w th apdD$G2005/000138

nol ecul ar wei ght coating reag%t havi ng at | east at

| east two coupling noieties ti¥at are reactive towards

the at | east two coupling groups of the capping

reagent, and at | east one water sol uble group for
anylfvmrllpknngvn/vaoza ~sisall nbnodrystat tormed Es@mumetala)%ach as Zn, Cd, Hg,

M iRy S B O, B QR By T R Al BRBSIIbS o binary
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The present invention is based on the finding
Mt tandeatdeastoinebelement de sglectgdsirerarmain @mupd pygain group VI of

BieE P AP ol el s AitcR st bl o7 L8 dfesentl has

SEPlonmafR VIl Al SExhmpiis (sforsuchsinagoerystl®i Ny esgegioup 11-Vi
covalently bonded to the surface of the nanocrystal

semicongigtos ranasnystalsy die. CARNCISIAlS eOMBUsiAgI acduetdl from main

l&{ﬂnot?f’séb x; E?%EH C?%?&@bﬁé?ﬁffl rs%h?o@{) Vi) wherein the core

éndﬁmd thdﬁlsmela(tmtam ‘Shielibh® usbd: heredry is diléferame@ndrselplaraie from the
manner | ows .1, he ocrystal to st
mawr afshel} niade S dEn e bRgShEs thek GoidiaERe hanocrystal
ng&tcas,\/casasm%' M%‘l*é?%SJfZHSH“Z?ﬁ%CﬂySE HY¥ hsmgTe The
Ing to be bound b héory, it iI's beliéved that the
napo@yetal soebimay plsef be enyn grasgr YkVasemisgndyetor nanocrystal (I e.

b d
Rl b Boberd M i PHBEHTR.aidE st rom main
BROUMOV). PTHE €61l artd/bRtHe stiell indludeedBaNs Gaf) (GaAs, bBageemN, InP,
t he nanocmt al core and reactive water- sgl ubl e

bifssilaSbs A, AP.i AR, Alabi eresific @xapIries 0 §°f%ahelhﬁ9nocrysta's
B‘F‘at@a‘ﬁ bsed ;H fhe Sredehl Mlveﬁf?én MR Hupgrd Bt limited to, (CdSe)-

aggreg i on of nanocrystals in an agueous environnen
hanocrystataiigning baZnS sheldq asovelfjas (BdBrnarogrystalshavieg ZnS shell.

<P S 6 e SRR TS 65 8L W50, B Bscrived core-
AU ﬁBh@@f%t%is.Wﬁ'é]%‘thércém%diﬁﬁelﬂ,sth*eh?arm%télgof the invention can
have a core 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 Vlla, subgroup Vllla, subgroup Ib or main group I 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.

[0029] In another embodiment nanocrystal consisting of a homogeneous
quaternary alloy can be used. Quaternary alloys of this type have the
composition M14.,M2,A,B1.y, wherein

a) M1 and M2 are independently selected from an element of subgroup
llb, subgroup Vlla, subgroup Vllla, subgroup Ib or main group Il of the periodic



reagent, the reaction between the first l[ayer and
second | ayer can be controlled easily. Furthernore,

wo bwousss4df | ow nol ecul ar wei ght conpounds as PAESG2005/000138
coating reagent results in napocrystals that are small
in size and have snooth surfa nor phol ogi es. Anot her
advantage is that the shell thus fornmed can al so be
advant ageously functionalized via the attachnment of
systembokethei elengintsa(PSB), exhered and Bnbdtht repraseat anzgiement of the

facilitate recognition of a huge variety of biological

&R prayp @'{J%‘ﬁﬁgﬁé's%rues and organ targets. By

i pl epeM1 BEd dnd f0E SRdefeBiRiNARJelelte @ frdhRRIH BRment of the main
reagents and | ow nol ecul ar wei ght coati n? reagents to

goum (IH): ofuthe RS, uwhen shaind, Btbath gepersent ianv elemes of the main
‘prese ant route to a new cl ass of water

r&ugb(% Oﬁg%oEE%t al s having inproved chenical and

physi [0030¥>E%m telse%f\/\fm§htgpéeoﬂsr&fmbgémiu§ teirdey or quaternary

variety of applications 0025] In accordance wth t
paneHy$tals, havs bean idasicabe p@rdnstﬁaﬁ@cwéhamg @a@an%uﬁm Chem.

48L) 2668 3?8 ﬁSQ@'%‘S@Q %{;ﬁ? etdl U@'ﬂm Thétd b%etgﬁéésh'?% 13550-

surface e nanoctys can be atta
35468, vy the&gematlohal peiteﬂt applicakon W@e'zomqr/wgzs

» dat "
i nt or 0] Bhe JFSiansboR) Min agHcM2aB8 skehin the; fogppia descried
Onthaé/t 58 %s@&\{ﬂe?cH%@@‘ébW%?équﬂfu? th‘é’ %Béblﬁbé‘t%ﬁmcﬁ*' example,

pur poseé, sel ected fromthe
gm @lipy wnmrzsungw@?doancwgecerm@m deﬁlgm@ted kyr Bpon M2 as well as M2

| I
P Bech ihpopha el e SARIBRYL R ot BP Wlements o
giosipernop VI bhtheclP SERiTE UseBSerchismgealiyn hus intdrequaternary alloy of
nanocrystal core may consist of only the netal el enent

the; invertianope Qe (& Ca) Q‘??Erhe narped @s %l%m&& AP -bel ow, is
oors 19032151 T AEHPA sl SRS B £REEE pormorsin
fonmiriSE birearg Inaascrystad MBA byer, copper (subgroup Ib),
LLanh U (SARAoKRel b oS SRR P lBLos i jn a o
S @ebid oY the YePePatlor) ofPd naRodlysRY té Besitrble MWiperatie 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 period of time at a temperature suitable for forming said
ternary nanocrystal M1.,M2,A and then allowing the reaction mixture to cool to
room temperature, and isolating the ternary nanocrystal M1,.,M2,A.

[0033]In these ternary nanocrystals, the index x has a value of 0.001 < x
< 0.999, preferably of 0.01< x < 0.99, 0.1 < 0.9 or more preferred of 0.5 < x <
0.95. In even more preferred embodiments, x can have a value between about



invention is mainly illustrated in the following with
reference only to nanocrystals conprising a counter
web®aems4A, it is understood that nanocryst al SPCT/SG2005/000138

consisting of a pure netal or m xture of pure netals

can al so be used in the inven”ao [0027] In another

enbodi nent, the nanocrystal core used in the present

i nvention may conprise two el enments. Accordingly, the

ﬁénoc ratstudl 0.3otce abvayt 198 sorbabeuty 0:/9anncthes gabtesnaryy nanocrystals

Fovediiite cb RS 2 v sR ety s vt o, Blere b bR B v < 0.99,
éHﬁféré‘%re&@rab@of 019, < Mx0 dor Eétwebh atAut OFEan&abodt 0.8.

, Au and Au. Another type of binary nanocrystals
swta 0341 in tthe Pr\dsdemnannveanacsystalsy themslergentindd1 and M2

E5tsRtind SRR oye 2BreeBlanhy ARbio SRS Rlacthd G e group

osnsistitignet In, beanfdngWIﬁJ@ effmentn® of yiss gn‘oupth abihe PSE in these
use presently has the fornula MLA. Exaggms of

teanar 3JovaI 1§ PrelpraRly selagtedfrom H’@Tga%w Sxthg oFS!'se and Te.

?ﬁﬂ‘%célyé&ﬁbﬁlaﬁbﬁ of W%%ﬁ{éﬂté %P Al e TR ;he scope of
Tarn I” or subgroup an el ement fro

thei invemtaunp In/b)efehed embddimeatsr tearmuﬂYsjalstdeshmJel thetdemposition

%ﬁ&?ﬁmﬁ " RS el o-Ddrte. Bt or Gakidso S, ZnuHg

oY eiHes deNeHeseg. the nanocrystal) |ncI udes CdS,
CdSe, Cgi_xé‘ Te, xg@i ZnSe, ZnTe, HgS, HgSe, or

HgTe.
The nHI036] Vss@mecmefermye@bgdmn@tany agrunggl INMhy above chemical

B HRIRHEE O3 o B 208 By e pprredy

Va108107e0.2 gxox10.8/) In garticalarig mefdred émdodinedits) tmd ndescrystals
GaN, GaP, GaAs, GaSb, InN. InP, _lnAs, |nSh, ﬁIN, Al P, ,
m»c% the SOMPYSItiQN | £1Eanp) @8doNeGfmSheSuch nanocrystals are

éd’ # @Jh?chtﬁﬂ'és GAURIRE of Do k'?( > @g@&jreﬁ'ﬁieﬂbré BYé‘-fQdeW‘a value

t are not Imted t Se)- nanocrystal s
hﬁ@ianxaF @as sheII as well as (CdS) nanocrystal s

havi n she 0281 The . nvention isS no Lmt.

N, DGR Hin HASHERARG - SEh L el b8 Bhac rom
NRYORENSEFSEls lof m@om@hn@n‘o@%ﬁem thé r@emrmtahd M2 are
of the invention can have a core consisting

ingeogedelys selecied from G@yan@dnn'grher@emnwgpq pfﬁferably 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 GayIni.4P, Gaxlni.,As and Gaxlni. As.
[0037]In the invention, the nanocrystal core is encased in a water soluble
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 water soluble shell. The
second component is the low molecular weight coating reagent that is coupled to
the capping reagent and which forms the second layer of the water soluble shell
[0038] All types of small molecules or oligomers which have binding
affinity to surface of nanocrystals may be used as capping reagents for forming
the first layer. In one embodiment, only one type of compound is used as the

capping reagent. In other embodiments, mixtures of 2, 3, 4 or more (or at least 2)



MLi - XM2CA , wherein a) M1 and M2 are independently

sel ected froman el enent of subgroup Mo, subgroup
wO/dosi11ssubgroup Vil la, subgroup Ib or main grop@r/s6i005/000138

the periodic system of the el ﬁgents (PSE), when A

represents an el enment of the n group VI of the PSE,

or b) M1 and M2 are both selected froman el ement of

the main group (111) of the PSE, when A represents an

differentt compohadsaane gxsedpa@Wheofcappng$Eag¢moz:§x]eferred capping

anot hg} enbodi nent . nanocr

at, orenin ksl yich Raie olrshy. & safst qng goiety that

ahh %ﬂ%cﬁ’for vaaehwaohaw it BRIF A9BRSInirmemilidd on XA ea¥BEe of the
-y, wherein a) M1 M2 are independently sel ected

ﬂamnraﬂablceraarancbfsemlgtyo@ lpast wuengeeRimovaraups that provide for

PR Vb, MR onthd tofid, 08 Eoleling rofip may react

BpéEtly With ﬁ%‘ﬁbu;ﬂmgerhemtl@ts préséritdn mhe dogliny readentfortihmay react
PSE, or b) ML and M2 are independently selected from

indirertiyreng. leAUlra @chuatipryby aFoupling agent, H@omto meﬂ with the

e
B35 g BRI BA3  Stn Bt RGBS wily bq froRhinhearly reagent
titheraaitya terndualtlecatamy omdine croletide sohatva nbadarminal location along
escr i bed, i nstance, in Zhong et al, J. Am Ch
%&magb@garigg @'@k%ﬁ%4 Zhong gt al, J. Am Chemem
Soc, @%@ 12 8ne l&mb8dindem o the @a Egﬁ@ %Hg%f niaonsildes one moiety

pat en pplication WO 2004/ 0549 The
anngradﬁmlwqmtmemmfane ofthassdeiaf thama‘n@prwtai said moiety being

30 S A, FBYul A 44005 PR e Hracion

Beﬁvéd@ thenn Afodipstaposiecdnd Yhdingietidd neay arse fiamn wdamhobic or
each respectively. Likew se, the designation

slebt;pst@lt'en@.tﬁ@cwn,gPaufbom gPvajenbory ﬁ%orﬂs@'aﬁeb%%ag "Suitable
tHfs S NgRRBRP INtIudeN tioibfle @NhGU HREfE¥  @lrbd¥ded) 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.

[0040]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 coating reagent 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).

[0041]In a preferred embodiment, the capping reagent comprises two
coupling group spaced apart from the terminal group by a hydrophobic region, as

illustrated in the following general formula (G1):



the invention Se or Te can both be naned as el enent A
or B. [0032] Such ternary nanocrystals are obtainable

whyoos/1psaxess conprising form ng a bi nary nanoe€yst¢zi5/000138

MLA by i) heating a reaction {thure cont ai ning the
elenment M1 in a formsuitable’ for the generation of a
nanocrystal to a suitable tenmperature T 1, adding at
this tenperature the elenent Ain a formsuitable for
the generation of a nanocryst Miheating the reaction
m xture for asufﬂmf od of tinme at a
tenperature suitable for for ng said binary
nanocrystal MLA and then allowcpg the reaction mxture
to cool, and ii) reheating the reaction m xture,

wi thout precipitating or isolating the formed binary
nanocrystal MLA, to a"fM abl e tenperature T2, adding
to the reaction nixtuf@ BMAPQUR enperature a
sufficient quantity ofRtpwropheliggeione in a form
suitable for the gene@Mt&@MzoWUa“nﬂ@fﬂb'é?yst al, then

of 11 42l SRR Grdedy 1¢ gByaifd éfdrﬁ%%tg B ot cm2 may
b& hyaraphilien Exabples oMiydrpRINAcanglinggroups limlude - mhe -COOH or
reaction mxture to cool to roomte erat ure, and

O&b| fnchenalh@rewrsraQthaan@xayeles de%&e [ 0ire3] ispRyanate,

t
SRR OB ERPRENE Btge, IS o e hothobi A
Gaping reagentphafieg rae dombintibn <ofx hydfogmobid andvreydromlbc groups
S DU S s etk & aphebis SigubsBelas S Ay moiety, an
éltb‘?néﬁ@ﬁﬁ%n&r X rﬁé‘i‘h@‘k&?é% SEQ(EPPE@M&I%dﬁgfoQJap Ma?ét% ;ﬁ/hdependently

val ue of preferably o
seleotedoanda eormbafaélpamfw bydmphilie c;apamgaaeagentfeewééwdrophoblc

Ao e PR pleBairh ORLULR, Lhe MW ternary

are p[wmmhihy)ut mienmgdwﬂbleybeem@ddyemédrpmitt it believgd that the
consi sting of Zn, and . The ele

ayqfeehwlccsﬁgnoraénr%@caﬁpmser ag%tr@fapspgﬁ Bﬁo?'.ff@ah?m) is capable
gfn sﬁﬁgﬁ'ﬁd ¥he RaRGESEt 'R FRPn ThakjedC 8pediss iphésett i anS8queous
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, the presence
of the hydrophobic region in the capping reagent can help to improve the final
quantum yield of the nanocrystals. Examples of hydrophobic moieties suitable for
this purpose include hydrocarbon moieties, including all aliphatic straight-
chained, cyclic, or aromatic hydrocarbon moieties.

[0044] In one embodiment, the capping reagent used in the nanocrystal of

the invention has the general formula (l):

HiX—RzYcHy
Z

m



Thus, all conbinations of these elenents ML, M2 and A
are within the scope of the invention. In preferred

wendpedisFent s nanocrystal s used have the conposPeT/®8G2005/000138

ZnxCdi -xSe, ZnxCdi -xS, ZnxCdi -xTe, HgxCdi -xSe,
HgxCdi -xTe, HgxCdi -xS, anr{ﬂ. xSe, ZnxHgl-xTe, and
ZnxHgi -xS. [0035] In sonme preferred enbodi nents, x as
used in the above chem cal fornulas has a val ue of
0.10 < x <-0.90 or 0 15 < x < 0.85, and nore

prefe

pr ef et(ﬁ)é(ﬁ . val ue g )(2 rﬁgrqe)éﬂ&@ytg{rgfrﬁl %g{)/ltétl) frﬂaléaﬁalsyaffinity for
HBGFAL Bf‘t@ﬁé:ﬁ’d)c &8l Bfb. Z)(‘*r% beXseect&dFfom S, N, ]!3 or O=P.

nanocrystals are preferred in which x has a val ue
Specific exarmplesef, thamdoiety dn-)r siay iisludeaanyongobthedolowing: H-S-
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EarveRtdtems, 8AE thuf péé&sGé@ﬁ?ﬂmh%rmréﬁe&rleRa is predomrnantly
i ndependent |y selected fromGa and In. The el enent

hydrepbekicaipl gharariest ed@- 1a didrmcatomniy then mpwdses%.hmi@phoblc
Fe% E@%r%ﬂ@g%or%@fi Jth GHE M o%tql%ré‘”ﬁhé&‘nﬂr T is selected

e I nven SOone rese

frors Nf Cedceﬂibpdr GG, Znisrentojetly ahat dmnpnséaeat Ieast one coupling
corn 03|t| on Gaxln

YJor RapsRAEH) BRI BHTIZARE. ALHJLNGE days GoptETs @ predominantly
ﬁ% Bﬁmc'dﬁa?aé’f@rtﬁr iﬂrﬁ’cﬁ'l 8f Wh&d%hfﬁbf&?ﬁﬁ@ Féé‘geﬁt Exemplary

I n' component s. first conponent
salac furctinal prmtmsalrmam ryt raragroett limied toa<OHf f—Cr@@bl -NH,, -

ORlD LRIHR, a8, HebhacRR 8 t3lidss HnAREARE Lliiuia are

RPIesEed bysmeheyrhwrsmol ﬁCkﬂ ahdwai ghs Goat1.MThe @agwrél n is an
that is coupled to the cap ?reagent and which forns
reR1

integes fesn d 102§ @nddy s AR inkeger Qi e Hoth pre selgsiedap order to
L4087 08 (AP GRLGSHSAT ' SpUSPTESRAILE) T Fymera m i an
ineger from Aol 3 g heeagraata kfis10 érot. rﬂ'hﬁgcommndim applresaylat fkis0,Z
\lgﬂl 8% o%réte)gdtlonﬁan.tTheo r\]lla e oF ktéf c%té)rfs t%orrgoggrsde {Nﬁere ﬁ're coupling
moiety Z is directly bonded to R, where, for example, Ra 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. In the present formula, Z is a
functional group selected from the group consisting of amino, hydroxyl, carbonyl,
carboxyl, nitrile, nitro, isocyanate, epoxide, anhydride and halide groups. Either Y
or Z can function as a coupling group. If Z is present as a coupling group, then Y
may function as a structural component for attaching coupling group Z. If Z is
absent, Y may then form part of the coupling group.

[0046] The moiety R, in the above formula may comprise between several
tens to several hundred main chain atoms. In one particular embodiment, each of
Ra and Z independently comprises 2 to 50 main chain atoms. Z may comprise
one or more amide or ester linkages. Examples of suitable moieties which can be

used for R, include alkyl, alkenyl, alkoxy and aryl moieties.

~



cappi ng reagent. In other enbodi nents, m xtures of 2 ,
3, 4 or nore (or at least 2)different conpounds are
wQismd/ 188543 he cappi ng reagent. Preferred cappi NnBCT/SG2005/000138
reagents are organi c nol ecul es_and whi ch have,
firstly, at |east one noiety that can attach or
covalently bond to in order to be immuobilized on the
surface of the nanocrystal core, and, secondly, at
| east [004F] Theptemy trikylbsas hasegpr beieire f&ferSSLtbsaqdmanched or

aanshes."iobl oS BR0 At eisTE St iatg TRty ol foenerally
mebh@m%of“té ) éaﬁagﬁrﬁtomgr sbiéh 'EEYméﬁﬂthethﬂd nteebly wsopropyl n-

. uire activation ?/acou I ng agent, 1n or der
botyhrisctauyl, \Mhulylth@tﬂ:dtﬁw rtgtra@mwufmadeswh eifosyhdetsacosyl, as

F\I%ts'tcgllsc}ﬂ r%qé‘s(eg%ﬂﬂt %]'E%ISSF[@?]Q E%he?{ﬂgﬁ{}tmﬁ BEnghe term

"EIkery@T 83 i8kd lheesihirefera it®agbrahensaion uﬂbfarmheﬂ Hyhleocarbon group
nol ecul e. [0039] In one enbodi nent, the cap

geafally copmsising:2 ton?0 garkan atoms ﬁgdaﬁqﬂt@iﬂm atoteaﬁhene double
f

B 5Py ARLGREE, B 10 R SB5Y Bl 8 BB one or two

deatge bonus|, &cgll ethefile ni- pntopeaylt !mlmutleaylvxmtertylhedecenyl as well as

ng‘goc[ﬁ %ﬁ%‘éonﬁﬂ guggd o rm| tl o yggf]eg(%nys/lgforflpgﬁnce The term
Nds %e ORS @ fers t@OJ‘@'uBgtltUS.Ht Lahlr \Fvﬁél@lrﬂeﬂ is alkyl as

gro s 1 ncl u e noleties that have free (unbonded)
defingd aboymi The tarirefaryl) asnused hgraineandpplass otbapwne specified,

ieferdioat Sraphie iove SiarléiBing ol Br ARG E 4BER (R roups
are bbtufhaﬁl&ombsﬂfutéd WAR ne P mé&peimiett GoaXaapdgEn eﬁbstltuents on

t hese noieties include am ne, thiol, anm ne-oxide and
Bieoaiomatic, ring ransk switable spg@tgqanqsrﬂnglu]dgr fqtgxample, halo, haloalkyl
h t a
fﬂrgfé‘?é g‘iaclgtusuﬁsﬁt%i)é}@r gcg%érgga ugf (P%fr%%@'ﬁéﬁés afkyl), alkenyl
{prefarataly Igweulalltey\ya Iawn;ab(mbfecrablggowar aﬂthl)caWyr(greferably

ro [RLise an e nhunb
B R oA a0 Grer At 1N AlsnayeBatf. Birboxy. nitro,
€@dhd Sﬁ@%u%ﬁ)ﬂ ) QP@Hb%HﬁﬁérWs)’RQﬁ\W mamm@mééwa%mbh@ moieties
coating reagent which is used to formthe
» which generally comprise heteroatoms such as nitrogen, oxygen or sulfur.

[0048] In preferred embodiments, R, is selected from the group consisting
of ethyl, propyl, butyl and pentyl, cyclopentyl,-cyclohexyl, cyclo-octyl, ethoxy,
propoxy, butoxy, benzyl, purine, pyridine, imidazole, moieties.

[0049]In another embodiment, the at least two coupling groups of the
capping reagent may be homo-bifunctional or hetero-bifunctional, meaning that
they may comprise at least two identical coupling groups or two different
coupling groups, respectively. lllustrative examples of some suitable capping

reagents with two or three coupling groups have respective structures as follows:

COOH
COOH /_/
/\/N H N N
" \_\ s \_\
COOH, COOH



second | ayer of the water soluble shell. Exenplary

coupling noieties may be selected fromthe group
weonsiistseg of hydroxy (-OH), amino (-NH2) , ceChe&305/000138

(- COOH), carbonyl (-CHO, cyano groups (-CN). [0041]

In a preferred enbodi nent, t ho cappi ng reagent

conprises two coupling group spaced apart fromthe

term nal group by a hydrophobic region, as illustrated
in the follow ng gegeral fornula ( “herein TG -
term nal group HR 4 hydrophobi gion CM) & CM2 -
coupl ing grou [0042] In the/ornmula Gl above, the

coupl i r s CML a By be hydr ophi li c.
Exanpl®es of hy hilic coupli oups include - NH2,
-COOH or OH functiogal groups. Ohe anpl es i ncl ude

nitrile, nitro, isocyanate, anhydride, epoxide and
hal i de groups. Coupli,ng groups may H?drophobic. A
cappi ng reagent__hati ng a conbi nat+6n of hydrophobic
and hydrophili/f groups EBX\QE” sed. Sone exanpl es of
hydroshabkg/gWoups I nakdde | kyl noiety, an
aromatic ring, a met hoxy grﬁﬁﬁT\gégg coupl i ng group
may be independent Nyw,sel ected, and a~eambi nation of a
hydr ophi | i ¢ cappi ng reagents and hydrophobi ¢ cappi ng
reagents may be used sinultaneously. [0043] Wt hout

wi shing to be dgund by theory, it is believed that the
hydr ophobi ¢ rggi on i n theNtappi ng reagent as defi ned
of shielding the

in formula=Gl) is capabl

nanocry Qre fromc d species present in an
aqueous \g /annent. arge frangfer fromthe aqueous
envi r onnmex 0 the surflace o

becones hi ndexed b e 0

th naﬁﬁcrystal core
N abi c region, thereby
m ni m zi ng pr é¥’ure quenchi ng 8f intermediate
nanocrystals (i.e. nanocrystals that are capped with
the capping reagent) duri/ng synthesis. Thus, the

presence
CONH

//\\\//W/A\\// OH
HS \\//\\

CONH

HO SH
NH; , OH ,
COOH
HOOC . ' SH
COOH , and
H
/\/N\/\ /\/\
H,N N SH

H
[0050] Exemplary capping reagents in which the coating reagent is hetero-
bifunctional, i.e. 2 different coupling groups are present, include, but is not limited

to



of the hydrophobic region in the cappi ng reagent can
help to i nprove the final quantumyield of the
wmaoveaissss al s. Exanpl es of hydrophobi ¢ noi eti eBCT/SG2005/000138
suitable for this purpose include hydrocarbon
noi eti es, including all alimﬂﬁic st rai ght chai ned,
cyclic, or aromatic hydrocarbon noieties. [0044] In
one enbodi nent, the capping reagent used in the
nanocrystal of tH&€% nvention has the general fornmula
(1): Hn- X"Bg=Yk-H n zn{ 0045] In this formula, X
represents a termnal group that has affinity for the
sumbace e nanocrystal core. X may be sel ected
fromS, N P, oNO=P. Specific exanples of the noiety
Hn- X- may include™any one of the following: HS
O=P-, and H2N-, forcexanple. Ra is a npiety conprising
at |east 2 nal in carbon atons, and thus possesses
hydr ophobi c c racter | f R |s predon1nant|y
hydro character, a hydrocarbon, it then
provi des a hyd obi c reglon separating moiety Z from
t he nanocrystal cores JThe noiety Y is selected fromN,
C , or -CHO 7 is a noiety that conprises at
Ieast one couplin nnlety for subsequent
pol yneri zati on/ and which thus confers a predom nantly
hydropthLE/g aracter to a portion of the hydrophilic
cappi g reageﬁt__Eginplary pol ar functional groups
i nclude, but are no{.d,i ghged to -OH -COOH -NH 2, -
CHO, -CONHR, -CN, -NCO -COR and halides. The nunerals
in the formula are represented by the synbols k , n,
n" and m k is Ooryl. The nuneral n is an integer
fromQo 3 and n' s an integer from Qo 2; both are
selected in order to satisfy the val ence requirenent
of X apd~_relpectively. The nuneral mis an integer
fromTto 3 T umeral k is OCor 1. The condition
applies that if k irssO Z wll be bonded to R. The
val ue of k=0 caters to the case where the coupling
noiety Zis directly bonded to Ra where, for exanple,

Ris poBMfin @nbihe?t ¥mbBdBnent, the capping reagent couples with the
coating reagent via polymerizable unsaturated groups, such as C=C double
bonds, via any free radical polymerization mechanism. Specific examples of such
capping reagents include, but are not limited to 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-quinolinemethy!
thioacetate.

[0052] The second component of the water-soluble shell surrounding the
nanocrystal core is formed by coupling of a low molecular weight coating reagent
bearing water-soluble groups to the capping reagent. A coupling agent may be
optionally used to activate the coupling groups present in the capping reagent.
The coupling agent and the coating reagent bearing the coupling moieties may
be added sequentially, i.e. the coating reagent is added after the activation has
been carried out; alternatively, the coating reagent may be added simultaneously

aiong with the coupling agent.



al i phatic cycl oal kanes, aromatic hydrocarbons or

het erocycl es. However, it is possible that Ra is a
w@ymbilssadi ety when k=1 , e.qg. a tertiary am nECOSGLI05/000138

bonded to a benzene ring, or cyclic hydrocarbon. In

the present fornmula, Zis a f&hctlonal group sel ected

fromthe group consisting of am no, hydroxyl,

carbonyl, carboxyl, nitrile, nitro, isocyanate,

ol il somiripagemi i S e
iR éhlﬁpaﬁamgrr&aaen& FRMb& %&3 Palend a8 ta§ cquplipg,aggRLIs chemically

g@ﬁfb‘fé‘y the"’l éﬁ;’fﬁhgr}ga%ar |t°ué6 fi eﬂé‘@b’é ItHnr-{:J flgsrt'anng the coating
rpé@elﬁ]usﬁdefonmrmlpg the secdme hbem emémmnglthatrth? covpiing egent does
i aract Wil dhehdar ez bl SEHEhAP B ol Tisacial dyping agent

SHAURPBE Hresdrt if AN NahBsrytdl astheBUUBIiAG digenthidculds should be
may conprise one or nore am de or ester |inkages.

qempiplels displasedtybeeating reagest melegulesHawevgretn practical reality,

{ft? o8 ¥ B prc s eBLR, Xt e, cquplig goent may

ﬁ@eﬁhbf&@@@ﬂe@gnﬁmgheIfmbedan@ctryalaght chai Inled or

cyclic saturate rocarbon group,. gener al o

comprPeSAThe Uaterrieatam AT AoABEIODalE SEUAIG,paent is within the
%:dgr—.n of &t?é%'ersdrﬁgg%%ﬁége él@ﬂ“iﬁ’ lthe Lo bxartnppé'bi’ by suitable

decyl, 'tetra hexadecyl, el cosy
ctoelphagcreggentats %@Ithylés[%@amealaylamln@ropp& csctmduasde (EDC) used

B L LR Ko bR i QU pes o covping

reBhemeChaY By dsedareniing, obt SeNRrhatd ftoC ARRes drith aZole8. Some
50" carbon atonms and containing at |east one double

axantples \qfi isridey whinh gan hg wsrd @6e starbadimidesp sraginimides and
;ﬁRélﬁn feR caéérxgong C|tt ‘S%St(%ﬁe*élse BPNGHides g1n§+&#@nw-ethyl -33-

propenyl decenyl

mmmémmudrowlptwbo&umheaﬁl?@j mﬂﬁmt—ldrlwldroxysuccmlmlde N,N’-
BErRPROPARIPONBILE o bRk ue NN BEVRoRREY G, parSqimae,  N-(o-
GrbthyandgopirsaaTbarecr, qa, 13: drkoton win N
hydooxtsuccimiisieyorcaomyt ethat agtivationdnolestile. ar omat i ¢ ri ngs.

ATyl [%ggﬂ% the case of a capping agent in which the coupling group
comprises an unsaturated C=C bond, the coupling agent comprises an initiator
such as tert-butyl peracetate, tert-butyl peracetate, benzoyl peroxide, potassium
persulfate, and peracetic acid. Photoinitiation may also be applied to activate the
unsaturated bonds in the coupling group in order to bring about coupling.

[0056] The coating reagent which is used for forming the second layer of
the water-soluble shell may comprise one or more suitable coupling moieties that
has coupling moieties which will react with activated coupling groups on the
capping reagent. Typically, suitable coating reagents have at least 2 coupling
moieties, i.e. in some embodiments, there are 2, 3 or 4 functional groups, for
example, that are reactive towards the activated coupling groups of the capping
reagent. As illustrated in Figure 2, when at least two coupling moieties of the

coating reagent are reacted with the capping reagent, the coating reagent



are optionally substituted with one or nore inert,

non- hydrogen substituents on the aromatic ring, and
wGeobAakdses substi tuents include, for exanple, hedDS$G2005/000138

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

al kyl (preferably Iower al kyl¥ alkenyl (preferably

| oner al kenyl), al kynyl (preferably |ower alkynyl),

al koxy (preferably |ower al koxy), al koxycarbonyl

Hewoeies @blalehtiyecouplddx§arasbdinkéd”) tathmioappingd meagent via the

d | f || |1 enmbodi \ i.ncl.ud
f‘é-‘éﬁ‘&?@i”@; uri g)c()%p@,i gggmrsgmgg] gﬁg%;’%; ggﬁgq?/ys !,ggr?mHg “a water
LA5E QRER FRar i ABs the hargBryspiaRn of sulfur. [0048]

n preferred enbodi nents, is selected fromthe
gr ou{00567EThe cagpliofg of the coating yeagenitwith thelcappinglreagent can

SHELTBT o SRS T o e P RLS st
le@eHSH stherrB8intiide reechatRAl co&ﬂiﬂﬁ\g?fanﬁiéél%buglwg or ester coupling
e

coupling groups of the capping reagent na
magorm.f i eneoambogimert; etgs- gPRting: reagrnt, %/q@aq icAypledapnto the

. I : C dent i Li _
SRBNITST R, 3ol 15 S IhAAET b AT gp capping
relagest viata yce;]lmcﬁirrﬁtieS'mﬂcﬂiatetd‘reoa?lirtgatéai:tioap @negpreferred coupling
reagents with t r three coupling.groups have
rreéggeru Isvehet rq%gifﬁ@gldss SPHPI%hs .r?%%s%a] FE%'HﬁPaN 1-ethyl-3-3-
r=Tolnts [ ‘ co n is -N-
ﬁet erﬁo%rinilﬁﬁgts:ﬂ%ﬁal ”ce?{i’BgSfﬂEHﬁf f e?ggt gcgﬁﬁﬁle%d gr oll)}{os sulfo-N
laydroxyseiseinimiden dh udaich earboxyl fonctional tgrdups [a0@b aming functional

anot her .enbodi hent, the ping.reagent ,couples w t.h -
GihUPS a1 ol aroupsor BB ABRiA ke R e ifeting moeties
& HiPSoatidaBagenGreact i orm dsvatisnt bondsany free radi cal

ol ynmeri zati on nmechani sm Specific exanples of such

cappi [9§58Hagte soniext efethepinvesntienndie |tefmt dew tmolecular weight

PP lsrGBRE 45 \Bho P! Rém B S35 Tofer, fr S SPRRESSlple shel
idchees yHonupaipylerit Hispaalty miotecules ulheo hickecwahwehhiodlthe coating
G3HEBHEAT B T or o0, SeaPNBNG SRele YHPAERURS BIRSSNt in the
ﬁ@%ﬁpé\% ; I?c%lga?faﬂfgg%%%?%ém%ﬁ, far leXéimple, small side
chains, then the molecular weight of the coating reagent will be low. In the case
of a coating reagent in which bulky side chains are present, then molecular

weight of such a coating reagent molecule will be higher. Accordingly, in some |
embodiments, the upper limit of molecular weight of the coating reagent may be
about 200, about 400, about 600 Daltons or about 1000. In other embodiments in
which a high molecular weight or large spatial volume capping reagent is used,
the upper limit may be higher, for example, about 1200, or about 1500 or about
2000 Daltons. In accordance with this definition, the term ‘low molecular weight
coating reagent’ also includes oligomeric compounds which have a molecular
weight of up to about 2000 Daltons, for example. The terms “coupling” and
“covalent coupling” refer generally to any type of reaction which joins two
molecules together to form one single, bigger entity, such as the coupling of an
acid and an alcohol to form an ester, or the coupling of an acid and an amine to

form an amide. Accordingly, any reaction that can couple the coupling groups



beari ng wat er-sol ubl e groups to the capping reagent. A
coupling agent may be optionally used to activate the

W@ 000ph183@3 gr oups present in the cappi ng reageneCT/SG®E05/000138
coupling agent and the coati ggoreagent bearing the
coupling noieties may be add sequentially, i.e. the
coating reagent is added after the activation has been
carried out; alternatively, the coating reagent may be
and ¢k souplinganeieties presemtan thiet dapping reageint agd the coating reagent

S OB el B 1 R 0 RS RHES es ae or more

§NICa8—diRibkOBNAL) pragditiad th ling group i
g e%aé%g??g?%%p}\spgétgg% Wi tcﬁﬁt he capgg?)r:g reaagente ?Josugdl g group in

fher cdpping repgeiné witihr & coerasipenting caupling meigiin theseeating reagent

B Gadcd SER0 .\ Rane TR D vy Baptf, cp bttt Bhe capping

fddgent iyer. | deal Iy, no unreacted coupling agent shoul d
be presént _in the nanocrystal as the coupli ng agent
nol ec[0059] The wagpiw taaaent @adythg caatingc@asgnt Ay gach possess

5P, BAES B8 rp BBy RGBT ok Kobiporiion o bo
caviedi g, gemd entodiraeet, the coatnd eequent éna watet seluble molecule

final. nanocryst al 0054] The det i nati on. of
SOPPHBNIach (E39h| 2nGoHRIE TReHPEiGach I Ladgash one co-

gggnﬂé?irzépl‘é ancﬁ}ﬁﬁélag%ug)k'tﬂét ddh &Mt atith thECRPARP ! Ro® on the

urtable couplingreagent iIs

tagpihg Iredgérd- th aspeglfisrembedioent, theacdatinigi reagent mag)be a water
used in combinatio it h sulfio- N-hydr oxysucci ni m de
fNH%Be. m&Fer?é'e ?@‘6@%%&%%@? bhg reagents may be used,
including, but not [imted to, imdes and azoles. Sone
exanpl es of imdes which can be_used are
car bodi i m des, succini m des anc(zp):zhal i mdes. Sone
explicit exanples of im,des i cl|ude 1-ethyl -3-[3-
di et hyl ani nopr opy! ] car(fedRii-@KEDC)
sul f o- N- hydr oxysucci ni mde, N -
@' %egﬁohexyl carbodiimde (DCC), N, N -dicycl ohexyl

REEE i i de, N (3-
di met s amoiety fopadjustingedoliylilitay bodi i m de, used in

connection wi.th Nhydraoxysueccinim de or.any oth
act i vBe i%a mpielvsn prisqln at Feast l& madm c%ain cgrbon a%ms,

G is selected from N, or C,

Z’ is a copolymerisable moiety,

n is an integer of 1 or 2, and

n’ is 0 or 1, wherein n' is selected to satisfy the valence requirement of G.

[0060] Water—soluble shells with desirable properties can be obtained with
capping reagents in which the moiety R; has less than 30, preferably less than
20, or more preferably less than 12 main chain carbon atoms. In a preferred
embodiment, R. comprises between 3 to 12 main chain carbon atoms. Under
specific experimental conditions, this range provided high coupling efficiency
during the synthesis of the nanocrystal. The moiety T can be a polar/hydrophilic
functional group for adjusting the solubility of the nanocrystal in the environment
in which it is placed. Accordingly, it may impart hydrophilic, or hydrophobic
characteristics to the shell, thus allowing the nanocrystal to be soluble in an



[0055] In the case of a capping agent in which the
coupling group conprises an unsaturated C=C bond, the

W@ o00ph183@3 agent conprises an initiator such aspCT/SG2005/000138

tert-butyl peracetate, tert-butyl peracetate, benzoyl

per oxi de, potassi um per sul fat®! and peracetic acid.
Photoinitiation may al so be applied to activate the

unsat urated bonds in the coupling group in order to
bhouegusabovitorrnent asgvell 89 E6hof{agueoas ienyirormegoht T whay selected
LS used for formng the second | ayer

of the
(1Rfn:POla6IGTBYRS SHEN [2SBYATERHITOUBS o RIPGKY I PUPEFRTRENY groups,
; e i o !
SOHISUERGE] pREsi i d3eps OUpihoaraie aoLdiE goups, for
expppley Tremgeoiety Typrayalalsp, beuhydiopbobisatsual as&genaliphatic or

et diin 8 & raady o dehiteng uBrvalle) fapycother organic
ﬁﬂﬁet?&ﬁéﬂ%%sélbﬂb iAWt R brdet tbMdid hasodgstaviaeis insoluble

coupling groups of the capping reagent. As illustrated

Imari auesus, enyrinmant| ¥ekerer hos dBERRNRPIGE caNealseibe modified
IGudhihe PedrBRRFBh O BidBBIE Inulelids ey 1P1oBling reagent has

?éémos;bpbiyh?'e?ii'{?)j twith herlneanapp‘@gr eraaggaht.viTlaha Emoiety Z is a
ormati on of, for exa , ester or am de |inkages, . .

eoRalmprisableimgiely fat Bes Sincignal aups tﬁﬂaanﬁﬂppgm%%se with the
w@pllﬁ‘ﬁnﬁﬁ'iéfgto"f\' th%%%%iidgpéjdenthuﬁéblé'fbﬁ‘&idﬁfa| ggtﬁ.xps include, but

coat g rea ent wt cappi ng reagent can
ag mokdimited v0,a—Nhly, sGAQHI or el By Gaket ifon exempie. Z may

ARTBh S ol 2R gheE hIeRERRRRD AR fffereby win o east
O GHEN dMain eabbh&tems! N one enbodi nent, the coating
reagent to be coupled onto the capping reagent is

coupl FP&IBIN Heneexgsabedimentp| T nigayr 66p dsAvedelre@p rigyclodextrin
GRS, ot O DSRAIBE g fURL TR s wric
impipives gvatea cdolubilitpr ofv thée desuting edpylynter] and can also conjugate

Sor B o SRR PR Sl BLERBERTE s of sutabe
CHISOORIRG SRR Hsalr oy EURE! SRpLoBEHRS bosuiBecn, -
epelptéxtdn o Dinetrsyl-a-cyclodextrin,  Trimethyl-a-cyclodextrin, Dimethyl-3-
cyclodextrin, Trimethyl-B-cyclodextrin, Dimethyl-y-cyclodextrin, and Trimethyl-y-
cyclodextrin.

[0062] In yet another embodiment, the coating reagent is a water soluble
molecule selected from amino acids, preferably diamino acids or dicarboxylic
amino acids. Specific examples of diamino-acids that are presently contemplated
include  2,4-diaminobutyric  acid, 2,3-diaminoproprionic acid or 2,5-
diaminopentanoic acid, to name only a few. Dicarboxylic acids that are
contemplated in the present invention include but are not limited to aspartic acid
and glutamic acid. |

[0063]In other embodiments, the coating reagent is a water soluble

molecule selected from the group consisting of:



on the coating reagent react to form coval ent bonds.
[0058] In the context of the invention, the term'| ow

womloeaidsay wei ght coating reagent’ as used to POISG1008000138
second | ayer of the water-soluble shell includes
non- polynmeric ('small') nole es. The nol ecul ar
wei ght of the coating reagent can be | ow or high,
dependi ng on the type of gro%fs present in the coating
reagent nolecule. If the coat¢thpTelfent has, for
exanpl e, smal|l side chains/ then the nol ecul ar wei ght
of t hE:GoatPAgTedgat—wNI| be low. In the case of a
coating reagent in which biNky side chains are
present, then nol ecul ar wei gktHa—=sNER a coating
reagent nolecule will be hig .. Acc i,ngly, in sone
enbodi nents, the upper I;g}yngpﬁﬁﬁrégﬁﬁér wei ght of
the c i ng reagen be/about 200, about 400, about
600 Dgﬁ%6ﬁ§o '%BB Zﬁ%ﬁ_ In other enbodiments in

whi ch a hi gh nol ecul ar wei g r, lar patial vol une
cappi ng reagent is used, the(gﬁﬁérléﬁﬁg-nay be
hi gher, for exanple, about 1200, or about 1500 or
about 2000 Daltons. In accordance with this
definition, the term'| ow ndCHeet=arNWei ght coating

- reagent' al so includes ol jgoneri c conpounds whi ch have
a nol 6ButaPOfeTghtCHef—upNt 0 about 2000 Dal tons, for
exanpl e. The terns "couplixg" and "coval ent coupling"
refer generally to any type (6H2seaditizon whi ch joins
two nol ecul es together to formone single, bigger
entity, such as the coupl‘ﬁﬂ”ﬁT‘éﬁxiéid and an al coho
to form ester, or th€ coupling of an acid and an
ami RB to%% wuéﬁHéhldéﬂ Accordi ngly, any reaction that

can coupl e the coupling sanc cgg coupl i ng
noi eti es present in the ca(gEiBﬁg ?Ceé\ nt and the

COayhBEkin STURMycRidexiMr, ind t he meaning of the term
"Coupling' also includes reacting one or nore
unsaturated groups (e.g. -C=C- doubl e bonds) present
as the coupld ng group in the capping reagent with a
corresponggglg coupl i ngedgmmi ety in the coating reagent
Vi acj-eeo 'cal/@y%i ng to covalently bond the
coati ng reage\n& to the cappi ng reagent | ayer.

csz—o—c/ \/\
g

COOH

[0064]In another embodiment in which the capping reagent comprises
unsaturated group (e.g. C=C double bonds), suitable coating reagents that may
be used for coupling include dienes and tri-enes such as 1,4-butadiene, 1,5-
pentadiene, and 1,6-hexadiene.

[0065]By functionalising the nanocrystal, it becomes possible for the
nanocrystals of the present invention to be used in a variety of applications. In a
further embodiment, the water soluble shell is functionalized by attaching an
affinity ligand to the water soluble shell. 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



[ 0059] The cappi ng reagent and the coating reagent nay
each possess functional groups that are nutually

WO e@et1185@3 i n order for polynerization to be cap€1/8G2005/000138
out. In one enbodinent, the c 3ati ng reagent is a water
sol ubl e nol ecul e conpri si ng af | east 2 coupling
noi eti es, each having at | east one copol ynerizabl e
functional group that can react with the coupling
@mﬂpnailzedhmnm:mtalgancbagergeted aubstgaiec iffiresent in a sample, may
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& geREaRlly \Mbdifies Phordatorrd] edritibodiesh pdptides dptamers, nucleic acid
properties can _bhe obtained with capping reagents in
m'%%'qeraétrﬁﬁt%’t'qm%wﬂ'&s|qcé'§sef{°han 30, preferably |ess

than Edbe rIn”Q ceorﬂéﬁéee R ¥ Sl Sﬁgvé A Idstir@BhRothBRIa3pect of the

car bo diment, Rc conprises
bssmaelmvéntlcm d:dnamnsu aahathmdodrmepamg)matehwuble nanocrystal.

o on (BTSREERE! tf e Jvata-saBlen she et or CHTEHLER by first
?&ﬂﬁéﬁ' rYgNaﬁH thgféfby”i‘é'aéfl d? Thé%ﬁpBi%ﬁafeﬂgbﬁf {vith the AEnoceystal core.

ctional group for adjustin e solubility of the
hbecontasting can berdonsneithesdireatly phingireetly.iRired cgnt@@&ag refers to

T

feaigent withalt the e GDbWbeondmamgqmds Inzmect contacting sefers the
well as a non-aqueous environnent. sel ected f
tgiép Egsctmg with

ues af agosrieating:ioand yRIaR Jre gRBeEYStal SPIRIRRAT 1§/

g%lr ?gﬁﬂl 9?9%5@@% r@girg?nP%Bﬁta%gﬁgp@plcﬁwséﬂ?ﬁﬁﬁséy fMP Ssteps. Both
methods of contactlng are feasible in the present invention. However, the latter
method of indirect contacting is preferred as the coordinating ligand helps to
speed up the attachment of the capping reagent to the surface of the nanocrystal
core. ‘

[0068] Indirect contacting will be elaborated as foliows. In the first step of
indirect contacting, the coordinating ligand is prepared by dissolving in an
organic solvent. Next, the nanocrystal core is immersed in 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.

[0069]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.
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that is insoluble in water, ipn order to obtain a
nanocrystal that is insol ubl e24 n an aqueous
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coating reagent via the indirect contacting route is shown in Figure 4. Firstly,

nanocrystal cores may be prepared in coordination solvents such as trioctyl
phosphine oxide (TOPO), resulting in the formation of a passivating layer on the
nanocrystal core surface. Subsequently, the TOPO layer is displaced by the
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, dimethylformamide (DMF), DMSO, dichloromethane, ether, chloroform,
or tetrahydrofuran. Thereafter, the capping reagent to be coupled to the capping
reagent may be prepared and added to the capped nanocrystal cores.

[0072] 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 coating reagent having

water-soluble groups is carried out. Coupling may be carried out in the presence



and glutam c acid. [0063] In other enbodinents, the
coating reagent is a water sol uble nol ecul e sel ected
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aspect of the present invention concerns a nethod of
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cappi [0078Fegeilitistratidn, tdssumentiat ys tradles of €apphng reagent having x
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IE 23@?%56@&0%%@&5&& SorfteinUk hitles eftaliplintPnidisties to completely
react with 1 mole of nanocrystal cores (attached with x moles of capping
reagent), then the mixing ratio of coating reagent to nanocrystal is at least y
moles of coating reagent per 1 mole of nanocrystal cores. In practice, capping
reagents usually are reacted in excess to ensure complete capping on
nanocrystals. Unreacted capping reagent can be removed via centrifugation, for
example. The amount of coating reagent 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 coating reagent per mole of capped
nanocrystal.

[0074]In order to couple the coating reagent to the capping reagent that
has been capped to the surface of the nanocrystal core, the coating reagent is
mixed with the capping reagent in the presence of a coupling agent. The
coupling agent and the coating reagent may be added simultaneously to a
solution containing the nanocrystal comprising the first layer (cf. Examples 1 and
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layer), the ester may be hydrolyzed by adding an alkaline solution (sodium
hydroxide, for example) to the nanocrystal. So doing enables the carboxyl groups
in the second layer to be exposed in the solution, thereby conferring water
solubility to the nanocrystal.

[0077] 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.

[0078]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



to the nanocrystal, thus capping the surface of the
nanocrystal core for subsequent coupling of the
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SRBHOT,SRIBP TG 3 nReYStal NG S TigH InjeRg Such 3 lipid can be
used for detection and visualization of a whole ceII. For purposes such as cell
staining 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.

[0080] 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, 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.



nanocrystals capped with the capping reagent with a

coating reagent having water-soluble groups is carried
wouios/165uwpl i ng may be carried out in the presercEsG2085/000138

coupling agent if desired. The coupling agent may be

used to prine the capping rea%gent to render it

reactive towards the coating reagent, or the coupling

agent may be used to prime the coupling noieties of
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[0082] Furthermore, the invention is also directed to a composition
containing at least one type of 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.

[0083] The invention is further illustrated by the following non-limiting
examples and the attached drawings in which:

[0084]Figure 1 depicts a generalized diagram of a water soluble
nanocrystal of the invention (Fig.1a), wherein Fig. 1b shows an enlarged
schematic representation of the cross-linking interface formed between the
capping reagent heptane-(4-N-ethylthiol)-1,7-dicarboxylic acid (used for forming
the first layer) and di-(3-aminopropyl)-6-N-hexanoic acid methyl ester) used as



exanpl e. The anount of coating reagent added to couple
with the capped nanocrystal may be added in excess as
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20, or about 30, to 1000 noles of coating reagent per
nol e of capped nanocrystal . [2ﬁ)74] In order to couple
the coating reagent to the capping reagent that has
been capped to the surface of the nanocrystal core,
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EXAMPLE 1: Preparation of Water-Soluble Nanocrystals with Cross-

Linked Shell in aqueous solution
[0088] TOPO capped nanocrystals were first prepared in accordance with

the following procedure.

[0089] 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 drybox 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.



reagent suitable for exposing water sol uble groups
present in the second | ayer. For exanple, if the
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protect carboxyl groups that y otherwi se interfere
in the formation of the secone¥| ayer), the ester may
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al
cogledctou8QW iand: left stidigeotsir sseyeralebours. Butanol was added to the
mixture to prevent the TOPO from solidifying upon cooling to room temperature.

[0092] The (CdSe)-ZnS core shell nanocrystals thus formed were
dissolved in chloroform with large excess of the 3-mercaptopropionic acid with a
few drops of pyridine. The mixtures were subjected to ultrasonication for about 2
hours and was kept stirred at room temperature overnight. The formed
precipitate was collected by centrifugation and washed with acetone to remove
the excess of the acid. The residue was briefly dried with a stream of argon. The
resultant nanocrystals, coated with molecules of carboxylic acid forming the first
layer covering/surrounding the nanocrystal core, were then dissolved in water or
buffer solution (cf., Fig. 2, step 1). The nanocrystals in aqueous solution were

centrifuged once more, filtered through a 0.2 um filter, degassed with argon and

stored at 25°C before use.



attack. In case of an conjugate of the inventive
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bi ol ogi cal structure including but not limted to a
vi r us[qD93] ifdrethe forhatioro eb ke cross-linking inteiface Bod subsequently

heporieszaten wisPdhe Hoptife Agsdkhs Tveiimbiaein the Second layer,
%Tﬁélgb%ir(?ﬂ% gcfgda eiShato efystAls wereeaissened iinkaf ag@eous buffer

suc P n 'be used for detection and
systeml. i ERG dh-ethylS-[Rdmethyaminsopylirgaseediraideh and sulfoNHS

(il Sy Rupan BFur WaTY 7 Beg S oSN  ABEMTS I the nano-
ERjistalélisofltionURes (01000 aME extdry. THe feduRmgdedletded/asystirred at
use of a marker conpound that conprises a nanoparticle

torn fiempgiasutel ton 3Bomjnuies & adivation ehthe &ungtinaahgroups involved
e Riligh' 8 B cbokahoRb BRI (ot TP 8 B0 mivure

bomtdinieg ahé i curbyxylior acidecappetiyhanosystalsr dEBCnand sulfoNHS was

peptide, a conpound having. features of an |.nmu '

Rildect s 20t Gpe-se withisleentihg SoMtonGAT dismuigaRpEeY! methy
B0eP e sa-mg bBFf?F.eFHé ARRRNRSS Sfrréd frYt Rolrs 2ird&m temperature
partner can be, tor exanple, an antibody, an anti body
ndghentleft atl 432 odernightdion foshatiqt af itbé rcross-tnkisg iptesface and

SR R SR Bt < BB i e
fHY fi&?@er@&?ﬁé@?f’ﬁtgﬂr% FoPfeleBsiRY _Q!aé nv\gé?télg%laﬁﬁé carboxyl groups

enzynes "an nucleic aci y be sel ected
of the diaminoecarboxyltesiet ¢,e.ahyvialysmnaf snethylaestsir eandd, and thus

Rl g SRRk 508 B2 80 012, KB dcSinanc v

ged&s bha@nh@bolutioNACke s stitredaataovirsterpeartiturédor another 6 hours
i nvention can be conjugated to the nol ecul e havi

(tnkiiord; Siep i The sphition waseentifugeddograLave & $9Is and stored
NOshudBsESotlitfon L5tobRIsBIRidhRRSE.c @ surface exposed
[0094] The obtained quantum dots can also be purified by organic solvent
extraction. After the reaction (formation of the cross-linking interface and
- covalently coupling the coating reagent that is comprised in the second layer to
the first layer) was completed, the solution was extracted with ethyl acetate to
extract the polymer-shelled quantum dots with ester surface from the organic
solvent. The organic solvents thus obtained were combined and dried, and then
removed by rotary evaporator and dissolved in ethanol and 0.1 N NaOH for
hydrolysis of the ester bond and formation of the water soluble nanocrystals. The
solution was kept constantly stirred at room temperature for 4 hours, and then
neutralized. The obtained clear solution was centrifuged to remove any trace
amounts of solid and stored in aqueous solution at room temperature after
degassing.

[0095] The physical-chemical properties of the obtained cross-linked

water soluble shelled nanocrystals of the invention were compared to those of



functional group on the coating reagent such as an
am ne, hydroxyl or carboxylate group nay be reacted

wOowdaok/1885k3 nki ng agent. A |inking agent as usedpdiE8€2005/000138

means any conpound that is caqoabl e of linking a

nanocrystal of the invention % a nol ecul e havi ng

bi nding affinity for any biol ogical target. Exanples

of the types of |inking agents which may be used to
©Cufe)dat® acoranoshglbt alanoorshalsanwitht ewierendicappedr t obly  with

%ﬁﬁﬁ%fﬁ%ﬁ%@%dw&hg@ﬁ &%ﬁ;aﬁ%ﬁ%liéﬁ@ﬁéébﬁlﬂgs: To an
SQUERRTSITN BRI farloRRRals OHLOP werduRieaid firfl cocéieation of

. Exanples of suitable |inking agents are N-
Q.35amolbpnd ghe )chemicalapehavieurzistipwed photospectroscopially. For the

M&gﬁg%ﬁgﬁéﬁ tv%r?ﬁé;?ﬁ@@gﬁgﬁ\gltﬁ MCA or AET oxidation of the
FardorystRlshRAY shnddidtegndeteiekdeantd e namskrgstals precipitated within
é‘érl met hoxysi | yl prop%‘l - h%dram de. The coating reagent
yminges bdnc sapligel edenisnilied snaremyetals i e a!Qlé%'i‘t'on were
L3P A% SRS FON P B RSH MRy siowy
For €}j089p] én a ffurthher experimentr édagannotcshpwnseshen 0.1 M CdSOq

b ORI i53 (HIER S R ha KRB 850! Bappea wir
esA o&ﬁiﬂe%td%' !‘,ﬁél'lébe%ar\%gw&aﬁf CGPBPHeABon, the M(%A capped

pol yoxyet hyl ene conpounds,” aromati ¢ conpounds al |
némaxdnystalsepracipitategbuickly from the gelotipn fGentrastingntheananocrystals

S5 PN R FRET G ool il e aadition o
€& Idndrhakoms ﬁifg_ﬁifmﬁnﬁéffé@taﬁi theirestabyiptg. of
nanocrystal as defined here. The nangcrystal na

b
: ncor {99821 &imijlaty tﬁepﬂ"&gPP'&erﬂ@%,St%biWMg‘Pfetthﬁcsmfﬂég g@noacrystals
438 i B R 1 S 00 ey
{datz mbt showhDOABENTEMposed datli\dight withra avelengths of 26é¢him, the

&MES@{? é:%%gggfsﬂw%%hhg 90 %)r(eam &a‘?g f%rr]rﬁjtﬁehgolution in 48 hours
whereas the shelled nanocrystals of the invention were stable for 4 days. The

fluorescence intensity was also found to be stable for a long time.

Example 2: Preparation of Water-Soluble Nanocrystals with Cross-

Linked Shell in organic solution
[0098] TOPO capped nanocrystals were prepared in accordance with

Example 1 and dissolved in chloroform, along with excess amount of pentane-(3-
N-ethylthiol)-1,5-diamine for formation of the first layer (cf. Fig 3, Step 1). The
mixture was left at room temperature overnight. Formed precipitates were
collected by centrifugation and then washed with methanol, dried briefly with
argon gas. The obtained nanocrystals were dissolved in anhydrous DMF (50 ml).

[0099]In another flask, pentane-3,3-diethyl-carboxylic ester-1,5-
dicarboxylic acid (as coating agent comprised in the second layer) was dissolved
in DMF with 5 equiv. of EDC and NHS, and stirred at room temperature for 20

minutes under nitrogen protection (cf. Fig 3, Step 2). The solution was added



[0084] Figure 1 depicts a generalized diagram of a

wat er sol ubl e nanocrystal of the invention (Fig. 1la),
wobmeseiss4Fi g. 1b shows an enl arged schematic PCT/SG2005/000138

representation of the cross-Ijnking interface forned

bet ween the cappi ng reagent heptane-(4-Nethylthiol)-1

, 7-di carboxylic acid (used for formng the first

Iayer) and di - (3-am nopropyl )-6-N-hexanoi c acid nethyl

elsxwly )o mlse:maaecry&talmylutgnnforfmvaiem reawpling evithe i goating agent

(P hesth 37 Bfs sttind 3né MRsBfndcFuioRTpE P nhf at room

{draperailfe CHEADRIM 61086t Was BoapGafeRlndEaRHUES® pressure by using
(neil ghbori ng) nol ecul es of the capﬁln reagent and one

aubtayaper systeme Theahtaiged sdyyanwas sliggolvachin ? i of yeatengnd then

a(ﬁlg? wg@g%tﬁ ﬁt’f%@ ﬁ sa%gga@%gd&%[%%% ngoton?teeraperature for

ahetver 2 IsaUrenatiben thegorenbéxposee watkr fsolutsy ltbbhdsiirz e second
a wat er sol ubl e nanocrystal encapsulated in

sy ahhelcesiting solubpRweRs, wastedwicen(d fy xud) ngh her to remove

a S
? Yfpegg gﬁﬁ{gbgﬁ(%h\{ﬁesj Breﬂrf\-l_r%%gggﬂ gtamré%maaten?lﬁ 1t WeassttQ?T neutrallzed
A0 . DN H@l@qoéouQBdldtllentfaﬂetofélgé\l-lﬁtrﬂwrtﬂmrmbahdn was carrled out
7-di carboxylic acid as the capping reagent

brsepiloti pt)m@oymnqpata%anegmalggn G sglition and re-

ﬁiﬂ e %n@cﬁ{s@’@@sm watd0B9! adjugtth t3o’r5|Tﬁ¥‘5pﬁ value of the
erra di agram of a rret or synt esizing a

solutibh.e nanocryst al encapsul at ed in a pol yam de vvater

sol ubl e shell, formed via cross-1|inking using

pent ane- (3-N-ethylthiol)-1 ,5-diam ne as cappi ng

reagent for formng the first |ayer, and

pent ane- 3, 3-di et hyl -carboxylic ester-1 ,5-

di carboxylic acid as coating agent for form ng the

second |l ayer. [0087] Figure 4 shows the stability of

shel I ed nanocrystals of the invention against chem cal

oxi dation conpared to the one of (CdSe)-ZnS core shell

nanocrystals with were capped only with

mer capt opropi oni ¢ acid (MCA) or am noet hanet hol (AET).

EXAMPLE 1: Preparation of Water-Sol uble Nanocrvstals

wi th Cross-



Li nked Shell in aqueous solution [0088] TOPO capped
nanocrystals were first prepared in accordance wth
w0 beeficdskow ng procedure. [0089] Tri oct yl phosphP@ESG2008/@00138
(TOPO (3Qg) was placed in a f]ask and dri ed under
vacuum (~ 1 Torr) at 1800C fo¥* 1 hour. The flask was
then filled with nitrogen and heated to 350°C. In an
i nert atnosphere drybox the follow ng injection
€ldimsi on was prepared: Cdve (0.35 nm), 1 M

rioctylpho i ne- Se Se) solution (4.0 m), and
%-ri dét"%tgh%éBﬁlpﬁ@nﬁfﬁ}ggﬁ%‘?ﬁ'ﬁmg'me i nj ection

sol uj i RihobRARtAINEERUBEMYriSInges: IdRAdRE hKtal MBS Xeigte’] from an
and renmoved fromthe drybox.[0090] The heat was

element of Subgroupdb r sithgroem llansubgreup dde: subgrewx Vb subgreup Vb,

SORIPU5 VAR shBGBul FC R bt T R LGBt Bhpin grove v of
theeperiaiid syisternl githe @ishméhte (PSE)CaAd Rurtheradngsriing! | y

rai sed to 260-280°C. After the reaction, the reaction
flask wasd frstdexal QOMRISING ecapping reagent ataghed tothesurface of

?gagﬁgkaﬁfe[ of afd eﬁ?ic%égétsy Mg Sg%dpﬁ%é ir%ﬁg{aﬁ’t” hgf/inghﬁ1 least two

) Iron Of excess han cause
par t calptingtgrodpsyccul ate. The floccul ate was separated
fromthe supernatant |iquid .centrifugation;

b the. .
resul ti ng@bvRISECRRR IB¥CHiCOp¥SNg i%h low,, qjaleqlarpweight coating
Or gagy eﬁptﬂéﬁﬂgsattlgaﬁr fF8 e8uRthgPRidigtidls! Mo@dl@rﬂg coupled with the
solution. [O0091]A flask containing 5 of TOPO was
heat eehting reagedt, andeat leastiane mtersevlggw greswpr for cceaferring water

cool ed t.0. 60°C af ich 0.5 m trioctyl phosphine
(Tdﬁgb\g'ﬁtygaagﬁse%@%%(yfio. 1-0.4 mmol s of CdSe dots

di spersed in hexane were transferred into the reaction
vessel via syringe and the solvent was punped off.

Bi et fyyates selubleanocrystal qeNRiifA%y | di si | at hi ane (( TVB)
2 SRS PSS a e VAR O migeRRe sl rom
Elemenit of BRI gsoute!l asubgreup \AtAtssiblgeoup 11 esubgrouprtd; subgroup
ﬁ ?r%%rinsgrroup I1l 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 VI of the
PSE, and further comprising
a first layer comprising a capping reagent attached to the surface of
the core of the nanocrystal, said capping reagent having at least two
coupling groups,
and a second layer comprising a low molecular weight coating
reagent having at least two coupling moieties covalently coupled with the
coating reagent, and at least one water soluble group conferring water

solubility to the second layer.

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.

4. The nanocrystal of Claim 3, wherein the terminal group is selected from the

group consisting of sulfhydryl, amino, amine-oxide and phosphino groups.



solution was | oaded into a syringe and transferred to
an additional funnel attached to the reaction fl ask.
w@bdoenidsie additi on was conpl eted the m xture PEESG2005/000138

cooled to 90°C and left stirring for several hours.

But anol was added to the mixtiRe to prevent the TOPO
fromsolidifying upon cooling to roomtenperature.

[ 0092] The (CdSe)-ZnS core shell nanocrystals thus

formed were dissolved in chloroformw th | arge excess

f the 3-nmercaptopyopionic acid with, a,few dro of

Syr i UhednanacsyStal, bt ABK Qs OF QIBMEL folp Bo WheTel the”at least two
| bGps oPthd SippRe reagentars Spacet #esr IkoR th ferin@thl grou

gé&é@g%eﬁn%er at ur ep over nig?geht. Thg formed precipitate grotp

bpa hydroghabiciragiorcent ri f ugati on and washed with

acetone to renove the excess of the acid. The residue

was briefly dried with a stream of argon. The

sesurh@iarbenastaly 8 @ldim aoaitedeini thchndfethel as ledst two coupling
carboxylic acid formng the first |ayer

geoupsi cgMpiisesuadiunstional aiaeR r pderendently, splgcted nisgm amino,
' ' Af sal ut | f . i .
B30 Sheldnh S0t IS IEE, WISBOLE) ncids, hvarice ana

S
helide gfouped once nore, filtered through a 0.2 mm
filter, degassed with argon and stored at 250C before
use. [ 0093] For the formation of the cross-Iinking

fnt eﬁé‘%%nﬁeg/stﬁé{lkb?%%yed?t(t%irﬁ?q 206 YWRE TR thO Baphing rehgent is a

coating reagen ayer conprised in the second |ayer,
mrodearde bexingitbe farmida dpped nano crystals were

di ssol ved in an aqueous buf fer S
(1-ethy|-3-[3-dinethylaninodﬁdﬁé%Tﬁﬁgyﬁgggiwide) and
sul foNHS (sul f o- N- hydr oxysucci ni m wer e added as
cross-linking agents to the nanocrystals solution in
500- 1000 time excess. The resulting Zgl ution was

stirred at roomtenperature for 30 mnutes for
whereiat i on of the functional groups involved in the

f t. . MANS ' f f., Fig. 2,
st eptds Tefthinal GrelpSlectbd fiofes, K AR 7 O
aci dRg &pa esbisynaumpyrigiag at [eEBC2 anainsahlairo bii® oneatormsded

G an¥ i SEIRCRLTPA Gy ICRBref 1Hidhe ams buf fer . The
M Xt $4i€ JWRSicd) EbmpBAsihga PolBPHintiBhal'gtedp ! enper at ure
kisOor1,
m is an integer from 1 to 3,
n is an integer from 0 to 3, and
n’ is an integer from 0 to 2, wherein n’ is selected to satisfy the valence

requirement of Y. -

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

chain atoms.

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

consisting of alkyl, alkenyl, alkoxy and aryl moieties.



and then left at 40C overnight for formation of the
cross-linking interface and coval ently coupling the

W@ o@bil1 8343 eagent that is conprised in the secopdr/B@yes/000138

to the first layer (cf. Fig 2. step 3). For releasing

the wat er sol ubl e carboxyl gﬁﬁ%ps of the

di am no- car boxyl ester (i.e. hydrolysis of nethyl

ester. bond) and thus form ng the second wat er-sol ubl e

1@y eThe naaocstal Nf IGiakh 8navherdinredchwafsRaddadnaeiety independently
solution was kept stirred at rgomte rature far
Sel6eiee: e ihe Grauer coRsigting of iVia ProR¥l UBf.perl. \gyglopentyl
&&F‘SI KexyH QS 1oL SetyIC By 28d BehZys and stored in aqueous

SO ute%xgng.'gs st o?:k sol Ut1on at )ﬂf °C. [0094] The

obt ai ned quantum dots can al so be purified by organic

| vent extraction. After t reactiona(f i of .
The ' £, cBRpFARla P e R & GRlRE o 17 36k M8 25 functional
RPN AtEE floRRBe rdupdéorisistiNel s, ihydidxgl, saesuiyl, carboxyl,
ayer to the first |ayer) was conpleted, the solution
nitrde enitroaispeypnate iandihalide gkeRit-e to extract the
pol ymer -shel | ed quantum dots with ester surface from
the organic solvent. The organic solvents thus
Dt afinehanecsystaindfi Gaimant , dvherdjn @hdompeises @1ty &0 imain chain
rotary evaporator and dissolved in ethanol and 0.1 N
0% or hydrol ysis of the ester bond and formati on of
the wat er sol ubl e nanocrystals. The sol ution was kept
constantly stirred at roomtenperature for 4 hours,
td Thenanecnystl iof €ainTH2, wiherginel furthesrconaprigsisoan aaide or an
centrifuged to renmove any trace anmounts of solid and
€Y'6t Q’H‘q aqueous sol ution at roomtenperature after
degassi ng. [0095] The physical -chem cal properties of
t he obtained cross-1inked water soluble shelled ]
Whnothe sapsrystaltofeanyy 0é laees et 18ohiared the caRRIBY reagent

BRSO B g RS 12 ver coPeed

am noet hanet hol (AET) as follows: To an aqueous

78 nal S QBSRDRIAl Gty ‘. 8 iiA WiRlSin s feRplod reagent is
ESHBYLN seltlddOMER tREQFOsPEsHdiNTPefal | y. For the

' COOH,
COOH //___4//,,/»
/\/ N :
: \\h___\\\\\\
COOH, COOH |

{
S

HS

Hs/\/”d\NHZ’HS/\/ N\‘XNHZ |



nanocrystals that were coated only with MCA or AET

oxi dation of the nanocrystals was i medi ately detected
wa@naetiiss4nanocrystal s precipitated within 30 nMP@LSE€E05/000138

In contrast, the shelled nanocrystals of the invention

were significantly nore st abl &/ agai nst chem cal

oxi dati on which occurred only slowy. [0096] In a

further experinent (data not shown), when 0.1 M CdSO4
solution was f®¥8d to eithgr (CdSe)-2ZnS core shell
nanocrystal s /capped wth only or to shelled
nanocrys of the invenilion, the MCA capped
NanBs+y< reci pit aty i-ekfNy fromthe sol ution.
Cont r ast he nanocrjystals of sHnventi on
mai nt ai ned st\able in t sol it i on nmeani ng the addition
of cadmi um i ohgohas,Mfo sighi ficgnt ef f on their
stability. [0097]  Sinml arlé, t he phot ochemi cal
stability of the shelled nocrystals was al so
significantly inpr ovzef—i—x(con'pari son to the MCA capped
nanocrystal s (dat a_not shown). \When exposed to W
light with a wavekéngth of 254 nm the MCA capped
nanocrystal s”were found to precipitate fromthe
sol A o % wher eas t heO8hel | ed nanocrystal s

of the invention & stable for {4 days. The

fluorescence intensity was al so und be stable for
a long tine. Exanple . Preparatio r-Sol ubl e
Nanocrvstals with Cross- Linked Shel{l in organic

sol ution [0098] TOPO capped, nanocry$Hal s wer,e prepared
i n accordance m%bgHExanple 1 and dissolved in

chl oroform along with excess anmobunt of pentane-(3-
N-ethylthiol)-1],5-diamne for formation of the first

| ayer é K ~SLep The m xture was left at

r oof?P? nper at ur e overnigﬁ%. Formed precipitates were
col l ected by!centrifugation and then washed with

met hanol , dr?%&ﬁbriefly thr?@}gon gas. The obtai ned
nanocrystal s wene di ssolved in anhydrous DVF (50 m).

[ 0099] anot ﬁW
pemzaMt hyh~Car boxyTi c estér-1 > 8H
H .

16. The nanocrystal of any one of Claims 1 to 13, wherein the capping

reagent comprises two different coupling groups.

17.  The nanocrystal of Claim 16, wherein the capping reagent is selected from

the group consisting of:
COOH COOH

N N/—/ /\/N/—/
s \_\NHz ,Hs HOH |

~ ol
e \j hs” N R

cooH, and OH .

NH,



di carboxylic acid (as coating agent conprised in the

second |l ayer) was dissolved in DVF with 5 equiv. of
wEDGsamd4NHS, and stirred at room tenperature POT/SRIOS/000138

m nutes under nitrogen protectjon (cf. Fig 3, Step 2).

The sol uti on was addedsl ow y 3% the nanocr yst al

solution for covalent coupling with the coating agent

(cf. Fig 3, Step 3). After stirring the resulting

solution for 2 hours at roomtenperature, the DI\/F

BB o e paro gy SBLh b aho AT BidiER Cltis RS fheldaubfhg Broup of
{h %ap%lnef Wi EfplhidN 2 gl ayrﬁérlﬂat% E&r@é@(ﬂ@té&" carbon-carbon

sol ut added and stirre roomtenperature for
boradt.her 2 hours to formthe sol vent - exposed wat er

sol ubl e bonds in the second layer. The resulting

sol ution was washed twice (5 mM x 2) with ether to

{@OVEheR¥nbErgstl 6f Cldie P8ldhkieig shedEapiping &éﬁ@@ﬂ is selected from
starting materials. It was then neutralized wt

thel QEQQIOe@QQSl%tngPf Girtiiok teseninatgd. methw ﬁ@?thaem'at?c arwﬁnethlol
@%ﬁ@ ern'ceggtt@gf g? %gl érf)h'gﬁ%hf.’e‘ta e thylbuteny) thioacetate,

nacidi'c solu

Zﬁdirﬁmnemeﬂmﬁdnmoh andc$-2squihslinemethyethidacetatpust ment
of the pH value of the solution.Cains 1. A water
sol ubl e nanocrystal conprising: a nanocrystal core

ft?’”pr'l'ﬁé g'gan%tc seASbe %[r)\? BEltRE Me%ﬁ@%l&%i rWHe%f'bn the coating

enent subgroup subgr oup subgr oup
realggnb cpmisisedutng teusevond I8y comprises ba mtbgrsm;ble molecule

Villb, main u main group Il or main group IV
'6‘1“’"?913‘%% |'Hg @"EVL%@ thof the el enents (PSE), and
further conprising a first | ay gy conpri sing a capping
reagent attached to the surfaceé‘y the core of the

nanocrystal, said cappi ﬁ_'ﬁa\]‘ IL]aw ng at | east two
coupling groups, and a co erconprising a | ow

mol ecul ar wei ght coating reagent having at |east two
wberglin ng noi eti es covalently coupled with the coating

Egﬁ}ggﬁ% ﬂ@@&éc{apip'l‘cerﬂaetﬁne wat er sol ubl e group for

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

G is selected from N, P or C, or Si

Z’ is a coupling moiety,

m'is 2 or 3,

nis1or2, and

n’ is 0 or 1, wherein n’ is selected to satisfy the valence requirement of G.

21. The nanocrystal of Claim 20, wherein T comprises a functional group
selected from the group consisting of carboxyl, amino, nitro, hydroxyl, carbonyl

groups and derivatives thereof.

22. The nanocrystal of Claims 20 or 21, wherein R. comprises 3 to 6 main

chain carbon atoms.



solubility to the second layer. 2. A water sol uble
nanocrystal conprising: a nanocrystal core conprising

wa@abkookesssu3 one netal M1 sel ected from an el eneptT/862005/000138

main group |1, subgroup VIIA _subgroup VIII A subgroup
| B, subgroup HB, main group 139 or main group IV of
the periodic systemof the elenents (PSE), and at
| east one elenent A selected frommin group V or main
23 oup The oénbdnqsﬂaSEf aaydf Claimise20 too2Prwisenein 4 ¢amptises at least
é &gog*p a _cappi ng reagent attached to the
g Coagy cqr 8” ?BSof the nanocrystal, said capping
reagent having at |east two coupling groups, and a

second | ayer conprising a | ow nol ecul ar wei ght coating
24agenthéraanagryatal lof £3aim 23, whepeinng feghet cemprises at least one

f: gl g tl b\égéfélcgqﬂ fﬁ"?)mhtht heaﬁ;? %éﬂ?lgplﬁfﬁggﬁg %?rﬂfar&yl carbonyl,

&sbekyll hitMet ﬁ’ltrbh%o‘é?érﬁmd &povede, ahhylifige RaBdlide irbuss.
claim1 or wherein the cappi ng reagent conprises a

term nal group having affinity for the surface of the
re ygt MRiati '
£8 "heths ASpRENBEN KT laim b2 HiFeATOAG Y5 UE cBlpfihibieties Z
giteoidpniicgisi sting of sul fhydryl, am no, am ne-oxide and
phosphi no groups.5. The nanocrystal of any one of
claims 1 to 3, V\,herein the at |l east two coupling
oupsTIRL raigc IClhPags) wﬂéﬁmﬁﬁﬁé%a%ﬁ@rr"ea BAMs selected
e term nal g oup y a hydr'ophobi c region. ~6.
fnanmthe)gsroap cofsisting of 4 dlammlt%edm:aémxyll@mldhendta dl@bst
two coupling groups conprises a functional group
i ndependently sel ected from am no,  hydroxyl, carbonyl,
gar boxyhe nahbélyk®l oRiClain 265 abeesintthe dpoiicdie, selected from 2,4-
anhydri de and hal ide groups. 7. The nanocrystal of any
6'&”@@@%”@.3@'6@23W&°ﬁrqm%’“§zﬂ§tﬁ ng reagent is a

28. The nanocrystal of any one of Claims 26, wherein the coating reagent is
selected from the group consisting of:
(CHg)3——NH,
H;C——00C——(CH,)
(CHz)g——NH,

(CH,)3——COOH

HsC 00C (CHy) N
(CHz)3——COOH

(CHy)3——OH

e

HzC——00C——(CHy)

CcD 00oC (CH2)



nol ecul e having the formula (1): Hn- X'R Yk-Hn Zm
wherein X is a termnal group selected fromS N P or
wO208k/1H543 s a noi ety conprising at | east 2 mai PCTBG2005/000138
carbon atons, Y is selected fromN C -COO, or -CHO,
Zis a noiety conprising a p(ﬂoar functional group, k
is Cor 1, mis an |nteger froml to 3, nis an integer
fromQo 3, and n" is an integer fromQo 2 , wherein
n is selected to satisf{ftbhe—¥&%nce requirenment of V.
. The nanocré/stal o/cl aim?7, wherein the noiety Ra
corrﬁ?l VA \QT\chai n atorrB 9. The nanocrystal
of Claim?7 or 8, wher EC _i Sl ected fromthe group
consi sting of alkyl, eﬁyl alkoxy and aryl
noi eti es. 10. The nanocr(ycag)gu-—oﬂ Claim9, wherein each
of Rais a noiety indgépendently selected fromthe
gr oSGy of Nt hyl , propyl, butyl, pentyl,
cycl opentyl, cycl ohex ycl g-octyl, ethoxy, and
benzyl. 11. The nanocry@{é 8 any one of Clains 7 to

10, whbRie D i§ dy%lo’éie&ﬁﬁﬁbh@nm group selected fromthe
group consi sti ng of am no dr oxyl, carbonyl,

car boxyl , n|tr| nitr cyanate and hal i de
groGﬁS‘—r@O stal of laim1l , wherein Z
conprises 2t mai n chain atons. 13. The

nanocryst aI aim 12 wherein Z further conprises

an am, dL‘UO
COOH

29. The nanocrystal of Claim 24, wherein each of the coupling moieties

Z’ are different.

30. The nanocrystal of Claim 29, wherein the coating reagent is selected
from the group consisting of:
(CHz)3——NH;

HaC——00C——(CH,)——N

AN

and

(CH2)3—NH;

CD——00C——(CH,)——N

AN

(CHz)g—COOH

31. The nanocrystal of Claims 18 or 19, wherein the coating reagent

comprises a diene.

32. The nanocrystal of Claim 31, wherein the diene is selected from the group

consisting of 1,4-butadiene, 1,5-pentadiene and 1,6-hexadiene.



ester linkage. 14. The nanocrystal of any of Cains 1
to 13, wherein the capping reagent conprises two

WO deetiissad coupling groups. 15. The nanocryst abCDSGEN5000138
of clains 14, wherein the capping reagent is a
conmpound sel ect ed fromthe gr‘gup consi sting of:16. The
nanocrystal of any one of Clains 1 to 13, wherein the
cappi ng reagent conprises two different coupling
groups. 17. The nanocrystal of Caim 16, wherein the

sl eria NGt RSy BF SpSchdd o2 HIFTRIS e pagoEstal is a
ahrersien ﬁa‘ﬁ%c(éf%‘tml i ng group of the capping reagent

conprises a pol ynerizabl e unsaturated carbon-carbon
bond. 19. The nanocrystal of C aim 18, wherein the

S0 ik 5ROk it SR EE BTG P WiaBRli e group
CoridtRIEdfEMICd, (H,-Mn BRé eoe; Ni, GuhiAg, an8-AWF) - 2- but eny |

thi oacetate, S 3-net hyI but enyl t hi oacet at e,
2- qui nol i nenet hanet hi ol , and S-2-qui nol i nenet hyl

#%i oaﬁ% ﬂgﬁ?crﬁgtal gﬂﬁaﬂﬁ% <§ry§’zf %he?élnGE% ecfémEF?A is selected from

r egoi ng erein ng rea

thengroup ednsistingof SeSendnddeer conpri ses a wat er
sol ubl e nol ecul e having the general fornmula (I1):
wherein T is a hydrophilic noiety, Rc is a noiety

§OMPI 1R '}%n%tcn}s?él%f %Id?ﬁi' @5”\‘/@(&?§ﬁnafﬂé‘3ﬁa%@%tal%' & core shell

sel ected from'N C, cou n
nanadrystahdelested foom she graup donsisting of (e Sy CdSe dagIeJCdTe ZnS,

iggﬁf#rgﬁee,{-tig%ﬁégcénéjﬁg%sat i sfy the val ence

37. The nanocrystal of any of claims 2 to 36, wherein the nanocrystal
comprises a homogeneous ternary alloy having the composition M1M2,A,
wherein
a) M1 and M2 are independently selected from an element of subgroup llb-
VIB, 11IB-VB or IVB, main group Il or main group Il 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,
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
ii) reheating the reaction mixture, without precipitating or isolating the
formed binary nanocrystal M1A, to a suitable temperature T2,



2 1. The nanocrystal of C aim 20, wherein T conprises

a functional group selected fromthe group consisting
wobkoosardsaxyl , am no, nitro, hydroxyl, carbonylPQr/eames/000138

and derivatives thereof. 22. The nanocrystal of Cains

20 or 2 1, wherein RO conpri 3 to 6 main chain

carbon atoms. 23. The nanocrystal of any of Cainms 20

to 22, wherein Z' conprises at least 6 main chain

car bon at oraeldingyt to the reaction yobdureott thisi tanapgraturer @i sufficient

i'el ;g:gge; Pé’ﬁf’rrf esfS‘BGL?:l,e'ESH O'B%Jq%&“gﬂfq'@e ftﬂ‘;tglﬁcgaﬂeratlon of

carbonyl, gahBRKYstali theh! Keatltig Mo résQryaRmktare for a sufficient
epoxi de, anhydride and halide groups. 25. The

nanocr yst alpetsibd @faime 2, a mperatur@aﬁwtahletfnéfwaum isgigl ternary

G aim 25, WRDPENRETIN 3R findns dEn ABREL B tedtiop, mixture to

the group ceBFtstroo® Mmperdturs] aed idolatingothel ieenargi nanocrystal
and a diol. 27. The nanocrystal of C aim 26, wherein

the di ami ndTsMZAect ed from 2, 4- di ami nobutyric acid

or 2, 3-di am nopropionic acid. 28. The nanocrystal of

any one of Clainms 26, wherein the coating reagent is

3&! ectHae hanoerystal gf clajm 8@ rveiths0i00d ok <h8B8in CD i s

cycl odextrin, and 29. The nanocrystal of C aim 24,

wherein each of the coupling noieties Z' are

?i%f ferepd naRBeryd3eonNanms '3)79er318 With ©.c @x290.98her ei n

e coating reagent Is selected fromthe group
COI’]SI sting of: and 3 1. The nanocrystal of Clains 18

£ T ERhRelor 87 b deEST 0 AR AR

sel ected fromthe group

41. The nanocrystal of any of claims 37 to 40, 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.

42. The nanocrystal of any of claims 37 to 41, wherein the element A is

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

43. The nanocrystal of Claim 42, said nanocrystal having the composition
anCd1-xse or anCd‘]-xS. .

44. The nanocrystal 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.

45, The nanocrystal of claim 44, 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.



consi sting of 1, 4-butadiene, 1,5-pentadi ene and
1, 6- hexadi ene. 33. The nanocrystal of any of clains 2
wo 20082185wher ei n the nanocrystal is a core-shel PCT/SG2005/000138
nanocrystal. 34. The nanocrystal of claim 33, wherein
the nmetal is selected fromth@group consi sting of Zn,
Cd, Hg, Mh, Fe, Co, N, Cu, Ag, and Au. 35. The
nanocrystal of claim 33 or 34, wherein the elenment A
#8. sel Eoe adnbcrystal bEclginn 4 arodsiwheram the reinoseystalrigl conjugated

Te. 36. Th . of claim3 wh in L
oot cletruld ig) Butling actil dbe o, ARELE) e dcpavalgat linking
Liéntgroup consi sting of CdS, CdSe, MyTe, CdTe, ZnS,

Se, ZnTe, HgS, HgSe, and HgTe. 37. The nanocryst al
of any of clainms 2 to 36, wherein the nanocrystal

O 766 e P THRRRERARa Sl Y LT Rebfo ctams fortne
Hewenendeah lanamd ect ed froman el ement of subgroup Mo-
VIB, HB-VB or 1VB, main group Il or main group Il of

the periodic systemof the elenents (PSE), when A

pre j OSE,
48P, YAl or ppéisiiii & el SR8 bR stdl cBngritihd”
t :ﬁe erirdvidengﬁpnénc}drystaf cbnteecﬂﬁﬁfrismﬁeat ldaskepne seetas Mih selected
enment of the in gro t PSE, obt ai, nabl
B9 ap: sement commayrabhg 1) ‘sbofoue, 1B ischargpp V8. Subgroup Ve,
| b . T _
SORRECHVB! ROy DB Lt b ST, i, group i o
mairegeaupdV ofithe pesindirsystem of heyelaments(BSEgnper at ur e

For b hE bl slel BBRLRL Cobrbing HEIRAR, fefdhataching the
Bagihg Jehdentrtoant i surfadexdfuhe amoceystalfl ddreiamat fopeirigod first layer

of tinme at a tenperature suitable for formng said
punieWnding Hepgracystal core,

and

coupling the capping reagent with a low molecular weight coating reagent
having at least at least two coupling moieties that are reactive towards the at
least two coupling groups of the capping reagent, and at least one water soluble
group for conferring water solubility to the second layer, thereby forming a
second layer covalently coupled to the first layer and completing the formation of

a water soluble shell surrounding the nanocrystal core.

49. 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 IIB-VIB, 1lIB-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 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



MLA and then allow ng the reaction m xture to cool,

and ii) reheating the reaction m xture, w thout
w@e®eilpstat i ng or isolating the forned binary PCT/SG2005/000138

nanocrystal MLA, to a suitable tenperature T2, addi ng

to the reaction nmixture at tHt% tenperature a

sufficient quantity of the element M2 in a form

suitable for the generation of a nanocrystal, then

heat i cauping the@apping reageot with arlow mafe‘dutaremnigbteccbaimg reagent

CLeRATE Rl BIPRS00 i SRTHEAEE g o =
! SOfM@EomﬁBIEmgU#r%ubQ of ad cé;S’plﬁQ(PéTéé@’fpﬁﬁ@taU feéast dRE water soluble

ating t ernary nanocrystal™ 38. The nanocryst al
gfoupl ﬁurnc@‘vfemrg] v@te)osolﬂbjdlt)t to. thegseqgund tayer, thereby forming a

nanocyr yst al alim r

SRPONEHAY R, g;ﬁyaqou fe th w%\ﬂ Igyﬁgarg%Cngﬁéejq%ﬁ?\% fgrpation of
& water $biIle shell suﬁ’@@nﬂm@QﬁéY\&h@bry@fal%ﬁbe of clains 37

to 40, wherein the elements M1 and M2 are

i ndependently selected fromthe group consisting of

T%Qnocr ysﬁlﬂﬁ'th&&)f Efalm c?gll‘?fs% ﬁgthfac[igbm edaﬁﬁn?#ehydmph'“c

el ement A is sel ect ed fromthe group consi sting of S,

Se and Te. 43. The anocr st al aim sai d :
ﬁbnocT%t%\etn%Nfg Al cB 8§| H"qﬁﬁﬁdﬂﬁex%pwpg reagent is
ﬁy i¥S. 44. The nanocrystal of any of the

ore 0|ng clainms, further conprising a nolecul e having

bi nding affinity for a given anal yte bei ng conjugated

second | ayer of h h - A
K2 nocthd faethe & By, of,CImarad 18158 " Rhetsid adhiGovpying group
Bﬂe@éhﬂﬁh ahé éﬁﬁmné Créagélntaﬁéﬂnbheessa gupétisreil rgroap selected from
peptide, a conmpound having features of an i nmunogeni c

anince My deosrl gasbendcparboyylc Bitlish plica i AN aLe. @Pgéﬂﬁcanhyd"de

The nanocrystal of claim44 or 45,
g\/\ﬁ%ﬁéweegégpsanocryst al is conjugated to said nolecule

havi ng binding activity for an analyte via a coval ent
JS.L:.nki 'Ff?e method of any of Claims 48 to 52, wherein the capping reagent has
the formula (1):
HiX—RzYHy
g
Zn
wherein
X is a terminal group selected from S, N, P, or O=P,
Ra 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,
kisOort,
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 1 to 3.



agent. 47. The use of a nanocrystal as defined in any
of the foregoing clains for the detection of an
wanabsiss43 48. A nethod of preparing a water soP@bB€2005/000138
nanocrystal conprising: providing a nanocrystal core
conprising at | east one net al43vL sel ected from an
el ement of subgroup |b, subgroup My, subgroup I Vb,
subgroup Vb, subgroup VIb, subgroup VIIb, subgroup
VI1Ib, main group I, main group Il or main group |V
of th eri odic temof the elenments.(PSE), reactin
She' nERBIRSBOMI O IR E n WheTaif JP APl AEA0e TR oimpound
[ Rﬂﬁpl i nt to the surface of the
%éz:{%gtgpyf@glttﬁggre a%ﬂ%f%mgﬁg a first layer surrounding
t he nanocrystal core, and coupling the capping reagent
with a | ow nol ecul ar wei ght coating reagent having at
| east at |east two pling noieties that are reactive
towards the at st two coupli roups of the
cappi ng reagegt, and at LﬁﬂQ;/mne wat er sol ubl e group
for c ervtrnNo\ wat er sdffubi [Tty t he second | ayer,
thereby form ng—a>second | ayer covalently coupled to
the first |ayer and®®9npl eting the form&%on of a
wat er sol ubl e shell surrounding the ocrystal core.

49. A nethod of preparing a water gol uble nanocrystal
conpri si ng: H%pv%d?ng a nanocrystal

core conprising at
| east ong met@d M1 sel edfirom the group consisting
of anmefgﬁeﬁf f subgF%ﬁﬁLW§f | MB-VB or |VB, main
group Il or main oup Il of the ri odi c system of
the el enments (PSE), ®&nd at |east one él"ement A

sel ected froman el enent of the main_gmeup V or VI of
the periodic systep6f the el enentg, reacting the
nanocrystal co ith a capping reagent, thereby

at t achi N N
s )’g\/ Hs /\/ \K
NH; NH

COOH COOH
/\/N
\ HS \
2, OH
NH, /—/NHZ
N\\j
OH |,

J

NH;

)

e \T r

HS NF ‘ \
>——sH
)\ N
H



the capping reagent to the surface of the nanocrystal
core and formng a first |ayer surrounding the
wmaoveaissss al core, andcoupling the cappi ng reapensGios/noiss
a | ow nol ecul ar wei ght coating reagent having at | east
at | east two coupling noieti that are reactive
towards the at |east two coupling groups of the
cappi ng reagent, and at | east one water sol uble group
for conferring water solufi?lity to the second | ayer,
thereby formng a sec | ayer covalently coupled to
the first layer and gonpleting the formation of a
wat er sol ubl e _shel/f*™8urroundi ng the nanocrystal core.
50. The nethdd of C aim48 or 49, wherein the capping
r eagent™~Nis~hydrophilic. 5 1. TheOwethod of O aim 48 or
49, wherein the c L,ng reagent ils hydrophobic. 52.
The nmethod of any o ¥£1;ins 48 t8.5 1, erei n each

~coupling group prese i n theotappl
conprises a functional group selectgd from am no,
hydroxyl, carbonyl, carbexyl, nitriloa, nitro,
i socyanat e, epoxide, anhydride and halide groups. 53.
The nethod of a 90*6f Clainms 48 to 52, wherein the
cappi ng reagent {has the fornmula (1): Hh X ~ ~Y k Hn Zm
wher ei n i nM_Aa roup selected fromsS, N, P,
or ¥ R isla noiéty co%ﬁrisi ng at least 2 main chain
carbon atons| Y is selected fromN, C -COO , or
-CH2O-, Z i s*¥thoi ety conpri@idng a pol ar functi onal
group, k is Ooryl,

HZN/\/N\/\N/\/\SH

H

55. The method of any of claims 48 to 54, further comprising the step of
activating the coupling groups of the capping reagent before coupling the coating

reagent to the capping reagent.

56. The method of Claim 55, wherein the step of activating comprises reacting
the nanocrystal comprising the first layer of capping reagent with a coupling

agent.

57. The method of Claim 56, wherein the coupling agent is selected from the
group consisting of 1-ethyl-3-[3-dimethylaminopropyl] carbodiimide (EDC), sulfo-
N-hydroxysuccinimide, N,N’-Dicyclohexylcarbodiimide (DCC), N,N'-dicyclohexyl
carbodiimide, N-(3-dimethylaminopropyl)-N’-ethylcarbodiimide, and N-

hydroxysuccinimide.

58. The method of any of Claims 48 to 57, wherein coupling the capping
reagent with a coating reagent comprises adding the coating reagent and the
coupling agent together to a solution containing nanocrystal cores having the first

layer.



nis an integer fromQo 3, n' is an integer fromQo
2, wherein n'" is selected to satisfy the val ence
wo eggitissaent of Y, and mis an integer from 1 POT/SGHH5/000138
The nethod of C aim 53, wherein the capping reagent is
a conpound sel ected fromthe @?oup consi sting of:55.
The nmet hod of any of clains 48 to 54, further
conprising the step of activating the coupling groups
of the capping reagent bef ore coupl ing the coati ng

g?ﬁ%g q@hgs éﬁa%g rfS@gg'Sg g@ \,‘Jgt }Nﬁ&pegtgﬁlbg cgggllng is carried

53%@,{13?&5&5%@6%@“ conprising the first layer of
cappi ng reagent wth a coupl i ng agent. 57. The nethod

of Claim56, wherein the coupling agent is sel ected

B0gr 1y a0 of SHyT A Hfleun e ausoys iRy aelytioBgomprises 2

thbéphatébh?éﬁfrﬁwmﬁﬁEummdi@hon _
N - Di cycl ohexyl carbodiim de (DCC), N N -dicyclohexyl

car bodi i m de,

RIS, SO A ARl bt 6 LA ot s o
46t ina pdlar vhygamit solventpl i ng t he capping reagent with a

coati ng reagent conprises adding the coating reagent
and the coupling agent together to a solution

gont aTHS%tﬁ@BQﬁU§WB1C%8%lH@Né ngérf’@sf)l'véﬁf is seSI%cted from the

"ayer.5 any one ai s
ghraapecansistimgodupyriding, DMEEaand edlotaformin an aqueous
buffer solution. 60. The nethod of C aim59, wherein
the aqueous buffer solution conprises a phosphate or

88MONI TR wbitRyd 90lany on.cldiml 48The 62Etwinsredi th@ycaating reagent
of Clains 48 to 60, wherein the coupllng is carrie

ed
églfﬂpilﬁe@\ lrpéh%rseépg@daxers@memes gowater Sofuble saclgeule having the
?e @E) rein the organic solvent is selected
romthne groug consi sting of pyridine, DWVF, and

chl orof orm (Z')m

(7 R+G ~Hy

wherein
T is a hydrophilic moiety,
R: is a moiety comprising at least 2 main chain carbon atoms,
G is selected from N, P or C, or Si
Z' is a coupling moiety,
m'is 2 or 3,
nis1or2, and
n'is 0 or 1, wherein n’ is selected to satisfy the valence requirement of G.

64. The method of Claim 63, wherein the coating reagent is selected from the

group consisting of:



63. The nethod of any of claim48 to 62, wherein the
coating reagent conprised in the second | ayer
weovpnisses a wat er sol ubl e nol ecul e havi ng t hep@QE®€2085/000138
formula (I11): wherein T is a%ydrophilic noiety, Ris
a noi ety conprising at | east mai n chai n car bon
atons, Gis selected fromN, Por C or Si Z is a
coupling nmoiety, mlis 2 or 3, nis 1 or 2, and n' is
0 or 1, wherein n' is sel ect&HAo—sbtbsfy the val ence
requi renment of G 64. The thod of Claim 63, wherein
t he cHs@ingPPeagertHi)s—sd®l ected fromthe group
consi sting of :wherein CD i&cyclodextrin, and65. The
met hod of any of the clai m 46Hap—64NHe urt her
conprising reacting the pol yngr con‘p&%@gd in the
second layer with a reagent Hp)abr e exposi ng
wat er H538I ublo%cgrou\%ilzypresl t in the second | ayer.

(CHz)3——COOH

(CHg)3——NH;

CD 00C (CHy) N
(CHp)s—NH;
(C H2)3'—COOH

CD——00C——(CHy)——N

(CHz)s——COOH

(CH2)3™—NH,

N

N

(CH2)3'—COOH ,

HaC——0O0OC——(CHy)

(CHz)s——NH;

/

cD 00C (CHy) N

wherein CD is cyclodextrin, and
COOH

C,Hs——00C /\/
>c
C,Hs——00C \/\

COOH
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65. The method of any of the claim 48 to 64, further comprising reacting the
polymer comprised in the second layer with a reagent suitable for exposing water

soluble groups present in the second layer. .



