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application in optoel ectronics and biology. In particul ar,
nanoparticles functionalized wt | .cal groups have found
many applications in sensi %g;‘%éﬂ%mmd bi ol abel i ng, anong
others. For many of these applications the quantum dots have to be
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interaction with hydrophobic |igands on the surface of quantum dots
and hydrophilic interaction with water nol ecules in the nedium The

use of anphiphilic pol (ﬂﬁﬁlﬁ?ﬂ% fﬁﬁrﬁ.ﬁpﬁ tages over the

| i gand exchange approaC s%c as eFlom Ssion lgﬁwtﬁﬁne | i gand exchange
step and the easy introduction of functionality w thout affecting the
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optoelectronics and biology. In particular, nanoparticles functionalized with various chemical

groups have found many applications in sensing, nanofabrication and biolabeling, among

others. For many of these applications the quantum dots have to be soluble in water.

[0004] Hydrophobic quantum dots can be solubilised in water either by exchanging
hydrophobic TOPO ligands at the quantum dot surface with hydrophilic ligands or by using
amphiphilic polymers, which can have both hydrophobic-hydrophobic interaction with
hydrophobic ligands on the surface of quantum dots and hydrophilic interaction with water
molecules in the medium. The use of amphiphilic polymers has some important advantages
over the ligand exchange approach such as the omission of the ligand exchange step and the
easy introduction of functionality without affecting the surface of the quantum dots, which

could result in deterioration of their optical properties.

[0005] Recently, a family of amphiphilic polymers which allows solubilisation and easy
functionalization of TOPO-terminated quantum dots has been synthesized and characterized.
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(H )pa?'{w eglo} anaxgc;]p%}tlgle ‘composites, in particular for use in sensing or nanofabrication.

[0008] Accordingly it is an object of the present invention to provide water-soluble
nanoparticles that are suitable for sensing and/or immobilization, ideally including 2D
and 3D patterning. This object is solved by providing an amphiphilic polymer according to

claim 1.

SUMMARY OF THE INVENTION

[0009] In a first aspect the present invention provides an amphiphilic polymer (A) that
includes repeat units of the general formulae (I), (I} and (11T} or salts thereof:

R R
R!" R’

M oy
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formul a (WP 208/04wtRuded in the anphiphilic polynmer w thPETISG28r000874 M
units, while the repeat unit of generél formula (I1) is included in

t he anmphi philic polynmer with a nunber of o units and repeat unit of
general formula (I11) is inclﬁﬂed |FRthe anphi philic polymer with a
nunber of p units. Each of m p is an independently sel ected

I nteger from about 3 to abo The sumpf.-m+ o0 + p is selected
to be in the range from abo 00. Rl in repeat units
(1)-(111) is one of H and unlgué i's an

ali phatic noiety, which has a mai about 0 about 30
carbon atons and O to about 3 specti ve heteroatom
may be one of N, 0, S, Se and epeat unit (I11) is one of
(i) an alicyclic noiety, a noiety - (iii) an aliphatic
noiety. Wiere R3 is (i) an alicyclic noiety it has a main chain of
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about &S het at ons.
res pec"tﬁllﬂ?/g nﬁ%’??ﬁ%at 0 m%rnﬁg i gﬁgt gﬁﬁﬁgmg?or@lﬁ?a;@lg dmng it‘ge %{ﬂphlphlhc
al i phatolymey; vidya Wmhﬁl‘e@flm\lmtScEaa;hlof)m b dnd @ ixoart mﬂepﬁfdb@ﬂlly %I?iiﬁ ke
to ab t e heter ato one of N
s, S0 2om AR GRARLORon. dnb SRR Y BHErIE R odtorn the s Sammsiont 10
chai n tofbewsd@00G R vinabpest: ufifls aa(mms &ﬁ@ﬂﬁHaﬁdrﬁ)& g R%ﬁep%& upit (D is an
het er %ﬂé%em B{e%cﬁ ve heteroato be one o é

| o1 Bt PR SRR abopt 7 i st 3ﬂ&§Iban@t®1s;mdeﬁ)tooaboan
aZI dO 3giteterpatoms. B%ﬂ&htl#@h&@f&toﬁmﬁ?'ﬁé%ﬂe%ﬁﬁ‘%am B{Hé ?{?ﬁgp@g{ ugit

K bher co a repeat unit”of the general fornu
d| st i g SAPGR Brﬁﬂ fiﬁ}’q CAnistyy Pfé‘FOIQtHaZ-R naldu(ié) an algpetic moiéty. Where R®
for nukiay b )alibype mbieey it MO 2RHR/ A TFlot % B OP S bon atoms and 0 to

about 30 heteroatoms. A respective heteroatom may be one of N, O, S, Se and Si. Where R®

is (ii) a moiety -Z-R%, R* is an alicyclic moiety with a main chain of about 5 to about 80
carbon atoms and 0 to about 30 heteroatoms. A respective heteroatom may be one of N, O, S,
Se and Si. Z is an aliphatic bridge with a main chain of 1 o about 3 carbon atoms and 0 to
about 2 heteroatoms. A respective heteroatom may be one of N, O, S, Se and Si. Where R® is
(iii) an aliphatic moiety, it has a main chain of about 3 to about 80 carbon atoms and 0 to
about 30 heteroatoms. A respective heteroatom may be one of N, O, S, Se and Si. Where R?
is an aliphatic moiety, it further has a C =€ group or an azido group.

[0010] In some embodiments the amphiphilic polymer (A) further comprises a repeat unit
of the general formula (IV):

R! R

To distinguish an amphiphilic polymer that include a repeat unit of formula (IV) from other



enbodi nents, such a polynmer will in the follow ng be denoted (B). The
repeat urtWvo 2010/g¢m@ral formula (1V) is in such enbodi ne®CI/SIG2eMo/0de3t4
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i ncluded, i n_t he anphiphi]ic polynmer with a nunber of o units. The
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polymer with a nupber of p,units. The repeat unit o neral for
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fromabout 10 to about 10000. RI in repeat units (I)-(1V) is Hor
methyl. R2 in repeat unit (I1) is an aliphatkh¢ nmoigiy. This aliphatic
noi ety definirg RZ2_has nain chain of about
and 0 to aboX teroatons. A respective het\rdatom may be one of
N, 0, S, Seand . le in repeat unit (II [ [ [
This aliphati Qi ety defijg’ng R3 has a

about 80 cg S e aliphatic noiety defini further has
a C Cgroup or ans/azidoNwgroup. T t er-sol ubl s of t
plurality of nagecrystal fNaye coupied via a Th¢ btOdge D 1s

i ncl uded on
bonded to a
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the surface of a fOH;tH@anocrystaI. It is also coval ent Ry



6 [0014] In a fourth aspect the present invention provides a

pl ur al i t YWOf2010404¢752s0l ubl e nanocrystal s i mmobilized on ZRCTRG2a003The
nanocrystals of the plurality of nano?:rystal s include on their

surface vi aRmon cQyal ent or covalent interactjon an anphiphilic

pol yner (B)" nphi pbilic polynmer (B) indqRudesRrepeat units as
defined in t of the third aspect. These units are

accor di ornul ae (1), V) or

salts th : R3CH [ 001 of gener al
formula (1) is i in the aITphIphI|IC pol yi asnunber of m
units. The rep ener al ﬁbrrul a (Il [
anphi philic y > @unber & uni t s
general fornula (QH) ifs; i ncluded in the anphi phi p@yner with a
nunmber of p units. TheR’epeat unit of general forrru a (1v) |s

ncI he..a Eac* of
e VBE bt e 3PRANRL b BRI Herielite 30 LURRERAE doryil e 3 fS!
Egc h oﬂhsoegﬁ% drhdrrepeatanﬁltf ¢f genemlfeﬁmgd (I és helidad dge the @ﬂgrphi@hﬂic Polimer
about e | nt er .o IS an | ndependen e e

DB arERberaot B g e rrrs MARGE S ForBada] is Ghidein the
sel eCigfipktid BlIGmcs Walh 4 BkibbiGY §UBG! TR fopkal il B EBRrAIoREAUA V) is

about t 0 about "400. The sum of mro+p+r is selected’in the ran

from alsbmedllg the agipbiphilicqmipmerwith mép’wtofamm@ Each ¢f mp) 0; B, #p r is an
et hyim%éég ﬁ%c;éﬁ)s&c@ak sbiBktbd @og%oﬂeg E&BE@% erfm'n?tovanélopisssegéctemﬂm&

noi ety as mai n chali n about 0 abdut carbon atons
and Orangedimmtab@ltrﬁetoeaboat 40 Tha m@gpe«a:&n 1¢ @nhndependantim a&irytetlewom @ntoger,

i o WRIchiS eREeg L el RS habflrcol T sel 2yl i p ABbh PRt of

about p 80r fxaifhithe ratgefiom Fbsut 3l topdbatt 400 Thetsymief mrt ag- )R3- f 1drselreted iasha

nanocHpEE iR sesodi8 b 0B AEa frrsriomus - av) & B of by R repeat

unit (IT) is an aliphatic moiety. This aliphatic moiety defining R* has main chain of about 3 to

about 30 carbon atoms and 0 to about 3 heteroatoms. A respective heteroatom may be one of
N, O, S, Se and Si. R? in repeat unit (II) is an aliphatic moiety. This aliphatic moiety
defining R has a main chain of about 3 to about 80 carbon atoms. The aliphatic moiety
defining R® further has a C = group or an azido group. Two water-soluble nanocrystals of
the plurality of nanocrystals are coupled via a bridge D. The bridge D is covalently bonded to
a unit (IV) of a polymer (B) that is included on the surface of a first nanocrystal. It is also
covalently bonded to a unit (IV) of a polymer (B) that is included on the surface of a second
nanocrystal. Accordingly, the bridge covalently links the amphiphilic polymer (B) of the first
nanocrystal and amphiphilic polymer (B) of the second nanocrystal, thereby coupling the two
nanocrystals. The bridge D is of the structure -Y-R>-Y’-. R’ of this bridge D is an
arylaliphatic or arylalicyclic bridge. This arylaliphatic or arylalicyclic bridge includes a
triazole ring. Y and Y’ of this bridge D are each independently selected an aliphatic bridge
with a main chain of 1 to about 80 carbon atoms and 0 to about 20 heteroatoms. A respective
heteroatom may be one of N, O, S, Se and Si. In some embodiments the bridge D is of the
structure -Y-R-Y’-. Y’ of this bridge D is, as Y, an aliphatic bridge with a main chain of 1 to
about 80 carbon atoms and 0 to about 20 heteroatoms. Y” is independently selected from the
bridge Y.



7 are coupled to the surface via a bridge D. The bridge Dis

coval ent | YOROMBEd7R20 a unit (IV) of a the polyner B, whiPEW/SG2009/000374
i ncluded on the surface of the nanocrﬁystal, and to the surface. The
bridge Dis of the structure -01-R5-62-. Gl and 02 of the bridge D
are i ndej§@idiht af fourth oaspec rthe preseah irmtentitrmprevitesi 8l gduralityl of ovaidrenglubd®

carbon ato and O .t bout 20.het.eroat ons. r ective. h [ O

oy baaBIvRS Mool s Grde TS ety o e Pl BERH s
aryl alindydd éif thefri sieRecd Viathohelaleeoraotvaledtanletactibmgn amphipbilicigdyilet &B).
obtai ned by a reactjon invaolving the qroup

: ) C r the azid rQup, of
the alll§HERRIPIHHS dlymes (B dociudes grprap UBHS ah dag?f‘d*omgﬁeaﬁaﬁ ob {iq i aspect
sur f aqfese repb@Odiils 48 ARcdriifely B8 BRCEerchE BRASI{D), (e Rl ot ifleglia
process of form ng an anphi philic polyner (A) according to the first
aspectherdife process includes providing a mal ei ¢ anhydri de pol yner of
general formula (V): (V) In general fornu (V)ph is an integer
from about 113{'&0 apqﬂut 10000. 121 in general a (V) is Hor
met hyl . The pxoce further includes reacting mal ei ¢ anhydri de

pol ynmer of formul a in a suita first
conmpound onpound. The

nmonof uncti onal al i conpound. . Thi s nonofiinc i phatic
conmpound carrie al groug). The functi capabqné
of forming a kA anhydri de. The f¢ onmpourtd, ©king a
monof uncti onal™ al i conpound, has an al kyl ch@h of!mbout 3 to

about 20 carbon at and 0 to about 2 heteroatons. A ré&Spective

het eroatom nay be one of N, 0, S, Se and Si. The second conpound is
an alicyclic,or aljphatic conpound that carries a functional group.
The functi dlal grRBup is capable of forning ®YinkRde with an
anhydri de. VRerg/the second conpound is an aN cyefic conpound, it has
a main ch D bout 30

het er oat O pfikt he group N, O, ere the
second cdnmpound i/ an )| i phati c conpound, an

al i phatic bridgg havi ng¥sto about 3 carbon a ed with an
alicyclic L €B\ or (iiY Mgy a mai hai n of about 80

carbon ato and §jo aout 20 heteroatons. \Wergyphe @iphatic

conpound is an alrphatR’ bridge, its main chain may further have 0 to

about 2 heteroatons. A respectjve heteroatom may in bqth _asef be Q&e
YIer wi

of N, 0, [0815]SEhe ygpeatorni/a 2gresolriornaiadibys fyiysied A0 ghe amphiphilic po

a number of m units. The repeat unit of general formula (II) is included in the amphiphilic
polymer with a number of o units. The repeat unit of general formula (IIT) is included in the
amphiphilic polymer with a mumber of p units. The repeat unit of general formula (IV) is
included in the amphiphilic polymer with a number of r units. Each of m, o, p, and r is an
integer independently selected from one another. Each integer of m, o and p is selected in the
range from about 3 to about 400. The integer of r is an independently selected even integer,
which is selected in the range from 1 to about 400. The selection is taken such that the sum of
p + r is in the range from about 3 to about 400. The sum of m + o -+ p + r is selected in the
range from about 10 to about 10000, R' in repeat units ([)-(IV) is H or methyl. R? in repeat
unit (II) 18 an aliphatic moiety. This aliphatic moiety defining R? has main chain of about 3 to
about 30 carbon atoms and 0 to about 3 heteroatoms. A respective heteroatom may be one of
N, O, S, Se and Si. R® in repeat unit (III) is an aliphatic moiety. This aliphatic moiety defining
R® has a main chain of about 3 to about 80 carbon atoms. The aliphatic moiety defining R®
further has a C =€ group or an azido group. The nanocrystals of the plurality of nanocrystals



and Si. The alicyclic noiety with which the aliphatic compound is
subst i t utVe 2PH/E4TRI ety R4. The ali cy&l ic nmoiety R4 typiPEAISIGROMAS0334
mai n chain of about 5 to about 80 carbon atons and O to about 30
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a plural ﬁ?ﬁ of wat er-sol ubl e nanocrystals according to the third
aspect . 6plnyralfifily agpeciiather presint bingemtinmo prorddal & pmceseds torming an

coval uf £+a j- t ocrystals. The wa -sol uple
nanocr ygt gqhgﬁ% ?Ee)g@%egvg) a%&g#%ﬁgé] 5?1 irtl}(lleel @éfi % oﬁ?%‘%‘r ﬂ}kf PROGEST é’}?i‘é‘{es GPYIdmem
i n whindleiranhydraie milympéadii general Siyulai(W): a nmain chain of about 3 to
about 80 carbon atons and a C groug or an azido group (cf. above). In
sone enbodi nents a plurality of a@ do q;:(’oups or C 2 groups may be

i mmobi i zed on the surface. Thereby anehorage sitks are provided,

whi ch are capabl e of under got Ne C groups or the
azi do groups, respectively, hanocrystal s.

[0019] In this regard the invention al i a net hod of
covalently covering a surfac wat er - sol ubl e
nanocrystals. according to the third : et h )i ncl udes
imobilizing a plurality of gzid Q ps on’the surface.
The method further includes fgroviding a @urality| of water-soluble
nanocrystal s. The nanocrystaljs of this plurality jof nanocrystal s have
an anphi philic polyner wth repeat unit (I111), dm which R3 is an

n. amph ! ) W th . ) o b
2t ona T el (B (V) ofls TR if el Ao @R o holiP1 BORL 1SR AL Bormata
V\]tﬁer ﬁ(‘é) ﬁlféyﬂalm@tyyloﬂhlamrd@sgﬁuﬂm ulusudemred.utﬂngzhd r@ﬂbﬁé hﬂﬁﬁiﬂfd%%@ymﬁ%f
t n 1 r )
Oher e Rlinn (9) RO} YHERd B2 fich B Saifond ML wah aisaeend qRapramad.
t he afifphfpshicbinpopmd jsnemonsfimotichadl lighdte dRipdtNd.ITHRE RS ARARHAZ] %Bphzﬁic
C

group. Th%inget hod further .includes contacting the surface, on

the pPUTRAYEVFARTOSA FHRGUGRAY B5QuRy L a} gopmip Brnablecef, fowning a hiokage

vat erwiblatbliBydadt) Ik Sl dmpolid Yeidda Hbnd) resent

i nventj Qn_provi des the use oﬂfo a ’V\/aft eéksoﬁgwggoﬁgﬁﬁﬁa&h&m&mﬁ&%as an

2010/ @Eﬂf@gﬂcﬂﬁ ahpH 392 Gbow 2 carbon atoms and 0 to about 2 heteroatoms. A respective
heteroatom may be one of N, O, S, Se and Si. The second compound is an alicyclic or aliphatic
compound that carries a functional group. The functional group is capable of forming a

linkage with an anhydride. Where the second compound is an alicyclic compound, it has a

main chain of about 5 to about 80 carbon atoms and 0 to about 30 heteroatoms selected from
the group N, O, S, Se and Si. Where the second compound is an aliphatic compound, it is
either (i) an aliphatic bridge having 1 to about 3 carbon atoms substituted with an alicyclic
moiety or (ii) has a main chain of about 3 to about 80 carbon atoms and 0 to about 20 hetero-
atoms. Where the aliphatic compound is an aliphatic bridge, its main chain may further have

0 to about 2 heteroatoms. A respective heteroatom may in both cases be one of N, O, S, Se



9 nanocrystal according to the second aspect for detection purposes.
The nanocW@H04E2i n particul ar used in the detecti on @®CTHG2009/0063T4
lon, a peptide, a protein, a nucleic &cid, a saccharide, a

pol ysaccharide, a cell and a virus. BRI EF DESCRI PTI ON OF THE DRAW NGS
[ 0021] 2ch&l. Tho alieychia ity wish bibiduche aliptatic comgomid is sulbtiented &en iBidhfR*,

det ai | -1 0f |dered in cqonjunction with the

non- | i?’lﬂ?l né %ﬁ?ﬁ%@%@ﬁgﬁa&%%&%‘w ab?‘%f\%ttﬂgfg’fmt 30 ta5beratomss god &
1 depi totaboat 3@ hetoratonn) ereespéctiveel @it iRy B6nd HENOVE Fsa*sl? afldl SHORHLR
of pol ymer.s, that has hevi ouslg beepn used i'n the coatihg’ of quantum
chits LERIBHES OBHovagHas 2 mamChao! 100057 soahaveE0 FatbRy 2icies God oo ateut
of t he2(phe&eafonisNMpR4) iPearri ' Y ' ovel .
noi eti es that _casﬂ be )uls_ed gg%%ﬁﬁ% ﬂégﬁ'ﬁ{ea{rlg%ng%ug\rﬁé%ggﬁ ea\séFet%ff?]Wémg
r espec 1Rk2e6 Hithas anhydnide wi e ermipror as ezido grmeip. appl i cat i ons.

Exenpl ar ffects and applicability of side chains R3 of a

corres poﬁ%ﬁﬂgf‘bél SR8, asppetrthy R?@ieﬂte}ép@n@mgrqwiﬂey reemethododll farméey a water-

t her egahdle FLQuer i exanpl of
o1 ot Fen S oeasRR I meok Indtted rdHulhe s AGRLEAN TRATBLSle deivprrodne
t her evi¢thod firthabineluries cantanting heapoberysttl witls an Anplihitpolyniei(R) b&drding
based i ; C,. receptor. noi eties based on
Kyt of a0 95 ol (i meliog siod BRRRKS GG nemcevar po Sevabent dpterscton
quant beiviesn. thetemptiptitiofdotymec afd te fAmMioREpétayrtafdcesy. VIR
shel I ; ILJJo f.or. _sensi ng 0§31imLant hanei de ioﬁrfs, i ke E(t?gif%gryh%:gaﬁ%r %r&[ﬂlg
sensi ngnawm%ﬂs}s t@’mlea‘rre-resol ved FRET (fl uorescence resonance energy
transfer Figure, 3 depicts schematjcally the synthesis of
a pol ymaﬁ(m;fl %Jn%{?g%;éhhzaesge% RS YRR Pﬁ“&eé?é?)flﬁ'r O%Pﬁﬂﬁ}!ty of water-
[ 0025FolBblguraeodtysialsiactardmgtbl thdVRird REsdcE. THe Ylurdlig Y OerERer-siivie aantocg,stals
I'n

Kr ypt Sflx- 2 m)édet wherein the ratio of the thiee units depicte
Fig. f BTG RiGYASY PRET A SUFAeE Vet theimaneerefals o The matassohbbibaonoeystals

i . e. ke lveanhntphivhikSpdl 1B/ 9% 4 - 31,9 0% .
[0026%@ gure ﬁ Iréhét rgt ler{ e{ ﬁ}ééuas{aep%ﬁ‘t ug{téﬁght%u?vnﬁlggt@{ 131 fﬁétaﬁgli%ﬁcilg%lﬁty
Wi th ORI SR 0D b quk Setprabpuh® earhon atormETd el sCrgouThean azido group
Krypt affl r r | I r ' of La ni de ions,

o o7 (UL SbGE) | B Shing | iR diinkn] 4 W60l o B4 Mo oF Uds B @iy e
are i ipRbilizedandhe surfaeetTherdhot ancherage sited al¥ provRledpdichTRiceéapable of

[ 0027 ' L.GLS byl rative anpl.es of receptor noieties
that - LadrghE 2 3R i e KR b GRS e SRUSHEDO AT fi weler
18- cr snimblé nammiceysyals.B: a Cal i x[ 4] arene noi ety having p-tert.-butyl

substituents; C a cyclodextrin moiety; D: a porphyrin noiety.
[0019] In this regard the invention also provides a method of covalently covering a

surface with a plurality of water-soluble nanocrystals according to the third aspect. The
method includes immobilizing a plurality of azido groups or C =€ groups on the surface, The
method further includes providing a plurality of water-soluble nanocrystals. The nanocrystals
of this plurality of nanocrystals have an amphiphilic polymer with a repeat unit (III), in which
R’ is an aliphatic moiety with a main chain of about 3 to about 80 carbon atoms and a C=¢
group or an azido group (cf. above), respectively. Where a plurality of azido groups is
immobilized on the surface, R® of the amphiphilic polymer is an aliphatic moiety that has a
C‘£ group. Where a plurality of C=€ groups is immobilized on the surface, R? of the
amphiphilic polymer is an aliphatic moiety that has an azido group. The method further
includes contacting the surface, on which the plurality of azido groups or C=£ groups is
immobilized, with the water-soluble nanocrystals.

[0020] In an eigth aspect the present invention provides the use of a water-soluble



WD 2010/ 044752PCT/ S&2009/ 000374 10 [0028] Figure 7 illustrates

FRET- bas e 0288044 752usi ng a quantum dot, on whi ch a pol yPer/sa2009/080374
suitable receptor noiety is imobili Zbd. Sensi ng action is triggered
by an external stinulus such as a change of tenperature or pH or the
‘pr eseR@owystalnacoandiyg éo the s¢Od Hspeitgor de®ciidd patposdse Thehmndetystal ioh

f L, OF. L ' ls (PCBs. i t.um d
(1 CoBetHontEn el O ¥ oBlcbHEH BF cRRICH i, o pepbiines argtefts § AROER 15ben
The QBaashatides apolysawhariide, alcell ehéd vamsl abbreviated "QD' on the first

page of the figure, andfurther illustrated on the second page thereof
Before application in detection the cylodextrine noieties of the

pol ymer are | oaded wi BRIEF DESERIPTIONORIREDRANNSS ' epl aces the
chronmophore due to higher affinity to the cycl o%%xtrl ne |igand.

Wit o o 0BPTTRe FBL wail s Bl SnaBabE WiindeBirgrte 0 B dled anrorition
QDY powvherrcoasidertll v tshj@ictiohesifat m@%ﬂﬂﬁiﬁé?eﬁméﬂes ab P4 | g&'& i

depi C%IS t.he synthesis of polynmers finictionalized with azi n

acet yPENa"EB) functionalities. [0032] Figure 11 shows a gl ass or
silicon | surface .(1) functiopalization wth azide functional
groups. [ﬂﬁﬂ%ggfe g%@?}f('é 2 genjetal Schgme 9F fite Formatierns aadh therpvarald shpeture of
| magepalimgtsahst 15k iptkei e ReR uBGY R 86 ciY alchA Rk e

dots.ep iﬂr‘f0034 F|hj u?e 3A depi ctﬁgﬁt ﬁ?@groﬁgl?i on (r)@kés&%lrgf aceﬁgéa/t%?gesﬂr@’,

whi crEtdathebes alse ppderlaeg thescampaunds ofthe prssent duvestioneThe pbysent invention
contr P e ) IR} i0d, ' Lick.,chem str
ona CROVRECs HBRATAGILAR thit o BE ACANLAR" Bhd DbaiBlnelihBiorticd e IR AN

i g t nplmgrsd?ﬂlltawipg |ﬂgqimseeinmpvvsaquixm)s. Em;ﬁarysafmaand appRE&dlityfdf gidee
13B t izat] i tqrs,
ki rO St SRR MRl 3 o i BT o s e pre

[ 0036dlsdrslgpmwre 14A is an illustration of a Huisgen cycl oaddition
bet ween an azido group and a C 2 group. One of Rl and R11 may be a

r esi dual0(Z3] tRigureo? depjstd pramplesd)ofamnomtios mgpladedt methienpelyiiess that render

posi tj | . I | 1.1) ot her eof nd. t he, ot her one, of

a4 2008 bt BabiEREhe i shltid 60 Gk anpTiotipnd AlierGa poictcs hesed

ﬂ ejscrdrpglwm?mdﬁeg_;im €t ke:])ceptoFing:ﬂét&lethed 6n K@yﬂtlr)]ﬁxl-an,f %iFi‘gn 2dee§|iét%tf @k

ui sgen_cyc ition of two gr.pups, | ch are being coupl ed using
b AR PORETCSBUh FUER R R 06 doveicnpteootios meigh smlerommio e

def i HolyhariofheRiBRe f5¥bendthd UF BarfiiniBE R, MEF" 8 GU™ BlenSitd figloﬁs By

a Hui sgen Céﬂ oaddi tion between an azi do group and a T group:

4- di beReRspbied S&B]dkorasernss sergnonaeieneeey teansfex)l | al kyl, cycl oal kyl

or aryl Ici/&‘,_vm'tr}’g main chain of 1 to about 20 carbon atons and O

t o abouytV024] Figure 3 depicts schematically the synthesis of a polymer functionalized with a

Kryptofix-22 receptor moiety.

-

[0025] Figure 4 depicts a 1H NMR spectrum of a polymer with a Kryptofix-22 moiety
wherein the ratio of the three units depicted in Fig. 1 and Fig. 3 (free acid/moiety attached to
polymer backbone), i.e. m/o/pinFig. 1is 17/6.37/ 1, or 69.9% / 26.1% / 4.1%.

[0026] Figure S illustrates the use of a quantum dot fanctionalized with the Kryptofix-22
receptor moiety in FRET-sensing. The Kryptofix-22 receptor moiety allows for sensing of
Lanthanide ions, e.g. Lo®". Luminescent lanthanides (Ln**, Eu®*, Gd*, To* or La™) are

immobilized on a quantumn dot via a suvitable receptor moiety.

[0027] Figure 6 depicts iilustrative examples of receptor moieties that may be included
in a polymer according to the invention (A: an 18-crown-6 moiety; B: a Calix[4]arene moiety
baving p-tert.-butyl substituents; C: a cyclodextrin moiety; D: a porphyrin moiety.



WO 2010/ 044752PCT/ SG2009/ 000374 11 5 heteroatons is used as the

al kyne. TWDL0HV(447p3e can be fornmed iPUSi tu fromthe cor PEIFEEAGHNG0374
cycl opropenone conpound (Fig. 14D). [ 0037] Figure 15 depicts an
At omi ¢ Force M croscopy (AF i mmge of a patterned surface of

funct i orl@028ieBigape nllustigtes SERETbesadasensinghginged) qppnipmneeh| ¢ Jvhigh a

f th J-gnal | t: [: | ' .
[ 03efo Rt MR R e SR AR R kR Sl APl ggeref by an
16A) exermhstiaulubisgeh dsGBRhahgoefismpératyira sspH wb thermeseaceat aneamabde.w t h
finictionalized QDs, obtained by inmmobilization of the functionalized

gl ass sUBe29]aFigursi hdllwskiatek theeddtestion. ofTbee pat meren polyehleripatedt gighenyls
usi ng M M C net hod. Vi sipl .0f r udi S s.are mcelles . .

o (B NARRG 4 Ryran ot (b Al aESh o Bther DAk Sl § SRR moiety is
chenm ghiybiliZed ARFODEICR BTt 16 Fketéfed! NWEIbIeMted “QI003Q]thd fiest page of

present invention relates’inter alia to an anphiphilic polymer as .
vel | the figire, gndfedhes ilustiated ancthawesasd reee dherpols Bt applicatipn gp dgfection
rel at eFHRARb R ¢ ypfég SRAHLDG £hHELAGRIYpRbIC. The PCB
refer@ét (g%go yne?ﬁﬁhg?ﬁ?gﬁé u ﬁé.gﬁﬂﬁgﬁﬂhggﬁg and non-pol ar ©

f | ui desspldces Heshremeophmpadsrto higher affimtydo tlag grebodextainpdigand pol yner
according to the invention is typically used in only one phase and

may b_be_ e{ﬂmaiyliﬁigur@_sv dgpim:cs ithe emissiar seectiamfa qestomeddt phaguch @ pelyogur Mathtao
t ef f. . .
b StpRx BRGREr ROEH o SEried! TR SR I ARE Bl BaERed 2050 ang,

pol ar48mfAmnon- pol ar noieties within the sane polyner. In this regard
t he pol yner may be of surfactant nature. Accordi ngl t he pol ar

pr oper t i [083Hf Figupe 1§ mepicts thersynthgsis oft redymers dinttionalized with eatiden(Adoansy
noieties., On ch. noj. are -COOH side groups, in particular in the
form%?e%@ﬁ%?@ém%ﬁé%ps, t hat the hydrocarbon backbone of the

pol yrer [ 4 ' : hedlzid
ypt cal 100R2] e St X gt SELIEGH Biac BRLERA1F ShdlEbbEIRA o B Yice
hydr ofimxcboml gnmipst y. Non- pol ar noi eti es of the polyner include the

hydrocar bon backbone as wel| as aliphatic noieties that the
hydr ocarl8833]108iensodd sat crefcal fpoeaent mHeroseIns imagepplaglasy shide fyrface

| ' i ght b hed hyd b hai n,
iy cheRGyRERH ThpPkPupla e R 01 FLSTERCH DY DRSO el
poly- “”ﬁﬁbé‘{]%gﬂr@i‘% !d@gi'cfédtﬁe RehBHGALP S8 £ it O\Flich Efh O 8kl dhesk

u dou pl e bond

al i phati'c groug contains one or nore double“and/or triple bonds )
(al kemy2D or 3R kaprightionpieed, ibysgontrIted Bepasitinmsonmicrpeontagt postindosieg elick

may include i chain Ll -ar ] (o . t

The (RersEe Sy S BPp i e B S R Gl TG AN e wse
unl essf opblg{direthyddilpkadt) (PRMS) samp. | engt h, and contai n any nunber of
branches. Typically, the hydrocarbon (main) chain includes 1 to about

5, to ado035]1Bigure 13Bshowd Bhe surfambdunctid@alizadionbuitht BB and xeceptbisy taking
car bop, SO wRAPY 850l IZOR} DAL ZEH G009/ 000374

[0036] Figure 14A is an illustration of a Huisgen cycloaddition between an azido group

and a C =€ group. One of R* and R may be a residual portion of a polymer (A) according
to the invention, positioned in a repeat unit (III) thereof, and the other one of R and R
may be a further compound or a bridge on a surface (cf. the description for details). Figure
14B is an illustration of a further Huisgen cycloaddition of two C=C groups, which are being
coupled using a bifunctional compound with two azido groups. See Fig. 14A for the definition
of R'® and R!. Figure 14C depicts yet a further example of a Huisgen cycloaddition between
an azido group and a C=C group. A 4-dibenzocyclooctynoxy compound with R = aryl,
alkyl, cycloalkyl, or arylalkyl with a main chain of 1 to about 20 carbon atoms and 0 to about



12 al kenyl radicals are straight-chain or branched hydrocarbon

radi cal s WRi20H/@dT2ai n one or nore d :’igl e bonds. Al keny[PCT&£4i2600/060374
normal |y contain about two to about nty carbon atons and one or
nore, for instance two, double bonds, such as about two to about ten

car bord detereatompdisopeedigabihe dllyre. Tis callyne cami kealfernsk im §itp diom dhe
b f |

fro. " (PR o lné AR B (REELERE BN° O MO e triple.

bond. Exgmﬁbfiv (ﬁq{ ire: iM@g&ErﬁpA@m Pére Niichdsahby @ﬂp ﬁaﬁerﬁn& ffﬁ@emed

hydr ocar S wh contain one or nore‘trip borids. Exanpl e

of al kyifagyr ofipbnetianalisedhQDs en hy Iglasprsupstrate, behtgined ﬂrefmrynnobﬂ@ﬁmn of the
neptY | Qnthizca Lﬁcmsfg'sub&ea%elﬁ ind ARR h8QiIRLS of these radicals,

I soprop 'sopen neopen sec. -butyI tert-butyl,

B?Sﬁ?ﬂéﬁ*’#‘?ﬂﬁ?ﬁlﬁﬁ@ﬁ%ﬁ@ O a?rli‘ﬁﬁb%i%%%@&ﬁﬂ CE el il oA Rl

Se or (Big. 016B.)aﬁ1h®gbsabﬂ rg%asmayubbwatesephmdi lwitht Hestohaized 0@Dsrebtained by

" cycl dmPpeion of i Hiirbadih S SCretBicfo 61k QBniion Jhe artme e

cycli Q:réﬁ@édehﬁngeths Ivﬂwﬂcojﬁamb@nvmwt%bmam,g@gofga&ebm@ﬁwrc ielg Ofano-
nono-or poly-unsaturated. The cyclic hydrocarbon noiety may al so

i ncl ud’éfﬁoﬂ;@@@taéwqoéh? $@°§V§Féﬁ%°1%%ﬁu§§’ decalin and may al so be

substituted with non-aromatic cyclic as wel | as chain elenments. The
mai n chain of the Fﬂgﬁ ?lf[‘ﬁ’ﬁ‘& BN Ot herw se
stated, be of any %‘ﬁ"‘ani‘con ain any nur%%r of "non-aronmatic
cyclic apnd.chain el enments. al e h chai n
hel ucieolby3ST; Bhe prasaimprtipm alaie GRS AR PR BHOC SgRPET Hvibcte &

of suGhod¥Rd 6f iR SfolMSidHISE sulthta p@lﬁn&on AdoFela@d th An afphiphBR Parlicle coating.
cycl ohexyl, cycloheptyl, or cycl ooct%ﬁ Both the cyclic hydrocar bon

moi et yTherierm pnphiphdiceleraina qub:m%ﬂ:a sehbieindots pelet anshnap-prlgr fluids. It
furt h%isg%sorﬁp&ts@g ﬁuiﬁ@hsge ace s alB ataﬁslgﬂfd%fa@émn to fhe u%hen§8n ﬂ‘rn?rﬁ'cally

or a car bon at om may et eroa
"al i cystd m'ondy exe phase addemagjoc Iem@ldyedtd sahdhibise msttetrhvaa dammdtpi@a’-& inchuding

o gt PG ARG R 0E e SR BboBRR the haPERAHE A4pHbes of
Cycl ogh« polytnet aﬁb dad so thqopxealnb(y offauih polaoar ﬁorbpdiidr mfvidtiee widspeiod sanse
BB 10U SRR R ShSs Bt R Db hAhES, o poer

cycl 0??615%9&&3  ofC¥ pbBRACCRYbrdfly ©YiBE GHRHEBH late basell QA Bdlat Mosdlith! B8& such
there the term "aromatic" neans an at | east essentially planar

cycl | éﬂCHWra@@ ar O sistecgrounss incparfiendan ?é‘dhﬂcfalﬁlll of gbaraed Cu caromnsy thd the
si ngl gayﬁfo@grb% Haeﬁﬂdﬁéeo{%%tﬂéﬂlnger f e dl(ailysé% tarft M ABAL liXcludes a

i nked”rings, for exa etermarorratlc

al SIO ipola, ummsalw l{);draplyhc, hﬁyqlg;cl’&p at;achedm amcdmcda‘s bpma(lnhydmlcmhan,nnmetyh
ot et PEERele Reisteh of dF aONEEr e e, R cRonel Gl ofl Bsciphate

napt hah@ayds-that[ti®hpdrocdrbeory backBerd darries9- cycl odecapent aenyl -
[ 12] annul enyl -, [ 8] annul enyl -, phenal ene (peri naphthene),

%, 9- di hygﬁndo}yh'n‘h@eem@ h‘va;iphm&"l(rﬂxe%%s umase:a,ﬂhl!ramraaem /a%@ggf &Oeﬁaﬁdhécs
enzo nan re exa e Ol .an nol et I'S n

mai . CHAORRGPD CHEh YA BenpRrseadorr. abvEds ke Brpole SenBriseratel
stat edpgd %wde E&Erda&ﬁ‘ﬁg &e@@%@ nAﬁ"uﬁsa%ﬁ&iété&“éI%Eﬁ@érdﬁﬁt&h%ﬁsoﬂ% o@fnore

for instance N, S. Such a heteroaronmatic noletie may

exanpldeulple andir ﬁlbleﬁQﬁéIﬁﬂélk@Wl Lmsaék}whn@wtml érrbﬁchr@m@e%vﬁféhﬁ hﬂ@'o‘éﬂﬁ@n
or non g?g‘?:ﬁ@f P38 es&?% Gs well' a?ﬁ %ﬁ c?ﬁfé@ E‘f%ﬁeﬁtg%ﬁé ﬁﬁ‘%ﬁ) chain of

heter § i Cor ety ch are person SKi
art) iancliphstic mmiet;ar(mchniing bmﬂgeggdnaﬁ unilesb rottieyivise stated) bleeofydny, length, and

contain any number of branches. Typically, the hydrocarbon (main) chain includes 1 to about
5, to about 10, to about 15, to about 20, to about 30 or to about 40 carbon atoms. Examples of



[ 0046] The hydrocarbon backbone carries a plurality of a first noiety
and of a WOOHW4418® 2010/ 044752PCT/ SG009/ 000374 14 noi ACI/SGEHS/0DI78t
noiety is an aliphatic noiety with a I n chain of about 3 to about
20 carbgn atons,_ including about 5 to about 20 carbon atons, about 7
to abofteny radicalsrarg sgmight-chain oadrached hgdrosarbdn radicals wifich tdntaihZne or

car bon”Sro g ioie Hfits Alkeh Qi ARPD ShATE by Wakloodhes® a8y ogtbon

het er oafouwsnd one buttiongy for inftance t8/0)éhibl ©bér@IFsuck 4s Ho @ thb t& abo%t tentcafion

. L] bl e f |'i ph
an al kPso R §A4A5w0TE HB.cABm Rl mermelty ponifin Sxowtiitio fo about twenty
car bongdrb@t stoips aad bhe Or Byrd, fR erhdn @%b E&%BQQ Sull ad 3 tB?éﬁ’éE?lSontatoms

| nst ead of a f ee carboxyl group he backbone t'hus carries an

a t hi o®qngrp @’é‘ﬁeﬁﬁa@@%?’f@k}’lﬁﬁTﬂihffaéﬁ)ﬂrgrsbaught-chﬁnmnebmndmdlhydmamﬁ
first abicRaticn EnianYoreor rhdi Bpik Dol dI° ERARHERERP allsF A AN AL ROy 7

which is forned by reacting espectiv n ne

anhy driapylgaitylpentylnbexyd, haptm ek, hyn;é,rdeuylbﬂmm#teﬁbrabﬁi&bseﬁ‘@dl&ﬂé’ asoﬁﬂw

as an y T ety in the follow ng

ter rreofgb-b%gl SOH&&%%‘&% egeé%t&gt tf,l Hﬁ‘gpeﬂgfld’lﬂi@%ﬁ%&t@ymmﬂ Both
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i ncl udi n enbodi ment where it includes an al |cy I C nol
in tHay ar ﬂ@lfgyﬁf ¢onjugated- demble bonds, which may be a single ring or include

. multiple condensed (fused) or covalently linked rings, for example, 2, 3 or 4 fused rings. The
term aromatic also includes alkylaryl. Typically, the hydrocarbon (main) chain includes 5, 6,
7 or 8 main chain atoms in one cycle. Examples of such moieties include, but are not limited
to, cyclopentadienyl, phenyl, napthalenyl-, [10] annulenyl-(1,3,5,7,9-cyclodecapentaenyl-),
[12]annulenyl-, [8]annulenyl-, phenalene (perinaphthene), 1,9-dihydropyrene, chrysene (1,2-
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and seconWOB1044E2 as defined above. In sone enbodi nEnPETEGIBIIN0I7He
second noieties are nodified to form3a Iink (see below). Such a

nodi fied second noiety may al so be taken to define a third noiety. In
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(1) aozrep1(11|3_}?-), ;thiepinyl—, selenepinyl-, thioninyl-, azecinyl-, (azacyclodecapentaenyl-), diazecin-

yl-, azacyclododeca-1,3,5,7, 9,11-hexaene-5,9-diyl-, azozinyl-, diazocinyl-, benzazocinyl-,
azecinyl-, azaundecinyl-, thia[ll]annulenyl-, oxacyclotrideca-2,4,6,8, 10,12-hexaenyl- or
triazaanthracenyl-moieties.

[0043] By the term "arylaliphatic” is meant a hydrocarbon moiety, in which one or more
aromatic moieties are substituted with one or more aliphatic groups. Thus the term "arylalipha-
tic" also includes hydrocarbon moieties, in which two or more aryl groups are connected via
one or more aliphatic chain or chains of any length, for instance a methylene group. Typically,
the hydrocarbon (main) chain includes 5, 6, 7 or 8 main chain atoms in each ring of the
aromatic moiety. Examples of arylaliphatic moieties such as alkylaryl moieties include, but
are not limited, to 1-ethyl-naphthalene, 1,1'-methylenebis-benzene, 9-isopropylanthracene,
1,2,3-trimethyl-benzene, 4-phenyl-2-buten-1-0l, 7-chloro-3-(1-methylethyl)-quinoline, 3-
heptyl-furan, 6-[2-(2,5-diethylphenyl)ethyl]-4-ethyl-quinazoline or, 7,8-dibutyl-5,6-diethyl-
isoquinoline.

[0044] Each of the terms "aliphatic”, "alicyclic", "aromatic” and "arylaliphatic" as used
herein is meant to include both substituted and unsubstiteted forms of the respective moiety.
Substituents my be any functional group, as for example, but not limited to, amino, amido,
azido, carbonyl, carboxyl, cyano, isocyano, dithiane, halogen, hydroxyl, nitro, organometal,
organoboron, seleno, silyl, silano, sulfonyl, thio, thiocyano, trifluoromethyl sulfonyl, p-
toluenesulfonyl, bromobenzenesulfonyl, nitrobenzenesulfonyl, and methanesulfonyl.

[0045] The aliphatic and the optional alicyclic moieties, which the hydrocarbon backbone
carries, may carry further moieties such as side chains. Such further moieties may be an
aliphatic, alicyclic, aromatic, arylaliphatic or arylalicyclic group that typically is of a main
chain length of 1 to about 10, to about 15 or to about 20 carbon atoms. These further moieties
may also catry functional groups (supra).

[0046] The hydrocarbon backbone carries a plurality of a first moiety and of a second
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group the backbone thus carries an ester, a thio ester, a seleno ester or an amido group. In one

embodiment the first aliphatic moiety is linked to the backbone via an amide bond which is
formed by reacting the respective amine with the maleic anhydride polymer and is defined by
an unbranched alkyl moiety, such as an n-octyl moiety. The first moiety is in the following

also termed “R?”.

[0047] The second moiety may be alicyclic or aliphatic. Where the second moiety is
alicyclic it has a main chain of about 3 to about 100, 4 to about 100 or 5 to about 100 carbon
atoms, such as 5 to about 80, 5 to about 70, 5 to about 60, 5 to about 50, 5 to about 40, 5 to
about 30 or 5 to about 20 carbon atoms carbon atoms, including 5, 6, 7, 8, 9, 10, 11, 12, 13,
14, 15, 16, 17, 18, 19, 20, 12, 22, 23, 24, 25, 26, 27, 28, 29 or 30 carbon atoms. The alicyclic
moiety may farther have 0 to about 40 heteroatoms, such as 0 to about 35, 0 to about 30, 1 to
about 35, 1 to about 30, 0 to about 25, 0 to about 20, C to about 15 or 0 to about 10
heteroatoms. The second moiety may also be a cyclic moiety bound to a carbonyl group
attached to the polymer backbone via an aliphatic bridge of up to 3 carbon atoms and up to 3
heteroatoms. This aliphatic bridge, e.g. a methylene, an ethylene, a propylene 6r an
isopropylene bridge is in the following also termed “Z”. A respective alicyclic moiety,
whether directly bound to the carboxy group attached to the polymer backbone or linked

thereto via a bridge Z, is in the following also termed “R*”,

[0048] Where the second moiety is aliphatic it has a main chain of about 2 o about 100,
3 to about 100 or 4 to about 100 carbon atoms, such as 3 fo about 80, 2 to about 80, 3 to
about 70, 3 to about 60, 3 to about 50, 3 to about 40, 3 to about 30 or 3 to about 20 carbon
atoms carbon atoms, including 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 12,
22,23, 24, 25, 26, 27, 28, 29 or 30 carbon atoms. The aliphatic moiety may further have 0 to
about 40 heteroatoms, such as 0 to about 35, 0 to about 30, 1 to about 35, 1 to about 30, 0 to
about 25, 0 to about 20, 0 to about 15 or 0 to about 10 heteroatoms, Where the second moiety
is an aliphatic moiety, it further has a C=C group or a azido group. Both the C=C group and

the azido group may be terminal groups of a chain included in the aliphatic muoiety, e.g, its



Fe In some of these enbodinents the alicyclic noiety includes a
het er oat oYY 201H044Fi2ch the alicyclic npiety is bound to tPEE/SERPIINGYIT4
group attached to the backbone of thggpol ynmer, thereby defining an

at ni de_gr oyp, ester group, a thioester group, a selenoester group
or a s‘f‘ﬁgm é@%ﬂ&tﬁug maity.dRefBdingan embefiinaent arhetteit grobudes ah alicyclioendety
t he al Rﬂ;yg{ﬂﬁemqmgia&olg%guk@uthe carbonyl group attached to the
backbone via a nitrogen atomincl'uded in the alicyclic noiety, the
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i e. WA T HETAMOECFi ¢ noiety is bound to the carbonyl group via a

sel eni u the third repeat unit can also _be represented by the
fol | owi %ﬁégﬂm?n yiswing g;eegacﬁground of the amphiphilic polymer of the invention as
including iterative 3,4-functionalized butyl or 2,2-dimethyl-butyl units, the polymer may be

taken to include a plurality of different repeat units. Each repeat unit may have two vicinal
carboxy groups, or one carboxy group and one vicinal group that may be a keto group, an
amide group, an ester group, a thioester group, a selenoester group or a silylester group.

[0051] The first repeat unit may accordingly be taken to be represented by the general

formulae (1) or (Ta):
R'" R R' R
%—ﬁ ® % (ta)
OH HO O@ @O
in which R! is H or methyl.

[0052] The second repeat unit may be taken to be represented by the general formmilae
(1) or (I1a):

R" R R R

In formula (I1) R' is H or methyl and R? is an aliphatic moiety with a main chain of about 3 to
about 20 carbon atoms and is the first moiety as defined above.

[0053] The third repeat unit may be taken to be represented by the general formulae (II1)
or (Il1a):



100541 As expl ai ned above, a respective alicyclic noiety may in sone
enbodi nen?® 2680/Q447iRed to t he car bonyl fg{roup via a bri dg@CI/SG260990e374
enbodi nents the third repeat unit canl@l so be represented by the
follow ng general foryula: RIRL WO 2010/ 044.452PCT4 SG2009/ 000374 18
In sone enbodiMent s ®he bridge Z includes a Retergatom e.g. N, O,

Se, Sor Si, ch the bridge Z is bound t e carbonyl group
attached to kbone. ree illust Y e bridge
Z may be - N -, - , or -Se-CH2- n”sone '
enbodi ments the aligyclic\oiety includes a hetergatomNyia which the
alicyclic noiety J t he mpdge Z. Such maﬁlngja a
nitrogen atom @ a sel’eni um at on Gt oM™ As
two illustrative exddpl es/with such a heteroatom b®ing Mzor 0, the
third repeat unit may in Buch enbodi ments be represﬁt by one of

the fo ] ; 005 | ained abqve, the third
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as indicated lag theaicﬁlovgneg figrrrul as,. .
roup 1hcludes any salt from thercof (the counter'ion thus not being depicted above). Therefore
representations of salt forms are in the following generally omitted, unless it appears beneficial
in terms of clarity. In formula (IT) R’ is H or methyl and R? is one of an alicyclic or aliphatic
moiety as defined above. Accordingly, R is in some embodiments an alicyclic moiety R?, in

which case the third repeat unit can also be represented by the following general formula:

R'" R!

0 | O
OH [,
R
In some of these embodiments the alicyclic moiety includes a heteroatom, via which the
alicyclic moiety is bound to the carbonyl group attached to the backbone of the polymer,
thereby defining an amide group, an ester group, a thioester group, a selenoester group or a
silylester group. In embodiments of an amide group, i.e. where the alicyclic mojety is bound
to the carbonyl group attached to the backbone via a nitrogen atom included in the alicyclic

moiety, the third repeat unit can also be represented by the following general formula:

R1 R‘I
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\é—g
OHO
(W

In embodiments of a selenyl ester group, i.e. where the alicyclic moiety is bound to the
carbonyl group via a selenium atom, the third repeat unit can also be represented by the

following general formula:

R’ R
o)

%O
oH_J
(W

[0054] As explained above, a respective alicyclic moiety may in some embodiments be
linked to the carbonyl group via a bridge Z. In such embodiments the third repeat unit can

also be represented by the following general formula:

R' R



(W) or OH 3, (W) 0 R31

WO 2010/044752 18 PCT/SG2009/000374

In some embodiments the bridge Z includes a heteroatom, ¢.g. N, O, Se, S or Si, via which
the bridge Z is bound to the carbonyl group attached to the backbone. As three illustrative
examples, the bridge Z may be -N-CHj-, -O-CH»-CH>-, or -Se-CH,-CH(CH3)-CH;-. In some
embodiments the alicyclic moiety includes a heteroatom, via which the alicyclic moiety is
bound to the bridge Z. Such a heteroatom may be a nitrogen atom, a sulphur atom, a selenium
atom or 2 silicon atom. As two illustrative examples with such a heteroatom being N or O,

the third repeat unit may in such embodiments be represented by one of the following

formulas:
‘é_ﬁo wé_go
OH Iz OH IZ
N—H 's)

[0055] As explained above, the third moiety R® may be an aliphatic moiety, which has a
C=€ group or an azido group. Accordingly, in some of these embodiments R® may be
sketched as indicated by the following formulas,

1 1
R’ R R R

0
O OH (IVa) or OH HN (IVb)

with a terminal C =€ group or as



Nwth an internal, i.e. non-termnal C C group or azido group,
respect i VWORZO1PE732n f or nul as (| Vd) g@d (W) represent s PCTEGIO0 0074
of R3 that continues beyond the depict’ed C C group or azido group. It
is thus the portion of R3' _that genpletes R3 to an aliphatic noiety
that has a main chain of a o about 80 carbon atonms and O to

about 30 heteroat ons. [ 008} The anphi philic polynmer according to
the invention is general r in that it includes the
repeat units in random o : f three repeat units, i.e.

the repeat unit of general for WO

2010/ 044752PCT/ SG2009/ 000374 t in the anphiphilic

polymer in munits. The secord & the ghré® repeat units, i.e. the
repeat unit of general formula (OH, R2 is present in the

anphi philic polymer in o units. The th¥xd of the three repeat units,
I.e. the repeat unit of general forrrul/a,(,éll),

NéN@ (Ive)

with a terminal azido group. In these sketchy representations —ég- indicates that an aliphatic
radical with a main chain of up to about 80 carbon atoms has been omitted for sake of clarity.
In the case of formula (IVa) —éi— may also represent a covalent bond, whereas in formula
(IVb} it represents at least one missing carbon atom and in formula (IV¢) at least two missing
carbon atoms. As depicted in formula (IVb), in some embodiments the bridge Z includes a
heteroatom, e.g. N, O, Se, S or Si, via which the bridge Z is bound to the to the carbonyl
group attached to the backbone. In some of these embodiments R3 may be sketched as
indicated by the following formulas,

R’ R’ R1 R’
o) O 0O
O
OH HN\f OH
\\ (Ivd) or ‘}\RS, (IVe)
©
3 ®__N

with an internal, i.e. non-terminal C=C group or azido group, respectively. R® in formulas
(IVd) and (IVe) represents the portion of R that continues beyond the depicted C =€ group or
azido group. It is thus the portion of R¥ that completes R’ to an aliphatic moiety that has a
main chain of about 3 to about 80 carbon atoms and 0 to about 30 heteroatoms.

[0056] The amphiphilic polymer according to the invention is generally a random
polymer in that it includes the repeat units in random order. The first of three repeat units, 1,e.
the repeat unit of general formula (),



is present in the anphiphilic polymer in p units. [0057] In
formula (YO8t m o and p is agoi ndependent | y sel ®ETEG200H000RH
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i ncluding fromabout 10 to aboutRﬁOO,lR om about 10 to about 350,
from about 10 to about 300, from™wbo 10 to about 250, from about 10
to about 200, from about 6 to ut 10 to about 150,
from about 6 to about 150, fro ut 100, from about 6
to about 100, from about 10 to about rom about 6 to about 50.

I n one enbodi nent the sumof (m+ o I n anot her enbodi nent
the sumof (m+ o +p) is 32. Iny, i ment the sum of (m
+ 0 +p) is 48. The ratio of m/ Yo + @Hnmay ,be selected in the range
fromO to about 25, such as fromO to aboutRQO, fromO to about 15,
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0 to HbIEE" P@S%‘@B{ﬁmlﬁp@p%&@ﬁ%&br to about 2. In one enbodi nent
may | n SRS st o Han s A Rpepei gl bl BN 1o
about 400, including from 2 to about 400 or about 3 to about 400, such as about 4 to about
400, about 3 to about 350, about 2 to about 300, about 3 to about 300, about 3 to about 250,
about 3 to about 200, about 2 to about 200, about 3 to about 150, about 2 to about 150, about
3 to about 200, about 1 to about 200, about 3 to about 100, about 2 to about 100, about 1 to
about 100, about 3 to about 50, about 2 to about 50, about 1 to about 50 or about 4 to about

50. As further illustrations, m may in some embodiments be selected in the range from about

), stich as about 10 to
2as p may for instance

5 to about 50, such as about 10 fo about 45 including about 10 to about 43, whereas p may for
instance be selected in the range from about 3 to about 40, such as about 3 to about 35 or
about 3 to about 30, and p may for example be selected in the range from 3 to about 30, such

as from 3 to about 25 or from 3 to about 20. The sum of m + o + p is selected in the range
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are nstdafingd above: d\s menuoned above, the individual repeat units are generally arranged in
random order in the polymer. Accordingly the brackets in formula (VD) merely serve in
distingnishing the individual repeat units without indicating any blocks thereof. A polymer
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illustrative example a respective sequence may include the following arrangement of units:
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and cross-links. In embodiments where R3 is an alicyclic moiety (R?) or a moiety -Z-R4, the
backbone of the polymer is generally a straight chain without any branches and cross-links. In
embodiments where R3 is an aliphatic moiety, its C=C group, e.g. terminal C =€ group, or
azido group, e.g. C =€ group azido group, is available for any crosslinking or branching. This
can be achieved in a coupling reaction with a compound or moiety that has a functional group
suitable for undergoing a reaction with a C=C group or azido group, such that a linkage is

formed, which is generally a covalent linkage.

[0059] Both reaction partners, that is, a respective C=C group and an azido group, may
be terminal groups of a chain included in the aliphatic moiety, e.g. its main chain. It is noted
in this regard that a position along a chain, i.e. a non-terminal position may involve steric
hindrance by neighboring portions of the moiety, including functional groups. In such
embodiments a reaction of a C=€ group or azido group in such an internal position may be
slower when compared to a terminal C=£ group or azido group. In such embodiments a
reaction may occur only with a certain fraction of the pairs of C =€ groups and azido groups,
with the fraction being smaller than terminal groups when exposed to the same reaction
conditions. Accordingly, it may be required to more carefully optimize reaction conditions
when a non-terminal C=€C group or azido group, or a pair of such non-terminal groups is

included in the compounds used.

[0060] Among the coupling methods, Huisgen 1,3-dipolar cycloaddition reactions ("click
chemistry™) have attracted much attention. The term “click chemistry” as used herein thus
refers to such cycloaddition reactions and in particular to the cycloaddition of an azide and an
alkyne — a reaction that may be in some embodiments be carried out under the catalysis of
Cu(l) or under exposure to microwaves. The azido group can be taken to define the 1.3 dipole,
the alkyne can then be termed a “dipolarophile”. Examples of further groups that are suitable
for 1,3-dipolar cycloadditions in that they provide a 1.3 dipole include, but are not limited to,
a nitrilylide, a nitril imine, a nitril oxide, a diazo alkane, an azomethinylide, an azoxy group,
a nitro group and a carbonyloxide. Examples of further groups that are suitable for 1,3-
dipolar cycloadditions in that they provide a “dipolarophile” include, but are not limited to,
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meé embodiments the er polymer 1s a further amphiphilic polymer (B’) that includes

the same repeat units as the polymer (B). Acordingly, the amphiphilic polymer (B’) may

likewise include repeat units of the general formulae (D, (D, (III) and (IV)

R! R' R R
o) o)
8) O
R
R'" R
0 O
OH 43 (1) % vy

OH ©O
or salts thereof. The repeat unit of general formula (I) is included in the amphiphilic polymer
with a number of m units. The repeat units of general formulae @, (ID, (TH) and (IV) are
independently selected from the repeat units of general formulae @, (D, (1) and (IV) of the
amphiphilic polymer (B). The repeat units of general formulae (1), (1D, (1) and (IV) of the
amphiphilic polymer (B’) are present numbers that correspond to those defined above for




t hereby defining a branch of the anphiphilic polynmer (B"). In this
formul a YWPSLUH04dER| ned above. | n song enbodi nents the BCTEG009400574
the structure -Y-125-Y-. R5 is an ar;zelal i phatic or arylalicyclic

bri dg hat includes a triazole ring. Y is, independently sel ected
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used to _immobilise the same on a nanocrysta I'red, "an
addi t {hsrheteroaipms heipg op defingd; arvedR dygher fee ol =3 group or an azido group.
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It is understood that in other enbodinents a nolety with aa al kyne or

azi do group nay be directly synthgsized on the respective surface,

for exanpl e using photoactivati deacti vati on. [0072] In the
process of formng an a I phi i c polyner according to the invention
a mal ei ¢ anhydri de poly ¥ nulqﬁ( is used as a reactant,
which forms the hydrophilic 2 30 backbone on the

anphi philic polymer: PCT/ S&009/ 000374

In this formula Y is an aliphatic moiety with a main chain of 1 to about 100, 1 to about 100 or
2 to about 100 carbon atoms, such as 1 to about 80, 2 to about 80, 1 to about 70, 1 to about
60, 1 to about 50, 1 to about 40, 1 to about 30 or 1 to about 20 carbon atoms, including 2, 3,
4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 12, 22, 23, 24, 25, 26, 27, 28, 29 or
30 carbon atoms. The aliphatic moiety may further have 0 to about 40 heteroatoms, such as 0
to about 35, O to about 30, 1 to about 35, 1 to about 30, 0 to about 25, 0 to about 20, 0 to
about 15 or 0 to about 10 heteroatoms.

[0069] In this regard the invention also relates to an amphiphilic polymer (B”’) that

) includes one or more branches. The amphiphilic polymer (B’*) includes repeat units of the



(V) The mal ei ¢ anhydri de polymer may be the commercially avail abl e
pol y(i sobUOPE44HRt - mal ei ¢ anhydri dg) of Chenical Abst PEESS2049/000374
26426-80-2, also terned isobutyl ene<ftal ei ¢ aci d anhydri de copol yner.
It is inter alia available under the names BM 30AE20, Fi bersorbTM SA
7200 HenérbBfdmulas (B (IDa(dl) kaddD{r). It is available frome.g.
Sigma-Aldrich (St. Louis, MO, USA) or SinoChenexper Conpany
(Shanghai, PRC). Fi'he mal ei ¢ anhydri de pol yrrerR?ray 5{150 be

pol y(et hyl mal ei ¢ anhydride) of Chem c

106973-21-1, o terned_ethyl ene-nal ei ¢ anhydr Ng
copol yner | e available fro i cal s
(Bayonne, duct code ZIJ109P, a3 wel | t he nar®8

ZeMac(r) E 400 ) E60. In formula (1)
integer fro oyt 10 out 10000, such as
about 10 to abOUtOEQP@ about 10 to about 10007

1000, about 10 to odt 800, about 20 to about 800, suclRas about 10
to about 400. In one enbodinment n is 50. In one enbodinent n is 32.
The above exanpl es of mal ei ¢ anhydride polyners are not to be

consi dered_as belng limting but every available naleic anhydride
those yet to be synthesi ze qparticular a

rding to standard

pr ocedu 2 -escrlbed are suitable to be_us Yn the present

i nventi o pes g Mal ei ¢ anhydride po ¥Nst ance be
formed foll ow ng the Rocedures described?in US p 3846383 and
US6316554. A ge¢ *\&grd procedure used in | so
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(1968) 114, 113-@H agdd i nvol ves the free radlcalgﬁﬂpo nmerisation of
mal ei c anhydrlde with'an olefin in the presence o .g. a peroxide.
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[ 0075] The functional group of either of the two conpounds that is
capabl e OVOR8HA4AT2a | i nkage with an gnhydri de may be s®@CFEGEHN0GATY
but is not limted to, an am no grou a hydroxyl group, a thiol
group, a selenol group, a hal ogen,\group, an ether group, a thioether

group or the like. The first co as an al kyl chain of about 2
to about 30 carbon atons, such @ abo 3 to about 30 carbon atons, 2
3t

to about 20 carbon atons, Y out 20 carbon atons,
i ncl udi ng about 5 to about®’ 30 ca ., about 5 to about 25
car bon at oms, about 5 to about 20 carbon atons, about 5 to about 15

carbo at ng about, 7 to about 20 carbon atons, such as 2, 3, 4, 5,
rely deffing g branch ofghe gmphipilicymlymer (B, waus mnnuiay B2 defined

24 or ak
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about 80 carbon at ong, to a carbon 28

25 t ol beteroatemsec ar bon atoms of about 10 to about 40 carbon atons, of
about 3 to about 20 carbon atons or about 3 to about 10 carbon atomns,
such as [8071 Ingomg embodimens al@spettive bidgel Syuples, tha Holyhier (B to bSsurfibe.

20, 2 3 35, 36, 37, 8 39

20 it §3fackdna?by it surtdee Sith al'ne Sitackor hd DRl S Aoiolid B BR

i s a yskpeofa\ellari tbhamfmceocdrmmmndpmmenﬂu sbav entboliim@hotle ddface is the
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R o L R I
get $rthapo]ymeoi fis fbioeitouplédis PodHledwille bEHO BEAUPS of Yikind funbtiofs. Tis fiay Be
acgieved via any functional group present on the surface by a transformation or a coupling
reaction. As an illustrative example, a thio-ether-bond may be formed on the surface, for
example by using o functionalized thiols. Any suitable molecule that is capable of linking a
selected nanocrystal to e.g. a bifunctional molecule having a alkyne or azido group may be
used to immobilise the same on a nanocrystal. If desired, an additional (bifunctional) linking
agent such as ethyl-3-dimethylaminocarbodiimide, N-(3-aminopropyl) 3-mercapto-benzami-
de, 3-aminopropyl-trimethoxysilane, 3-mercaptopropyl-trimethoxysilane, 3-(trimethoxysilyl)
propyl-maleimide, or 3-(trimethoxysilyl) propyl-hydrazide may be used. Prior to reaction
with the linking agent, the surface of the nanocrystals can be modified, for example by
treatment with glacial mercaptoacetic acid, in order to generate free mercaptoacetic groups
which can then employed for covalently coupling with a linking agent. It is understood that in
other embodiments a moiety with aa alkyne or azido group may be directly synthesized on

the respective surface, for example using photoactivation and deactivation.

[0072] In the process of forming an amphiphilic polymer according to the invention a
maleic anhydride polymer of formula (V) is used as a reactant, which forms the hydrophilic



11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 25, 26, 27, 28, 29,
30, 31, 3¥028W/048%2 35 36, 37, 38, ?,3, 40, 41, 42 or ABCHASGSYHAGHTS,

such as N or O.

backbone on the amphiphilic polymer:

)

in
The maleic anhydride polymer may be the commercially available poly(isobutylene-alt-maleic
anhydride) of Chemical Abstracts No. 26426-80-2, also termed isobutylene-maleic acid
anhydride copolymer. It is inter alia available under the names BM 30AFE20, Fibersorb™ SA
7200H, IB 6, KI Gel and Isobam®. It is available from e.g. Sigma-Aldrich (St. Louis, MO,
USA) or SinoChemexper Company (Shanghai, PRC). The maleic anhydride polymer may
also be poly(ethylene-alt-maleic anhydride) of Chemical Abstracts No. 106973-21-1 , also termed
ethylene-maleic anhydride alternating copolymer. It is for example available from Rutherford
Chemicals (Bayonne, NJ) under product code 27109P, as well as under the names ZeMac® E
400 or ZeMac® E 60. In formula (I) above n may be any integer from about 10 to about
10000, such as about 10 to about 5000, about 10 to about 2000, about 10 to about 1000, about
20 to about 1000, about 10 to about 800, about 20 to about 800, such as about 10 to about
400. In one embodiment n is 50. In one embodiment n is 32. The above examples of maleic
anhydride polymers are not to be considered as being limiting but every available maleic
anhydride polymer (and also those yet to be synthesized), in particular a maleic anhydride
polymer which may be prepared according to standard procedures as described are suitable to
be used in the present invention. Respective maleic anhydride polymers may for instance be
formed following the procedures described in US patents 3846383 and US6316554. A general
standard procedure used in the art is also summarized in the abstract of Frank, H.P., Makro-
molekulare Chemie (1968) 114, 113-121 and involves the free-radical copolymerisation of
maleic anhydride with an olefin in the presence of e.g. a peroxide.

{0073] As further reactants two at least monofunctional compounds are used. In the course
of the process one of the compounds is converted to the first moiety R? described above, The
other compound is converted into the second moiety R3 (supra). One functional group - if
more than one is present — of each of the two compounds is capable of forming a linkage with
an anhydride. The first compound is a monofunctional aliphatic compound. The first compound
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formula (V) (supra), the first conpotnd and the second conpound nay

be carried out in the presence of a base. Generally, any base
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N, O, S, Se and Si. In addition to the functional group that is capable of forming a linkage

with an anhydride it has a C = group or an azido group.

[0074] The reaction of a fraction of the anhydride rings with one of the compounds leads
to the formation of the hydrophobic side chains that can interact with the hydrophobic surface
of nanoparticles as described herein. The first compound, being aliphatic, may in some
embodiments react with at least about 25% of the available anhydride rings, such as at least
about 35%, at least about 50%, at least about 70% or at least about 75%. The second
compound, being aliphatic or alicyclic, may in some embodiments react with at least about
5% of the available anhydride rings, such as at least about 8%, at least about 10%, at least
about 15%, at least about 20% or at least about 25%.

[0075] The functional group of either of the two compounds that is capable of forming a
linkage with an anhydride may be selected from, but is not limited to, an amino group, a
hydroxyl group, a thiol group, a selenol group, a halogen group, an ether group, a thioether
group or the like. The first compound has an alkyl chain of about 2 to about 30 carbon atoms,
such as about 3 to about 30 carbon atoms, 2 to about 20 carbon atoms, or about 3 to about 20
carbon atoms, including about 5 to about 30 carbon atoms, about 5 to about 25 carbon atoms,
about 5 to about 20 carbon atoms, about 5 to about 15 carbon atoms, about 7 to about 20
carbon atoms, such as 2, 3, 4, 5,6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 12, 22,
23, 24 or 25 carbon atoms. Further, the first compound has 0 to about 2 heteroatoms, such as

one heteroatom. The heteroatoms may for instance be N, O, S, Se or Si. Examples of suitable



backbone of the pol ynmer. Remaining functional groups of the bi- or
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t her modyl fhe peacessead Brpingsy amglunlmhe pdbpendermdingrtd thainvention the

th I

S creRbEorPBrbRO Y o LU, GALEH, o BRI (GiRPHECERE SSnouna
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van s _interaction i pbilic polymer as descri be
her eﬁﬁus‘f\f/%l o PR Fﬁ é%lu th%‘ttaéF nRotr ﬁ&ﬁ% &9»3 il&nunqaﬁléopmmﬁlm Gthium
may  hretradeghyipitaTddea GESARON Bylethy] 908 UMb dse itsatﬂhkébﬁntﬁlé c{go‘ﬂtcﬁ ntoﬁ- 2

can be u Fare hi g g] uality sem conducfor s is

d. t
decorf¥8si tesr‘é)lﬁz"}?ﬁ% Qe ﬂloi‘ﬂﬂ%’ﬁ ceiies ér‘@s(mmﬁhlglﬂllylMQma% illpmibthyl&llmlazane
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1;9935“8‘%'r rrrdg) Rt peabilo ‘%FJ%% K iy i splesss s"nfj?g itg96. 8715) and
Fornci B8] YhEEk Beftsarotinty %ﬂ“@a@ﬁfmﬂ‘iﬁs&wﬁ SRyl v o

( TCP)capaﬂﬂe anfsmhdﬁrgmng Caf rdabtios avitie 2 diiPhadc Ghahe Qﬁlﬁs@fa@? of Uaﬂ-éfese E&Eelnﬁ o

| ut ed and di ted into t £y
ol aarehcasep TE SR ERRenihh e B Toeseb Mo feer e OORR & m@a-
capped MenR pidstidtentdis Hualitat Hﬁﬂeléaa}?bf; %Hpéﬁlﬁug&?ﬁin {:ﬁa&%d Bl

solublllfy in organic solvents plays a cru
pr ev &R bagsphat pédidonal geastpty v eneipet] syothesini I as bgnepalbspasaiblam édiﬁol
the reaction conditions in such a manner that the bi~ or higher functionalized compound is

allowed to undergo only one reaction, thereby forming only one link to the hydrocarbon



[ 0085] Anot her type of binary nanocrystal S suitable in the present

i nvent i onWReY1¥H#dTS3de one netal el en%n and at | easPCEHHEG20090TH
A sel ected frommain group V or main aroup VI of the PSE.

Accor n the one type of nanocrystal suitable for use presently
has t me athR/mRlyrEsea Rgmaiing ﬁsnhmah@nmmsymtﬁbsbmmyhighexgﬁﬂmﬁoﬂdhzbﬂ

i | udi f
it %?%ﬁ’%‘lﬁt BB Seallupi€ ol ANRREY P SDs kitel el i Mg sebent
e e'thesi“ér? e e s ahhiphilit bty thay dRionMT earhlpteer side
oy o A e TRl R oy Sk, oF B0, ALE PN H0 Sabore RievISPA o

tal ab
gﬁ M ora ?‘E”?i‘ﬁ%t?t‘ﬂf"nﬂc‘“fSu"éée%e‘péﬁﬂmeaaﬁa CTEE it ARHE hivilE 9 Bosdlint e gl

Alcresslinigable sropp giayibe anemins goupfa bysiroxy @fbup orargrony strhising a
that HaT-¥Hel; t but are.n
lim tﬁggﬁygcg%e§§%gnocryg§bﬁp C%T@?&Pﬁ%ﬂﬁ@ﬁ%@@)’&ﬁ%%”
havi nglﬁe@t emetdmainisg vigbbpsael (EdS) leastnisifunesivadl Scongpound. BN Smibbeintents
[0086 s.not Limted to use, of the above-descri bed
cor e- ]gvhe&l gfﬁg& n@? s 1 7re Weoms et ﬂ?‘f‘f’é’i‘?‘?l SHOMBS hah Gk Pt aiovgd to
t he i maenwithrthe mﬂéﬁaweldaamwx@decmﬁnsﬁ mag beishitldvapGs rﬁpramgqgray oly-

42" A, wherein “(a) I\]/DIZ

aIon havi.ng the co sition I\/[Lfl
are i ity H’g‘em‘ﬂcﬁss FCETbS R aPifOE@PE%rﬁOWFa sl srapvell knownlgrtbose
Vila, slauagfnqu@mv ik hvailaBle e AiBud finto . 4B s n&J@&a&gé ﬁﬁdr‘c‘sxyl

system of the el ‘ement's (PSE), when Are re ents an el enen
mai n GY0HMeY beprateeedisyan sppropyjden greng. SEharmoteotive meteniag e fermovedn

I
ol oot PO o i @Unb bidlipl et iIE B Bpb BT A8 i Haitabie
enbodfoteneonplings cyasskinling on smpﬂyx?glsra:ﬁom rémtmgemﬁoaxsﬂlgwafﬂ@d ﬁapﬁ()psﬂuh@ﬁé
t t t t

YR CL R SR P R Nl g SRR
from mrthelaeumﬂt ﬁnfheﬁnhl@rhﬂwdrb Ithat SUdOpRERLVE |g?oup§lib@fﬁwé t},/lgel Rtroduced
subgro b or of tthe eriodic systemof the elenents

( PSE) Ve &“?fn ﬁiwé?tsé?éﬂ‘t - 8F Etﬁélﬁtﬁleﬁthn@BZ%q:qmmdp VI of
t he PSE[O 9 In anoth(ep)em%gg?einrltg %1%6%?1}{21%6 fb%% Rss gilnlgl% egoc];fr 19 nmng a

el ement "o he mal rou
r epr esant-scinblenenwsurystadf t he main group (V) of the PSE

[0080] The term nanocrystal as used in the present invention may be considered as any
nanomaterial with at least one dimension of for example <about 100nm and that is single-
crystalline. These materials are of huge technological interest since many of their electrical
and thermodynamic properties show strong size dependence and can therefore be controlled
through careful manufacturing processes. Semiconductor nanocrystals in the sub-10 nm size

range are often referred to as quantum dots.

[0081] In accordance with the invention, any suitable type of nanocrystal (quantum dot)
can be rendered water soluble, so as long as the surface of the nanocrystal can interact, for
example, via hydrophobic interactions or van-der-Waals interactions, with an amphiphilic
polymer as described herein. In this context, the terms “nanocrystal” and “quantum dot” may
be used interchangeably.

f0082] A well established route that can be used to prepare high-quality semiconductor
quantum dots is the decomposition of molecular precursors at high temperatures in a coordinating

solvent (for an overview of previous techniques see e.g. Reed, M.A., Scientific American



[ 0088] Exanples of this type of honpbgenous ternary or quaternary
nanocr ystWPL0HP#75Been descri bed, for, jinstance, in Thon&CESGR0P/000%T#
Chem Soc (2003) 125, 8598-8594, zhor§ et al, T. Am Chem Soc (2003)

125, 1 -13553, or t I nternati onal patent application WO
2004/ oé@gg)s. aﬂ“af![’=d8§91]2g sioby; da fhp meseoes 95 e abgativedon somicaabp.e TOP/Se,

roces® | f ' | by L.h N
Feact: o s RESse Rl TDfdd LRShyRERIAL 10 A Spboicc ORBI B
gﬁner at 106rB73$) andridelds ayantumn dots of Gl (]chanSq g, enqbgf)alt]tciﬁﬁﬂ?ts thagethiatiodbf a
this temme nent .Ain .m sui tabl e r. t eneratign
of a nanoc?l?/)g ?{art%tﬁﬁg%@lluﬁﬁj? '"F%cgéﬁl?oﬁﬁﬁ'ﬁ? w)@nﬂ@rsoﬁ“@ﬁf’ ﬂ)%icgﬁﬁspondmg
per i occhalcogenide iatTQP. Thepalutionyage shunbindd S drasidlyaniEtig ifd itr@-nkﬂcgﬁﬂi/os ine

the reaction mxture to codl; a%lg

.th I | owi
Feneat s (PO &L BichriSrpRaires (b HouOn ek Hiersiot HGPGHORG shppdcrupmo-
t he f aryseds bidabtHinedPRE ¥aiRhg ¥dnt iaﬁ?\gs ?gﬂfcf’ebécﬁuﬁiﬁfgp il gl%g#{llgl séﬁ{ents, and

adding.to the reaction m xture at nperat ure-a su
quant i3S crusial aplerinpreventing Rartiglenaggmégatioheaniloel et theniceihe passivating ftha

nanocrggst [ the | Lxture for sufficient . .
peri od %?(%nfl}lr%ﬁgg uﬁtﬁ?% rrg% i a%au?agﬁgﬁﬁqlgglrgéiga Regos rfée spfif’éj“ctt’é’l“n%@ highly
nanoc Fyeodispatse hanopettlesin nentities of hiddowdsrd niitlgyriBa st b sindexperiment.

2010/ 044@{5}%PCT18620091000374 36 mixture to cool to roomtenperature,
and i sol BPBHlgin e eraborkimenis switable/rangtrymalsthaviRoatnocrysfaD 686 thdtrindlbdse:

t | i | f 0.001 <x <
0" 000 AT ek oy IO BBY 1R B R 0up Sonilieces an
|0 nBO: glemeahoiaipmegrowp 1 sxd@oﬂg;aVIHAasuhyi[rmq: UHIM@@fbgﬁﬁ@L[F, lgub?gr@xp prﬁram
. - 0 . N..quat.ern nanocr al s, nma ave
o val BRBA o2 YY oone mepal st Slignte (PSB) oAobrditlvo fhe
0.1 <nan@ryful corchrayerinissbpotily@hmatalelaestM9; S non—xﬁ&lﬁ?l%ﬂméd} SYEB, as

I1-VI ;ternary nanocrystals, the elements M and M2 included thererih
may bSelf‘f?ggbﬁl%&e‘ﬁtﬁ%fzgféeﬁ’e%isean??déwwthﬂlegﬁaéeﬁyéf@hgqr@istmgnlafofmur@mnmd
. Themedmgronike dbike ' t | l.oys
:_g pr ?f r abl seél ect, %a%s?mgé@’rsggh 5{:' r%gl sgﬁeil-ﬁ% O%]%E Z&bég@%y’fg@m%
Thus, S&§$TOEB hoterip@ Grbgren dllb), t, splatinun\prhadiing mtteniunt Kubgidug

scopevef)t %dkﬁﬁﬁ%bﬂ?lg;j%iﬂdlféﬁttﬁeﬁéfye enbodi nents nanocrystal s used

in the present invent ~have the conposition Zn"Cdi, Se, ZnCd1S,
ZnCdj Te [004%] TdlianSier Bbatinddt, 4 nbidcrystad core used in the present invention may

include two elements. Accordingly, the nanocrystal core may be a binary nanocrystal alloy
that includes two metal elements, M1 and M2, such as any well-known core-shell nanocrystal
formed from metals such as Zn, Cd, Hg, Mg, Mn, Ga, In, Al, Fe, Co, Ni, Cu, Ag, Au and Au.

J0085] Another type of binary nanocrystals suitable in the present invention may include
one metal element M1, and at least one element A selected from main group V or main group
VI of the PSE. Accordingly, the one type of nanocrystal suitable for use presently has the
formula M1A. Examples of such nanocrystals may be group II-VI semiconductor
nanocrystals (i.e. nanocrystals including a metal from main group II or subgroup IIB, and an
element from main group VI) whersin the core and/or the shell includes CdS, CdSe, CdTe,
MgTe, ZnS, ZnSe, ZnTe, HgS, HgSe, or HgTe. The nanocrystal core may also be any group
II-V semiconductor nanocrystal (i.e. nanocrystals including a metal from main group I and
an element from main group V). The core and/or the shell includes GaN, GaP, GaAs, GaSb,
InN, InP, InAs, InSb, AIN, AIP, AlAs, AISb. Specific examples of core shell nanocrystals

that can be used in the present invention include, but are not limited to, (CdSe)-nanocrystals



ZnxHgi - xTe, and Zn, (11& "S. [0092] In sone illustrative

enbodi menV¥9 200/0447sed in the above geni cal fornul as hZETEGAME0H
0.10 <x <0.90 or 0.15 < x <0.85, and"nore preferably a value of 0.2 <
X <0.8. . 1n ryicul arl r red enbodi ments, the nanocrystals have
t he ciﬁ?ﬁ%ﬁ%s@ﬁ@ﬁ V_Vg%g%&éféﬁa@ﬂ?fﬁ@S@?v%aﬂsﬁh%cr ystals are
preferregq Lch.ox has.a value. of 0.10 <x <_.0,95, and, nore
preferabﬂg}]l8 gl )\ﬁa% ulgv% fﬂ)@. <n>(<)%l<l ! E.’c{ to %15055&?] of {he c3hoxeilescrsdi parrshell
i n whinahodristalsaho ehybealenbodindrs, fROganbERRal 10F-tMe NBAGRIYSEA BaRf a tdage
inventiI?SgS;;]tépeaach‘]al of the elenents M and are independently sel ected

from &8 AT BSPEARS ATTIATY APy havig s e qomep o ttiom Vb1 1, Ad 2.4 avistein A |

i it f | M., M and. A ithin th
D ope MRS ok Hc indbiE S EoeF i €17 13 b e 410, subroup Vi,
nanoc syisgratys Viilia,esubmup 0100 $hdih @Foupal bfkhetRrio@ardydteds o Ahd eleméxﬁQ&fS]E),

I n one.enbodi nent, t he nanoc %ét al, i ncludes sem conducting materi al,

wher eicE< TERREERtS &1 Clomsnk of e manERYA M OE kP PRt r i al nay i ncl ude at
| east of t.gl .an tall oid. 0095] In a_nmethod of the

or o5 0 4 do D Fren® elorded Boman Shatgent of e e g Gbiof e 2B ihabie
sol vefdprédent¥ian teldn@t Of (HRURdin S84 $fedm@bl e in this respect neans
that the nanocrystal should be Soldble in the respective sol vent.
Exanpl es[0087)sincimasindrvenbsdisient nbucrysedls lebiBidtBg bPa BRhOidneoOhyRRhsry
and/ orlnoné‘g | ar %o{zvents, sych as an aprotic_non-pol ar sol vent. Thé
| at t ePLIPRFHHRE JHsPc BEFGHEWH%&%H thig, fysteahave the Qogheosiien, M erdMedsBiy,
t ol ueterepyri di ne, dichl oromet hane, chloroform carbon tetrachl ori de,

carbon di s&éfi de, . di oxane WO 2010/ 044752PCT/ SG2009/ 000374 37
di et hyl et M1 and M2oire dependently selegtedfrempindementafshbgrghp Sbhebermg

tetra r t : n-coval.ent or
coval o FHEAD VI SORYSE o Al s GRDNRER bl SN RHIN ohnents
nanoc@®EDatvhenad apd dhbethirewestnt an dement. of the mpROS6p Vil of tie BRA, bed of

t he presené)i ent[on the _nangocrystal is contacted with an

anphi phi | i )ﬁgf%‘_&ei‘/&aﬁédﬁl‘éﬁpﬁg@n&yw@fﬁw@m mbelemagt of the suain groun IIT) of
anphi BIPISES wikBh Al drdl B bStheaRRGH aaeawegt sitfie Hﬁﬂpgﬁfoivsg@ of gl@ PRI

enbodi ment the nanocrystal™ has a coordinating s

non- cov jnteractiqQn on its surface, wherein the solvent ma

i ncl udeﬁ@«;ﬁ ﬁ"a}‘f‘é’ﬁf‘é %ﬁ ﬁ%g)mec°f§h%°%9ﬁ9%£e?ﬂ&rﬁi% ‘B@@ﬁf’éﬁfﬁéiﬂilﬁ@%*@é\lwﬁ

i s exsdadgadibta) fof BRtAEh Mhoh 6t AO) YFETCHEROR: Egzbfo@ : X

nanocryst al and t he a%i f)hi I i% ol yner. The g hi pﬁ????sggf%?%%rzq"‘slg
fi xedfteth 4 HE- $&6Wc P95 t403) 120 13892-5353) enthedntetalighalmatdnt kpplaatipm MO

Such 4gnuRrsa093 on may be, but is not limted to, a coordinative bond,

a Casimr interaction, a hydrophobic interaction, hydrogen bonding, a

sol vat i (0089pSach atday MawcHRfalR SbthiRkEE 3Kt ﬁﬁoce@? RRGALINIA foh gegt

interaction the pal irrer may include an addi'ti onal repeat unit w
f uncthiBH¥mapeRYHMae ®an undergo a chemical reaction with a

functiongl gr oyRaiiRgRRiakii ; t -crystal .
sui tabl e pair of af unc%ag%ﬁ%%p%ﬁ%%ﬁ%%%%é%%%ﬁ lngla%%u Sl)éﬁﬁﬁe forpt\ﬁg
r eactgcorratioy ol sataseysid tesa |svitghlademparatate It addingfattthis feuipeheire the

itS. . d optional | ' t. | egst
oo atertfHe P intd dorml utbbreliht {ok BB B8 OLA Banofblal nebfe Fgyesation Fentase
hal odena anfficiemt periodof tinm ity tefpepinde RGitdle WrhBimidg HH9Ebindfy Ranocrystal

Cross-.coupl.in eactign such as a pall adi um cat al yZed Heck “coupl I'ng
bet \A&@ﬁ‘gﬁﬁdﬁ‘?’fgﬁ?ﬁ]ﬁ?’vﬂ% CREAGGR AR aiRcogh 288 kene nay be enpl oyed.

[0097] Ig, one | ahil i .
nanocr_ys%1 al i n(i‘gwsaﬁhi1 abl ééagg?lggﬁ?%@%%l ggk%@%ﬂ?ér?? q%%“&éthtgq‘ég?%c}
sol véinary saederysial Mpa| tr a pritable tepypexatire T2Aagdding ke thealeretivn mikhae at this

sol v ; h n atom bound .t o,an oxygen as
ool vyl D amch o RIRIPh el RRFD PR DY 0020 ST S
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

M= )




[0098] In_the above procedure any organic solvent provided with the
nanocr yst A WYM8E2r epl aced by an aggeous sol ution af t ePOEEGI9000374
contacted with the anphiphilic polyner of the invention. In one

R e TR e R s S e
whi ch id | ect tati | si | ti '
G s por SO in e eame AyasaySRLs, e isksy B Pe TP ReS6 0003 70 4%

sol ubjye RARPR! M@ <ixneudes, 1p£ QW 6H 61D, 8 <NHARACYS, T dther Rmibolinhdndd kecan
solvent. In"the nethod the nanocrystal is _contacted with

anphi heveel & vapist hehwieert apouts0des Abentabdvie. 2bphk OgirhidbAr pﬁ-‘&m QHrnary
i ncl d i | i , |
I net y S%g{r%s, ggﬁ%; oA aW%Pw E%P@.géé, £ al)em 01289 1009 AR B |

al i phat'i iIonal I’y al'1cyclic ieties %supr These noi et’i es
of t h@&lpot 0P ot beisveah Bbwut Bchamsiababe®B. | nt er acti ons between t he

anphi phil'ic polynmer and the nanocrystal, thereby formng a )

wat er - s d0ea] dnsacoHy Wktemlary fimocpetajsighe etemperits Mhand Micingluded therain 8193

noi et,i es .t hat | o he.forymati on of .cov t A I }

(e’ dhbmdppcetly ARl ER e sR bR CrYBTRE Y el B the
t he PeroGf SH ¢ thé IPSE(heE&B tternAMedlloye s presaablp aelectbd fiom thel gropp sensiktieg
to transfer nanocrystals into Watﬁél I n addi Mlo where al kyne, or one
a2 doPighGRIdatce Thie &l sombIATABS Phbess RFRGHT Mle Mo fifime Kyt e scop
gr oupge @bk iVntiBE. ThQAREa48 effbofiniies AdnBliSstald vsed B the(dredenh Biventiol haver
or a polymeric network. This cross-1inking may be effected |2Hé/%rd| Qus

way's . theogorepasifisineZnede 35, ofn:Edi-fb GrEdpst ardiebdi-als dieddiol % 15
- | knk i n@bi phi | i | ith t | t

6oL e s B e grge o1 ol yrer ke ¢ st

monomer '&6?%23 @%H{ﬁg rig]@s\érgﬂg }é‘%&\g%inﬁeﬂ{s?? 28 useli@ thé futeichedlal FEHRROER AL &)

conpoun I'n to react with a further gol ymer such
as anvanpbf PADIG x <9 aed.16 A 3 < Gabf, ehd mpre prefergbly acralivechipd < x <0.8. In

cel boriatiofE afigant Fipopfiz Bl 457 paadbbyd: HEhe shFLfFoRth FhTMSS ana
Cr 0SS7ZhjQtki B¢ Sushehheayads hye plefawidng whitleadiss ervalue ot@10 <vetuah agd
EC groups of ol r and. azido groups of a polymer (A ). An

1, BQWS%Wf%%B}EGé{YG@EPFg@%éa%Q'SUn thgt iﬁvol ves gn gl I cyﬁle ;nd an
azide yields an 1,2,3-triazole .ring. as.depicted. in Fiqg. 14 e
enct i o0Vl Bncaa sEedReY ib pHishabe Bapanyal So5t s gBids G LY
par ti g RFystAd BBfhel iftvatitiod; eAdhUSE theandnes MiCarldoNPRdre GiidePlendently selected
anphi philic polymer B as defi ned above. Such a pPoI mer Itiglgs a.,
br ancfropr &a d@négny deaclemsnt A may bsussleged ipm ik gén%ﬂgd %ﬁ’o rhoggjble
whi ch %ﬁﬁ&% Fincke %Ba?ﬁe?x@ 08 OM® 4rld"W are 't&ﬁ%ccﬁé oftie8AWiod. In some
pol yn¥ Shwork nmay be T or med, erein for exanple nano-crystals, as
descrilhstiativer embodimepts)enannbrystdlsd haee thes epinpesition dvalnndy Gixbuixfe and

addit%:t%:)1 al £roperties to the system such as stability, solubility
pr opePf¥8sx*%ol yner processability or catalytic properties. A

Toshvor KOV B errn el s PeRrttl WRRRS SARcoR R md il oordin g6
i Nt hgxplane® abbaimirbsuiiicOndibtife (mdterial tmaylmiidesat Magivine of mrmetaliand a

fromabout 0.05 % (v/v) to about 50 % (v/v), such as about 0.05 %
(v/v)m%'ﬂ‘ﬂé’!fbut 40 % (v/v), about 1 % (v/v) to about 30 % (v/v), about

1 % (v/ b 25 % (Vv/ V). i cal  enbodi v, ap
pol yﬁf;r | ﬂég]fﬁ‘sg g%g%ogrﬁfo \EIPFVéﬁ@én Vtﬁleg[ng%ﬁrl\%mggétgeeﬁhtﬁs a‘gegﬁfé"," \ﬁ,:d tlﬁl:ﬂ%
the rg@gﬁie Wgivest 6f Wixhawd o8 ReRNsdiRniE bR U isg eespecB aéans! tht the

cyclo Itron reactions ("click chemstry"). WO

2010/ AdabeERt Bhedd b u thpgrespectiye solypnt AHuwEBPlen of spipsolygts are, but

net hods, ,.Huj n dj gt Cll, S (ar Lol -nol

cheni &P} }}nil{eﬁg@e aél;'ogi;(/;i %Og\g%n?/g a %{é%%ggjoﬁiurgﬂhée??étﬁ%@gn. Thele T eacti ons
solvent. The latter may be selected from hexane, heptane, cyclohexane, benzene, toluene,

pyridine, dichloromethane, chloroform, carbon tetrachloride, carbon disulfide, dioxane,




[0103] The present_ invention accordingly also relates to a

vat er - sol WRIRHUAGEr ystal . The wat er 5sol ubl e nanocr yst alPGTRAZHEO0HH
its surface via non-coval ent or coval?'ent interaction an anphiphilic
pol ymeg fingd above, As nqted above, in so enbodi nments t he

pol yﬁ?e@zﬁgé{ﬁ?& OPIRE Elheh SV IEHe Rel FiRapbiFy) by Ao g dioguiaty The
[ 010405t waf GeGembyaRaRG oL RY dlehior & akpP intdaétith HitwBed H8%FapHipHitic
quantum dots, .are bright fluorescence emtters wth high quantum

yi el dPolymeyandshepanoerysisthasdeer alowediocascrr. over a wi de range of

wavel engt hs and hi gh photostability. Quantum dots are therefore

proni si n0P8blns they meghask ph thenprssensaimvention theunahostyseal iisrcantacted with an

tradi g : J : addi£ion. q m. do rovide.the, . ..
abi 11 Cyenipnift @RNfor eSO o IRVR YERC e PrBtiaiid mteriel is
phot oMuagped scamddhie hamarystak dn oat émbodiment thanandrysal b DRRrdiafthg solvent
tm-p@gﬂgn-gbsaﬁ)r t.i{én eross sections. A pram sing techni que for the

devel oPnBM COYGH SACTAFHER O, S E&TEo Phere SQhRlt FpaY 1neHide nerRlemOEsY
F8r st eliphatie ssid bhiding MEHig Yo drimatAL kolvEIREE) excﬁﬁ%-gd'fér Hi¥ SiBhiphilic polymer
providing fl uores&gnce Si %nal s. sensitive to nol ecul ar conformati on,
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[0107] Hence, using the present invention quantum dots can be formed, on which receptor
moieties or molecules are immobilized that are bound to e.g. luminescent Lanthanides Ln®*
(Eu3+, Gd*, Tb*, La*"). Such QDs can be used in medical biodiagnostic, cell bioimaging,
multimode imaging, in-vitro and in-vivo sensing, and chemical sensing applications. As
already mentioned above, the use of such QDs provides several advantages, including low
photobleaching rates of Ln** and QDs, a high sensitivity of FRET with regard to the changes
in the surroundings/ the environment, a high sensitivity to counterions, pH, and solvent {cf.
Fig.5)and a large Forster radius (~7-11 nm). Fig. 5 illustrates the sensitivity of the FRET-
sensing with QDs that have a Krptofix-22 receptor moiety on their surface, bound to Ln®*
ions. It is noted that changes in the vicinity/ in the environment result in different emissions

observed,

[0108] A further illustrative example are QDs functionalized with cyclodextrin for
sensing of polichlorinatedbiphenyls (PCB). The obtained QDs provide an example of QDs
coupled to a recepior suitable for a sensing process. The synthesis of an an amphiphilic
polymer bearing cyclodexirin receptors is described in the Examples below. In use, i.e. in the

sensing system, the cyclodexirin is loaded with an organic chromophore, which is released
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Shi neigaumay define a receptor molecule for a peptide of a defined sequence, which may also be

included in a protein. In line with the standard method of immobilised metal affinity
chromatography used in the art, for example an oligohistidine tag of a respective peptide or
protein is capable of forming a complex with copper (Cu*"), nickel (Ni*h), cobalt (Cozq), or
zink (Zn**) ions, which can for instance be presented by means of the chelator nitrilotriacetic
acid (NTA).

[0114] A further example of a capture molecule with specifity for a selected analyte
molecule are avidin or streptavidin that form a complex with a biotin moiety. A further
example of a capture moiety is an affinity tag. Examples of an affinity tag include, but are not
limited to biotin, dinitrophenol or digoxigenin, oligohistidine, polyhistidine, an immuno-
giobulin domain, maltose-binding protein, glutathione-S-transferase (GST), calmodulin
binding peptide (CBP), FLAG’-peptide, the T7 epitope (Ala-Ser-Met-Thr-Gly-Gly-Gln-Gin-
Met-Gly), maltose binding protein (MBP), the HSV epitope of the sequence Gln-Pro-Glu-
Leu-Ala-Pro-Glu-Asp-Pro-Glu-Asp of herpes simplex virus glycoprotein D, the hemagglu-
tinin (HA) epitope of the sequence Tyr-Pro-Tyr-Asp-Val-Pro-Asp-Tyr-Ala or the “myc”
epitope of the transcription factor c-mye of the sequence Glu-Gln-Lys-Leu-Te-Ser-Glu-Glu-
Asp-Leu.

[0115] The broad availability of receptor molecules or moieties that can be immobilized
on QDs using the present invention allows for the detection of various target molecules.

Examples of a suvitable target molecule include, but are not limited to, a peptide, a
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Pol YNRliided in the amphiphilic polymer with a number of r units (see above for further details).
The repeat unit (IIT) includes a moiety R’ that is an aliphatic moiety (supra). This aliphatic
moiety has a terminal C =€ group or a terminal azido group. A unit (IV) of a the polymer B is
covalently bonded to a bridge D. The bridge D is in turn covalently linked to the surface. The
bridge D is of the structure -G'-R*-G*. G' and G of the bridge D are independent from one
another an aliphatic bridge of 1 to about 80 carbon atoms, including of 1 to about 70 carbon
atoms, about 2 to about 70 carbon atoms, 1 to about 60 carbon atoms, about 2 to about 70
catbon atoms, 1 to about 40 carbon atoms, about 2 to about 40 carbon atoms, about 10 to
about 80 carbon atoms, of about 10 to about 60 carbon atoms, of about 25 to about 60 carbon
atoms, of about 10 to about 40 carbon atoms, of 1 to about 20 carbon atoms, about 2 fo about
20 carbon atoms or 1 to about 10 carbon atoms, such as 1, 2,3,4,5,6,7,8,9,10, 11, 12, 13,
14, 15, 16, 17, 18, 19, 20, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39,40, 41,
42, 43 or 44 carbon atoms. Further, the aliphatic bridges G' and G* may include, independent
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synt HEEnaHqsx ofd«feawshwphndga:faﬂd llydmrfhebmwalln@ “click chemistry” as detailed above.

Aterminal C=€ group or a terminal azido group may be provided on the surface by any suitable

means (cf. also above). An illustrative example of providing a terminal C=C group or a
terminal azido group on a surface is depicted in Fig. 11. Further, Fig. 12 illustrates a glass
surface covered with a plurality of QDs according to the invention. The dark zone in the
middle of the picture represents an area where a layer of the quantum dot coating has been

removed by scratching. Fluorescence is present only in areas covered with QDs.

[0120] The formation of the bridge D between a surface and a plurality of nanocrystals
can be locaily restricted to certain areas of the surface. This can be achieved by only bringing
the selected areas to be covered in contact with the plurality of nanocrystals that include on
their surface a polymer according to the invention. The remaining areas may be covered with
other matter in order to avoid contact with the plurality of nanocrystals. No such covering is
in some embodiments required, where means are used to specifically direct the plurality of

quantum dots to selected areas of the surface. Thereby any desired surface pattern may be
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r eadyayesy areclinkel bycinearissaf ay bifunctional compound having two copies of the matching
group for “click chemistry”, e.g. two C=E groups. Once al layers are deposited, azide or
acetylene functionalized receptor/ capture molecules may be linked to the QDs. Such

receptor/capture molecules include but are not limited to ionophores, peptide receptors,
nucleic acid receptors and mono- and polysaccharides receptors, for example calixarenes,
cavitands, i)orphirines, cryptands, crown ethers, cyclodextrines, peptides, polysacharides,
antibodies, DNA and RNA strands, diamides, other ionophores, chromophores, conductive
polymers.

[0123] In order that the invention may be readily understood and put into practical effect,
particular embodiments will now be described by way of the following non-limiting

examples. It is understood that modification of detail may be made without departing from
the scope of the invention,
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[0126] The development of more sophisticated water-soluble nanoparticles or
nanoparticle composites grafted with amphiphilic polymers as an enabling water-solublity
shell for use in sensing or nanofabrication can be achieved with the use of coupling
chemistry. The coupling chemistry has to be versatile, robust, and easy to perform, have high
reaction yield and be cost-effective.

EXAMPLES

Example 1: Synthesis of quanium dots — general procedure

[0127] All reagents were purchased from Aldrich or Fluka, including poly(isobutylene-
alt-maleic anhydride) (Mw= 6000 and 60000 g/mol). NMR spectra were recorded on a
Bruker 400 MHz spectrometer. UV-VIS absorption was recorded using a Shimadzy
specirophotometer (UV-1601). A Shimadzu spectrofluorometer (RF-5301PC) was used to
obtain the luminescence spectra of the quantum dot solutions.

[0128] Cadmiwm oxide (0.026 g, 0.20 mmol) and stearic acid (0.25 g, 0.88 mmol) were
dried in vacuum and subsequently heated in N; atmosphere up to 220 °C until the solution
became transparent. The mixture was cooled to room temperature and subsequently TOPO
(4.00 g, 50 mmol) followed by 1-hexadecylamine (2.50 g, 500 mmol) were added. The
mixture was warmed up to 220 - 240 °C, and a solution of Se in TOP (0.2 mL, 0.2 mmol)

was added. To grow a passivating ZnS layer around the CdSe core, a solution of sulphur in
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[0131] To the solution of 2.00 g poly(isobutylenc-alt-maleic anhydride) (Mw = 6000) in

400 mL of dry THF 0.8 mL of n-octylamine (0.8 mL, 4.8 mmol) followed by DIPEA (1.7
mL, 14.4 mmol) were added and the mixture was stirred for 1h at 50 °C, Subsequently
monoaminated B-cyclodextrin (0.72 g, 0.6 mmol) was added, and mixture was stirred for
additional 15h at r.t. After THF evaporation the material was suspended in water with small
excess of NaOH with respect to the carboxylic groups in the polymer backbone. After
evaporation of water and DIPEA, the remaining residue was dissolved in water, and dialyzed

against diluted water solution of NaOH and pure water for a few days to obtain polymer in

sodium salt form. Not dissolved suspension was removed from water solution by
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Example 4: Representative procedure for synthesis of an amphiphilic polymer bearing

acetylene function for "click” attachment

{0132] To the solution of 2.01 g poly(isobutylene-alt-maleic anhydride) (Mw = 6000) in
400 mL of dry THF 0.8 mL of n-octylamine (0.8 mL, 4.8 mmol) followed by DIPEA (1.7
mL, 14.4 mmol) were added and the solution was warmed to 50 °C 1 h later flask was cooled
to r.t. and propargyl amine was added (0.23 mL, 4.8 mmol). The mixture was stirred for 16h.
After evaporation of THF the material was suspended in water with a small excess of NaOH
with respect to the carboxylic groups in the polymer backbone. After evaporation of water
and DIPEA, the remaining residue was dissolved in water, and dialyzed against diluted water
solution of NaOH and pure water for a fow days to obtain polymer in a sodium salt form
(vield 1.76 g; 53%). '"H-NMR (400 MHz; D,0) 7.21 (9 H, br) 3.93 - 3.72 (33 H, br), 3.20 -
1.63 (205 H, m), 1.46 (70 H, br), 1.22 (215 H, br), 1.08 - 0.65 (279 H, m). Composition:
carboxylic 56%, octylamide 22.5 %, propargyl amide 21.6 %.

Example 5: Representative procedure fox synthesis of an amphiphilic polymer bearing

azide functionalized PEG side chain for "click" attachment

[0133] To the solution of 2.00 g poly(isobutylene-alt-maleic anhydride) (Mw = 6000) in
400 mL of dry THF 0.8 mL of n-octylamine (0.8 mL, 4.8 mmol) followed by DIPEA (1.7
mL, 14.4 mmol) were added and the solution was warmed to 50 °C. 1 h later the flask was
cooled to r.t. and 11-azido-3,6,9-trioxaunadecan was added (0.9 mL, 4.8 mmol). The mixture
was stirred for 16h. After evaporation of THF the material was suspended in water with a
small excess of NaOH with respec-t to the carboxylic groups in the polymer backbone. After
evaporation of water and DIPEA, the remaining residue was dissolved in water, and dialyzed
against diluted water solution of NaOH and pure water for a few days to obtain the polymer
in a sodium salt form (yield 3.07 g 58%). '"H-NMR (400 MHz; D;0) 7.21 (11 H, br) 3.77 -
3.65 (198 H, m), 3.35 - 1.61 (291 H, m), 1.47 (55 H, br), 1.22 (186 H, br), 1.12 - 0.65 (274 K,
m). Composition: carboxylic 61.3%, octyl amide 20.3 %, azide-PEG side chain 18.3 %,

Example 6: Synthesis of quantam dot / polymex assemblies
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anphi phijby$6]PRIANAR" Siffdon wafer was heated in a furnace (350 °C, 5h) to oxidize and clean
its surface. The substrate, cooled to r.t., was subsequently exposed to (3-Bromopropyl)tri-

chlorosilane in vacuum for 16h to deposit a layer of bromosilanes on the surface. Exchange
of Br- functionality to azide was carried by immersing of substrate into a warm bath (50 °C)
of DMF saturated with sodium azide for 16h. Washing of the substrate with water and
ethanol resulted in a surface ready for “click” chemistry.

Example 8: Patterning of azide terminated glass substrate using “click chemistry”

[0137] An aqueous solution of quantum dots coated with a polymer prepared according
to the procedure described in Example 4 (5% of quantum dot assemblies, 1% of
Cu(DAcetate) was drop-casted on a glass slide surface prepared according to the procedure
described in example 7. After 10 minutes, the surface was washed with water and ethanol
leaving a layer of quantum dot assemblies covalently attached to the surface.

Example 9: Patterning of azide terminated glass substrate using “click chemistry” —

PDMS stamp patterning

[0138] An aqueous solution of quantum dots coated with the polymer prepared according
to the procedure described in Example 4 (5% of quantum dot assemblies, 1% of

Cu(I)Acetate) was transferred on a glass slide surface prepared according to Example 6 using
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{01401 One skilled in the art would readily appreciate that the present invention is well
adapted to carry out the objects and obtain the ends and advantages mentioned, as wejl as
those inherent therein. Further, it will be readily apparent to one skilled in the art that varying
substitutions and modifications may be made to the invention disclosed herein without
departing from the scope and spirit of the invention, The compositions, methods, procedures,
treatments, molecules and specific compounds described herein are presently representative
of preferred embodiments are exemplary and are not intended as limitations on the scope of
the invention. Changes therein and other uses will occur to those skilled in the art which are
encompassed within the spirit of the invention are defined by the scope of the claims. The
listing or discussion of a previously published document in this specification should not
necessarily be taken as an acknowledgement that the document is part of the state of the art or

is common general knowledge.

[0141] The inventions illustratively described herein may suitably be practiced in the
absence of any element or elements, limitation or limitations, not specifically disclosed
herein. Thus, for example, the terms “comprising”, “including,” containing”, etc. shall be
read expansively and without limitation. Additionally, the terms and expressions employed
herein have been used as terms of description and not of limitation, and there is no intention
in the use of such terms and expressions of excluding any equivalents of the features shown
and described or portions thereof, but it is recognized that various modifications are possible
within the scope of the invention claimed. Thus, it should be understood that although the
present invention has been specifically disclosed by exemplary embodiments and optional
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part of the invention. This includes the generic description of the invention with a proviso or
negative limitation removing any subject matter from the genus, regardless of whether or not

the excised material is specifically recited herein.

[0143] Other embodiments are within the following claims. In addition, where features or
aspects of the invention are described in terms of Markush groups, those skilled in the art will
recognize that the invention is also thereby described in terms of any individual member or
subgroup of members of the Markush group.




units, wherein each of m o and p is an independently sel ected
integer from3 to 400, r is an independently selected integer from1l
to 400, the sumof p +r is selected in the range from3 to 400, the
sum of mro+p+r is selected in the ran from10 to 10000, Rl in
repeat units (I)-(1V) is Hor nethyl, inrepeat unit (I1) is an

al i phati gigisety with a main chain of 3 to 30 carbon atons and O to 3
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of 5to % t%nms and 0 to 30 heteroatons selected fromthe
group N, 0, S, Se and Si, and, (ii) a noiety -Z-R4 wherein R4 is an
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with a main cha of R to 80 carbon atons andh\ O t@ 30 heteroatons

sel ected fromths grdup N, 0, S, Se and Si, an
azi do group, of the p (B) is
covalently co phllhc pol r i e bridgﬁD 10.
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or salts thereof,
wherein the repeat unit of general formula (I) is comprised in the amphiphilic polymer
with a number of m units, the repeat unit of general formula (II) is comprised in the
amphiphilic polymer with a number of o units and repeat unit of general formula (III) is
comprised in the amphiphilic polymer with a number of p units,

wherein each of m, 0 and p is an independently selected integer from 3 to

400 and wherein the sum of m + o + p is selected in the range from 10 to 10000,
R' in repeat units (I)-(TII) is H or methyl,
R*in repeat unit (II) is an aliphatic moiety with a main chain of 3 to 30 carbon atoms
and 0 to 3 heteroatoms selected from the group N, O, S, Se and Si, and,
R? in repeat unit (I11) is one of (i) an alicyclic moiety with a main chain of 5 to 80
carbon atoms and 0 to 30 heteroatoms selected from the group N, O, S, Se and Si, and,
(ii) a moiety -Z-R* wherein R* is an alicyclic moiety with a main chain of 5 to 80

carbon atoms and 0 to 30 heteroatoms selected from the group N, O, S, Se and Si, and Z
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3. The amphiphilic polymer of claims 1 or 2, wherein R? in repeat unit (III) is a moiety

-Z-R* and wherein the alicyclic moiety R4 is selected from an ionophore, a peptide, a

nucleic acid, a monosaccharide, a polysaccharide, a glycolamide, a calixarene, a

cavitand, a cryptand, a crown ether, a porphyrin, a cyclodextrin, a ionophore and a

chronophore.

4,  The amphiphilic polymer of any one of claims 1-3, wherein R3 in repeat unit (III) is a

mojety -Z-R* and wherein Z is aminoethyl.

5.  The amphiphilic polymer of any one of claims 1-4, wherein R2 in repeat unit (IT) is an

alkylamino group.

6. The amphiphilic polymer of any of claims 1-5, wherein the amphiphilic polymer further
comprises a repeat unit of the general formula (IV), thereby defining an amphiphilic

polymer (B):

O av)
OH O
wherein R' is H or methyl,
the repeat unit of general formula (IV) being comprised in the amphiphilic polymer
with a number of r units, wherein r is an independently selected integer from 1 to 400,

wherein the sum of p + r is selected in the range from 3 to 400,



g is an independently selected even integer from1l to 400, wherein
the sumof p + qis selected in the range from3 to 400, and wherein
the sumof mto+p +q is selected in the range from 10 to 10000, 57 R
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aliphatic noiety with a main chain of to 30 carbon atons and O to 3
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further polymer or the sensing molecule.

7.  The amphiphilic polymer of claim 6, wherein the sensing molecule is one of a peptide, a

protein, a nucleic acid, a saccharide, a polysaccharide, and a lipid.

8.  The amphiphilic polymer of claim 6, wherein the surface is one of a metal surface, a

metalloid surface, a surface a cell, and a surface of a virus particle.

9. The amphiphilic polymer of claim 6, wherein the further polymer coupled to the
amphiphilic polymer (B) is an amphiphilic polymer (B’), wherein the amphiphilic
polymer (B”) comprises repeat units of the general formulae (T), (IT), (III) and (IV):

R" R R'" R
M an
) O o e
OH HO OH 2
R
1 1
R R R R’
(11) %—% (IV)
') O
OH R3

or salts thereof,

wherein the repeat units of general formulae (I), (IT), (II1) and (I'V) are independently
selected from the repeat units of general formulae (I), (ID), (TIT) and (IV) of the
amphiphilic polymer (B)



carbon atons and 0 to 20 heteroatons selected fromthe group N, 0, S
Se and Si, wherein the bridge D is obtained by a reaction involving
the CEC group or the azido group of the aliphatic noiety 12.3 of the
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units,

wherein each of m, o and p is an independently selected integer from 3 to

400,

r is an independently selected integer from 1 to 400,

the sum of p + r is selected in the range from 3 to 400,

the sum of m + 0 + p + r is selected in the range from 10 to 10000,

R' in repeat units (I)-(1IV) is H or methyl,

R? in repeat unit (I) is an aliphatic moiety with a main chain of 3 to 30 carbon atoms
and 0 to 3 heteroatoms selected from the group N, O, S, Se and Si, and,

R*in repeat unit (III) is one of (i} an alicyclic moiety with a main chain of 5 to 80
carbon atoms and 0 to 30 heteroatoms selected from the group N, O, S, Se and Si, and,
(i) a moiety -Z-R* wherein R* is an alicyclic moiety with a main chain of 5 to 80
carbon atoms and 0 to 30 heteroatoms selected from the group N, O, S, Se and Si, and Z
is an aliphatic bridge of 1 to 3 carbon atoms and 0 to 2 heteroatoms selected from the
group N, O, S, Se and Si, (iii) an aliphatic moiety with a main chain of 3 to 80 carbon
atoms and 0 to 30 heteroatoms selected from the group N, O, S, Se and Si, and a C=C
group or an azido group,

wherein the unit (IV) of the amphiphilic polymer (B’) is covalently coupled to the
amphiphilic polymer (B) via the bridge.

10. The amphiphilic polymer of any one of claims 6 - 9, wherein the bridge is represented
by the formula

wherein Y is an aliphatic moiety with a main chain of 1 to 80 carbon atoms and 0 to 20

heteroatoms selected from the group N, O, S, Se and Si.



with a nunmber of munits, the repeat unit of general formula (II) is
conprised in the anphiphilic polymer with a nunber of o units, the
repeat unit of general formula (11l) is conprised in the anphiphilic
pol ymer with a nunber of p units and tg% repeat unit of general
formula (1V) is conprised in the anphiphilic polyrrer with a nunber of
runits ac | el ect.ed inte

from 3 toﬁ40% Q%Atﬁg&ro(la@)rl] Oprg%ﬁﬂgqvété}dsgﬂli%s[% se‘lg é%sttazc?ofnﬁnflﬂ%o? 4% aF‘?‘B‘Pn
3 to 400, andoll-h@faimtmmovaﬂwntﬂmeracnm aedngetighdlid poljher acedsidiag id 19 oke ot O
10000, vvherellg R |{brepeat units (1)-(IV) is Hor nethyl, R2in
repeat unit (L' ’InSl Is an aliphatic noiety with a main chain of 3 to 30
carbon atons and 0 to 3 heteroatons selected fromthe group N, 0, S
Se and Sil2. 1A Bumlityrof paset-solnble néuhdch)stalsﬁ ﬂﬁmaﬁd)drﬁh‘élé btheBlupdlyy ¢ th a
main chain of_ 3t car.hon atorrsH& group or an azido group,

wherein the %%nﬁglgpfﬁgtcgpgngpg pp thepys eVﬂ%/n%rCOHélﬁWngaA% ingeractiopapl ed
to the surf assphMplalieplfinde®)Bvhdrbia thH dnﬂﬂ@h@ﬂ%lﬁﬂeﬁﬂ%&rﬁﬁ%@’reﬁ%qﬁi‘?s

to a unit (I¥ of a nanocrystal and to 'the surface, Wwhere

bridge D is ©fh¢awmesy forppledD. @, @) ad. (Visherein G and @ are

i ndependent from one another an aliphatic bridge of 1 to 80 carbon
atons and O to %0 hetlgnoatom; selected fromt N, 0, S, Se and
Si, and R5 is amarylaliphatic or arylalicycli e conprising a
trlazole ring, In the bridge D is obtaine a reaction
involving th zi do _group [ [
and a CC grou group on®he sur

O @] o 0
OH HO STA
R
R" R
(110 (IV)
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or salts thereof,

wherein the repeat unit of general formula (I) is comprised in the amphiphilic polymer
with a number of m units, the repeat unit of general formula (II) is comprised in the
amphiphilic polymer with a number of o units, the repeat unit of general formula (III) is
comprised in the amphiphilic polymer with a number of p units and the repeat unit of
general formula (IV) is comprised in the amphiphilic polymer with a number of q units,
wherein each of m, o and p are an independently selected integer from 3 to

400,

q is an independently selected even integer from 1 to 400,

wherein the sum of p + q is selected in the range from 3 to 400,

and wherein the sum of m + o + p + q is selected in the range from 10 to 10000,



59 or salts thereof, wherein the repeat unit of general formula
(1) is conprised in the anphiphilic polymer with a nunber of munits,
the repeat unit of general formula (lI1) is conprised in the

anphi philic polyner with a nunber of o#mits and repeat unit of
general fornmula (l111) is conprised in ?he anphi philic polymer with a

nuber of p ghid @pcatifEDATEREM & méhy!® and p is an independently
sel ected integer ?rom3 to 400 and wherein the sumof m+ o + p is

sel ected i n Rh# repgagunit {1Drs aroalipbaticooly ywRith § maingghaiatof § e 8@ cqrbp1CIONs S
H or nethyl, ' ' I ' [ [ jety with a
mai n chai n o?rf%o toorb %eggggé%g%l%ttégn@%lﬁ% %@%’3@’@{58%%a ons” sel ect ed
from the groRpiiNepést ufit (I iamdalFhati@imdietyRBith A nizpetedin o3 to 0 tdrdord foms
one of (i) anl}gal'g_(_:q\‘(‘cl i C noi et.g with a main chain of 5 to 80 carbon
atoms and 0 Y BE HEVPOATOARILEPERt ed fromthe group N, 0, S, Se and
Si, (i) a mMhgb¥ & BrsFRatdhE @10 nBbclyvetaPihd®] dE¥id &5 MRIGAY ndMob st?l JBhe
chain of 5 to 80 carbon atonms and 0°to 30 heteroatons selected from
t he group N, ploraliy; oSpangays@ls, araredupted sidam beiflge Pathe biddedg ebedrfe dovialgntly
carbon atons . r h roup N, 0. S
Se and Si, (]|3| | d g)nat %Plg%?géﬁﬁ%bl e %ﬁs\?\n;lt%ﬁa g%.‘ﬁ%’%%?%"%lé mgmf gstgb
carbon at onsthanighidget D Bdndof ahoatragtbres Sy -BRENR vwhemin Rieisgar0 up/ldliphic Sr
Se and Si, and B bR Borsmrisny 2 etaadle HndUBid ¥ is an aliphatic bridge of 1 to 80
carbon atoms and 0 to 20 heteroatoms selected from the group N, O, S, Se and Si,
wherein the bridge D is obtained by a reaction involving the C=C group or the azido
group of the aliphatic moiety R® of the amphiphilic polymer (B) on the first water-
soluble nanocrystal and a C=C group or an azido group of the amphiphilic polymer (B)

on the second water-soluble nanocrystal.

13. A plurality of water-solubie nanocrystals immobilized on a surface, the nanocrystals of
the plurality of nanocrystals comprising on their surface via non-covalent or covalent
interaction an amphiphilic polymer (B), the amphiphilic polymer (B) comprising repeat
units of the general formulae (I), (II), (IIT) and (IV):

R'" R R R

(D (0
O
CH HO OH



the process conprising reacting in a suitable solvent a naleic
anhydri de polynmer of forrmula (V), 60 wherein n is an integer from
10 to 10000, and RI is Hor nethyl, with: a first conpound, the
first conpound bei ng a nonofuncti onal ﬁgiphatic conmpound carrying a
functional group Fapabl of formng a l'inkage with an anhydride,
wherein the allﬁbatlcF%onpound has an al kyl ¢ 13 to 30 carbon
atons and 0 to 2 N, 0, S, Se and

Si; and a secognd second conpoun®\ _Meing an alicyclic
or aliphatic ' af t i onaka gr odpncapabl esof f I Ng
a linkage wt ' wherein'the aPicyclicycompglnd has a
main chain of 5 to tons and 0 to 30 h 5 ‘sel ect ed
fromthe group N~ y, and wher ei ' [ i ¢ conmpound
(i) is an allpha(?c bre 1 to 3 carbon atons o 2

het eroatons selected fromtRe group N, 0, S, Se an I, Substituted
with an alicyclic noiety R4, wherein R4 is an alicyclic noiety with a
main chain of 5 to 80 carbon atons and 0 to 30 heteroatons sel ected
from the groesalthereo Se and Si, or (ii) has a main chain of 3to
80 carbon ato

S, o and S VRSRG idpe BRAP) GPrEERETER Sl SRR HougRGLe bobtner
with a number of m units, the repeat unit of general formula (II) is comprised in the
amphiphilic polymer with a number of o units, the repeat unit of general formula (III) is
comprised in the amphiphilic polymer with a number of p units and the repeat unit of
general formula (IV) is comprised in the amphiphilic polymer with a number of r units,
each of m, o and p are an independently selected integer from 3 to
400,

wherein the sum of p + r is selected in the range from 3 to 400, and
the sum of m + o + p + r is selected in the range from 10 to 10000,
wherein R in repeat units (I)-(IV) is H or methyl,
R? in repeat unit (II) is an aliphatic moiety with a main chain of 3 to 30 carbon atoms
and 0 to 3 heteroatoms selected from the group N, O, S, S¢ and Si,
R’ in repeat unit (IIT) is an aliphatic moiety with a main chain of 3 to 80 carbon atoms
and a C=C group or an azido group,
wherein the nanocrystals of the plurality of nanocrystals are coupled to the surface via a
bridge D, the bridge D being covalently bonded to a unit (IV) of a nanocrystal and to
the surface,
wherein the bridge D is of the structure -G'-R*-G*-, wherein G' and G are
independent from one another an aliphatic bridge of 1 to 80 carbon atoms and 0 to
20 heteroatoms selected from the group N, O, S, Se and Si, and R® is an
arylaliphatic or arylalicyclic bridge comprising a triazole ring,
wherein the bridge D is obtained by a reaction involving the C=C group or the azido

group of the aliphatic moiety R® and a C=C group or an azido group on the surface.

14. A process of forming an amphiphilic polymer (A), the amphiphilic polymer comprising
repeat units of the general formulae (I), (II) and (III):



15. The process of claim 14, wherein the functional groups capabl e of
formng a linkage with an anhydride of the first conmpound and of the
second conpound are independently one of an am no group, a hydroxyl
group, a thiol group, a selenol group, ? hal ogen, an ether group and
a thioether group. 16. The process of g ainms 14 or 15, wherein the
second conmpound is an al kylam ne. 17. The process of any one of
clains 14 - 16,Rmher?%ﬂ the anphiphilic polynmer ,{A) L§ fornmed using a
first conpound 'Rhat ;3 an ali phatic conmpound haYyi ng

to 80 carbon ato et eroat ons sel eche
0, S, Se and , atic conmpound havi
addition to the functy 1
anhydride, the procg er conprising reacting the a iphilic
polymer (A) wt
surface carries oup; thereby allown
bri dge between the aﬁ%ﬁ”ﬂ lic polymer (A) and the c@mounth or the
surface, the bridge conprising a triazole ring. 18. The pFfocess of
claim 17, wherein the conpound is an anphiphilic polynmer (A)
obt ai nabl e by the method of apy of Rﬂains 14 - 16, wherein the

anphi philic polynmer (A) is foxnmed using a first conpound that is an
al i phatic conpound having a mai ain of 3 tgo 80 carbon atons and 0
to 20 heteroatons sel ected 0, S, Se and Si, the

al i phati c conmpound having i t he func&@ﬁnal group capabl e
of formng a |inkage with an anhydyi de anN\azi do d p, the process
conprising reacting the anphi phi wi th the anmphiphilic
pol ymer (A'), thereby allowi ngQ’he Yormatjon '¥f a bridge D between

t he anphi philic polyner (A) and theCHﬁphkghilic polymer (A'), the
bridge D conprising a triazole ring. 19. The process of any one of
clainms 14 - dGaltsnhercef,n t he anphi philic polynmer (A) is fornmed using a
first conpound that is an aliphatic conpound having a nmain chain of 3
to 80 car bonVkgreipghedseeapunipotxgnerak forraue Ohris copipsisedsin thie mphiptaligpadymerN,
0, S, Se and,$ hﬂpg&i I i do. aroup, .

addi tion tod?ﬁ%a %ﬂ@??ﬁna gf%%%ggggggﬁgg%¥h@g?%gﬁgﬁggVPﬁwgae %w%ﬁ1 an
anhydri de, tadmephipholéeadyrierrwitiesr muatrep of ¢ imigs and aetehngnittofigemeny Homphild (111) is

pol ymer (A) .3 ound ,or a . surface wq%!e'n t.he conpound or the
surface car rci%éléjplggdté%qgg)armo‘{rjhﬁ)ph%f%ql%?f AR IRY rf’h%u?lbsr mati on of a
bri dge bet weeleréih eachryging, phind ipds goinjepraddnfly selbded MegeoR®BAERE or the
surface, the ri9%% co rising a triazole an%i

400 an erein the sum of'm + 0 + p 1s selected in the range from 10 to 10000,

R' in repeat units (D-(IIT) is H or methyl,

R? in repeat unit (II) is an aliphatic moiety with a main chain of 3 to 30 carbon atoms
and 0 to 3 heteroatoms selected from the group N, O, S, Se and Si, and,

R? in repeat unit (III) is one of (i) an alicyclic moiety with a main chain of 5 to 80
carbon atoms and 0 to 30 heteroatoms selected from the group N, O, S, Se and Si, (i) a
moiety -Z-R* wherein R* is an alicyclic moiety with a main chain of 5 to 80 carbon
atoms and 0 to 30 heteroatoms selected from the group N, O, S, Se and Si, and Z is an
aliphatic bridge of 1 to 3 carbon atoms and 0 to 2 heteroatoms selected from the group
N, O, §, Se and 8i, (iii) an aliphatic moiety with a main chain of 3 to 80 carbon atoms
and 0 to 20 heteroatoms selected from the group N, O, S, Se and Si, and a C=C group or
an azido group,

the process comprising reacting in a suitable solvent a maleic anhydride polymer of
formuia (V),



20. A method of forming a water-soluble nanocrystal, the nethod
conprising: (i) providing a nanocrystal in a suitable solvent, (ii)
contacting the nanocrystal with an anphiphilic polynmer (A) according
to any one of claims 1 - 10, and (iii) allow ng non-covalent or

coval ent interaction between the anphiB%illc pol ymer and the
nanocrystal to occur, thereby ﬁornipg a wat er-sol ubl e nanocrystal.
62 21. The met hod of cIaiwnZOB wheatein the ,provided nanocrystal
conprises a sem conductig mat&rjal. 22. The nethod of clainms 20 or
21, wherein the anphiphili eat units (111) with R3
bei ng an aliphatic noiety of 3 to 80 carbon atons
and 0 to 20 heteroatons se dgroup N, 0, S, Se and Si
and a GEC group or an azi od thrther conprising
contacting the anphiphilid a Ggnpound or with a
surface, wherein the conp@und or the surfade carries an azido group
or a CC group, thereby all'owing a reaction FotﬁCCU{z Lh?.reac}g?g -
involving th ;O : i oup, o e aliphatic no

of the a%phigﬁ%??%hggﬁyﬁé?}?@?qﬁﬁgﬁﬂgk%%(%r- sol ubl e nanocrystal and
a CC group oR! &H azieihylgr oup of the conmpound or on the surface,
thereby allowi ng the formation of a bridge between the anphiphilic
pol yrmer (A) Wt he conmpound or the surface, the bridge conprising a

triazole ring. ,fig compound, the first compound being a monofunctional aliphatic compound

carrying a functional group capable of forming a linkage with an anhydride, wherein
the aliphatic compound has an alkyl chain of 3 to 30 carbon atoms and 0 to 2
heteroatoms selected from the group N, O, S, Se and Si; and

* asecond compound, the second compound. being an alicyclic or aliphatic compound
carrying a functional group capable of forming a linkage with an anhydride,
wherein the alicyclic compound has a main chain of 5 to 80 carbon atoms and 0 to
30 heteroatoms selected from the group N, O, S, Se and Si, and
wherein the aliphatic compound (i) is an aliphatic bridge of 1 to 3 carbon atoms and
0 to 2 heteroatoms selected from the group N, O, S, Se and Si, substituted with an
alicyclic moiety R*, wherein R* is an alicyclic moiety with a main chain of 5 to 80
carbon atoms and 0 to 30 heteroatoms selected from the group N, O, S, Se and Si, or
(ii) has a main chain of 3 to 80 carbon atoms and 0 to 20 heteroatoms selected from

the group N, O, S, Se and Si, and additionally a C=C group or an azido group.

13. The process of claim 14, wherein the functional groups capable of forming a linkage
with an anhydride of the first compound and of the second compound are independently
one of an amino group, a hydroxy! group, a thiol group, a selenol group, a halogen, an

ether group and a thioether group.
16. The process of claims 14 or 15, wherein the second compound is an alkylamine.

17. The process of any one of claims 14 - 16, wherein the amphiphilic polymer (A) is
formed using a first compound that is an aliphatic compound having a main chain of 3

to 80 carbon atoms and 0 to 20 heteroatoms selected from the group N, O, S, Se and Si,



23. The nethod of claim 22, wherein (i) the conpound or the surface
carries an azido group, and the aliphatic noiety R3 of the polymer
(B) on the nanocrystal carries a CC group or (ii) the conmpound or the
surface carries a CC group, and the allghatl_c noi ety R3 of the

pol ymer (B) on the nanocrystal carries®an azido group, and wherein

t he reaction 1%; en-the CEC or, the azi do grou
of the corrpoaﬁr? . hgtﬁ%%%"h sur }Q@ b= é]%rofjﬂén%@qﬁ%t&m? Gondligro able
group, respeoffomeiqgadmk'agre.vﬂahalpmwﬂdd;ml ety R3 of the polyner (B) on
t he nanocrys e use of a plurality of water-sol uble

nanocrystal s ha?é’é%‘?eﬂﬁ W&E‘f’r&oﬁpgﬁlﬁg 1%‘3@’&% @69@1’@%1!119 pelyiisy (49 witlr 4 eagepound
therew th, wees Qirfact Reheh BlccoR) Hlﬁ'ldeormé/es&aﬂjie% aﬂg%ﬁog ?’n{BQ’thI lic

polymervmtharepeat unit (LI11) in which R31s an a cm)lety
with a main &PRIing dr formasiog of & hridesrbeswesnheamphiphiie ;gﬂqu:r (&) amhthazi do

group. 25. Thgnhsdef oklsis ezéliebﬁ%%@c{g)}rﬁaaeﬂéra%%gielrix}%pgbgnpﬁ25, di ng

surface a plurality of azido grou ou
anchorage sites capabl e of undergoing a reaction with the CC groups
or the aZBdollfrriaesss of daipelch whetey th@tomlhmmdmgramrhiphhii@dhﬁjmcmy)st al's.

26. Th e contactin t he ,surf on _whi ch
the pl 5r ;Isl t@ﬂc oﬁé az%géal}eglﬁoggﬁgﬁ (L)[g 26 ‘ghﬁfﬁ{lr{}t?, p?‘é’r'g“h“vﬁotlﬂn?r he
wat er - sol ubl @&’ harfcmrcylsismgsa ﬁrst@:ﬁm@?p’und'ﬁhﬁ 1y51€ali¥>ﬂﬁat€d ?ﬂn{ﬁolaﬁ% RdvirdDa mam

f t he urality of azi
aroupsor _crgratp<bRe b ors 50 Fpd briupmiplecadipnre foasess N, O, 5,
wat er - sol ubl sz amars@ahe/ﬂhﬂlhﬁc Snpol B hAAYBIneRkKi¥n @Jz&l@ﬁnﬁﬁ ﬁgﬁ'ﬂ{) Eéelﬁbleto@e

nanocrystal s, are arranged on the surface in the f ormo a patt
28. Thg use grMiZE ey A amhydilsappsida israpcide mqffgsstcomotlangrreatitmgn

the detectiape Qﬁplﬁ 1i€polgRet Q'D’wﬁh tﬂg bk 11@1391 l(-l)‘ltBIe /{l) tRerfi4© H%wmgatﬁ
A hphig

a saccharide ¥saqc ride,
fonnatlon of a bridge D between the amphlphlhc ponmer (A) and the amphiphilic

polymer (A’), the bridge D comprising a triazole ring.

19. The process of any one of claims 14 - 16, wherein the amphiphilic polymer (A) is
formed using a first compound that is an aliphatic compound having a main chain of 3
to 80 carbon atoms and 0 to 20 heteroatoms selected from the group N, O, S, Se and Si,
the aliphatic compound having an azido group in addition to the functional group
capable of forming a linkage with an anhydride,
the process further comprising reacting the amphiphilic polymer (A) with a compound
or a surface, wherein the compound or the surface carries a C=C group, thereby
allowing the formation of a bridge between the amphiphilic polymer (A) and the

compound or the surface, the bridge comprising a triazole ring.

20. A method of forming a water-soluble nanocrystal, the method comprising:
(1) providing a nanocrystal in a suitable solvent,
(i1) contacting the nanocrystal with an amphiphilic polymer (A) according to any one
of claims 1 - 10, and
(iii) allowing non-covalent or covalent interaction between the amphiphilic polymer

and the nanocrystal to occur, thereby forming a water-soluble nanocrystal.



21.

22.

23.

24.

25.

26.
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The method of claim 20, wherein the provided nanocrystal comprises a semiconducting

material.

The method of claims 20 or 21, wherein the amphiphilic polymer has repeat units (IIT)
with R? being an aliphatic moiety with a main chain of 3 to 80 carbon atoms and 0 to 20
heteroatoms selected from the group N, O, S, Se and Si, and a C=C group or an azido
group,

the method further comprising contacting the amphiphilic polymer (A) with a compound
or with a surface, wherein the compound or the surface carries an azido group or a C=C
group, thereby allowing a reaction to occur, the reaction involving the C=C group or the
azido group of the aliphatic moiety R’ of the amphiphilic polymer (B) on the water-
soluble nanocrystal and a C=C group or an azido group of the compound or on the
surface,

thereby allowing the formation of a bridge between the amphiphilic polymer {A) and

the compound or the surface, the bridge comprising a triazole ring.

The method of claim 22, wherein (i) the compound or the surface carries an azido
group, and the aliphatic moiety R? of the polymer (B) on the nanocrystal carries a C=C
group or (11) the compound or the surface carries a C=C group, and the aliphatic moiety
R? of the polymer (B) on the nanocrystal carries an azido group,

and wherein the reaction is a reaction between the C=C group or the azido group of the
compound or on the surface, and the azido group or the C=C group, respectively of the

aliphatic moiety R? of the polymer (B) on the nanocrystal.

The use of a plurality of water-soluble nanocrystals according to claim 11 to covalently
cover a surface therewith, wherein the water-soluble nanocrystals have an amphiphilic
polymer with a repeat unit (III) in which R® is an aliphatic moiety with a main chain of

3 to 80 carbon atoms and a C=C group or an azido group.

The use of claim 24, comprising immobilizing on the surface a plurality of azido groups
or C=C groups, thereby providing anchorage sites capable of undergoing a reaction with

the C=C groups or the azido groups, respectively, of the water-soluble nanocrystals.

The use of claim 25, comprising contacting the surface, on which the plurality of azido

groups or C=C groups is immobilized, with the water-soluble nanocrystals.



27.

28.
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The use of claim 25 or 26, comprising contacting the surface, on which the plurality of
azido groups or C=C groups is immobilized, with a stamp to which the water-soluble
nanocrystals are non-covalently attached, such that the nanocrystals are arranged on the

surface in the form of a pattern.

The use of a water-soluble nanocrystal according to claim 11 in the detection of one of
an ion, a peptide, a protein, a nucleic acid, a saccharide, a polysaccharide, a cell and a

virus.



