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Preparation of high-quality quantumdots is in many cases perforned
at eleyated tenperatures in the presen of tri-n-octyl phosphine
oxi de X@CPO) as the stabilizir dF 'ngiﬁliﬁ%wﬁwt t he nanoparticles
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greatly affects the | um nescent properties, decreasing
cases the WuRRhic Rolyme: a8 Welh s QIFATRCIGHS Vel lubleraneenstplend uis therent
anount of the functional groups on the QD surface and the stability

of the,resulting nonol ayer i S und limted. In many
cases %e woul d wi sh to obF#ﬁ%ﬂﬁ%ﬂk Ew*%ti onalities
present at the %surface. Exchanging the TOPO |igand with several
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between different |jgands prevent, otﬂe to ob&ai n e.t%._ zZwitterionic, WO
2009/ 03854PER %@%@W%Qt%exztmn in the last decade due to their promising application in

optoelectronics and biology. These applications range from solar cells, light emitting diodes,

20  laser technologies, and chemical sensing to bio-imaging.

[0004] Preparation of high-quality quantum dots is in many cases performed at elevated
temperatures in the presence of tri-n-octyl phosphine oxide (TOPO) as the stabilizing ligand.

As a result the nanoparticles are coated with a monolayer of TOPQ, a hydrophobic molecule,

and the QDs are solvable in non-polar solvents and do not disperse in aqueous solutions.

25  Exchanging the TOPO ligands at the QD surface usually greatly affects the QD luminescent
properties, decreasing in many cases the overall luminescence quantum yields. The control

over the amount of the functional groups on the QD surface and the stability of the resulting
monolayer coating was found to be limited. In many cases one would wish to obtain QDs with
multiple functionalities present at the QD surface. Exchanging the TOPO ligand with several

30  different ligands is problematic. Different affinities of the ligands to the QD surface but mostly

the intermolecular interaction between different ligands prevent one to obtain e.g. zwitterionic



@s. Short nol ecul ar ligands on the surface of sem conduct or
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degradatio s and therefore such |igandcoated hav
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prerequisite to solubilize the QD. The method is not suitable to obtain versatile QD surface
chemistry without the PEG coating.

[0008] Different approaches, relying not on a polymer micelle formation but ratﬁer on the

direct coating of the QDs with amphiphilic polymers were later developed. Amphiphilic, aiky]

30 modified (octylamine or isopropylamine) low molecular weight polyacrylic acids were
successfully shown to coat TOPO-protected nanocrystals and solubilize the QDs in water (Wu,

X., et al., Nat. Biotechnol. (2003) 21, 41; Mattheakis, L.C., et al., Anal. Biochem. (2004) 327,

200; Luccardini C., et al., Langmuir (2006) 22, 2304). In a recent study Luccardini et al. (ibid.)-



have reported on the pH dependent interactions of the coated Qs wth
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SUMMARY OF THE INVENTION

[0013] According to a first aspect, the invention provides a process of forming an amphiphilic

polymer. The amphiphilic polymer includes a hydrocarbon backbone. The hydrocarbon backbone

25  of the amphiphilic polymer carries -COOH side groups. The hydrocarbon backbone also carries
first aliphatic moieties that have a main chain of about 3 to about 20 carbon atoms and 0 to
about 3 heteroatoms. The heteroatoms are selected from the group N, O, 8, Se and Si. The
hydrocarbon backbone further carries second aliphatic moieties that have a copolymerisable
group. The second aliphatic moieties have a main chain of about 3 to about 80 carbon atoms

30  and about 2 to about 40 heteroatoms. The heteroatoms are selected from N and O. Further, the

process includes providing a maleic anhydride polymer of formula (I)



In formula (I) nis an integer fromabout 10 to about 10000. Rl is H
or nethyl. The process also includes reacting in a suitable solvent
the mal eic i polymer of forrmula (1) with a 5 nonofuncti onal
conmpound aﬂgpgﬁgg#gﬁeast bi functi onal compound. The nnnggaﬁg?Pgﬁﬁﬁﬁ
conpound has an al kyl chain of about 3 to about 20 carbon atonms and O
to about 2 heteroatons. The heteroatons are selected fromthe group
N, O, S, Se and Si. The functional group of the nonofunctiona
conmpound i s capabl e of fornyng a linkage with an anhydride. The at

| east bi functional conpounR haqﬁhn al kyl chain of about 3 to about 80
carbon atonms and 0 to gbout\ 10,40 heterogions. The heteroatons are
sel ected from N and O i up of the at | east

bi functional conpound i rmjng a |inkage with an
anhydri de. Mother functional f the¢ at |east bifunctional
conpound i s copol yneri gabl e. t he\procgss only the functional group
of the at |east bifuncgion able of formng a |linkage

wi th an anhydride is al 4ct wifh the &l eic anhydri de

pol ymer of formula (1)] 15[0014] Accordimpg to a second aspect, the

i nvention provides a ptocess of formng anphi philic polymer. The
anphi philic polynmer includes a hydrocarbon backbone. The hydro-

car bon backbfoneulafl)tmhe ammﬁgjepﬁbmmbomdleytmbom a0000eR! 1D nedtiele. THeQPrgBss
The hydrocarbon, backbone. al s arrie flr a es t

have a nai ?\1 T allunesorF Hboth? qufb O thﬁ@’a eécr Tfil!i‘ﬁ&ﬁf "é?ﬁ 8%”?’5135138’&@ a
3 het erdat mmofuidtiend edoprpourtdo amd aneatsieh@dﬂﬁ:dctfomintdﬁmugd olhe MyonOfun&idnal

S, Se and c% polpfhég%éﬁg@lﬂcﬁlgg Qf &%ﬁ#ﬁ%r}%o&lﬁb %%ﬁ&n eﬁc?‘nrmf r!tn %llxﬁ gout ggetamatoms

al i phatic noreties
al i phati c s ketdreatomy e ddeqtfrde@omydmgrp@ N(es &)&cané Soxirhaet)mqtmal getiun@f the

chai n. Furﬁ]&%mn&lbﬁan%a?&aa ik e&daulgeo% BAY gua Sggml g{lj gmgahxé" A%t least

pol ymer of fornula supra) e proce I nc reac |ng I'n
a suit abl ebifwetenal cqmr@uwalpaé iae abgrhshain of abeys Byrerebouy BO tasherdtems pyd Qotahog

monof upet | ANRdiers ABME UME heRbaRmR Aty flidiehanRoNYEa10. Qﬁneaﬁﬂétﬁﬂﬁlr%i&l e at
25 polyeth Ie@gggacol The nppofunctignal _.compound has an al hai n

of about 3%t% jonal compovnsh s ¢agpkle 24 cfore}n%a diskege with éPeﬂ*’BM?sAnqth@
Pet er oat OlnﬁnﬁfoaangQb@ﬁcﬁ’Qlda dt ﬂeﬁﬁﬂ Hiﬁlﬁctﬁ!hﬂlbﬂmbburﬁas &poﬁﬂaeﬁﬁ%lelsﬁn thgbfbcess only

uncti ona r.Ou t he oun S e o ormn
L hkaga & FicBoral aioun T e e bifrRond cORPRI crrblalt Tosmpe o HacHa L
an al kyl cdwanhydride adxdlotvedBtotreact with the maleic anhydride polymer of formula D.

15 [0014] According to a second aspect, the invention provides a process of forming an
amphiphilic polymer. The amphiphilic polymer includes a hydrocarbon backbone. The hydro-
carbon backbone of the amphiphilic polymer carries -COOH side groups. The hydrocarbon
backbone also carries first aliphatic moieties that have a main chain of about 3 to about 20
carbon atoms and 0 to about 3 heteroatoms. The heteroatoms are selected from the group N, O,

20 8§, Se and Si. The hydrocarbon backbone further carries second aliphatic moieties that have a
copolymerisable group. The second aliphatic moieties are defined by a poly(ethylene oxide)
including chain. Further, the process includes providing a maleic anhydride polymer of formula
(I) (supra). The process also includes reacting in a suitable solvent the maleic anhydride polymer
of formula (I) with a monofunctional compound and a polyethyleneglycol or a diaminoalkyl-

25  polyethyleneglycol. The monofunctional compound has an alkyl chain of about 3 to about 20
carbon atoms and 0 to about 2 heteroatoms. The heteroatoms are selected from the group N, O,
S, Se and Si. The functional group of the monofunctional compound is capable of forming a
linkage with an anhydride. The at least bifunctional compound has an alkyl chain of about 3 to



WO 2009/ 038544PCT/ SG2008/ 000356 5 about 80 carbon atons and O to
about 40 heteroatons. The heteroatons are selected fromN and 0. In

t he proces%(f%g?‘,g%?‘ﬁyt erm nal group of the polyethyl epeﬁé¥(/%(g£0r[{%i;005§ge

di am noal | ¢ | enegl ycol is allowed to react wt eic
anhydride polynmer of forrmula (I). [ 0015] According to a third
aspect, the invention relates to an anphiphilic polynmer of the
5general forrmula (11): In forrmula (lI1)seach of m o and p is an

i ndependent|y sel ected integer fromabout 3 to about 400. The sum of
m+ o0 + p ialsms&() exbaatoms amk0 tasiget 40 eradons. The hhtarmtmnmtarelébﬂ)@&d fidth N

is a first | f hout

about 20 car oﬁgﬁéo 05@3& cgi'ﬁ% i%o{ea %al}t '% %Qﬁée{'o efcﬂgﬁl% yc ﬁr% ddammoaikyl'
het er oat omlmlwglemieﬁthllﬁlwmqrh@t yitthe nid Jei@anhgrid@eolmur 6f forfRda (3 a
second al i phatlc noiety with a main chain of about 3 to about 80

car bon at orrs (24l GCQW‘%E’L& thirg aspsetethg diveption relates frormeararhinhitic palmer of the
sel ect ed f%@mai\toﬁﬁﬂa@ﬂ) R3 has a copol yneri sabl e gr oup. [ 0016]
According to a fourth aspect, the invention provides a nethod of

form ng a water-soluble nanocrystal. The netffod includes

br ovi di ng a

nanocrystal in a sgitable solvenjt. The 15 ne udes
contacting the nanpcrystal withla hi phi || fording to
the third aspect. t hod al|d0 ud bval ent or
coval ent interactiy g—anmpli philic he II)
nanocrystal to occ yljt t e =XDil{L /pral is
formed. [0017] Acc i¥th @5pegt, “phe i nvengd on Ié)rovi des a
further nethod of T ' 20"t er - soRabl e nanocrystal. The net hod

i ncl udes providing a nanoctystal in a suitable solvent. The nethod
al so incl ddefgnmdmﬁﬁ@tachwgf nhe amgn senyisdep¢ndentiyrselented mpégep fromi aboywd tp mbout

The anphi plyl g%k%o HEGJ P 1%%%§€1M9Fa%géﬁm%bgﬁqbl?ﬁa§mt T&ﬁg R2 is a first

hydr ocar bon b ne carries po I de groups rocar
backbone adlipbaticanqipts svithjamagin ehainy{gbous ofghiont 3 egbot 8 carber stoms m;mhnouabout

noi et i G NANKer8atbiBs. The AatbidatBins 23QMECte &6 ﬁ{acgaé;up%@ ¢, %9 Qn@sIOﬁS lsaa@gco%

to about 3 heteroatons. 25 The heteroatonms are selected fromt
group N, CRlipkaticqpoigtyqvity a mainechajpefrbavtnh e aheuk B prsdbent afeme and Pé% about 40

second al i jehaddtdins Whekdt@batonid @e S@&adorl NahadI B3 mla%p@_ﬁma%me grolBi N
chain of about 3 to about 80 carbon atons and O to about 40

het er oat ons. [(Whé] Aebelingib anburdr spsg | tecineehtibn pmvides A ahefhod foff farndig a winer-

second al i B_%; %I(ET é Ol YR S

seco ng SRSl PR BRNE) hoRARANABHE SARhSCHAR 2 sTRAITEHIIE The
method also includes contacting the nanocrystal with an amphiphilic polymer according to the
third aspect. The method also includes allowing non-covalent or covalent interaction between
the amphiphilic polymer and the nanocrystal to occur. As a result a water-soluble nanocrystal

is formed.

[0017] According to a fifth aspect, the invention provides a further method of forming a

20  water-soluble nanocrystal. The method includes providing a nanocrystal in a suitable solvent.
The method also includes contacting the nanocrystal with an amphiphilic polymer. The
amphiphilic polymer includes a hydrocarbon backbone. The hydrocarbon backbone carries polar

side groups. The hydrocarbon backbone also carries first aliphatic moieties. The first aliphatic
moieties have a main chain of about 3 to about 20 carbon atoms and 0 to about 3 heteroatoms.

25  The heteroatoms are selected from the group N, O, S, Se and Si. The hydrocarbon backbone
also carries second aliphatic moieties. The second aliphatic moieties have a main chain of about 3

to about 80 carbon atoms and 0 to about 40 heteroatoms. The heteroatoms are selected from N

and O. Further, the second aliphatic moieties have a copolymerisable group. The method also



i ncludes all owi ng non-coval ent or coval ent interaction between the
anphi philic polymer and the nanocrystal to occur. As a result a

wat er - sol UW(?zot'aﬂﬁb%ghyStal is forned. [ 0018] Accorg%@ggiocase{ﬁmﬁfhe

si xt h aspect, € 1 nvention provides a water-sol ubl e nan St

wat er - sol ubl e nanocrystal includes on its surface via non-coval ent or
coval ent interaction an 5anphiphilic polyner according to the third
aspect. [ 0019] According to a seventlg aspect, the invention

provi des a wat er-sol ubl e nanocrystal. The water-sol ubl e nanocryst al

i s obt ai nalbichdpsaltohingmeinioualent oo covatapt fndersdiien betwetrhtha ndipbiphtliegofyinfet lnd
aspect. 10 [ t i 8 [ i,on provides
an IOarrp hi ph ?ﬁ%d&gﬁ%@%ﬁ)r&% 5’r‘&)€’t %ESL%OERP éoter’rﬁ%?l :g%tr{m%#cp)gtalb %ﬁ%ﬁi " meshwor k.
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to abouf 8BmplipHiiepalinermcaindindiottte o uiped0 het er oat ons. The
heteroatons are selected fromN and 0. The side chains of the

hydr ocar bon HeRbaseording tv aseverpl aspeel the diwentiagy poides B5{@BRsblubkcanpaty sta

O 2o " PTREREEEcol B FAI'IO B PUAL B3 e Indl diRF 0L (A PheABTN B uf

polymer in the formation of a polyner

pol yner i sfihawaghi philic pol yner according to the third aspect.

bot tor _under BBHAGIFRE 0RE FERPEPY MHE TP e 8 e B ol ot
consi déo eplfdm-atilmnpﬂmcpblgmcw'(x)ﬂegh\vdr% ﬁhﬂ-dnilpﬁ_ip?alllhg%:ﬁy?&pli:m&?ﬁh glblﬁrfocarbon
acconpanyi [ aW-NgsS., i gure illustra

Form hg. e kol T Bmrmvpt Mickbrte S i o 4Rt e duiideaon Boaviope
t he suspenslsorernds si@eshsios tatdrive am alkylathai)od AN PAMN: RN &Y esbontatoms and 0 to
synt hesi s - 1 Rat oI Tals el Q L. r

wi t h anphi éﬁﬁfﬁ%ﬁ%ﬁ%t?#gngﬁ }%gﬁryner &g]sg%%t%% yneri sgﬁ%gvé%héh%%ﬁg’rg
(e.g. N PANgdrocerbormpeskbonsdaymisapslymerissdistanenpdot s wi t hout addition of a
nonone [ 00 igure 2A illustrates the general schenme of the .

synt hei? s of ﬁbhér %%ﬁo © 3005t et ’f‘ﬁeé'%f"h%ﬂ?si Bnthe pisg f &8 #pphiphilis
depi ct f urpdipnerén drpbestiaf ofxopotyreérandshadrk e daphiphilieipoBehed @ ansiniiiphhie
general SBiedbtill iR b BiLeS 26 © 21 deplcl Turther examles of
2E: trichloro[ 3-(2-propenyl oxy)propyl]- silane (Chem cal Abstracts No

79745-60-1); Fig. 2F 1-nitro-2-(2-propenyl oxy)-butane (CAS
) g BRIEF DE ERIQTI(?N 0‘\;‘ TH]% )DRAWINGS (
20 {0022] The invention will be better understood with reference to the detailed description
when considered in conjunction with the non-limiting examples and the accompanying

drawings.

[0023] Figure 1 illustrates a method of forming water-soluble quantum dots according to

the invention - from the suspension of QDs to submicrometer QDs/PNIPAM spheres. A: synthesis

25  of TOP-terminated quantum dots. B: Quantum dots in water with amphiphilic functional polymer.
C: Copolymerisation with monomer (e.g. NIPAM). D: Cross-polymerised quantum dots without

addition of a monomer.

[0024] Figure 2A illustrates the general scheme of the synthesis of the polymers according

to the invention. Figures 2B - 2D depict further examples of polymers that may be obtained

30  using the general scheme of Fig. 2A. Figures 2E - 2H depict further examples of reactants for
forming the polymers according to the invention: Fig. 2E: trichloro[3-(2-propenyloxy)propyl]l-
silane (Chemical Abstracts No 79745-60-1); Fig. 2F: 1-nitro-2-(2-propenyloxy)-butane (CAS



WD 2009/ 038544PCT/ S&2008/ 000356 7 No 132439-78-2); Fig. 2G

7-10do- 1- heptene (CAS No 107175-49-5); Fig. 20: N (6-

Br onohexyp j (CAS No 869563-87-1). [ 0025] Fi

depicts a gﬁ%{“(l"ﬁggfggﬁ@o coat ed CdSe/ ZnS quantum dots i np%?%?ﬁ@?/%op?rsf

(left) and of aqueous solutions of quantum dots coated with pol yners

8 and 6 (see Fig. 2A). 5[0026] Figure 3B depicts absorption spectra

of TOPO- coated CdSe/ZnS Qs in chlorof orm and of aqueous sol utions

of QDs coated with polyners 8 and 6. [ 0027] Figure 3C depicts

em ssi on ONex132489083); Eige@G: a/-bido-TdRrPenn{CA8 WdSHI7IA5490s Fig. 2H: N-(6-

chl or of or nﬁ’ﬂbﬁ i I 4 of WQDs coated with polyners 8
{Tﬁro s eﬂf )a&?%@@#ﬁ&@gﬁgg@% 9; 1)

and 6. Al ~the ion spectrumin Fig. 3B shows m nor
changes, the [@UZ5FFig@re 30 a6idtda pRARLNTARDEHEPCARW NS quaktBR2Bls il cRBoSorm

4A depicts transm ssion el ectron mcroscope (TEM m craograph., of
pol yner c oﬁf?@&ﬂ% Bg"r‘ﬂtuﬁ‘?ﬂs a@v%qns PQPL W?‘MF%FP?’G& V‘i“f*ﬁ@kyﬁ’ﬁrsrgé?égl(%“ £iga 2A).

si ze, d hi tal linity. of ‘a si.ngl e quan t (i 00Q29].
i gure B def2PLIEhE I dioR uBomine Brte P T Grodeel T2 AP i
hei ght 15 ¢hiergfrzand oéhgiecuskolutions o6 QDp obateewitic pdymeels Q@sd @n si | i con
surface deposited fromwater solution. The pol ynmer/ QD assenblies are

spherical | y $¥02pEBigarri3€ Hiepists| eprigsionuiif or1P0pmy spacta ofi d QRGaeratech Gdfie/ZnS

[ 0030] Fi 9gD§ irpekidtomem, TN of AuesitbofBiamitirihEdoatel WA ﬂa{e%m. (aREMeh
(B) images of PN PAM m crogel_ Wth incorporated CdSe/ ZnS QDs coated "
with the pBFyARERPIREySREPEM 1A Hig.g3B how mingr\riepgasHtoremission speyera rpmain
Fi gurei® dapredted. TEM i mages of PNl PAM mi crogel particles with

i ncorporated CdSe/ ZnS @Ds coated with the polymer depicted in Fig. 2D
- ( OCH2CH20C{19281-Fign®) 4A depfc08 Afanfiigtiere ectiapingtrosc8pI(THMY osicoigraph of

PNI PAM m [gﬂﬁg 1 | : : < \M . .
pol ymer ngE)i ct erc? |t%1&1%+agﬁ%ﬁé&£ @%%ﬁa%%ﬁ%ﬁlﬁ%l%?ﬁg%ﬁg@qmgﬁx g&%ecrﬁfagglrl
8 depi ct s ofEvinek quanmgoMigse). | mages of sel f-pol yneri zed CdSe/ ZnS QDs
coated with | ye epicted . in Fi 2D - (. 2CH20C( 0 2) ..
[0034] Fi gur WEOEEENEAR BERUS s(3hy dng 0 " slomic R mianmrabt Mo hieht
cel | s G 6 imupgéscalet 4+ 10ann)cefopulynmar dostsd QInt @d siticdnnsypfabe) defosited foth [veits
stai ned bl Mt e ] it for 1 hr..an
then was heﬁﬁtl\éﬁ'r@ﬁ?\%ymgx sagsseo t Sréérggﬁ]ta%ﬁ%aggfs?paepg% e'piymite e coats
e quantum dot. ’ :

[0030] Figure 5 shows TEM {A) and scanning electron microscope (SEM) (B) images of
PNIPAM microgel with incorporated CdSe/ZnS QDs coated with the polymer depicted in Fig.
20 2B - (NHCH>CH=CH,).
[0031] Figure 6 depicts TEM images. of PNIPAM microgel particles with incorporated
CdSe/ZnS QDs coated with the polymer depicted in Fig, 2D - (OCH,CH,0C(0)CH=CH,).

[0032] Figure 7 depicts SEM images of a PNIPAM microge! with incorporated CdSe/ZnS
QDs coated with the polymer depicted in Fig. 2C - NHCH,CH,;NHC(O)CH=CH,).
25 [0033] Figure 8 depicts TEM (A) and SEM (B) images of self-polymerized CdSe/ZnS
QDs coated with the polymer depicted in Fig, 2D - (OCH,CH,0C(O)CH=CH,).

[0034] Figure 9 depicts fixed (A) and live cells (B) mammalian cancer cells C-6 imaged
with red quantum dots coated with polymer 2, nucleus stained blue with DAPI. Cells were

incubated with QDs for 1 hr and then washed to remove excess of free nanocrystals,

30 [0035] Figure 10 illustrates the behaviour of stimulus responsive QD microgels that
include poly(N-isopropy! acrylamide) (PNIPAM),

[0036] Figure 11 schematically illustrates the coating of QDs with vinyl-functionalized



30[0035] Figure 10 illustrates the behavi our of stimnulus responsive
@ mcrogels that include poly(Nisopropyl acrylam de) (PNI PAM

[ 0036] Fi gﬁe 11 schematically illustrates the coating o %s
vi nyl - f unct OHAMPY  wWo 20097 038544PCT/ SG2008/ 000356 81’5‘8 %?’@0356

[0037] Figure 12 depicts an SEM i nage of stinulus responsive Q@D

m crogel s that include poly(N-isopropyl acrylam de) (PN PAM bel ow
the lower critical solution tenperature g LCST) of PNI PAM Scal e bar =
2 pm 5[0038] Figure 13 depicts an SEM i nage of stinulus responsive
@ m crogelpslyidast i ncl ude PNl PAM above the |lower critical solution
tenperature- (LCST) of PNIPAM Scale bar = 21.1m [0039] Figure 14
shows the nar[%}/’\i] Fiignre 82 dapactsoan SEM irdgesif Bﬁmlluusres;msﬁméﬂmic@@els that include

' | 1 |
T WU AT L —
r esponsi veﬂ&ﬂhq}"&’lﬂ@%ﬂl‘é f’tchlatbanﬂ%umde PNl PAM i n ter ms of its

absor bapnce. Before 1)i and after 10 cycles between 20 C and 60
(2, 3) fhe aﬂEQﬁ%ﬁ%ﬁe LR fspists anrSEM dmage of giyayles raw@nslm@tmlﬁ@a@lgﬂ)abm@ude

[0041] Fi genepAld aB@Rithd 15war tritiYsbl0B@Reperitiie CEMS TIST PNISAIAS BRSL 65 = 2um.
synt hesi sed by reversed enul sion pol ynerization. 15[ 0042] Figure 1%

i's a TEM i mad@039i&jguct Ihshoan tedgeaonfsiza disatbytorPid sBAMus pEspoiveddD Kidrogels
ri ght partth%Im&lgﬁ e) with QDs enbedded in the polyner nmatrix.
[0043] Figure S a ‘uorescent m croscopy inmage, illustrating that

t he pol ymeri qoddo} méﬁﬂ-@ §§ 'iﬂﬁ@!?atésl 15'19 Eﬁ%&@ﬂhﬁgf %Qfoﬁ&?gf}]ase transEtQ)qllé} stimulus

Figure 19A schenatically recit tion e genera

struct &P e BEPSIVE QL) mirageisshal W%‘Fdecpégi’%"dﬁm% its pbspthanee- E@Er@ﬂd 4y 90

show exenphféryi oeéyf;eg bewddF2@POlah& 8D icki Y 3)10the Sbdfbtiol2uR3s B2 tHef mRrogels are

correspondin
P md?sn guls)ﬁabie

[0041] Figure 16 depicts an SEM image of PNIPAM/QDs microspheres synthesised by

reversed emulsion polymerization.

15 [0042] Figure 17 is a TEM image, depicting an edge of a large PNIPAM sphere (darker
right part of the picture) with QDs embedded in the polymer matrix.

[0043] Figure 18 is a fluorescent microscopy image, illustrating that the polymeric film

preserves fluorescent properties.

[0044] Figure 19A schematically recites the formation and the general structure of
20  polymers used for coating of QDs. Figures 19B and 19C show exemplary effects and

applicability of side chains R2 of a corresponding polymer.

DETAILED DESCRIPTION OF THE INVENTION

[0045] The invention relates inter alia to an amphiphilic polymer as well as to a process of

the formation of such a polymer. It also relates to an amphiphilic particle coating. The term

25  amphiphilic refers to a polymer that is soluble in both polar and non-polar fluids. It also
encompasses multiphase polymers albeit a polymer according to the invention is typically used

in only one phase and may be employed to solubilise maiter in a desired phase, including to
stabilize a phase interface and for phase-transfer purposes. The amphiphilic properties of the
polymer are due to the presence of both polar and non-polar moieties within the same polymer.

30 In this regard the polymer may be of surfactant nature. Accordingly, the polar properties of a

polymer according to the invention are based on polar moieties. One such moiety are -COOH
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or nore trléﬁeﬁgg Sec‘QJtyi eggr:r%tﬁ ne°¥ Cif‘? grod"g “gl %"‘rt%e\'”f? ‘I‘N’IS well'ss
propyl, buthy braml@@ npg furiermdre gartain heprpgotbx;ns a< foy linstancarly) Q, Sié(ey:lr Si birvarbon
i soners ofat&ggﬁgygglqkﬁ@ggq)gﬂgfg%ﬁg%% i sobutyl, isopentyl, sec-butyl,

tert-butyl, neopenty utyl. Both the main chain as well
as t he br anc [eas7]ene thik t'dmeydnev FreSRMirMsE oRHASORLER R8- ﬁid?ﬁanb R$IRMSety

Se o r car.ban y be replaced by ese
het er 0%15[ on&:&- E‘Yﬁg?ﬁi O {ROIE Ry Wﬁ‘cgln?"é’ | spiuratedens fROnOy AY E@%’“‘(’ﬁaﬂ’é”}“ﬂ die cyclic
stated, a Hy@fbc&fbexﬁfﬁiole@ BYE hlb&mmaeﬁxe&c}cﬁ@nﬂg syabeehis Qe RQRcAIRI 288 Yoay also
whi ch may d or nono %e@p ﬁ sa Lirated Theccllg
hydr ocar bo tfpa\‘f%mﬁ’l'asfﬁm?tﬁ@’ Hes s éﬁia@%‘? fraents- Aje mgise the Fychie
decal in ar'i(jrdmyrbaxh ﬁmlehemsju Daledstoteawiss\bthttd, be Bf ayolBRgth 8ndCatatainCand SuiBr of
as chain el enent ch t he cy rocarp noj e
may, unl es®" oatt%zfi\ﬁi Qe! ‘g\ S Eﬁn e%@’eBtF B‘fﬂfal’%vﬁé? hydé?féq’é’ﬂ ﬁ’i"é’inﬁr}?fﬂ/mﬁ{'l‘ﬁﬁegr’
of 30 4,5, 6,7 or 8 main chain atoms in one cycle. Examples of such moieties include, but are not
limited to, cyclopentyl, cyclohexyl, cycloheptyl, or cyclooctyl. Both the cyclic hydrocarbon
moiety and, if present, any cyclic and chain substituents may furthermore contain heteroatorms,
as for instance N, O, S, Se or Si, or a carbon atom may be replaced by these heteroatoms. The

term “alicyclic” also includes cycloalkenyl moieties which that are unsaturated cyclic hydro-



non-aromati c cyclic and chain el enents. Typically, the hydrocarbon
(rmain) chain includes 3, 30 4, 5, 6, 7 or 8 main chain atons in one

cycle. Exa quch noi etles I ncl ude, but are not | paj
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hydrocarbon noiety and, if present, any cyclic and chain substltuents
may furthernore contain heteroatons, as for instance N, 0, S, Se or
Si, or a carbon atom nmay be repl aced byjg hese heteroatons. The term
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zacy o] odoHRRRAt 155741 B Y e s S0P ociish, Bprggracinyl, azciny, s

di azocty| andetieylz, ahia(lil fayhulenyhz egdcpglbtrideca2at6,2,00) IiBSdengl-- or triazaanthracenyl-
thia[ 11] anlggl {myl , oxacyclotrideca-2,4,6,8, 10, 12- hexaenyl - or

triazaant hracenyl noi eti es. [0049] By the term"arylaliphatic" is
meant a hydr gnmppﬁ tHERbai %rylbl{phm"qu%ﬁ a%mmrso@heﬁ%t krCwhRh 8hd 6iSmore
ar e substituted wi,th one or re aliphatic groups. Thus the term

"aryl al i phﬂo{f’%“ﬂ mgietiss 1 Spbidfuted B PR M lipBRtis s ues- TF“HS thi{eEn "aryiglinkptic”
more aryl gscidglades hedroauiinahdieliey, id whith 106 or Bre BB/ groapd 426 8drinected Wik Hnedr
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g Egg?zll %nQHﬂ%ngenQ |4!-phen)91rﬂ & ten-l?’ 0£ ]7 crﬂﬁ)ro ¥|(Ft e&y}ethc}ﬁ—qumolhne '3-heptyl-furan,
30 6-[2-(2,5-diethylphenyl)ethyl]-4-ethyl-quinazoline or, 7,8- -dibutyl-5,6-diethyl-isoquinoline.

[0050] Each of the terms "aliphatic”, “alicyclic”", "aromatic" and "arylaliphatic" as used
herein is meant to include both substituted and unsubstituted 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,



30642- (2, 5-di et hyl phenyBet hy1] - 4- et hyl - qui nazol i ne or,
7 8-di butyl-5, 6- diethyl-isoquinoline. [0050] Each of the terns
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of the respective noiety. Substituents ny be any functional group, as
for exanple, but not limted to, anino am do, azido, carbonyl,
carboxyl, cyano, isocyano, dithiane, gp gen, hydroxyl, nitro,
organonetal , WO 2009/ 038544PCT/ SG2008/ 000356 11 organobor on,

sel eno, si bhglamob%fdnaﬁﬁi‘enos iy, Osilitho, sﬁlhin?l thiB] tﬁib!ﬁiﬂ@,: triffublokie @y P SRIAYI p-tolu-
sul fonyl, p- k sulgonyl a§ gn zenesq fon

nltrobenze Tom FREeRRSYIfRgRle D ?%ﬁ?ﬁ‘ony mFUE@TF°?W§”§F|phat|C
noi eties, whi rocarhon backbaone.c carr urth

ot ot 1 65 suchoustl Hfie MHERACRLRE BREH R ARGk siREL iy Sty Rl
al i phatic, maietics)/slch @5 side chaits. Spch ﬁlrthwyhabtnqshm)n 12 mal@hyﬁ@hhmhé iagomatic,

Gr0UD- L8t oL RBLRRLLY s I BeE DRIy 8291 et GF L ot
carry funcaboghbi orge ebgws 2¢ sarporedtoms. Thése Bisther fﬁhstltwdm}ﬂmdaum flbatikrtwbgmups

carries fi sapr ﬁnd second aliphatic noieties. The first aliphatic
noi eties h ve a main chain of about 3 to about 20 carbon atons,

i ncLudl ntg abQ@HSZFTﬁ@hycﬂchaﬂ:bﬂtﬁaclaﬁnélaz{rH@ﬁﬁﬁi msecaapuﬁphzti% aw@é@ieytn@%st
carpon ato
o D07 e tRtadR i reiichia of ok iaban g cabeREons heliipaboit 5 o

at ons. I(IFur itoar 20 dabt@nfatonss athi Phabing 20@adbn asmlaaua: 30, s;bputs 8 10,11, 12,

het t i, NGl udi 2 h t
S Can i D1 o Vo 1P & B eatbonlepiagy e » 430 Ceation snpeR s the
an al |l cyl fiotdiphatini théicticsthetel maboun3 hetesvawimse mclutlingd, D ondlkéetetomons, such as

car bonyl gﬁoﬁps @l ES?%\nﬁyFsthﬁveaéxbﬁﬁlgtogg gmé%bfgﬁ%i%ﬁgh t19 Moj grsls%la ?wty

| nstead of a free car yl"group one carri an e
a thi o estweith aghgerbaipm, et whichyrit snbadedito gradpnyl sroopeawiet dgi theraliphdtie

first f‘é i P&%&Edﬁe Q?{h@tpbﬂyhér lIﬁsE:lﬁ@ gr d Eeetéa&:o% glze %c??}o@l‘(@ Hglgiﬁ%ﬁee%)%%gter, a

which is formed by reaCting the respectivea ‘ ral el c
anhydri de {1 spbra splnojesterierf inyaride group lnrfise smbpdinend the first gliphatic moistic iy

as an n- oCfipked ﬁpth@tbﬁekbggé Qﬁ@ﬁ]amﬂ%%oi@%% igkdrhiatl q’ed@ﬁhfﬁlb?@s g@i‘(l@ afline
mai n chai n of carbon atons, _includin about 3

t tQ
Lo about Guk HeBBEiSsaHg ng%lff}fmapd@ qebmegyen Wbranghed ey f‘t?ﬂﬁéy spgh as an
about 10 t@oablahsiedd0 carbon atons, of about 10 to about 60 carbon

atons, of about 25 to abou; 60 cqrbon at ons, of about 10 to about 40
car bon2&t ons [0053] Hisosecorgl aliphatisomeiett haug b annrim clais o rbaab3ub aBoutBladadhen

10 carbon ﬁ&rﬂ%cllﬂd’%faﬁoﬁ 3 4 abo'ét e@carﬂcn dfoms) of é'b%ut 3ty afé';@t 4g%§1§;§&é1§ﬁ&%f

16, 17, 18 B 3y
35 36 373bomgl0 tsgfwuaéé caron ai@ns a%al’@rlt wztoeb%éﬁ Cﬁbmomwf ebpst 25 popbout

second al i gh@tton atPRisCbs a%@uth@\f@a&ui £ @%Htatoﬂé Lebsiaab %Bilt 20 E‘&tdhdétd?& &

to about 40 heteroatons to about 40 eteroatons about t o about

40 het er oatPoHs th?Be%&mza%ben anEstsidashh teh Saf oS Hh 1abiPut3, d4t b, 460l 18

het er ozg onp, so|h, 255 24, 27228, 39, 3, 353283, 34, 38,36937,16, 39120, 43U Ay 6r £ carbon
copolynerlsabl nmeri.sap al so be. cal]ed

oup. The.co oI | e

Ry el \hint. Eufthe B stebia SOt Fieteties Bave offa b 0 heftranipmsg rgioding 0 to
i nt ernol elcza;hbammméaydiﬁr :1 z@amFet@mﬁmmg, a}aaﬂ‘ﬂ R%o a&rwl hy ﬂaémﬁtahh,eabgﬁtms

is typica 0 ss-|inkahl e.. The copol yneriza gro n
any group 8(%5@‘%5 %Fh?fta Sfidl? ?@P“B?hﬁﬁ‘ﬁﬁtﬂ%? ,S“°:h.a§?’ gr?y"'*sﬁ%h’?’?egf '?)ebll’
group thatixah ldelfabyrreins, 20020, 2V\Q220) 28 053 58 2030 SG252081,32085 66, 37, 38,
30 39,40, 41, 42, 43 or 44 heteroatoms, such as N or O. The second aliphatic moieties further
have a copolymerisable group. The copolymerisable group may also be called cross-polymerisable
in order to emphasize that both intra- and intermolecular copolymerization can occur. This
copolymerisable group is typically also cross-linkable. The copolymerizable group can be any

group that bears functionality of monomer, i.e. any such desired group that can be polymerized.



12 The usability of each group nmay depend on several conditions, for
exanpl e the respective application, the reaction conditions, the

want ed deg ,er-solubility of the resulting poly

can be detgﬁﬁ$ﬁ% %%%plrlcally i f wanted. Exanpl es of aggﬁF?ﬁﬁggﬁg%
copol yneri sabl e group i nclude, but are not limted to, an am no
group, a hydroxyl group, an 5 epoxi de group, an oxetane group, a C=C
group (either an internal C=C group and{pr a term nal C=C group) such
as an allyl group as well as an ally! glycidyl ether group, a G--EC
group (eit Mbe usabilitnbf eavhl gr&@pGnay dependiod/severa corditidr3ator Eargple W resgective

led -
andor ¢ oy Hsa® bdfoine gl lege S Blosbiriva gt i e
t her eof Thpolymenl glcf@mdscabl & detoupinediynipirirsllpeifowanied Egaraplys pési tiimble
of the 10 irlgélb'léa%a&ﬂ ﬁ’zclq&é %h{ e ng’inﬁjm?eadntop %[ &'un(l) §1L %‘rg,::] ?n l‘l}ﬁc%?xy %Toup,

and/or a t m-na enbodi rrents
functi ohal elgqxcjiq;groupoan ce&xfanqoareum atCsCrgronpl (e@fhlgmmal CA€ gaoup and/or a terminal

illustrati MEC Lieh a% Jﬁedilg é:rgﬁrﬁ]& r}w{e(ﬁ%g:m?ﬁ@glygﬁﬁl &ﬁ‘\e{ %oYlh Weé=d E{%Hgg:lther

such as -CH= erna er 1n

but are notn quatl Se‘Ct@oumd/ar p yarminabGaC srash), as:OUI@ed:@;FCE%Cogwan (citberyan
group suchigsnal bdipfelt- @é@b:cTEi%u;% dhor a't&fnﬁfaF@tJ pleli NBSCIc&lce Fﬁ)ﬂi}f)or%ul;s?tuted
copol ynmeri sabl e group in which term na r’r‘gl n chain a

part of theéertvapss femssof.sBist “é’PP’éH’étl?ﬂé’ﬂF e sy thusrbel tondad; teqenexeesiipe of Gk

sui tabi® GCebolf Ahatic Relehesd Mictmabe A thedfdl Halp adit epﬁanﬂBEVng'oﬁp afome
net hacrylic am des, acrylic¢ and methacrylic esters, vinyl

acet yl ene HBPAITEE s A teymingl el onad g T%miel%temab%(ﬁ‘%nﬁsc%ﬂ
the pr esenmumﬁemxlampe hORBAGWHT @bk Be(h myl giohﬁmoﬁay -CY=C}9, Examples
defi ned by Eéy#ene i.de) 1n el f; Theﬁléethlene

oxi de) i nc‘? 'ﬂ)‘?heé}%ﬁlr‘tﬂc 'i“n‘tr Ei‘ﬂ’e it IS, o P 911 EEGUR Bush as
(PEG or a-m{mﬁ-ﬂﬂalof exyherplogryqi h;cheﬁle@lﬁlCElC(Oml'HieMem\Mi}ﬁérﬁdlﬂ 18 Irdfer@ i€ a

t f. l. t . .

i aim nDal POBTS bl B ShoY e Rt En St Himisnenpictof precomabvmprsebe
anhydri de Ip@dt@m;cnt@fNdimhrmmhge(@pies%ﬁlwhiem@omsabdﬂyaml hﬂbﬂemmuﬂfay
a wi de range, ofi. -npk GGl 1,%54,%%Ecqﬂ{1 %%qjha%grsoxt 501_@9 tf'lgne moxetles

wei ght of the polyrmer na epend
and nunberor@f butdishpmoisivesent i n each repeat| ng unit. If the poI yrrer

is derived f@g} | ow ngggmul ar, wei ht repeating unit (e. havi ng
smal | side ¢ ﬂgly ouE ER ent of B gir 565“ igvegHen, dha ﬁ?éondt%FPtFH@'?tt?ﬁﬂaY be
| :c m t :ml‘ tdbﬁnm)by?ﬁ pb@(emmg Bikidef mblh&n@@hﬁﬁlﬂhe@ﬁ@(&ﬂ@léxﬁ%mdeﬁ n{cfiﬁm@%ﬁeﬂn
of a pol yner r epeat ul ar

vei gt (o8 BRSPHGE et R eyl TR on hatiitnelSheysioncge!

be hi gher mbiaty, H@6einl mnlg @ne tem‘inmdilgmptd th’e h:@l)le tipteheglydvl tor afie ﬁﬁhﬁfbﬂkﬁlﬁ

\f(e)loght ag]etﬁ% l’%%{%quéa %ﬁ‘%{s %E’B’gﬁ)% rea | g er tic %@’Jgr'% fwg%) PEG

t he PEG rray desneraellyotadailaoveres ghite ma‘i.ngnmfemblhanarahraghtﬁtme lowoer elirbib af

bout b
han dBour™JEREE AR ARE byl iy W Rlched AT 0B kb0 i A IR 1
chosen i n gsouHs pesewiyn eachaepeating uAd Ifﬂh)ﬂaﬁﬂm4ﬂmk$@@mmom35®lar3velght
efficient wapp fg: ef Lﬂ%}gagmh daﬂil thlﬁs)l%g YAy R&g@%{lg pgg%%%:ytﬁiﬂhg 1d

or can be ensured alned I n nore el ow novvn
i ncrease tliveit eighe @Plﬁ&‘!‘afs‘t’%ﬁlt of thy pelymarsss halaw.dn g caofapelymepipGylicit féd
surfaces qéﬁe%fmg Sl Gaek migﬁ %@ecmap wk?éﬁﬁj‘é %CBeaﬂﬂ%wg{ﬂts#ab eﬁ&%%qpén the lower

nol ecul es and cells. The hat i s att
shel |, 3% hdinpt ggebe B’gb%éhell 1798 I@fsomﬁémb@em,m@ lowen kimoit e&molewlerswsht ofe

exanpl es ol;@uesuxh e a%oﬁtai(wehm sm%m%o@uoﬁi Yoo%f @bo%u 1200, about 1500, or
abbrevi ated ni P PEG 600 noi efy.

th
§\|Lre mer gﬁgpgaé i’té)é Q%%Plgﬁ%ée%a\vieﬂ@%’.ﬁﬁ ke @é!&ﬂml}ar weighpgf more than about

500, more than about 1000, more than about 5000, more than about 10000 or even more than

about 25.000 daltons. The molecular weight can for example be chosen in such a way, that an



20 In formula (Il1) each of m o and p is an independently sel ected
integer fromO to about 400, including fromlIto about 400 or about 2
t o about 4%) %03{;183@6%5 about 0 to about 400, about 0 to 25 about 350,
about 0 to "abh¥iY . about 3 to about 300, about 0 to 2bHaF208%p03s6
about 0 to about 200, about 2 to about 200, about O to about 150,
about 2 to about 150, about 0 to about 200, about 1 to about 200,
about 3 to about 100, about 2 to about éQO about 0 to about 100,
about 3 to about 50, about 2 to about 50, about 1 to about 50 or

about O toecfieRut whpinfoffht Adyiphillc pbhrhdtdrQihg nafddiR¥ald 8 QIR be ensured, as
enmbodi nent S’ﬁ???* sef%gtng? I n.tL@ gagg%&%r m about, 5 to about 50, WD
2009/ 03854 FHRAREHH FHTH (59l OFOW - Ks {0 jincrease 4B follgidal stability of

i ncl udi ng ahopirtidies.t BurdleUPEGatedhiRas pfiemYeduodd inORIpIEIEE MRraction with

selected ip.the range.fro out 3t ut. 40,, such as_ about 3 to.
about 35 03102“&8&{'“2‘%?%@%8?&?%3’5@8 fawa?’ﬁﬁ’ﬁﬁv i ffAchsp i ecpobanes shell the Riserr
the ranfe fheaireOf the rasbiving paficles lhhtraive bxamplés dfa saipdle poRRtilentAil Mofey

about 20. The.s of + + i lected in.th e from about
o about . SRR eellcinent el kb S E50 it Ry Fregous pEG
about 6000areaiailablelving diffrount g&ddbiesalo illustflive @xatysle bf 4 @Bbleatianihoalld]-

to about 2 0_t.0 about 1000 t 10 ta ahout 750, abqu
16 ToC about g eREhed nlly PR Mardtcbiuos P BBK il P A oAb Epoafilspe-
10 t o abouglyddnoietyouty b instanedobri PEGQX];)ald600 o5 PEG faving oh6@r tadbamino
20 to ou ab, ] , t t 0,
comeenpoapou) widbat okl aRR Y i 5086 (RO 1ffhe AeARBE nd G of e
i nt eger fr Gommatipmafl sach polzpers hagspen comfirmed ibighd symthesibofia pelyimer bwbhich the
300, aboutﬁ;gtg;g,hgtmg&e% ad@@%ﬁo&giegpout 200, about 3 to about 150
or about 2 to about 200, about” 3 to about 100, about 2 to about 100,

about 3 to alpmwss) Bl fustheéinbddiinent@p tHetpradbht i2Odn, the s€oAld MifhathdmBikties may
about 2 to atht 40. an he umo{h(m+o+rps) ibéﬁelectedi the .

range fronVatotes® T Bibeh PoRfesrs thafonaydhengeter givblenbercexample oo having
400, ftom akouinattd nudeaphiistfudhion niay dusdio Bkandfled of sabto pdlyrhbrs IR butf rOAdt

about 10 t t 0. fromabout 10 to about .200, fr aho ta
Shout 200, IpREDHS, coRBrophlepl RIS porbtesh % BSE hotfiiens SRS G terk la or
f r om about pat¥vinyd aidobelt Figer pélymens bowut t6the ckidled mtan i) Ghe 4rt bavirgbamiparhble
t o about fr : : . l.n one enbodi nent the sum of
(m+ o + g&oﬁiﬁi%ﬁ%%ggggﬁérﬂlg%gegﬂftrlr@g?tmthhe sumof (m+ o + p) is
48. The rati (0086] Phe anfphiphilR)polyaitr ey Bebee tabodimeithbe sAREEntRDBHAU dI):
about , such as fromO to about 20, fromO to about 2015, fromO to
about , fromO to about 10, fromO to about 8, fromabout 0 to
about 6, to about 4, to about 3 or to about 2. In one enpodi nent the
ratio of p/ (m+_0) is about_T. 7

amn

In formula (I) each of m, o and p is an independently selected integer from 0 to about 400,
including from 1 to about 400 or about 2 to about 400, such as about 0 to about 400, about 0 to
25  about 350, about 0 to about 300, about 3 to about 300, about 0 to about 250, about 0 to about
200, about 2 to about 200, about 0 to about 150, about 2 to about 150, about ¢ to about 200,
about 1 to about 200, about 3 to about 100, about 2 to about 100, about 0 to about 100, about 3
to about 50, about 2 to about 50, about 1 to about 50 or about 0 to about 50. As further

illustrations, m may in some embodiments be selected in the range from about 5 to about 50,



[0057] R2 is the first aliphatic noiety described above, with a nain
chain of about 3 to about 20 carbon atons and O to about 3

het er oat o eroatons are selected fromthe grou 0, S Se
R QM ona ol phat i o o | Bethsgripg g3

and Si. fcond al i phatic noiety described abo

mai n cha| n 25 of about 3 to about 80 carbon atonms and O to about 40
het er oat ons. The heteroatons are selected fromN and 0. The second
aliphatic nmoiety R3 has a copol yneri sabhg group. It is understood

that the individual units indicated in forrmula (I1) nay be arranged
in any, i neﬁahousmgomamdora‘boxmmdemclud;ﬂgadbbarmtbaaodtm;&@er&aarprrﬂn@} fd|liRednte be

h t
20051 0354 40eH SBBUBIBIIE oL 1o out e ot e eHers o rpte o ghou
pol ymer ac GO{a#d pgndydot dxempiebe MIea‘wd mtﬂ?e r?rkge gmgm ® abg&gmr)@:ls Zﬁ??f?/ 0 to about
an il kus i. Vv
sequence g3 ot HOR QR bain 6 TpE Pl e &2 iy BRI UF rfher FEB 35olfS o abous
anphi phbl i dﬁ(w@l ywbldmgcabwtdllOrtg aboutt 080, abveenkO mnabtmyGObe ghioep By &ﬁaﬁnyt idoe,
oot o g mbdit 1 %o Al 26, Booul 16 £ R B0 b P8 W o Pode? BEGEE 16 %o Bhur

| east essentlal Cross-|
anphi phi i é’%@bwﬂﬂ 1 hlzout 69fb laons 1D 4@ bihogt gﬁtbalpnu( wpwt)ounm hlgous ¢ arabout

aliphatic 'f?d %Béﬁt% t6 §b(ﬁl¥%({,%€(§§£g% alﬁ}ﬁyiﬁlr %o% g@g*ﬂ%upfi{) about 15 to about

copol yneri zat'ion reacti on e pfoces
anphi phi | i 80§ o9nyabent 24de abatk AP e sanireembpdiseenisoiactaofita) @ amd Ialsmpdndepeldenﬂy

pol ynefg of sél&iﬁth@ dr!fond §EH?AE Q)to h@ou‘t@ I%Cﬁ] ?&lﬁtaﬁﬁft% t\‘}’f%&.f] 308! WBud 'R
15 hydrophi | %bone on
anhydri de a‘zﬂuy%ﬂ abey 3 Beabpwezoemhﬁ\etr%tp abcruyl e 20 about 200, about 3 to about

pol y(i sobulipd, apsin 2l th uB&itai0g, av%BJiW_ﬂfol ad;e&t o aﬁaemt&%ouﬁtsétib%ﬁttﬁd\&out 40 or
26426- 80- 2 alio terned i sobutyl ene-mal ei.c acid anhydride copo

"t TS inteRba 7 20 ahous 0anddhe srbet @ Ortais seffgted s gange; o beyrm abat
7200H, | B 800, icludhig faadabogolmasabouk 400, Sroml ab6ut 10 to about 350, from about 10 to about

15 300, from about 10 to about 250, from about 10 to about 200, from about 6 to about 200, from
about 10 to about 150, from about 6 to about 150, from about 10 to about 100, from about 6 to
about 100, from about 10 to about 50 or from about 6 to about 30. In one embodiment the sum
of (m + o + p) is 32. In another embodiment the sum of (m + o + p) is 48. The ratio of p / (m +
o) may be selected in the range from 0 to about 25, such as from 0 to about 20, from 0 to about

20 15, from 0 to about 12, from 0 to about 10, from 0 to about 8, from about 0 to about 6, to about

4, to about 3 or to about 2. In one embodiment the ratio of p / {m + 0) is about 1.

[0057} R2 is the first aliphatic moiety described above, with a main chain of about 3 to
about 20 carbon atoms and 0 to about 3 heteroatoms. The heteroatoms are selected from the
group N, O, S, Se and Si. R3 is the second aliphatic moiety described above, with a main chain

25  of about 3 to about 80 carbon atoms and 0 to about 40 heteroatoms. The heteroatoms are
selected from N and O. The second aliphatic moiety R3 has a copolymerisable group. It is
understood that the individual units indicated in formula (II) may be arranged in any, including
random, order ~ rather than in the form of blocks. Thus, general formula (II) merely defines

that m units of:

30 ,



avail able frome.g. Sigma-Aldrich (St. Louis, MO USA) or

Si noChenexper Conpany (Shanghai, 20 PRC). The nmaleic anhydri de

pol ymer pol y(ethyl ene-al t-nal ei c anhydride) of
Abstracts ﬁ’o&iﬂig%g% 21-1, also terned ethyl ene-naleic 59?(98?‘19@300356
alternating copolynmer. It is for exanple available from Rutherford
Chem cal s (Bayonne, NJ) under product code 27109P, as well as under
t he nanmes ZeMaccil) 400 or ZeMace 60. Insfornula (1) above n may be
any integer fromaboyt 10 to abqut 10000, such as gbout 10 to-about

about 1000, about 10|t o»@bout , about 20 to about 8 as
about 10 tgq 409 od| ment,n i. 2. e apc danpl es
of maleic ar‘f‘ﬁydrl de 1 s not to dn%"%%r?gl de eg-4

limting but every a ei ¢ anhydride pol yhe
yet to be synthesized), in Eartl cular a maleic WO R
2009/ 038544PCT/ SG2008/ 000356 16 anhydri de pol yner which may be

prepared aarqQtdbitgn the pslyaidd Arpdlypicd ﬁ&dtﬂi@&o & ifhRB66N BeFthefetors éﬂcbﬁbzls@ any
to be used in thefﬁéesent i nvention, (itl ve mal eic anhe)édrl

pol ymers ni§PFSF GEHEEEHBES K #o O 3 PRECHYF SERFTTemay nclude the
descri b&d fallobWthgpataegdnenBd46883 and 6316554. A general standard
procedure used in the art is also summarized in the abstract of
Frank, H R 5 kr onol ekuhare Chemie (]1968) 114, 113-121 and invol ves
t he free-radicjal, copol ynerliisati on. of I: ei ¢ anhydrfilde with an olefin

in the presenc ergxi de. 1004] As fUnther”reactapts a
nonof unct i onal ah ¥ bt f N-Retiona orpaunrd are
used. In the cpu progess thaljong '01.| cofrpod _1's
converted to the-fi _thi—le " desc/i bld Q60 C
functional group of t monof unctivnal” 10 cfpdund”is cab(Pe o]

form ng a linkage with an anhydride. The at | €3st bi f uncti onal
conmpound i con’{\{ h@g jnto the, secqond aliphatic noiety R3 (supr

The at | calP SEPPEHUE PRIET EoRHIBE S GV eRUSRemEX RS, PTERARAEbY e oo dﬁasw'éed
functi ohal hgeinlfie.amphiphitit pblmeﬁlu@pical@mIleagrmmallysrce ap&b:lsamﬁ; AlcOdr@ihglg,

a |inkage Anot er of the f nct 0, 0 of the
at | east b]:MftBunc lﬁarggd %ruthn%ico y&%’(%afbﬁw%rf’i’%é t{nll‘ﬁ% S% ’é‘ggl?pé’ﬁt“btfm‘ﬁty
fracti on oR3 tsmaimhmfdranderolssmkmggscumlymenhmomaﬁamct| onal conpounds

| eads to the formation of the hydr ophobi ¢ side chains that can
interact wi t WOSREImipamsenssheicionting 48 cmphinhiisaredymear cesdiag teldhecinvtngian a

her ei n. Aﬂﬁhl@ﬁf armpa&del ﬁ\flyrﬂér sthenanhypr (sdﬁay is”ﬁb’éd'a% éjﬁﬁgtaﬁt,o thtdﬂkfo}rHse the
unds, t o_the backbone., Control over the

t |
ﬁunbgff%f W&f lon °H?1P g"emhlph@gaelwe{ dhe malein apBydridgpolymen Bay e the

gr oupts i P édﬁﬁnéir&ﬁk)b@ﬂzﬁlaelfc Ol (oRitHertat-Rfeid CAahfuRE) BY ChHianRgd] ABstthB No.
anount o

26426-80-2, also termed isobutylene-maleic acid anhydride copolymer. It is inter alia available
under the names BM 30AE20, Fibersorb™ SA 7200H, IB 6, KI Gel and Isobam®, It is also
available from e.g. Sigma-Aldrich (St. Louis, MO, USA) or SinoChemexper Company (Shanghai,
20 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
25  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 32. The above examples
of maieic 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



20 nucl eophilic reactants used for the reaction with the
pol yanhydride chain. Thus, the nonofunctional conpound of the

i nvention Ry, l&fsk,M th at |east about 25% of the avai EQKJ’%&?B%%?“"%?

anhydride rings, such as at |east about 35% at |east a

| east about 70% or at |east about 75% The at |east bifunctional
conpound of the invention may react with at |east about 5% of the
avai | abl e anhydride rings, such as at | emst about 8% at |east about
10% at |east 25 about 15% at |east about 20% or at | east about 25%
[ 0060] The afhyduds miﬁhergvld@lpmwr b¢ preparehastondingito stahdaobprocadacks magesbbed are

sel ected fﬁlﬂ%leQUtbe'ﬁecﬁﬁttht% | ?%&ﬁlonaﬁesﬁ&}ti‘w ngaﬁe‘?éJRnhB/ﬁn@’S'&?lﬁéer may for

group, at qgker group, a ogen grou
group, a t Hislgae fo@?"@lf@"‘fﬂ‘mg ﬁéptqcﬁhlfesﬂh@nhm%ﬁmanmﬁﬁmpéGMSEﬂag

an al kyl g@}iefhigfan@ap@b‘focgdu;eous@@w{heag i€ Q%Iﬂgr%&’l out itgaicgti)%&ﬁk %IP

to about 20 carbon atons, 30 includ mg%l out
a

at oms, aboddakmmolekalars fhemiz Q%68 d .13 r@lbwﬁve? ﬂze&reats@fh@al pepolyameisation.
at ons, sSUCHf @leid anydrifle with aiPoleffn inGhe ﬁeseﬁ&’of £k a pegoxided, 14, 15, 16,

17, 18 19 or 20 carbon atoms. Further, the nonofunctional conpound
has 0 to aboy@0s3] Hetﬁarﬂnatmmntssuahbrmﬁmoﬁm:ahemﬁpmﬂmmﬂ abhet leadteifuntiivns

f f
Compounds. SR B ubba, BhubekurE,offne Biper 5 AR rifio L SmE] sPRRyerig o
al kyl WD Qed@ato@%mn@mmc&b@mﬁmwevemhgrfmqmm mzpddf the exbnafwostinal
| n_one@nboghdiEnd id @@aaﬂe' &/ oHlin Cfﬁ.?{ka%? W 0 R erhenatbiéae('b%h&%nax

n- penty an1n am ne, ne or -
[ 0061] Genwonpd IStqseveated |1ré'a§te ssmdrabpha@ﬁmon@r Bé;ﬁsupae Theat deestrhfuectional

dif1erent CMiehh®Ral nileQUp SthrelWud diifdd AABHord] BHEbs B, BFne ﬁln%&ctn%figpﬁry

each of the at |east two functionalitles as as one, typic

mer el y onels capablaffprming a aknee with angphydaige-dinothek afidie firncrongh groups of the at

anhydr i de. jebdt®ifdhctidRal cORp&IRAIiE 86Fotymribdbld. MBe FBLATE 0P Y on AR HDARYNride
may beﬁselectedfrom but l'imted to, an am no

1.S nOt rou
hydr ox¥1  gF&ip™ L‘{WB% campeungds, fsrds; topts formagign 08 Bxdémbobraﬁlde
et her gr Ouﬂxalrﬁ thdllo@ﬁﬁﬁtaﬁctgﬂﬂumemydfdpﬁoﬂld ki facd BE nafpOriiciet 4O @bdcARA! herein.

o obol y e ra e er b i iidshne Juipe 5 e %%’eﬁa Bt sproendig
be pol ynerthz ddckhbien Q@nmlherer fhe motmbemne] hygro@hqihm xigsnitie sespdct & the Inhﬁnbér&)f
copol yner ' %ﬂgg 1 019 pm'tgé: ‘3&&@ 113 q"ftpoﬁ)’m%rsgﬁ% y B¢ adl n?:};[rgv%dtbo g‘g%%‘?ge 29%m ant of

gr oup, an a OXI
group, 2Qan Méqoahéw glemjtplts aped éor(}h@ lb@cnnbnswch ths mtyaahﬂvidegwlmup Thus the

monofunctional compound of the invention may 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 at least bifunctional compound of the invention may react with at least about

5% of the available anhydride rings, such as at least about 8%, at least about 10%, at least
25  about 15%, at least about 20% or at least about 25%.

[0060] The functional group of the monofunctional compound 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 monofunctional compound has an
alkyl chain of about 2 to about 20 carbon atoms, such as about 3 to about 20 carbon atoms,

30 including 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 or 20
carbon atoms. Further, the monofunctional 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

monofunctional compounds may be, but are not limited to, alkylamines, wherein the alky!



[ 0062] The at |east bifunctional conpound has an al kyl chain of about
3 to about 80 15 carbon atons, including of about 3 to about 70

car bon atogf H@B&%%M3 to about 60 carbon atons, of about 3 to ab

40 carbon (b . about 10 to about 80 carbon at ons, B?Tﬁﬁaﬂﬁm?6ﬁto
about 60 carbon atons, of about 25 to about 60 carbon attins, of
about 10 to about 40 carbon atonms, of about 3 to about 20 carbon
atons or about 3 to about 10 carbon atojs, such as 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, 31grodp s asaARfina, abdde. Ii3bne e'iﬁ)od&?ent318all@&mnﬂﬂxay%&n—pﬁ‘&:yifﬂﬁn@&l-%l-
carbon atons, Furt east functlog ound has 0 to

about 45 h&PEPdLP @m'f'ﬁé’fetlféylﬁﬂmﬁ » TR BB °AB oA %1?'8 ons, 1 to about
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9809/2 gggg%ﬁéﬁ”éﬁ%&?cﬁﬁ%@sg ﬁ?‘g“ng“A gyetane group, and a C=C bond such as an
2- et heny1-dllybghepanedi ami ne (CAS No. 184955-93-9), 6-heptene- 1
-thiol (CAS 3777-16-7 onene t hi ol (CAS No. 304435-87-8),
7-oct ene- 1-t Eﬁ%&?llﬁ% S |b1ffw0§am A S abput 3 to about 80
10- undes enexrbont dtord, idGAfing\SE abbd5 6d aBdlt 3] ,carbol QR@REakbut B8 |abéleASH debon
1006684- 28- 1319

1, 8- nonadi &¥8% g?f‘ ?Po @O‘Ct(ﬁﬁﬁg(‘ C@H’é%@"%‘%qﬁ%" gﬁf“tﬁo ferhen e toms- of et P

(CAS No. 205b5@- @7ea31)qn &@n4, of mbole 08 rte -abeut HiOclar{oEARMND of 18538 Fo hBoul UD

trichlor o[c%rgo% P P&%&%&@g& hfx%gogﬂlaﬁ]s 8£ 0o 30 abon f %i\qg;nl oms, such

2- et hyl - propen Cc acl penty
374534- 78- %)3; 4,75, 6r D02, MRebt dhd 3( 1@ASS,N6. 1741&71 90@; 3%.,25626 l%,rﬁﬁs 29.36xHn22,

(CAS Ny 2695, 45 @é 3783243@9% Vs QQt@&;Hﬁ%% t m%%éﬁﬂ%) ifuncti
9- br onp- 1- ndnene 9359-54-6 Sdo-1- hept (a&ké‘gtl{iofunmo"al
compound has 0 to about 45 heteroatoms, including 0 to about 40 hctcroatoms ! to about 40

heteroatoms, about 2 to about 40 heteroatoms, about 2 to about 30 heteroatoms or about 0 to

about 3 heteroatoms such as 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,

21, 22, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42 or 43 heteroatoms,
25 suchasNorO.

[0063] Examples of a suitable bifunctional compound with a terminal group -CH=CH,

include, but are not limited to, 1-amino-4-pentene (Chemical Abstracts No. 22537-07-1), 8-
nonen-1-amine {(CAS No. 151626-27-6), 9-decen-1-amine (CAS No. 51382-01-5), 1-nonen-4-
amine (CAS No. 66838-76-4), 10-undecen-1-amine (the hydrochloride has CAS No. 682814-

30 20-6), (R)-1-decen-5-amine (CAS No. 117960-06-2), 1-octen-3-amine (CAS No. 119703-87-
6), 1-decen-4-amine (CAS No 742081-49-8), 1-undecen-4-amine (CAS No 83948-41-8), (4R)-
1-undecen-4-amine (CAS No. 910545-68-5), (4R)-4-ethyl-5-hexen-1-amine (CAS No. 1005414-
64-1), 2-methyl-1-nonen-4-amine (CAS No. 66838-77-5), 1,7-octadien-3-amine (CAS No.
71663-71-3), 1,7-octadien-4-amine (CAS No. 245450-11-7), (E)-7-nonen-4-amine (CAS No.



10 107175-49-5), 6-iodo-1-hexene (CAS No. 18922-04-8),

8-10do-1-octene (CAS No. 38380-55- 1), 9-iodo- 1-nonene (CAS No.
213207- 73- -1 0do- 3-met hyl - 1- hexene (CAS No. 106815- 04- 2,

N- (6- ani no e@ﬁ%@%ﬁ‘% am de (CAS No. 7530-30-5), PCT/SG2008/000356
N- ( 7- am noheptyl) - 2- propenam de (the hydrochl ori de has CAS No.
219613-81-7), N (6-bromohexyl)acrylam de (CAS No. 869563- 87-1),

N- (6- br omohexyl ) - 2- met hyl - 2- pr openani de 1§ CAS No. 102303-85-5) and
1-nitro-2-(2- 15 propenyl oxy)-butane (CAS No. 132439-78-2). Further
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{CAS No. 135469-74-8), 3-nonyn-1-amine (CAS No. 86001-04-9), 3-ethyl-4-heptyn-3-amine
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25 conpound and one noiety formed fromthe at | east biftnctional
compound. For the sake of clarity any aliphatic noiety that incI udes

a noiety f the at least bifinictional conpound shall
consi dered%;l 0@%/%34?a| i phatic noiety. Accordingly an al FSWQF?%SIW?% y

that includes both a noiety fornmed fromthe nonofunctional conpound
and a noiety formed fromthe at |east bifunctional conpound shall be
consi dered a branched second aliphatic miety. 30[0069] Further, each
anhydride group of the nal eic anhydride polynmer may react with one or
t wo nonof uNot 178 h3:P5-Fh rtfjmumésl -thiol (FANO.TF06T6-3248) aall 11(mathylthio)-2-nonyne (CAS

bi fiuictiogal d so.b
group undeggoeg?éam?%g? ?l on &mp ke exam?les (\fl¥)a m%’égml”% °8¥’3P1‘fnd “\i,{ﬂ?/eqnﬁgtpmﬁlog{gqp
or at | eastCi-farabvétpreal 7 demieuSdS Me 2&7%@@6480 aml Lactyos-y)7rdamiaé (CAS No.

group is f Jgg_ which typically provides a negative charge in
solution. Additionally, a nunber of WD 2009/ 038544PCT/ SG2008/ 000356
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CEC bond age ed! al@ﬁatﬁ:nmﬁgﬁu bl PNk § %Hﬂﬁe[ bl?é"ﬂ'Jm PHhe® froth Yﬂecl&'a%nal

gem nal heteroat om for instance o ?ener structure
or G @G cpmppurd B gng meiety forgied drogy Hapt leayibifpctignal comppundf Ber the sake of
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different fromrepal ning groups of 25 the at |east bifunctiona
conmpound. SPRPEHdsHRIERFARS é sggqad ?le,nheteq BPiaYy- Hecotdinglnanaliphaticyapiety that

those f unqhdlﬁuzabomrmastytf&a{ed%ﬁ] 00 oRdtLBAL] OmpRAE and'h IdidhhRrhE £k

aci d anhy&{l ﬁepmﬁl@ n&y be shielded from particip atlng{llna
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are kno i
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pr ot ect ed %W@mqngﬁppt@qpyl ¢toepounds or with one or two at least bifunctional compounds (see
also below). Typically an anhydride group undergoes a reaction with maximally one reactant,

whether mono- or at least bifunctional compound. As a result a carboxylic acid group is

formed, which typically provides a negative charge in solution. Additionally, a number of



30 group. Such a protecting group nay be renoved after polynerisation
and thus the functional group(s) that is/are no |longer shielded are
avai |l abl e Ilng- crosslinking or copol ynerisat ction.
For exanpl&ﬁSFﬁg&ggopropyl|dene protecting group shi el df hapﬁ(ﬁ @Wﬁ?yl
group may be renoved by acid treatnent. Those skilled in the art wll
furthernore be aware that such protecting groups nmay have to be

I ntroduced well in advance during the MO
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bi f u:’lct [ onarlhydmdq)gmnpk do not[ O d reactivm. Ehﬁh@(hnhﬁﬂidetgﬂ@ps are generally being
copol yneri t si.de

other posi TS R cofrgor fEPrar sR e mishlur HtEod 87} Biing HEhg riBihic
subsequent agdgrolyarEhass akillghindie arreiflapprecikte dgt the potésonf ulm;mrbmon of formmg

i bl e. IS ' hi Ki
P2set on, AL e R R Sk b d 3530
anot hers enbogagrenivhibe 1 @s@rﬁre\hmgﬁ&bﬂﬁ tHE QMyG@Su@eH@mhaﬁlesH aﬂi@armem
a wat er - sol ubl.e C'r}anoc‘gg/gsta Accor sol ubl e

a water
phot ol uni n&ee¥Rt 2 rclipn it gfétahi’l}‘l‘&‘? (iR GAhatRst Gfofaganese patent
nanocryst a&pﬁ:h&ﬂﬂn%@?@ﬁﬁﬂl}%mﬁ&ﬂ&%@ﬁell@@ I\d&‘§@f hipdhnaieng:s Qmmsp?: 9, 2613-

f ormed usi t hod. provi ded ,herei n. [ rla,
el ode orfl 78t s B Sniert P e SubrieBE Ao 0 BirCTre bay iy 3pd Higher
pol yners. ﬂ)httbnﬁl%dicﬂm@mmdveambé Iil@tﬂﬂ dshaidiiedil apdetdatsCind Gxﬁtepdtls@ﬁthésﬁs It is

tal dr ophi t
Vor sat 17 SPSPRY pREFET RLGRE 7t Sartet PRRtom i PT REERER 49 218 Moft bgfer
non- pol ar ftm«)tpmsladeﬂ yompaimd phalkived (te ngdergl dayy oehaaatipn ttherabynﬁ:heﬁg only one
nanopart i Cllnrﬁzsto'tﬁe FSS1Rh a0 e B GRARGLAS kGBI AEE o the bi- o
character and uci ng unct 10 ThUS
nanocr yst aligher Mmmldedj c@mmuné IamJB‘-tbammlb'l ayvaﬁ&fa fqre@ulzimgb@énqos&lmkmg
rel ated tog@lH I[uk ﬂltzé’xiesﬂw it ol R0 Ichds Yne HyBRUSHALSRIGR of &%%@ﬂ{phmc

versatility. he term nanocrystal "as used

i nvent 1on peAymesanay sABY aelpesidesgowns pndidothaing hpving an alkyl ghain e%aéaputom about

di mensi on &f cabih aBHAHRAH D 15 250U hehSBariy SMdichiFRin Wand O the side chams having
single-crystal]ine. These material s are of huge technolo

i nterest st fRPRIYMgHSELrErewpers stated abavecths coprlymereabledgHRARRY. 33%“0"1%% Faw,
S Eow s}] r orugh%drclml deng e angeupadddtaginy 4 &ﬁhaﬁlomniaﬁ:gngﬂ(c 0@ l0=€0bo2@, such as a
t roug car er.u manu C In cesse em.con anocryst

in the subSf Tﬂmfl it IZ% b%’g"e‘gﬁ‘ﬁlaﬁ &8 rg& %‘Btamﬁg%%gc&ﬂe?ﬁ%f# §r°“p
[ 0075]20 n &Garmmneawd al:h:vd: hlm wpulgmbnsabl,e mrup rsayl aﬂmbhmﬂudeynenmﬁal or internal

nanocryst O n pat er sol ubl.e
| ong as tra#(:a "(éurf%ce or taﬁe nar‘i‘csjcarn y%ci%etfonglan nlctﬁ na §r P §ot vé%(%a;lrpclregmwaé
hydr ophobi tetdrertem.dot ingawe of the gene strudtuag fG-CHF@I*IaQItGM withtChbedmg N, O, or

anphi phi lig %rg%_pﬁ_t andeé:éjeﬁ)?&agﬁ% herein. In this context, the

ternms "nano quant um may be used i nterchangeabl y.
[0071] The copolymerisable group may be the same or different from remaining groups of

25  the at least bifunctional compound. In embodiments where the functional groups are the same,
those functional groups that are not allowed to react with the maleic acid anhydride polymer
may be shielded from participating in a polymerisation process. A large number of protecting
groups, which are well known to those skilled in the art, is available for various functional
groups. As an illustrative example, hydroxyl groups may be protected by an isopropylidene

30  group. Such a protecting group may be removed after polymerisation and thus the functional
group(s) that is/fare no longer shielded are available for a coupling-, crosslinking or
copolymerisation reaction. For example, the isopropylidene protecting group shielding a
hydroxyl group may be removed by acid treatment. Those skilled in the art will furthermore be

aware that such protecting groups may have to be introduced well in advance during the



[0076] In one enbodi nent, suitable nanocrystals have a nanocrystal
core that includes a netal (ML) alone. For this purpose, ML nay be

sel ected f‘?&fﬁrﬁ oup consisting of an el enent of mai
subgroup VI'TA sgrbgir“oup VII1A, subgroup |IB, subgroup Jl ECWS&%S'@@SSG

group Il or main group IV of the periodic systemof the elenents
(PSE). Accordingly, the nanocrystal core may consist of only the
nmetal elenment M; the non-netal elenent2A or B, as defined below, is
absent. In this enbodi nent, the nanocrystal consists only of a pure
met al f r onrsyntlyesigiof thagesperive atgeastipBinetfonalremp8ind. such as gol d, sil ver,

copper (subgr b ti i um.(subgr ter rou

I FE) f:oba?tfe‘!'"gi iﬁ %"ﬁeu bR U copdymE r‘ﬁaii‘ﬁm AR Pgﬁbfp Eﬁ*f of the side chain,
2|0|09/ 0?&54@9&’5’1&18@06%6@6@5@1 37 tiﬂﬂh lsidb)chaihglaChI{dTp‘bsﬁlbw & ponk \gs étl)rsrlﬁ;@quent
allo er ano ocr sta

Csed’i n e nEhstymerisyrion o St TR Fin FREB° pltls LS RoS bR AR R mgTyork
t he nanbcr yxsthaai cmssflmkmgyedoumaamma:eycxpianabmymiraﬂetal betyw.t hat i ncl udes
two netal el enents, such as any wel | - knovvn cor e-shel |
nanocrystal 30473} Hbﬁ“‘fﬂf“ﬁn‘i“i‘ﬁé‘tiw@t Hhgchresgat zwent@a preyjdesngy mefhod afaforming a
A, Fe, Cowattf-soléBle nfMacryfidl. Abebrdigly, a wﬂtgoszﬁbld\&foﬂﬂhmhysﬁﬁﬁ @bmpYsfié interial

nanocrystals Itable in the present jnvention I ncl ude._ one net al
Ol orrant - M R GrE 8 o BT BrEHER e RTE OB T ArFTFr g ey be
mai n gr OU]E)fobfhecbi‘xsmgmmE’ﬂiETI prxeided Hdﬁ'éil.:c Phis édﬁﬁmﬁfb&nitbﬁh@nﬁlﬁ ifRIde 6hily Thnébr two
suita or _use,.present as. the es, of suc )
nanocr yst PR, A ﬁ%re'btr[@ﬂ%%ﬁw Wdéoérﬂo gY-MrmﬁéﬂYSEtf s“P‘?ﬂ’%‘{ T{’B%(’&r.o%h."b‘c
nanocr yst aprepértied efthangerpstaietray be rcamertai 16 Igardmppllnblpr@fenkmhgmemrh Wrsatile
and an el e f I 1) . I nd/or .t
"l udes. Rty faBSBridhod SifimilhnOGhEafon oR F e BHGRL ol e
The nanocrslkylghainbteaningtgd amparbdesanwegﬂfam promided/by elmnging theirtsorface character
nanocr yst

aind(bbr ifftrod&H ﬁﬁl&ﬁfnﬁ’l t? T@)ﬂ&'ﬂUﬂéﬁH@g : eﬁg%rg%talg {s EEH P; it nl:(h)sl%/

and an_el enent from ro [%
GaN, ChP, whuss probleats relptmiﬁo sphy ﬂWPmu[tmnorpqhgbmbmm@ss mdphemjcﬂg/ersp@lgb

Speci fic exa of . core she nan stals that .can be used,in, the
pfesent i nvewgﬁmentgfmdjé?ocﬂﬁ &} & 6’[‘ S PP Ry grtion may be considored as any

( CdSe) - nanworpatedslsvithaati leagt encZdifensdiel df, fonexampld < alsouf GG mraad dext ysdindls
having Zn§,s ﬂﬁiulne These matfAl %k Jﬂﬁgé A ﬁ?l 1}11%re stmce %Spthgig bS5
e descriped. sh

of the abov cor e- nanocr
enbodi ment thermedynaaie qirgperties shbpwtdwens rize GPUNieMnaﬂda% thergfre b (controlled

consi sig ngﬂ@\ﬁ;ﬁ@ cAOAP ARRSRLSrlLHDMses. A drdonBA b b s AOTPAS sit- P nm size

Mi.., erejn
range are often referred to as quantum dots.

[0075] In accordance with the invention, any suitable type of nanocrystal (e.g. 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

25  polymer as described herein. In this context, the terms “nanocrystal” and “quantum dot” may

be used interchangeably.

[0076] In one embodiment, suitable nanocrystals have a nanocrystal core that includes a
metal (M1) alone. For this purpose, M1 may be selected from the group consisting of an
element of main group II, subgroup VIIA, subgroup VIIIA, subgroup IB, subgroup 1B, main

30  group III or main group IV of the periodic system of the elements (PSE). Accordingly, the
nanocrystal core may consist of only the metal element M1; the non-metal element A or B, as
defined below, is absent. In this embodiment, the nanocrystal consists only of a pure metal
from any of the above groups of the PSE, such as gold, silver, copper (subgroup Ib), titanium
(subgroup IVb), terbium (subgroup IIIb), cobalt, platinum, rhodium, ruthenium (subgroup



a) M and M2 are independently selected froman el ement of subgroup a
subgroup Vila, subgroup VIM subgroup Ib or main group H of the

periodic s f.rhe elements (PSE), when A represents an_ el
of the mai &‘%ﬁ’%ﬁ”?f{* of the PSE, or b) M and I\/QPQT@GWBWPO”G

selected froman elenent of the main group (H') of the PSE, when 25 A
represents an elenent of the main group (V) of the PSE [0080] In
anot her enbodi nent nanocrystal s consi styng of a honobgeneous
guaternary all oy can be used. Quaternary alloys of this type have the
conposi t i ONTIEE), lead (iR TV)\or ambliy@hefeof. a) ML and M2 are

i ndependently sel ected froman el enment of subgroup |1b, subgroup
Vila, subgrodff™ [ anothesseabedipenty thsr nanedrystal eorspusd i fhet presepeinverdion may

system of {iRdEMBGhéhts QC&P § Iy, t}’l\@ﬁﬁoéy%@on@ P9l arbﬁﬁhe&%mrxm&ﬂ ail%y that

el ement of the mai n roug
i ndependentFpdesettocmeg!l @ﬁ%ﬂ%h@ﬁﬁ\ﬁ% saﬁh @ﬁenwplﬂrkg@msoremﬂ pnogrygtal

PSE, when frmédisn heidls fuePieEe 0y, m% QYL O, 19 Al Pe CRND &F AgPAS Md A,
the PSE. WD 2009/ 038544PCT1SG20081000356 23 déscri bed, for

i nst ance, i n[W@8hgnetherape G bivery n@mexystalﬁcsmta@albﬁﬁ?d)e fr2dent &59&108594 include

Zh 13

I n'? Q?n:t i o?tllal %aateéagrﬁengpgﬁng ga'(t? ?egﬁg&%g%ﬁéﬁlﬁb?i%%g%om éé% gr 0%21 m§u§h°up
t ernary naWbef {hstREE Apcerdimglyatheaive dyipyofanapoayses smttaﬂvm foir nlstt pobesitly has the
formng a R BhBaiMA. 'ﬁﬁ‘t‘ﬂ é’ 5t @kn ﬁ%dabrﬁgyls pay be be ol\ p I eée‘[f%or ﬁ?l{?go?%aﬂo%{}stals

m xt ure_ cont al ni ng the errent
gener at on(letnaaomﬁwe ingliding atreeta] from matmgeoméhgequbgrgmellm andgagctilemepntifrom

this tenpenghhup U8 GheeiRMe ord Bndor M @tetl%txa@s%d‘so t:dsgectﬂfe“%tﬁfe' 215,

of a nanocrystal heating the reaction mxture for a sufficié

period of #45e Zafe. Hs%-nﬁg%tqﬁr%g?uﬂihamaeoqrwaf fegreninay i be smnagropp II-V
nanocryst asJerrﬂ&nMo&w&ﬁﬂo&rfﬁ] (8. |r@ﬁ\écﬂﬁmﬂ§1ﬁclﬁﬂiﬂ§hllﬂéﬂalrﬁdﬁﬁ #kn kRm? 9fland an-

and heati.n action r wi t hout reC| p| at| n
or i sol at | TEPEHERGRHE %PS’A@%&W@P}“ g@s heﬁhlwm{ea Ng
t enper Bt urlaP,IAAsAe8b,gNL AR, hsaAs e’ﬂSb ISmeﬁt Kﬁaﬂfp&s af corBiskellt tﬁﬂ'@&ff@éwﬂtﬁt @n

gener at  orP ol ebin o gfoer He R ael By e e PR B (0B H?%?PG’F%E%Y“‘%&
suf fi ci entZy¥ashelbas wfell vs (@lSHharmctyetais dadbgiZeS shbll.sui tabl e for formng

said ternary 39 Oﬁhystal MLIM2" A and .then allow ng the reaction
mxture to cif & JURMHRN e ngt dimited Jqqthesiieat Al heverdessribeq core-shell

_nagocr yst aiaan-ysials Max#hother elfdO&ilent, Nhd hamerykel BAME BIBARLY&hahae d Bste
i ndex

01 Q.999, f | .01
0. 99,  TPobpRIging of g StEenips Bihaaloy g BF caminon "e’m;‘{ e a
val ue bet Wee% MPasd MO ale iﬁ&ep@pdlﬁﬁy Eble%tcﬁ%‘oﬂm%en%nﬁof%mé%wjﬁb Q;ul%rodg'\flla

guat ernary 20 nanocrystal s, may have a val ue of
for exanplwbgpu VHia sybgrouy 199” mgyn group Hiof dhe pegiodis syiterp of MW@SE)

0.2 and abehéh AreBresents dnQf¥dtht dMhSHER guly W beMOASY, ganocrystal s, the
el enrents ML and i ncluded therein may be |ndependently selected

fromthe grobpMtendMarnbpthfel@ied fdan amelerrignt offthe mainegrewt (W) offthe REE, when
group M of preferably sel ected
fromthe gr o%%g%é%ésl??ér?g%@ é{éﬁl@l’éﬂbﬁxﬁyé@mus all conbi nations
of these el e[msn]Sn Mtothé:%uﬁﬂdinﬁnﬁtaﬁomm SonkiBgSE @ﬂh@m@éex{&:&i% quBiéeBtyl 4MBy
Inlllustrat ﬁr@%aglnent]? P% S als usedlntgﬁwset
i nvention Cﬁﬁ % Ste PEYERTS ¥e the corgnpiton Yy yi by, Wherein
Hg" Cdi , Se, Hg" &@cMl _ahd Ml-lg'e(i‘nﬂeperﬂﬂntly selected from an element of subgroup Ilb, subgroup
Vlla, subgroup Villa, subgroup Ib or main group II of the periodic system of the elements

30 (PSE), when A and B both represent an element of the main group VI of the PSE, or

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

[0081} Examples of this type of homogenous ternary or quaternary nanocrystals have been



xSe, Zn.Flgi _xTe, and Znalgi,S. [0085] In sone illustrative

enbodi nents, x as used in the above chem cal fornulas has a 30 value
of 0.10 <x_.< . 0.90 or 0.15 < x < 0.85, and nore preferably a value o
0.2 < x < OV%ZOO?’PPSB%U cularly preferred embodi ments, th TR 0%
nanocrystal s have the conposition Zn"Cdi."S and Zn" Cdt Se. Such
nanocrystals are preferred in which x has a val ue of 0.10 < x < 0. 95,
and nore preferably a value of 0.2 < x 0.8. WO

2009/ 038544PCT/ SG20081000356 24 [0086] In certain enbodinents in

whi ch t he da&ﬁlﬁeﬂh ymtraistaﬁwmmngadﬁ J. b - Mcmmyrzssswslsssoﬁ zl*ﬂaﬁ et al,
i nvention, ,eac are endent sel ec
from Ga and ‘?’ﬁ #ﬁ@ % ﬁé’ﬁgegésfréyg{?a ﬁgéyz igna Réte%Fn%PPQEP“ON WO
possi bl e cz20tdiosa®l3ons of these elenents M, I\/Q and A are within the
scope of the invention. In sone |IIustrat|ve 5 enbodi nent s,

nanocr yst al s [#f4¢kS ‘t‘qli‘ete&?ﬁbwoﬁlb’ﬁfﬁlsmph‘?“@le i1 sprocess thatdingiadesi formisg a

[0087] in mﬁygmg;sﬁpmlgtu}e nanocryst al includes sem conducti ng
material. As expl ained above the sem conducting material may include

a metal, a netd) | biaiinpe rbastin mixture GOBBInIngrthe klemaitoMé imetfhmg swifablehfor the
present i né’ eraJ G oi" J &o&@.ﬁaln@nf %ﬁn%’a% a%m#)? O\f!ld C?ﬂf] gsatath%u{e}n?agra%re the

sol vent or ures O sol ven e i’n respec neans
that the 1@emmﬁ deinyastorn suitablel for the gensratioh of 2 manderysiab dpating itheorestion eritture

Exanpl es ofy §Léﬁﬁic§3ﬁ{ ¥&idSordinte atbautte g&Eml-e' Hithsd fér(}‘om‘i’i R%%& %rn%xg) r\t{a?lgﬁrgstal
and/ or _non-polar solvents, such n aprotic non- r solvent. 1he
| att erIQrayMgé @éﬂ@&tﬁgﬂ”ﬂlg éwmr%acmmmre @lCPOI #sixane, hept ane,

CyCl ohexane, gga’tm%%eq‘gara? 0, rl d ﬁioa %‘gcgw%tzgg?th nt?ﬁgetﬁ?,'}é)’rmoé

carbon tet rachl ar bon
di i sopr opyrlaeomtal Mlhylteraesgtayboﬂempmbuﬂ“% aditidgeto dbedreaction mixture at thls

tetrahydr qrglﬂf)&ﬁ'mrel;{ll%égk H@hnfmy 18 %elgéxgﬂmlif of fo?m%Hn'tatbﬁbtloF }ha%n- {oﬁrof a

solvent is a non- polar 10
liquid i nmaawstaiu@wlah@ﬂn@thelrpam-leremsme fqr aesuﬁiclenspcrmdmiltmm aﬂazmpmmure

bi skt i | ufHBtehy Riminz0nyd } GaticRRfal M, Sult?en alfom e gle reaction

1-ethyl-3- rrethyllmdazollum bi's (trlfluororre

trifl uor odBigtuag ¥ coeltpgaam temperaturyy Plrddf‘d%twﬂmnmammcw%wom e,

1-h 1-3- I bis(tr thyl.sul f
1 butyl - 5. el it PAEE Rl hplofiy oo R G B Pl LD oo
tri hexyl ( tfox wade’tﬂﬂf)qmos pxhromsmra bss)[%o«aifaxm [ yrpmdnaum embodiments, x can
1-h 1-3-

oY SR Lok a2l L ) S BGAK S U'RH WR bhitos SP R N

1- butyl- 3- rreth exaf | uor 6phog
tris(pént alranw@é% byythast have hwelmgpﬁ@%h-awéw% for example of 0.01 <y < 0.99, or of

trihexyl (tﬁiﬁ%%l&gé}%ﬁmﬁtﬁ and abo t
N'-ethyl - N, N, N1, 141-tetramet hyl guani I ni um 1-butyl -1 -nethyl

pyrrol i di ni upen84]iIa (spenli Al terbdrg @advctystals th%bltﬁfeﬁ@h@ﬁ&hﬁllﬁ,mclud@ﬂ”th@mﬂ-ma

- met hyl id 25 th
e el Bl b 2 R BN A e oo
1- et hyl- 3- gmlpW]] ofitheBSID Ini thewe Inemsa(dz Blicfyls isgprefbmbly\stisetbd Do |t1)d gi‘bl.q:&;oﬁﬂdmg of

ot uds e BT A et A GhenfiM T v A i R B sennegr

ket one, adkst omentiosylnl 1bts&x&vmmdqodm'(eh§slnamejtsaﬂsa;sed mothelpiekent hobntioy hatecthe

ﬁlt Rlyldegt %{/ B;Jétécgm gﬁﬁbg nddl& ? :é:ryﬁ%é gggzr:' §T, Fl‘ggx&%? jl' 6-kg|x8d;.xs, ZnHg;.
met hyl pyr 84, iZodhg < Tandd amikﬁ k&/l sul f oxi de The sol vent may be renoved
after non-co[?/)ﬁéﬁﬁta or c val ent interaction between the anphiphilic

pol yner and r?%‘ﬂll %ﬂ“vﬁ Subprtimpnts, ¥ vser ingheakaye chemicgl dprgpyfas has a

t he nmegphodakt of bE0Rr &WHD driVISH & @850 endABRPrafebBly al value @RDHACE £ /8.t

an anphi phi | ol ccording to the invention. As a result, the
ar’rphlmshl |p|p8 ’Jﬁﬁ]f”g)‘ }%rﬁr embod?men s, the nanocrystals have the composition Zn,Cd,.S and

Zn,Cd,.«Se. Such nanocrystals are preferred in which x has a value of 0.10 < x < 0.95, and

more preferably a value of 0.2 <x < 0.8.



WO 2009/ 038544PCT/ SG2008/ 000356 25 wrapped around the nanocrystal.

I n one enbodi ment the nanocrystal has a coordinating solvent via

non- coval eg‘; 0@%:{;; ction on its surface, wherein the solvent ?’/ 3

i ncl ude on % Hal i phati c side chains. This coordi nﬁ??’ﬁﬁwg%’ VST

i s exchanged for the anphiphilic polynmer upon contacting the
nanocrystal and the anphiphilic polynmer. The anphiphilic polymer is
fixed to 5 the nanocrystals via non-coyal ent or coval ent

interaction. Such interaction may be, but is not limted to, a

coor di nat i ve [8086HIn @eGarsiembodinehir AC whidh, the daebraedofure ik nﬁﬁkaﬁr&hom-v

hydr ogen bondi n ol vati.on forc der al s, eraction,
[0091] In Bt ls 3 2 HER oSk, SEfe °d"eBE§a‘9 B PP ey, selebied
nanocr yst afromGacand Un.tThb lelereod A enay be ﬁclﬁ:l;ﬂdtfﬁnb’i B, Aminﬂ &bt Aﬂpysstwa camtbﬁiaﬁdsns
sol vent, S I 0 A 10 protic

sol vent t hgltftﬂﬁsg C&f%?s Igﬁ alglr2 il Ag Jdr 6ngt§ﬁ S‘é%pgrﬂgtt)lb c"t%l ) SB?ydlélf?tr%f e
in a hydr owybodgn@@pnmocafstnlsﬂm@ghmcoaanosmoraﬁaxmh@aghem anf/Giagn,.<As.
general ly, (?/ gﬂ ecul {%é %ol vent which co t.ai ns_di ssoci abl e H+, such
as hydrogen 17938} Inpoe emgodimentthe nanpgrysfal includes semicondiycting mptergy %%e’@famed

such sol vestose thaReiortuttingiindtérial REPIORYe 2 B¥ANRMRGIB™orpehar protic
sol vents include, but are not limted to, water, nethanol, ethanol,

butyl al cohol0088kinithe phavy meghiod @if dhie, prest® iptesia firstihe nednsrvatabls, prévidediin a
aci d, acet hea@ci Wivefl Hpmxdu@& Stkifeh as%mnt&( Qp&%&%wrl &%Laﬁleno?t the

Nl\l-dlrrethyl-forrramd N-di 1 soprop am ne, or Foro
I n onel®naapsresial sheuld h@sq!n%@ﬁbe ﬁewetmeusehwen&e@@mpba@f prsh @@é@ms are, but not

[0092] In fhredabQipfotie @&caﬂy&@o@ﬂyn-ﬁamelvsn@ %eﬁeaean Rritd ﬁb%qao\mr 5dvdnb She
nanocrystal may be repl aced by an aqueous solution after being

cont act ed WfterH ke dofem iscmperal, i begane; heptang. syeiabatangnbentene oigluene,
emﬁogl rrgnt pyiame, dl&ﬂ&@m’&ﬂuaribs Elﬂérofo@m%&rlib%@ﬁblﬂoﬁd&' ?Hrdlbd?nrﬂliuﬂﬁie[ &8%@'&%};}
anhydride rjngs. are e el din atively
char ged caf b G%FO%?W er’ I‘if‘ﬁ ggpg}\)?@@ léa%F t&‘f"lhé{g‘f’% si on

resul tjsng i n[@sﬂtﬁ%e‘i"eﬁ%ﬁl@&r‘a 9&1‘(351@%09%‘3&9 rs¥1%&lfi‘|1§ 5.1) ?on-gﬁliroggé] hciuﬂi

one enbodi nent of the present Invention

wat er - sol UBtEPaRbe P?‘!: polpr ippig |lleaésn°bwmua arﬁgwhhrnwder grgtbalr}mﬂaahmldazo-
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[0090] In the method of the present invention the nanocrystal is contacted with an
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the present invention described above it is possible to transfer nanocrystals into water.

[0094] It is possible that the copolymerisable groups of the second aliphatic moieties of the
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for exanple water. [0100] To further support the polyneriza

reaction a suitable initiator may be added. An 30 initiator may
serve for initiating the polynerization reaction. Every initiator
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with antibody-like functions such as a mutein based on a polypeptide of the lipocalin family, a
glubody, a protein based on the ankyrin scaffold or the crystalline scaffold, an AdNectin, a

tetranectin, an avimers or a peptoid.

[0096] Illustrative examples of suitable monomeric compounds that can be used in this co-

30  polymerization include N-vinylpyrrolidone, an acrylic acid, an acrylic acid ester, an acrylic
acid amide or a vinyl ether derivate carrying an amino or a hydroxyl group in addition to the

vinyl ether group. The acrylic acid used can, for example, be acrylic acid or methacrylic acid

and their derivates such as esters thereof. Suitable acrylic esters have to be water soluble.

Examples of suitable acrylic acid esters include, but are not limited to, methy! methacrylate, 5-
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di rect ed t2kvlplkene groups, alkylalkyne groups, benzoxazinegroups, epoxide groups and oxetane
groups.

[0098] In one embodiment allowing the copolymerisable group to be cross-linked may be

20 effected by allowing the copolymeriéablc groups of the second aliphatic moieties of the
amphiphilic polymer to cross-polymerize with each other. In another eﬁlbodiment, the
copolymerisable groups are allowed to cross-polymerize with each other without adding an at

least bifunctional compound. As a consequence of the additional (cross-) polymerization it is
possible that the formation of a polymeric meshwork may be effected. Within this meshwork a

25  plurality of water-soluble nanocrystals may be embedded therein.

f0099] The reaction of the amphiphilic polymer with an at least bifunctional compound
may be carried out in the presence of a polar protic solvent. The polar protic solvents may be

as described above, for example water.

[0100] To further support the polymerization reaction a suitable initiator may be added. An

30 initiator may serve for initiating the polymerization reaction. Every initiator known in the state
of the art may be used for such purpose. The polymerization can be carried out in accordance

with established methodology, for example, by direct mixing of the suitable monomer and the
nanocrystals coated with polymer of the present invention (see Example 4 below) or a

microemulsion polymerization (see Example 5). Generally, the polymerization reaction is
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det ect®d hyd Uﬁﬁie@fde%hm AQngGQl sﬁﬂ]@-éro ) Weteiffe @orﬁamﬂbtlé éi'l)lﬁas gk

the inventjon co atedto an anal yte bin %h partner 1's 20
pr ef er abl Y% S%P F i moieties ffefﬂe‘]"edﬁ?eﬁ"f@?sh?]% grepyfefiping b above polymer

enbodi mentmeshWérk Pdr@gathfle AY belgméH fiskhwarkahdyl 1ol dbdirde@ by bRt Bk ¥inBhibfli@
polymer with a bifunctional compound, wherein two or more functional groups of the at least

bifunctional compound are capable of forming a linkage with the copolymerisable groups of



30 the anphiphilic polyner used to nmake the nanocrystal water

soluble. Different sorts of dyes may be attached dependi ng on the
specific u f a dye-nanoparticle system For exanple, cellular
tPaf fic on%@f’?@#gﬂpart icle level nay be nonitored w tﬁB’g]&GWOSIﬂOOE&:é
syst ens. [0112] In a further enbodi ment, the polyneric nmateri al
beari ng coated quantum dots with polynerizable functions may be used
for the formation or imobilization of $§|ns on various WO

2009/ 038544PCT/ SG2008/ 000356 31 substrates, such as silicon, glass,
quartz andtheosezond Stliphaticrimlsties zet then amphiphiliTdnhdrg IFBYned @MBES@ShehtN the

any technical  field wherei uch ificati.on IS _necessary or
S able. EoPopeTefbI R o5 SRt dinhets s of S ERRRTI Ribraer may be
nanocr yst atrossrmblyemgyzkd with gachthetidi ng pol ymer nmeshwor k i ncl udi ng one

or nore nanocrléstal s according to the present invention nmay 5 be
used in a valfiOflThs bifypstionality grrevided bystheatti leaste Rifpstienal ghoigic having a

appl i cag i Optslyaérezable Yraeint it thdpREBBG STdhe RIMSIRAL 2SRNHIRE mEREH Gl
sensing, the formation of i ht-@m tting devices and sol ar, cells,
anpl i fied aBRj¥ing fediapqsystals of theypegsent invgatignge wariqus aprbieationg h

GH
refractive i ' ] | 3 3 tin .
01141 11 or AAPS] fBoRE bBkhebde bbbl ebiiiln & AR EREFBRAL ¥ bpes
i nt o pr act inteatolymperis@rchitg@urpnbyt jopelymerizatioditheiny kmevionlerstowsibg the assemblies
descri bed . : ' =i L exanpl es. EXAMPLES
Exanpl e 1:&]}%;%%6@2! smc%gmgggﬂr?te%ﬁrga g%d?g}a-ehgogaﬁ%%égﬁg' procedure [ 0115]
Al'l reHpent s [0M06Apuahalbl fananysill dedotdingdto the plesent livehtitdi Mgy conveniently

| y(i sobutyl -al t mal ei ¢ _anhydride Mr= 6000 and 60000 g/.nmol.). .NVR
Cpett ra werd s e sirote AP Eliath T R pebtr N e g
absor pti orellsevs intemelizkéidn irge ngegpe@ive mikmurgsmen) incjolliop anelleDegddiing @R lany
A Shi madz : r - used obtain the, , .
i noscengeg kel R/ ke BHC Eapo AR IR rb s G Regpdupnati
(0.026 g, mciglesmfdhe ampldplslicpalymerdhd Watensoh®lgnanoerggalrmae Jlsonbs diraited dala
i n vacium @pees YRSREMAN LompaRALAT sthiku2 %&H@ﬁ@@f%@;& \chtion? Ghé attiphiphitic

xture was cooled to room

sol ution becone 20 transparent. 2\ ool _
t enper at urkolaRfd usthBayyshinpdergpuys(a1 noictigs thebargrenablefo direntiag tigyrespective

hexadecy!| affhé@ystad- 002 Gele&bd) imlhnambﬁtiaﬂdﬁdgpmeem&ﬁ;ﬂ&ﬁs WSreV\aly TEfdh
till 220 - %40 C and_solutlog of. Sﬁ_ll‘l TOP g .2 nL, 0.2 mml) was

added. To BPEWS RE mpiek;wih £ lgeatnsdiresiag unchom gughhas ap demugeglobulin, or a
sol uti on dtagishipthereot, ror BORan0 . o2 ai iRbeptdd, ¥ ¥6ENk hndvafe REleRhdbld SinBat@h1Yis

L S8 VL BR EL e B AR o el SRR AL ek W
was cont r gh¢ edyimgr forrgzenplt indudan cultivalenbahine groubd) @ aaldbdonding afatsbeoluble
zglnﬁ]iegins q{éﬁoc%%s?a; tﬁg{ﬁx@%f% gpdigr[npt%g e%c%gpxlaleorgzénc esrzﬁﬁae}ll, Ho,r«Q (N‘?eq lér,e.\f Lg_r Chem.
Soc. (2007) 129, 11, 3333-3338). Cytotoxic effects typically observed with nanocrystals can be

avoided with a respective selection of the water-soluble polymer. This is due to the fact that

25 cytotoxicity is dependent on the molecules present on the surface of a nanocrystal rather than

the nanocrystal itself (Hoshino, A, et al., Nano Letters (2004) 11, 2163-2169). Accordingly a

nanocrystal, e.g. quantum dot, according to the present invention may be used in a variety of

biological and medical applications, including as an intracellular probe, for instance for
immunofluorescence or ultrastructural imaging (see e.g. King, J., et al., Microsc. Microanal.

30 (2008) 14, Suppl 2, 702-703).

[0107] In another embodiment the present invention may refer to a nanocrystal, as
disclosed herein, that is conjugated to a molecule having binding affinity for a given analyte.
Such conjugation may be affected via the polymeric meshwork formed with the inventive

system. By conjugating the nanocrystal to a molecule having binding affinity for a given



[0117] To the solution of 1 g poly(isobutylene-alt-maleic anhydride)
I n 300nt h of dry CHCI 3 the respective amne foll owed by DI PEA (1 nl)

were addedygp ﬁiﬁsﬂ‘ xture was 30 stirred for 16 h in 59&/%&%0&%?%

of polyners 6 § e second conponent was added 2 h after LAl tal
n-octylamne addition, i.e. in a one-pot reaction. After evaporation
of CHCL3 the WD 2009/ 038544PCT/ SG2008/ 000356 32 material was
suspended in water with small excess of3fNaCH toward t he carboxylic
groups in the polymer backbone. After evaporation of water and DI PEA,
remai n wasanlyds e magker composndor paotd idfombedzibduchgairois) theatrecrybtalrof thefissention

days. The goldibl QMndf &%kg hi Fﬁl‘:ﬁaﬁ?{ahlﬁ{bnt ?Oé ngnip} %ﬁqtﬁpv&]bl\él S i range

subsequent evaporat ion result
pol y(i sobuf @ﬁectmnagmcép@trgmahﬁqymbed:egd foethe detection of agiverumialytoni t h

high yield w hth monof.i nct i and t | east

bi 19 un)ét i onal {@g Hj; e*?ng *‘PP}E%@‘E:E%E“%P% dlja Spec‘ti[gg’l"f%‘)g R fists
fol | ow fig Ehxesrpblawatdataalem cérlfam de@feﬁf&ﬁdciﬂ&al@f bifid ®ahé &&l}@é ThePRilRE tani b a

I t

b ot ocor. ¢ PETReLEaRpest B Bl RE IS isplnel oY hBEybet obg bR B golecul
n- oct yl am suwsh gpa pmteyl( (fsn@nampleenearmmdymabmﬁccfoaﬂhMm cfji'ei)cem@uxa?ﬁce protein) or a
diff t - tr.odu

funct 1 onal hict bR Mgt cbled Bk Subrbput molbUE MR Be seb R Tpion
vi nyl funcisiabn rﬁeﬁmtochsftﬁmhte @Ethlg)rar@gmgnmlmm irggradtweh seRlibadrin,
wel . Pl yie Fes&!tlnglprobe C I[Qél‘t]s%b %?i&gﬁlg gb%guoresc nt 1mm oassa or laoraygrmg the

pol y(i sobutyl ene- elc an oct

0.4 mmol ) ke gf thedryg mﬁhmlmaa:l laipatienp rAggther expmply. zsecgmuﬁm @iathe umommm
(400MHz, DRM stRptadidd® - 2.90 (m 9 H), 2.59 (bs, 39 H), 2.08 (bs 39
H, 1.95 - 1.35 (m 81 H), 1.34 (bs, 62 H, 201.13 - 0.65 (m 238 H).
Tar get conpo#i1fflohhe analyteray hise b7 §gmpdext hidlogicd] dizucBirg insheing)led not limited to,

car boxyl i c, %ﬁls%ﬁﬂfaﬁg ¥ bheBfb e whole cell. For example, if the analyte binding partner is a
15  lipid that attaches to a cell membrane, a conjugate comprising a nanocrystal of the invention

linked to such a lipid can be used for detection and visualization of a whole cell. For purposes

such as cell staining or cell imaging, a nanocrystal emitting visible light is preferably used. In

accordance with this disclosure the analyte that is to be detected by use of a marker compound

that comprises a nanoparticle of the invention conjugated to an analyte binding partner is

20  preferably a biomolecule,

[0110] Therefore, in a further embodiment, the molecule having binding affinity for the

analyte is a protein, a peptide, a compound having features of an immunogenic hapten, a
nucleic acid, a carbohydrate or an organic molecule. The protein employed as analyte binding
partner can be, for example, an antibody, an antibody fragment, a ligand, avidin, streptavidin

25  or an enzyme. Examples of organic molecules are compounds such as biotin, digoxigenin,
serotronine, folate derivatives, antigens, peptides, proteins, nucleic acids and enzymes and the

like. A nucleic acid may be selected from, but not limited to, a DNA, RNA or PNA molecule,

a short oligonucleotide with 10 to 50 bp as well as longer nucleic acids.

[0111] In another embodiment of the present invention a dye may be directly attached to
30  the amphiphilic polymer used to make the nanocrystal water soluble. Different sorts of dyes
may be attached depending on the specific use of such a dye-nanoparticle system. For

example, cellular traffic on 2 single particle level may be monitored with such systems.

[0112] In a further embodiment, the polymeric material bearing coated quantum dots with

polymerizable functions may be used for the formation or immobilization of films on various



Pol ymer 2 WD 2009/ 038544PCT/ SG2008/ 000356 33 [0120] Reaction of
pol y(i sobutyl ene-alt-mal ei c anhydri de 6000 with octylam ne (0.15 g,

1.2 mol) th crystalline product 2 (0.97 g, )

(400MHz, 15‘@‘3?” %’&%ﬁ% 2.90(m 23 H), 2.59 (bs, 38 H), géﬁ’ﬁ;?““%%yw
(m 152 H), 1.23 (bs, 116 H), 1.15 - 0.70 (m 238 H). Target
conposition: carboxylic 91% octyl am de 9% observed: carboxylic 89
% 5 octyl amde 11 % Polyner 3 10[01®]1] Reaction of

pol yasobut yl ene-al t - nal ei ¢ anhydri de 6000 with octylam ne (0.42 g,
3.2 I no r esbtrates, muchlas sitigemt gladsi qertp antidocdn. SuchimPRBilizA3n Y filmlddaddinay be

400 MHz, 2.41 -1.60
Em 81 H), ‘P%Q}ﬁaa“(y (g @”I—‘i%d"’ °’éﬁ]5‘t°8§‘°%§t"ilb‘5 népeiry °r6‘w7‘%‘° (m 286 H).
Tar get cormoqonspns aﬁeerdbméa&efa 2bevh, a%&lsoﬁmedﬁnﬁg,m Qafggéﬂ?ﬁer including
carboxylic 75% ami de 25% 15Pol ymer React i 0

of pol y(i sb%msﬂre Ewallktm%ﬂl%a @eéﬁﬁvmqaa@%ww@wg&w IPERS§iH énventiogqnay
g, 20 655 wawmkd i zﬁﬁdﬂcb%i‘aﬁaﬂoﬁt:&ﬁ)’[ﬂbﬁiahb@&aﬂ QUPiuchaﬁ c:ﬁﬁ)ﬁs m%%r@labelhng,
1H NMR (400 MHz, D20 25 -2.85 g 7%1 EPP bs 2.40-

1.65 ( m 7@0||q}agm§ stCEISsen@?g, I_qjmmlfa n e3 gnap;bon bt-emlgmggie(/ms and
317 H). Tadohetcelloappsfitd @ontasednd Onsibibe c@ﬁly%s ﬁgffdﬂnaﬁéﬁ sfeniBI0 reé¥active index

0, 0,
obser ved: CaLboXild G Bmtion S illudlLigngo % VO 2009/ 038544

[0114] In order that the invention may be readily understood and put into practical effect,

10 particular embodiments will now be described by way of the following non-limiting examples.

EXAMPLES
Example 1: Synthesis of quantum dots — general procedure

[0115] 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

15 400 MHz spectrometer. UV-VIS absorption was recorded using a Shimadzu spectrophotometer

(UV-1601). A Shimadzu spectrofluorometer (RF-5301PC) was used to obtain the luminescence
spectra of the QD solutions.

[0116] Cadmium 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 till 220 °C until solution become

20  transparent. 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 till 220 - 240 °C and solution of Se in TOP (0.2 mL, 0.2 mmol) was added. To grow

the passivating ZnS layer around the CdSe core, solution of sulphur in TOP (0.2 mL, 0.2
mmol) was added alternately with solution of EtpZn in hexane / TOP (1 mL, 0.2mmol)} in few

25  small portions. The size and size distribution of the nanocrystals was controlled by temperature

and time between the addition of Se solution and first portion of S.

Example 2: General procedure for synthesis of polymers 1-8

[0117] To the solution of lg poly(isobutylenc-alt-maleic anhydride) in 300mL of dry
CHCI; the respective amine followed by DIPEA (1 mL) were added and the mixture was
30  stirred for 16 h in 50 °C. In cases of polymers 6-8 the second component was added 2 h after

the initial n-octylamine addition, i.e. in a one-pot reaction. After evaporation of CHCly3 the



34 Pol ymer 5 5[ 0123] Reaction of poly(isobutylene-alt-maleic
anhydride 60000 with octylam ne (0.21g, 1.6 muol) resul ted with

crystalli ng\’fﬁéﬂg%zjﬁ%f (1.49g, 95%. 1H NWR (400 Mz, 3‘%}@@2‘]{’%@@5?6

2.85 (m (bs, 4311), 2.40 - 1.65 (m 89H)

H, 1.25 (bs, 159 H), 1.12 - 0.65 (m 262 H). Target conposition:
carboxylic 88 % octyl amde 12 % observed: carboxylic 85 % octyl
am de 15 % 10Pol yner 6 [0124] Regction of

pol y(i sobutyl ene-alt-mal eic anhydride 6000 with octylam ne (0.21 g,
1.6 mol) mmtdriﬂ vaisisﬂspendbdriii op@Noith ¥inily bxcedshENaOBL Rdaal, thé caBox¥TI® koups in

|t ed d 6 (0.9 9 1H NVR
BES;J tse 6 ﬁacktl) e A rr%gyp%%aémn gto \gat%i)gdndiﬁg%A( ﬁgxamlwag(q_ﬁsolv%gmtcr
( bs, 3 ar@ dZﬂyzeﬂ a@ﬂm{t rwateS GorH) few2iaB0 Thé s@Gtiqnafiet dikkalidptiorl o4 ( bsvith 43M
, 1. 29 , 4 8 1 t It
car boxyl i cﬁé%;an&%?‘bﬂ%er#&aap f?ggl?%ss}@d o Emgu%}s ﬁgrs'go vggg“r@gﬁ%%ﬁ@lgfn&

85 % dtt yaxﬂmmln(ubre@gs shontaneauisly wigh Bigh ﬁdﬁwlﬁfboﬂl th\Bronofunctional compound and

Sgl()gggggﬁfl@?eneé%ﬂﬁ%%el cﬁg’ ﬁéddégrg%gkcﬁggg&b%&@n ?yl amne (0.21 g,

[0118] In the following exemplary data on the formation of a series of amphiphilic
polymers of interest 1-5 are provided. Following the foregoing protocol these amphiphilic
polymers were synthesised by grafting n-octylamine to poly(isobutylene-alt-maleic anhydride)

10 at different molar ratios (cf. also Table 1). To introduce additional functional units onto the
QD/polymer assemblies, polymers containing vinyl function 6 and different PEG oligomers 7-

8 were synthesised as well.

Polymer 1

[0119] Reaction of poly(isobutylene-alt-maleic anhydride 6000 with octylamine (0.05g,

0.4 mmol) resulted with crystalline product 1 (0.86 g, 59 %). IH-NMR (400MHz, D,0) &:

3.25 - 2.90 (m, 9 H), 2.59 (bs, 39 H), 2.08 (bs 39 H), 1.95 - 1.35 (m, 81 H), 1.34 (bs, 62 H),

20 1.13 - 0.65 (m, 238 H). Target composition: carboxylic 97%, octyl amide 3%; observed:
carboxylic 96 %, octyl amide 4%.

Polymer 2

—ad

HN - & o)

X X
A




1.6 mmol) and PEG 600 (11.6 g, 19 nmum ) resulted with gl assy product
7 (3.20 g, 86% . 1HNWR (400 MHz, D20) 8: 4.20 - 3.98 (m 13 , 3.82

- 3.40 (m 3.26 - 3.86 (m 17 H), 2.80- 1.60 (

1.47 (bs, M@’%“ﬁz (bs, 189 11), 1.14 - 0.68 (m 2629{?3&82?' it/g"’“%“
conposition: carboxylic 50 % octyl amde 12 % PEG 48 % observed
carboxylic 55 % octyl 10 am de 15 % PEG 30 % Pol yner 8 NH2

15[ 0126] Reaction of poly(isobutylene-aBbs-naleic anhydride 6000. with
octylam ne (0.21g, 1.6 nmol) and di am nopropyl PEG 1500 (0.50 g, 0.33

mol ) resul t dO12A] Reagiop of ably{istbufytenetalt-mafiq anhyaridg, 6008 Wih octyleidR (§.498@,

1o (m 138 P9 e B gl s TR ) oo gy

260 H). Taﬁé@t 2@6@9%3 399 (enpbbXPA2c 1980 (81, 150k 1123 hscl1613), 615 PEGD (m,
1500 5 % o
%00 2009105 544%’CT/ PRGN SuBlulie o2 360V imBEERE, e gar el 9 %,

pol y(i s%but"iﬂ’ dea}k %nal ei c anhydri de) backbone opened by treat nent
with stechionmetric anount of NaOH to carboxyl groups. NVR integration
was nor mal i Z?&i]z!tn&ljhe backbone 6000 g/nol (n = 38). Weight average
nol ar mass was cal cul at ed based on the NVR spectra of purified

polymers. 5[0128] Polyners as_depicted in Fig. 2B to Fig. 2D can be
synt hesi zed in a|manner siml3grf as describ above by grajting
appropriate am ne (octyl am ng, acryl
function) into ap a dride pcI "Cont r ol
over the nunber o bt-g{t inber  of
car boxyl groups In ,/i:ﬁ/ba(%gore bd by
changi ng the anmolin® oh.10/hu8|e he
reaction with the pol y%nh?/drlce al so
Fig. 2A).

10 [0121] Reaction of poly(isobutylene-alt-maleic anhydride 6000 with octylamine (0.42 g,

3.2 mmol) resulted with crystalline product 3 (1.06g, 63 %). !H-NMR (400 MHz, D,0) &:
3.28 - 2.85 (m, 47 H), 2.60 (bs, 37 H), 2.41 — 1.60 (m, 81 H), 1.47 (bs, 68 H), 1.24 (bs, 253 H),
1.12 - 0.75 (m, 286 H). Target composition: carboxylic 75%, octyl amide 25%; observed:
carboxylic 75%, octyl amide 25%.

15 Polymer 4

< <
“o¢<o__o>’*o 04(->*0 0 o

<4k O HN Jd°bt o o

[0122] Reaction of poly(isobutylene-alt-maleic anhydride 6000 with octylamine (0.84 g,

20 6.5 mmol) resulted with crystalline product 4 (1.63g, 88%). IH-NMR (400 MHz, D,0) 8: 3.25

- 2.85 (m, 72 H), 2.60 (bs, 34 H), 2.40 ~ 1.65 (m, 73 H), 1.48 (bs, 87 H), 1.24 (bs, 379 H), 1.12

- 0.65 (m, 317 H). Target composition: carboxylic 50 %, octyl amide 50 %; observed:
carboxylic 61 %, octyl amide 39 %.



Exanpl e 3: Synthesis of Q@ / pol yner assenblies [0130] 2 ng of
purified Qbs were dissolved in THF (2 nL) and 0.5 nL of 1.4 ritM

pol yner so #@%&&?% added followed by 5 inL of water. The m xture
was concentra h a 15 rotary evaporator to 1 inL. ROPBPOR A0S
suspension was filtered trough a 0.8 gmfilter and the filter was
washed with 5 rtiL of pure water. The supernatant was filtered again
according to the same procedure throughsga hydrophilic filter (0.2 gm
resulting in a clear QDs water solution. Excess of water can be
removed wit hPaymetsry evaporator to reach desirable concentration

[ 0131] The above described polyners 1-8 were used to transfer
nanocrystals intpg water. 20 Baged on the absorption of QD/9pol yner
assenblies it islestimated thgt] from 10 to 0% of dots is passing the
suspensi on procedure,This yieglid 1 Jent on

pol ymer used andieg nor e _deps Ds (excess
of hydrophobic || gandg | ead td ne
suspendi ng effic| epcs of p €
Starting with the samifgti alj

. ug- @y QU5 U e
concentration of polyners 1- 5 25 in wat®&r_has been applied, but
different concentrations of Qs in water (cal e rom opti cal
absorption) were obtained. The final concentration of in water

depends on the ability of a given polyner to suspend Qs in water. It
is fountl thaf0123] Reretionof poliiisgetylemalbasleidfanhydzidt YOO widp Sctokinaredl g,

to the pol r ckbone.(Tab)l e. 2) 1i.s f rahl i

Fol lows o LEREdes@ESoh alipg brdaler Tl Ror SEHTENER ADMR Ry o:325
poi nts (i n-2.84 Gn,333H, BL (by.dt33DH2H0 € 1165 Gof 84 Hy, hab iss) 76HY, a25Hbg hsy H), 1.12
stability t hydr i Cg drophabi C., .. .
interactiongﬁggg?%%zgggﬁveﬁéﬁggg&%?%hcéggg%fﬁﬁegxﬁFgﬁéﬁ"ﬁ%ﬂ%ﬂ@n%%gn@d
val ue t hancathpxylic 86 %] eyl emudeddt®.at i on of QDs in the final aqueous

solution can be attributed to the formati on of aggregates (few dots
attracjgd tonﬁﬂﬁaﬁﬁﬂe pol ymer chain), and to problens related to the

[0124] Reaction of poly(isobutylene-alt-maleic anhydride 6000 with octylamine (0.21 g,

1.6 mmol) and 3-amino-1-propanol vinyl ether (0.02 g, 0.20 mmol) resulted with crystalline

product 6 (0.91g, 60 %). TH-NMR (400 MHz, D,0) 8: 6.42 (bs, 1.5 H), 4.25 (bs, 1.5 H), 4.04

(bs, 1.5 H), 3.78 (bs, 3 H), 3.25 - 2.82 (m, 30 H), 2.80 — 1.60 (m, 154 H), 1.45 (bs, 45 H), 1.29

20 (bs, 144 H), 1.14 —0.65 (m, 258 H). Target composition: carboxylic 87%, octyl amide 12.5 %,
vinyl 1.5 %; observed: carboxylic 85 %, octyl amide 13 %, vinyl 1.8 %.

Polymer 7



WO 2009/ 038544PCT/ SG2008/ 000356 37 filtration step. Careful
purification to renove TOPO TOP and hexadecylam ne in the QDs

solution i for the effective formation of sta r
assenbl i es%v{%dg%)b% y the renmaining al kyl |igands prevenp&flﬁ(%gggdoyﬁe
formati on of nonodi spersed micelles, as well as drive floccul ation.
Coating the Qbs with polyners and transferring theminto water did
not show 5 any significant effects on 3sheir basic | um nescence
properties. Al theugh the abs ion spectruwn-shows m nor changes, the
wavel ength at the maxi mum of e em ssion apg the widths ¢f the

em ssi on spectrajr ¥'n essentialMNy unchang
[ 01321 Coverin hobi ¢ 200

coated CdSe/ zZnS [LO ht u Do I ed
THF and subseque to iti J[ %&gjs P ?5
TNT by evaporatipbn resul s w st ap} epyQol I
coated Quantum Dots. The resulting sol utions are clear}y transparent,
and display |longtermoptical and coll oi tability. 4t 1 ot ed
that the coating process can generally be carried out on a%
nanoparticul ate matter, regardl ess of the surfac 15

4. NTPAM quantum dots copol yneri zation - [0133] Pol rization is
carri ed by di01a8} Rerctiomgf pﬁly(émbr;t}rlbm atemmlnmranhydﬁdamomwheﬁt)w:ﬁrﬁe 0.21 g,

| ;
ggsyggr oiuﬁgﬁ%)te&?ﬁéeig e El lt;I ia onItlt?:)1g%“'5Sr’(o‘fr?f!lur’:t ‘/"E&t%d%gigr{gym-
of appr oprlﬂhﬁ?e(m%l\'ﬂﬂaﬂzﬂ) 5Dér2@ndr9r8qnnm3 Hhé §201 3y4fifm, U3 21 H], 3626 -F3.86 (nR87
to Fig. 2Q) ang .reaf 985§ “P'H }ﬁ, rzzgéﬁf@r 29# 7RSS 84 . %62 ) OTarget

initiator, ‘¢oncentration |ng size o

m cros pher@glpﬂﬁl‘élw Gribplie ﬁf} " @ﬁ*ﬁbﬂfmlé*ﬁ 121 Bd €8 Ygpbserdadagiplic 55 %, octyl
attachgd tibdhes ROPYGBD oghai ns are possible to obtain. Figure 5
depicts different representative mcroscopic i mages of PNIPAM/ QDs
conposites. Representative polynerization procedure: [0134] In the 50
ritla three Bobgher8l ask NI PAM (0. 0503 g), solution of QDs (8 ny)

coated 25 th acrylic e _pol yner - -ammoni um sakt form (Fig. 1C)
and 20 znL L5 times vacyum/ argon
evacuati on. nitiator 1(25208

(0.0319 gt
crossli nker

y sol ution of
iin 4 nmL of H20 was

dosed withipn Ln. in 71C for
addi ti onal 4h an® c®ol ee arried 30 out by
dialysis (50 IcD nenbrane) and ce ifuged to r ve bi gger

of subm croRarticles of PN PAM

O\\\
O
34

particles. As a result, water solutio
beari ng QDs were obtained. (Figure 6).
2009/ 038544PCT/ SG2008/ 000356

NH,,

15 {0126] Reaction of poly(isobutylene-alt-maleic anhydride 6000 with octylamine (0.21g,
1.6 mmol) and diaminopropyl PEG 1500 (0.50 g, 0.33 mmol) resulted with crystalline product
8 (1.58 g, 78 %). 1H-NMR (400 MHz, D,0) 5: 3.78 - 3.42 (m, 270 H), 3.25 - 3.82 (m, 30 H),
2.80 - 1.60 (m, 128 H), 1.48 (bs, 48 H), 1.22 (bs, 151 H), 1.12 - 0.70 (m, 260 H). Target
composition: carboxylic 88 %, octyl amide 13 %, PEG 1500 5 %; observed: carboxylic 81 %,
20  octyl amide 14 %, PEG 1500 5 %.

[0127] To identify properly the composition of the polymers obtained, NMR spectra were



38 Direct cross-polynerization of quantum dots [ 0135]

Pol ynmeri zation is carried by addition of initiator (like K2S208) to
wat er solu ts coated with pol ynerizabl e anphi pQj.lj r
such as thg‘}sde)fhgge}%’lsgﬁed in Fig. 28 to Fig. 2D (Fig. 1). Bb%(%%&?@l}@é?ﬁ
the crude reaction mxture results in wat er-processabl e and
5suspendabl e solid polynmeric filmcarrying high content of QDs (Fig.
8). Representative polynerization procesiire: [0136] In 5OnL flask
sol ution of 8 ng) coated with acrylic am de polynmer - sodium

sal t form ¢gmingnted gyitanMR) of_pdy(ispbutpleneseismeleiox ahydedt) biyackBoriei npsed by

vacuum/ a t

it at or - KOgR 7R SbEnedERRR of Ga030 JEHAT IRtk Sufiiion vas
Tenper at ur Borgplizegdo ﬂedz%khme R gfmphinat ABd Weight &vetage Mplar fmasawvaoerlondased
carried bybgb@éyﬁémgpelcﬁpo fERERE AR merEUr i fication resulted with

wat er sol ubl e polyneric netvvork beari1 ng high concentration of QDs
(Figures7). PXaspPalyraershb dé;ﬁetamal FSg QB tp Gligy 0Prdad 8¢ bydkhediBel in a manner similar

copol yneri za 01 rlaL be n, coate A
(such as b @a""g%él At alipmlyf%f ? g g BBy STpps bR Y
(such as dmxirfurmaoh)lmtoﬁnantpyldadﬂ})olyracm&edcbbmr seIf pol ymeri zati on and
copol ymeri zation with other water soluble nonomers in reversed

mi cr oenul si ofP13PEad®! aver thesipmeber ofyhydrophabicr wiits awithe respeptrde ahes njmbear hef
range bet \A@%xﬁpgfoﬁb@ iAnfe bAKYEAR &rpelyﬂte}sal BSFhs alflEvelity’ AR 8% MoBnt of

| um nechent % an ext endg? period of tine. Represent ative

pol ynety zat4e HP}B?‘b@éﬁﬂF%“SG orithe reaction with the pelyprhyAiideghpi(see polyoesd4, cf.
Argon was fasEgdhrough sol ution of sorbitan nonool eate (Span 80,
0.23 g) in 10 inL of parafin oil for 1 h. Water solution 1 nL in

vol une, containing N PA 0. . 1.32 ! Dl ), N, N .

met hyl enebi sacryl ami de ?‘{Iﬁg'ﬂ?é§ gy'ﬁill?ﬂf of 12°'8“?Fg’sbelmlt§5§ and 10 ng of
pol yrmers (i in 1.3, 2).were added, to 0|I hase and argon bubblin
was cont i nuet}ﬁ?@rfﬁ’éx?f P‘%ﬂé’%n@% PEiF dissolved i (B el mby and BiSnmlpiglgt G%’I
and then wadynsdhaklatiorf wiis 4dded follbived by § gamwaadaometnmwewoast&xceaﬁak&ﬁm a
St abl e, honpgeneouys sted onto a '

i rradi it edORt R tfm[% lsﬁﬁ‘d \rA@ﬁl‘Yﬂ?(SéléﬁReVéoﬁtvﬁsf df:rf"d%}’s*f?glk‘é}ﬁ%eé\??%@e
for 4 h atfiler vvemahad umte SbEfLmEmneﬁatem'ﬁhelﬁlﬁcraﬂahtwbﬁheru@ﬁgahyacbﬁﬂmg to the
wi thout i rstaﬁ’x Shcﬂﬂe h% (‘?41 ﬁ}dtc@hﬁ:@%hbpﬁ%rf ﬁ)ﬁ}ﬂ%&%ﬁ&&eh% cieP lx‘lglds rso utlon

PNl PAM | at ex carri e sSever a
cent ri f ugali¥cess ofivatar eambaremovad ovith lserenyesriorajo rg'ewfedesmm CEnghEgS

and centrif 2009/ 038544PCT/ SG2008/ 000356 39
Exanpl e 6I: g@?&goﬁ]&mﬁ)B‘(e \EI'\%F’EP#HH"Y)\@W%% \ﬁtae to transfer nanocrystals into water.
20  Based on the absorption of QD/polymer assemblies it is estimated that from 10 to 80% of dots

is passing the suspension procedure. This yield is however strongly dependent on polymer
used and even more dependent on the purity of the QDs (excess of hydrophobic ligands lead to
formation of aggregates). The suspending efficiency of polymers 1-5 was subsequently tested.
Starting with the same initial amount of QDs in THF, the same concentration of polymers 1- 5
25  in water has been applied, but different concentrations of QDs in water (calculated from
optical absorption) were obtained. The final concentration of QDs in water depends on the
ability of a given polymer to suspend QDs in water. It is found that polymer with higher
number of n-octyl groups attached to the polymer backbone (Table 2) is more favourable, and
this follows a general observation that a higher number of anchoring points (in this case
30  hydrophobic n-octyl chains) gives higher stability to an assembly based on hydrophobic-
hydrophobic interactions. For the polymer 5, with a 10 times higher molar mass value than for
1-4, low concentration of QDs in the final aqueous solution can be attributed to the formation

of aggregates (few dots attracted to the same polymer chain), and to problems related to the



[0139] Polyneric material bearing coated Qs (like described in 1.1)
wi th pol yneri zable functions (like described in 1.2) is used for
formation ' n various substrates, |ike for exanpl e:
silicon, gﬁfaoséo,w”%%“(ritz etc. Films can be formed in varibu%® RI000356
exanpl e by spin 5coating or drop casting, and |later cross-polynerized

appl yi ng various polynerization techniques, like for instance WV or
thermally initiated polynerization. Repggesentative polynerization
procedure of film polynerization - UV pol ynerizati on: [ 0140]

Wat er sol ufiltatior step. Carefubputifieatiiontr@inovenJONDPAOP (0d hbxadecylandre AL )QDs

N, N nethy I.saGk m.de £0.0 . 0. 06 8 of and .10
nmg of pol ygﬁgﬂg}ﬁ(@ ?ﬁ%téééll T ﬁfoe-éf?’é‘?%‘a? 8B5‘8§g@?@°&m§%§se&bﬁ Probebly the
funct i onal repmihing $lkyl3ligatids preveno xhesfotngdtiop rafpydnodiepdnsed ryiceltes,. asThell gd asw
slide was } s ' f [ Lting wt ol yneric..fil

mai nt ai ni ng%ﬁﬁ%@égﬁﬂﬁ %re c%)esr}glﬁhegt?lpﬁﬁrgsr#p? témnlsigeHA? gﬁldn ¥I§f<ﬁter i ‘nof Show
exper i nent any| eigaifipant effestangl dwirf basicARimingseayict properties.pAbixaugh cthd yabshrptipn
casting di lJLad, F¥roLyer", ' 0 : ' f

cl eaned si ﬁécon waf er . lﬁechg%gsst%?%%g& re%@%&%{%@@ﬁ%%ﬁﬁﬁ%@md the
wat er to rwifeef thecadssionispepira eqmain essephiallysunepinged (iig B. | ef t to dry in
air and subsequently nounted on a magnetic netal puck. Imaging of the
pol ymer - coat eIBdwatimes performed with a Mul ti node Atonic Force

M croscope (Veeco-Digital Instrunents, Santa Barbara, CA) equipped
with a Nanos{tge] Cavetiophydsbphebic Qs (D 02087193 for enatriplecI@R QS cffed CdSe/ZnS

( Poi nt g1 obs- f.or i i P the
oo gy AR N S S APl
t he sol ut i eignexsphstion. inged Tolt by evapopiperresplts oitb stablectollpiddl salutions of
carbon fil ' ol Thel '

Oﬁl;ﬂ\l)ﬁ'ﬁl? chfttd é#&ﬁtﬂrﬁ‘ DAts! The rg%gh%%omsgfgtg%:ﬁﬁﬂ?ﬁﬂn@ ar?dEc%pI%/]ingg-

TEM at 20 0143] TEM was_ used serve I n _
pol yner - cosfeeptisaband saiieidal stapitityg It isypgted thpighe copting preesisyieanagndratiyofes carried

(inset) respby @h@;lsarﬁc ulatd B4fe8 tAFRResh bf MO QRFOL ~hi ghl'y
crystalline wafﬁgyr-so uble QD. Lower resolution ?l%!;gfe (Fig 4A) shows
that the polyner-coated QDs did not formlarge aggregated structures
in solttion. An atoni cHFeRRl drNIFAM gusptymndafs copolsamarizationie (Fig. 4B)
of the QD polyner assenblies on a silicon substrate deposited froma
hi ghl'y di |l ut Eﬁ%loﬁ‘%w"dﬁa’é%wa{fwéiw difsRemiung oflsraylic. manqmer and)QDspfoated
the structwigepoliher such BE thosd@pidaall e 2B HbFid 2BDinWater¥H b5 Hosing one of the
corresponds raughly,to.the size, of, the oated wi.th a pol yner
Shel I . Tha FEPERdp th FlanFl<Ghe: MRt el PRERFIEE IRipor, Hrphding on the
si gni fi canjolymeprneed éee Fidh 2B topFigebBb).and edabiudt Sonditithd (for example temperature,
2009/ %854iﬁ1tpia o{-, %%0%9 /t%g%§?n%rcdients) different size of microspheres with different number of
embedded QDs covalently attached to the polymer chains are possible to obtain. Figure 5

depicts different representative microscopic images of PNIPAM / QDs composites.
Representative polymerization procedure:

[0134] In the 50 mL three neck flask NIPAM (0.0503 g), solution of QDs (8 mg) coated

25  with acrylic ester polymer - ammonium salt form (Fig. 1C) and 20 mL of water was

deoxidized by 15 times vacuum / argon evacuation. Temperature was increased to 70 °C and

initiator K850 (0.0319 g in I mL of H,0) was added. Subsequently solution of crosslinker

MBAAM (0.0285 g) and NIPAM (0.2526 g) in 4 mL of H,O was dosed within 75 min. After

dosing mixture was kept in 71°C for additional 4h and cooled to r.t. Purification was carried

30 out by dialysis (50 kD membrane} and centrifuged to remove bigger particles, As a result,
water solution of submicroparticles of PNIPAM bearing QDs were obtained. (Figure 6).



40 Exanple 7a: Cells internalization - Cell culture [0144] Human
breast cancer cells, MCF-7 (ATCC) and rat glioma cells, C6 (ATCC)
were cul tured g&l‘@g Cin a humdified atnosphere of 5 0oCOZ

envi ronnen #t ai ned in DVEM nedi um suppl enment ed B TRG88/890358 s
and | % peni CI | I'in-streptonycin solution. The 5 cul ture nedi um was
repl eni shed every other day. To study cell uptake of particles, cells
were seeded at 2.0 x 104 cells/cnR in Lap-Tek chanbered cover gl asses
(Nunc). Exanple 7b: Cells internalization - Uptake of QDs/pol yner
assenbl i es i n DirececrosstgobymerizationQf flgntuithdovtcel | ul ar upt ake of

assenbl i es of quantum dots enbedded in the pol yner depicted in Fig.
2C was i niti §0138] Rbigmetittion isl chiice bgmﬂiﬁummm@rmhaeggszmé) toheateRdiutitn of

10 cont ai ni f the art i nt sol utjon_which
oH ves. ad) 107 str v pilimi i Biptiphi sl b frohdiy dbvibiad i bL AR e
i ncubat ed 2Br (Fig.h1atDidFsi€. ofAthet bmderrdacﬁén innigtubatrésals tih NWatert fi6cessable Sand

f |
\é\;e(g:ss parﬁ‘@ﬁntd!ﬂﬁg Iwﬁto&gieégﬁo r?é "é’agP fﬁﬁé@@r%() eClelml rs]a;[/vgre

then fixed with 70 % ethanol. To assess whether the particles had
entered the cRepekataivepolg@kliftionpretedirewer e st ai ned using DAPI to 15
facilitate | ocate the particles in the cells. The sanples were then

1 uor escent - ANBLECHRY. fetk <HRbPoic Ry G oot ohrptle oo hayscnfim

supported satt ﬁbnﬁ (@(@( Mt &id- 207 S %tdﬁhﬁz@cddoxianzecﬂ BROES tiRE S/abiiiRl W

in section of X 1024 pi xels essed.b
Ucunr | LonRuiet ot delingnne s aerdi t I oG and Gitiador Sy G Bcgin 1 mL of
showedi@ haltl,®heas2@ddédDTanperaraie oﬁﬂﬁ&éﬁﬁh@xﬁ@aﬂﬁaﬁntbﬂe&foft 6al Pmeficxitlon was carried

internali cCQu Ia m of

i vi ng celzlﬁ'ddlgﬂlg( ?(Bulfle o eS %}Jer atlsoéll te??:)stgl ‘ngt? %’E}ﬁ{ oPOIHBEIC pefRork
rough endohvhalwﬂllghcwcmﬁlmmsﬂwrer’l)bosomas when the QI pol yner
assenblies enter the cytoplasm (Fig. 9b). [0147] The invention

illustratively ﬁ?ﬁﬁ ie@eﬁh%e%lﬁmmol IHE BoX apE cc%u?ﬁ}tlér?zgﬂoﬁ bf (5B$ 25

absence of any e nt or el enents, atron or I'ons; hot
speC|f|caIIy C

‘conpri si ng” {quﬁ ﬁciq%‘gg‘lcn%t&gag Rfaﬁlgibatédo(ﬁ %3 é@éH)zL cﬁefc %gd %ng}%lrs ples 1 - 3) with
expanslvel Bﬂlmlwic ﬁmtzorlm(mcbas d@nnbeAd@I Exanplaf) ip us¢difior sadff prdyreanization and
expr essi ongnAYRL@MEEn Qﬁfhebtﬂem@Xt@r BSESle YaRmas ih GeiBsed! mfé?o%ﬁﬁxlsgﬁx' [S}Qchcss

and not of Flmtatlon and there is no intention In the use o

terns and Miggsaiess with WO&I&@? digmeigrsam e spge beiwean 490 mm andd Ofepare pkigined.

shown and B rie%egtcRS dredhimOdckhtQP& ah RREFRT perltiiiofitinel S recogni zed t hat
various nodifications are possible within tphe scope of the invention

claimed. Thus, it should be understood that although the present
i nventi on hasksreré%@n@f;&mlm%nzm}mmrwm efmisgoemulsinpipalyynesipdsion] ment s
and optional WD 2009/ 038544PCT/ SG2008/ 000356 41 features,

modi figat i onjodse] Ndbh ahi Bﬂ%sé&ftgﬂon@'h oR¥BRLE fb?t%gﬂl R h@;ﬂe géb%ﬁ Qb 3) {%ﬁh o

di scl osed nmay be resorted ose ski
such nodi file &f paaln aildonhhi %ﬁebrv@utwnel wbris ivelemedeantsinieg WRANHO4fi, 132

scope of trxhs)), m\er}hé@ﬂeneiagmhmﬂib% 'OIWE”E)'OQ%JH@!? PERNAOPE B9 mg of
broadly and generlcally erein. Eac

polymers (liken in I.3.2) were added to 011 phase and argon bubbling was continued for next

th. Emulsion was sonicated for 1 min in 40 °C and then was shaken for 1h in rt. with

25  laboratory vortex shaker. Stable homogeneous emulsion was casted onto a Petri dish and

irradiated with UV lamp under nitrogen-ventilated crosslinker device for 4 h at a temperature

between 5 and 15°C and subsequently left without irradiation for 16 h in the inert atmosphere.

Purification of PNIPAM latex was carried out by several washing steps and centrifugation with

hexane, and subsequently several washing steps and centrifugation with water.



5 narrower species and subgeneric groupings falling within the
generic disclosure also formpart of the invention. This includes the
generic de of the invention with a proviso or n lve
limtati onwriﬂrggéf Sﬁ%‘%ny subj ect matter fromthe genus, F&g%@f’%@”@g‘sﬁf
whet her or not the excised material is specifically recited herein.
[0149] Ot her enbodinments are within the following clains. In
addition, where features 10 or aspects o the invention are descri bed
in ternms of Marlcush groups, those skilled in the art will recognize
that the invention is alEanpleé:dormideof thidfilos bemtingsQDE any

I ndi vi dual nenber or subgroup of nenbers of the Markush group. WO
2009/ 038544 PQII33ERORMEHOMBB aldiaiigadonmsd \YIBL (likes desbribied il 1113 with poRmerizable

process of f a hi phi.l i ¢ pol I
conpri si ng ag%onaggkceaé] crgg)gé'gggi)ﬁ ng%nhmf%‘g tﬂ% 5?%&“%5‘@%%5“‘8 for
carries (i 9xasr(13ta®sihsq>rdgla5g iqoarzsete. Filing cdr besforradd mhatmm ways, &bt @ampRWyN§in
a mai n ghaj abou 0 0 d 0.to about 3. .
het er oa%on%&g e% ect g‘%&f ?308%718 %%gtr]%%p c@%?%?ﬁgd?agﬁ]&mgi VArghg }Zoltllmjsnm“m
second al i {shlniques,like &riimstanbealV vy theroadly ahitiated padabérzaipmoup, wherein t he
second aliphatic noieties have a main chain of about 3 to about 80
carbon at ons &egreaditative Bolymerdaton prétedivetof fibampaymerdatiact BW folsomarihtivned
0, 10the process conprising reacting in a suitable solvent a nmaleic
anhydri de pol[@148} Wafer salotiatl & rfll Jin vdlEme @ﬂﬁfaﬁ:ﬁﬂ@NﬂPAM @nsightieemmbnOMN®

about 10 tx%et%?l%'ebls}lgg%’idea(a%l%, 6 86 mmo gentlghgtl QDs and 10 mg of polymers (like in

10 1.2) was drop casted onto a glass surface functionalized with 3-(Trimethoxysilyl)propyl

methacrylate. The glass slide was irradiated with UV for 6 h resulting with polymeric film

maintaining fluorescent properties.

Example 7: AFM and TEM experiments

[0141] The samples for AFM imaging were prepared by drop casting diluted QD/polymer

15  solutions onto 1 x 1 cm? pieces of cleaned silicon wafer. The substrates were rinsed with
destilled water to remove excess of material. The samples were left to dry in air and
subsequently mounted on a magnetic metal puck. Imaging of the polymer-coated QDs was
performed with a Multimode Atomic Force Microscope (Veeco-Digital Instruments, Santa
Barbara, CA) equipped with a Nanoscope IV controller. Single beam Si cantilevers

20  (Pointprobe-plus, Nanosensors, Germany) were used for imaging in the tapping mode.

[0142] For Transmission Electron Microscopy (TEM) the solutions were drop-casted onto
a copper grid coated with a carbon film and let dry in air. Imaging was performed on a JEOL
2100 TEM at 200kV.

{0143] TEM was used to observe individual polymer-coated quantum dots (Fig. 4A). High

25  resolution image (inset) resolves atomic interference fringes of one highly crystalline water-

soluble QD. Lower resolution image (Fig 4A) shows that the polymer-coated QDs did not

form large aggregated structures in solution. An atomic force microscopy (AFM) height image

(Fig. 4B) of the QD/polymer assemblies on a silicon substrate deposited from a highly diluted

solution shows their spherical shape. The height of the structures is in the range between 4 to 6

30  nm, which corresponds roughly to the size of the QDs coated with a polymer shell. The lateral
dimensions of the polymer coated QDs can be significantly broadened by tip related effects.



20w th: a nonofiinctional conpound having an al kyl chain of about 3
to about 20 carbon atons and O to about 2 heteroatons selected from

the grou e and Si, wherein the functional

m)no19| [ ncl?t Pb%%w@gﬁgound i's capabl e of formng a li nkagg(?%gﬂmﬂﬂoos%
anhydride, and 25 an at |east bifunctional conmpound having an al kyl
chain of about 3 to about 80 carbon atons and O to about 40

het eroatons selected from N and 0, wherg n one functional group of
the at |east bifunctional conpound is capable of form ng a |inkage

wi th an anhydri de, and whEeampla 7an0Odl értedoalizitioa R dellgoltaye of t he at

| east bifunctional conpound is copol yneri sable, 30wherein only the
functional gr (ptm4pf Huban dteabteander bélfs UMICF-D (el CCoamdabnglionanazhs, e:&)(fATCC)

el o ¢ anny it £ aEredio 3 ohd Dt S B 000 S5k T ptveined n
formula (I DMEM metiempupglersentaf with & #h EBS amielr i mnicﬂﬁn-ﬁmmymimadohgbm l]pne

ot oup, o VR eAE el PERRNAR) &8 Al Sy 12 R A Syt g R o

t hi oet her sgc@dpt 283 104!' t@ls/pmémdsab Tk chalrabcmdz:ovmmsas Nodee
nmonof uncti onal conpound has an aIkyI chain of about 5 to about 15

or 3. wher of EEPRES AR Pt aeFeE ?}E%taﬁ%of osrogePigrantiam Bl *
et o g, S . PRI ST Ve
copol yner i degisted ifi Figt 20 vak igitiated when 1kt hetuet mbdiamt wik feplacdd BN&e medium
COprOUﬂ)d I cont(:)ammgolfmgrrr]ll 8‘%9 Bargclgsu&’mterem m soi(u¥10n Uhizh? pH X ad_}usted to 9 prior to
dilution. Cell monolayer was further incubated for 1 h at 37 °C. At the end of incubation time,
the cells were washed 3 times with fresh pre-warmed PBS buffer to eliminate excess particles
which were not associated to the cells. Cells- were then fixed with 70 % ethanol. To assess
whether the particles had entered the cytoplasm of cells, nuclei were stained using DAPI to
15  facilitate locate the particles in the cells. The samples were then mounted in the fluorescent
mounting medium {Dako). Confocal fluorescent microscopy was performed using an Olympus
FV500 system supported with a 60x water-immersion objective. Images were captured in

section of 1024 x 1024 pixels and processed by FV10-ASW 1.3 Viewer.

[0146) Tests with mammalian cancer cells (MCF-7 and C6) showed that the
20  QD/polymer assemblies can be effectively internalized (Fig. 9). The accumulation of QDs in
the cytoplasm of living cells is attributed to their selective distribution near the rough

endoplasmic reticulum and the ribosomes when the QD/polymer assemblies enter the
cytoplasm (Fig. 9b).

[0147] The invention illustratively described herein may suitably be practiced in the

25  absence of any element or elements, limitation or limitations, not speciﬁcaliy. 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

30  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



group containing a termnal C=C bond, an allyl group, an allyl

gl ycidyl ether group, an epoxide group, an oxetane group, an internal
C=C bond, r m 0,--C group, an internal CC group, _a term nal
coupl ed - @é@@£§44oup or a substituted derivative thePEHPG2REP03Sf,e
process of claim®6, wherein the functional group containing a
termnal C=C bond is one of a vinyl group and an acryl group. 8. The
process of any one of claims 1 - 7, whegein the functional group of
the at |east bifiuntional conpound that is capable of formng a

| i nkage wi fdatures, modifidatiodend sardlitibh ef @l tinventiunsteh@odied MepsiEkdréin iselosed may

functional _grou ereqgf . 209  The process, of an of claing 1 -
8, wher ei nb% r?sgg%‘i]pol h’f g]boé;? SP&S%‘%E%‘U‘PEf@gt%atasﬂghﬁog%fm%.aniﬁ'é“am’“s are
process of canidersd® iof withimitescdpe oPthisvilnentiérn n is 32. 11. The process
of any one of clainms 1 - 10, wherein the at |least bifiinctional

conpound i s a [PBISY etThy livweagdnyles lbedr described broadly and generically herein. Each of the

%gre?ﬁé ![ Eé&lmb %bg%hg%éﬁgsgxﬁl gli?(! grgg EHY 'fgggg?wﬁéi%%%sgscngrgc éislcﬂ:!sme]éiléb form part
2009/ 038544iP@E/ ivERA68/ THYO 8fohiddsttht Fenetivedepeription ©f alie- tivation hiith whesedonor
tplhgcgls 2‘m0?8%:a§%:,}érg%%g ﬁr@r%%v?&gﬁ%&?’séﬁ%ﬂ;@agg} i%?n Ql'?cp ée%gé,/ lreggr%%ss élit4 ivhf;rtﬂe? pr not
di ami noal kthk epmided atderiabisepdcifivelly fesiteRBESEMH2) 2 1500. 5 15. The process
of any one of clainms 1 - 14, wherein the at |east bifunctional
conpound i s orjél48] Hthrenbodiments me withinhiiel fobbswingaldiys. aaddiione what @atures
and an,am no c I ‘m 216. The cess of claim .
aher o 1T & pfielor E Il fon 3R Berickdin G5 ERED hurk, Bpisbiteg in g an
et her. will reGognirh ¢hay thecewwtiof isailsp thamebyafesaribed imsterins-of b6y indinddual metmber
process is i | e of a base. 18. The process
Qf%ﬂéé%’glﬁig?%n : Heft delR ﬁ%?%ﬁ%g&ﬁ.

of claim17/, e base | n"nucl eophilic base.



19. The process of claim 18, wherein the base is one of |ithium

di i sopropyl am de, lithiumtetramethyl pi peridide, diisopropylethyl

am ne (H i gi g, ), 1,5-diazabicyclo[4.3.0]- non-5-e
1,8-diazab?%%%?%?@@ﬁ.01undec-7-ene, a bis(trinethylsilyggﬁﬁgﬁgm@yBSG
15hexanet hyl di si | azane and bi snmesi tyl magnesi um 20. A process of

form ng an anphiphilic polynmer, the anphiphilic polynmer conprising a
hydr ocar bon backbone, wherein the hydrogarbon backbone carries (i)
-COOH side groups, (ii) first aliphatic noieties having a nain chain
of about 3 t@awmsout 20 carbon atons and O to about 3 heteroatons
selected fromthe group N, 0, S, Se and Si, and (iii) 20second
aliphatic nﬁhS{ﬁ%Ehﬂﬁﬁkng a copol yneri sabl e group, wherein the second
aliphatic noieties are defined by a poly(ethylene oxide) conprising
chain, the process conprising reacting in a suitable solvent a naleic

anhydri de pal yoprocest of forriug an &rthphiphiNpoRakl/ RShrhpHdld SRR 36MBP3
45 wherein n is,an qh%ﬁg% frqm ab uE 0 to %ﬁggt 10000, %3? .Is H
or methyl, Swilyfrocarko OFr Y IEBTRTC B PreFarts B) 1O ide n of
about 35t o0 abeuiup® @iicstxiphaicaset@nbaviheta0naAb chilin f AHeilitSrto abewi B0 carbon
sel ected fromgthe an N S, .Se and, Si erei n.the functjonal...
group of the r#?r?losfa gcrl]g'lttlﬁp%br%} 9&%%%%%”?%“?&85‘%@8@%0 g a&‘s $‘i’ ﬂ%ét]g
\C/ivi th an ?Ehlydrsafwad aliphdti 'dﬁoiatiqisdilayieg hyépoiyagkiyabid group, avherein tth second aliphaftic
i am noal kyl - pol: n in o ne_term up Q
the pol yet hyl %@%ﬁé@%ﬁﬁﬁﬁﬁ?ﬂﬁf&%ﬂﬁéiﬁ FtiolefRt alFismad Rt 8 ote0
al | owed to reaetropfors selbaedhidre Ncandifhydr i de pol yner of formula (I).
21. Theg, proce i rei.n the. polyethyl eneagl ycol, .is PEG
o0, |10 7" 55 Bocdks BlbAihne MIGRE ) 5 aBE YA PARK M eride ool of
di ami noal | cyl fgroiuadDhy| enegl ycol is di ami nopropyl 15PEG

R' g
N .~
15

O O
O

n
wherein n is an integer from about 10 to about 10000, and

R! is H or methyl,
20 with:

» a monofunctional compound having an alkyl chain of about 3 to about 20 carbon
atoms and 0 to about 2 heteroatoms selected from the group N, 0 S, Se and Si,
wherein the functional group of the monofunctional compound is capable of forming
a linkage with an anhydride, and

25 » an at least bifunctional compound having an alkyl chain of about 3 to about 80 carbon
atoms and 0 to about 40 heteroatoms selected from N and O,
wherein one functional group of the at least bifunctional compound is capable of
forming a linkage with an anhydride, and wherein another functional group of the at
least bifunctional compound is copolymerisable,
30 wherein only the functional group of the at least bifunctional compound capable of
forming a linkage with an anhydride is allowed to react with the maleic anhydride



23. The process of clains 20 or 22, wherein the
di am noal | cyl - pol yet hyl enegl ycol is PEG NH2)2 1500. 24. An

anphi phi i I of the general forrmula (11): wherei n each of
m o and p%f ﬂﬁ%&gﬁﬁependently sel ected i nteger fron1ab8€FS§mP%‘3ﬁﬁut

400 and wherein the sumof m+ o + p is selected in the range from
about 10 to about 10000, 25R2 is a first aliphatic noiety with a main
chain of about of about 3 to about 20 cgg bon atons and 0 to about 3
het eroat ons selected fromthe group N, O, S, Se and Si, and R3 is a
second al i phat ip6lyfiet ftfymwiid f1).a mai n chain of about 3 to about 80
carbon atonms 46 and O to about 40 heteroatons selected fromN and O,
wherein R3 has a copol yneri sabl e group. 25. The anphi philic pol yner
of clai m 242 wWiemecasston elaiw bovhersin the Aiprciongt grayp effthe menofwictionad sompund s

one of an am npegf M4mind %nl'b}iﬁi ra%ﬁﬂoxﬁrgﬁ@; a fﬁﬂﬂ gfoup, ra%ﬁn(ﬁ%%@ x 41143«%8

term nal C=C 5hond. 26. The a pol yirer of clains
wherein R2 is‘ﬁﬁr@PRQPh H@ﬁﬁﬁﬁﬁﬁ3 27. The anphiphilic pol yner of
claim 26, wherein R2 is an n-octylam no group. 28. The process of any

one of gl aigs ¢#4 Srocﬁs%’of \é\ﬂ%f' F%?i}' th8 il (F]ﬂnql:h?ig{lﬁ\éo ghxéseémrylé?a?am

oxi de) conprisin ain e anphi I C p yner
wher ei n t he pabyytéithghaunds wb@@)or@mnéﬂltmh@gt Zheggroatoms.

4. The process of claims 2 or 3, wherein the monofunctional compound is an alkylamine.
S. The process of claim 4, wherein the monofunctional compound is n-octylamine.

6. The process of any one of claims 1 - 5, wherein the copolymerisable functional group of
10 the at least bifunctional compound is one of an amino group, a hydroxyl group, and a
group containing a terminal C=C bond, an allyl group, an allyl glycidyl ether group, an
epoxide group, an oxetane group, an internal C=C bond, a terminal C=C group, an
internal C=C group, a terminal coupled —C=C-C=C- group or a substituted derivative
thereof.

15 7. The process of claim 6, wherein the functional group containing a terminal C=C bond is

one of a vinyl group and an acryl group.

8. The process of any one of claims 1 - 7, wherein the functional group of the at least
bifunctional compound that is capable of forming a linkage with an anhydride is different
from the copolymerisable functional group thereof.

20 9. The process of any one of claims 1 - 8, wherein n is an integer from about 10 to about
400.

10. The process of any one of claims 1 - 9, wherein n is 32.

11. The process of any one of claims 1 - 10, wherein the at least bifunctional compound is a

polyethyleneglycol or a diaminoalkyl-polyethyleneglycol.

25 12. The process of claim 11, wherein the polyethyleneglycol is PEG 600.



conprises a pol yet hyl enegl ycol or a diam noal kyl - pol yet hyl enegl ycol
noi ety. 30. The anphiphilic polymer of claim?29, wherein the

pol yet hyl e iety is PEG 600. 31. The anphiphilic polynmer
of claim 29, &%%&%?Qnthe di am noal kyl - pol yet hyl enegl yco CT@ﬁﬂP@WV¥Ws
di am nopropyl PEG 32. The anphi philic polyner of claim?29, wherein
t he di am noal kyl - pol yet hyl enegl ycol moiety is PEG NH2)2 1500. 33. The
anphi philic polyner any one of clains 24¢ 32, wherein the anphiphilic
pol ymer is obtainable by a process according to any one of clainms 1 -

23. 20 34. 13 hernapriteslrbiafin POIWHIRIN B digiinoARA-Riyetly Rh BBy 2fs d%mopropy]
wherein the a philic polyner is at |east essentlally free

crosslinks. 33~“fThe anphi philic polynmer of any one of clains 24 34,
wherein each of m o and p is an independently selected integer from

about 3 tojabayl gg&gss%@glamelrl%r 3 t\hﬁre?&z‘tg% g%mm?ﬁlkﬂ %ﬁﬂaﬁiﬁnﬁgk&)@ ed in

the range from about to about 400 pol ymer
of any one of PECHNHR}2A490.35 wherein each of m o and pis an WO
2009/ 038544PCT/ SG2008/ 000356 47 |ndependently sel ected |nteger from

about 35t oq4b i s..selected

t he range %?o%ﬂg é)gf&%g ooq{gg%@? Ihjég Slg rglhgr?gﬁasﬁﬁlf\'cho'b%f‘mor”“%?
any one of cl a@nesf 2vnylRGmind e hpdrxi hiylsasrplioEstenand en aminoiatkyB&rylic amid®S.
The anmphiphilic polyner of any one of clains 24 37, mherein t he
ratio of p é i : ed. | ron1a?out t 0, about
20. 39. Tha ﬁP{S’ﬁ FOEBBY Yindhgin 9 UPHioamim in BRI T PR S PIORYY
(m+ 0) is abwuwléhmﬂo A net hod of fornlng a wat er-sol uble
nanocrystal, the method conpri sing:

17. The process of any one of claims 1 - 16, wherein the process is carried out in the

10 presence of a base.
18. The process of claim 17, wherein the base is a non nucleophilic base.

19. The process of claim 18, wherein the base is one of lithium diisopropylamide, lithium
tetramethylpiperidide, diisopropylethyl amine (Hiinig’s base), 1,5-diazabicyclo[4.3.0]-
non-5-ene, 1,8-diazabicyclo[5.4.0Jundec-7-ene, a bis(trimethylsilyl)amide, a

15 hexamethyldisilazane and bismesitylmagnesium.

20. A process of forming an amphiphilic polymer, the amphiphilic polymer comprising a
hydrocarbon backbone, wherein the hydrocarbon backbone carries (i) -COOH side
groups, (ii) first aliphatic moieties having a main chain of about 3 to about 20 carbon
atoms and 0 to about 3 heteroatoms selected from the group N, O, S, Se and $i, and (iii)

20 second aliphatic moieties having a copolymerisable group, wherein the second aliphatic
moicties are defined by a poly(ethylene oxide) comprising chain,
the process comprising reacting in a suitable solvent a maleic anhydride polymer of
formula (I),
R' R

25 ™




(i) providing a nanocrystal in a suitable solvent, (1)
contacting the nanocrystal with an anphiphilic polymer according to
any one of wIDeldhd¥84424- 39, and (iii) allow ng non-covakgﬁﬁGﬂhwmmﬁﬁ
coval ent interaction between the anphiphilic polyner and e
nanocrystal to occur, thereby form ng a water-sol ubl e nanocrystal.
41. The nethod of claim40, wherein the provided nanocrystal
conprises a sem conducting material . 154 2. The nethod of claim4l,
wherein the sem conducting material conprises at |east one of a netal
and a netalloid. 43. The nethod of any one of clainms 40- 42, wherein
t he provi ded nanocrystal is soluble in non-polar solvents. 44. The
nmet hod of any one of clains 40- 43, wherein the provided nanocrystal
conpri ses on Zhetetn 1 4lah df&el from RO TO¥AILSIN 10bOY, §hpCtion a
coordi nati ng %gLvent t hat conprises one or nore aliphatic side
chains. 45. TRe wdona¥tst any one of clains 40- 44, wherein at |east
a portipn of thx. coordi nating solvent is exchanged for the
anphi philic polyner according to any one of clainms 24- 39. 46. The
met hod of any baenefofunichonst cagpound having peialkyt Plmimohatwoy 3|te mbowr20 carbon
coval ent 25inter [ t I Ak axd e .
nanocrystal is gtﬁ’ I e%gtd)(;gnxe%g?zélggg%r | n%?%%g?%ogﬁ%%gu&gi notf Irg Se and Si,
interaction, a R{gregpteBinstiongl grong of bhp mohgfineigas] comnelindds capablyof forming
2009/ 038544PCT/ 3@aRA3AA0RnviBdsahyation force and a Van-der-\Waal s
i nteraction.
10 * a polyethyleneglycol or a diaminoalkyl-polyethyleneglycol,

wherein only one terminal group of the polyethyleneglycol or the diaminoalkyi-poly-
ethyleneglycol is allowed to react with the maleic anhydride polymer of formula (J).

21. The process of claim 20, wherein the polyethyleneglycol is PEG 600.

22. The process of claim 20, wherein the diaminoalkyl-polyethyleneglycol is diaminopropyl
15 PEG.

23. The process of claims 20 or 22, wherein the diaminoalkyl-polyethyleneglycol is
PEG(NH,), 1500.

24. An amphiphilic polymer of the general formula (II):

20 ~

wherein each of m, o and p is an independently selected integer from about 3 to about
400 and wherein the sum of m + o + p is selected in the range from about 10 to about
10000,

25 R2 is a first aliphatic moiety with a main chain of about of about 3 to about 20 carbon
atoms and 0 to about 3 heteroatoms selected from the group N, O, 8, Se and Si, and

R3 is a second aliphatic moiety with a main chain of about 3 to about 80 carbon atoms



47. The nethod of any one of clainms 40 - 46, wherein solvent in which
t he nanocrystal is provided is an aprotic solvent. 48. The net hod
of claim47, wherein the solvent in which the nanocrystal is provided
is an 5aprotic non-polar solvent. 49. The nethod of claim48, wherein
the aprotic non- polar solvent is one of*®a nineral oil, hexane,
hept ane, cycl nzene, toluene ridine, dlchloronethane
chForofornl E@pg%ﬁ ﬁBiﬁﬁT Wﬂ%“ﬂ%%?5%ﬁn§f§%1@rde di oxane, di et hyl
et her, d||SQ@@ﬁﬁyRemggﬁcf&ﬂﬁﬁ5§ﬂgkg§ ﬁ@l nonobutyl ether and
tetrahydrofuran. 10 50 he” net hod o any one of clainms 40- 49,
wherein the solvent in which the nanocrystal is provided is being
r enoved 2&f t &he amphtphﬂﬁl @M & of iRl ﬁlnbvhbf&r?ﬂi@%Bb&E‘mQﬁﬁ%?ee olih6e the moieties
anphi philic @ %ger and the nanocrystal has been al 0 0occC
51. The netfo 5HBO 8TOUP} ahneroxy growm ,and«mmmonmlagrp rbnrpmal CeC
pol yper is ggggd to the nanocrystal in the suitable solvent. 15 52.
The nmet hod of claim51, wherein the anphiphilic polyner is provided
in a polar solvent. 53. The method of claim52, wherein the
anphi phi2bi c Thebhypribhilie foleNirdEdlims a4 prﬁrwlﬂi’rélh IR2 i§ Qh ‘éﬁ(s}fam1§61 groE@
nmet hod of claim53, wherein the polar protic solvent is
The nmet hod of any one of clains 40- 54, wherein the nanocrystal is a
quant um2@ot The@mphiphikicrpetimoet oftlaia el wgemn/\a% Brangebathlagima, gt@ﬁ%yst al ,
t he met hod conprising: (i) providing a nanocrystal in a suita
sol vent (||% contacting the nanocrystal with an anphiphilic polynmner,
the anpRBphihe Emﬁ@ﬂspﬁeny ewnpf dlaims@4ar 2y tthersar B s drdmkd b e polyierhglene
t he hydroc rrles (i) polar side groups, (ii) first
al i phatic ﬁ%.g@s@?ﬁﬁggﬁﬁgga mai n chain of about 3 to 25about 20
carbon atons and 0 to about 3 heteroatons selected fromthe group N,
0, B Seoanthedim

h?gﬂh%ﬂgﬂneﬁmﬁﬁl o | ih ?h‘ﬁw&ﬁ%%‘g’% Egﬂd@%(ﬁnﬁ?ﬂl chain

chai n of about 09/ 038544PCT/ SG200
comprises a polyethyleneglycol or a diaminoalkyl-polyethyleneglycol moiety.

30. The amphiphilic polymer of claim 29, wherein the polyethyleneglycol moiety is PEG
600.

31. The amphiphilic polymer of claim 29, wherein the diaminoalkyl-polyethyleneglycol
15 moiety is diaminopropyl PEG.

32. The amphiphilic polymer of claim 29, wherein the diaminoalkyl-polyethyleneglycol
moiety is PEG(NH,), 1500.

33. The amphiphilic polymer any one of claims 24 - 32, wherein the amphiphilic polymer is

obtainable by a process according to any one of claims 1 - 23.

20 34. The amphiphilic polymer of any one of claims 24 - 33, wherein the amphiphilic polymer

1s at least essentially free of crosslinks.

35. The amphiphilic polymer of any one of claims 24 - 34, wherein each of m, 0 and p is an
independently selected integer from about 3 to about 300 and wherein the sum of m + o +

p is selected in the range from about 10 to about 400.

25 36. The amphiphilic polymer of any one of claims 24 - 35, wherein each of m, o and pisan



about 80 carbon atons and O to about 40 heteroatons selected fromN
and 0, the second aliphatic noieties having a copol yneri sabl e group,
and (iii) 1 on-coval ent or covalent interaction
anphiphiligktgpgﬁg%mand t he nanocrystal, thereby forningggg&ﬁﬁgmﬁaﬁ
wat er - sol ubl e nanocrystal. 5 57. The nethod of claim56, wherein the
copol yneri sabl e group of the second aliphatic noieties is one of an
am no group, a hydroxyl group, and a grgup containing a termnal C=C
bond, an allyl group, an ally( glycidyl ether group, an epoxide
group, an oxetiadepeqpeolipseleated imeger fradn a3 go ahopt 40cant evheiehathe G gf MU +
an internal I . ) I - = C=C- group or a
substituted d r?&ggﬁﬁgﬁtegr SgghT%Bégp%gﬁgﬁﬁe'hod of claims 56 or 57,
wherein the first aliphatic noieties are al kyl am do groups. 59. The
met hod of B8%.ai Theafiphiphitic polamédve aky dnslof AlhimaDaL 36; wikereRltheamadten + o + p is 32.
n-octyl am do groups. 60. The nmet hod of any one of clains 56 - 59,
wherein the anphiphilic polynmer is an anphiphilic polyner according
to any one3df Theamphipbilic polyger ofnyene of glimpet4rat]. whereinyhegatio efip /dat odgis
56- 60, 5f urt heeleerodRthéiang: fdrh M@ td b6ut@opol ymeri sabl e groups of the
second aliphatic noieties of the anphiphilic polyner to be
crosslinked. 62. The nethod of clains 61, wherein allow ng the

copol yner i 3%bllhe gmphiphilie pelemer of sk AR.exherein &b fasioofol/ by +o@ scbbutd. t he
anphi philic polymer with an at |east bifunctional (nononeric)

20conpound erein or more f tional groups of the. at |east

bi f unct i onal n%%%ﬂ%%%?ﬂlg%ﬁb%ﬁﬁaa%%n@gﬁrgﬁ%e BMHSE PRSI | nkage
with the copol Yiyprdvidilid £nagpayps 0k siifablessieand al i phati c noi eti es of

t he anphi philic.polyner. . 63. The nethod of.claim®62, wherein

1 ot ng. £he. ¢ RBOTETTE G P Wb ABmahirUR] Fheh 25eryics & pacpwscef
by al | B3 ng copolcjaims 26al%, emd of t he copol yneri sabl e group of the

second al i phat j.. ieties of the anmphiphilic polyner to occur wth
the at | east b DUBMISTEE-<YalGs0 o EPValenamierpiyion hebTeetihg emppigfilg pglymsy and
63, wherein at | ehshanoomgstalfto bévar, fthendityifandtg gwaepshuble dahergdtal. WO

2009/ 038544PCT/ SG2008/ 000356 50 | east bifunctional (nmononeric)
conmpound i g O of .a 1.n0. group, hydroxyl group, a,thiol grqup, a
sel enol _grBlup, o6 meseg gEcain e sberein i stioedaparrisial FisperisPopmichowsERy
group, a nitraagrialip, a trihalosilyl group, a termnal C=C bond and a

term nal CEC bond. ~65. The nethod of any one of claims 62 - 64,
mhermi%tfuafﬂHJeaa%dg}funghtggal,conpound is bwater sol uble.

€ me claim erein the semiconducting material comprises at least one of a

metal and a metalloid.

43. The method of any one of claims 40 - 42, wherein the provided nanocrystal is soluble in

non-polar solvents,

44. The method of any one of claims 40 - 43, wherein the provided nanocrystal comprises on
20 its surface via non-covalent interaction a coordinating solvent that comprises one or more

aliphatic side chains.

45. The method of any one of claims 40 - 44, wherein at least a portion of the coordinating

solvent is exchanged for the amphiphilic polymer according to any one of claims 24 - 39.

46. The method of any one of claims 40 - 45, wherein the non-covalent or covalent
25 interaction between the amphiphilic polymer and the nanocrystal is at least one of a

coordinative bond, a Casimir interaction, a hydrophobic interaction, hydrogen bonding, a



66. The nethod of claim®65, wherein the at |east bifunctional
(rmononeric) conpound is one of N-vinylpyrolidone, an acrylic acid, an
acrylic aci an acrylic acid amde, or a vinyl ether derivate.
67.yThe net oﬁﬁ%&&§ﬁain165, wherein the acrylic acid ant§&S{08/000356
N-i sopropyl acryl am de. 10 68. The nethod of any one of clainms 63 -

67, wherein reacting the anphiphilic polymer with an at | east

bi functional conpound is carried out ing@ polar protic solvent. 69.
The net hod of claim68, wherein the polar protic solvent is water.

70. The net hodobktie] dicafda VahaeeWralginteittiy t he copol ynerisabl e
group to be crosslinked is effected by allow ng the copol yneri sabl e
groups of the second aliphatic noieties of 15the anphiphilic polyner
to cross- pl-yneeineghagiof aoeenciof slaimsr40 - #6, wherein sedvesbin wifichcthenanofgstal is
wherein the copeliyams hisabbi Bivemps are allowed to cross-pol ynerize
wi th each other w thout adding an at |east (nononeric) bifunctional
conpound. 72. The nmethod of any one of clains 61 - 71, wherein

al | owi ng t#%e cldweorehodof slain 47, grhotginsh@@ivent in evhichohewhinadry g ag provided is an

noi eties of the APRBL-BoLL ofepO! YMer to be crosslinlced conprises
adding a suitagfegpﬁ?P?atgré 73. The nethod of any one of clainms 61

-72, wherein allow ng the copol yneri sabl e groups of the second
al i phati c 4%i dtheestiol of bleina4§) lwhpileinl thecappaicyorpolapsddnt ik 0851 arisiaekal oil,

conprises allew.ng.the formation of a ol yner.c hwork with a
enbodded pl ur SFETS Hsplang FholShes sl endie alicne piridin dCRgpmshape, chlgsdform,
2009/ 038544 PCTASBER 30 8¢hdg B8 5drbob Hisulfide,idivxting dicthghethdry divombidthd, ¢iyldhe
(v/iv) to ab Omgl)égl%héﬂgbl\.@/l ether and tetrahydrofuran.

10 50. The method of any one of claims 40 - 49, wherein the solvent in which the nanocrystal is
provided is being removed after non-covalent or covalent interaction between the

amphiphilic polymer and the nanocrystal has been allowed to occur.

51. The method of any one of claims 40 - 50, wherein the amphiphilic polymer is added to

the nanocrystal in the suitable solvent.
15 52. The method of claim 51, wherein the amphiphilic polymer is provided in a polar solvent.

53. The method of claim 52, wherein the amphiphilic polymer is provided in a polar protic

solvent.
54. The method of claim 53, wherein the polar protic solvent is water.
55. The method of any one of claims 40 - 54, wherein the nanocrystal is a quantum dot.

20 56. A method of forming a water-soluble nanocrystal, the method comprising:
(i) providing a nanocrystal in a suitable solvent,
(ii) contacting the nanocrystal with an amphiphilic polymer, the amphiphilic polymer
cbmprising a hydrocarbon backbone, wherein the hydrocarbon backbone carries (i)
polar side groups, (ii) first aliphatic moieties having a main chain of about 3 to
25 about 20 carbon atoms and 0 fo about 3 heteroatoms selected from the group N, O,

S, Se and Si, and (jii) second aliphatic moieties having a2 main chain of about 3 to



The met hod of any one of clains 56- 74, wherein the nanocrystal is a
quantum dot. A water-soluble nanocrystal, the water-soluble
nanocrysta ' ng on its surface via non-coval ent or_ coval
interactiok“gﬁﬂgﬁ%i philic polymer according to any onePSPSEFQWW@ﬁ§4
- 39. The water-sol ubl e nanocrystal of claim 66, obtainable by the
met hod according to any one of clains 56 - 72. A water-sol uble
nanocrystal, wherein the water-soluble panocrystal is obtainable by

t he net hod according to any one of clains 40- 55. The water-sol uble
nanocrystal of ar@boﬁxnm @fbo@lwdnﬁ&anﬂﬁi}to%odtmo HetteoaforisnRlct @ fidfn ¥ and O, the
pol ymer neshwor k gmt Sq?gdded N stahs The wat er-sol ubl e
nanocrystal of cl Sf9R:PEPHeGE MpfeLe Wﬁ BRI RN o PR A reshwor k wi t h
enmbedded nanoc(hy)s:mhsng ieoedléent bhevalsBtinterabionRfvaeh s tatpiphitic BB mer and
anphi philic polyﬁg in %F@ h %%@ fron1abou§h0 01 @6£vlv) to about
50 % (v/v). The ¢ BiogiyPial MEreR) 3@ vptersplublg nangeeysiat ¢ ai s 76-

79, wherein the anphiphilic polynmer has on its surface side chains,

the side céai Nhe hr’é’tﬂoﬁgfa&nﬁ$d<%ex€ﬁ\%ébo?51yﬁ@9é&ﬁc%r Eloeﬁ;euéco%a GRBON

atons and 0 to about 40 heteroatons sel ected from , the side
chai ns havi ng EH BIPAET FHHPREGHR A Hy IRKE SEIUR. 0H & SERPSPYRBIISSderminel

groups of the csexsnd, zalallp upCamye 1yaay1asﬂ@r SO0 ah bFUkRR grdupeiEidétane
defining a polyner mesh r-sol uhl e nanocrystal of

Gl i m 81, wher PR FHRCRBLATS BN Tl Lo ey HEma i Poup AT
noi eti es are cogtal -ICFKeCkMO\ErapRe b yiRtiutkddevitivé thbreafh at | east

bi functi onal conpound, wherein two or nore functional groups of
the at_|east bifunctional conmpound are capabl e 250f form ng a |inkage
with tHe cBholheirethed gf "éalg‘tséﬁﬁéﬂof”ht’ﬁ@ iShaliphaticsppittics Wﬁ@!@@@o of

t he anphi phi | igfoup@l ymer. WO 2009/ 038544PCT/ SG2008/ 000356 52 of the
at | east bifunctional conpound is one of an am no group, a hydroxyl
group, a thiol group, a selenol group, a hal ogen, an ether group, a
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15 61. The method of any one of claims 56 - 60, further comprising allowing the
copolymerisable groups of the second aliphatic moieties of the amphiphilic polymer to
be crosslinked.

62. The method of claims 61, wherein allowing the copolymerisable group to be crosslinked
is effected by reacting the amphiphilic polymer with an at least bifunctional (monomeric)
20 compound,
wherein two or more functional groups of the at least bifunctional (monomeric)
compound are capable of forming a linkage with the copolymerisable groups of the

second aliphatic moieties of the amphiphilic polymer.

63. The method of claim 62, wherein allowing the copolymerisable group to be crosslinked
25 is effected by allowing copolymerisation of the copolymerisable group of the second
aliphatic moieties of the amphiphilic polymer to occur with the at least bifunctional

compound.

64. The method of claims 62 or 63, wherein at least one of the functional groups of the at



85. The wat er-sol ubl e nanocrystal of any one of clains 81 - 84,
wherein the mater sol ubl e nanocrystal is obtainable by the nethod of
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pol ar side groups and (ii) side chains having an al kyl chain of about
103 to about 80 carbon atons and O to about 40 heteroatons sel ected
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pol ymers meshwevater ssd@©0. The use of an anphiphilic pol ymer according
to any one of clainms 24- 39 in the formation of a pol yner nmeshwork.

91. The use of clains 90, wherein the anphi l'ic polynmer conprises
embedded rfnodhgBetipd of claim 65, ghereiniiee ayéeestcbﬂﬁwramh(rgqnomm} empotis one
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The use of any one o erein e ‘anphi C polymer
i s obtainable by the process of any one of claims 1 -23. 5 95. The
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70. The method of claim 63, wherein allowing the copolymerisable group to be crosslinked
is effected by allowing the copolymerisable groups of the second aliphatic moieties of

15 the amphiphilic polymer to cross-polymerize with each other.

71. The method of claim 70, wherein the copolymerisable groups are allowed to cross-
polymerize with each other without adding an at least (monomeric) bifunctional

compound.

72. The method of any one of claims 61 - 71, wherein allowing the copolymerisable groups
20 of the second aliphatic moieties of the amphiphilic polymer to be crosslinked comprises

adding a suitable initiator.

73. The method of any one of claims 61 - 72, wherein allowing the copolymerisable groups
of the second aliphatic moieties of the amphiphilic polymer to be crosslinked comprises
allowing the formation of a a polymeric meshwork with an embedded plurality of water-

25 soluble nanocrystals therein.

74. The method of claim 73, wherein the amount of nanocrystals in the amphiphilic polymer
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is in the range from about 0.01 % (v/v) to about 50 % (v/v).
75. The method of any one of claims 56 - 74, wherein the nanocrystal is a quantum dot.

76. A water-soluble nanocrystal, the water-soluble nanocrystal comprising on its surface via
non-covalent or covalent interaction an amphiphilic polymer according to any one of
5 claims 24 - 39.

77. The water-soluble nanocrystal of claim 66, obtainable by the method according to any

one of claims 56 - 72.

78. A water-soluble nanocrystal, wherein the water-soluble nanocrystal is obtainable by the

method according to any one of claims 40 - 55.

10 79. The water-soluble nanocrystal of any one of claims 76 - 78 for the formation of a

polymer meshwork with embedded nanocrystals.

80. The water-soluble nanocrystal of claim 79 for the formation of a polymer meshwork with
embedded nanocrystals, wherein the amount of nanocrystals in the amphiphilic polymer
is in the range from about 0.01 % (v/v) to about 50 % (v/v).

15  81. The water-soluble nanocrystal of any one of claims 76 - 79, wherein the amphiphilic
polymer has on its surface side chains, the side chains having an alkyl chain of about 3 to
about 80 carbon atoms and 0 to about 40 heteroatoms selected from N and O, the side
chains having a copolymerisable group,
wherein the copolymerisable groups of the second aliphatic moieties are crosslinked,

20 thereby defining a polymer meshwork.

82. The water-soluble nanocrystal of claim 81, wherein the copolymerisable groups of the
second aliphatic moieties are crosslinked by copolymerisation with an at least
bifunctional compound,
wherein two or more functional groups of the at least bifunctional compound are capable

25 of forming a linkage with the copolymerisable groups of the second aliphatic moieties of

the amphiphilic polymer.

83. The water-soluble nanocrystal of claim 82, wherein at least one of the functional groups
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of the at least bifunctional compound is one of an amino group, a hydroxyl group, a thiol
group, a selenol group, a halogen, an ether group, a thioether group, an epoxy group, a
nitro group, a trihalosilyl group, a terminal C=C bond and a terminal C=C bond.

The water-soluble nanocrystal of claim 83, wherein the copolymerisable groups of the

second aliphatic moieties are crosslinked by cross-copolymerisation with each other.

The water-soluble nanocrystal of any one of claims 81 - 84, wherein the water-soluble

nanocrystal is obtainable by the method of any one of claims 56 - 70.

An amphiphilic polymer comprising a hydrocarbon backbone, wherein the hydrocarbon
backbone carries (i) polar side groups and (ii) side chains having an alkyl chain of about
3 to about 80 carbon atoms and 0 to about 40 heteroatoms selected from N and O, the

side chains having a copolymerisable group, for the formation of a polymer meshwork.

The amphiphilic polymer of claim 86, wherein the copolymerisable group is one of an
amino group, a hydroxyl group, and a group containing a terminal C=C bond, for the

formation of a polymer meshwork.

The amphiphilic polymer of claims 86 or 87, wherein the copolymerisable group is a
head group of the side chain.

The amphiphilic polymer of any one of claims 86 - 88, wherein the amphiphilic polymer

is an amphiphilic polymer according to any one of claims 24 - 39, for the formation of a

polymer meshwork.

The use of an amphiphilic polymer according to any one of claims 24 - 39 in the

formation of a polymer meshwork.

The use of claims 90, wherein the amphiphilic polymer comprises embedded

nanocrystals.

The use of claim 91, wherein the amount of nanocrystals embedded in the amphiphilic

polymer is in the range from about 0.01 % (v/v) to about 50 % (v/v).

The use of claims 91 or 92, wherein nanocrystals are embedded in the polymer
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meshwork via non-covalent or covalent interaction between the amphiphilic polymer and

the nanocrystal.

The use of any one of claims 90 - 93, wherein the amphiphilic polymer is obtainable by

the process of any one of claims 1 - 23.

The use of any one of claims 90 - 94, wherein the polymer meshwork is obtained by
allowing the copolymerisable groups of the second aliphatic moieties of the amphiphilic

polymer to be crosslinked.

The use of claim 95, wherein the polymer meshwork is obtained by reacting the
amphiphilic polymer with an at least bifunctional compound,

wherein two or more functional groups of the at least bifunctional compound are capable
of forming a linkage with the copolymerisable groups of the second aliphatic moieties of

the amphiphilic polymer.

The use of claim 95, wherein allowing the copolymerisable group to be crosslinked is
effected by allowing the copolymerisable groups of the second aliphatic moieties of the

amphiphilic polymer to cross-polymerize with each other.



