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WO 2009/ 142604PCT/ SG2009/ 000181 1 POLYMER ENCAPSULATED
PARTI CLES AS SURFACE ENHANCED RAMAN SCATTERI NG PROBES
WOROSS4REFERENCE TO RELATED APPLI CATI ONS 5[ 001pd1862009/000181

application clains benefit of priority of US

provi sional application No. 61/055,583, filed May 23,

2008, the contents of it being hereby incorporated by

reference inits entirety fér all pur poses. FIELD OF
Poﬂmnmmﬁsmmmﬁlrmmms S SURFACE ENFEANGED RAMAN

the field of biochem str articular to the field

of bi ochem cal | abé(éArgﬁé'ké ﬁBQI%E%m stry.

BACKGROUND OF THE | NVENTI ON [3] In recent years,

surface- enhanced Raman scattering (SERS) | abels are

b e com n @RBSMERENGETD REIATED tAd?l?Iait(IAlEIG)NS

ef f.ect

| b T
1001] 5o YR AREF=6 08 (R R BERAGESI PEHYS | HPEFgBel sppligtion No.
61/055?5(% B\ By 2’30t20@§‘ tRe %Bteﬁ@of 1t°JelﬁQEeréWin@§1@)Bra{té<ﬂ référence in

I’ected, "and part of It Is scattered.” Ovef 99% o
its entiretgfelcaitplﬂpe@sr adi ati on has the sane frequency as the
i ncident beamand is called Me and Rayl ei gh
scattering. However, a small portion of the scattered

radi ati on has fr efggns o TRE INVERMON f rom t hat of
the incident beamand is called Raman and Brilliouin

[002] scc,Thc prasent imntihnfrdﬂm taptheifield afShipehesmisiry, én pagiculanto the field of
bioch clgetE (f% d(# es bet ween the incident and
qnﬁlgzll el gf’l%tayradl ation are determined by

t he propertles of the nol ecul es of which the materi al
under study is nmade and are characteristic for every

m)I ecul e, 1i kBACKGRQUND QF THRINYENEIQN;t t er ed

005) 25 Bl ROREPSRA b LSRR DRSSP LA gcomin
more mqmetaﬂlfastdmealwﬂra'tmem) ﬂaildwemantda‘sdand/ or rotations of the

[004] trrgl{ <! l o ;Iligtpggggaé%ggg ect %ﬁﬁlfg &ﬁg]% jpgeracts with a

molechlr r ﬁéboﬁlcitbfﬁe Pait of iR MnCRIGHEREH 19§eﬂet!€éd' aed ﬁ&f‘Bf 1t1i@Bdattered. Over
his is in contrast to fluorescence whi ch absorbs

99% olf itlphscattered redietidr aybe same fregieney as éangslentéxemdtlh galled Mie

s EIFRALG, PRGBS 5D SRS RERL LS Pyl e s

differdnf ¥iR5i tHa8be tHEheiaeht@eadlar b all@NRambf a6@ Brillesiin scattering which
initially thought to be of insufficient sensitivi

forms b inelastic seatteying. HesEenreneydifiernceebetwren %u@a@%@né Arplastically
scatteljé(ﬁ trg(l.llat?(lfﬁ 8&61‘83}1'&9%? ggféﬁ%)g%%g%@ tl?ec gltoie%{ﬂeg ®f wh1ﬁh }:]he material

-Sections man magni e greater

under ﬁmﬁyhs oladt afd ard @ﬁtdc@stlb fer @asemolatulehtiké atfmgsiprint. dfhe Raman
scattered r;g(rillatslor? rﬁgsl elr;eell*\g/l%s slightly less than the incident photon (Stokes shift). Those
energies correspond to some of the various vibrations and/or rotations of the target molecule.
The Raman spectrum for a given molecule in a given environment is always the same
irrespective of the frequency of the incident light. This is in contrast to fluorescence which
absorbs light when the frequency or photon energy matches the energy difference between
two energy levels of the molecule.

[005] The use of Raman Scattering to investigate molecules absorbed on surfaces was
initially thought to be of insufficient sensitivity. However, it was discovered that certain
molecules and metal surfaces could display Raman scattering cross-sections many orders of

magnitude greater than for isolated molecules. Increases in the intensity of Raman signal have
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WO 2009/ 142604PCT/ SG2009/ 000181 2 been regularly
observed on the order of 104-106, and can be as high
w@2002086hd 1014. The inportance of SERS is the€T/EG200%000181

both surface selective and highly sensitive where as

Raman scattering is neither. The phenonmenon of SERS is

general |y explained by a cqonbination of an

el ectromagneti ¢ (EM necharfi sm descri bing the surfac 1
been reBURENYT sHcrved et Ordertdfel(ftﬂkﬁ)gl amt egn be asdighnss A0hendl0™. The

article, and a chem cal ani sm ed ta ch e
importanes REFER @rrlatbrér Setatonys e BiefhSaiuf Mieft gy Raman
scatteri] ser‘féftlh%r Th%?)ht i r%oﬁ%f%lﬁﬁ"g S akn&RIVBERRBEE bPh@6MBEMation of an

I's thou e nmetal of the metal particle
electromagmtuc r(EET) mmzhanam dassnﬂuag Weesurface elictybe sovemeniingge subsirate,

such aqnﬁ?lpgc :pg{:‘tl 4 %:ntfl%l c}ée gr%ltﬂger i&g\ge acthgrng%ct?aﬁﬁgfe? ﬂCT) between

the subSPAtE Ghd ERQMQCM% ﬁa@let:r'il@ surf ace. These excitations
are possible if the Ferm level of the netal is

[006] arﬂmd:he chemicpl leahdngameiiepraeess, ithis thonabt £hat thenmptak of e metal

h t I l,o
parict SRR E s LD ol e AU TR RRTBAES ARUATEHIMO) and
the ToweS FrREBIIEMRIecals bitifal AIMOYaif Wlidhdsyrbate)i.6. t@é ﬁ&ﬂécule bound to
varies fromnol ecule to nol ecul e, but because th

the suréaser Goesecsalcitgtians\se possitlngt GF Eﬁ@%é@,‘@l o€ thenmetd 1y, aggroximately

traviol e I CT
e o BT OGRS Wl gl €7 proceses
to occulr &1 apfRExihaleay BAIE ties ensiggad ﬂfﬁﬁﬁeﬂeﬁbmamumwat yxou:tratlemss Naturally,

B AT T T
procesﬁ% ihNBe ROMS a\% e?Pd?%g%g%p c TPk C{hié"rh&al-alded process occurs

uor escent abe orters on metal NPs are
inthe\rlﬁble$pa¢ttumo phot o- bl eachi ng owi ng to the quenchi ng of

orescence eXCIt ta 2 urface
[007] + HRAGHR ARBITHER P SERERS PP T nsito Dy <offfe B¢ hP Raman
reporte?%l&du% oMk tstith& 68RGkT Rindpaiticl R Fneiet INPeY wiidhiaca as the source
single light source of choice (such as near infrared

of enhhnggment.ofotpared withstiegrescgniy lahglsmRamasn sepoders op metal NPs are

resistarr}]rz%:}?rr\[ggggﬁalé% Pr}r/]‘rilrggt,f fth%tciu%? e‘é E]g ﬂblgfgg%’éngg @hcited states by metal

surfacdidl to &l §ASlifetiméaTiRattn iR dhagl styst hmildm({nBjnultlple reporters

Direct attachnent of Raman reporter to ne
can beexsitad tethhpisiigle lighiwapese 0Hehqipg (e |aé|flé?ﬁ’i:y%éﬁ$ﬁgﬁt for human
FRERDERar fol SNh6 HERVaHAISRPoMs. Th
tlssue)1 gl %i%git@%g%tgio?g%& g‘? excfangg&glrrégl t he gxposled Rago ey
might lhetwﬁrberesusab:w lfet dppliedmns yn vanfolus brmmsﬂlcw sysmmat ions in

or bi ol qogi cal environne et f.
[0081 CriDRBG AP B AL TG ORers (B BPe  iBherh feiiage. However
ﬂfc?gﬁ n? trélgabﬁ%tgmf lihd YarbrdbBe aﬁ’%ﬁhﬁr&ﬁﬁﬁ@mﬁﬁd ®9aighfid dissociation
h | ecul es {such as boviné _serum al bum n),
or excRE@eSiﬂ,d the dxposegaRaman zgperters(woeld Lesesilyanflueyged bgg]anatlons in

S S BB Bt A !
develo%@& t6 3ARAdceNbe stdbBit 2' dfl th8 1aREH8Bes) BYOFYERE Thote Ieitls hmﬂilolecules

be superior as they were |nperneable tosﬁ%
(such asdjoe'mﬂal sesym plbusriia BEE-SH a0y mongﬁnlséwer&r@ti@}ha &2)-n

o SR B A S B v
secure%ggl%rﬂrféz&ﬁﬂt? 3¢ ﬁﬁaﬁﬁg/ th® 9118&-03&8@ ﬁhrfdprolMs Erere stioval to, be superior

LCangrui r, vol 4784 Unl'i ke
as theys mefempm@blbéq dye @mieceﬂ,m remaskally giabiasin salfgnegdigand in organic

sotvenfy 0, s AL §rarko . i Prafigs, dP bt adRo iy 2.

provi des unanbi guous conposition of the nanoprobes
with mninml overall diameter, as opposed to NP
aggregates with nonspecific 5sizes. [10] The growth
of S|02 sheII on netal NPs typlcally requrre t wo types

o o oy o ~—~ o o o oy
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10 have aromatic groups. These two types of |igands do
not naturally mx and there is no known Raman reporter
W b@v/14s04i trophilic. So far, only |imted nunber/S61009/000181

reporters has been shown to be conpatible with the

Si 02 coating. Segregation of the two types of |igands

could occur and lead to non uni formdi stribution of

the reporter nolecul es anond the individual NPs.

MusiclUNIITES n&r &id., 0pho3, algﬂ?himf rat.1 9.0 ppd784dhe [mfﬁﬂal surface-adsorbed

Surface are avail abl or Raman_reporter Iedcul es
biomolgeuley pe tigrnrds, GiepBiQrothel 1p &hermecalahmsgﬁbleoa% Afgsgnot dissociate. More

importg | NHOHSIFREY lco%sh%ﬁestﬁ%ﬁ@é MRddesT E&t?aggﬁéﬁcﬁ% s1t1on of the

coneéntration: of man report I nevi

nanoprobek wikRbirgingh alarall Tiemeen ak h)ppb seBi 02NP aageregates amth menspecific
source of problens. Since it is kinetically

sizes. control | ed, the shell thickness depends on the growt h

[o107 © O’f‘ﬁé %ﬂ f‘§fb2' shefl8h éhé’iﬁer]f%sﬂg?ﬁlaﬂy rédftirk @ Ftypkl %g hganéls one as

con It ons nee ecisely controll
the Rauﬁanvmpombrsmdr eputor make theamefatl sutfacef amembleow SO, Zdtaghment. This
Si Ilga partic

requircry JEN0B g P HEDR DTOPLTTT &5 SUEBNE ek A Ve ViRsgphil (loss
lovmgﬁmgfecﬁl% tg@fcﬁﬂiy RIRC 8AGH SRSV Silhnes wHila kSR SnB Porters typically

1 on- exc Therefore, it is an object of the
have ammergroupsv é‘hbsedwottapqzsr(!f\hgdedsﬁq rotrmatureldy maxrand Hierd i@o known

l abel s %‘ ch. %_qglfc'\'g%ﬁﬁ? yclf x%ﬁde Ip.}n%) Vef € o?tlerrﬁsas been shown to

be conﬁﬂaﬁbw\@ﬁleme $710) ROAtiY) segregatmcdfaﬂe two eypBarmn am chﬂd occur and
conposite material conprising: a netal partlcle

lead te mowauifpym d}sémblﬁfonaoﬁéh%\ﬁeweif visolesples (Anzongo thed indévidual NPs.
the ne P i gl 0 K
et 2R S0P B SEERE Ml o
molec%l@s’l, dF bthdeiiwfsd ISi0e woakpmstthe abletofors ardon’tmum:ls tshelhon the metal NPs.
irected to a nethod of manuf act ur a, Raman jve
The lopoypigse cenGeRtrgiaapt Ruaen %@ﬂ%@?\éﬁhﬂg\m& EIHeRkRERS Signals. The
growt nﬁg?ﬁl a%%?'\ﬁ;s; érrﬁr)gl?eé 1{1:29 g?gfdb%sa SHREH is Radiicallyecoilolled the shell

an or ganl c solvent in a V‘b
thickn&B 0 dd6 0r R /e8GR Eidimg 1and fsi nagtintraisisally n:mfoaud The growth

S B Pl S g i o oo
pure sPHER Phitididsiagd R YEBREgatidAGf 0P s. Mypidae srithésks O dyoRm requires

more than 30 h of complicated procedures such as dialysis and ion-exchange.

[011] Therefore, it is an object of the present invention to provide alternative Raman

active labels which overcome some of the above problems.

SUMMARY OF THE INVENTION

[012] In a first aspect, the present invention is directed to a Raman active composite
material comprising:

a metal particle;

a coating layer of a Raman active molecule bound to the metal particle; and

« an encapsulating layer of an amphiphilic polymer bound to the metal particle.

[013] In a further aspect, the present invention is directed to a method of manufacturing a
Raman active composite material described herein, wherein the method comprises:

incubating a metal particle with a Raman active molecule and an organic solvent in a
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5 [014]In a further aspect, the present invention

refers to a nethod of manufacturing an anisotropically
wenmapsuehat ed Raman active conposite materi al , PEWTBGEI09000181

the net hod conpri ses: provi ding a sol ution

conprising a netal particle, an organic solvent, an

anphi philic polyner, a ligand conprising a blndlng

moi ety for binding to the Metal particle and 10a Raman

agtdi ¥slwaph.ecul e;  incubating the solution for a time

sufficient to allow sel f-assenbly of an anphi philic

. p@d@mgangmhiphdmﬂwnwé theplingt SO&‘&FQ’% cle; and cooling
|
| AR B, B retption &t i BR6¢ AREMATRE RolymiciCay Boent

. ce&ﬂﬁ@uheﬁﬁng@mnah accordlng as described herein or a
Raman active conposite naterial aqbtained

[014] ddaca fusther 1aapest. (Fhe greset BVERRAN HECF 4P 4 @B&yfi gmaqu%jctunng an
anisotr&ﬂ@élm e&lcagshga@d Iﬁatﬂaﬁ UL BE" &% @s‘ﬁte &l 668bin the method

ers Raman acttve conp03|te mat eri al
compngéz;t ai ned by a net hod descrl bed herein. 20BRI EF

DESCRI PTI ON OF THE DRAW Vii
: perPadinge Salhl&}@? SPBBE e b e e i a e fapphiphilic
g ?}b‘f?ﬁ&l b ﬁ | 9618 dl RoieQ ok Biakingio \the Mefalparticle and

nti g exa es and the acconpanyi ng draw ngs,
|ramimanhact1ve1{1d18¢u1¢=| gure 1 shows the preparation of

| | at.ed net al
- SbbtadhERtt s Rl SRR eyt ppine
hﬁ&%ﬂ%&ﬂ%&tﬂ%ﬁﬂ&aﬁi%@l@hﬂmc Raman active

ecules (L) and anphlphlllc pol ynmers, such as
PSQGMmbﬂm@kkmmwﬁo foll owed by gradual cooling. Figure

[015] ¢ lzlnh gg\l\gt}%rp a%rg gr }lal %enI oﬂ'l%ﬁlo e tB u&ao 'i)}" gﬂ l#ahﬁﬁ active

i'C por Pi oh of

compo@i@é méndl\lfucb@fdid'ge a$ @lbsdihbled reereih aords Rfamant incmve compos1te material
o hObIC portion of the anphiphi

[
obtainginog S B B et R Pter ot CERG e
[016] ac{h & ﬁlrﬁ[B} H&teﬁle:ﬁt el RPURIORGERUS R RN 4dH% e CaiMBBsite material

I ve conp sfe erial referred to herein, nanely
obtamé&b)ﬂanhatﬂmdldm@ﬂiwdiere(lﬂl gure 2 - 1),
4- et hyl benzenethiol (Figure 2 - 2), triphenyl phosphine
(Figure 2 -3) and triphenyl phosphite (Figure 2 - 4).

WO 2009/ 14 39QHCH S ERAMGN B THH DRAWENGS € 3 shovvs
TEM i mages of Raman active conposite materials,

[017] meThé imentipamill decbester mmdortend it raftenes i BSi Qeéaﬂed description
I I
wnen TEAGALG) 1h S RARREDH 0 SRR SElRACQR DO Aning
drawin®dNBSy18Eh:38 nm (c) and 62 nn1(d) gol d nanorods (e)
and silver nanocubes (f). scal e bar %ﬁ%ﬁynhwgﬂP b
[018] [oflgurﬁlgahcémﬂmqmar@t«yn Rﬁ@@iyr@?see@pm% s s) by
self—as&eal@l ?t ‘g} \5 Pgﬁ%ﬁ?@?&gﬂéﬁ El%;"ﬂeaﬁﬂg W&% |\1M1%1n%1ydrophoblc

Ramar Qatw%&nﬁlﬁbuléﬂQL)%drmmlﬁﬁpluhe)pol‘yﬁwnmsuﬂ‘B?s PBpehbbekdd g followed
t he ensenbl e- aver aged enh ement fact r}E H BE. ctands f
by sragal saniss. iavgRgOThen SSPRIRI P RE oY Sl B e stands for

the h)%ﬁgahlﬁ: gnt%{'t?onSAf S’cﬂ@‘;ﬁ? t ﬁj%‘f;fléél' hilt Whe dslofhtieﬁﬁ’é‘tstands for the

I've conposi 10 using (a)

hydro@xdb&p;ﬁﬁrﬁaxh efhk hirphipdildc pddymér et hyl benzenet hi ol as

1019 AgRFBIre cheBaIvtet BTy IS5 OHPIER Gt AT Ad EnBa B aa dch have
been Wsdd' 8P REPRLABA! hGivROlYBbsite T igataiea| fof@ieéd 118 hEKRin) Mhamely 2-
naphthalenethiol (Figure 2 - 1), 4-ethylbenzenethiol (Figure 2 - 2), triphenylphosphine (Figure
2 - 3) and triphenylphosphite (Figure 2 - 4).
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[23] Figure 6 shows TEM i mages and SERS si gnal of

AuNPs coated with the Raman active nol ecul es shown in
wor@aneo®s and encapsul ated with an anphi phil i cPEDEg2N89/000181

in water. 15 [024] Figure 7 shows the SERS signals of

AuNPs coated with the Raman active nol ecul es shown in

Figure 6 and encapsul ated with an anphiphilic polyner

in water. Figure 7a shows the SERS signal of an AuNPs

[020] enF@%@'ﬁ%ﬁ&wyMﬁEM Fhai %E@Bf nturﬁdnCadmleyémﬁpc@ns mBatafislel The metal
1, 10- phenant hrol i ne,

nanopahgledqfrt%q Ryamaj_n ap’gmp h@mmﬂit]qrqutpmﬁd is @n;gapsulated by PSis4-block-PA Ao,

shown}g AuQpeRt Q{)g}ﬁlb]ef‘%ro S LA, @{rﬁégﬂ% E§) DA\ uiNPs of 38 nm (c) and 62 nm

(d), goﬁi ﬁdﬂo%d% () A& shensambbiiek i(H) SAll 6Eale Béts 3re 100 nm.
8-tetranethyl-1, 10- phenant hroline, (@ 5- ){1
[021] 1 Elgyrp He Fhareshol Rﬁ@an cppeing- fj any AUNP, aqqyered with 2-nap thalenethiol

ond anf4SAEHRE BolsHfer ot R RO iy B BHE DB Dl (s mm. 0 21

nm anc$EeBS4Sm‘gﬁ(EB) Dépedderide I?sllf’tlﬁmaﬁbﬂlea?tvemgwd ththamnement factor on the size
nphi philic polyrrer and cog{ th (K
OfAuMPSA, showingthossjimates fagophased o vxg( L) 2,2 '-bipyridine,

[022] ( '\/E‘Jgﬁlgé S'Ad 1_52%’%R§b ctraly Wﬁ'd‘iif,: nt ﬁ%an active composite materials

pyr i |ne I gure 7c shows the
using @E%@h&aﬁneﬂﬁolmd&b}d@-eﬂ@lbmmﬁhtbhh&aRaman hlctme molecules. Figure

5B sh%vnggl%}rb% s(c,ag)ggegc o'alhi%g{%l{)ﬁh %9 dzerfapsulat%d with an
hi hlﬁ e?)"fﬁéjé Qﬁbﬂ@w@nn@f chl or o- phenyl) 2,2 ';6
PP C"ps)%ygljgpyrldlcne (R 4" -tri-tert-butyl-2,2";

[023] 6 Figure & showsdTEM injapes @n@lﬁeﬁﬂﬂ signgl' of AuNPs coated with the Raman

stive Sl SRS d B b B GBS Bt o v

[024] nalrizgaﬂét 7 Cdowad e SBRSS sipaxls Nef AiiNPer esdted3Qvith the Raman active
ggregation sizes. The Au nangparticles are coated
molecvm phaavif jry Biguresy and epcapsdatad &\r@e@@fﬁp ic @ﬁbfmer in water. Figure

7a sho%ctfgfggﬁgggf%a%f Az?le&\%gg CIE(! ﬂ&h%&@%@l‘ﬂ (f'nust | %g&gﬁﬁ? and coated

with (A))hderltﬁlemﬂo‘mlmé, @BDS, 6ndqhmthyﬂad;1d) Iﬂmmﬁhgllme, (@A 4ghrdingethexy-1,10-

phenaisgnea g carieBobs ahb i glne AB) Seshlgrpel L-Ehepgthroline, )
3,4,7, sﬁfé&aiﬂ mgﬁ 1NY.- @éﬁﬁﬁﬁhﬁﬁnef AN-FRityR 1@%ﬂaﬁaﬁﬁﬁ%§ Udmt 2itro-1,10-

nopar | es WhIC are coated with a
phenalahtqlme, @I%m@ﬂls'l 1Hi0gpheasntbrling Eh d)a@JOsthvphmﬁnﬂlrohne Figure 7b

s 5 S B AR RN R DR HERSEA AR s cone

-with ¢RI B,4"90REROLY-2,2PBipkiiaimeOf gE)WOZ Mbl??@dlﬁé veM) 5,5- d1methy1—2 2'-

nanospher es (the third and tfifth 5 fromthe Ieft) ar

bipyridine, @Nchfsdimsthad-2Robinyridine Higupe7¢ shawg theap RS @@%eﬁm AuNP

ol ST S LR bS8, s 0L 0 1570 P,
4’ (4- n%ﬂc}ﬂ-@)ﬁélhﬁ)—QQn 600" &e@@ﬂdfn@g (Q)I 146(41%1@:6@119@1;9;2\7\5 Qh’eierpyndme

ni sotropi c enca suI ation of a nanocube. d9
(R) 4 3 -t e B B1 TEBOHERN ) TEMIE RS 60%2 &’613361 me, (T) 4°(4-
} I strated in Figures 9A and B,
mitro P?%Q@Z?@f i/6g’?y %g@)nl eﬂébars 50 nm. 10 [027] Figure 10
[025] sh®yguré E8/ shomgeSEM  iaapeiof ofi aahbiyarticleapgaregatiasd hﬁiang ndifferent
reporter coated netal nanoparticles. e 1
aggregatinpS1Zesat ke A RARODATHelsh preapQstrs: With *g§tg f@é{ﬁﬁﬂp éaﬂ?ﬁ'éenzenethlol
hanged b
and erf R FBRE ST IR PA Ry, i P RE R RERELAR o wps changed by
adjustiagcthe abltil ankgnteatioapQ0@ A ofiacid BEFhgurb|8dc kndDAABCinM of acid for
(ratio of ethanethiol to 2-naphthal enethiol = 7.41,
Figure 8R)ubat i on time and tenperature for self assenbly of
15 polyner shell: 150C, 3h). Figure 10B shows AuNPs
coated with 4-ethylthi ophenol as Raman active nol ecul e
and et hanethiol as ligand conprising a binding noiety
for b| nd| ng to the met al nanopartl cl e, a_nd partially

o o s N 1 ' ~NENA ™ A NA NS N
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an encapsul ati ng |layer of an anphiphilic polynmer bound
to the netal particle. [029] Such Ranan active
w@omposictL£ nmat eri al s have been shown to be st abCBESG2009/000181
test in 30 which they have been exposed to adverse
condi tions. For exanple, salt nediumwas known to
cause aggregation of citrate-stabilized AuNPs, as the
i ncreased ionic strength we@kens the charge- repuIS|on

[026] beFigﬁF@ 9 h&oWRS nod-Ninfi@iY leR&hplel hef BakbRopiedliyv %ncapsulated metal
onposite material described herein can tolerate up

nanomthles}wmm arwpoa;t@dj withgdravgan acHive melecie Figures 5 Kphand \Wdhow the
2009/ 1426 it
o GRg AR B TERSPLdPT e DY e EReARIEH sovere

nanospBtreb € a&hRaBheasi b\Rrtidngfasiot of thatfee Inﬁh&phareb l(nﬂlie&hlrd and fifth
sol uti ons often encount er ed n bi onedi cal

from theplsft) axe najieacapsriatedyass ophy inithe pentashares Rtweenathg srpargrticles but

also 1%%%10@% ?fl'égfgxgmtﬁfee C'E‘?t]te%alpgﬂ\ﬁ% dnhfent 'F?églré So 0o Whd Mundsotropic

ul'e an us provides protection
encapsaébnséf aheammiosad whiledBiguemn &S skoweke ilomn shisetrepic | encapealation of a

nanocbRORHERTeR Y Ay BX I Sl e oBERBaimg TMiet f i Bpnoparticles as
111usﬁa%hh@1%&e?9ﬁ%ﬁ§{; ?gsma&fv‘leﬁ' @@ﬂ@'ﬁar% B6 Qﬁr[ um upon

excitation wt general , the Raman spectrum
[027] i sFignde pknghows GFENI himagey @lfemlgetoltropfcalm eenexrsitagedi Baman reporter

conted ] ERBHTGor BV BivE GNP e BE: PoREOReRgbbiol as

Ramart £tBen QBRI 2AP @RIt aPhigdhd onipising! £6ind# gl théibty Y binding to

tissue. Due to the binding of the Raman active
the metal enanomttmlaa ami apartidbn |e@P@SUIat€él reitharP Srghiask-P4Aco (ratio of

ethaneglb 8 a%ﬂﬁ)&{' c‘r’i’n = glﬂj]aq%ﬂ.}b?aué n n:]agg é%@ﬁ%%tu?ectt& ¥8r assembly of

polym@csﬁbﬂefﬂ()q@ $IDERBura 0B Mo wsOAIIBE teatstbwiah 4 adthylHiephitaciess Raman
active conposn te material referred to herein is

active npleqide and zehnsihicl rasi ligand Lomprisingn binding, Bloisty gpr bipding to the
mes SRR R} S} iy e AP b2 AT, Byl o

4- ethyhlubpbafrxal ﬁdt.40 iitidubetion timafaad GinmpeRitutedfoRy3f assembly of polymer shell:

130°C g}q} gﬁinden (ié,ﬁ bSZ‘S Clﬁngsgtrg%@: *h%géa%gglgqeg ﬁ%{ﬁﬁ} chains coated with 2-
naphthﬁléﬁﬁﬁélt(f{taﬁﬁn AL m@ie'é@%)’andaétﬂéneﬂﬁ@l' (Bgaiy cdﬂ?‘?ﬂsu@\h biaMing moiety

carbonyl (-CO) or amno (-NH), Rl4to Rl

for bindmigdo theimtrabnarseitstal | y substituted al kyl, al koxy,
optionally substituted aryl and optionally substituted
aryloxy; X is S or 0. Because the Ranan spectrum

refl ects pRFAILETADESCRIPAIONOF EME INVEENTION ti cul ar
nol ecul e, any small change in the nol ecul ar_structure,

[028] i nb1 aifirsy gntbndmpmt,u thi present duention s Airactegrte @Ramansrtive composite
h ges in the 25 energy levels and thus lead to
maten%l g’“% the Raman fingerprint [032] The term
alhyﬂalpargu@ne or in conbination, refers to a fully
sat urated aliphatic hydrocarbgn, In ce

- erROBHAS FAYST 0bd Rgman aﬁt@vedmlptaﬂamndsteﬁét et grticlepand
SR SIRGT PSP Byt B SGR & biGara
[029] ZOSﬁéIﬂR%ﬁﬁﬂ%ThSGEﬁﬁﬂélwﬁih&hals have been shown to be stable in test in
which they have been exposed to adverse conditions. For example, salt medium was known to
cause aggregation of citrate-stabilized AuNPs, as the increased ionic strength weakens the
charge-repulsion between the NPs. In contrast, the Raman active composite material

described herein can tolerate up to 0.1 M NaCl without aggregation. No change of SERS
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8 wherein (whenever it appears herein in any of the
definitions given below a nunerical range, such as "1
W 200204260¢ "Cl-C', refers to each integer in tPEer/gGEUe9000181
range, e.g. "Cl-C20 al kyl" nmeans that an al kyl group
conprising only 1 carbon atom 2 carbon atons, 3
carbon atons, etc., up to and including 20 carbon
atoms. Exanpl es of al kyl grfoups include, but are not
mtens1t§|\ﬁre[§1 do88vE@ wiflBhd With&ithid salf'mBdi@PYhis dll%@@ rta@ube of these Raman
utyl, isobutyl, sec-butyl, tert-butyl, tert-a
active qmmpo;zitﬂ? mm«;als ith bfifen sohgionyy loftem @nmv@tqrﬁd@ bioprpgjca r%ﬁ@)hcaﬁons

e s S A B TR, 8 i R i cone

with a Refdadl 4¢tie8hAclicbEBtadd thhk proyides @m@tsctmeagmst mhaﬂrﬁqal oxidation as
substituted. Exanples of al ko groups include, but

demongyatedripthe @Xﬁeﬂétfnfaé seqiignRbilys a 1ﬁ%ti®}1,- propoxy, but oxy

10 n 2 ter ti
o) SRR A ki, L6 Pl S, g i
RamanG AFaiumnhup‘tSrDé:;aditbﬁm o/dthpighs i gerseral) ﬁas&anmnespeeinbmus iatlependent of

the woeeleRRn IS0t HEHDS Ui i ArEEaFe Gt 0aiy o Sbout 100 um)
|
exmtah?ﬂ%ﬂo%ﬁfaﬁgura% flgpﬁ%lr%%?/dueﬁ H%S%EOB@E sﬁ%ﬁtdg}l@é Ihglg'ggtﬁf}ar -infrared

light by eisbued quH to ﬂ&nbmthngl& the xBdmane adimeyinplepulogeray metal particle, the
but enyl

RamangiE| BeTE SR SR PRSI e isce Py Comed feggeterial i o
Surfacd' Bhfided #dn?ﬁ&?f%a&tehﬁg WSERBE ta@c‘i\ﬁ@eébxﬁl%sﬁte Ghat€@alC Y8 IRaman active

groups. he term "al yne al one or in
compositeniitesinl tafprredfehereinoisaharabiepined by anyigersassr dhe Aatgnsity of the

one carbon-:carbon tri Ie bonds. In certain
Ramanshgha g?rﬂg%f@ytg ?%“@“ F%Yfprgdg?‘g optional |y substituted.
[031] BX@mpigss Pk Rakiennetiof MeRsules canideludBut afeman titniteting t ed

to, et h3ny| 20 propynyl butynyl, and the like. [36]
The t_erm _al kene", al one or |n conbl nation. refers to

] ' %e, but are no
, proe_y , Dbutenyl, 1,4-blgtadnenyl, per /1

yT N 4- met thexlenyI 4- et hyl’-2- 25 net hy hexl ’
-enyd, and the i [ 37] The term "hal oal i phati c"

'nation refers to an aliphatic

hlydr C ' [ at | east one hydrogen atomis

répl i al o& aé) g certain enbodi ments

in whichihtwo B nore hﬁgr >are replaced with

hal ogen atons, the halogen atons are all the sane. In

certain errbodl ments, the halogen atons are not all the
whereiadpto Byf arhi fndeperfdently 36leetad Hrom Hnerdrogslal dhyl, pptionally substituted

S AT WL PN, L MFRRE L D0, e o0 o
amino 6(@?—1%9@#'&9@1}’ af Q38 B optionalili |s{1‘tbs@1'ﬂ1té@ allly® alkoxy, optionally

gen/ hal ogen substitution. The term
substltﬁﬂedlaojdlanpl loptibeallyasubstituted anylexy; Pe ish@ oo §). Bshaise dhe Raman spectrum

ch.al | he h f
e o SRS RS PR L s m
moleC\yl\Q 3@&%&4%&@\4&’ hd /ﬂ%%@l%egﬂ%ggtltﬂerﬁe@h@ﬂ)@&hh%ﬁid Cisanges in the

lude, but are not limted to, trichloromethyl,
energydevﬁlamhbﬂhus &tadyo changgs inthe Rawen fingepggl: The term

[032] o THe, o vl PSRy B S otrbidig, YOBE o JBY Rlurk8 aliphatic
hydroééﬁ:)()nbelrf Ofd¥Rsh D¥mbbdifens] Xalk@eveRr, d@itiohilly nsubetltutﬂd In certain

nore than 5 nine carbon atons. Aryl groups %
embodipenteral alicyk oeraptisestletp, 30 carbon atoms, for example 1 to 20 carbon atoms,
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[39] The term"aromatic" refers to a group conpri sing
a covalently closed planar ring having a del ocalized
wQ@eeoeliest4s on system conpri sing 4n+2 7r- el ect r oPGT/SGHO9/€00181
nis an integer-aromatic rings may be formed by five,
si X, seven, eight, nine, or nore than nine atons.
Aromatics may be optionally substituted. Exanples of
aromatic groups include, bt are not 10 linited to
whereiR (RBdever i@ B AR 18¥ih.in BRE At [MeBhyibns givtRbaloen)y numerical range,
tetralinyl, Tluorenyl, indenyl, and indanyl. The }"Ce:rm "
such asaf bmPP'Lor {61-Gate's refersrio srgliriiteger b M HYFR 141ESupE,  C1-Cao alky
onnect.e ' . rq ] t
means SR8 5 SDRE ik, tprRind Bty 1, S LABRT S SREHPRonl 9 PRrbon atoms,
etc., u &b aad efclidiam2ncabyr atodnsh Exeinphes yif, allaylcgrolpmidchide, dut are not
non-aromati ¢ heterocycle, a halo 0

. hydr , . an anno,
limitedgo cpgihal, ethyhin-popylaisoaropyl Arhwy, lsaﬁuté{ﬁ 9?9-@%12%%@{: Tert-amyl,
|_kox 4-.a ClL 6 hydroxyallcyl, a Cl-6 15

pentyl,}r#ﬂbgfqgll, ?%p@_%xglﬂ(ﬁ'yl am no, an al kyl sul fenyl, an
[033] al R sl Falkdxy’anladekyn fukdmbiphtionreus ftaranyliphatic diydrocarbon
. trifiyoromethyl. In ,certbai n errb%gﬁiorrents, an aromah%c bstituted
having gpalieylr Q- BOIEY. i GREHN SMDOARNGS, AH08Y SFOUPR&TH AR LIARE PROSHted.
t bt St sl Moty lefhost , but
Examp U Ry ORI E R SRR @), AEATR), oy PhRpay: butory
and thd like. phenyl , 3- hal ophenyl, 4-hal ophenyl,

[034] 5 d%%’éﬁ@ﬂﬁ’%feéﬁﬁ%%{%’%ﬁ&%&&h r%gear%{‘ﬁg{%g%ﬁngl}a’in or branched
chain @d?@éa%afyémﬁmsing 4 1Bt s YRRRAYdtem. Aliphatics include alkyls, alkenyls,

-trifluoronet hoxyphenyl, 3- cyanophenyl

and alkymylsahogsitain ¢mbeflinentsydliphatissl are epiiseHy %gﬁstituted. Aliphatics include,

hyd ht hyl... .h h | .
but arq bl FRRACHe oo RENG HORY L SBRRER, oot syt eyl peatsh
hexyl, %ﬁﬂﬁ!‘#@eﬂylh Pyteiyd) Byl butyrahestybynyl-apyitae bke leptieotyihich may

4-t | ph. | d 4-(2- l -lyl)phenyl .
be optipgal|sOmUptSs A PecHerBRoMRLGS Sl Eiepded 4 mtlsIche Bioups.
[035] COPREL kG galﬁﬁ‘féw %Ilcﬁ'l%t o it O3B Rafib Ot 6 dh ﬁﬁdpﬂaﬁasﬁydrocarbon
one atomformng the ring is a carbon atom and at
havingl @&sér moege edrbon-Larbon rgplefbends. Ay degaia dnehamhimeantsnalkyne groups are

X terocycljc. rings be forned three, four, .five,
optiondlFy SUEE e ToRegHEes A IS, SRy <Pt R At BRCIuiCAG ety
propyﬂé,y%ﬁfmgmﬁk@tons may be heteroatons (i.e., a

eéterocyclic ring may conprise one, two, three, four,

[036] fi Vhe tetink,"alkenedn alasiegen in spmbinaben,nsies 30 am aliphtigehydrocarbon

. heteroatons). Heregin enever : .
neing 5 PR Lo EORHE! Doy EREERigBRROR: groups
optionfl8 SHINEMAEE)Exaniples 3 hlkene griupe indude)tut e het Hiiiad do) ethenyl,
must be present .in the ring. Designations_such as
propenyt -togenybt ek Gbptadienyl, e pertenyl) yhexsnyk e 4rmathuiheysl-euyly ghethyl-2-
t ' ring and do not refer to the total nunber
methy@f”?'g?%dﬁ@m{ﬁ]nﬁ}eﬁg{éh ng. It is understood that the WD
[037] 2008¢ 42604 RRTHIBEO0A6B0618 Lombinatiberrefeyd focanrdliphativ hydrocarbon
have additional heterp atons in the rin

.o . .
in while pieleqt e SEROBAB AIOGY g SRMEF oV U PeloBER BB 4p GFgein embodiments
in Whi%l?ﬁ?@ of %Bre%yﬂ@%e% AGHE AR rBH1905 WY hi6gdn RoR& e Bhlogen atoms are

erent fromone .
all the same. In certain embodiments, the halogen atoms are not all the same, but differ from

each other. Haloaliphatic groups include haloalkyls, haloalkenyls, and haloalkynyls. In certain
embodiments, haloaliphatics are optionally substituted, in addition to the hydrogen/halogen
substitution. The term "haloaliphatic" also includes perhaloaliphatic, in which all of the
hydrogen atoms of the aliphatic hydrocarbon are replaced by halogen atoms. Examples of
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anot her. Heterocycles may be optionally substituted.
Binding to a heterocycle can be at a heteroatomor via
w@2@angwm at om Exanpl es of heterocycl es i ncl uBET/SG209/000181
are not limted to the 5 fol |l ow ng: wherein D
E, F, and G independently represent a heteroatom Each
of Db E, F, and G may be 15 the sane or different from
one anot her. [041] The terd "heteroatont refers to an
perhalcaliphatiek hecludd)aut ey helinitedyd rifigeoronnghyr pedtactwlaretyl, and the
. typically independently sel ected from oxygen, sulfur,
like. njt rogen, and phosphorus, but are not limted to those
[038] atﬂ{?tenhn'aﬁqb?%f%ﬁetﬂtai ArBrmhd f‘iﬁgtv%bré’ih 4B ©f 5! QAR BRing the
are present’, e two or nore héteroatons may all be
ring is b learbeareomsAni eingnotalyde, fomed Bfive, six, seven, eight, nine, or more than
. 2009/ 142604PCT/ SG2009/ 0001871 11 ne.or all of the two
nine caphonAIPRIS (AL BIORPHRY yp@%ﬁyggb%ﬁtﬁ% ent fromthe

[039] OUPR frm 'lafgthatild Gefedd arg%;ﬁé&ﬁﬁtiéhgg hi QO Aleh8Y @lcsed Plahar ring
group conprising a covalently closed ring that is not
havingar detatalized 7fel@jrofisystery enmiprising éard, relectbas, svhase gris an integer-

aromati c heterocycl e.. Heteroaryl ripgs my. be 5.for
aromatigy Tifg e P gt e v a6 Sepbneizbl RS ¥ e Gl BB etoms.

AromaliB@ha) RRCoRiRERy siltifi QR BiampleYofRRoRfi¢ @RRipk ¥include, but are not
substituted. Exanpl es of hetéroaryl groups_include,

limitedtntphemyd, naphthalenyl, ghienanthrandnanthraciy], igtrelamyb fiwyeyl.dndenyl, and
. roups conpri.si.n ne. oxyage [ | § .
ndony 345 B P LB P s g o
ring-fofrl dgWartiin® BoaRJandoptRns P cdit vl OGe orahersubsitaerthislected from an
substituted as well as benzo- and p){rl dO-fUSﬁd . )
aryl, achetaroartl, vieeyclqalieylex apprEomatisicbireria @ hale »A¥IEKY: Fpamino, a
ri - f i 0 t . e i '_ licvl Ci.
cvane, 805 RV 1R O sl £ ST Rt s
aminoagk}lll[m’r ﬁjls;u bikllatrieo)t an  dlkylegdfengle nad )allssf}téilimﬁg dahr ehqylslulfonyl, an
) . 1] 1 t y ) e
sulfam@ialigr A Y ;381@1/1@11?)31 ngowﬁ%%a%?}bq I g}gr '613(l {g grghp ¥ dubstituted at

one oxcli(ﬁéa&li ﬁﬁ??&f‘a\/ | met@! k¥dRM Mo PbdilbulH:@Mles of aromatic groups
al kyl sul finyl, I

al kyl sul f ony] , sul fanmoyl , or
comprisinigf substitotietshipbludgxtarpregotdimited to, phenyl, rhalophenyl, 4-halophenyl,

s S, BAS o5 e oL, R oo, +
methyPREEAS Ur hethdxiyphdigiie, 4pRE0kPpIRARENe 4-thflubingethoxyphenyl,  3-

pyridi ne, indole, oxazol e, benzoxazole, .isqoxazole
cyanophenyl s ox dr@iaaopheRhaz ol dimpbyipbenylaz ol 82phtay: hi ap¥fiwxynaphthyl,

g bongi {0 y nda L ]

o B 1 485 o YRS e 388 i iy,

pyrroliditi-1-pliptemye, puyravelydptingly r akzireolyfphrenyhn, and  4-(2-oxopyrrolidin-1-
1, 2, 3-oxadi azol e, 1,2,3- thiadiazol e,

yDphenyly 4-t hi adi azol e, triazole, benzotriazole, pteridine,

[040] gh?ﬂg Xt%)?"%eteg%?gﬂeazr@{‘e?s tﬁt%h %ﬁg.g)o BY%PAQhE a covalently closed ring

uinolrTzine, cinnoline, p i ne, qui hazoline, "and
whereigiuit teaxtdierstom|formsiogtheentn i aneartics), atomend @b astt ansratem demning the
.. halo, hydroxy, cyano, O-Cl..6:alk C 6:al kyl, . .
ring iSO Harapiche rings e Heorsd b ks T8, 5 sipyfgven, eight
niine, %?ﬁf&é’ e Oni E%@ﬁé ARy HEP BRIREE! Mofk AESF betHaiGbatbs (ie., a
ngs include, for exanple, carbocycles (e.g., aryls

heteroeyulicayny maly kophpyise loae.etvoag \Hatleesfofis. éve,, shretseyayacjghd, zing, or more

pon- 25 aro i c. het.erocycles aropatics (e. g. ryl .
than nggqeigOaBRy REFIS, SHIPRTSH. ChF SRR OF Cabgn Adpdin aigfpdorcle is
indicatdl ge.go i &F HPRrb Gycl L RN QRY Sl eBsther A YeheMRier&tom) must be present in

opt'l

hal'ly substituted. Rings may formpart of a rin
the ringyPesignations [suélj asTH&-Ceheterocyelg’ wofertanly to Breapmniies of gerbon atoms

. or nore rings rei.n two, or re of .the rj

in the P 350 SprotReri rea Ry o TRt B el 1 Buffgod tht the
two or nore rings share one or nore 30 bonds. [46]
The term "optionally substituted"” refers to a group in

whi ch none, one, or nore than one of the hydrogen
atons has been replaced with one or nore group(s) are

o o

o, o



15

WO 2009/ 142604PCT/ SG2009/ 000181 12 heteroaryl,
non-aromati c heterocycl e, hydroxy, alkoxy, aryl oxy,
woreroeageod al kyl thio, arylthio, cyan, hal o, carP@Dsg009/000181

thio carbonyl, 0 -carb anyl, N carb anyl, O-thio carb
anyl, N-thiocarbanyl, G am do, N-am do, S-sulfonam do,
N-sul f onam do, C-carboxy, Q-carboxy, isocyanato,
t hi ocyanat o, i sothi ocyanat 30 nitro, sil yl,

heterodylichalgonBl haresiditfoanyleteraatdmalih i rife. iIn Geteddgygles@nmprising two
and di-substituted am ng groups. In eng)édl ment s %f

or morg/fictaroatoiss,dhoseoie Wﬁp@d@gﬁrﬁt% mpay e thesame or different from one

anothe)fs. Lﬁect{efotc%lgéj ’ma[y' I% 3 onsaflgts'dﬁ Q340 Hﬁln{?i’o F%e'tér&?éfé tfh be at a
ormaring. [4 eterm car oxy ers to a
heteroggo@l vad a tarbot latonRExafples. of B ockhles mmhmde' Butcare mokijthited to the

refers to a group of fornmula -C(=0)0OR. [49] The term
fouowm&cetyl refers to a group of formula -C(:O)CHS. 10

[050] The term "tri hal omet hanesul fonyl" refers to a

group of forrrula X3CS(=0) 2- wher

; , . e
to[ a gr up of for .
" refers/t :
"thiocyanate  refer sN(o_a
054] The erm |§oth|,ocyaF?ato .ref&s
of for - he term
fnyI" festo g;/po f nula O
The tlerm "S- f onam o referst gro p rrul
-S( 2NR. | 7] he t suI am d ge ers t
Lot rul 0)2 |!)/'I'he rm D\
trl,hal ofet hanesul'?onam do" ref ers to a gr-ou
forrrula XSCS( =0 0 NR- [5 hete
Ocar efers o@r for Oji
\/ %
/\ / \F F
L ) g L l : TQ ﬁ >
E
D/ D D \E ’
ﬁ /\

wherein D, E, F, and G independently represent a heteroatom. Each of D, E, F, and G may be

the same or different from one another.

[041] The term "heteroatom" refers to an atom other than carbon or hydrogen.
Heteroatoms are typically independently selected from oxygen, sulfur, nitrogen, and
phosphorus, but are not limited to those atoms. In embodiments in which two or more

heteroatoms are present, the two or more heteroatoms may all be the same as one another, or
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[60] The term "N-carbanyl" refers to a group of

formla ROC(=0) NH-. [61] The term
WO Qeovhiwear banyl " refers to a group of fornul aPCT/SG2009/000181
-0C(S) - NR [62] The term "N-thiocarbanmyl” refers

to a group of fornmula ROC(=S)NH. 25 [063] The term
"C-am do" refers to a group of fornula -C(=0)-NR2.
[64] The term "N-anido” reflérs to a group of fornula
some oR&M 5PIwo or iz h@ﬁéﬁ)atcﬁﬁsfmﬁﬁsdcﬂfﬁ'e diffbrentsfrom the Gﬂhem cal
moi ety with formula -(R), "COOR , where R and R _ar
[042] | nB@pf@m Ren-proseatisaing] TeferiothEroyp SOBPHANER ?leleanosed ring
gt ot limted to alkyl, cycloalkyl, aryl,
thatlsﬁetared%%{@yl (bonded through a ring car)t;on) o)r/
[043] n Orheafeﬁﬁaﬂiemrdswylé rrrafeys: kce aﬁ@rc(rmirodb@teﬂohycdelgﬁetamaryi gings may be
carbon), where n is term am

formed; bt @r%ea F ot i GRYI R} Jing P’hJT‘P R 3y @wwls may
be optﬂﬁlﬁec Subs }tmg?n( t@)ﬁﬁn&lem?rlfété?o&?ﬂ ﬁ?up@rlﬁclh@éj elﬂﬁné}@ ot Mimited to,

roup which’incl ddes, budt is not
aromatid @h% dltterocwlﬂcygrpupg/ «:bmphm;zg onar yiygehetresulfinryatofnbonaigdto four
t hr ou Sz%h ar

nitrogen U 45 GHPET-SEP G GD SiSsY Of $UUUR HPBANI P P o nitrogen atorms,
and thdiP Qﬂgﬁélt&i“é@%ﬁ a8 behA aﬁérp?ﬂﬂé-ﬁlé@ﬁ%eﬁvﬂtwe% for @karhple! Bonnected

certaln enbodi ments, an anide may be an am no acid or
via ona of eép¢ |rdg formu{ch?a]rbmh etorsr g deﬁamngnbodnmyms,ohgtemagﬂ, ggroups are

optong§ SRS SRELIER B G S8 e om

hydrox§! a8, Usahb,t Sitde Elkgl"&nﬂé?t ﬁiyl fCF@él'k@ﬂy 3@95 alkyl, Cl 5-hydr0xyalkyl
am dification are known to those of skill in th

Cr6- an[uﬁeﬁ}ﬂqyb eHe/lanivedi sHsyisulfensb Pééﬁﬁfhﬁﬁ finsh A Dy esulfamoyl or
tnﬂuor()g1 guyij gé)tan%}#{ésl oéh%&tog}}h %&u@g 11t1§iu({e2 bat are%o[?)ifn'n'fjédnt%) unsubstituted

and mbdo-4or di- Etﬂisﬁyﬂ;e& d&‘lvabﬂvbs/ lof dirad) bemxnf@ran, thiophene, benzothiophene,
(4,4 - dlmsthoxy 2,2 - %I‘Idln?
pyrrolq, 1 pyGdigRe nideles opz%?@je enzoxazo

benzothiazole, isothiazole, imidazole, benzimidazole, pyrazole, indazole, tetrazole, quinoline,

isoxazole, benzisoxazole, thiazole,

isoquinoline, pyridazine, pyrimidine, purine and pyrazine, furazan, 1,2,3-oxadiazole, 1,2,3-
thiadiazole, 1,2,4-thiadiazole, triazole, benzotriazole, pteridine, phenoxazole, oxadiazole,
benzopyrazole, quinolizine, cinnoline, phthalazine, quinazoline, and quinoxaline. In some
embodiments, the substituents are halo, hydroxy, cyano, O-Cj¢-alkyl, Ci¢-alkyl, hydroxy-C;.
s-alkyl, and amino-C;_¢-alkyl.

[044] The term “ring” refers to ‘any covalently closed structure. Rings include, for
example, carbocycles (e.g., aryls and cycloalkyls), heterocycles (e.g., heteroaryls and non-
aromatic heterocycles), aromatics (e.g., aryls and heteroaryls), and non-aromatics (e.g.,
cycloalkyls and non-aromatic heterocycles). Rings may be optionally substituted. Rings may
form part of a ring system.

[045]  The term "ring system" refers to two or more rings, wherein two or more of the rings
are fused. The term "fused" refers to structures m which two or more rings share one or more
bonds.

[046] The term "optionally substituted" refers to a group in which none, one, or more than
one of the hydrogen atoms has been replaced with one or more group(s) are independently

selected from: alkyl, heteroalkyl, haloalkyl, heteroholoalkyl, cycloalkyl, aryl, arylalkyl,
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(5-methyl- 1,1 0O-phenanthroline),
(5-chloro-1, 10- phenanthroline), (5-nitro

W0 190%04henant hrol i ne), WO PCT/SG2009/000181
2009/ 142604PCT/ SG2009/ 000181 14 (5,6-dinethyl-1 , 1
0- phenant hroline), (5,6-chloro-1, 1
O- phenanthroline), (4-nmethyl- 1,1 O-phenanthroline),
(3 ,4,7,8-tetranethyl - 1 , 12 0-phenanthroline),

heteroa?ﬁc ﬁ@x@'ﬁﬁ)nﬁﬂ@%egeré’dy@% B?d%x Jalkoxd, By atekduped, ialkg)thio, arylthlo
7-chloro- 1 0- phenanthrollne 4, 7-phenyl - 1
Cyano, o }@eﬂ@,n arsethenyl net}uocathnyl a:ﬂqam(y cargamylz O-tluocarbamyl

N—thlocartgzﬁnﬁy 6.6%1%,) N-amido, S-sulfonanndo, N-sulfonamido, C-carboxy, O-carboxy,
isocyanato, thiocyanato, isothiocyanato, mitro, silyl, trihalomethanesulfonyl, and amino,
including mono- and di-substituted amino groups. In embodiments in which two or more
hydrogen atoms have been substituted, the substituent groups may be linked to form a ring.
[047] The term “O-carboxy” refers to a group of formula RC(=0)O-.

[048] The term “C-carboxy” refers to a group of formula -C(=O)OR.

[049]  The term “acetyl” refers to a group of formula -C(=0)CHs.

[050] The term “trihalomethanesulfonyl” refers to a group of formula X3CS(=0)*- where
X is a halogen. A “halogen” is either F, or Cl, or Br, or L

[051] The term “cyano” refers to a group of formula -CN.

[052] The term “isocyanato” refers to a group of formula -NCO.

[053] The term “thiocyanato” refers to a group of formula -CNS.

[054] The term “isothiocyanato” refers to a group of formula -NCS.

[055] The term “sulfonyl” refers to a group of formula -S(=0)-R.

[056]  The term “S-sulfonamido” refers to a group of formula -S(=0).NR.

[057] The term “N-sulfonamido” refers to a group of formula RS(=0),NH-.

[058] The term “trihalomethanesulfonamido” refers to a group of formula X3CS(=0),
NR-.

[059] The term “O-carbamyl” refers to a group of formula -OC(=O)-NR.

[060] The term “N-carbamyl” refers to a group of formula ROC(=O)NH-.

[061]  The term “O-thiocarbamyl” refers to a group of formula -OC(=S)-NR.

[062]  The term “N-thiocarbamyl” refers to a group of formula ROC(=S)NH-.

[063] The term “C-amido” refers to a group of formula -C(=0)-NR,.

[064] The term “N-amido” refers to a group of formula RC(=O)NH-.

[065] The term “ester” refers to a chemical moiety with formula -(R),.COOR’, where R
and R’ are independently selected from the group which includes, but is not limited to alkyl,
cycloalkyl, aryl, heteroaryl (bonded through a ring carbon) or non-aromatic heterocycle
(bonded through a ring carbon), wherenis 0 or 1.

[066] The term “amide” refers to a chemical moiety with formula -(R),.C(O)NHR' or -
(R).-NHC(O)R’, where R and R’ are independently selected from the group which includes,
but is not limited to alkyl, cycloalkyl, aryl, heteroaryl (bonded through a ring carbon) or



10

15 IN (4-nethyl-2,2 ';6 ',2 "-terpyridine), OHIN
(4- hydr oxy-2, 2 ';6 ',2 "-terpyridine), C
W@ 2000hwpH-2,2 ';6 ',2 "-terpyridine), (4- phenl;ttT/SGmos)/ooom
6' 2"-terpyr|d|ne) (4 ' (4-nethyl -phenyl-2,2 ';6 ',2
" terpyrldlne) WD 2009/ 142604PCT/ SG2009/ 000181 16 C
(4 ' (4- chloro-phenyl-2,2"' ; 6 ',2 "-terpyridine),
(4 '-(2,4, 6-trimethyl -pheny$-2,2 ':6 ',2

heteroahcifﬁfop(%%h&%d”tﬁ}ougﬁ ;& 1thg drbd)] whee n- ib Qtofl I~ 2n @értain embodiments, an
erpyridi ne
amide may be an am11¥o acid or a peptide.

[067]  The terms “amine,” “hydroxy,” and “carboxyl” include such groups that have been
esterified or amidified. Procedures and specific groups used to achieve esterification and

amidification are known to those of skill in the art.

[068] In one embodiment, the Raman active molecule includes, but is not limited to
7/ \

Q@ (2,2 -bipyridine),

Zj>_—<j§(5 5'-dimethyl-2,2'-bipyridine),

(4,4'-dimethyl-2,2'-bipyridine),

H4CO, OCH;

N (4,4'-dimethoxy-2,2'-bipyridine),

(1,10-phenanthroline),

(5-methyl-1,10-phenanthroline),

(5-chloro-1,10-phenanthroline),

(5-nitro-1,10-phenanthroline),



(tri phenyl phosphine), (triphenyl phosphite), SH
(thi ophenol), or WD 2009/ 142604PCT/ SG2009/ 000181
WERh09 2410t hal ent hi ol ) . [69] In one enmbodP@EREG2009/000181
derivatives of 1,10-phenanthroline are used as Raman
active nol ecul es. Derivatives of 1,10-phenanthroline
can include but are not limted to
5, 6- di met hyl 51, 10- phenant hidl i ne,
di met hoxy- 1, 10- phenant hrol i ne,
di chl oro- 1, 10- phenant hr ol i ne,
| or0- 1, 10- phenant hr ol i ne,
& 0-1, 10- phenant hrol i ne, 4, 7-phenyl- 1, | 0-

fAr ol i ne, 3 .

T OB OTBptRIHTRY of i ne,
a5- mepihyl - 1, 10- phenant hrol i ne, 5-

i tyo-1, 10- phenanthroline, 4-nethyl- 1,1
Renant hrol i ne or bat ho-1, 10- phenant hrol i ne. [ 70]
Qbodi ment derivatives of 2,2 -bipyridine are
aman active 10 nol ecul es. Derivatives of

50 (6 j6eihheroclg0-pheiantieolingd, are not linmted to
- di met hoxy2, 2' - bi pyri di ne,

di met hy1-2, 2' - bi pyri di ne and

i et hyl-2, 2" -bipyridine. [71] In one enbodi nent
es of 2,2 ;6",2"-terpyridine are used as

a¢ t(@ymeethyl-1,1 O-phenanthrohneg)

b

(3,4,7,8-tetramethyl-1,10-phenanthroline),

OCH,

=N N== (4,7-dimethoxy-1,10-phenanthroline),

(4,7-phenyl-1,10-phenanthroline),

Z(2,2°;6",2 terpyridine),



nol ecul es. Derivatives of 2,2 ';6"',2"-terpyridine can
i nclude but are not limted to 4 (4- nethyl phenyl)-2,2
WO 29242604 er pyri di ne, 4-chloro-2,2';6',2"-ter ppeT/8G1089/000181
4,4 ,4"-tri-tert-buthyl- 15 2,2';6',2"-terpyridine,
4- phenyl -2,2';6',2"-terpyridi ne, 4-hydroxy-2, 2;
6',2"-terpyridine, 4 '(4nitro-phenyl-2,2 ;6,2
-terpyridine and 2, 6-bi s(2-18yridy1)-4(1H)-pyri done.
[ 72] |The inventors found that Raman active nol ecul es
as degcri bed above can bind to the surface of the
I\b rticle even those nol ecul es which do not
idgla thiol group, such as triphenyl phosphine or
ol ine. Raman active nol ecul es conpri sing
gith an affinity for the surface of the
par t et e(demathyk2.35:6d2 " Serobridivekt i es can i ncl ude
but gge not limted to thiols, am nes, phosphines,
phosphi ne oxi des, and any conbi nation thereof. The
ctive nol ecul es render the netal particles
obic and forma first uniformlayer around the
tisde. To protect this first layer of Raman
ecules from di ssoci ati on and degradation the

//polyner. [ 3]G#ﬁ“%@%ggéﬁkagﬁaaﬁﬁﬁﬁ?%ﬂi?FEthP;LL? ggn

be usgd in the present invention as |long as the

r self-assenbles in solution so that the

Ypbi ¢ portions face the nmetal particle and the
lic portions face the solution. Such an

. : ] s, based on the sol vophobic interactions
het ween tle EJdrophobic Raman active nol ecul es coating
et al 30 pari @-ddomnzl2h§ 2 ddrpiaidingpl ymer porti on
ernore, the hydrophilic portions of the polyner

e in solution and hel p stabilize the

nang ctures. In one enbodi ment, an anphiphilic
includes, but is not limted to: WO

42604PCT/ SG2009/ 000181 18 an anphiphilic

pivpck copol yner, such as a di bl ock copol yner or a
copol ynmer, an anphi philic random copol yner,
r1s alternating copolyner, 5 an

depBERURD; 6 derpyfidaephi phi | i c pol ymer
of the general fornmula (1): 10 an anphiphilic
pol yner of the general formula (111):

7 (4’ (4-methyl-phenyl-2,2";6",2""-terpyridine),



wherein each of m o, p and q is an independently
sel ected integer fromabout 3 to about 400, R
WO 200av1826p6t hydrophilic noiety with about O toPESGL002000181
carbon atons and O to about 3 15heteroatons sel ected
fromthe group N, 0, S, Se and Si, and R2 is a first
hydr ophobi ¢ noiety with about O to about 20 carbon
atons and 0 to about 3 hetdfoat ons sel ected fromthe
grougg!N, 0, S, Se and Si, and R3 and R4 may
i ndependently be selected froma hydrophilic or
Robi ¢ noiety and may be sane as le or R2, with
to about 80 carbon atons and 0 to about 40
g€t oatons selected fromN and 0, S, Se and Si, WO
2009/ 142604PCT/ SG2009/ 000181 19 wherein one or nore of
R3 and R4 may i ndependently be a
eri sabl e group; O mixtures of the
fed anphi philic polyners. [74] The term
" las used herein refers to a polyner that

éroups; o;e i's s%|Jﬁﬁ%'yﬂﬁgb?gr8§%|3¥§$§?ﬁéaﬁggﬁf:?Qa

(hydrophobi c portion or noiety). It also

5ses nul ti phase polyners al beit an anphiphilic

descri bed herein can be used also in only one

may be enployed to solubilise matter in a

d phase, including stabilizing a phase interface
phase transfer purposes. The anphiphilic 10

i thijn the sane polyner In this regard the

Fe(454(2 shi-framethyltpheayli?,8 ;6 42 ¢terdymdjhg), t he
pol ar properties of a polyner according to the
[ [ e based on polar noieties. One such noiety
side group, in particular in the formof a
groups, that the hydrocarbon backbone of

[ 15 Hydrophilic noieties refer to

S that forn1hydrogen bondi ng with
, -C=0, -COOH, to nane only a

NGE [ f t | I d I
F LN o T e eI s

(hydr gghqQbi c) noi ety. Non-pol ar or hydrophoblc
I et of the polyner include the hydrocarbon
ckbes as well as aliphatic, alicyclic, aromatic

andl/ or "aryl al i phatic noieties that the hydrocarbon
gkbone 20 carries. Thus, the anphiphilic polyner

¢hcapsul at i on Iayer conprises a plurality of
a0 ph|||c go ners Mﬁth each anphi philic polyner

having a M for interacting with the
net al _pg t|cIe and a hydrophilic end for interacting
Wi th gueous medium [75] In the exanple of an
anphily c polynmer shown in fornula (1) each of m o,

p and g 25 is an independently selected integer fromO
t opaboys 400, including from1 to about 400 or about 2

0 aq6ﬁt 400, such as about 0 to about 400, about O to
bout 350 about 0 to about 300, about 3 to about 300,

about about 250, about 0 to about 200, about 2 to
about 2 about O to about 150, about 2 to about 150,
about 0™t qhifplenyPRospahieyt 1 to about 200, about 3 to

about 100 about 2 to about 100, about 0 to about 100,
bogﬁ 3 to about 50, about 2 to

(thiophenol), or
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30 about 50, about 1 to about 50 or about O to about
50. As further illustrations, mmy in sone
wepdodixsent s be sel ected in the range from aboR€T/S5G1009/000181
about 50, such as about 10 to about 45 includi ng about
10 to about 43, whereas p may for instance be sel ected
in the range from about 3 tgo about 40, such as about 3
to about 35 or about 4 to dbout 30, p may for exanple
e OSP009/ 142604PCT/ SG2009/ 000181 20 selected in the
@ fromO to about 30, such as fromO to about 25
A om ) .20, and q may for exanpl e be
sel ect ed@i%a%%]ﬁg&#ghﬁélg fromO to about 30, such as from
0 to about 25 or fromO to about 20. The sumof m+ o
is_selected.in the.range fro out .6 to about .80 .
[069] | ok R FEDagaRRt At o 17@)51?%%1% ge ugpdgr Tppn active
Qafi - ni 6Qimethyl-
meleof9 Sk e SRR R i 0O 1 iy i
1,10-phdmnthrdintep 4Balimetidxy-aOhegartrotibeut, ldichlarwlisl Ogphepanthroline,

ab 40, gbout 6 to 0 25, . about t,0 _about ,
s-chiofb0-sieiastipie 107 Feetierhrot Cpfitenfedflg] Py 47:phenyl-1,10-
phenartBloBat €8 4 Nstibeaianglel  { 0-pRemRgbli, t Snfleutl, (2fkbnanthroline, 5-

i ncl udi ng’about 9 to about 1100, about 9 to about .
nitro-17\@ophenatbraling, 4-megdtybilt10opigenanthralinegr bathateli-pigmenthroline.

abpout 9 to, about, 700, .about .Q..abo 0, out .
10707 o8t erBon o BBt SR ERSLAr dobiBnRlite oY Bl Ripll acive
molecdlf) Dafatesdoft B2 abRytidihe Gan dheide But! e A0 UiR2AG0 4 dithethoxy-

9 to about 200, about 9 to about 100, about 9 to about

2,2-bipyyidiag Gt -diBethyl- 2B dupyadine gnd 4fodimedyliie? Pipuidinn. The

su +..0 _+ + i l.ec Y i Nt r .
10711 o fhe, paifheds Berivafied 7,23 658 0 SorplrdiiG 5008 o Ribhan active
molecdlé€ ODerinaives b2 X2 ;EHPOUteri@iline alwuncld® bdot atwonoédt Hifded to 4'(4-

about 12 to about, 1000, out_ 12 1o abouf. 900,  ahqut
methylpheny))-2860¢2 5Py idisut 41033%-%%&1{2 P gpyTiding 44 3 fi-tert-buthyl-

1.6 A A A " ; 0,4_ &8;02.]2’@.’221’_@6 1 , 47°(4-
2.2 ’6’%5%1%&%?%& Lﬁgﬂ?%y %%O’E?Z ?t% , gg%ﬂt I;}’grto about 105,99%{ e 41
nitro-phbuyl 2,256 125" -teppyuridinesmnd 26bis(2-poridy)-40dhrpyrBOne.about 15

to..about 100, or _.abgut 20 to abput, 100, |1 .

10721 ¢ BBRTHERPE i 1R e dcnfeRRRhbied Bgest ooy s nd to the
surfacS 6f @16 n@dlall pattede evenrtBhierolétulds whichlioutot 3RVidd atisldirogp, such as
fromabout 3 to about 300, about 3 to about 250, about

tripheryylphospliiae tor 2b0-phensathraling Rasean aqiing Belegplescompriging a moiety
it s3G50 O cPOIn . Sffiscn

but ar@otlindtedotoaihinls, afines, phoephind, tphogihing oxied, Gnb]dnty ¢ambination
understood that the_ indivyidyal units,indicated jn
thereof. gihe Ranaan aofive (rqqucuéﬁote{at}{qq © giR @értghquwég@%phlcaqqg’form a first
ifort A RO AR pRHASE To $rBlelethid ARMaE: dfarh Rt molecul
mfo%ﬂ%%%%&%l}g?ﬁ%g&n& afi fororgll as %hlli 1anoailly(l ) merely 0o .eou. e_s
from disdoiciation hemtl degradatiopribs emgtali partible is cingapsulatedhsrithagn amphiphilic
eneral formula (111) merely defines that WO
polyméigng/ 142604PCT/ SG2009/ 000181 21 5

[073] In general, any amphiphilic polymer can be used in the present invention as long as

the polymer self-assembles in solution so that the hydrophobic portions face the metal particle
and the hydrophilic portions face the solution. Such an arrangement is based on the
solvophobic interactions between the hydrophobic Raman active molecules coating metal
particles and hydrophobic polymer portion. Furthermore, the hydrophilic portions of the
polymer dissolve in solution and help stabilize the nanostructures. In one embodiment, an

amphiphilic polymer includes, but is not limited to:
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20

munits of: 15 are present in the polynmer. An

anphi philic polynmer may therefore enconpass any
WG ewaaswsed of these units. As an illustrative eRERPGEODHO0181

a polynmer according to general formula (I111) a

respecti ve sequence nmay include the foll ow ng

arrangenent of units: H77] Such an anphiphilic

polyner may be prepared by & process as described in

pROII O IBG4B108k . cofoeymrerphuthidsi @ diblogkrecorobymer or a triblock
p| aIIy at | east essentially free of cross-links. 25
COPA dingly, in the anphiphilic polyner the
p (supra) of the first

an#%%?ﬂ§ﬁﬁ@%%@%ﬁg+ “is available for any
anaﬁmmuﬂmhnhdagammgcmmﬂ@nwuerization reaction. [78] Wth

an axgp ik egpo s Sorsisne b Bt and PG Pydride grogis end
mlﬁﬁmﬂgﬁﬁﬁgﬁgmﬂ¥%k egaalﬁﬂﬁmﬁ,dyhlch may be saturated

pol y-unsat urated an ncl ude het eroat ons
(see below), An Ansaturdted aliphatic group 30
[ /or triple bonds
The branches of WO

i near chpins as well as non-aromatic
cyclic elignments. The drocar bon chai n, which may,
unl ess oﬁhermﬁse stated, be of gny length, and contain
any nunber of branches. Typlcally, t he hydrocarbon

an gmphiphilicipalymered thpgenerel famgla ¢ 10, to 15 or to 20
carbon atons. Exanpl es ,of al kenyl radical

s

FOOl W oyt twenty
¢, for instance two, double
bondgz such as out two topabout ten ce&ibon atons,

and one doubl e bond. Alkynyﬁ radicals normally cadtain

about  two about twen ca b atorrB and one or
anﬁ%P]é‘PthlﬁrpogQ%‘?ﬁﬂféh‘%%emﬁ%‘? ds, preferably such

— as two to temmcarbon atons, and one triple bond.

___?§§ZT|eS of alkyﬁyl\ijgicals n _ -

—
0 0
o 0
o -0 0 0

wherein each of m, o, p and q is an independently selected integer from about 3 to about
400,

R! is a first hydrophilic moiety with about 0 to about 20 carbon atoms and 0 to about 3
heteroatoms selected from the group N, O, S, Se and Si, and

R? is a first hydrophobic moiety with about 0 to about 20 carbon atoms and 0 to about 3
heteroatoms selected from the group N, O, S, Se and Si, and

R? and R* may independently be selected from a hydrophilic or hydrophobic moiety and
may be same as R! or R% with about 3 to about 80 carbon atoms and O to about 40

heteroatoms selected from N and O, S, Se and Si,
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10 are straight-chain or branched hydrocarbon radicals
whi ch contain one or nore triple bonds. Exanpl es of
w@kMyh4ppups are nethyl, ethyl, propyl, butyl PCPeG20p9/000181
hexyl, heptyl, octyl, nonyl, decyl, the n isoners of
t hese radicals, isopropyl, isobutyl, isopentyl,
sec-butyl, tert-butyl, neopentyl, 3,3 dinethylbutyl.
Both the main chain as wel F%as the branches may
whéreint diRroranere o8 B AR Rieing RS anaynindgmendentlyi test copotyniérisable group;
S, Se or Si or carbon atons may be replaced by 15
Or t hese heteroatons. [79] Vvth respect to the

mirfR0 bP el dfSreRRhNSHRA anl fipHiIed BIyAbiscyCl T ¢ means,

ess ot W se st at aromatic cyclic noiety
[074] ( eTig: tehyidfaanhifichic’res (Bsg@ hem&n vifenydy abpolymeu tleatds it least two
nono- ol nsat urated. The .cyc C
portonoRIoyo RPSeRlSIE AR Aol Aoy A1 s 1ol apEs (hgrophilie

portlorf"ér A8y éfhc?ﬂﬁ@ o@I?éf iR la SNSRI T dnk Qﬁﬁﬂoﬁhdbﬁ'c portion or moiety). It
non- aro tic 20 cyclic as well as chain elenents. The

also ema]mpasshamltqﬁlawwlymgﬂm aébekwmpit;hc nelymey desgribed herein can be
nl.ess. ot her ate be ,of any. &n

wsd s TSR P A e Sl A, B e

1nclud11{§ pét:ﬂﬁililﬂg 4 Bﬁaﬁygﬁ&ﬁa@éb@lﬂ foreptinke-Grandfer Ft‘m@bs@esrh% arﬂph1ph1hc

main chain atons 1 n one cycC
pr0per@¢s csﬁmlah mbyrecm ae dop do tlerepreprmce of é’OﬂbPOIFﬂi Gh}'tiwhtltp and non-polar

pent t
iR S O Stk . i U8 B0 gy e of
surfact@itynafyre! Aecarathgbh alhmp@lubgfopéﬂfemoﬁ ar[ml‘yrfletr adaefdmm ® the invention
cont ai n het er oat ons, for. instance

are basg on gplia MeRiPliSSr OBE BHAMTAYICHUS AchPRE ﬂdﬁﬁfquﬁe@epam"u?ar in the form
heteroatons The term "alicycl

i nc
of a ehpegedalGQHy| erABRSet thats € %llﬁ’ﬁr‘t%na?%" H%%thng%eed’°1ymer carries.
L e
such af i-Q, GNH;;L chon gC@@H;dn ranrmsnly@fﬂmdﬁmra}ly, peayrigetant molecule

1nc1ud§§§e§pél 1%9 X‘g}‘ﬁ @ﬁ# bilngw? ﬁg& ﬂ)at H&I}]{)?%E Cy IEcYp%oBlcS] g‘lo%)cy Non-

polar tURRkdgHébRImotead Bl &R ﬁtflyxﬁ@ﬁﬁclﬁdb ehé BedrobaborlBackdohe as well as
are not limted to, cyclohexenyl, cyclooctenyl

or
allphafuy dliepielis rgrbmatltf mﬁ/owwﬂahlé@pé cnoieties. fhat Ahe hivgacaiben backbone
i OGHEE o b, 350, EpsBEREn, YRS Sty o

amphigiig Lﬁ&ﬂifﬁ—i@rsd il @aktongsphiptilic hpdmyler \Pﬁvmg a hydrophobic end for
2009/142604PCT/SG2009/00018éW23 be fln | e rlng%g%1
interacting | Widle themeta| rarticle cdp hydiprhilic ?@ 9 HRigEpciipg gt ag aqueous
medmﬁ:lxanpl e, 2, 3 or 4 fused rings. The termaronmatic al so
i'hcl udes alkylaryl Typi cal |y, the hydrocarbon (main)
[075] c hi the leRahplias ah anfphiphilis pdynrer showhan Ifom’ﬂﬂmﬁ) eacharfen, o, p and q

e S S S5 AL B 1 0 0 o
about 9% Rbag léfgd Stlcl{ %solﬂ?dﬁ@‘@l t%na‘fabut 5(% ]]abg‘un’gm Pt a&nﬁ%@boaﬂﬁl@ 8o about

ent aeny annul eny
300, aphetrSatoebeut ped, iahawhd tueaim)lt 230, bgit gty dpynt éa@, abohit § ¢ about 200,

st 3o 0BRSS B L5 20, o

3 to abtd rl@@ LR "B Bbit 1F0, abbit! ® &S alJud g OV éb%u{SB ab @outs, Qf)out 2 to
any I ehgth and contai i any nunber of ‘het er oat ons, as

about 5@rabontst &meleout, 50@>ra1hdut3) toBb@nbﬁQasAxQ)fur@Qbﬂluﬁ'é@t&n@ m may in some

e BB b B 5 0 Pl R bR 5 GRS 8y to sout 4

1ncludfr% atfouf 30M%b- aboﬁm@ p\k}ﬁéﬁéﬁs‘p rﬁh%}pﬂﬁ‘)dhstandéﬂfglﬁéhélﬁw &mﬂe range from
t hr at hi ophenyl -, pyri di nyl pyrroly gU|no
about faphbdwhdQj sushiasgboyt 3foi abgwa’jﬁ Wbout 4 ﬁd@ho)up 0, p may for example be
benzi ndol yl -, i m dazolyl-, oxazolyl-, oxonlnyl
oxepi nyl -, benzoxepinyl -, azepinyl -, thiepinyl-,
sel enepi nyl -, thioninyl-, azecinyl-
(azacyclodecapentaenyl ), dlazeC|nyI

S o o o - A N = = e~ o o o -~
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[83] The aliphatic noieties, which the hydrocarbon
backbone carries, may carry further WD
WQ®911242604PCT/ SG2009/ 000181 24 nvi eti es suchPEBESER0H000181

chains. Such further noieties may be an aliphatic,

alicyclic, aromatic, arylaliphatic or arylalicyclic

group that typically is of % main chain length of 1 to

about 10, to about 15 or t #labout 20 carbon at ons.
selectedllie siee htigd frexh 0M0i AbbiER), swch @l feom 6do aout aﬁtﬂr ifionad to about 20, and

roups supr 84] The hydrocar ne .can
q may &g %Fel%?fglna'% i%@ D glout e SRS 0 TG ot 25 or
from (?ﬁ)cg&ﬁllt abi phakiG cﬁnrheit b&S sOEctE®hie {hel AnBE EroBivRRSt RL about 800,

phatic noieties are present, the first
includigi gbbat 6 to atmw;ﬁoe,saumat/é tca almit 1608 nationt 6fto abeuit508, sheut 6 to about

00, B0 oS BB 2 0B g RIS M, o

to abo@ts6(}’3 abdjut 650 aBout 40, 5!301196 t& Qbouk 25, dbdut &8 %o atldhit 135aboil156 to about 10.
18, or 20 carbon atoms or about 5 to about

The sua:lapf)(m +a1 wbm is spbectadrin iteg rangh&omi gbopt Ake gheat ﬂ%OQmmc&*gdlgg about 9
to aboHte ogle suaﬁ?gﬁt L@tger S bgo aggut?raog%&%ﬁ]tb a%oﬁ{ 80’%) about 9 to

about 760, 4sbtaf tova@,oammmlasoﬁm @ ot 507, ebditrosto adbitp6 0, bout 9 to about
nmoiety is an alkyl noiety with a heteroato

whi ch
500, abQutu%tOkﬁbﬁuteﬂ;OQ, @bgufc%tdo@wt 390, slaputchfa ahot 856,@‘?@“ §'to about 100,
o 4 B8 BRI STl 00+
is selebtﬁd @n &fétr@llige Romelbetn]l Bet sboud! 60N irhidiee gromup2 td abarnd 400, about

v A2 1 o GEAE DAL LS Ao st o,
about 'if?c? g&ﬂg 3bb ezrﬂo%? 858 E‘H afgbn&o‘m 19 t4 BSo®0B] fbout 12 to about 400,

mer an i ned by an unbr ‘anched
about M kg' hbond |260,yab0$1t1 ¢h tasbaut llSOpaiIOjat IMID ebaut 10p88joutrh to-about 150,

o S5 TR R T SBofAFo, FESheS 84 B2 B some

embodiﬁh@ﬂtts cBbh 686HPOD Qﬁ(P arPihd@Rauént %r sfelbcﬁaEQﬂﬁegélQ"r(ﬁﬂ fab@mt 2 to about
atons, of 20 about O to about 80 carbon atons,

300, ingheding from aboab? te algoit 389 bAULY Eneboub25Qbout Dty f%bé?ut 200, about 3
0] 4
to abog{) g#?so %t}o%?%gggb%&t A a ut%btg%ao&%lodnoo g ms%tgr g%ﬁﬁ(?@%bout 3 to '
about 8@ a@bﬁw to;&oﬁg%@%oﬁtmboﬁmmmoﬁtZmab&'»utﬁ) 7, 8, 9,
1 1 14, 15, 16, 7 8 9
[076] 26 lt ip -pndggtoo@ gtlatglgp 1n§gv1d1@g un@gmd}g@’cediig fogg%ulassé[) (ég and (III) may
4 ar E&&ﬁb%l teh 1
v e o 0, AR5 O i Ok s, gnr
formulae t(Brand (B merePpdefind thati ng 0 t o about 40 heter oatons, 1
to about 40 heteroatons, about 2 to about 40
het eroat ons, about 2 to about 30 heteroatons or about
O to about 3 /heteroatons such as 1, 2, 3, 5, 6, \7,

8, 9, 10, 11 13 4,
m units of: Ry ; o units of: Ry ;
p units of: Ry ; and q units of: Ry

are present in the polymer, whereas general formula (III) merely defines that
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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, 43
wW@eood44deet er oat ons, such as Nor O [86] ThePCT/SG2009/000181

anphi philic polynmer may further have one or nore

copol yneri sabl e groups, as 30 expl ai ned above. The

copol yneri sabl e group nay al.so be call ed

cross-pol ynerisable in ord to enphasi ze that both

intra- and internol ecul ar copol yneri zati on can occur.

The copol yneri sable group is typicahly al so
cross-linkable. The c group can be any
group that bears funclti nonmer, i.e. any
such desired group th erized. The
usability WD 2009/ 14 000181 25

m units of: - - -

0 o) o 0
O R! o R
o units of: B B , and p units of: i |

are present in the polymer. An amphiphilic polymer may therefore encompass any sequence
of these units. As an illustrative example of a polymer according to general formula (III) a

respective sequence may include the following arrangement of units:

‘ -
o 0| i
(o] 0 o "
- p2
L ok - o 0O / 0 0

[077] Such an amphiphilic polymer may be prepared by a process as described in WO

2009/038544 A1l. The amphiphilic polymer is typically at least essentially free of cross-links.
Accordingly, in the amphiphilic polymer the copolymerisable group (supra) of the first
hydrophobic moiety R? is available for any crosslinking or copolymerization reaction.

[078] With respect to the amphiphilic polymer, the term "aliphatic" means, unless
otherwise stated, a straight or branched hydrocarbon chain, which may be saturated or mono-
or poly-unsaturated and include heteroatoms (see below). An unsaturated aliphatic group

contains one or more double and/or triple bonds (alkenyl or alkinyl moieties). The branches of
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of each group may depend on several conditions, for

exanpl e the respective application, the reaction
weoanditsieons, the wanted degree of wat er-sol ubi PCT/§GT09/000181

the resulting polynmer, etc and can be deterni ned

enpirically, if wanted. Exanples of a suitable

copol yneri sabl e group include, but are not limted to,

an am no group, a hydroxyl %roup, an epoxi de group, an

the hyd%&i%ﬁiladl\ﬁlrgﬁl@y [hchﬁle@ﬁ@algih@uﬁ ab evellfm hoAdardmitir eyelic Eefents. The
group and/ or term nal C=C group as .an al

|
hydrocgb@rm ryha@, Wigh AV ATEFS 91116@4'19% .S%d Be o 20y 1 EREE %Ydd?ntam any
number-of Bt n&’gé ?}%ﬁcaﬂg) éﬁl@hg&rggﬁb&ﬁg ugq &{gﬁpﬁcﬁ?%_f)fo grtg &8 to 15 or to

20 cartomi dti@s. Brempite bf alkenyd updieals 'afm@ﬁ@ham ou pranetigd hydrocarbon
term nal coupled -C=C C=C or s bstitut eﬂ% o about
radical g BHGPSANAE PR ABITe SPHBISCAIYy AIFEPLBIE ST FolEin

two to Qg&gqgfeﬁ & AYorPRB! 'aﬁ&‘ ot of Bﬁ)r@rfﬁf" ifahinké 6wd, QaReleybBRids, such as

for exanp a second aliphatic noi eties and
about twa ro bleowrien cdrbom aﬂomg; adprentdble tand eAlkynl radical mormaly contain
nbodi nents it is at rmna functi onal oup
about tpv&r toe;b(ﬂ%ﬁge%tyt AN, afpms.-aa g(?n(?u‘br mgre, 3{)] 2,1131%1? \t/réple bonds,
preferaﬁl’&as’ﬁﬁh Qs tx%‘?o feﬁrcﬁiﬁéﬁlatcﬁ%rscaﬁd BHPTFRY &R Exﬁﬂngléb o8 ﬁlklyﬁyl radicals

as - CH=CH2. Exanpl es of an internal roup
are stra‘ighttcﬂnem mmbrland@d Hydrocarbenedicals mihichdcantain gre @|r |n}qre triple bonds.

eSS RE g RSP B Ra LSRR oo, moy

decyl, BRPR!YoBEEA Bl PldRcals) iddprayLt i@@batgalr ﬁsdpahtynmea-bﬁuhﬁj rert-butyl
atomis not part of t he copol yreri sabl e reacti on

neopen@énﬁﬁedlmqﬁwlbutm BoHy thexmap| @gm(ﬁs well gy Hhecbrenehes gy farthermore
i i Ra i

o A Pl 00 0, ST Sr SN Gy e et by

thesehvﬂemaltoxﬁg acetyl ene noieties or a butadi ene noiety.

087] In one e od| t he_ secon ieties
[079] Era‘fyi TRRRPSn Y @&W@%tﬂ%@% gﬁatssae d@a}wyﬂgﬂqua’i epgys unless
otherwfs'aaétaed TH& Ry #Qﬁ@!ﬂ/ﬁf&em%i‘ét 3.l AGdreeirBon GGIER),Mktich may be
or exanpl e include a Ieneglycol (PEG or a

saturatel @aninnos- qul pq:lmu;mtmteén a“@byxyghc grborr treoipkyangyalso include
ct.wt

fused ' @ﬁdﬁg}%S}’S&CIB% sﬁ’#ﬂnt a gacfailiigr pm%}r_l oaﬁsoebea nlgl%s?%ﬁ%% l%\qth non-aromatic
cyclic hEWHEINAd cHAIR UlerRénts. hFhepﬁJaMﬁblliaiﬁ efap yoclic hydrbbz&bon m01ety may,

di am noal kyl - pol yet hyl ene is allowed to react
unless ptherwish statash, & ©f anhiaaethora %p@um Any, pumBenef] rg)n(qrpm)atw cyclic and

I r
chain eiol}'leergl% Ilﬁ%&gﬁt@ h&&*ﬁgbﬁ%%hﬁ? alﬁ Yrg{lu(frlreg ég’e? gf‘ﬁa}gl8‘g§1aln chain
atoms &f ohdeydlel Bxmiplesiyf hehhheietes iﬂchide,lﬁﬂ ard @petidiited toncyclopentyl,
the size and nunber of rou&é esg é I n, each £ ;
cyclohpxieardens Pt pr cYaioohd. Bety rCYFHC GEROGUROR MUHPY 4L Prosent,
any Gygj% S CifHin é\?&s@m H{Sasg}g% ot tcoﬁﬁlrghc—]:t&%ﬁﬂoﬁﬁ 84y linstance N, O,

de charn suc or a polyamne;, then the
S, Se dr Giesr d dathdn atbmi hey boteptackdby Weisg héteiatanise T,hg tgrmefalicsielic” also
be low._In _the case of a_pol yner

includese Guelpalkepyiompifties Whigh Hhehidgh oot Beali SV Jiydrqegrbgns, which
generagg%&hﬁqer 1*§|3fh1%bql abOR! éﬂ%)trre hch i RoRWRYr ekbiible HWY or six ring

In s di nents, the | ower
carbonl atonts. @fycloalkeayl zadicai tipically zaveod ylnebleriayldb@ thgoxgspective ring

400, out. 5 about 600, ou 0
e 002 S0P G BB 8 i e
but areggghﬁmédhévc%zcﬁ)h@é@& Wysloo¥eh el c%loﬂ@feﬁylt han about
[080] With respect to the amphiphilic polymer, the term “aromatic" means, unless

otherwise stated, a planar cyclic hydrocarbon moiety of conjugated double bonds, which may
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WD 2009/ 142604PCT/ SG2009/ 000181 26 nore than about

1000, nore than about 5000, nore than about 10000 or
weey/14mwoe t han about 25. 000 dal tons. The nol eRCI/862009/000181

wei ght can for exanple be chosen in such a way, that

an efficient wapping of the anphiphilic polyner

around a netal particle is_or can be ensured. PEGis

known to increase the col | 88dal stabili ty of

be a siEé tringl @Sincinde dfiple AGEadl @t wealentl§ dakal tihfe rfoﬁex&tp]l@,@j 3 or4

nonspecific interaction wth_bi ol |cal | ec
fused rings] ho Hhn wEMBAIIEEse egludes aélfxl%}a/ i EY‘%H@’F on (main)
chain i ﬁﬁiés 5. 6he ,PRYQAE ¢ fx nQ)fne ;{/llei‘Qf éﬁ%ﬁtrﬁcﬁétfe% include,
trative exanpl es o a swt Ie pol'yet hyl enegl ycol

but arenfit dinyiteal ®, @ylcopdntakismd) pheaylh nhghibalghyl cinjtracenyl-, [10]annulenyl-
abb

d mPE PEG, 60
s T SRS TreB S0 Tt NS g
1,9- dmgéﬁg?}eﬁe,oéhr%egé’ gf etz @ﬂ"a]nﬂﬁ’éﬂ YAn féﬁi\ﬁtiﬁl'emfl ANARYMER Imoiety is

I'am nopr opy moi ety.
benzyldl"]mnnlaﬂﬁd:ﬂayﬂ ebﬁewbhyh%e@rbm%olmy miay, wﬂ9ssfq§herw1$e stated, be of

o e S S R RfinE 55 IS, B o o

such h&&o%@%ﬂc Iibitht® (WRRA L Bhokinto ﬁ@gﬁ:rsﬁyﬁ skillRd i eHepdrt) Giclade, but are

such polynmers has been confirned by the synthesis of a
not hnpteﬂyu,eﬁumrylmlnmphﬂnbrb fanhéyl-, alapthefuranyire irethyathisphenyl-, pyridinyl-,

t 088] |
pyrmobfp SRR BrPRRET DA o iialaf)-pHObEL LEBIRRUIE midazoiy
oxazolfflur(s)iﬂ)%{nyﬂlo loxemng-, teakospinybearpigt-, gaépibyle,. sel-'dmapmyl- thioninyl-,

exanpl e, poI yners having a term nat ed nucl eqphi

azecinyluntehaeysladegansatogsdld, diezsoinds cheleqipdwﬂlée%%éfé‘exaeneﬁ 9-
diyl-, bu(%zg}lg{: I,yﬁ%oén’l tg&z%l? En;%l YDEQRYL QEaLQJdelH# ’dua[ll]angulenyl—

ic a éne su actic acl
oxacydxfmaédayzlu,ﬂ}& 1(1;12}hbmlenylFonrthhmant;hcdcynyiFmoﬂenwm to the

ed man in the ar ving, co abl e "
[081] ity SESE: (Qcihe. SOPPBBOT PHGHGL eSO ABHpIagE means a
hydroc@f’%ﬁ' ety $n %@éﬂ MESr ﬁ%%&hhﬁt&n@feﬁé%&é Qe ERAABWRRN Bne or more

ei ¢ anhydride groups can be used. Exanples of such
ahphatmogrynm Fhiug diw@sn "mrylalighatiof alsol ingfurleshydropasboy mgidtics, in which

v o 56585 (Ao PR SRR PRy e,

for msfaﬁ@éjé?@ﬂéﬂ‘i’ﬁ%é/ gohp pp}piédmrt ﬂ))é'h dﬁ‘dck(ib@he{rr@ﬁr) abainlibeludes 5, 6, 7 or 8
aci d); random copo nmet hy

main Qhetrhaf@msl lat@cbd‘l Qﬁﬂw argA ay(? atcvﬁty Eéﬁaﬂlﬁ? O pevlglitpatic moieties

such $ gérﬂq% ¥hap 1%&@41 qﬁél?{éleat 1#C QLY AL RERP Yo elcé't%ﬂlar% ‘gthalene, 1,1

yier “pol y{styrene-co- p-car boxyl
methylehdtii¢Bedzent anwpnﬁ}@MtMﬁESne 1,2,3 mmethyl-benzene, 4-phenyl-2-buten-1-

R T e T T I S
| d d

N R e R

[082] aI Eadtnaf ithg tanpolajipkatic afalicycliaid daromatict endderylaliphatel as used

herein g IW%U@PG’&%% wraehighitic polyies de SBY plrlifdof wihsiifped and
unsub%%-]ﬁtg% Ik {5 o thd Fets%&:@i% o @b‘éﬁﬁl@ﬁ’tﬁ I R ﬁiﬂ&fonal group, as for

bo tert utoxya styrene-alf-maleic
exampée) Hydr iatelimited tal teringt armgo;:apdbynabopyil ywaberple cyano, isocyano,

d1ﬂua%églpgglt? ﬁ%&g@ggy%&%ﬁ% %a;gan% h1¥)n seﬂe o, sﬁyf? sﬂ;ﬁi%, sulfonyl,

thio, thiocyano, trifluoromethyl sulfonyl, p-toluenesulfonyl, bromobenzenesulfonyl,

nitrobenzenesulfonyl, and methane-sulfonyl.

[083] The aliphatic moieties, which the hydrocarbon backbone carries, may carry further
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conmbi nations thereof. [092] In another enbodi nent, an
anphi philic multibl ock copol yner, such as a di bl ock
W@ 200982606 an anphi philic triblock copol ymer (PEBSG2009/000181

A-B-C) can be used as anphiphilic polynmer. A polyether
conprised in such diblock (A-B) or triblock copol yners
(A-B-Aor A- 5 B-C may for exanple include one of a
pol y(met hyl rmet hacryl at e) Bfock, a pol y(l acti de)

mo1et1é3| th@K as didedhuine APt ﬁ@ﬂhexnmbmlule@niey & an aliphatic, alicyclic, aromatic,

arylah];g]agg ;(@1? a&?%%%ﬁé&éﬁ{a' ng{,\ ;‘le@i é(ﬁ@))? ) Frgg{g o hYén%’H-xeofgi Yo a%o%t 10, to
about P 1996 Oﬁ%ﬁﬁg? eér:afé};?)nb?(lg{gi&}( ALseSROMB Inoidies may also carry functional

pol y(oxye or segnent), an
gmupthqgQXoxypropylene) bl ock, a pol y(oxypropyl ene) bl ock,

08]RS 3 S G PO G P o s and
second RAPARYE %fetl%s bf ﬁfb‘?@ iTh Y)ﬁe aRBbaiRtYnt tvo hlipHatie GioisRRMUrY PRkent, the

I's”a pol oaxaner. A pol oaxamer is a difunctional block
first alqm,anb ymnetmmafvaaac main thaimiofiabpwig3 4o abpat 2 ¢ribphiatores, including

about% m;f(ﬁjp%%ﬂ%a@é%r %@G&g glfﬂu%g carglgr?n thsS 519({1’1 §|§r§e4 5,6,7,8,9,

10, 11 V@r et qk, b fif7e1gnto GIDiafiYnl dtémP et SRBE ab‘dntthS carbon atoms.
sITghtly di fferent’ properties is conmercially,

Furtheryvthe| faist elipliasic mbietigeheveé @ tOeabﬁutp’mh@;@mﬁé@ms inghling 1, 2 or 3

heteroa((:t?%? | %lnﬁ gﬁ’e@) éfsgglog]\% d}% 1 ‘?%%g\ef 2 rnﬁallgeof4 aﬁgﬁlfa'i)le ﬁrst aliphatic

mo1etyt iéoarﬁ higtht snofetdORitlY la\&&térbﬁofmp Riz0whicht € isboaded &r arcagonyl group

| yoxypropyl ene core, and the | ast d|g|t
camedgby etbe tqﬁ)ﬂ@ basion agkbage 9bdhy ds@sévﬁyﬂ@%adca Pefiee (ceﬂgxyll group the
0 I
e
embodimnaitehé Yirst Bhphatitemﬁiew trlinketl tadee bankbona vidi angangifle thioad avhich is
copolynmers starts with a.letter to defjne i 'S .
formed R SraFRE D T IEHI U S YD AL PR Py nd o defined by
an unbﬁﬁl%h@d alﬁ%fl“mf)ie%k @ucihsé%l dn@%ctffl%bﬁwad by two or three

he fi°rst digit(s) refer to the nol ecul ar mass
[085] of Thmemﬂyadmpmpwl@tme hoge & dist ehaim 98 RbPRb A tBAbPUE 80 carbon

stoms, oot Bty BRTet o Al i Spd® Plo' Bt Aearbon atoms, of

about H) 46 ABbE 30 thiben RAINYN OY POy B fe atut &0utaabomaemspbf about 25 to
0 g/nmol and a 70% pol yoxyet hyl ene copt ent Ee
about @Q)P%l?t)lh atonyrapf plogut dRApePentist) earaqn HpwExolagBt | e pbet 20 carbon

h
s G SERSA B W0, om0 Ehyasts, 14,15
16, 17518;19a2@aldy 25 26, 2&[@8&9@30,(ﬂmﬁﬁp33al3l4y353\8@|, BaA & 39, 40, 41, 42, 43

triblock copol yners 8 P407. 4] Furt
or 44 @gglh% p@gnsof%ghgh ’dﬁanﬁcp)é(? 9&]{)1%18 EROIEB% %)Jﬁe¢1 go ?lﬁ{ﬂt lfféeheteroatoms
mcludfi‘lgt dZt;o % 4d gf:ﬂe tdnfs, PPy (®bhiy U nl?eteroatoms about 2 to about 40

ock p |nethyI)S|onane bl ock- pol y(2- net h
heteroditomsazlmiut Rea) abmoometaeatmwm bbdyiOXA)about 3 heteroatoms such as 1, 2,

s, SV, PSR DY, 10,20, 1, 22,28, 26,27, 28,29, 50,31,
32, 33 (f’zﬁ%%oscbsﬁ'\%\@'é ko %A&i)a,s RU4Y hReroRobisdiuBata W andNo)

i'sdprené)- bl ock: pol ystyrene- bl ock- poly(nethacryllc
[086] ac |Th§e )amppmhyl(capcplympn may further have one or more copolymerisable groups, as

explmﬁeglt ﬂ@blﬁm E&yﬁv éarp € grofl)lg) rr?égrﬁlsg Ingallé% c%s%—po?})mensable in order to

emphaSiz¥ §12k bothliRek-2Ra intérmd] @l dr d clﬁhél%tx@ﬁ e bcduy. SThee@ppélymerisable
WO 2009/ 142604PCT/ SG2009/ 000181 28 mi xtures thereof.

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. The usability
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[ 95] Exanpl es of di bl ock copol yners include, but are
not limted to poly(acrylic acidbl ock-nethyl
woreaohaeayd at e), pol y( et hyl met hacryl at e- bl ockPGDSG2009/000181

acrylate), poly(t-butyl methacrylate-block-ethylene

oxi de), poly(methyl methacryl ate-bl ock-sodi um

nmet hacryl ate), 5 poly (nethyl

met hacryl at e- bl ock- N- et hyR51- 4vi nyl pyri di ni um
of eacH S@ufMay BPedd OB sBYdralBInbR®RY, fof xd2hpsle khd\ebpettivetapplication, the

acryl am dﬁ% pol y( but adi ene- bl ock- met hacryl ate acid
react101a|¢Qn@gqnsu esmt)ed dggiey (0 maéqrsgh@elﬁyg)f the résulting polymer, etc and

can be I’%#Pgﬁ% mé)i? gJ:( 11%;0 % w&ﬁ;cegg :Egﬁmppe)g ¥p ?%419 @g‘édll%&ﬁsable group

mclud@dﬂﬂt take Bt Hhoel - tacalylanﬁn@cgrcd;)p, aploi@téﬁdtgdumnz&( ¢pekide group, an
addi t | ogg( bl ock- sodi um ac | at e) poI but adi. engi_(]g( h

oxetang gup; dRFCHErauk (ciih ﬁlyarbme (GRS Eroyp ap 9'(1 BRITORAL S groyp) suc

as an a gl'd %}'%)Ig}? o . g/né%gla% B;l %?&ﬁyloeﬁeg %}deup, a C=C group (either an internal C=C

C acl

group Qﬂ/df(astﬁﬁﬁﬁaﬁflht QedrACA &’du%l@dd@=(3 C=C- group (either an internal coupled -
pol y(styrene-bl ock-Cesi um acryl ate

C=C-Cs€l- ygrstyy med/er lal sokivel pqmpl@d: rEFeEET(- group) or substituted derivatives

thereoigglfl%//eg g(teﬁ)/}r]ene b Cléroﬁtgt rtg‘;l ﬁ%ncfég)%)) any position of the amphiphilic

polymé}oweﬁ%gyﬂ'o@ B)@a:n%l@ Csee @t M{phﬁﬁé hatdtiek ahdYartbe axi dteiial Sroup and/or
hereof. [9 I'n one enbodi ment,  the dibl ock

2 termmab @rgure rhlawmet prabedimentscit ig Gpisrminel Taction)| goppgforsexample a
termind) G0 BRAIES Ao WAL ARI e fin IR0 iy fBPLATHL B HAY bp 2 1 group
such aﬁl_ﬂ,‘ﬂ)ﬁ(EHQfE){mﬁﬂ)dmiﬂ 1 jubdrhal CACtdreumh Yuitlmplintlude,cheti are inot limited

hi gher than t he_nunber _of rmno ric uni t
to, an pYyr gyEHBISPEh ahaFH=CHr Cla 9T 4B #6%. AEHL EFRP e \g @E‘r‘@ -f(O). The tem
13 | t h t ’
internfP 6% 1 46 FcoPoly HRASIIOULG BS?#%AE%%?SM%% chain atom is no
part ofstha bolbolylyleMabteheacRmmmanct Noe lmmtlpg skampleatof surpble £57C groups,

09 fo
both iffgABIEH BraHPbauh OF RESHAPEgAT T AT o Bl i methacrylic
esters, @H‘%&’Br &&t}}l@n@iﬁ@i&heél&oﬂbut@dwﬁ&hw about 10 to about

, bet ween about 50 to about 500, or betwee
[087] abbmneamhqﬂnawuﬁle re@ndaliphuioipeistiesay be defined %mlﬂethylene

oxide) %Bg}grl ga{i}\r’]\? Sf?%ii%l(]nﬁeo J[l&a gglldhlnéﬁcgllalﬁl W{np?é include a

polyetiBBEneetod (REG) &Oa ﬂmnﬁb@n]kylmﬂ)ﬁhth}dendggtcmbﬂmemjndme BEGtmay react
about 500, or between about éS 50 to %g@at 500, F le. onl
with apesuisble SiBBREn S RysiragshAn Bessbons; tohelinkest thegtia: Fagrample, only

r @&é};&& 8 @hou fhiyleneglycol
one te%@?ﬁeé%oogtthgggd@g&ﬂ%out %Q)Qlttrll1 one exogﬂﬁ%@-poﬁfe g elg.A%yco is
alloweditblremdt with ylmsma]em arteydridé eobimer tdfeforumip I fPRGés commercially

h drophll C nono c units.of

. While t .

availaylf, e @ WIda HBE, T el 1o Lt B gt B ishgbt of the
ot Tt SO i ol ot Bt
repeatlﬁghﬂﬂﬂ’/lmﬁ: pdomesA0 detived2fromS! tisPaidledilarayeight repeatlng unit (e.g.

PS132PAA72 9 n the present | ventlo spe
having, | i eaghfﬁhq?} ﬂi gp‘@r & POl o polyamine I? Od’l% g Wg it of the
molecﬁiiﬁeargl, chP 8 eSB! dan /bR 1b6s}dhf3‘@1% Qs 4 ﬁ@lyrﬁler in which the repeating

I'spersity 1T ndex (KIK, nolecular wei
units mVsarmgmmotm)ﬂar Wwieight ﬁ@gdzhaspg bg&:ymh@msm.tberp‘@le;lﬁwr limit may

be hlgég ig WOU' 48 oL etgei T%erdg}ny 8F gbéercgéarsweslght of a polymer

may bE B8 ol LS W@M' shob %b&htfé(}@f ghdut f11000) dboud h20G Nadbhet 50th@r higher at
unber the nore Uniforrn the chain Iengt hs. In another

about éﬁ% diareaxample dherBEEc miaz hae iaghelegnlar weksht 0§ mquethasm pbout 500,
of the anphiphilic polyner can be between about 1 to
about 20, or between about 1 to 15, or between about 1
to 12, or between about 1 to 10, or between about 1 to
8, or betvveen about 1 5to 5, or betvveen about 1 to 4,

o 1. . I A a ~ F AAAASAT —
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anmphi philic polyners are |inked together to forma
cohesi ve encapsul ati on around the netal 10 particle
W@ b@v/1¥dehb4 not di ssociate in water over |ong peCi/8cRH00181

time and that can provide a strong and stable

anchorage for a recognition noiety that may be

attached to the hydrophilic ends of the anphiphilic

pol ynmers. [0100] Bri dgi ng #®l ecul es can be

more thih labo @i} Boky thatgibout SO0 endre thahaboumgl 000€ oo evemmere than about

reactive functional g%}ou ps that can react with a

25.000 glgkiens. ol hsnmolsculsh a8 R |eixen1919n12ﬁ PRavsn 11 5‘“51? &u?@" that an
b d.

efﬁc1en9ﬁxfr%§é}{g ger e%rhﬁhlﬁghgig%{ol %lgéilg acent Las % F]él l&r can be ensure

PEG is pabynes mctetagetmemllofﬂhmtﬂﬁmyaqf paﬁmlseFtﬁﬂlm,s%lﬁGyle&d surfaces offer

IO T (AT
attached acF)t fhe! Eol eP @hbl? e %ﬁger"“cﬁehs&é‘ QfRaBRsiAthd \{ﬁrtlcles Illustratlve

ecul not —di ssociate in water over
examplpe rof oal ssmtﬂﬂe [pbljaeﬂ}ylﬁ’mglyml nadetyt e e kﬁme‘dlg»pcmg)lmty&,@ee glycol)),

oGl SO 5182 B OGRS LS AT i it
geometB e UDSiliudGhiiCexaliple &8 £sui@blel dlﬁﬂﬂn%glkgfppé'l)ﬁah?l’éﬁeélﬂﬂl moiety is a

carboxyl ate ( , amne (NH2) groups, and
diaminopupyREG emsety iBheditminoallkyhpolystbotinagieol I@OIBW ragsr fog instance be

PEG(N@D ge #)l Cor Sgﬁkga{ﬂngl);é)ng (Oéttﬁlfl aér‘l}hno §)roué)rs]%j Wl’(rl;le molecular weight of

about F000Ghi V08! 1P HRURSarithd the sikant te fopmation? bf Md:lhpolymers has been
hydrophi lic functional groups that are carbaox g/l ate

conﬁrnyqddwp egimtiesiy af o polymer ewhicBithe frsh ARSI PELy IS p yipdgcylamino

to forma stable peptide bond. [0102] In principal all

inds of netals or netal alloys can be used for the

[088] mehal fuptiet embedintea, di¢ sstohd alighaticrmoiktiesaney bﬁbb@ﬁenﬁfrmn further
t he net al partlcllgh erred to ere| can be sel e%t leonhili

polymers gyt {9 hyrBRIET SHENS:dioh GXFHEPIG! PR XIFES 1S Highisipated nucleophitic

' Slirgiél &) ol 1
functiol Q{lﬁw ¢ BSed. 'Eg(gf;ﬁﬂég %g Eﬁ’é}fgqagﬁ%fs e, ﬂﬁfttake?h@c i Polypropylene

e net al The net al particle can
glycol, i prdyacigin ebide pnhfsezrenpaautlﬁatd, @@lm@ asfid 9| pedyvinyjoslgohol. Further

oty R s L A R Ry e s

[089] ONB AivaRd dmvdiHedt hnOdmsHipMEE cbpdiltym@f QSnﬁStﬁlgustéldydrodAEbons and
2009/ 142604PCT/ SG2009/ 000181 30 [0104] Metal |.i

maleic pahydsifgggrerpsceapdrerised. dixagmles At suchROlygE inglulstt gre not limited
ro I;ﬂ?d a large and positive
to poly rﬁélgepgﬁwgg{la{ %e%%ﬂhe"’}éﬁ ermal magnetic field. They
[090] exthdiaiphiptiliongndant capdlimer tcan niaginds,i butf isehols lismted aperandom
able to retaln their magnetic glro perties afte

th
copolyRgt omeRy(retialld AL oy 0 EXARINES SAPORERSE | Ply(methyl
methac%ﬁ'é{ a&?ﬂ{:ﬂ’iﬁ e‘} # A1btes! ex%n&c%lﬁlt @‘ﬁ?l PRy@Rhyd | hBihh&Glate-co-

any 'one o [owi'ng” mat eri al s:
hydroxl?propl?b RicrylieRdrankibiBi copdlymbdh $loly(difrkne-cvipatarbaxy] ngloro styrene),

randony FapoTBPLRFB AT A S 8] GRY0OR PaRaTRe POy Gtyfeneco-4-
vinyl b%ﬁﬁ(ﬁ%gfﬁl faﬁd&ﬁréd})?fgﬁ% %@fy(ﬁgrfeﬁejés -445i8gt piYRliAd)l bfd combinations

par amagnéti ¢ nat ave a small and p03|t|ve
thereofsusceptibility to magnetic fields. These materials are

m01etyk

[091] s| "il“lgehtalxgphiphilic altemnating copolymer can include, but is not limited to,
poly(maleic  anhydride-alt-1-octadecene),  poly(maleic  anhydride-alt-1-tetradecene),
alternating copolymer poly(carbo tert.butoxy o-methyl styrene-alt-maleic anhydride) and
alternating copolymer poly(catbo tertbutoxy norbornene-alt-maleic anhydride), and
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10 attracted by a magnetic field and the material does
not retain the nagnetic properties when the external
wo p@bd4des4 r enoved. Exanpl es of ferromagnetic pRCT/BEGR00%000181

i nclude, but are not limted to particles of any one

of the following materials: My, My, Li, Ta and alloys

of the aforenentioned nmaterials. [0106] The netal

particle used can be of ang’shape. For exanple, the
combid¥8bAd the@oki cl € can be 15 a nanosphere, a nanocube, a

nanor od, a nanotube or a nanowi re. The encapsul ation

[092] | dipeanothen ewhedipinl, an anphivhilicgriibiask sopplamer.cleh gy a diblock (A-
I YA o) A | [ F | Sy
5 or BhJGgAI RA boBRSHEE 3 A KPP [t s i

polymd. Arpcty@heriohhrived &l syehrdiblotie(AB)@nddblock eopdlyméms(AsBeA or A-

o o, soind ol e etal BorCLELES, i
N
block, gﬁp bbn(riéﬂﬁedhmgyéamgs basckj Itdmsctlf%)(cmyeﬂxyielns)( ablotle '?n stegment, a

igure 8 _an : egates refer to sters a
poly(oyusHyieRal Plak & SEmER Lol e e &E%ﬁi‘t goely g vagopylene)
block, Eggig}s%?%ngﬁdggérﬂ, %ﬂ%g%ﬁ%@(ﬁ@ﬁé blodReor Q?o‘lﬂ@k@oug{ﬂgﬁ@ BRIRS

tenS|ty conpar e tO Sl'n .
[093] paAhi filwstrptibexahple efire respeetiveT hinphiphilitudriblock heopolymer is a

stron asnoni ¢ coupl i.n en _the neij oyr.in .
poloaxiget (4 RIS FRES & & dgraiPatbars IBoNMe P aalpetriping ot te
hydrophfli@ efd'h | prharg Ryt O0Y |§r&1p§.°'ﬂi€ﬁé?‘tﬁ§ ofithé @olymer blocks can be

thi ckness ‘or they are encapsulated in an anisotropic
custormizatineo that adarge Neriefs o diffitrentianphiphiliopolgrimers wilyglighfly different

e interrupted b 0 ctlons I 2[o)
prope ??Clgﬁgmqrgaﬁw}(%ilaiﬂe. gé‘rpﬁ?’ &ﬁ}ll?rl&ctepol é%?@ﬁlﬂgﬁlese copolymers are
commdH1§ aghieq Ovith eheOlepa TRIN[forypdlGtantiady fdlkweddsi thirecndigits) thé first two
~ the Raman active conposite materi al cgescri bed herein. 1
digits 3000 @rwahe pap@NEnsig e maspf SR }ﬁ?XWFfé’Yﬂf‘é‘Faqof@ and the last

digit X170 PRt e éezcéf%‘él gﬁlgcg{%p % I@E«fdn@én?%e.%.r, P407 = Poloxamer with a

nancparti cl es are preferred for
polyoxlyptuplyldnegnaltcid ammmbssod fodH 0 gma sand| a7 @érpotyaxyeitylene egntent). For

B S ) oS 2 R LR L D i
form ok 8R53h kdgerBfurs ﬁl\/\%ﬁi ugchg Ys= phste ONE ﬁm(@d')lE%W follosted Basto or three

one di mensi on 2 / 142604PCT/ SG2009/ 000181 31 of .
digits, theefirst tigit(aeter o theimolegnlanmassiaf thepelypx yraprpdeng cose (degermined

' ticle A m i cl :
from FASEE AR, Bt i 167 Ol §02 38 O oot pByoryethylene
conteng (g UM 2PE HiglonReRitia B atyokyptopilenahnldculkd thasspf 4000 g/mol and a

bet ween about 1 gmto about 100 gm or between .ahout
70% pohiorgethilsae contegth The polEeR e LOT Cxampl, heop FRRIE Q?POnymef of

. .10 . u ;
oxiranf iP5 anEBYE AR iy W CRoROR Apdbich Mo BOLRIT-13:4. Hlustative
exampl@Ve suehch pdlyéther are aho panmendialysavailabie tiiblock capolgines P188 and

be 2 um 3 um 5 1,1M 10 gmor 20 um In case a
P407.spherical netal mcroparticle is used the above sizes

re 0 [ 3 ' | mi
1094 1 ZEG o BELS FpBloehc M ockRUBLIVERTS MRl bt erg ot lmited o
poly(ediyﬁ@ﬁsc'b)ﬁﬁe)aﬂpélhpollsreiimlethylépilc?)«ah&blc&ki}pmlly(ﬁenwthyiow_mzlehne) (PEO-b-

range, i.e. is a nanopart e al nanoparticle .. .
PDMS AR eivzirene pospobimei Reessysh BiocepolyEerylc acid)

b aho nm_ about A - ab@mtend)-block-
e G e T R N e
polyst@ReBIBckPolRetenerylRbeid)), polylatrgliahoid)-bldk-polystyrene-poly(4-vinyl

~ _between about 5 nmto about 50 nm or bet \A%gq?gga%i}l{ﬂ 50
pyriding)n meethersupolyGthyiene | gbicabidlesk-pply(ripetie)-plpgkpoly(dysine) - or

end can also be 2 or 3 urn. In case spherical netal
nanoparticles are used the above sizes refer to the
di aneter of the spherical nmetal nanoparticle. 15[0110]
In general, the coating |ayer of the at |east one type

o ~—~ o

o - o o o " o o - s
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WO 2009/ 142604PCT/ SG2009/ 000181 32 Raman active
conposite material described herein to a solid
wWGeepo42604 [ 0112] |1 n anot her enbodi nent, the RaP&FISG2009/000181

active conposite material further conprises a

recognition noiety (binding |igand) which is bound to

t he anphi philic polyner. The recognition noiety can be

bound to the anphiphilic pgﬁyner ei t her by coval ent
nnxum&“ﬁ&@gﬁ (e.g., 5 by am de bond, using -COOH groups

pol ymer _and NH2 groups fron1prote|

[095] stl'évsqr@plémf diblack eopalymesh giclufec ARG ¢igeotf lélﬂlgg%pl?q?h(&cwhc acid-
r »

o KEAINAL BT G e ALY U i, ot

methac:frﬂate&xlaﬂpéthylehe oxidep| paslg(methyll\kn@ﬂ}acrylate—block-sodmm methacrylate),

oty RSl 0 S| ettt D0, oot

methac??‘lﬁjceelﬂi)&lgﬁ N"i‘inﬁls’lﬁgfﬁ 'agr 1Qe) o?ﬂb‘ﬁtﬁdleﬁe E}%Ekln‘i’&hacﬁylé@ acid and
tern r bohyd a drug,

sodlurrp sl pslg(butzailei‘re(le (addxﬂuodhb]@chqablsfhgIagld),apdy(lgltadwne(l 2 addition)-

o RS SS S AR HDL AT S5 Gn
add1t1okElz<1 EI&E%Edﬁf;hve a8hyldtd)i t YolyPhutd@bREl ad ARKER) Hm&@hylene oxide),

'es of a réspective l'i gand include, but are not
poly(bimadmenddl 2 o additionblodlogihylsnk | nOXlée)f r a@iﬁ(ﬁvrmhéﬂ@éﬁacrﬂw acid),

N

sodmnaa&ﬂyméby plol%ﬁ ﬁ%tdaﬁ%ﬁwoﬁae)a pmgt(ayfenbam-mahacryhc acid),
pol ypeptid lipocalin famly, a glubody, a
poly(stmmeéﬂwlmsi@an mﬁth%‘éyl%tﬂ)(‘gfrmﬂmgé%ﬁ’ﬁfﬂoé or the

[096] ~ cr A L O&isER El'ﬁ: (gblo?g fﬁg bt Bnd ttﬁbfo@ﬁ%ﬁ#élg}xtnﬁggre selected

rs or a pepto n ano er aspec .
to com@h@s artydiaphélitt ¢hain ofmensmexic anitebdbal hgﬂrophmMﬁ a&bsivrdf mgonomeric

Raman active or enhanced Rana sca si,te
units, fetein He. ToFRGer Rl HOBORF % BFHGY & foptitif & PR S igher than the
numbek hcﬁ‘e hidGuReft %@flnaﬂﬁeﬁﬂromﬁd ¢h&inWMIf Rvag (ﬁ'fl’i@i@tr@t%&l%? certain

e and an organi c soO in a first solution.
molecﬂlbxetltat pgoriger hlyﬂn@phﬂﬂ@uﬂ)lam ioransamaphiphilis slitdeele gonabyrper can enhance

ih ﬁ@‘t ﬁ E{t to al. owself asse ly of the Raman active

e stafility, ot thg Raman agiye ¢Gapqsie of ticle. Afterwards an

[097] awﬁe@faré 116 del amdlméntadmrh&rt&fanbmméms@mw in_Oﬂhe hydrophilic
whi ch conprl ses the net al particl es now coated

chain i erreamahocl) abapt 100 e eavees byt § o st SDpebr betrveen about
50 to %%?1 ItSBQ o? It&géry Blut 8 hclgalflt'f 475% o%%eﬁz%eﬂtéfb?ﬁt léd]ﬁ) about 500, or

on 1 s 1 ncubat or "a I cl ent

betwee Asviit 320 fio a0y ThE nambanphinohomeric poity nEﬁlesﬁydtdphoblc chain
around the netal_ particle.

can beshﬂt‘é{fﬁ@fbaboab%’f%é@%)lO%lcﬂrtheg’}ﬁee&fa RS0 5o between about
50 to rogué {) e&ﬁgéﬁgbciu-{%'osto ?J% 6'&‘?}%&@ ot 160 & about 750, or

nmost a ut 999% of the netal
betvveeﬁﬁaﬁduc Il(mStoaerbeu'em psbd:tazteetd abxmb a0 &t e‘tbqu,t 250.dn oni myimeple a PS-PAA

oSSR L R Sl SelBiel LD anehekes 15
while ﬂf 1?.[ mEdrSe 119?’1 gﬂwﬂ: B{Unkﬁe‘hcﬁﬁﬁt)é P ARis €Ot(bv¥i@ter|1 PS154PAAg or

Icient to allow self-assenbly of an anphi phi
PSis4 blobly—t?&“rAesh Etheramxemplbs tihcdudee bat arpaot limited ftmESudé%Aso, PS144PAAss,

r ol on after adding the
PS404P2\%« lgsgpa i 1%@41@@132%72advant age of this nethod is
[098] T N tHe'prbdifit HOSAIMIASRrIR Wil 49 SiBhodi Qe UniHipiAlic polymers
can be used. The dispersity is indicated by the polydispersity index (My/M; molecular weight

distribution). In a monodisperse amphiphilic polymier the index would be 1 while in a
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WO 2009/ 142604PCT/ SG2009/ 000181 33 for formng the
encapsul ation |layer slowy decreases with tenperature
wabiogh4deends to the exclusion of the anphi phi | PCT/SG2009/000181

pol ymer and sel f-assenbly into an encapsul ation | ayer

whi ch fornms around the netal particle which is already

covered with the coating |ayer of the Ranman active

nol ecul e. Figure 3 shows TEM i mages of sanpl es of
polydisfietdeesyeten ﬁiarmaexa%umeaamﬁﬂemt fienb 1 MBhesmalles the nmmbler the more

with this nmethod around tal particles of, different
uniformgi{hgghad L. T anALRE FRROGEIRY B.q P evippgeight distbution (My/My)

of the %@gﬁ%& %‘3555 ufm%rec\éﬁ%leeo‘ét\*/ tabb’ﬁtel WL Rk %t&'&m&%ﬁab%t 1to 15, or

ion layer formed is consistent wt
betweetnruhwbﬁ yon &2y araaletvyeemahbmtoll foekd, sebétwass ebdit\t tp8o oebetween about 1

[0116] In reV|ou or t pr epar ed
to 5, O%Ii’?t}VE%P ‘fé)mta% te]g anoparticles, two 10
[099] Cogp gh &ﬁ%je%eﬁ it s *ﬁ%sdﬂﬁ@dtof éﬂhaﬂéé"ﬁiengoétﬁigt #ABund metal
rreta nanoparticle surface a SERSactive reporter and

particle whith es;phatbd withothel Ragamgetine moldeutes TAREi®e il boegmpodiment,

adjacogh b bRE RN SE: (o, st BEE BhingnBrBSRbish tat e

amphq%ﬁﬁ@ ORI 28 areRiked ¢ it €6knh 8 cBhbitePericapdulativavi@budd e metal
surfacé of netal par |cI es. In addition to

‘parnclacthmmldmu digsontatein wpter taver Hplgepariads ofdimenand(that can provide a

seon 1 SRaB R E R PSR Ao Pl Bl

endsofﬂ{@ higtlit pslymersuneven | oadi ng of reporter rml ecul es
ividual nmetal particles. In_this syste

[0100JenBesie. mokruge gasirINy |tigeatets bridging moleae %ﬂ%’ﬁs (pr more
e BESRUHEL AR T AL 56 o e B o
groups éffa lﬁilhopmﬁc emdlluﬁzin zmga@ht ﬂapmlphﬂlwqoolmmrshdeby cngsstlimking adjacent
S RCE IENY T R KA T T

f ERELAS B aSEIHdSlETRAcHstiatibniabQind Slehbtal particl
encapmﬁ%ic(:mﬁlgskslﬁﬁg)nd In pr eferar ed errbodlca\{rrﬁégnts1 (c) each o parHee

which asrpbateh withcthe Ramasr active ansledude thah Willynet disspriaieris veatgryover long

gone nmetal particle. [0117] Ensenbl e-averaged SERS

periodgi gnal's fromthe Raman active conposite material were

[0101]Ch’61‘h§(iﬁ1ﬂf1ﬂézﬁ§}tehﬂ'1 giirotétufacanN canpide Osec opynore hirhene type of
particul ar case usi ng 25 2-napht hal enet hi ol, as

reactlwee@m@wl Stoe- &xgmales% o rucly Erpsiies SpcagRa HEre s oinelyde, but are not

11m1te<g ﬁg(?rok%(élﬂﬁ M{ﬁ&{yﬂté‘ §§8?ﬁ)mgfa"| % @lo f)liﬂ;gg:&ld a@%omblna‘uons

thereof)p. 1251) . oo emm)dnﬁetkt wasa obslmdgmg t hanoleculed b& diamine,

ssigned to the SE conponent . of .t he anphi.phi.ll i
22" (eﬁmk%ng?éwxy)obu@s@glam&@g feramise  Racionst S B e Gaitine react

with %ﬁéf}&ﬁ c_?,ﬂﬁ‘@ﬁo&‘i’ 4 soPXt iR& [bt@ dup§ oAld 8 &Uoﬁlnh@cbnd of an

e orgarmi vent use I ssol ve t e netal
amphiphilibipolymam@lfdrheaRaiﬁapepmteiboadrml ecul e can be a pol ar

o e SRR SR e e BT i
referreﬁrﬁ% Iﬂa‘i’él | Ir{"bﬁ@ QmBS’dlﬂieﬂFttﬂé/ LRl PRI e r&ENVE to HéreRt bl be selected

OXI di oxane and hexamet hyl phosphor ot ri am de,
from thegroalpymlodmg aretalhicl farfomagnetic paz@cles metallic paramagnet1c particles and
2009/ 1426 4PCT/ S&009/ 000181 34 thereof. [0119] The
a noblg mefal particle. pat i ng t he net al particle with the Raman
[0103]aC frh¥ %&a‘&&m@cﬁﬂ%ﬁﬁs nOb18HNLEl el inadesr ke ?’o[d , @@lladium,
a tenperature between about 0C to about 100C or
platmlhn,t mﬂmmuab,oﬂlodm qsmlmnomdmm cod aloypef theetforemeantionpignaterials.

In one embo%lmgntsg% or s1lvgre;t>a\%c Os & lééd
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5 50C to about 80C, or at about 30, 40, 50, 60, 70,

80, 90, 100C. The lower the tenperature the |onger the
wo emetismm time for the coating of the netal parCi/8GE09/000181

with the Raman active nol ecule. After heating of the

m xture of netal particle, Raman active nol ecul e and

organi c solvent the mxture or solution is left to

cool down. In one ermbodi me®0, the nixture is left to

[0104]C OMetRMRertndgdefie hARBRE 3hhl aRo (e 18ed abetillic’fetdomalietic materials
this phase the Ranan active nol ecule 10 hi nds via

have aflarg@t ar@nmsngfeowp@eppbﬂw@ an [gxigrnal gagnyti Heldydh %Pﬂ&@é a strong

sy 5B P ThA S e FOG AR 8UAH et

field hiah &b rethovian Gatiples | of mewllicofttrethaghdtic pdlaclmmrmhude but are not
active nol ecul e, can be _dissolved |n_a

l.e
limitedytogpatieles of gy pne gfithy falowinggpatenals) Fe die Paﬁ‘g dplnBi, Ni, MnSb,
aRiggf e t I t Q[ €all f th
belng g%%eg tgﬁtﬁgﬁgolu??%ﬁgg?b?hgkﬁgd%? %@F@?é@a afﬁg o e
aforenféatiamedantteriglsnol ecul e and t he 15 organlc sol vent .

After addi ng the anphiphilic e solution
(010501 Mefgdlifgrnagastis BAracter fan Risiche et ety abtimipengip materals

have z{ g aﬁrﬁﬁf‘b%ﬁ% ‘éﬁ&te tidHh 'Eo GEnbec FARA Thesd bfbterials are slightly

ution eorgancs | vent to water rati o should be
attractdsd a engugic fieldpné thennatetid doggnetyatairothe afiagpatic properties when the

extem%o'q%i}qllrg%\lvre?qr:po Eg%%r&\}te he grgfqea%%f téﬁ?’tgcég{ gla{ﬁ%h' ﬁﬂt]:lalre riot limited to

particl6O MRy @nk0hf tHd %LloWﬁgoﬂﬁt&ﬁE@dM@?ﬂMo he net Bed alloys of the
conprises the step of di ng wat er to the 20 first

aforemgptionédomatealsr i si ng t he Ranan reporter nol ecul e coated

r{ic and
01063 Bt S Tl Al SoPBLITHE, T it can e
a nano@ph@e 4 Rehobilb s ta rabret] Qﬁhndi&lmsdm@nmmt‘te The @ﬂmpsulatlon layer can
sol vent used but_ can Penerally be hetween ab ut

:0.1
encapsulpte 195Gt single meteh paiglce i ddPIHEREY obvRetrk PHdS aEOf example, the
i t i€ 70

e T 6 S Eflp O, 1 794 P ot it o i
it forms. aEcohtmmusdh)ymntarcﬁmd all lthes2 megal glattelesenbodi ment

tetrah ran (I s used as or.ganic _.sol vent .
(0107} 45 Bi¥ BRI B RATER ASTERCOT BT RPGHD SlipHses btegates of
metal B@tttl‘éfe@ RyiabRute dick Bh@a‘cé@%‘%ng chntidddu® 16y B9 adi lic pbl§mers as

ratio is about 1:2 or about 3:1, or about 8: [0121]
illustratéd or eprpiplegintfigura Sremid g0 iAgemreateswefer f Justprs 'of 3t Ieastdo metal

prictf P T L i S e S e

have sB6hYENERD fi#énsA) cOmpaea ke HingltiR¥idicle phdiewfarsaaleitte. TAIS is due to
to about 150C, or betweeén about 15C to about 150C. The

the stignelewneric (qoupling betman dhe ingighbouring wagtiplesi dibes aggigates are
e n th

either e%%psgfa n\égegheh agp h1g€ﬁ1§ gﬁ@#ﬁgﬁeéﬂmgﬁ%xrg? gttngg%égé or they are

encap@m&ﬁ&‘mlm bkib@trapi @mmr lire. ahke eacdpsdiiatiomtis thoe vaifbrm itan can be
i s heat ed. Heatln of the sol uti on can, be carrleﬁ kfm

£& er thus

interrupigd i) Aok SERPPE higtp s 9IS o eapsulaiedawith ancATpRiHEH
il YRRy BB nH0 o e BRSOl

describkel veein. about 80C to about 150C. [0122] The |ncubat|on
can be carrle%Bout for -a_tinme between @bout 1 mn.

(0108, Bperving oy g APREECRL 1 MEtS! OB Esef e Tieropartiles or
nanopRREIE S AR gxgén ?Q’tl B a{'éjp Qied %rhab&ﬁn%@f aen tﬁ&ﬁé’l‘éc@es larger

mnto etween about 10 mn to
microm_slzb@tpaﬂgﬂesabo ubllamomom‘ tapoarti¢lep of hmt:meealrzeafmtnreﬁﬁed for other

.mn o baout 2to ab . . .
applicRianse SIS PHL e G at . 5t SheeTaE it af Tesst ope dimension
about 3 h or for about 1, 1. 5 2 2.5, 3, 3.5 4, or 5
h. In case the solution is heated to a tenperature
above roomtenperature, the above incubation tine
starts to count fron1the time the solutlon |s |nnersed

- . e AN 2 1

J.—
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20 tenperature, wi thout the need for heating or
cooling. [0124] In one enbodi nent, nore than one netal
w@aowiigdeed i s to be encapsulated in a |ayer of PCT/SG2009/000181
anphi philic polymer as shown for exanple in Figure 8.
To ensure that the above nethod | eads to the
encapsul ati on of nore than one netal particle by one
singl e encapsul ation | ayer 3&f anphi philic pol yner
of the aftfl tjaoMa¢ iSireMs MBiRfonkaer 184, tikd i Hhndclobertiockt Lmducropartlcle can
referred to above. | n 25 general, nmetal particles ar
have agizeoatdlenss is omadiBensien phbriwaen bt FhaWOa?@PPV%OO jim, of between
[ I
sbout (RS UbBHEEs0L 1, dr telcd ol (811 B0l 98 piof R BefiieeRBbout 1 um
to abowtt3lefim, dhbetpaei al@duis jwhltb a‘a@grzé)gaheom\ﬂmweetmmat fl g 6 gbout 10

o oo b e sodrTtondl Stertt L I
size oinFt i oChé&2Wrh 3 %{1??53‘?31 @t hl’ﬁeoﬂ@(b et @ aathencal metal

anlc so vent 'In a dolution and the step of
mmmpactohlmg wad ﬂ& abophsipts tefer tqothleylmetcnpftth@sphensal metal microparticle.

ution, e follown nser nducin
009 e et a2 e S BoBl e b R S R oamomeer
range, $80is %q{ﬁegaﬁﬂ% hihé&h &é?lb?&r’cl@l’é caf havdh 966 961ewktiif dn€ aiinension of
I ncl ude ut 1s not ed to addi ng water,
betweemcahd)luf §img to hkow cﬂOQtnnamr H@&m@y&h@gt f han &bt §AO nm, or between

about ? Am tﬁ%}ﬁ S th{}o Lh SO' th§1 g?alatd ?ﬁt 10%@? o?)ﬁ%ﬁzi?e%noafoout 5 nm
to abo&%rﬁ"rm% abfodp 9@41@10{@ Ja%&utaﬁ)osxﬁh Ulnktesd 6f 5 am the lower size end

onbi nati on of the aforenentioned pr ocesses These
can alq@rlmzzegs 8gmpfIn; qaammhqgcaigmt@gwppwuelsﬁ arg ussd the ‘E}%‘,Jéfs sizgs refer to
o) ropi cally encapsul at ed
the dlaﬁlaett OQ%hét"?p\ﬁ}gggagtﬁ%%%l e ‘gél al s. Adding | arge excess
[o1 10]0f IrRasrRsfal tHel aoatii® llaet Ioé treatrisast @nadgpeadf Remst abtivbmolecule as

old, 0.5 fold, fold, 1.2 fold ol.d t he
well a%ﬂ?@maw Lo o Aot FBps 2 SRS O ?@éﬂ@i“ﬁ% fgms soapifarm layer
around I%ﬁeRaﬂ‘lEt%I ﬁ?ﬂl(ﬂél RywelBr, A Ofsh 8fso ?@s‘éﬂﬂémcﬁﬁt e caBIPdifation layer
tive nolecule is doub In a further
encap&aldb@dﬂwembtal tpegicibupt apisotrhpicRaarneradhe vermhianisaifopiq’sas used
v S e bS8 Ry oo

surfacé Bﬁmﬁbﬁzﬁiﬁe‘é Qlllﬂférl fédin one pokiddrn @) aRbther (napioegsit). an thet ﬁlfésent case
H of the solution can be neutralized in case the

p
that measisithatdhe wgtal p@a@leawhlpbés watadakith thecovgringigyieredt the Raman active

molem?l% 9 e(%t%ilg 81;1/0ea e @ﬁl tBQPﬂcggsiﬁAﬁcﬁl ltagé;};og" ‘rf]}?t{:‘ar@%‘.l#lﬁﬁg Rnlymer

[0111aFigue®W dhowsr @mse dxhmplesnot p@tﬂi‘@lﬁgtdinﬁjurdthﬁs r @ ahisotmopically

m xture, shielding the_charge r | sion between the
encapgylgied Eieéal nagepATidaY wierha g rcggts@ﬂg@ giiive gpolecule. In more
[ r ot, ¢l
detall,K 1&@%61 éﬁdﬁlﬁﬁ%’c @fz @ﬁ(%\e}g%?%te@ Ll\lllgqur% @l}g’i‘ll%)? élfna*rﬁﬂl}gél?l’lé\'%glymer in a
homodﬂﬁﬁ@maiﬁﬁd(ﬂ}efeiﬁ tdViy (niNDRl) ﬁ’anoﬁa@h@\)vmch I‘!I&Z:ﬁ@p,sulmscatound its whole

NaCl104, 1, NHANGS,
circunfierepes incs, WA TRBPOTe - b LS of T AETRD R R0 Dghstiel is the

same %ﬁaﬁﬁp ﬁ'ﬁ'}_%}{bl}(%}l&?lgn ZQECSII?) E&nt%{s? tﬂ@haﬁdgg]ﬁc?&'. s‘h@wn Jn Figure 9

are enEékp@Haaﬂdn Mg(eeberﬁ:c iﬁaanqervbeln mens;a@am pmlan@xﬁ ﬁheSrn@tal nanOpartlcle
o 10 _or, bet ween ab

t
e o R e A A s
Ramartt QF’IW os1t%%at@ﬁals bden b3 opbridfities 9dr2R1orEd Sadti @8 bk ganizations

ent ulged inthe first mxture can be a polar or

and fuhywbnabhaﬁom Thenve ehcapSiiateg| nostigroef & p@ﬂhlclﬁcﬂll%ﬁtfﬁf example binding
ncl ude of. the ntione an|

of furiag s @uBEN et SeBpeLhRei Rt FURRDfich i §fbre to bind the
limted to dinethylformm de (DW), d| nmet hyl
sul f oxi de, di oxane and hexanet hyl phosphorotri am de,
tetrahydrofuran (THF) and m xtures 25t hereof.
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[0130] Any acid can be used for the process of
acidifying to induce aggregation. Exenplary acids
wohiogh4sen be used i nclude, but are not |im teRCT/HGHELP00181

HNO3, H2SO4, HC104, HBr, HCOOH or CH3COOH. The pH of

the third m xture before mxing it with the second

m xture can be between about 2 to 5 or between about 2

to 4 or between about 2 to32 or about 2, 3, 4 30or 5.
Ramar £4i94 Lorhfosgtenhaterial daserivied Beiefn fohesotiggupgrat.es usi ng an

acid or a base the anobunt of acid or base used can be .
[0112]s elneenathpr iemnbingiment; fe Remefe agtvepramprasie peral fiher Lomprises a

u bou
rcou il B el TRt CRgh IR gt The
recogn%@rﬁﬁ@ﬁiyléﬁﬁﬁ%ﬁﬁﬁﬁmﬁhﬂﬁﬁm&ﬂ: p3]7anIHVI ditherlbynddvatent linkage (e.g.,
bet ween about 01 to about r bet en about

by amige oGSO HOGH IS G BELMAE P4 D0ik 05D FEB MBGIEDNA), or
{ f

s GgA ey NELSOE 1 S S0 AR BEAROY B8 oo

an amtpldlio polyten tre(knd®nnivitheartisnd comapriseAer efaniiethe coupling via N-(3-

dimett3HRBREPRTY S-SR EbeMm e (SOREPRHE o & 5 i pe.of

[0113]t hg AQe ﬁ’éﬁ fivoi g SR 2 I3R1e0fNe, (5 88clEicOsti@ n¥dRoule a peptlde a

Encapsu at ed net particle aggregates can be use
proteir, ncligidse carbehssﬁm s dgrzmla dreg auesersohe dlagg:@ndldaié nn@lpqlle a drug

metab(g{a}rt | ele or fhﬁﬂgltpg ym?%,eggéc%g oE?” I {' 2 rrgethbol te A recogmtlon

m01et}lJ 2 ﬁ)P 11{5@4?1@13 Haé |a§ﬁrﬁfy fo? | deReteld QBroRf niugiet. $x@ﬁ1pmrlﬁ5£ flespective
i onol ecules. O they could be used t

ligand rlodud@,dblﬁgﬁre alot dipitedc tey @n@nmnmg Mnmaefmment dberped; g domain
antlbo? n(%%‘%]r g‘s\% Igla%ﬁe%t a0 'b?%}Z og ]:)I e iﬁ%btr(]i Cmog Hg(ﬁt%glhéeoag bﬁﬁ%{kemolecule
with al@ddydike fagaiong amm deteirchgaed afi ulpelypaphdmfhhé hpnmahn family, a
about 30C to_about 100C or ﬁ%ﬁf g’t‘?t abo 40C g X&N
glubodyparotsin baseduorrthasBkrinseratiol! ah S 18? scpffold gy AdNectin, a
80, 90, 100C. Heating of the

tetrane%g?uatzhloagnlﬁglgr?@%ge%%}drl ed out for a tinme of between .
[0114]abbutindther tgpeatydhe pHedent orvebeomeedarsatyoat méthnd 18 manufacturing a

about 3 et wee bout 1 h bout h ar .for _
Ramar e of etyneed RGmgR SRt somapsletp Rl i pieliod cBh comprise in
a first %F%hﬂhg hﬁédbﬁtldﬁpbfy’ H®hethlSparele vithOa RaghaBQlctié @idbléddle and an organic
proceed with the method as described above with t

he
solventirf 4 &rse nelstiom skhettivae Endhpingrbationstapay selegted ia l?@sufﬁcwnt to allow

self-as| hr%yggg & E@%Sﬁ?&éa 81e&91%?§ zf]%af ?aﬂr%el@% nﬁﬁl}ﬁcle Afterwards an

amphiff@ilie hoBghidrVie adespsiteefirgpéchitial whithscohgrives tm:aneﬂahpartlcles now
carried out by 20 any_ nethod known in the ar&

F
coatedewmﬁ}eéiaquuaﬁﬁlwls‘m veiicE gAgision od thraraphinhili apiSBer to the first
solutlc{nhqjl%a el RYur !nrﬁ TcORRd U9 gkl 1€ifeﬁtefo NS NelaSsébly of an

man active con‘posne materi a e so ution can
amphiplilidipoliinget shell watnad the)mbtahpambke Raltitenemldhe Viestsolypios iobtained by
mat er.i al |nak|net|caJIy The

additiqfopt, i SrEBP BRIV Aol e TG LR Sahiining  product in

whlch%a%t)gt' JlP?a%Bhto%‘? o?tﬂ‘?e ﬁl%tall'g:'aﬁfblessiié Rita&isB@ted: se %B%tely, i.e. single
man active conposite nat f or med "does no

encapsuligiongdteetsl pacticlésng t hese purification steps which

suggests an ext.raordjnar abi
(01155 £F aotber e diaenny 1bF b, Of rubink. B A sfoih afier adding the
amphibRificRo é}tfoi' Q\fﬁﬂé bPficleRf ﬁ)r S1dvP s@f-ARSehdl 6f an ampthhlhc polymer

nu a urlng a Raman active corrposHe mat eri al
shell andsmxdrthe reetatpiasticlpmchides hsatmgeha firss @ohut;pn efied zyidmg the amphiphilic

pol ymgﬁ_ﬁnc 5 gltl tgg§8 erej H‘J@t he ﬁ% i % c%ﬁg? %?grﬂ{l? Sliltécal concentration

organi ¢ sol vent, an anphlphlllc pol yner, a |ligand
conprising a binding noi ety for binding to the netal
particle and a Raman active nol ecul e;
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I ncubating the solution for a tinme sufficient to allow
sel f-assenbly of an anphiphilic WD
WQ®911242604PCT/ SG2009/ 000181 38 pol yner shel | PErX/6G0689/000181
the nmetal particle; and cooling the solution.
+[0136] This nmethods results in the manufacture of
ani sotropically encapsul ated netal particles. Exanples
of such nonsymetrical encaddsul ated netal particles
for foraiifig ithd @hédpatiation MayeFs@wle Rcreh&td 3vith Thigpapatgenisvhich leads to the
sol vent used herein is the sane as descri bed ahoye.
exclusioncefbthei amplaphilie @olywreaod selmsseanbly fatosyy preapaigtiqrplayer which

s SRR PR AP B 5 R s o

active aloleatty Fitese B isheos BBEDVienageO3 BGimpléseot] dl‘n"ja‘ant anm activa gomposite

.a binding.noiety for, bind th art cIe can
materiglg Tarinesl iy Bnfeitiod o%roxa%rfm}a@ o 31%2 ships ppiped with
Ramar} %tlbg A QRRARS C Ni&fshic Edbn%f %\tk%le‘am?ﬁ’ﬂtphhl 709 Y’ﬂﬁékness of the

woul'd not attach to the surface functionalized by
encapsulwtioe lhyayaodsed Ehenkistedi withreothetryodyaamixallziropnirbided seif-assembly

roup capable of binding to the netal surface of the
PrOCeSppt al particle. Exanpl es of such binding noieties

[0116] nfﬂ gf{ﬁnolgultep&r@ R tprbpatdd 8flich LoatBll, OhriulytéMg3e8 nanoparticles, two
phosphi nes, phosphi ne "oxi des, and any conbination

competingrlgahids ine toi bﬁjuw@ fooibindies tQ:ﬂn% etab oamaparticle swdaegr a SERS-
active Fgﬁ)g{?aal I %B% IE0 i ccgqprlr%grl?:ég ﬁug{x)?s mgo@d@vg&y} g“i’ Musick,

M.D., & iaPhabo3, @ipPs)P In cbhtrist! ShlyadnePRahae activl fidkecale Was used in the
“conbi nation, refers to a strai ght chain or branched

preparatiey meﬁ@drmg}bgdlhem fullyepver the syFface ebymsish patisies. In addition
I
to accégh(yngt}@ml% tégﬁ{tgtlnlglofeé Ep@l'n[%tal 351:%1%“% e o sglgl} design avoids the

probleﬁpbf theambinal v e tiukive &rganaklbmﬂi]@ b@nﬁﬁltgmdﬂlpnslﬂmiy lresahdts in uneven

but, are not |inmted tq, . hyl , ethyl, propyl,
loading S feByA mplyeuley orrBivifLal WAt pades. 0B, DB\ Aystems. g ensemble-
avera%eﬂ @El?j sfog‘ﬂafug"(thatl\!ﬁ%ans feQRar caiith hdgsurdK %omTHQ:ollectlon of
nmprising a binding noiety for binding to the
such Rmm aq;taret cmhlaosmtarpadhtzlcs)llsml cldse sepoessniationy rf@mpi@ 1n§uaﬁual metal

pri, PG 12 (o SPBIS P R H oR P S mec

partlclg’o(lﬂt M1 astalbhEEIBthake 4 WellmEabd Rardishell &tiubmkdideth ﬁrﬁform shell
but "are not Timted to dinethylam ne, di ethyl am ne,

thicknessh gpd i pesferrer: paihpdiseats (3 cadh amphiphilicriga! ¥agt Brreasdation layer
atio of Raman active nolecule to
°°ntalﬂ?§5rﬁﬁahgé1%ﬁp§¥%ga bi ndi ng noi ety for binding to the
[01 17]TEEﬁ‘senﬁlﬂé-Talv6ﬂagect SBRBesigalsgom hb®umalr f-tive cibmlaosxte foatenial were
lto about 0:1._[0142] In another aspect, E{ .

characﬁn@@én Vi ripHioRorRABHS r ePEOSEORKL Hod BF  RAINSHEEL GPiengef using
2-napifiCh PR, ApbiiCuRARON 6 IR SERith RpbF Yaluin tho literatue

(AlvarehrPuebla, Rhre, ﬂoepBanfospDcS/J di #lg 2004, Aohlysti wol. msmplws by No extra

e G S Sl e G P b S
polym@n% :ggg%%téﬁg il Shd Bl Ploe REHhd ﬁle?al Harlicde R%Wé@véi‘@& b¥&he Raman active

onpri ses:

molecule.

[0118] The organic solvent used to dissolve the metal particle and the Raman active
molecule can be a polar solvent or a polar aprotic solvent that is miscible with water.
Examples for a polar solvent include, but are not limited to dimethylformamide (DMF),

dimethyl sulfoxide, dioxane and hexamethylphosphorotriamide, tetrahydrofuran and mixtures
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WO 2009/ 142604PCT/ SG2009/ 000181 39 m xi ng a netal
particle wiwth a solution conprising an organic
W@ 2009242604 an anphi philic pol yner, and a |i gandPCT/SG2009/000181

conprising a binding noiety for binding to the netal
particle; and adding a Raman active nolecule to the
solution. [0143] The Raman active nol ecule used in

this method can be dissolv in an organic 5 sol vent

thereofhat is miscible with vvat er. Dissolving the Raman

101195 5be StaRen rpSAg Rt et FBFI RUhen AR ISP drgleqtly and the

orgam@'s@ﬁ}eﬁg chP bk rb%rrf%t &lt 3 h?e?aﬁﬁ%%t\;v&nb@oo% @ecith 4hb&t 100°C or
soli1d form which could I nduce particle aggregation.

betweérf atiduit §0Y kosghmtut i1 803, fof betsreen Abarnm30AE@ torabout $67@,emrtbefween about

s0°C feBg Sl § 8T ar at Pl PBrotitel T B ARGIE TR 4G R ok emperature
the 1oRERPAE LreftionNise Rt She SHMThgASE #E Riblad atticldWatBaihel Rafiin active
but anol ; acetone, or acetonitrile, to nanme only a few,

moleclgnAffier heasing qfahmqlxwmmhpm@lwﬁam@m acfiieenpleculg dad organic
naft . .M X rretal w.t.h a

solverk She PSR ReR it PSP bkt Sni00k oS s iy e o

cool dB¥hYidBoomaRehpRradtin@aNel HOTPLST)NTh thidphabe ﬁ;ﬁe RahihYactive molecule
such as a non- hydrophobi.c I|%and for binding to the

binds vigtits| fuprtionplegreupsTismine thiok ets-)itn e uaceelibe metal particle.

e t .
[OIZOﬁotrl;p‘P(rg am pt}]-xgﬁullﬁgpagm % \*rrrﬁélg}é ofels(;e%cgdeagg tltééqﬁgslt %e ?rne %.gﬁnpnsmg the
metal paidpartticke sdvalcdsted wwithl thaRemuﬁ bytive] dlé&]le,| candeelissolved in a suitable

enbodi nent, a nethod is descrl bed i n whi c;}lthe .. )
organig §pLHh SRfteaehBalIs SPHEN R Agtolaigpreiatodtend fhatay miscible with water

beforep@eﬁﬁé Qtlllcf‘ed! 8 tHES61486n o F fhet }etﬁl gﬁ"n@%dt e I]bﬁn'ﬂ?ﬁ&ive molecule and the

art e i s not disso but 1 n an
orgamasold'ﬁni Adlenbdding therammnpinlempmidmnem the sdlstion efthefmetal particle, the

Rama G 5P A LB EOTRILE 18P L B8 S soon. i

organié %Bﬁkhﬁton@atgg rﬁmbéHdﬂld% AhenbuiPto PleReiittHe bferefRion of particles
met al ﬁartl cle and a Raman active nol ecul e conpri ses:

and low stiongh domise onesmitratien ef amphiphilieolymegrio deibgiaw its critical micelle

conceﬁ?%tl%h' ?Husmﬁlkgnea%rﬁg%iﬁ%srgﬂ%% ﬁ{gg{quéoﬁ%rggs @zle%?egl gaddlng water to the

first sotutjoni sbmgrisinpi thei Rgmani @yrtéromdiéontt rgated inbtal nieirtédle and the
particle; incubating the solution;, and 25 addi ng

amphiBi oRTIsrc The PYaREEe SV &Vatemt@nm Yo RS iOMEHFG, (i the first
sotutidl) deBndS Ut et oBATREN BT chell Mt Vol BendiBfy bE HRFAR BBy 1:0.1 to
carrtie g S alre Cr|

out usi acl ereln, suc
about 48:1HM ,onkiNGEhodHASEY DM—Ei@medl—& orgblﬁmdl‘wnt anB @ECHtio TofeDMF to

water Gigb e, Br csRmblh DRHB RO doL 1o Sbod: 511 OrGPpBLd L, PR about 8:1. In

another REIBBAIhGR tettaBPdriotlan ('HQF} i3 uk& isrﬁrgarﬁgﬁtﬁl%htal‘ hOYHEE to water ratio
aggregation of "the netal ‘particles.” The incubation

in the seaetorcmixtbre eaarbei betivesntabaut b2 te alpant 8t lule obe embedimehb the ratio is
wer tenperatures will generally

about ggloéfb?ﬁtgulif O&?gglét ?rre but will also lead to the

[0121}30§Aﬂeﬁ %1an%tths afph#hilRApIHbLinb b @1&%1%& MRtal particle, the

nol ecul e he i ncubation Step can also b
solutioqnois gncub2isd 4be tonesraosy diietedensboutpiG tooaheyt 2@3°Coor between about

0° to P S3%C bR p8w <SR RRACH st 1R 8 Pttt ol 1556 to about
150°Cbahegsipes it thikOfactivatidBoE tro Sllow QIffibichtvERR fab ek Bé@fﬁer to self-
to about 60C or at a tenperature about 30, 40, 5

assemblg, ondtpar de wetal paxticleshEendrally sprakinge highenismmeiuiessmoss up this
proces?.%‘é@%%gﬁ%%ﬁxﬁe&%@s&uﬁgn %@e%{ed.d'lrlgatn% of 4L Wfatlof Q&%e Sarried out
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5 between about 2 h to about 4 h, or between about 2h
to 3 h or for a tinme about 30 mn, |h, 2h, 3h or 4h.
wQ 0483260he net hods descri bed herein can furt hB€T/SG2009/000181
i nclude the step of binding the anphiphilic polynmer of
the Raman active conposite material to a recognition
nmoi ety. I n one enbodinent, this step can be carried
out after formation of the 3é”rphi philic polyner shell
at a tedipetdiudeedobaweer abgntt 408 Catopdbioph 200°C, el beteseni a’dotut 8heC to about

Solutions referred to here 149] ' A ive |

200°C R bR FTEAPHE 6710 SO EE RO B D al??& G

[OlzszeTHé? Gbubhiid 5@@%&5@@ oYeR %rﬁme Befieh Iagyﬁtar nﬁn ¢&hbout 7 h, or
he presence of the anphiphilic polynmer a

betwesmateh 40 inziattd @houtrit b, e retsactbove3 (rimin m)algam |5§mor between about

50 S P P RSS2 BBy h g b 2 1, o

betwesPARRt 86 trhih&o CORPEShdiRediPARL 8lto hBoutes/h,2brSkbtREen about 2 to about
directed to a selected intracellular co art nent,

4 h, oshetwegnuatwut @rigaabeny  hoyr for shwut Ilo&;ét 202}5 13, 4, or 5 h. In case the

sotut B BERE ' fABReskihs RS aORH. Enpaabi tt Ve tRbefby e sars

to couffeffBm 186 tinyethe QORMDL S ifiefed &h tHe%lﬁb@tﬁ'Vﬁlﬂi pf-set temperature, i.e.
intracellular location. In typical enbodi ments where

the solytign sarche katt etk eleyptedrerapsratifa for theltpaindisatediin 8¢ parggraph.
[01231 Egrﬁtglé %%u eﬁfn% cﬁ%egﬂ%é mgﬁ’gg}é g(%#%é Ernﬁ%dlgat&f ?9)%”& was left to be

cooled dBvmgt ﬁbnﬁ&h@@fﬁuﬁaﬂﬁﬁu% tthe/ formetigrosf the efedpsulatibn layer through
allowed to enter a ce]l the Raman act{)ve conmposi te
self-asseplaly off the sana%hlnlgla%fmlygreg efoycase dag meybatios; ks aga carried out at a

tempefririu\‘lfrt@i ﬁ@m{;&@tu?@l ydﬁhgfﬁéarﬁxmbgl CLYE8Sn below room

val ent - am ne groups or respondi ng
temperatitre. chzr@bcaninbha ecHse Iﬂ}ﬂilhalllbatlsn haqabd@lne:arriedoms ratjptam@rature around

0°C, ¢ dosomal %@8% | s?é@t qﬁ%g §3§J§§ sdﬂ) &J &nggneral heating of

the soﬁftﬁ)ﬁ%ﬁ 1r§ﬁ£m$d Bpﬁle%ﬁﬁﬁf(&ﬂoﬂ\kﬁe%ﬂ@%@ﬁatﬁﬁﬂhy&' i®Seqaredo®r a low

25 avoided with a respective sel ection of
organigetodyentlates| watianpiti pefi i1 eagsoley ri’eghermlggmpsSOéI@t/M@teff hatios. For

exampflé‘%tc aﬁ ?9% %?%e%}(/ etr)fat oidéal?? d%ﬂ: p%% foF{ caH%k E%w ?‘%‘anﬁ at room

presen ace era
tempetah&e neitiedut ey dided Ifex hetaaﬁg br éddclmgj no, A, et al., Nano

Letters (2004) 11, 2163- 2169). Accordingly a
[0124hc {1 oue %Iah%m% mAEE éhwneeaﬁﬂb@m@w Weaewm%iateﬁq @ra layer of

amphl?l'uﬁl: gﬂ) e)ﬁ’léu & o?%ﬂ?&a%xa?ﬂ@nislfa #géﬁ‘?oﬂ) nokidi A% @8 BBve method

leads mmmpmmnﬁmemhmnemalrmcmd¢ by onﬂaggheg:n(:qmelatlon layer of

r oSc. croanal 8
amphigfl poly e s Seid 68 Op saiet HGP BRO T HOIRCH o0 above. In
generdd 8880 hartiCl Hhd SELIERY HRftRA eIs%x? FAIRR ARk ¥&ive molecule at their

conposite material, as disclos herein, that is
surface engoligatized mcsohxtml @dmréhmwwgsmfand phzggea‘ dridniepgl ¢agh ogher. The

partclf oW e e DS RERETORE: RS Tono ! HESTaRER) S

[01250T8a4IiR JHRVdnishdRhBRt Bidwadd ihRi sttépsfcquau&ltmgra Bl yheicle with a
a mar Ker conpound or probe is forned. In such a Frobe

Raman hefivRamalecalet andeam@mp@@l solvenines ifisst sobitipa gndghe stepiad|adding an

s P 0 iy SR B0 BB G Pkl e meat

particlé ng&géz’cfﬁnt ﬁi&he 6740 sHIatits Byl siitéctingehSHak 661tiemtdo4 pdcess which can
given anal yte. [0151] In princjiple any analyte can be

includgelwcis awt fligmiteghioc ading wesdqrs peidiying |th@ sglaﬁmeba%fy%t t§e solution,
adqut)ab %%lt o %Eslo %&Oglf %@d&lg @ge %Fée‘é?' It UI é&g’%lafFl glglla Zheatlng the
i ncl ude in one enbodlnent prokaryotlc or eukaryotlc
cells, malign eukaryotic ceIIs, organel |l es, nucleic
acids, proteins, viruses, to nane only a few. The
anal yte can be a 10 chem cal conpound such as a drug
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15 level of the drug in the plasma of a patient.
Anot her exanple is a conjugate of the Raman active
w@omposicte material with streptavidin, [0152] H¢ESG2009/000181

anal yte can al so be a conpl ex biological structure
including, but not Iimted to, a virus particle, a
chronobsone or a whole cell., For exanple, if the

anal yte binding partner is 301 pid that attaches to a

solutlotmebﬂ anenthigation af timnpﬂogmm@tlonedo Ipreiesugs. aTH@naproacss(ésvef inducing

osite rial nked .to such.a li
ogEreggRh RbfISuBE BT G TP b P THEGH SOy Papafpied Raman
active ©OMpBfNASREaR URRIAS 162k ex8és8iITF A ackifk lmd18RY Handto add at
nanoprobe emtting or scattering visible Iight
least OSefodd, db foldsbd.foldn 18chbd dnhéefold thie antrust of %@ms@pfeve molecule
the analyte.that is.to be detected
strac: SRR it Ao aghpioBs Moo Rt Ao Hihan active

molectiBiLdbidleds Mk Yadhe? Enibe difen® A YinBui d'fdhélgamaﬁ ta&@«e 8lecule is at
preferably a bionol ecul e. 25 [0153] Therefore, in_a

least Zﬁlrfﬂhie 3 éqi@,oaﬁnﬁﬂd ort hdoldptbe camenns of Raman ragtivs fmcleque already
comprisd ntgx gg a %lenv\/m ch can include, but is not limted
W}S 4o o8 8 pepti de, a conmpound havi ng features of

[0126]aN AlffeTEgreeition, theREESE tha solutbecan B helitratizedirDelsy dreajobution was

or an organic nol ecule, The protein enployed as
acidifigghay Basticditp dndvge pagreg@dionean be, for exanple, an

an f j
[0127] Eh@%‘i‘éf saél n@hagrQBféEQ g%eéi fo?ﬂ‘fé%‘r}gve ggé%?ﬁ%?%%ﬂh&gamc salts. Any
salt comli ﬁmtdaeesﬁarlenmmmﬁgmd@f tB® reaumbn asixtorgtshielding the charge repulsion

betweeg, di goxi n| néxﬂi Lt oaggge%@g(fﬁg lEaXﬁH@feg I %[ %%%g\gagﬁg%mts include, but are

not ln‘nﬁ&y HE N aﬁﬁd Iéd]e danze Ba@l{‘ UMg%'ll\yl% o I{Eﬁ/ 8, xae Nﬁ¢b3, KNOs,

from but nhot limtéd t PNA’ nol ecul e,
Mg(N@s3)s,nCa@N )4, @@m&@h,déiﬁcde chm, NH& BT®I4N|§>3a§\THéh$Oa§H3000Na
CH Cég r nucleic acids. WD 2009/ 142604PCT/ SG2009/ 000181

3 154] In a further enbodi ment, nultiple SERS

[0128]Pr Eﬁﬁﬁpl@é ﬁ)rtsaﬁablb BaseBReied &nybd be forrBakifiipk @a naﬂmdegesut are not
such as for nulti gl exed detection. This all ows

limiteds tpn NeQHe VR, dE 056t Ba®Hhd GOk kSHgH GelQHpl §Of, RbOH and
f

V(O £ oSSBT 8L or ER5eSA B0 10 oo about

to 9 orfhemédm@ibbutdi Ostioi I2cdri beeweearabeut Iatol 14 arabibut §O, Bd,tldchzd 3, or 14.

O diff SE b o
[0129]) eaé? Rt ?ﬁtn& Hee %S*Fh@ ﬁfaﬂgﬁaﬁ&gﬁ Pgﬁéﬁe%rﬁﬁ%g?rﬁbv%ﬂ&c solvent.
Examﬂl@i" Fﬁlsufﬂ]&l{l&ﬁ@idcﬁﬂte'aﬂg) o®thd AI8RBehHohePGEaRt s6RBRS! Examples of

0155 he Ramah active conposite material can
organial scdveénds usaudd, nbwtoptsi mat ilimitedi th dwlethylfatmenide W), dimethyl

oG5S 88 L 025l o BRI, B yRED, AP ahh s

thereof,0get her with quantumdots, it is for exanple possible

to 10 encapsul ate the quantum dots with anphiphilic
[0130]p oIAylbr@pEi aasibagisechéorive prodess o€ scidifping thérdsice aggregation. Exemplary

it S, RGO B8 B EERTRASL NG, oo, o

HCOOGH 6fTCH§G©U}§ 'THLE)H b thetihied ﬁdxﬁlf&beemmkmg if WEﬂthé moﬁd mixture
and 9D. [0156 consisting of' is nmeant includin

can beahe@weemmowz ttQ)5 me&tvéﬁﬁérabﬂ‘éﬂ 9w of h@Wﬁm alout 2 to 3 or about 2, 3, 4
"consisting of'. Thus, the phrase "consisting of'
i ndi cat es t hat the Iisted el enents are required 15 or

[0131]aTd a:‘oﬁfrw thaRiketdTathe Bogrepdiey ush@amatid oraybde ths amenit. of acid or
[0157] ‘conprisin it is neant |nclud|ng but

not
base uF‘thﬁﬂel?P &eéﬁctqﬂhtaﬂw@r ¢ 51126\ betreeeabeut: ipMnio) abopy iM or between
O tb A
sou: FANF 1 5y S 0L 35S0 3050 b0 Rl Byt 00
ot her elenents are optional and may or may not be
present. [0158] The inventions illustratively
descri bed herein may suitably be practiced in the

or 5.
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20 absence of any elenent or elenents, limtation or
limtations, not specifically disclosed herein. Thus,
W0 09axapl e, the terns "conprising”, "includiPgr/$G2009/000181

“containing", etc. shall be read expansively and
without Iimtation. Additionally, the terns and
expr essi ons enpl oyed herelg have been used as terns of
description and not of |im Fation, and there is no

mM toi hirMitordsetween dwutd®d1ad aboah0.benkg oal’mdtveeepr@mt 0103 tofabout 0.3

mM, o BT BRPTE P30 B SRS T clte 1oBat o of SO Setcaloh Bogbout 0.02 or
about .0 tFo¥ 3l gﬁe %Qhéén&aﬁérpaeth@raemp&%bﬁi AL L l@adsht% a size of the

scope o e 1 nvention clained hus, it should
aggregatnsj ef @ctamd:diG mhatseathumJ@An) whide p pem@ntramqw@ﬂhouho ﬂuas;nM leads to a

size o F GRECEHET AUl o0 MO (PeoL TGh SH AP A B sl pacile

aggregﬁt@@ chi Y8 REEP RS inBFRSS HRISRINS skl hiRbSdethe 15ek08RInEE@Y particle or
be resorted to by those skilled in the art, and that

aggregaias hf m@nl madms;;th@ stiotizeaSERS isignals aFkese bublnelpsters cguidde used

o ane Pl RS G50 Bt VSRR P 4RR Gy o on

biologib@lr HpHcatkerss hfdi’fexbﬂhﬁlenﬁ[‘ N 4B&ETn oSAIRCH R K ir aﬁpié@é DE @)le@tlc of a cell
groupings falling wthin the generic disclosure also

phone.f orm part of the invention. This includes the generic

013215555 B0 8 Ao Y OB S e BBl Mpers cn

be betW@:lﬁDaboﬁg 301 t6 dbgue ADONE ol detvaea rbbined(fEntosgboue 460 W, @s detween

about ] Ko 6 O B1801E COnaP. SWo0h Horfle 2 GORC nipn of the

solutlog E{g‘? be Icéu%% Yt frdl ke BPFtRRE: hidit § g a%ﬁﬁtr@heo%belt@een about 1 h

where features or aspects of the | nvent i on

to abowBéh, debcuwebn dbout 1the1|0r®001f2 Mar ﬁu@hogrlo 8p3,4 & Those

ski L.l ed n the reco e th ention
1013375 hberSmdd eyttt ot adfid o e, St Plarape with the
method'Ed'Q&ranéd SHRE WHR (19 difRARRE Shadfthd &ﬁafyﬁﬂéftﬂﬁlhlagélofd)ﬁnmg through

EXAMPLES [0161] General description of t
self-asgerrhly iscrayy ﬁm@pml@tnwhﬁ oretiandirleegaregaicsonposi te 10
[0134] naltsnglag rljtl F arggtﬁ&e co 'ie?S]?g(nc %h?t ’%1‘3‘% %frﬁqeﬁlw:an'be carried out by
any méthdd qmbwhl i ﬁiarmn Fog pexaingle, (Bt ®Ranaa atiRarcampoeipo iaterial can be

in Figures 2 or 6) in dinethylformm de
isolate byenieet eaiREare Affer §Mmhse% Oﬁ% 1%66%%%“’@,&9 S&t%elateﬂal the

o LR ARSICAR, St SR PR v

stable §thien@he ‘oogammescrlad:nt @abbE/refp0ved Wy Kpeatad vaUmtg anflheentrifugation of

e sl P B LB BB ST o4 SEGRUE ot aresae
during ®h¥sg %gﬂki@&ﬁ&f‘stéﬁs Whieh @ﬁé@ésts%r@d@@ﬁfdlﬁr? s8Rt P e W Raman active
t he man reporter nolecule. The m xture was heated to

compodifcdm@efiak. 2 hrs and t hen sIomAy, cool ed down in the

oil bath. the critical mce centr
101351 oor BHRLDRF GRPER R BBt e ik RS TR Eo ity Rafitedhoring o
Raman"\’aa%tl%( ctiapshite" A& Utd oRhRAd (0 Hehl -mesaed| £6 bAikSropically
spherical mcelles that sonetines include the
encapswmdommmﬁelmeth%mmsl zed NPs Fi gure 3a shows

- provifie, At A B APBAT AL b Al RER e R EDE o iniphili

poly@Jat 1i¥hdS tethPrisiBe lahbi@Bidieymblete fdreBindfig to the metal particle and a
m cel | e- encapsul ated AuNPs were observed. Remarkably,

Ramareaptivg nzglecudgiNPs observed (> 99% were singly
|l a P I o g
= incub ﬁngpcﬁg Sgiuglr%lt gorr eg fn)ﬁE% gufﬁc?%%lt 63 110%5 sélgégs%llm‘gaﬁ %g an ﬁrélpluphlhc
uni formthi ckness of the m ceI I ar shel ls are
consi stent with a thernodynam cally controlled
self-assenbly process. In this nethod, the reactant
mxture was heated for 2 h foIIovved by sI ow cooling (-

a o
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[0164] The nanoprobes can be easily isolated by direct
centrifugation. After synthesis, the 30 reaction
worRoovmswomas first diluted in water (14 tinmes BYI/SG2009/000181
volune) to trap the polyner micelles in a kinetically
stabl e state. Repeated centrifugation at 16000 g and
resuspension in water gave , NPs free of DVMF and enpty
mcelles (Figure 3b). The s did not aggregate during
polyntdrehelé peané thepmetal paticlepmd even t hough t he pol yner
.Shells re not chemcally cross-linked. WO
= cooling)igSeWHI8B4PCT/ SG2009/ 000181 44 W thout being bound by
[0136]t MBRS Ynethbdd Festfis URBAet Makuthdtin®e 6K tahROHEpiBALY encapsulated metal
stability could be due to the |ong hydrophilic PAA ]
particles] Batmplsh affruchalopsynmettigal encspgtiated masalt pastielesyare iHstrated in
harges on the NPs. The sinple purification process
Tlows for efficient isolation of large quantities of

[0137] @ TR SYgafiedokRnh a5ACINEASS iR dRiecdd @dscribél di@vehingubation of the
nmet hod,” gold and silver NPs of various 5 sizes and

solutiopydioromh mssuéicigrtrto allovcselisasasmilyrale: snenhiphilie golyynesshell around
repor.ter.s ncal e Lf (Figure 3b-f).

e e R 515 B PRR P B B 40

[0138] siTHeCRg@adoRthrisiah Birrlinggoidy Mishinding te dpaictah particle can be a
| i gands have to be used to bind netal NP surfac

d ; L
hydroplgiRaraeqn-hdrpridic dganth o 4hi the deyprAPhPRICSHERAT ﬂfg ﬂ%?g@ﬁ?hlphﬂlc
polyme% 3}%(211@218%%!? tf) E}tﬁ@lgﬁiﬁi&@3f‘1:1nc§101':1)a1izeF{)LI}%!I tﬁé‘selﬂ\éa{?ds. Toe W3hding moiety

contrast, on one |i1gand (any one
can beafnyFelgmiiesl gouf capalle of dindims to tedmietal tshifscepof feer mietabparticle.

o fully. cover the surface of AuNPs.. In dition to .
Exampifé o ﬁﬁﬁ% g{nid}{@ mpictes )é]ﬁ%lﬁp,gtiﬂlt QR %Q:td}r%lgedptg?tgﬁq 5 AES, phosphines,

phosphfifesd:gfes2 ¥ S8y EddniRARI tREROF. ThE BirltkiddRbleYie@ ¥4 BEDIUA to a polar
[T gand bi ndi ng conpetition that likely results in

or aliphatie\geoup. oadi ng of reporter nol ecul es on indivi dual

NRs. In this syste t he ensenbl e-.ayer A s
10139115 bt E Bahd S BRRTHR o B AR ol o, liphac
group, Ml @l taliph@sc", dfone WRSh dembigitionatefdralo @ sttaight @hhing@nistanched

_covers unlforn_{y on the surface of the metal NPs;, (b)
chain laydrogqpkorh SQ@PESTE| |.- Y| hearios: Erare liphalq gQipe iFlude alkyls,

T S
groups [ifkl6dd, bhhaembt Emited tcagmlﬁllﬁmlsp@py]l, sopropyl. t ge Ranman

t t e characterjz .
S SRR TP 5 ek G 56 T2 o e
The li%Rixg %hﬁ)tﬁfngzgg%%dgﬁé; %d?ékg&ebﬂhﬁig ONheUhERa1 %é}ﬁ?ﬂe:caﬂl“also include

, 38, 5l an extra peak was observed that
aromatirogiodpé) esuah sis grplibniyb ot e oSHERS Iy substitptedyphengl gogp. Bramples, of

BRI e
but ard A& FANRA tb RREHSTamihé, disthabding WikankBidl] bReddpyoacetic acid or 4-

conpare the SERS intensities observed in our
mercaptohporoigwaids with those reported in the literature,

begause. in st _reports ree .0 . A .
v SSFARY i B e S8 Bple LR8P0 A oty
bindin@Athk akt& paltitl @bdn 15/5tweRn dbdet f:0ltd 1 doreFage: 1o about 0:1.

napht hal enethiol on NPs is expected to give only

| :
[0142] s| Ing#nathers aspeety dhe Srmentsinyealion refpis o @ Hacthpd of cagfacturing a
SERS "hot -spot s” 1] kel rizse i.gpa .
RamanS ety ShBREES ] AR URE 8l SPHGee! BBShsogonicat
encapstldtdd, Gehepsifl thi tdhep? of dpditidiak ehetsblution acvehaisply phinktak particle, an
_pol.ymer gave the rare opportunity to estjinmate the .o
organisnd et an avelinhidie ok ce hemd goRemising a binding moiety for binding to

the metal particle and a Raman active molecule comprises:

Figure
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30 unanbi guously. [0167] In order to better eval uate
the SERS intensities observed in this system the
WG e@nalxo4ver e normal i zed agai nst the total surPERGZOYA00181
of the NPs, which can be estimted based on the total
particle concentrations and average sizes. Assum ng
that all AuNP surface were_ WO
2009/ 142604PCT/ SG2009/ 00018% 45 (111) facet and that
»  miging d ingead aviinie withoa dblutibe domprisingran dipasie salvet,0ars amphiphilic

he (111),. surface, the total nple f .. o
pomrﬂqgiﬁalwéﬁé@mfsmﬁ ak BEApRL o Bidinglo (ot perticle; and
. ad&iﬁ%h -acEPIRRIdR t¥Witidsohftiont | on Raman of free
2-hapht hal enethi ol 1 n acetone, the enhancenment factors

[0143 weThe Rstriampactie trooloeuld ugedk il this methodk cawbe dissplvediipean organic

.2, % 106 .and 2 10¢, for NRs of 1 21 8 .
solven 3t s THACH| Moy et (oisiig JH i v hojepulicn a organic
solvent &R helpht avidi® 18R HBE GEARIL condfiisale b HEHdEAS @Soiety for binding to the

significantly with increasing AuNP di aneter (Figure ,
metal p@jicleSiegdite be aned in tharsgid ferh avidelepwld iaducsipsgiicie geggeation. If

B I e
solven@ (iNe@ b bir6id Remypliestidnd@ie t6 changks irkolvwars pespértied. edcdimls, such as

be around 1 to about 2 x 108 _(ignoring the difference
ethanolprepsek iob utaaels agetens, phecetnitils, toaaae oply g™, fan preused.

1445 ) g5 P53 RO gl R
with £nbtiogneshprising @nsorgadicesolags, dhaamphishilienpilgmeal end a ligand

ted vol une
comprising a binding moiety, such as a non-hydrophobic ligand, for binding to the metal

particle. This ensures that the competition between the Raman active molecule and the ligand

comprising a binding moiety for binding to the metal particle starts simultaneously.

[0145] In one embodiment, a method is described in which the anisotropic encapsulation of

aggregates of metal particle is desired. In this method, the metal particle is not dissolved in an

alcohol but in an acidic solution. In this embodiment, the step of providing the solution
comprising a metal particle, an organic solvent, an amphiphilic polymer, a ligand comprising

a binding moiety for binding to the metal particle and a Raman active molecule comprises:

« mixing a metal particle dissolved in an acidic solution with a solution comprising an organic
solvent, a Raman active molecule, and a ligand comprising a binding moiety for binding to
the metal particle;

» incubating the solution; and

« adding an amphiphilic polymer to the solution.

[0146] Acidifying of the solution comprising the metal particle can be carried out using

acids already described herein, such as HCl, HNOs;, H;SO4, HCIO4, HBr, HCOOH or

CH;COOH. The final pH in the acidified solution can be between about 0 to 5 or between

about 2 to 4.

[0147] The incubation step referred to in this method allows aggregation of the metal

particles. The incubation step can be carried out at a temperature between about 0°C to about

100°C. Lower temperatures will generally delay the process time but will also lead to the

coating of the metal particle with a Raman active molecule. The incubation step can also be
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per NP (nnB. b ) Calcula ted surface area per NP

(nnm2) b Wei ght of each NP (g/nol e) Nunbe r of |igands
wWQEeeasasM Npe As- synthesiz edNP concen- tratiRBCT/§EOp21000181

Raman active conpo site materia 1 concen -tration

(PM e Equivale nt concentr ation of 2- napht hal

enet hiol (nM 40

carried out at a temperature of between about 30°C to about 100°C to increase the , or
between about 40°C to about 100°C, or between about 40°C to about 80°C, or between about
40°C to about 60°C or at a temperature about 30, 40, 50, 60, 70, 80, 90 or 100°C. The time for
the incubation can be between about 30 min to about 4 h, or between about 1 h to about 4h, or
between about 2 h to about 4 h, or between about 2h to 3 h or for a time about 30 min, 1h, 2h,
3h or 4h.

[0148] The methods described herein can further include the step of binding the
amphiphilic polymer of the Raman active composite material to a recognition moiety. In one
embodiment, this step can be carried out after formation of the amphiphilic polymer shell or
before mixing the amphiphilic polymer into the solutions referred to herein.

[0149] A Raman active composite material as described herein can for example be used
within a microorganism, in particular a cell. The presence of the amphiphilic polymer allows
internalization into a respective microorganism, including a cell. Depending on any moiety or
molecule that may be linked to the amphiphilic polymer the Raman active composite material
may also be directed to a selected intracellular compartment, structure, organelle or other
location. The amphiphilic polymer used may also include groups or moieties that are capable
of directing the respective Raman active composite material to a selected intracellular
location. In typical embodiments where any such molecule or moiety with a location-directing
function such as an immunoglobulin, or a fragment thereof, or a ligand of a receptor, is absent
and the water-soluble Raman active composite material is allowed to enter a cell the Raman
active composite material is at least largely locating inside the cytoplasm. Where the polymer
for example includes multivalent amine groups, a corresponding water-soluble nanocrystal is
capable of disrupting endosomal organelles (Duan, H., & Nie, S., J. Am. Chem. Soc. (2007)
129, 11, 3333-3338). Cytotoxic effects sometimes observed with metal particles can be
avoided with a respective selection of the water-soluble amphiphilic polymer. This is due to
the fact that cytotoxicity is dependent on the molecules present on the surface of a metal
particle rather than the metal particle itself (Hoshino, A., et al., Nano Letters (2004) 11, 2163-
2169). Accordingly a Raman active composite material can 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.
(2008) 14, Suppl 2, 702-703).

[0150] In another embodiment the present invention may refer to a Raman active composite

material, as disclosed herein, that is conjugated to a molecule having binding affinity for a
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given analyte. By conjugating the Raman active composite material to a molecule having

binding affinity for a given analyte, a marker compound or probe is formed. In such a probe, the
Raman active composite material serves as a label or tag which emits radiation, for example
in the visible or near infrared range of the electromagnetic spectrum that can be used for the
detection of a given analyte.

[0151] In principle any analyte can be detected for which a specific binding partner exists
that is able to at least certain degree specifically bind to the analyte. Examples of suitable
analytes can include in one embodiment, prokaryotic or eukaryotic cells, malign eukaryotic

cells, organelles, nucleic acids, proteins, viruses, to name only a few. The analyte can be a

chemical compound such as a drug (e.g. Aspirin®) or Ribavirin), or a biochemical molecule
such as a protein (for example, an antibody specific for troponin or a cell surface protein) or a
nucleic acid molecule. When coupled to an appropriate molecule with binding affinity (which
is also referred to as the analyte binding partner) for an analyte of interest, such as Ribavirin,
the resulting probe can be used for example in a fluorescent immunoassay for monitoring the
level of the drug in the plasma of a patient. Another example is a conjugate of the Raman
active composite material with streptavidin.

[0152] The analyte can also be a complex biological structure including, but not limited to,
a virus particle, a chromosome or a whole cell. For example, if the analyte binding partner is a
lipid that attaches to a cell membrane, a conjugate comprising a Raman active composite
material 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 nanoprobe emitting or scattering 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 Raman active composite material conjugated to an
analyte binding partner is preferably a biomolecule.

[0153] Therefore, in a further embodiment, the molecule has binding affinity for the analyte
which can include, but is not limited to a protein, a peptide, a compound having features of an
immunogenic hapten, a nucleic acid, a carbohydrate or an organic molecule. The protein
employed as analyte binding partner can be, for example, an antibody, an antibody fragment,
a ligand, avidin, streptavidin or an enzyme. Examples of organic molecules are compounds
such as biotin, digoxigenin, serotronine, folate derivatives, antigens, peptides, proteins,
nucleic acids and enzymes and the like. A nucleic acid may be selected from, but not limited
to, a DNA, RNA or PNA molecule, a short oligonucleotide with 10 to 50 bp as well as longer

nucleic acids.
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[0154] In a further embodiment, multiple SERS probes are used to separately label multiple

analytes, such as for multiplexed detection. This allows the simultaneous detection and
tracking of multiple different targets of interest. For example, 10 different antibodies that each
has specific affinity for their distinctive cancer cells could be attached to 10 different SERS
probes, by performing 10 separate reactions. The subsequent SERS mapping would reveal the
localization of these 10 types of cancer cells.

[0155] The Raman active composite material can also be used in combination with other
already known labels or probes, such as quantum dots. When using the Raman active
composite material described herein together with quantum dots, it is for example possible to
encapsulate the quantum dots with amphiphilic polymers using the methods described herein.
It is also possible to form aggregates of quantum dots and Raman iigand coated metal
particles and encapsulating them together as illustrated for example in Figures 8 and 9D.
[0156] By "consisting of" is meant including, and limited to, whatever follows the phrase
"consisting of". Thus, the phrase "consisting of" indicates that the listed elements are required
or mandatory, and that no other elements may be present. ‘
[0157] By "comprising" it is meant including, but not limited to, whatever follows the word
"comprising". Thus, use of the term "comprising" indicates that the listed elements are
required or mandatory, but that other elements are optional and may or may not be present.
[0158] The inventions illustratively described herein may suitably be practiced in the
absence of any element or elements, limitation or limitations, not specifically disclosed
herein. Thus, for example, the terms "comprising", "including", "containing", etc. shall be
read expansively and without limitation. Additionally, the terms and expressions employed
herein have been used as terms of description and not of limitation, and there is no intention
in the use of such terms and expressions of excluding any equivalents of the features shown
and described or portions thereof, but it is recognized that various modifications are possible
within the scope of the invention claimed. Thus, it should be understood that although the
present invention has been specifically disclosed by preferred embodiments and optional
features, modification and variation of the inventions embodied therein herein disclosed may
be resorted to by those skilled in the art, and that such modifications and variations are
considered to be within the scope of this invention.

[0159] The invention has been described broadly and generically herein. Each of the
narrower species and subgeneric groupings falling within the generic disclosure also form part

of the invention. This includes the generic description of the invention with a proviso or
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negative limitation removing any subject matter from the genus, regardless of whether or not

the excised material is specifically recited herein.

[0160] Other embodiments are within the following claims and non-limiting examples. In
addition, where features or aspects of the invention are described in terms of Markush groups,
those skilled in the art will recognize that the invention is also thereby described in terms of

any individual member or subgroup of members of the Markush group.

EXAMPLES
[0161] General description of the manufacturing method for Raman active composite
materials
[0162] In a first example, AuNPs (NP = nanoparticle) or AgNPs were incubated with a
hydrophobic Raman reporter (such as a Raman reporter shown in Figures 2 or 6) in
dimethylformamide (DMF) at 60 °C to render the NP surface hydrophobic. After the solution
was cooled down, an amphiphilic polymer, such as PS;ss-block-PAAg was added. Afterwards
water (final volume ratio DMF/H,O = 4.5) was added. The amount of amphiphilic polymer
added is secondary as long as enough of the polymer is added to ensure encapsulation of the
metal nanoparticle coated with the Raman reporter molecule. The mixture. was heated to 110
°C for 2 hrs and then slowly cooled down in the oil bath. As the critical micelle concentration
slowly decreased with temperature, the amphiphilic polymer was excluded from solution and
self-assembled into spherical micelles that sometimes include the hydrophobically
functionalized NPs. Figure 3a shows the TEM image of a sample prepared by this method; the
polymer appeared white against the (NH4)sMo070,4 negative stain. Both empty micelles and
micelle-encapsulated AuNPs were observed. Remarkably, nearly all AuNPs observed (>
99%) were singly encapsulated by polymer micelles.
[0163] The uniform diameter of the empty micelles as well as the uniform thickness of the
micellar shells are consistent with a thermodynamically controlled self-assembly process. In
this method, the reactant mixture was heated for 2 h followed by slow cooling (~ 2 h) to
ensure near-equilibrium conditions.
[0164] The nanoprobes can be easily isolated by direct centrifugation. After synthesis, the
reaction mixture was first diluted in water (14 times by volume) to trap the polymer micelles
in a kinetically stable state. Repeated centrifugation at 16000 g and resuspension in water
gave NPs free of DMF and empty micelles (Figure 3b). The NPs did not aggregate during the

repeated purification, even though the polymer shells were not chemically cross-linked.
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4- et hyl'bezenet hi ol™-functi onaFl zed AuNP aggregates

backgiboud4]TEM gridypiesd treated i by, o2ygen1 asma o AuNderrick® plasma

| Lt | .= . 6 2. .
e ey Er 0 e S b B RE  ve.
carefulle Bidx Jd6itlS ttedesdRitidn o20the elifaeticfd plistichetruidt, dsnthg a small bead;

ppendorf tube, 300 AL DVF was added, followed by 20
a TEMagri¢vag thenrilqaechom: thet tp &t thebeadpwitls thaghyrgphili, face contacting the

T ‘ . . . od, .
sotuiofl,Fh FEM LB 580 Bt SOBRISSep e wit s
paper toaamhavesxcts salutid@hn( Finally driéDinAdir fd26 raddHci + VH20 = 70

It and 250 DVF was. added, ..and, t he, m xtu S .
(0174), R aE oy 4T P PEREIP oP D' gk ] Bt bEAR: Tn a typicsl
reactioﬁg@ Kega L1088 AGNPE S01uiibn CUNES| 4Weh 84,75 nDrwBRdcoRberithitdd to ~ 20 uL

stage. Different aggregation size can be sml%ﬁltuned

ep

by centrifugdtiongit 160A0he faydacein: TatheodecpredHEEpEGi@s at the bottom of

Eope YA AT S0, PO kS FIERER 06 motmtc

such a§DnAphthaletdib] ANOMELQ 0 th%/rrh@QTl’l\@ﬁli)@tdﬁtﬁQaé TheERAEE R °C for 1 hr
The total volune of the

inal mxture solution was i

before 1I8000L RS 15aBAA st eluthiver/(Biz0g/wdl imPME) pnd WAS (4. BLO was added in
PS154PAAGO] = 28..5 4-et hyl benzenet hjol 11 = 6.3

sequenl, TirolofSotBe Fatefadl sk sE06S Pe Usth AL e dnd Dvpre0

Tum@ kdtRWesk 4.9; Sy =C068 dM'ngS I3 k1320 hind 2 inkplithslehethiol

Voumter?peratureﬁalvvas S?rIeached. f 181%1 Prég};aratq?gn og o sthiol

= 3.82 ML sHterroixinre avas dpstad & 1 Hh°@forPeliralandiien] Qlpgafl to alowly cool down
in the %ﬁ bl a%,lfltélgr%gg‘f fc’eggo%%%gq%o\&ég rneg%‘%ld. l}lﬁgﬁnséij %&uﬁ%n %xlf'laléleiSeeg 34 and it
remainéf Qb4 RN teperd BR%PRBARS. SO

[0175] Same encapsulation procedures were used to prepare 4-ethylbenzenethiol-coated

AuNPs encapsulated in an amphiphilic polymer and triphenylphosphine-coated AuNPs
encapsulated in an amphiphilic polymer, except that 4-ethylbenzenethiol or
triphenylphosphine of similar concentrations was used instead of 2-naphthalenethiol. AgNPs
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In case of AuNPs, AuNP's were prepared foll ow ng
literature procedures by sodiumcitrate reduction of
wo2aidens al ready descri bed above (Frens, G ,PAB%G2009/000181

supra). AuNPs (25.7 1.9 nm 3 nL) solution was

centrifuged to a volune of about 15 AL using 16000 g

for 15 mn. The deep red sg%uti on collected was then

diluted by water (167 AL) d then added to 818 AL 5
prepara@f byoitatg@dicionaheidod (FenshGad 9Db/Fsuped)uwereralwhensapwdated using

. prepared by m xing an anphi philic pol ynmer, such as

ﬂmmqﬂﬁ& b/ ock- PAAGO (80 AL, 8 ng/nL in DMF), a |igand
[0176]COTRY ;%l(f‘glaﬁ’orgﬂ@ctAW' Gt hRIpaRidNg nﬂ)lfo‘hﬁ%%l%&% method

nanoparticle ligand, stch as’ et hanet |oI
(Nikootrhktitn BOVE)-Sayred, M Aor @Q@ﬁ csupol)y eancengated by cmlnﬁegailen and then

resusp I R KAt 1Y SOTATIOES BN (T B ih v fllgwing Xia's

method iaf@lpuyifiad! %dacteﬂ)ntehﬁadlﬁﬁg? tSielkidéh, A RL UNVRILGIIM, MG 2006, supra).
total volunme of 1. mL 1n final mxture wher e

Same evisapratation mth@ﬁsmﬂmbed@bseve Tiae thanyusgd éo m@pwdaf@éhﬁ ApNRs and
ANC110 Cfor 2 hrs, and then allowed to cool down
Yradual Iy till roomtenperature. Sinilar procedures
[0177]WeP&ifiaton b theOtbrerSHell FodishrCAvtive RBivposite afgiakiThierRaman active
10). [0187] Preparation of anisotropic encapsul ated
compogitdpehieriahsvagi Pwified RipengHbeationoty yerapvel DM ﬁl%ptmwéles and

3
s ST, R S BT, s
encapsﬁlakdda@ltﬁchnmiﬁpﬁlhe poliniet tie the ax-s§AtHesikbd amldubiﬁzva(s hrix&d with 1400

was added to the m xtur The tur.e
L H?-@Hérﬁna@]é@ad?ré om0 The %*xumpvv%freafriiﬁﬁed &t helil: & ifen ﬁ? Bn so that

nearly it Iﬁ#?wgreg\\%l')ta&e% thefrons BARRI{IEE. efchiupbmbit ’Q'las di%carded and

m xture was 1 ncubated at 60C for
1.5 th 6 wadlatted a«g gwsagpmddhe ARs. Thist deairifygatiovacsuspérsion Was usually

t.her 2 oati.ng .of.. the Au surface
repeat‘%i Pficeso ﬁ%’t’ﬂ Fenied 'tg}?ﬁ @%dﬂ’ge RtK g‘uged]pis ace char ges,
[0178WhELAnithe FRHRS BAhsHcelledt FtedrsaBRsaveifrel sdits ©f StuNagldl, = 13.7
of the solution. These two factors led to |inear

nm, 2hggmagit-? em,of].harpend ABitlepmy) m@ setesmined from TEM images using

Imagef> ?‘f&ﬁ&%% ‘f‘al?Ae@&e(cggcééllnlahox?sh ﬁltl@ﬁ:z)ed APk e calculated

hén a e reac I'on m xture.
based f)hntab dfniisicrs v thehdi@s edidathe 1desiGy fofrgold 1§19.8 g-cm™). Here it was

encapsul ate the aggre s and aI ] owed t.q cool
assumeg Gl N?S {1 3 BIVEB é?ﬁﬂPgﬁﬁ@ 2 Wé‘f@b@f‘ﬂ%ﬁ%ﬁ}mﬂ shape,
t I
oM LIROERL e B0 B 0D 06 s Wb,
concen2@finsl 4256 4felT¢ CRAMA /aetﬁ)mmlﬁfslte:matml was /&amalmd by comparing
activ osife naterl rls n
the plaggph PYOERLORPREl SRR SOTEIG VPR GG B Rpcased samples.

For co?@b‘ﬁlgnéeo v&tehgss{ﬁ%(eathaipﬂ'l tAN®A oA si@faceNfade sl af | |fzﬁﬂt and that one
l'layer of an anphiphilic polyfer bound to the metal

ligand p’mre icodrdinated. to 'EtveryF&mAa/cﬂg stemsowpbsi(l bl)rrrfaes. dhased on the NP
ordin

concerfigh of S ainte eyt St St Sreliifiue f defeutaed. The

ratio of ¥hé OPRSRA SER P Hitbhdityeto tﬁe'l%x@dﬂ inferBRY dREHIREIeEt concentration of
particle and a noble nmetal particle. 3. The Raman

free Z—amhtheéemdmios iaceonmgasicithe respective ienipncementaaetors,

o079} By o G PR o3l n i e

5Wlthgiglgl4,.b_1ﬁps§kbl adi um platinum ruthenium rhodium
osmum irirdiumand alloys of the
[0180] In a typical reaction, 6 mL of AuNP solution (da,= 60 nm) was concentrated to 13

uL by centrifugation at 6000 g for 10 min. Then H,O (187 pL) was added to the deep red
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aforenmentioned materials. 4. The Raman active
conposite material according to claim?2, wherein the
woredoali¥lees f erromagnetic particle is made of a PCT/SG2009/000181

ferromagnetic material which is selected fromthe

20group consisting of Fe, M13i, N, WMSb, MAs, ,

Dy, Co and alloys of the afgrenentioned materials. 5.

The Raman active conposi te Haterial accordi ng to claim
suspendionvdodiected at ke torioad bf Eppardenbigbey, ifollgpaed by laddition rddl® pL of a

of a nmetallic paramagnetjc material which is_sel ected

Ramary agiyer sraleculsy @b shewnsinsFigve 6f viPMEn(2 mg /mrh). gRbe mixture was

: Y, . for Wely s S.1. B ATH :

immedf Y8481 33001 BUBTLAAEIIEY LI5S0 AL im D)

The mPi@e&eHshgated @ NRI°ONBEL & dhdtthen Awddabislowdy pedlydevn insthe oil bath
sel ected fromthe group consisting of  an anphiphilic

until ihfRagheg) or sesprsrapwer Thadingh selkfien S| desp reh @adnremained stable at

nphi philic alternating copol yner, an
r°°mt§‘§‘§%a}é’ﬁ? cfrgn@ig%sgl ymer consisting of hydrocarbons and

[0181]malTk eb@mrmadopaiticley weresiuri Db WeAHTdSH04 (6000 g, 10 min) to remove
DMF, ggc}yéysg%g ]gé,?pgq%gp?(%:p%s?llzgamg.nTl'?enPegllﬂ%giglAU?I\HpsoJ:(yaEcree w? alt lggman active
molecule as shown in Figure 6 and encapsulated in a layer of PS;s4-b-PA A were collected at
the bottom of the tube. The NPs were diluted with 1500 pL H,O, and purified by
centrifugation at 6000 g for 10 min. This purification process was typically repeated twice to
obtain samples free of DMF and empty micelles. And the purified NPs were dispersed in
1500 pL H,O for Raman measurement.

[0182] Raman spectra were collected from the sample solution in a cuvette (pathlength 1.00
cm) on an R-3000HR spectrometer (Raman Systems, Inc, R-3000 series) using a red light-
emitting diode (LED) laser (A=785 nm) at 290 mW.

[0183] Encapsulation of 4-ethylbezenethiol-functionalized AuNP aggregates

[0184] In a typical reaction, 2 X 1.5 mL of AuNPs solution (dy = 14.6 nm, 2.94 nM) was
concentrated to ~10 puL by centrifugation at 16000 g for 15 min. To the deep red suspension
collected at the bottom of Eppendorf tube, 300 uLL DMF was added, followed by 20 yuL of
4-ethylbenzenethiol in DMF (8 mg/mL). The mixture was added to a vial which contains
10 pL. NaOH (2.5 mM) and 250 uL. DMF. After that, a solution contains 10 uL HCI (5 mM),
60 uL HyO (Vua + Vo = 70 pL) and 250 pL. DMF was added, and the mixture was
incubated again at 60°C for 2 h. ([HCI] = 0.06 mM) Aggregations of 15 nm AuNPs were
formed at this stage. Different aggregation size can be simply tuned by changing the
concentration of HCl (0.06mM for Figure 8A and 0.12 mM for Figure 8B). To encapsulate
the aggregated AuNPs, 80 uL PS;ssPAAgp solution (8 mg/mL in DMF) and 110 uL H,O was
added in sequence. The total volume of the final mixture solution was 1100 uL, where the
DMEF/H,0 volume ratio was 4.5; [PS154PAAgo] = 28.5 uM , [4-ethylbenzenethiol] = 6.31 pM.
The mixture was heated to 110 °C for 2 h and then allowed to slowly cool down in the oil
bath until room temperature was reached.

[0185] Preparation of anisotrdpic encapsulation of metal NPs

[0186] In general, encapsulation of metal NPs, such as AuNPs can be carried out as follows.
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R2 5 an anphiphilic polynmer of the general formula
(I'): R3 RL RR R4 an anphiphilic polyner of the
w@emwensdeod ormula (111): 10 wherein each of m PCI/SE20a9000181

g is an independently selected integer fromabout 3 to
about 400, Rl is a first hydrophilic noiety with a

mai n chain of about O to abgut 20 carbon atons and O

to about 3 heteroatons sel @l ed fromthe group N, O,

In casSpf BaNPBIASNP ‘s e prspared |fa)1$dwihg ditexptumeb procadired Yy wodibm citrate

reuct g AR o Pl ARt aisPot Bitne B o o8+ 19
nm, 3 %Igrﬁﬁ\ﬁ1oﬁ3w§sn&nﬁ‘ﬂﬁ1§é@td ac&sm%{ed@maﬂom fzglm:ﬁﬁgg flG@UU & for 15 min.

ophilic or hydrophobic noiety with a main chain of
The d@pwed s@utian edilsated Stascherbdihted bwamm@ #lo) adghen adied to 818 uL

of an %r%t&@)rc %3‘5/ ﬁ’ﬁf% %ségfg% Q}Bga%yhlc% was preparecrf C[i)y mixmgv\%)n amphiphilic
polymer, such as PSyss-block-PAAg (80 uL, 8 mg/mL in DMF), a ligand comprising a
binding moiety for binding to the metal nanoparticle ligand, such as ethanethiol (20 pL, 13.9
mM in DMF) and an organic solvent, such as DMF (718 uL). A Raman active molecule, such
as 2-naphthalenthiol (80 uL, 2 mg/mL in EtOH) was then finally added to the reaction
mixture giving a total volume of 1.08 mL in final mixture, where Vorganic sotvent Vizo = 4.5. The
mixture was heated at 110 °C for 2 hrs, and then allowed to cool down gradually till room
temperature. Similar procedures were used for other ligand combinations (see Figure 10).
[0187] Preparation of anisotropic encapsulated AuNPchains with an amphiphilic
polymer

[0188] AuNPs (20 nm, 3 mL) solution was centrifuged to a volume of 15 yL using 16000 g
for 15 min. The deep red solution collected was then diluted to 72.5 pL and HCI1 (17.5 uL, 10
mM) was added to the mixture. The mixture was then added to 680 uL of DMF solution;
ethanethiol (20 uL, 13.9 mM in DMF) and 2-naphthalenthiol (20 gL, 3 mg/ml in DMF). The
mixture was incubated at 60°C for 2 h to induce aggregation and further sonicated for another
2 h. Presumably, coating of the Au surface with 4-naphthalenethiol reduces the surface
charges, while the addition of HCI increases the ionic strength of the solution. These two
factors led to linear aggregation of AuNPs. After incubation, PSyss-block-PAAg (80 uL, 8
mg/mL in DMF) and H,O (110 uL) was then added to the reaction mixture. The final mixture
was heated at 110 °C for 2 h to encapsulate the aggregates and allowed to cool down
gradually till room temperature. Figure 10C shows a TEM image of the obtained

anisotropically encapsulated and Raman label coated nanoparticles.
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53 wherein R1I, R2, R3 and R4 may i ndependently be a
copol yneri sabl e group; and m xtures of the
w@bt@pament | oned anphi philic pol ymers. 7. TheT/Rarmm000181
active conposite material according to claim®6,
wherein the multi bl ock 5copol yner is selected froma
di bl ock copol yner or a triblock copolyner. 8. The
Raman active conposite mat &4 al according to claim?7,
wherei n the di bl ock copolyner is selected fromthe
group consi sting of poly(acrylic acid-block-nethyl
nmet hacryl ate), poly(neth LA@Qﬁmwrylate-block-sodium
acrylate), poly(t-butyl 10
met hacr yl at e- bl ock- et hyl ene oxi de), pol y(nethyl

. A Rehdieactiyt adraptdileakatedalicompaingacr yl at e), poly (et hyl

nmet hacryl at e- bl ock- N-net hyl 1-4vinyl pyridinium

- i ddnetahpartidely (net hyl net hacryl at e- bl ock- N, N- di net hyl

. a%g%lﬂg ﬂfép of Gt B Rk BB OEJNR 1D B kBt S8k N d
sodiumsalt), poly(butadi ene(1,?2

« addiehcaps)latihglveraafiap angphéphiiliy polymiey bourtdetditiesvesgtn] particle.
addi ti on) - bl ock-sodi um acryl ate), pol y(butadiene(1l,4
addi tion)-block- 15 acrylic acid), poly(butadiene(l,4

. Thé®didah %ﬁv@&ég@g@@ %été?ieﬁ%%&’dréﬁl?)to Py (Bt cagth &R bt particle is

addi tion) - bl et hyl ene oxi de pol y(but adi ene(1, 2 )
seledet] tficom)the| growp etohsiséng: ofxd dedtallic ferromagnetic particle, a metallic

ol tyrene- bl pck-acrylic acjd),
peB el pEEe OO TE i el
pol y(styrene-bl ockcesi um acryl ate),
pol y(styrene-bl ock-sodi um acryl ate

. The dlapas §ative ecoprasite élgqﬁgmeg@cgr)dprtgesg claim 2, wherein the noble metal

S ene-b - h i [ d ot :
el SieY s ShUIE RE oK R M0l SroBE S congisting, of silver, gold
palRealivan, gsiatineen,c anthesiuie mhddumal osticor, dimdiuto andaialioys of the
mherejagihe dj pl ock copol ymer and the tribl ock
afopIpentippet ma t se a hydrophilic chain of nonomeric
units and a hydrophobic chain of nononeric units,
wherei n the nunber of nononeric units in 25the

. ThhyRiamoghiaciive cloaipesits hatghar acdording He elaitbe?, ®fherein the metallic

nononeric unjts in.the hydrophobic Jn. .. .10
forRATHETCi: PPV BBt BB enrepRancscrBraen g & sl from the
grodpeE@isistihp eoNFebeVin®BE, NDNPABL] MuAb! &d, MYy,h€o and alloys of the

hydrophilic chain and the hydrophobic chain is
aforeraepenadmatefiabobet ween about 10 to about 1000. WD

2009/ 142604PCT/ SG2009/ 000181 54 pol y(di met hyl)

si | oxane- bl ock- pol y(2-met hyl oxazol i ne)

. ThéPR&ni celveRDvmpokioe kmaterial according to claim 2, wherein the metallic

D poly(rethypocazol e bl ocic ol (ol 1t 1 1L o
a - | ( . . ‘
thef.’g%)%p;{::%ﬁsg?%)gk glfgglefcg %1 ’{/@g%ﬁ/@oys of the aforementioned materials

IC

. The Raman active composite material according to any of the preceding claims, wherein

the amphiphilic polymer is selected from the group consisting of
an amphiphilic multiblock copolymer,
an amphiphilic random copolymer,
an amphiphilic alternating copolymer,
an amphiphilic copolymer consisting of hydrocarbons and maleic anhydride groups;

and
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w@iyassne£ne- bl ock- pol y(met hacrylic acid)),

acid), an anphi philic pol oaxaner,

pol y(5- (N, N-di net hyl am no) i soprene)-block- 5
PCT/SG2009/000181
pol y(acrylic acid)-Dbl ock-pol ystyrene-pol y(4- vinyl
pyridi ne), and net hoxy-pol y(ethyl ene

gl ycol ) - bl ock-pol y(L-1acti de) - bl ock-pol y(LI ysi ne).

12. The Raman active conpo§?te mat eri al according to
aRy afiphiphiticobanel sTdhe e formtudd @):n 10t he Raman
active nolecule is selected fromthe group consisting
of: 12.8 RO NN wherein RL to R13 are independently
sel ected from hydrogen, optiona}ly substituted al kyl,

15 optionally substituted aryl, hal ogen,
NO2, CN, OH, car am yl; R15 are
sel ected fr l, al koxy,

optionally substitwuted n F?y substituted

aryloxy; x is S or O. ace enhance
Raman scattering conposﬁve mat eri al Riccording to claim
12, wherein 20the Raman nol ecule is selected fr'omthe
group consi sting of N
-?2INN, .

an amphiphilic polymer of the general formula (II):

R® R’

« an amphiphilic polymer of the general formula (III):

/
0 0
0 0
o O 0O 0

m o R!

wherein each of m, o, p and q is an independently selected integer from about 3 to about
400,

R! is a first hydrophilic moiety with a main chain of about 0 to about 20 carbon atoms
and 0 to about 3 heteroatoms selected from the group N, O, S, Se and Si,

R? is a first hydrophobic moiety with a main chain of about 0 to about 20 carbon atoms
and 0 to about 3 heteroatoms selected from N, O, S, Se and Si, and

R? and R* are independently selected from a hydrophilic or hydrophobic moiety with a
main chain of about 3 to about 80 carbon atoms and 0 to about 40 heteroatoms selected

from N, O, S, Se and Si,
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7.

10.

11.

HI'V , ,I CI N, , ,  INN, , ., 21 Cl a
5
WO 2009/142604 PCT/SG2009/000181

53
wherein R!, R%, R® and R* may independently be a copolymerisable group; and

» mixtures of the aforementioned amphiphilic polymers.

The Raman active composite material according to claim 6, wherein the multiblock

copolymer is selected from a diblock copolymer or a triblock copolymer.

The Raman active composite material according to claim 7, wherein the diblock
copolymer is selected from the group consisting of poly(acrylic acid-block-methyl
methacrylate),  poly(methyl methacrylate-block-sodium  acrylate),  poly(t-butyl
methacrylate-block-ethylene oxide), poly(methyl methacrylate-block-sodium
methacrylate), poly (methyl methacrylate-block-N-methyl 1-4vinyl pyridinium iodide),
poly(methyl methacrylate-block-N,N-dimethyl acrylamide), poly(butadiene-block-
methacrylate acid and sodium salt), poly(butadiene(1,2 addition)-block-acrylic acid),
poly(butadiene(1,2 addition)-block-sodium acrylate), poly(butadiene(1,4 addition)-block-
acrylic acid), poly(butadiene(1,4 addition)-block-sodium acrylate), poly(butadiene(1,4
addition)-block-ethylene oxide), poly(butadiene(1,2 addition)-block-ethylene oxide),
poly(styrene-block-acrylic acid), poly(styrene-block-acrylamide), poly(styrene-block-
cesium acrylate), poly(styrene-block-sodium acrylate), poly(styrene-block-ethylene
oxide), poly(styrene-block-methacrylic ~ acid), and  poly(styrene-block-sodium

methacrylate).

The Raman active composite material according to claim 7, wherein the diblock
copolymer and the triblock copolymer comprise a hydrophilic chain of monomeric units
and a hydrophobic chain of monomeric units, wherein the number of monomeric units in
the hydrophilic chain is higher than the number of monomeric units in the hydrophobic

chain.

The Raman active composite material according to claim 9, wherein the number of
monomeric units in the hydrophilic chain and the hydrophobic chain is independently

between about 10 to about 1000.

The Raman active composite material according to claim 7, wherein the amphiphilic

triblock copolymer is selected from the group consisting of poly(ethylene oxide)-block-
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a 5 14. The Raman active conposite material according

any one of the preceding clains, wherein at |east one
walkmwengiocon of the particle is in the m cronmet ePCT/aGLe9/000181

15. The Raman active conposite material according to

any one of clainms 1 to 13, wherein at |east one

di mensi on of the particle is in the nanoneter range.

10 16. The Raman active cofflosite material according
poll@ib@Ty 1§loxehebRICR-polie2 Akdtiafl Pakdzblih® | @EO-block-PDMS-block-

nanogartlcle having a size in at |east one_di nension

PMOXBbt ween about 5 PRi(methabexazobupblesk-pelyfdimesyljpeape-block-
e R s
aci€QnNsinS Ldlﬂﬂﬂgﬁilia eiwspher, e ,pg@(?_&N@é-ldhﬁethylanﬁm@r odpprane)-block-
nanot ube an a nanow re. . . e man, lye
polaﬁm&@@%@%@%h%@é& %}fiﬁg Ppb'?%ﬁﬁ;‘?% aeidlackpotystyrene-poly(4-

. a . K . _
M R e e S iy
lysing).t he anphi philic polyner. WO
2009/ 142604PCT/ S&2009/ 000181 57 19. The Ranan active
conposite material according to any of the preceding

12. Thé RaAR actitls E&]ﬁ ot TRAtk$A1 M cétdl %FltdeHe ?Rbé‘diﬁg \Whiig 8 wherein
'S boung tot Raman active nol ecule or the
thedtgoiinpdvtive mobarujenis selege@ roniTthe gRaypenonsisting/ef: conposi t e
material according to claim 16, wherein {he
recognition noiety is selected fromthe group
i stj®hg of a nucleotide, a nucleic aend, nolecule, a
a Pprotein, a lipid, a carbohy) ¢
' , a drug candi cate m - Ng
a_yitamn, a synthetlic pol yner, r ecept or
ligand,\a petabolite, an immunoglgb in, g

: N~ . . >
an | mmunogl obul i n, a domai n anti body, a
Ru RIZ

N N , HX-Ry4 and P(Ry5)s,

wherein R; to Ry; are independently selected from hydrogen, optionally substituted alkyl,
optionally substituted aryl, alkoxy, aryl, halogen, NO,, CN, OH, carbonyl, amino or silyl; R4
to Rys are selected from optionally substituted alkyl, alkoxy, optionally substituted aryl and
optionally substituted aryloxy; x is S or O.

13. The surface enhance Raman scatteting composite material according to claim 12, wherein

the Raman molecule is selected from the group consisting of




10 protei naceous binding nolecule with anti body-Iike

functions, a glubody, a protein based on the ankyrin
waewbfigdotd or the crystalline scaffold, an AdNeRCT/8G2089/000181

tetranectin, an aviners and a peptoid. 21. The

Raman active conposite material according to any of

the preceding claims, wherein 15the encapsul ation

| ayer encapsul at es the net &P particle in an
oNani sotropi c manger. 22. A neth8d of Sranufacturi

e metal™partici e with the Raman

active nole/. Q addi ng an anphiphilic
oI ynmer to |rst solution; incubating the first
_ addi ng t he anphiphilic pol ynmer for a

accordlng to claim?21, 2 =
providing a sol utidn conpr|5|ng a net al partlcle, an
-organi ¢ sol vent, an anphiphilic 30polyner, a |igand
conprising a b|nd|ng noi et f or b|nd|ng to the

_pasticle; “

cdol i n§ the sobut i OF, 24, The method *of ¢ ai m 23,
wherein the step of providing the solution conp
mxing a netal particle with a solution conprifs
organi ¢ sol vent, an 5anphi philic polynmer, and 3
conpffsing a b|nd|ng moi ety for binding to the
addi n Raman acti ve nol ecu
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15.

16.

17.

18.

25. The nethod of claim 23, wherein the step of
provi ding the solution conprises: 10 m xing an acidic
waoloatewm of a nmetal particle with a sol uti on PCT/SG2009/000181

conprising an organic solvent, a Raman active
nol ecul e, and a |igand conprising a binding noiety for
binding to the netal particle; incubating the
sol ution; and adding an amfhi philic polyner to the
solufion. 15 26. The nmethod according to any of clains
22 ta 25, wherein the organic solvent is a polar

27. The nethod according to claim 26,

to t ol ution. 30 30. The nethod of claim 23 or 24,
whereN#AThe netal particle is dissolved in water. 31.
The netlhod according to claim29 or 30, wherein the

ifral, ol une ratio of organic solvent to water in the
olutlion is between about 1:0.1 to about 10:1. WO

009P 426Q4 PCTLSGE2009/ OOO 39 ¥he nmet hod

accor di step of incubating
t he f t 1 tHe anphiphilic
polymer is Carrled ouf a tenperature bet ween about

OC to about 200C. 5

The Raman active composite material according any one of the preceding claims, wherein

at least one dimension of the particle is in the micrometer range.

The Raman active composite material according to any one of claims 1 to 13, wherein at

least one dimension of the particle is in the nanometer range.

The Raman active composite material according to claim 15, wherein the metal particle is
a nanoparticle having a size in at least one dimension of between about 5 nm to about 900

nm.

The Raman active composite material according to claim 15 or 16, wherein the particle is
selected from the group consisting of a nanosphere, a nanocube, a nanorod, a nanotube

and a nanowire.

The Raman active composite material according to any one of the preceding claims,
wherein the composite material comprises an aggregate of metal particles encapsulated by

the amphiphilic polymer.
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19.

20.

21.

22.

23.

33. The nethod according to claim22 or 23, wherein
the solution is heated for a period of tine between
W@b@oat42b04rin to 5 hours in the step of i ncubatPEySGLE9/000181
solution for a tinme sufficient to allow self-assenbly
of an anphi philic polynmer shell around the netal
particle. 10 34. The nethod according to claim 22,
wher ei In bet ween the steps5éf incubating a netal
ThePRhdbit la€ivd Ly FRferdf tdc¥ S diR! 18 CdHlyEo e e@ingadlhitns, further
sol vent i“»rll14 a f?orsgte so?ﬂa?i on@ran ’tt%he stfgﬂél g?&adc?igng an
comgnishigohir¢agniiisinymeiety whidheisf houod tedhatRasan e¢five molecule or the
f.ol l.owi ng steps are inserted: 15inducing mnet al
amny P}Fﬁ‘éfpgg'gbe{n egation in the first sol utigon by
subjecting the first solution to a process sel ected
fromthe group consisting of adding water to the first .
Thes Blamah gastive coippiten gratemial rreasdingdp elpigh 16p adiereps Ale fergenition

first solutkon, .hg f cli ol I
ol B8 bR R AR oL BRI AR et o
peptidh U ipdteinh @akibiag a tdachohysite, wolitiig) andragpreamisirnatdrogsandidate

of the aforenentioned processes. 20 35. Use of a Ramin
moleepley @ Ao Faqteholifmt & rvitamine dormthriict BolfAIPLoAetegepior ligand, a

| . H . . . t X )
mefp B barishhodeiOhtfh, IR of ¥F 1EARRETb ™ Rrhdth aggbody, 2
protednaddodsisindieE ansleane it/ attibodpake ifmgrtiohs,anglubods agprotein based

for the tagging aof electroni nopel ect roni.c . .
on Sk b S0 S SO taf, RSB 8 i g avimers
an §igs can be labelled with different Raman active

c osite material s. 37. A Raman active conposite

mat eri al obtai ned obtained by a nethod according to

a n L . o . . .
The ﬁ%mgn %ct%xgeogon%l)c?slltgsma%gngl %cg’cﬁdmg to any of the preceding claims, wherein

the encapsulation layer encapsulates the metal particle in an anisotropic manner.

A method of manufacturing a Raman active composite material according to any one of
claims 1 to 20, wherein the method comprises:
« incubating a metal particle with a Raman active molecule and an organic solvent in a
first solution to allow coating of the metal particle with the Raman active molecule;
» adding an amphiphilic polymer to the first solution;
« incubating the first solution after adding the amphiphilic polymer for a time
sufficient to allow self-assembly of an amphiphilic polymer shell around the metal
particle; and

« cooling the first solution.

A method of manufacturing a Raman active composite material according to claim 21,
wherein the method comprises:

- providing a solution comprising a metal particle, an organic solvent, an amphiphilic
polymer, a ligand comprising a binding moiety for binding to the metal particle and a
Raman active molecule;

- incubating the solution for a time sufficient to allow self-assembly of an amphiphilic

polymer shell around the metal particle; and
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= cooling the solution.

24. The method of claim 23, wherein the step of providing the solution comprises:
» mixing a metal particle Wi’d; a solution comprising an organic solvent, an
amphiphilic polymer, and a ligand comprising a binding moiety for binding to the
metal particle; and

« adding a Raman active molecule to the solution.

25. The method of claim 23, wherein the step of providing the solution comprises:

- mixing an acidic solution of a metal particle with a solution comprising an organic
solvent, a Raman active molecule, and a ligand comprising a binding moiety for
binding to the metal particle;

= incubating the solution; and

» adding an amphiphilic polymer to the solution.

26. The method according to any of claims 22 to 25, wherein the organic solvent is a polar

solvent.

27. The method according to claim 26, wherein the polar solvent is selected from the group
consisting of dimethylformamide (DMF), dimethyl sulfoxide, dioxane and

hexamethylphosphorotriamide, tetrahydrofuran and mixtures thereof.
28. The method according to claim 22, wherein the step of incubating the metal particle with
the Raman active molecule and the organic solvent is carried out at a temperature between

about 0°C to about 100°C.

29. The method according to claim 22 or 28, wherein water is added to the solution after the

amphiphilic polymer was added to the solution.
30. The method of claim 23 or 24, wherein the metal particle is dissolved in water.

31. The method according to claim 29 or 30, wherein the final volume ratio of organic solvent

to water in the solution is between about 1:0.1 to about 10:1.
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34.

35.

36.

37.
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The method according to claim 22, wherein the step of incubating the first solution after
adding the amphiphilic polymer is carried out at a temperature between about 0°C to
about 200°C.

The method according to claim 22 or 23, wherein the solution is heated for a period of
time between about 1 min to 5 hours in the step of incubating the solution for a time
sufficient to allow self-assembly of an amphiphilic polymer shell around the metal
particle.

The method according to claim 22, wherein, between the steps of incubating a metal
particle with a Raman active molecule and an organic solvent in a first solution and the
step of adding an amphiphilic polymer to the first solution, the following steps are
inserted:

» inducing metal particle aggregation in the first solution by subjecting the first
solution to a process selected from the group consisting of adding water to the first
solution, acidifying the first solution, basifying the first solution, adding excess of
Raman active molecule to the first solution, adding a salt to the first solution, heating

the first solution and combinations of the aforementioned processes.

Use of a Raman active composite material according to any one of claims 1 to 21 or a
Raman active composite material obtained by a method according to any one of claims 22
to 34 for detection and/or labelling of analytes or for the tagging of electronic or non-

electronic devices.

The use of claim 35, wherein multiple analytes can be labelled with different Raman

active composite materials.

A Raman active composite material obtained obtained by a method according to any one

of claims 22 to 34.



