1 POLYMER ENCAPSULATED PARTI CLES AS SURFACE ENHANCED RAMAN SCATTERI NG
PROBES CROSS- REFERENCE TO RELATED APPLI CATIONS 5 [001] This
application clains benefit of priority of US provisional application
No. 61/055,583, filed May 23, 2008, the contents of it being hereby

i ncorporated by reference in its entirety for all purposes. FIELD OF
THE |1 NVENTI ON 10 [002] The present invention relates to the field of

bi ochem stry, in particular to the fiél d of biochenical |abels and
surface ghpvMER ENGAFSTOMRDPA RITECT BNRANTSORFACE ENBANCEDEAMAN
years, surface-enhanced Ranan scatterin SERS) | abels are becom ng
15 nore inportant as an aIter%ﬁ?ﬁT@W‘?F ent labels. [4] The
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r ot atlolmmloa‘nubzﬁéaue}srayétsunﬁdeehemmtry.The Raman spectrum for a given
nol ecule in a given environment is always the same irrespective of
the frequency of the incident light. This is in contrast to
fl uorescence which absormgcm@tmumOmmmeNor phot on ener gy
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99% of the scattered radiation has the same frequency as the mmdent beam and i 1s called Mie
and Rayleigh scattering, However, a small portion of the scattered radiation has frequencies
20  different from that of the incident beam and is called Raman and Brilliouin scattering which
forms of inelastic scattering. The frequency differences between the incident and inelastically
scattered radiation are determined by the properties of the molecules of which the material
under study is made and are characteristic for every molecule, like a fingerprint. The Raman
scattered radiation has energies slightly less than the incident photon (Stokes shift). Those
25  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.
30 [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



been regul arly observed on the order of 104-106, and can be as high
as 108 and 1014. The inportance of SERS is that it is both surface
sel ective and highly sensitive where as Raman scattering is neither.
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as they were impermeable to dye molecules, remarkably stable in salt media and in organic

solvents, and their signals unaffected by the attachment of biomolecules (Mulvaney, S.P.,
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20 pure 'silica particles and the aggregation of the NPs. Typi cal
syntheses in this systemrequires nore than 30 h of conplicated
procedures such as dialysis and ion-exchange. [11] Therefore, it is
an object of the present invention to provide alternative Raman
active | abel s which overcone sonme of the above problens. 25SUMVARY OF
THE INVENTION [12] In a first aspect, the present invention is
directed to a Ranan active conposite %aterial conprising: a netal
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manuf act uri ng "a Raman active conposite material described herein, .
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Ramaéﬂ agtive nol ecul e and an organic solvent in a 4 first solution;

addi™ng A anphi philic polyner to the first solution; heating the
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of an aRmhinptepbiter thesligvitopliiol So far, onlydineibes nvenber ofueperiass bas bgppishown fo

cool | ng’bet cr:]o?npsa%fét\{dannﬂle SiO, coating. Segregation of the two types of ligands could occur and

lead to non-uniform distribution of the reporter molecules among the individual NPs.

Furthermore, only a small fraction of the metal surface are available for Raman reporter

15  molecules, or otherwise $i0; would not be able to form a continuous shell on the metal NPs.

The low surface concentration of Raman reporter inevitably leads to weak SERS signals. The

growth of SiO; layer is another source of problems. Since it is kinetically controlled, the shell

thickness depends on the growth conditions and is not infrinsically wniform. The growth

conditions need to be precisely controlled and it was also required to avoid the formation of

20  puresilica particles and the aggregation of the NPs. Typical syntheses in this system 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.

25 SUMMARY OF THE INVENTION
[012] In a first aspect, the present invention is directed to a Raman active composite
material comprising:
= ametal particle;
. acoating layer of a Raman active molecule bound to the metal particle; and
30 . 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



[ 15] In another aspect, the present invention refers to the use of a
Raman active 15 conposite material according as described herein or a
Raman active conposite material obtained by a nethod descri bed herein
for detection and/or |abelling of analytes. [16] In a further

aspect, the present invention refers to a Raman active conposite

mat eri al obtained by a nethod described herein. 20BRI EF DESCRI PTI ON
OF THE DRAWNGS [17] The invention vill be better understood with
reference toftdigoidgdai | ed description when considered in conjunction
with the non-limting exanples and the acconpanyi ng drawi ngs, in

whi ch: | 184dipg gu%p@p@h@ﬂ@@ﬁ@%&%ﬁ%%ﬁ%ﬁ’ of pol yner - encapsul at ed
metal NPs ( wasseab HighiBc tndynt hesi s
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mol ecul es «{ Lyoaling theriist gpfgtione pol ymers, such as PS154- bl ock- PAAGO
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anphi pwsbﬁo%eilwr%hcaﬂsﬁlhedt Remsn| adivei pempasite deiatediel, t wheind itep Hosthed
portion of the anphiphilic polymer. 30 [019] Figure 2 shows four

di f f er EREPERENDI es of Raman active nol ecul es which have been used for
the Raman actjugai %mﬁﬁgrpc frig@l métalfpastichy at orgasic eblventarahphiphilic
napht hal enet hi ol (Figure 2- 1), E et hyl benzenet hj,ol (tgi gluag 2 1 %d
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4) .., 5 [020] R LEM i nages of Raman active conposite
matl(gri al s. ThaZR%%DS?C%Hgﬁ%E%}ﬂH cle.of the Raman active_conposite

material ie dmumhaingthe sdution fosd Smeshificlenrinaiow selfasremylyiaperphirhilic, 5
before (a) and.afte urifigati . Ps of 38 nm(c) and 62 nm
(d), gold nar@ﬂ%@rs@gmgﬁ%&gﬁeﬂfg@p%%tu es (f). Al scale bars are
100 nm 5 [ 024dlidp taelsctutdborshows (A) Raman spectra of an AuNP covered
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W t h 4-@ttsinedienz methotl dedcribedhaspidapsul at ed with an anphi philic

pol ymer. The scale bar is 100 urn [23] Figure 6 shows TEM i nages and

SERS signal of AuNPs coated with the Raman active nol ecul es shown in
Fiquoe 6 and encapsul BRIEFADESCRIPEIGNR O THEDRAWINGS | n water. 15
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1, 10- phéegmgari8IWHe: (B) 5, 6-di net hy1- 1, 10- phenant brol i ne, (C)
4, 7-di Xy } \ - ulated metal NPs (MtNPs) by
4, 7-di g@lﬁgfo- figfégghgﬁgﬁtatﬁ% ?IE ?ﬁrﬁﬁg?g%-’gﬁﬁ%ﬁ iei\}iﬁe nan&hf\% [ ne..
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DY "ot i heoihitg mprignsot e SnalRiib SRRy e, B find Starktbfor the
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2 - 3) and triphenylphosphite (Figure 2 - 4).




[025] Figure 8 shows TEM i mages of Au nanoparticle aggregates having
different 30 aggregation sizes. The Au nanoparticles are coated with
a first layer of 4-ethyl benzenethiol and encapsulated with

PS154- bl ock- PAA6O. The size of the NP aggregates size was changed by
adjusting the acid concentration. (0.06 mM of acid for Figure 8A and
0.12 mM of acid for Figure 8B). 6 [026] Figure 9 shows non-limting
exanpl es of anisotropically encapsul abed metal nanoparticles which
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Inafa resent ention is difrected to a Raman
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streng Qﬂi,l\ea(lg)anzd}' gmlethoxy—Z 2" bipyridine, (L) 2,2'-bipyridine, (M) 5,5-dimethyl-2,2'-

bipyridine, (N) 4,4"-dimethyl-2,2-bipyridine. Figure 7c shows the SERS signal of an AuNP

25  encapsulated with an amphiphilic polymer and coated with (O) 2,2";6°,2""-terpyridine, (P)

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

(R) 4,4',4"tri-tert-butyl-2,2,6',2"-terpyridine, (S) 4-phenyl-2,2",6',2"-terpyridine, (T) 4°(4-
nitro-phenyl)-2,2";6",2" -terpyridine.

[025] Figure 8 shows TEM images of Au nanoparticle aggregates having different

30  aggregation sizes. The Au nanoparticles are coated with a first layer of 4-ethylbenzenethiol
and encapsulated with PS;ss-block-PAAg. The size of the NP aggregates size was changed by
adjusting the acid concentration. (0.06 mM of acid for Figure 8A and 0.12 mM of acid for

Figure 8B).



charge-repul sion between the NPs. In contrast, the Raman active
conposite material described herein can tolerate up to 0.1 M Nan

W t hout aggregation. No change of SERS 7 intensity was observed with
and without the salt media. This allows the use of these Raman active
conposite materials in buffer solutions often encountered in

bi onedi cal applications. The amphiphilic polynmer fornms a pol yner

shell around the metal particle whichbis coated with a Raman active
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sat ur at o plJBRAEE, and partially encapsulated with PSise-block-PAAg (ratio of ethanethiol to
4-ethylthiophenol = 2.40; iricubation time and temperature for self assembly of polymer shell:
130°C, 6h). Figure 10C shows anisotropically encapsulated AuNP chains coated with 2-

20  naphthalenthiol (Raman active molecule) and ethanethiol (ligand comprising a binding moiety

for binding to the metal nanoparticle).

DETAILED DESCRIPTION OF THE INVENTION
[028] In a first embodiment, the present invention is directed to a Raman active composite
25  material comprising:
» ametal particle;
«  acoating layer of a Raman active molecule bound to the metal patticle; and
an encapsulating layer of an amphiphilic polymer bound to the metal particle.
[029] Such Raman active composite materials have been shown fo be stable in test in
30  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



hydrocarbon. In certain enbodi nents, alkyls are optionally
substituted. In certain enbodinments, an al kyl conprises 1 to 30
carbon atons, for exanple 1 to 20 carbon atons, 8 wherein (whenever
it appears herein in any of the definitions given below a nunerical
range, such as "1 to 20" or "Cl-C20", refers to each integer in the
given range, e.g. "G -C20 alkyl" neans that an al kyl group conprising
only 1 carbon atom 2 carbon atons, J carbon atons, etc., up to and
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Exanpl %D@Bm&l H¥RRalOreriRd tb ﬂﬁi‘d}ﬂ&, chatiictesize bl;o'an hncma‘sem the, inensignef the
20 propynyl, utynyl and the like. 1%3‘%5(1The term "al kene", al one or
in co atmﬂistﬁ*il fraitted by the Baman acHFRPPEHS4r ocar bon havi ng one or nore
carygon a[@?f borgdaralGoPRRAAS adtl'% G dcics cRAThEHEdTBHE fe néd Lieeikd tgr oups ar e
option ;J substr'tuted. Exanpl es of allcene groups kncl ude, but are

not linmted to, ethenyl, propenyl, butenyl, 1,4-butadienyl, pentenyl,
hexenyl , 4-net hyl h&ex- 1-RAnyl, 4-et hyI 2- 25 net hyl -enyl and the

i ke. [37] The &f er m*h4 oallisphati c", alone or in gonbination, refers

to an aliphatic\h invx/nichatF i's
replaced with a Y n certain e h two or
nore hydrogen ah\ons ar ¢ Lepl acedwi t h hal oge gen atorms

are all the sane. I'n ceftain enbodirents, the hal ogen atons are not
all the sanme, Byt differ from 30 each other Hal oal i phati c groups

i nclude hal oallc kenyl s, and hal oal kynyls. In certain
enbodi nment s, g, [ [ % optionally substituted, in addition
to the hydrogen/ sti t UpixoR,, ahle(R,EKM " hal oal i phatic" al so
i ncl udes perhal oal i phatic, in which aII of the hydrogen atons of the
al i phatic hydrocarbon are replaced by hal ogen atons. Exanpl es of

wherein R; to Ry; are independently selected from hydrogen, alkyl, optionally substituted
20  alkyl, optionally substituted aryl, alkoxy, aryl, halogen, NO,, CN, OH, carbonyl (-C=0)) or
amino (-NH); Rys to Rys are selected from optionally substituted alkyl, alkoxy, optionally
substituted aryl and optionally substituted aryloxy; X is S or O. Because the Raman spectrum

reflects the vibrational energy levels of a particular molecule, any small change in the

molecular structure, including the peripheral substituent groups, can cause changes in the
25  energy levels and thus lead to changes in the Raman fingerprint:

[032] The term "alkyl", alone or in combination, refers to a fully saturated aliphatic

hydrocarbon, In certain embodiments, alkyls are optionally substituted. In certain

embodiments, an alkyl comprises 1 to 30 carbon atoms, for example 1 to 20 carbon atoms,



9 perhal oaliphatics include, but are not limted to, trichloronethyl,
pent achol orethyl, and the I|ike. [38] The term"aryl" refers to an
aromatic ring wherein each of the atons formng the ring is a carbon
atom Aryl rings may be forned by five, six, seven, eight, nine, or
nore than 5 nine carbon atonms. Aryl groups may be optionally
substituted. [39] The term"aromatic" refers to a gory conprising a
coval ently closed planar ring having % del ocal i zed r-el ectron system
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propenyl, butenyl, 1,4-butadienyl, pentenyl, hexenyl, 4-methythex-l-enyl, 4-ethyl-2-
25 methylhex-1-enyl and the like.
[037] The term “haloaliphatic”, alone or in combination, refers to an aliphatic hydrocarbon
in which at least one hydrogen atom is replaced with a halogen atom. In certain embodiments
in which two or more hydrogen atoms are replaced-with halogen atoms, the halogen atoms are
all the same. In certain embodiments, the halogen atoms are not all the same, but differ from
30 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



10 heterocylic ring will have additional heteroatons in the ring. In
het er ocycl es conprising two or nore heteroatons, those two or nore
het eroatons nay be the sane or different from one another.

Het er ocycl es nay be optionally substituted. Binding to a heterocycle
can be at a heteroatomor via a carbon atom Exanples of heterocycles
i nclude, but are not |limted to the 5 followng: r 4?Dz-E, D)EEl )E,
Er, FE VO GZN NF L LL 10D, DD <EF)? FE

perhaloaliphatics include, but are not limited to, trichloromethyl, pentacholorethyl, and the
like,

[038] The term "aryl" refers to an aromatic ring wherein each of the atoms forming the
ring is a carbon atom. Aryl rings may be formed by five, six, seven, eight, nine, or more than

5  nine carbon atoms. Aryl groups may be optionally substituted.

[039] The term "aromatic" refers to a group comprising a covalently closed planar ring
having a delocalized m-electron system comprising 4n+2 w-electrons, where n is an integer-
aromatic rings may be formed by five, six, seven, eight, nine, or more than nine atoms.
Aromatics may be optionally substituted. Examples of aromatic groups include, but are not

10  limited to phenyl, naphthalenyl, phenanthrenyl, anthracenyl, tetralinyl, fluorenyl, indenyl, and
indanyl, The term aromatic includes, for example, benzenoid groups, connected via one of the
ring-forming carbon, atoms, and optionally carrying one or more substituents selected from an
aryl, a heteroaryl, a cycloalkyl, a non-aromatic heterocycle, a halo, a hydroxy, an amino, a
cyano, a nitro, an alkylamido, an acyl, a Cy.s alkoxy, a C1¢ alkyl, a Cy.¢ hydroxyallcyl, a Ci.6

15 aminoalkyl, a Cps alkylamino, an alkylsulfenyl, an alkylsuliinyl, an alkylsulfonyl, an
sulfamoyl, or a trifluoromethyl. In certain embodiments, an aromatic group is substituted at
one or more of the para, meta, and/or ortho positions. Examples of aromatic groups
comprising substitutions include, but are not limited to, phenyl, 3-halophenyl, 4-halophenyl,
3-hydroxyphenyl, 4-hydroxyphenyl, 3-aminophenyl, 4-aminophenyl, 3-methylphenyl, 4-

20 methylphenyl, 3-methoxyphenyl, 4-methoxyphenyl, 4-trifluoromethoxyphenyl,  3-
cyanophenyl, 4-gyanophenyl, dimethylphenyl, naphthyl, hydroxynaphthyl,
hydroxymethylphenyl, (trifluoromethyl)pbenyl, alkoxyphenyl, 4-morpholin-4- ylphenyl, 4-
pyrrolidin-1-ylphenyl, 4-pyrazolylphenyl, 4-triazolylph.enyl, and 4-(2-oxopyrrolidin-1-
yl)phenyl.

25 [040] The term "heterocycle” refers to a group comprising a covalently closed ring
wherein at least one atom forming the ring is a carbon atom and at least one atom forming the
ring is a heteroatom. .Heterocyclic rings may be formed by three, four, five, six, seven, eight,
riine, or more than nine atoms. Any number of those atoms may be heteroatoms (e, a
heterocyclic ring may comprise one, two, thres, four, five, six, seven, eight, nine, or more

30  than nine heteroatoms). Herein, whenever the number of carbon atoms in a heterocycle is
indicated (e.g., C1-Cs heterocycle), at least one other atom (the heteroatom) must be present in
the ring. Designations such as "C;-Cs heterocycle" refer only to the number of carbon atoms

in the ring and do not refer to the total number of atoms in the ring. It is understood that the
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wherein D, E, F, and G independently represent a heteroatom. Each of D, E, F, and G may be

aifid E

15  the same or different from ons another.
[041] The term "heteroatom" refers to an atom other than catbon 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



[44] The term"ring"” refers to any covalently closed structure. Rings
i nclude, for exanple, carbocycles (e.g., aryls and cycloallcyls),

het erocycles (e.g., heteroaryls and non- 25 aromatic heterocycles),

aromatics (e.g., aryls and heteroaryls), and non:aromatics (e.qg.,

cycloall cyls and non-aromatic heterocycles). Rings may be optionally

substituted. Rings may formpart of a ring system [45] The term
“ring systent refers to two or nore Alngs, wherein two or nore of the

rings agge otlﬁltefthyﬂ@o bEmbte HetsGomd QhPEdhbe diterst fofreBe Bihefsi ch two or

nor e rlngs share one or nore 30 bonds. [46] The t erm"%gi g i?ﬁ%/ii
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0 a group o orrru - [49] Th
ter m " agptiopally mﬂ)t‘sﬁtrumdt with gieoup mufre fsobstibieatss (imdeD?I(dleBﬂY selegted djonT helo,

term "trihal onet hanesul fon efers t u 2-

Where SRRy, e e e, ol il G NG, O BT R oA

[51] The,. Gtaaﬁmﬂtéytangkyraﬁﬁﬁ S am@tsﬂf@ygumrsummu hl&ylsﬂﬁbny{,SEx}lfa]iitgfi term
"isocyanat 0" refers to a %rouo of N%LSJ The erm 4

"t hi ocytEAReemefhy}. drgmples @F@ﬂﬂrﬂfgf‘%’ﬁﬁ%ﬂ Rt ik %H%S“P%‘t“r‘ﬁe

"1 s@t hi QEYARA-Oor HiefuBbifufe® RriditRUYP offfufaff Bbﬂz@ﬁ.n’ﬂﬁ}&lﬂophene benzothiophene,

pyrrole, pyridine, indole, oxazole, benzoxazole, isoxazole, benzisoxazole, thiazole,

benzothiazole, isothiazole, imidazole, benzimidazole, pyrazole, indazole, tetrazole, quinoline,
isoquinoline, pyridazine, pyrimidine, purine and pyrazine, furazan, 1,2,3-oxadiazole, 1,2,3-
thiadiazole, 1,2,4-thiadiazole, triazole, benzotriazole, pteridine, phenoxazole, oxadiazole,
20  benzopyrazole, quinolizine, cinnoline, phthalazine, quinazoline, and quinoxaline. In some
embodiments, the substituents are halo, hydroxy, cyano, O-C;¢-alkyl, Ci.s-alkyl, hydroxy-C,.
s-alkyl, and amino-Ci¢-alkyl.
[044] The tenn “ring” refers to ’any covalently closed structure. Rings include, for
example, carbocycles (e.g., aryls and cycloalkyls), heterocycles (e.g., heteroaryls and non-
25  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
30 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,



[55] The term "sulfonyl"” refers to a group of forrmula -S(=0)-R [56]
The term " S-sul fonam do" refers to a group of formula -S(=0)2NR [57]
The term " N-sul fonam do" refers to a group of formula RS(=0)2NH .

[ 58] The term "tri hal onet hanesul f onam do" refers to a group of

formula X3CS(=0)2 20 NR-. [59] The term "0O-carbanyl” refers to a
group of fornula -0C(=0)-NR [60] The term "N-carbanyl"” refers
to a group of fornmula ROC(=0)NH. 12 161] The term "O-t hi ocar banyl "
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an .am ci dn.or RERL | T =T la 2"
"ca@bo@?‘ﬁ i(rzltglhlmu'E ngs UC aio%fe%aggiu?éé}{l E%\?%%%g}ﬁo@;%féﬁl ‘lﬂegﬁ gs@é@) v
am di f iXd a RlesadArdslogad is¢gthet Fj o Aradrsondsed t o achi eve

Sf{ .erl ffogﬂt ! O’Pheatglgmﬁcy%m)’gée%elrs? ota! gorgupaéf%oéﬂlﬁgfbﬁp those of skill in the

-

[052] The term “isocyanato” refers to a group of formula -NCO.
[053] The term “thiocyanato” refers to a group of formula -CNS.
15 [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)
20 NR-.
[059] The term “O-carbamyl” refers to a group of formula -OC(=0)-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-.
25 [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(=0)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
30  (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



[68] In one enbodi nent, the Raman active nol ecul e includes, but is

not limted to 10(4,4' -dinmethyl-2,2'-bipyridine), ocu3

(4, 4" -di net hoxy-2, 2" -bi pyridine), (1,10-phenanthroline), (5-nmethyl-I,

1 0-phenanthroline), (5-chloro-1, 10-phenanthroline),

(5-nitro-1, 10- phenant hroline), 14

(5,6-dinethyl-l,lO-phenanthroIine), (5,6-ehloro -1,1
phenantbroline) (4- et hyl - L1 O-phéhanthroline), (3 ,4,7,8

-tet ra'ﬂ@fe cyolik ('Qori?f@@ RAB4 @ﬁﬁg‘@a}bon), where n is 0 or 1, In certain embodiments, an
(4, 7-di rret -1,"10- phenant hr ol i ne)

amide may be an ammo 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
5  amidification are known to those of skill in the art.

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

\ /\ /

N N (2,2 -bipyridine),

' \ 7/ \7/

10 N N (4,4'-dimethyl-2,2"-bipyridine),

HyCO OCH,

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

(1,10-phenanthroline),

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

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

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



ClinCl (4,7-ehloro-1, 10-phenantbroline),

(4, 7- phenyl -1, 10- phenant hrol i ne), 15 (4-methyl-2,2";6
",2"-terpyridine), OH N(4-hydroxy-2,2 ';6 ',2"-terpyridine), C v,
Nejt (4-chloro-2,2% ', 2"-terpyridine),

14

(5,6-dimethyl-1,10-phenanthroline),

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

# (2,2"6",2" -terpyridine),



Cl 16 (4' (4-ehloro-phenyl-2,2";6",2"-terpyridine),
(4'-(2,4,6-trirnethyl - phenyl-2,2';6"',2"-terpyridine),
(2-napht hal enthiol). 17 [69] In one enbodi nent derivatives of

1, 10- phenant hroline are used as Raman active nol ecul es. Derivatives
of 1, 10-phenant.hroline can include but are not limted to

5, 6-di net hyl 51, 10- phenant hrol i ne, 4, 7-di met hoxy- 1, 10- phenant hr ol i ne,
4,7-di chloro-1, 10- phenanthroline, 5- 1éhloro -1, 10-ph enant hroli ne,
4,7-chloro-1, 10-|phenant hrol i ne, 4, 7-phenyl -1, 10- phenanthroli ne,
3,4,7,8-tetrane 1-1, 10- phenanthroline, 5-nmethyl-1, 1

i 5- n|tro 1, 10- phenant hrol i ne,

ol ine or batho-1, 10- phenant hrol i ne. [70] In
one enbqdi i i Ves of 2,2'- bipyridine are used as Ranan
active .n.Derd vatives of 2, r.i di ne can include but
are not IV 27 (st ey;062 2iﬁ@§¥?$§@ne

5,5 -di nethyl-2p2' - bi pyri di ne and 4 4' -di met hyl-2, 2' - bi pyri di ne.

[ 71] In one enbgdi nent derivatives of 2,2';6',2"-terpyridine are used
as Raman acti | ecul es. Derivatives of 2,2';6',2"-terpyridine can
i nclude but a limted to 414- nethyl phenyl)-2,2 "

6,2"-te ro-2,2';6',2"-terpyridine,

4, 4" 4" 15 2, 2' 6',2"-terpyridine, 4- phenyl-2, 2" ;
6', 21-t r(dedﬂ;xQ—Z‘,Z’ﬁ’,Z’,’Zer'bylﬁ(ﬁnq:)yri di ne, 4
"(4nitro-phenyl-2,2 ';6',2"-terpyridine and
2,6-bis(2-pyridyl)-4(1H)-pyridone.

# (4-phenyl-2,246',2"-terpyridine),

# (4"(4-methyl-phenyl-2,2';6",2" "~terpyridine),



[ 72] The inventors found that Raman active nol ecul es as descri bed
above can bind to the surface of the netal particle even those
nol ecul es which do not provide a thiol group, such as
tri phenyl phosphi ne or 1, 10-phenant hroli ne. Ranan active nol ecul es
conprising a noiety 20 with an affinity for the surface of the netal
particle can be used. Such noieties can include but are not limted
to thiols, anmines, phosphines, phosphifne oxi des, and any conbi nation
t hereof . The Raman active nol ecul es render the netal particles
hydr ophobi ¢ and fforma first uniform/layer around the nmetal particle.
To protect thi rst layer of Raman active nol ecules from
di ssoci ation a egradation the netal particle is encapsulated with
an anphiphilic polymer. [73] In general, any anphiphilic polyner
can be used in the present invention as |long as the pol yner
sel f - assenbl es1 iysol ution so that the hydrophobic portions face the
nmetal particl the hydrophilic portions face the solution. Such
o3 ) on the sol vophobic interactions between the
hydrOphubicNRanan aclhive]nol ecul es coating metal 30 particles and
hydr ophobi#€ "pol ynmer poefi(61i4-cHord-plenpie?,2’;6 12 etelpsufidohi | i ¢ portions of
the pol yner dissolve in solution and help stabilize the
nanostructures. ||n one enbodi nent, an anphiphilic polymer includes,
but is not limgted to: 18 an anphiphilic multiblock copolyner, such
as a di bl ock ymer or a triblock copolyner, an anphiphilic
random copol.y an anphiphilic alternating copolyner, 5 an

- anphi philic polymer of the general formula (I): 10

groups; and
|p2L‘ner of the general fornmula (111):

an anphi philioc

(4,4, 4"-tri-tert-butyl-2,2",6', 2"-terpyridine),

)
AN (triphenylphosphine),
| AN
L
O\p /O
|
0
5 (triphenylphosphite),

sH
(thiophenol), or

7



-13 ; wherein each of m o, p and q is an independently sel ected

I nteger from about 3 to about 400, Rl is a first hydrophilic
noi ety with about 0 to about 20 carbon atons and O to about 3

15het eroatons selected fromthe group N, 0, S, Se and Si, and R2 is a
first hydrophobic noiety with about 0 to about 20 carbon atonms and O
to about 3 heteroatons selected fromthe group N, 0, S, Se and Si,
and R 3 and R4 may i ndependently Bé selected froma hydrophilic or
hydr ophobing e et-§ and may be sanme as RL or R2, with about 3 to about
and 0 to about 40 20heteroatons sel ected from N and
0, S, Se _g#at . %ﬁﬁﬁ e or nore of RI, R2, R3 and R4 may

| ndependently be a y%%??g ble group; O mixtures of the

af orenent i oned anphlphlllc polyners [74] The term "anphi philic" as

d hergj t

;J \?\g ty Ebf,f rﬁluﬁl{ﬁs FIB 81} Vgﬁ e i g S%E%S%rtﬁx%ﬁﬁe gy%)%sr%dgaglr%éérﬂﬂlsadﬁrve

E Eygr on’ﬂolgbﬂesp We%ﬁvﬂﬁre@ bf 1700 phaa)antmlfutjmb lhm nthds bmtmranmdnm‘ﬁi Itcaf] ,Gatinetbyit
ro opiI C ortiron aor | al SO, enco S | as

ol rer oL G bRt R Sl RHERaE ne b Rratup. s epatrgline

al so i ns_gmkyh. Pﬁ'@gﬂaﬁﬁ@m&ﬁ@ may ey anpoy RripieRasRloths,! i se rmtptheﬁymmoa

desired phase, cl udi ng stab|I|Z|ng a phase interface and f
2

phasg tphenatfthroline r Pdsed:tetremethairbhdp Ilail’thQJ@ep riowethyl- b%o'@he%aﬁg‘f?i@leyrﬁer
e duSibd. Ci)'be% GiRfRe & tlﬁ&ﬁﬁphﬂ?gﬁém&tﬁ%ﬁﬁeemﬂpi 19RetRRlAr

(hydroﬁﬁ S regard the
pol ymer[0Fely bk @ﬁe samﬁoalnnmntdemamnes oma;%r‘bmmgmp anehesepoasarRaman active

oi Bt 1 cuieesies QBRI @ Shiyeidthe e dpule i s St et BEEF PReABA
for m of2 @-tﬁﬁﬁ{@ﬁaseoﬂhnmmmblpyﬂaﬁwm@my(ﬁmﬂ@rbanbapgmdqune of the

ol ynmer car res.
PoLY [071] In one embodiment derivatives of 2,2";6",2 -terpyridine are used as Raman active

molecules. Derivatives of 2,2":6°,2""-terpyridine can include but are not limited to 4(4-
methylphenyl)-2,2";6,2""-terpyridine, ~4-chloro-2,2';6',2"-terpyridine, 4,4',4"-tri-tert-buthyl-
15  2,.2%6'2"-terpyridine, 4-phenyl-2,2";6',2"-terpyridine, 4-hydroxy-2,2":6",2" "-terpyridine, 4'(4-
nitro-phenyl-2,2 ;6,2 -terpyridine and 2,6-bis(2-pyridyl)-4(1H)-pyridone.
[072] The inventors found that Raman active molecules as described above can bind to the
surface of the metal particle even those molecules which do not provide a thiol group, such as
triphenylphosphine or 1,10-phenanthroline. Raman active molecules comprising a moiety
20  with an affinity for the surface of the metal particle can be used. Such moieties can include
but are not limited to thiols, amines, phosphines, phosphine oxides, and any combination
thereof. The Raman active molecules render the metal particles hydrophobic and form a first
uniform layer around the metal particle. To protect this first layer of Raman active molecules
from dissociation and degradation the metal particle is encapsulated with an amphiphilic
25 polymer.
[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
30 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:



15 Hydrophilic noieties refer to ionic groups or groups that form
hydr ogen bonding with water, such as -OH -NH2, -C=0, -COOH, to nane
only a few Cenerally, a surfactant nol ecul e includes a pol ar
(hydrophilic) headgroup attached to a non-pol ar (hydrophobic) noiety.
Non- pol ar or hydrophobic noieties of the polyner include the

hydr ocar bon backbone as well as aliphatic, alicyclic, aromatic and/or
arylaliphatic noieties that the hydré&arbon backbone 20 carri es.

Thus, theyAnRhhRRild eIy Cosaads Wud iaena | dibleck eopglymees: a triblock
pIurallty of anphi philic polymers wth each anphiphilic pol yner
havi ng a ﬁw@ygﬁﬁoblc end for interacting with the netal particle and

a hydr gph 1&@% ﬁ?&&ng w th an aqueous nedium [75] In the
exanpl e o%igﬁpa Ll%ﬁ??lcsgo yner shown in fornmula (1) each of m o,
p and @ 2#n amsplaphilinelégeatidegcopolymet ected i nteger from 0 to about 400,

including from.1.t.o about 4 ut
0"t 8" about #5gro el Saibifibe BEB ol dhe BRF MM AE e psCR,
to about ZDPnplapdlié pllyiner efeigendtd forata(f): 0 to about 200, about 2 to
about 200, about 0 to about 150, about 2 to about 150, about O to
about 200, ab out 3 to about 100, about 2 to
about 100, ab to about 50, about 2 to 30
out 0 to about 50. As further
odi®nents be selected in the range
fromabout 5 to about 50, such as about 10 to about 45 including
about 10 to about 4R' whereas pRRhmy for instance be selected in the
range from about 3 to about 40, such as about 3 to about 35 or about
4 to ahou iPhilBYo r §MB8 PR Eormafh 3B ected in the range fromO
t o about %ﬁéﬂgﬁch ag %ﬁ%n10 ?g about 25 %? fromO to about 20, and q
may for exanple be setected in tiHe range fro .bout 30, such as

sel ected iln t heyrfngd my-at » , udlng about 6 to
about 700,\ abouf /& 0, about 6 to
about 5 400, abgut 6 to abapt 300 abgut 6 to 200r4about 6 to about
100, about 6 totabout 75, about 6 to about 60, about 6 to @bout 40,
about 6 to about 25, about 6 toeﬁﬂout 5, about 6 to about 10. The
sunhOof (n@wmaﬂmﬁb¥°P§W§E¢€@?§6m% foraadHE from about 9 to about
1200, ingluding about 9to about 1100, about 9 to about 1000, about 9
t o about | 900y about 9 to| about 8Q0, about {9 te about 700, about 9 to
about 600, abkut 9 to abputj 509,/ about 9 §o gboyt 600, about 9 to
about 10| 500, §bout 9 _t-er-atjout—400, about |9 tlo ahkbdbut 300, about 9 to
about 20p, abo 9 o0 abput| 100, \abo 9 to about\50, aboutll15 to
about 40 gbout 20 tgf about 30. T of|{ (m +-6 0+ 1q) is
selected|in the range from |adros 12 t g==put {1600/ i nchudi ng about 12
t o about | 1400, @boat 12 fo [about %b abgut (92 tQ abouf I100, about
12 to about 1000, about "2 jto abéht 00, about 12 Ho0 gbout BOO, about
12 to about 700, about 12 tlo about 600, abgut| 12 to about 400, 15
about 12 to about 250, about 12 to about 150,-about 12 to atrout 100,
about 15 to 'about 150, about 20 to about 150, about 15 to about 100,
or about ¥Mefeln edohof ml 60y adg Bamindeptukintiestisstedantgestiion about § togheut
is an |nde$$ndently sel ected integer fromabout 2 to about 300,
|nclud|ng 'om about 3 to about 300, about 3 to about 250, about 3 to
about 200 R!39g st diytipaiteuhoidEOvig aled® 0tto 2bbt Q@b@monms alb0to bdvd 3
about 100, about 2 to about 100, about 3 to_ 20 out 80, about 2 to
abolt 80, haﬂgmatonaaebcf&%@mﬂpegmup%&t& §6€”61%2b 40 [076]1t is

unde? St0og2 03l ngafo CHiAy Wb {aBob HoCAoB20 BaxbeH 413 and D)o abdut
and (I'1l) may be a |n a y, including random order - rather
than in thetefaatamstﬁelebied(ﬁtom thElgeosip Nyéh e, 8 afidbPigandas (1) and (11)

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 0 to about 40

20 heteroatoms selected from N and O, S, Se and Si,



are present in the polyner, whereas general fornula (lI11) nerely
defines that 21 5 munits of: 15 are present in the polyner. An
anphi philic polynmer may therefore enconpass any sequence of these
units. As an illustrative exanple of a polyner according to general
formula (111) a respective sequence may include the follow ng
arrangenent of units: [ 77] Such an anphi philic polyner may be
prepared by a process as described i A9WD 2009/ 038544 Al . The

anphi phi | {fell OHERE riote bHRY, RE| RYarAR*IRaShdessdatly e h yofol@aertsible group;
cross-links. 25 Accordingly, 1n the anphiphilic polyner the
copol yner Psabl e group (supra) of the first hydrophobic noiety R 2 is

avai |l ahl e_# I | : Iszat i I on. 78
W ih resp R B o B 2 P Al phat | 6° reans.
m e?] s [O’(Hl]gr Wieetesn ?‘Bﬁphlphilmf’ reaiughd heneirprefiere e d pelmadhrblas atdsash two
[ nmay,.be saturate I no-.0 Ve t | TH
ot & odebies S, Bl o? ufPRORECko e ST SOMER] S e ftrophitc
one or pERfien GroMmblety)aime /i othei ol eendippudar {olene (ykirapholiciportidn eroneletRs] .

The branches of . o s . .
also encompasses multiphase polymers albeit an amphiphilic polymer described herein can be

used also in only one phase and may be employed to solubilise matter in a desired phase,
including stabilizing a phase interface and for phase-transfer purposes. The amphiphilic
10  properties of the polymer are due to the presence of both polar (hydrophilic) and non-polar
(hydrophobic) moieties within the same polymer. In this regard the polymer may be of
surfactant nature. Accordingly, the polar properties of a polymer according to the invention

 are based on polar moieties. One such moiety is a -COOH side group, in patticular in the form

of a charged COO~ groups, that the hydrocarbon backbone of the polymer carries.
15  Hydrophilic moieties refer to ionic groups or groups that form hydrogen bonding with water,
such as -OH, -NH,, -C=0, -COOH, to name only a few. Generally, a surfactant molecule
includes a polar (hydrophilic) headgroup attached to a non-polar (hydrophobic) moiety. Non-
polar or hydrophobic moieties of the polymer include the hydrocarbon backbone as well as
aliphatic, alicyclic, aromatic and/or arylaliphatic moieties that the hydrocarbon backbone
20  carries. Thus, the amphiphilic polymer encapsulation layer comprises a plurality of
amphiphilic polymers with each amphiphilic polymer having a hydrophobic end for
interacting with the metal particle and a hydrophilic end for interacting with an aqueous
medium.
[075] Inthe example of an amphiphilic polymer shown in formula () each ofm, o,pand g
25  is an independently selected integer from 0 to about 400, including from 1 to about 400 or
about 2 to about 400, such as about 0 to about 400, about 0 to about 350, about 0 to about
300, about 3 to about 300, about 0 to about 250, about 0 to about 200, about 2 to about 200,
about 0 to about 150, about 2 to about 150, about 0 to about 200, about 1 to about 200, about
3 to about 100, about 2 to about 100, about 0 to about 100, about 3 to about 50, about 2 to
30  about 50, about 1 to about 50 or about 0 to about 50. As further illustrations, m may in some
embodiments be selected in the range from about 5 to about 50, such as about 10 to about 45
including about 10 to about 43, whereas p may for instance be selected in the range from

about 3 to about 40, such as about 3 to about 35 or about 4 to about 30, p may for example be



22 the hydrocarbon chain may include |inear chains as well as
non-aromati c cyclic elenents. The hydrocarbon chain, which may,
unl ess otherw se stated, be of any |length, and contain any nunber of
branches. Typically, the hydrocarbon (main) chain includes 1 to 5, to
10, to 15 or to 20 carbon atons. Exanples of al kenyl radicals are
strai ght-chain or branched hydrocarbon 5 radicals which contain one
or nmore doubl e bonds. Al kenyl radical? generally contain about two to
about tyentes if M SHAND 16 B BE, sach 40¥F@En 0 toibounss anfiem o abaln ab) and
bonds, such as about two to about ten carbon at one doub
bond. A Rgpyipr exgaplehesselnsteddn (e rangerxom O4p sbput ?@OWP% *Pv@g’
car bon ﬁ B t uPQG Pe SR 8f nf Rl RRRBEE id mé raﬁgel R éB@ﬁld§ i about 800,
a

prefer Yy SucC two to ten carbon at ons, one tri

Exanpl| emcimling dbyutyﬂ tor 2t 005 2@t frte abeut aﬁp@mbo@h%tmahwt 6&% ﬁbcmt& to about

hyd ca I i S
S b §3bPhThoEEEFhit 9o G106 B I stk

hept yl to(mabﬁﬂ 60, Blbgiy b to digsy 40, dobet ttoisboutes sabofit § tesbeut Edaloatt 6 to about 10.

P T e R
I;;; Lgﬁr %b%@ PfUOahngngtt@ g@g{éqoﬁo %Sot{t?étgglﬁﬁig?gggaﬁg%% 0o ShoubeO® I’ab&ht DOto
respect ahast 76 ﬂémﬁ ngwtcéoﬁoawb? fo gheut 0% ﬁbouaPutw'&cmt éOlg r?gaw\sgto about
unl £8s § @%H%t% osa)nogﬁt V@Ob%\)oﬁf)@ G LRSREDE, aﬁelglg & MBLE300, Koud 9 to about 100,

hydrocar én noi e sat urat mno- or
pol y- unslahmﬁm alsbut H(B]eabat;tdBnc abr;vd Ho,catabar 26td é:toylt 3@Ihalsew of EIMeiEP + )

fused c ri.n ch n t
with no ireSWﬁf‘? g‘ef%“g(’? nf‘& § lg\i? gbogg é: 2l r(fﬂle ?ﬁ‘é’ﬁi‘@% tg%g&#g%gb célqbad
of the wed WSot 0@ GdEOTR fDhtRuLY 11y abainliess aboitek0Msabost 42 ¢d abde 969,

any length and contain ny nunber o

ol et Seovty e abasy SO0 BV B BaRPHoO Hehy 2 o SO b d2do 8t oo,
6, 15 Or zihui8b Ro GhRk N3G D08 mocuaeutcml ﬂ:ouEX?—EEDJﬂ:%&t 060, sbieh 16ubebme5150
include, but are not linmted to, cyclopentyl cycl ghexy

cycl ohepopt 200f0 @hedtohrds yaboulghs Hot #heuk y89.; corh gl 2 BbﬁL??'Hl Koy Iy gpme
if pres @%ﬁod&%n@ Y CHG & gaaﬂg qGbah ﬂld@%gaéﬂﬂsr%%ﬁt%d Yget SO MOIDL & about

cont ai n het er oat ons, as for Instance S, Se or Si, or a_carbon

at om magohéndheting fen doguit hiesbouet0ds dwubirio 2bpRb230s pbaut &1te alRYE 200, 2hputd
I ncl Ude?%%}{ml[ ?%#‘n X Le 504 9%[1u?§0(y\’%381pt 1 3ot ROURRAL B8 kst 186, dbbut 3 to

hydr oca genera y-cdontal n about thfee to about ei'ght ring .
carbon abans), dbout Etoabphie80f aboat Bito aiont 40 mrgibourﬂiombamtdﬁs Cycl oal kenyl

di cal | bl e _hond 1 | '
o oo P koG ReE PGy oA ol SR R T, 0 nd B ney
such nopghir@spel M hnidBrcludity afidonf)lrddr Hththextharin myﬁdmmms Thus, general

cycl ooct enyl cl odecenyl . 0] Wth respect to the anphiphilic
pol yner ! OW@S&B@HX(&%FF&’(Y Fnb’éﬁ unl ess ot herw se stated, a planar

cyclic hydrocarbon noiety of conjugated doubl e bonds, which may 23
be a single ring or include multiple fused or covalently Iinked

-

rings, for exanple, 2, ed rings. The term | so

i ncl udes al kyl aryl. Ty he hydr ocarbon (mai ncl udes

5, 6, 7 or 8 main chain\atonsjih one cycle. Exanpl es\of su noi eti es

i nclude, but are not limted cyl copent adi enyl , phenyl,

napgghaheaﬁh(ﬁ ant hracenyl -, Ry0] annu} gmw o 5 R,
cyclodecapentaenyl ), IlZ]annuIenyI , [ 8] annul eny] -

phenalene (peri napht heng) i,hydropyrene, chrysepe

(1, 2- benzophenant hr ene | e of an al kyl aryl [ benzyl

The main chain of the c\clic hydrocarbon noiety may, t herw se

stated, be of any length and gontain any nunber of heteroatons, as

p units oft Rs : and qunits of: Ry

are present in the polymer, whereas general formula (III) merely defines that



[81] Wth respect to the anphiphilic polymer, the tem "arylaliphatic"”
means a hydrocarbon noiety, in which one or nore aromatic noieties
are substituted with one or nore aliphatic groups. Thus the term
"arylaliphatic" also includes hydrocarbon noieties, in which two or
nore aryl groups are connected via one or nore aliphatic chain or
chains of any length, 20 for instance a nethylene group. Typically,
the hydrocarbon (main) chain includes?2l5, 6, 7 or 8 main chain atons
in each ring of the aromatic noiety. Exanples of arylaliphatic

noi eties such as al kylaryl noieH es include, hut are not limted, to
1- et hyl - napht hal ene, 1,1'- nethyl enebys-benzene,

9-i sopropyl ant hracene, 1, 2, 3-t ¢, 4-phenyl-2-buten-1lol,

7-chl oro- 3- (1- net hyl et hyl ) - qU|noI|ne ptar- f ur an,

642- (2, 5-di et hyl phenyl ) et hyl ] -4; 25ethy azol i ne or,

7 8fp|buty1 5 6- dlethyl-lsqu|naI¢-; [ 82&=kmch of the terns
allphatlc “alicyclic", "aromptic" \and faryllaliphatic" as used

herelnlmnmﬁeaﬂectlon with the au-h|ph|||8 polymer is meant to include
both substituted and unsubstituted forns of the respective noiety.
Substituents may be any functional group, as for exanple, but not
limted to, am no, am do, azido, carbonyl, carboxyl, cyano, isocyano,
30 dithiane, halogen, hydroxyl, nitro, organonetal, organoboron,
seleno, silyl, silano, sulfonyl, thio, thiocyano, trifluoronethyl

sul fonyl, p-toluenesul fonyl, bronobenzenesul fonyl,

ni trobenzenesul fogyl , and net kane- Sul f onyl . [83]-The al i phat i

noi eties, which the hyvrocarbow backbone carri es, arry funther
24 Yhieties such—hs-3{ de chains. Such further i :
aliphatic, alicyclic, er—aryl aliphatic or g
that typically is]|of Ain |l ength of 1 to 4 about
15 or to about 20| -or®| These further noi 4 ; 99 carry
functional groups (su-g_ " D84] The hydrocar bor K
one or no i phatic groups, such a flr and se¢cond allphatlc
noi eti €3 u%$ éﬁ) n one enbow an? ?%%hatlc-ﬂnletles ar e
present, the flrst allphatlc noi eti es have a main chain of about 3 to
abo 20 car bon udi out

Sbotn 7t repe e PRt ek oG et Gof Ao/t EGhBE0 o) Sfeace
11, 12, ofliBeselvhits1Bs aﬁﬁllus’iﬁtwel&;mrme of a p6lyomr lamorchng)tmgmerzétfmul@ () a
about 15 car.bon atons. ! %‘% §ﬂ t he flrgt %@Bﬂtlc noi eti es have
0 to abGtH® V%%e[q«??%gf%%m Pscpe oy ing a%“%rm%l eroatoms, such as N,
0, S, Seor Si. Anillustrative exanple of a suitable first al i phatic
noi ety i s an M th a hetefoatonl via which it is bonded
to a carbony ph ¢~ of the pol

I nstead of a ~ 3

a thio ester
the2Girst al A
bond which i forﬁe&-by g - reqpecti ve’ an| ne wikh thm—'=leic
anhydri de polyner and is dgfined by ah ynbr &dhed ¥ .

as an n-octyl noiety. [85] The second atiphatic noieties have a main
chain of about 3 to about 80 carbon atons, including of about 3 to
about 6@7¢ar befickak® amphphiliabwiymé hey bb eriparkd byaa proesat asndescrifed 26 WO

b ab h h b
o, A0SRt A3 T Fmeaptbopaaistl HR G, o des oot ies ot
carpon Akmnﬁgrf n"iltiﬂé"am%h%ﬁﬂﬁbﬁél&mgp ﬂiéa&gfél}m%xﬁéﬁe @bgﬁb dfotha bt

10 carbon ato such 14, 15,
16, 17, hkBoptbdic moxetﬁﬁf is geilablg formy cpgslinking g@epcéxrnelz@tlogseacmn 35,

ggcoﬁg Eﬂ%.g})hat%Y ith rﬁ’ﬁl’egﬂ es%h avepgfpplg%aga&? @I%‘Q[ i gygﬁﬁ%r' Z;Eéﬁ? 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
30  contains one or more double and/or triple bonds (alkenyl or alkinyl moieties). The branches of



6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 25,
26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41,

10

15

20

25

30

22
the hydrocarbon chain may include linear chains as well as non-aromatic cyclic elements. The

hydrocarbon chain, which may, unless otherwise stated, be of any length, and contain any
number of branches. Typically, the hydrocarbon (main) chain includes 1 to 5, to 10, to 15orto
20 carbon atoms. Examples of alkenyl radicals are straight-chain or branched hydrocarbon
radicals which contain one or mote double bonds. Alkenyl radicals generally contain about
two to about twenty carbon atoms and one or more, for instance two, double bonds, such as
about two to about ten carbon atoms, and one double bond. Alkynyl radicals normally contain
about two to about twenty cartbon atoms and one or more, for example two, triple bonds,
preferably such as two to ten carbon atoms, and one triple bond. Examples of alkynyl radicals
are straight-chain or branched hydrocarbon radicals which contain one or more triple bonds.
Examples of alkyl groups are methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl,
decyl, the n isomers of these radicals, isopropyl, isobutyl, isopentyl, sec-butyl, fert-butyl,
neopentyl, 3,3 dimethylbutyl. Both the main chain as well as the branches may furthermore
contain heteroatoms as for instance N, O, S, Se or Si or carbon atoms may be replaced by
these heteroatoms.

[079] With respect to the amphiphilic polymer, the term "alicyclic" means, unless
otherwise stated, a non-aromatic cyclic moiety (e.g. hydrocarbon moiety), which may be
saturated or mono- or poly-unsaturated. The cyclic hydrocarbon moiety may also include
fused cyclic ring systems such as decalin and may also be substituted with non-aromatic
cyclic as well as chain elements. The main chain of the cyclic hydrocarbon moiety may,
unless otherwise stated, be of any length and contain any number of non-aromatic cyclic and
chain elements. Typically, the hydrocarbon (main) chain includes 3, 4, 5, 6, 7 or 8 main chain
atoms in one cycle. Examples of such moieties include, but are not limited to, cyclopentyl,
cyclohexyl, cycloheptyl, or cyclooctyl. Both the cyclic hydrocarbon moiety and, if present,
any cyclic and chain substituents may furthermore contain heteroatoms, as for instance N, O,
S, Se or Si, or a carbon atom may be replaced by these heteroatoms. The term “alicyclic” also
includes cycloalkenyl moieties which that are unsaturated cyclic hydrocarbons, which
generally contain about three to about eight ring carbon atoms, for example five or six ring
carbon atoms. -Cycloalkenyl radicals typically have a double bond in the respective ring
system. Cycloalkenyl radicals may in turn be substituted. Examples of such moieties include,
but are not limited to, cyclohexenyl, cyclooctenyl or cyclodecenyl.

[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



42, 43 or 44 heteroatons, such as Nor 0. [86] The anphiphilic

pol ymer may further have one or nore copol ynerisable groups, as 30
expl ai ned above. The copol yneri sable group may al so be call ed
cross-pol ynerisable in order to enphasize that both intra- and

i nt ermol ecul ar copol yneri zati on can occur. The copol yneri sabl e group
Is typically also cross-Ilinkable. The copol ynerizabl e group can be
any group that bears functionality of3nmononer, i.e. any such desired
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0reLanS, Y04 (D TS EAOL! ARk, gl oo
gl yci dyi, 9-aﬂ1|5r&tbpgiéﬁ&;mhr3aer@e(¢,2§ﬁmmphémthnme) am exiglaaf alCa]ky]@f)@ meRigty is

and/or _a term nal -C e

i nt er ndengdupresyein "é@ ‘tf,i%’ )%i%%drgmulf) mgw%‘ H%esg%ﬁ&%é% Slt%l%%@g
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may be bonded to any position of the a hi phi |

10.
o 0 ot heleranrome BT e B D ator Sl bindpe S ecinds S 88
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R b AN S AR gt

i 1| ust rpmolyd-, epua:rmbhsd,, mdphﬂla@nmml- cim®ghexlp lﬁdgl}’lbeb@alzwiﬁﬂ 5?@%?}913’1'
such as - CH=Cl] i

but ar XA %OP%‘H t8 69513(1 af’?ﬁax%b é’ub shmgras %Cﬁ{%ﬁg&gr g?\dr%g&yl
gr oup Satedsmﬁﬁl @%@lﬂd@c{a@&ntaéﬂlyﬁ),t ﬁranecirﬁrl- i avfaethadodeqr?ﬂl,&S 7 8fldrhexacne-4,9-
copolynerlsa e ich the termnal, main al

part ofdi¥lhe ncg% e OPRZAETIN A4REPY REHD Q]lllainﬁ%éyldf
SU'ltdﬂb|&ca@yc%tﬁ&&!d@%ﬁlﬁQQthlHak@lhﬂlabrtﬁaﬁhahmfmﬂwhnowmy be acryl i c and
met hacryl ic am des, acr%/ I c and et hacr lic ters %%%&,, a
acet yl e%@lhm Withe sesppcta ity fhe ampbiphiisi plymer.ofhp gy o’f‘l‘é’ i nBRE
the seq &Joﬁhﬂéllﬁg IPiBich 8fe Bﬁmo&%&ﬁéﬁm&e@é afe faBbtitgted ith eneordflore
oxi de) ‘i'ncluding ch The E’Wl (et hyl ene oxi de) I ncl udi ng chaj L n_may

f or exoaliphatic grotnsd é‘has @mtm dmbafio) @l s Iyfdrogarbon moleties, in

di ani nog| ky| OBhhidd §RhinYbL dhy Eléblgth
sui t able g%ou%géﬁ?%pﬁbﬁgg%%%g% Wb@%&ﬁo}g@?fﬁ%é l'i nkﬁ%ﬁt her et 0 or
exaxtpl efor astaycon metlgﬂeme@tbupg Typipallyf thethydrskpen Appishehgin/meludes 5,10 é or 8
di:am noal kylhaﬁoa 25 h&{' GOy %ng oF thd Sromatic moiety. Examples of arylaliphatic moieties

such as alkylaryl moieties include, but are not limited, to 1-ethyl-naphthalene, 1,1'-

methylenebis-benzene, 9-isopropylanthracene, 1,2,3-trimethyl-benzene, 4-phenyl-2-buten-1-

ol, 7-chloro-3-(1-methylethyl)-quinoline, 3-heptyl-furan, 6-[2-(2,5-diethylphenyl)ethyl]-4-
25  ethyl-quinazoline or, 7,8-dibutyl-5,6-diethyl-isoquinoline.

[082] Each of the terms "aliphatic”, "alicyclic", "aromatic" and "arylaliphatic" as used

herein in connection with the amphiphilic polymer is meant to include both substituted and

unsubstituted forms of the respective moiety, Substituents may be any functional group, as for

example, but not limited to, amino, amido, azido, carbonyl, carboxyl, cyano, isocyano,
30 dithiane, halogen, hydroxyl, nitro, organometal, organoboron, seleno, silyl, silano, sulfonyl,

thio, thiocyano, trifluoromethyl sulfonyl, p—toluenesulfoﬁyl, bromobenzenesulfonyl,

nifrobenzenesulfonyl, and methane-sulfonyl.

[083]  The aliphatic moieties, which the hydrocarbon backbone carries, may carry further



allowed to react with the mal ei c anhydride polymer of forrmula (111).
PEG is comercially 25 avail able over a wi de range of nol ecul ar

wei ghts. The lower limt of nolecular weight of the polynmer nay be
hi gher than 100, depending on the size and nunber of groups present
in each repeating unit. If the polyner is derived froma | ow

nol ecul ar wei ght repeating unit (e.g, having small side chains) such
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pol ypropyl ene glycol, polyacrylic aci ol.ystyrene sulfate
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N ano r enbodi nent an anphi philic copol ymer consi sting. of
hydr ocaattvns or abweit Fetb eboutdflopchon diony susbs3af, b, Ts 8P, 10x hhpdled3.dit: 15,
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or 44 carbon atoms. Further, the second aliphatic moieties have 0 to about 44 heteroatoms,

Ji

25 including O to about 40 heteroatoms, 1 to about 40 heteroatoms, about 2 to about 40
heteroatoms, about 2 to about 30 heteroatoms or about 0 to about 3 heteroatoms such as 1, 2,
3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 25, 26, 27, 28, 29, 30, 31,
32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43 or 44 heteroatoms, such as N or O.

[086] The amphiphilic polymer may further have one or more copolymerisable groups, as

30  explained above. The copolymerisable group may also be called cross-polymerisable in order to
empbhasize that both intra- and intermolecular copolymerization can occur. The copolymerisable
group is typically also cross-linkable. The éopolymeﬂzable group can be any group that bears
functionality of monomer, i.e. any such desired group that can be polymerized. The usability



[ 090] The anphiphilic random copol yner can include, but is not

limted to random copol yner pol y(nethyl acrylate-co-acrylic acid);

random copol yner pol y(nmethyl 25 nethacryl ate-co-n-butyl acrylate);

random copol yner pol y(net hyl nethacryl at e-cohydroxypropyl acryl ate);

random copol ynmer pol y(styrene-co-p-carboxyl chlorci styrene); random

copol ymer pol y(styrene-co-4-hydroxystyrene); random copol ymer

pol y(styrene-co-4- vinyl benzoic aci %, random copol yner
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repeating unit. If the polymer is derived from 2 low molecular weight repeating unit (e.g.
having small side chains) such as a polyol or a polyamine, then the lower limit of the
molecular weight of the polymer can be low. In the case of a polymer in which the repeating

30  units have a high molecular weight (e.g. bearing bulky side chains), then the lower limit may
be higher than 100. In some embodiments, the lower limit of molecular weight of a polymer
may be about 400, about 500, about 600, about 1000, about 1200, about 1500, or higher at
about 2000. For example, the PEG may have a molecular weight of more than about 500,



[ 094] Further exanpl es of anphiphilic triblock copol yners include,
but are not Iimted to pol y(ethylene
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random copolymer poly(styrene-co-4-hydroxystyrene); random copolymer poly(styrene-co-4-
vinyl benzoic acid); random copolymer poly(styrene-co-4-vinyl pyridine), and combinations

thereof,
30 [091] The amphiphilic alternating 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 crmethyl styrene-alt-maleic anhydride) and

alternating copolymer poly(carbo tert.butoxy norbornene-alt-maleic anhydride), and



[098]In the present invention polydi sperse as well as nonodi sperse
anphi philic polynmers can be used. The dispersity is indicated by the
pol ydi spersity index (IVlI,M nolecular weight distribution). In a
nonodi sper se anphi philic polynier the index would be 1 while in a 29
pol ydi sperse systemthe index would be different from1. The snaller
the nunber the nore uniformthe chain I engths. In another enbodi nent,
t he nol ecul ar wei ght distribution (M) of the anphiphilic polyner
can be dgivREdindderbr,l to about 20, or between about 1 to 15, or
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For romaiedvitee Bt A agcioniBay Frlonar mhiialt hysbRebisfe g (@etormined

from BASF's Pluronic grid) and the last digit x 10 gives the percentage polyoxyethylene

content {e.g., F127 = Pluronic with a polyoxypropylene molecular mass of 4,000 g/mol and a

70% polyoxyethylene content). The polyether may for example be a triblock copolymer of

25  oxirane with 2-methyl-oxirane, having the Chemical Abstract No. 691397-13-4. Illusirative

' examples of such a polyether are the commerciallﬁr available triblock copolymers P188 and
P407.

[094]  Further examples of amphiphilic triblock copolymers include, but are not limited to

poly(ethylene oxide)-block-poly(dimethyl)siloxane-block-poly(2-methyl oxazoline) (PEO-b-

30 PDMS-b-PMOXA), polystyrene-block-poly(methyl methacrylate)-block-poly(acrylic acid),

such as (PS;g-b-PMMA,-b-PAA,), poly(5-(N, -dimethylamino) isoprene)-block-

polystyrene-block-poly(methacrylic acid)), poly(acrylic acid)-block-polystyrene-poly(4-vinyl

pyridine), methoxy-poly(ethylene glycol)-block-poly(L-lactide)-block-poly(L-lysine) or



30a noble netal particle. [0103] The netal particle can include noble
netal particles made of silver, gold, palladium platinum ruthenium
rhodium osmum iridiumand alloys of the aforenentioned materi al s.

I n one enbodi nent gold or silver particles are used. 30 [0104]
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an external magnetic field. They exhi2Bit a strong attraction to
magnet ivgixhir&l lsregnd are able to retain their magnetic properties
after the external field has been renpved, Exa nBI es,gcjj rretadilif .
ferr omd§AEt | Eppammiescafediblose PaRpBymEsh incide, btare npt finjtedy tq BoOly@rpie pRd-
of any n bk ac b (t-butyl
MhSb. ﬁﬁ&% ﬂ%&fﬁe@bﬁ%‘f/@), g%%e%{gl%éthac@?te 305&%14%%% pt‘.{lkln(ﬁ(f ty.
and al Imgthacnylateﬁzéodf-@bhsdmomdﬁ)epolﬁﬁn@h}'lamgtha‘{fmlﬂﬁ]lo%@éﬂm @nethac 2ic),

|
ot o o ol iR RsR N RSt arlt Bl SR hdhy(metty!
fields miﬁﬁﬁﬁatéﬂﬂmmdﬁeﬁmIabgﬂwin;ie)momutahemmk-mmﬂgte. wid iand d

R ARTICE ORI AL CHCHICR A
| ncl “dgﬁ &Péodﬁi&ﬁ a&?flaté), ﬁg}x&@dtaafanamt ddaltRs ?]Bfocla-ﬁ&/ryﬁa@mﬁf o ﬁtsmmw Mg

mat er | oys of e af orenmenti oned mat er;ua

[ 0106] aﬁﬂmonhbb:lckp@shumcl asrylaterd @@Mbéadwneéh@ P ditien)-pgpk-
b
naridt o B SuRhaT AP Caditidh BRRCIIRERLE . Gud, Qﬁgb‘?@sén@%eﬁ‘?g‘%iﬁfﬁ%f Sner
SI ngl e pubj(edyrepaildcitaerybamide)p| pmlaqstwgnedﬂoqkeqeaﬂunpaﬁcrﬁ@fpbs polpstyreneatipnke,
th | at |
he el LRI Bl SRSIHLA S, Il el patius e,
al |t hesgyEBtdk-tistkidoeietmethitA#le) brmixnaesided!. ment, the Raman active

conposite material conprise ates of art cl es
gt PN T ST RN Wt
st rgtgy Elph@é a%@%ﬁiﬂﬁc IcRaifrio® H{cﬁo&eﬁ@dm%d aoﬂﬂi’r@lgﬁbﬁ&haﬁfﬁrmﬁmmenc
clusters of | east "two netal particles Wmch are. encaps e
shel | ofmtanwhbq@m fhechugdiey p& monomerc Faity e ibe g’@“’n \L}Bg%ﬁf Cr‘L%ﬂﬁ'g‘é‘F
SERS | '}gﬂlﬁ &Bﬂaﬁé@d whi® § ¥ Gyd8pidud Snd. Oﬂewﬁ’sf dBmERVRted | €. cethihS

I's due e stron asnoni ¢ coupllng bet ween t he nelqhbourln
part i clmelecﬂlbmﬁmt a@fglg@ghﬂde@bdnedﬁﬁl inj aonaspphiphitip diblosk sapelmer eameinhanse

anphi ph %Bﬁ?fyﬁ{ﬁﬁ ga&mg&ve%ﬁgba& ?ﬁ%‘ﬂ or they are encapsulated in

an ani s encapsulation is not uniformbut can
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pr ef er regiwesy ahouh 20 fongpogt 2ehelibe DHF@F?{)P pgheracriq Uit dp tﬁﬁswa%?i’hgplfeo ain

parti cl &%t%eq;et&%la%%ﬁf o Uboft2IH00 i efh&s a@ButrE(ptbQBOﬁlﬁl)@ @Rtween about
preferre or other applications,” such as the labellin of cells

ThuaS i 50 tmabeei566)i orehetweeatabpeiai} toorpeutiy e 98 befeer gbout 100 to about 750, or
between about 100 to about 500, or between about 60 to about 250. In one example a PS-PAA.

diblock polymer is used wherein the number of the hydrophilic monomeric units of PS is 154

while the number of the hydrophobic monmeric units of PAA is 60 (written PS154PAAg or

PS1s4-block-PAAgp). Other examples include, but are not limited to PiS; saPAAg, PS14sPAAgg,
30  PS44PAAg, PS10sPGAps, and PSjnPAA7.

[098] In the present invention polydisperse as well as monodisperse amphiphilic polymers

can be used. The dispersity is indicated by the polydispersity index (M,/My molecular weight

distribution). In a monodisperse amphiphilic polymier the index would be 1 while in a



of the metal particle is in the mcroneter range, i.e. is a

m croparticle. A mcroparticle can have a size at least in one

di nensi on of between about 1 umto about 200 p.m or between about 1

pmto about 150 um or between about 1 p.mto about 100 um or

bet ween about 1 umto about 50 um or between about 1 umto about 20

um or between about 1 umto about 10 5 ILM or between about 1 umto
about 2, 3, 4, 5 or 6 um The |lower &%d of the microparticle size of
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encapsu% 0%9 around its whole circunference in a uniformmanner, i.e.
t he thitkneSs of the anphiphilic polyner shell is the sane around the
whol@e ngrlal] nThepaitidatate bidgivg maiemie canheomprirepaetdraners i Rac itype of
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particl @eg?% ani i%ti e an&mgg‘ﬁﬂefugnar?zatl?rﬁgmg‘rhe n?'fg?fugencaﬂssul Aapme;
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interactions. Techniques for coupling recognition noieties to
r ead® i vengplemsiel partigle. anphi philic polymer are known in the art and

conpris ﬁ)lfogf 8 TR phR1eCAH RN nbbR hbthiSsarticles made of silver, gold, pailadium,

platinum, ruthenium, rhodium, osmium, iridivm and alloys of the aforementioned materials.

In one embodiment gold or silver particles are used.



15 with antibody-Iike functions such as a nutein based on a

pol ypeptide of the lipocalin famly, a glubody, a protein based on
the ankyrin scaffold or the crystalline scaffold, an AdNectin, a
tetranectin, an aviners or a peptoid. [0114] In another aspect, the
present invention refers to a nethod of manufacturing a Raman active
or enhanced Raman scattering conposite material. The method can
conprise in 20 a first step the incul8tion of a netal particle with a

Raman aptjye NRkME fefrofAgnelid paftdRl icen SRb benised. Méaltit Iféﬁonmgheﬁu matena]he
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micron-sized particles, or collection of manoparticles of micron size are preferred for other

applications, such as the labelling of cells. Thus, in one embodiment, at least one dimension



30 [0118] The organic solvent used to dissolve the nmetal particle and
t he Raman active nol ecul e can be a polar solvent or a polar aprotic
solvent that is mscible with water. Exanples for a polar sol vent

i nclude, but are not limted to dinethylformam de (DW), dinethyl

sul f oxi de, di oxane and hexanet hyl phosphorotri am de, tetrahydrofuran
and m xtures 34 thereof [0119] The step of incubating the netal
particle with the Raman active nol ecdlle and the organi c sol vent can

be carrjfegle Qstal 1d RNAShainid:embet wegs iaboud nﬂ@pma@wmma@mole can
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or bet wRAYR szt least frconsdigsasien sghewsa’-n ghout,  irp tasabous 300 s, a5 Fe
80, 90, ab]ogpﬁLmTtB %.?(lnﬁvl’gb #‘ehh &r bEWRST AbtY lep,ﬁnh@ albtﬁl? 960 pihé YeBddehiaBbuttli m

for the coat t he t al particle wth the Ranman active nol ecul e.
Aft er hmaabnutgsmmmx bnebatwmm’oeufol‘ wrret aboys 20t Hred @&, berveasaRbers tl e togeE 4P e

ggg 52[18@%} ﬁreﬁé%wé’ﬁéébou{‘g e #tlofit 23 %OB S '631[]11' Pod Blvker b §0R6 nﬁ%rﬂ!rﬂg

n xt'ur e e‘ft’ down to roomtenp
(i.e. afigubf 29@) cad Alsbbes? phﬁSeumhé pﬁa@numcm Zﬂemnm[rewbel spbet¢ah aastal

V|a|tsfunctL nal am ne, ol., etc to ce o
ral | RS s srrse o el S 1 gl theuh il BB el
to the Ifdlbé]t ROt drBb AR fat &hﬁ@nbh&uémmlofma@rpamﬂelmvmmmmer
with the Raman active nol ecul e, can be dissolved in_a suitable

or gam cragm,wems a ronenartide. o mstak nangppfislecap have Huredt least Brqng dimensignof
thajo | Spdhlvsdy ?Aoﬁ% $i LBl BE ORPERY 6 RENER AEES nhOrolBBuSRIoulh 0 tRwdene

aman active’ and the 15 organic solvent.
Af t er aambmngnum abott S0P nicd, |ocb¢wbglmhout DnmHe abayit 4P on. @ﬁbW@ﬁD@P&q 5nm

par t ¢l & cpohCs A A5 N SnIRISBGH & A0 IR a0l e S BtllowdAi & cnd

can be organi ¢ sol'vént to wa rati o
shoul d s Qi 2608 g t[@cﬂreep]&micaltﬂiﬁalatg@bp@adﬂeme @bedpthe abMeesszeamfeﬂ tow

enoughfor t he cqnce hilic polymer to be belowits
criti cathendiamst ‘?fé’?g’c?r?é’ ‘ﬂg%g g| n one enbodi nent the nethod

conpy i Sﬁﬁlgj{'e &iéraﬂ’fth@d;@atﬂ@ M@érﬁjf theDat! 184st 28e ftyp’e&:tf Rehat dctive molecule as
conprisin h aman reporter nolecul e coated ne t| cle nd Itayer

anphi phiell es s apansulatipe layeiefihe aklops) one DS hate b Bm?%na
reactiog, {{ﬁ«f&g £ Enéthr ‘?)artfcfée lfIb\R@Jersﬁl 1t LRY) pslemendsat Oﬂﬂeté't@a [#6h Clayer

sol vent used but can~generally b€ bet ween about 1:0.1 to about 10:1.
I n one ewbpaiatesnthe IENEI partidledn asamyoganiccmaienchie iHE ‘RisolroRs Happsed

DME to erdegc?'ﬂe g sﬁcg&ri%%@é% cardie WA 5 ﬁgﬂ g{e na‘é 1L orBbaPRMbn 3nd whlbse

about 4. %r or a anot her e t et rahydr of ur an
(THE) | surfise durmSomlitian Hiffes Gloweote, pO”s'thenTHEnqtbewﬂaotelsotroa!!Q)on e pregent case

reactio I Xt ur an be: be hout . .
b At et S BORL P S et s ot Tubr of B Ryl sy
Af t er n}rg@n@g]etm@ota’ﬂ%he@hpdulatemﬁﬂﬂyﬂﬁ endapidatidndago bfithe amphiphitictpobymeet al
particle, the solution is incubated at_a t er at.ur e .of bgtweeﬁoab

0C to ab¥il 2Btmro® seavRermapBmPls of PosdyEutoPisHedl Bhiiie
10C to ghoplude et half-WRER vAReH! brelRGie GvidiD @ Maman active molecule. In more

25 detail, a metal nanoparticle encapsulated in a shell of an amphiphilic polymer in a
homocentric manner refers to a metal nanoparticle which is encapsulated around its whole
circumference in a uniform manner, i.e. the thickness of the amphiphilic polymer shell is the
same around the whole metal nanoparticle. In contrast, the nanoparticles shown in Figure 9
are encapsulated in an eccentric manner which means that a portion of the metal nanoparticle

30  does not bind to an amphiphilic polymer. Such non-symmetrically encapsulated or anisotropic
Raman active composite materials open up opportunities for tailored particle organizations
and finctionatization. The non encapsulaied portion of a particle allows for example binding

of firther recognition moieties as defined herein or of linkers which are suitable to bind the



150C. The purpose of this incubation is to allow sufficient tine for
the polyner to self- assenble on/near the netal particles. Generally
speaki ng, higher tenperature speeds up this process. In one

enbodi ment the solution is heated. Heating of the solution can be
carried out 35 at a tenperature of between about 60C to about 200C,
or between about 80C to about 200C, or between about 60C to about
150C, or between about 80C to about B30C. [0122] The incubation can
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which almost all (about 99%) of the metal particles are encapsulated separately, i.e. single

encapsulation of metal pasticles.

30 [0115] In another embodiment, the step of 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 includes heating the first solution after adding the amphiphilic
polymer. One advantage of this method is that in the cooling phase the critical concentration



solution or a conbination of the aforementioned processes. These
processes of inducing aggregation can also be used for nethods

manuf acturing ani sotropically encapsul ated Ranan active conposite
materials. Adding | arge excess of Raman active nol ecul e neans to add
at least 0.25 fold, 0.5 fold, 1.1 fold, 1.2 fold or 1.5 fold the
anount of Raman active nolecule 5 already conprised in the first
-solution. In another embodi nent the &@%ount of Raman active nol ecul e
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contains only one metal particle.

[0117] Ensemble-averaged SERS signals from the Raman active composite material were
characterized by solution Raman spectroscopy. In the particular case of using

25  2-naphthalenethiol as reporter, the signals are consistent with reported values in the literature
(Alvarez-Puebla, R.A., Dos Santos, D.S., et al., 2004, Analyst, vol.129, pp.1251). No extra
peak was observed that could be assigned to the SERS of a component of the amphiphilic
polymer, suggesting that the surface of the metal particle was covered by the Raman active
molecule.

30 [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



mMto 1 mM or between about 0.01 to about 0.5 mM or between about
0.01 to about 0.3 mM or between about 0.01 to about 0.2 nM The

| ower end of 0.01 can al so be about 0.02 or about 0.03. For exanpl e,
a concentration of the acid of about 0.06 mM|eads to a size of the
aggregates of about 16 rim (see Figure 8A) while a concentration of
about 0.12 mMMleads to a 5 size of the aggregates of about 130 nu)
(see Figure 8B). Encapsul ated net al p%ticl e aggregates can be used
to incrémeseft he SERS signal because the larger the netal particle or
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solution) depends on the organic solvent used but can generally be between about 1:0.1 to

about 10:1. In one embodiment, DMF is used as organic solvent and the ratio of DMF to
water can be, for example, between about 1:1 to about 3:1 or about 4.5:1, or about 8:1. In
25  another embodiment tetrahydrofuran (THF) is used as organic solvent. The THF to water ratio
in the reaction mixture can be between about 1:2 to about 8:1. In onie embodiment, the ratio is
ahout 1:2 or about 3:1, or about 8:1.
[0121] After mixing the amphiphilic polymer into the solution with the metal particle, the
solution is incubated at a temperature of between about 0°C to about 200°C or between about
30  0° to about 150°C or between about 10°C to about 150°C, or between about 15°C to about
150°C. The purpose of this incubation is to allow sufficient time for the polymer to self-
assemble on/near the metal particles. Generally speaking, higher temperature speeds up this

process. In one embodiment the solution is heated. Heating of the solution can be carried out



38 polymer shell around the netal particle; and cooling the

sol ution. [0136] This nethods results in the manufacture of
ani sotropically encapsul ated netal particles. Exanples of such
nonsymretri cal encapsul ated netal particles are illustrated in 5

Figure 9. [0137] The organic solvent used herein is the sane as
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conf i stengﬁeaimﬁ,r\fdm@gt ingedyfor beating AEFARYNE0 t he metal particle and a
Raman aﬁ)tl bxf fﬂ%lfecéﬁlﬂ?odﬁﬂém,rﬁﬁl%schan ohe metal particle is o be encapsulated in a layer of

amphiphilic polymer as shown for example in Figure 8. To" ensure that the above method

leads to the encapsulation of more than one metal particle by one single encapsulation layer of
amphiphilic polymer additional steps can be inserted into the method referred to above. In
25  general, metal particles are stable in solution as long as the Raman active molecule at their
surface is solubilized in solution and/or they carry surface charges and repel each other. The
particles will aggregate when these factors are disrupted by these additional steps.
[0125] Thus, in one embodiment 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
30  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 which can
include, but is not imited to adding water, acidifying the solution, basifying the solution,
adding a salt to the solution, adding large excess of the Raman active molecule, heating the



mxing a netal particle with a solution conprising an organic

sol vent, an anphiphilic polynmer, and a |igand conprising a binding
noi ety for binding to the netal particle; and adding a Raman active
nol ecul e to the solution. [0143] The Raman active nol ecul e used in
this method can be dissolved in an organic 5 solvent that is mscible
with water. Dissolving the Raman active nolecule in an organic

sol vent can help to avoid that the IiSt?ands conprising a binding

noi ety dobuitidai oxda ngribinatitve ofethe lafpenéritiohel pressen Thesagrdesses phendvcingd

form which could induce rtlcea t.hi

LT T or CPHEERO AR ool e R Birg feisp ey REmialed e
of thi Sacib \¢6fbodie HAGEhIS, QAN Hr bss O Riafiian v moxelmaagmm to add at
sol vent_ properties. Al cohols, such_as_ 10 et hanol anol ,

but anol eaﬁ@&%ﬁ?@ Ogy folfh de bmdr -2 #01d op 1 3ok A P’;}m‘émf@ rf“’E‘ée prolegule
[01451] B @eﬁ%\ﬂ?e FRE 8, 15 RIRE LrltR ittt B b8 oARE@En active

m xing t partlc e Wwth a solution conprising an organic

sol vent motmu]a msptﬂnqblﬁdl Inca ﬁwmy:ﬂmgbodamn‘f,dm pgenrd of redtdnesnagtive woleaniads at
ar t1 o SR Ths 300 2RI YR IBR ok Gl R o ot "€ I ey

ol ecul eoragitked hethe figsSslutlén. conpri si ng a bi ndi ng m)l ety for binding to
one e

the netg| ticle start 0145
ot hod (14285 AP SR ot R LR SO EDER B G AR PP as”

ag0{®924&§ified o BsBled RG] ghczadigsired. In thls met hod, the netal
particle is not dissolved in an alcohol but in an_acidic soluti onAnI n

this entdaViefuitablarnaliathapoasrbegised foafhiegbpyrepraess incbide dBrpprasnicgalis
metal  pghd i mc Qse%g%}hg stP f‘&fgﬁf’ ﬂlbﬁéhgﬁwmlﬁm el hlﬁelﬁf?llgﬁﬂgﬁharge fépgﬁm

conpri sing ndi ng noi et nding to the metal partrcl
a Rananbawwn/éle mai'tml mdc]@aqbtq sgesegation. xagples, n#tlaﬂ)rgﬁaﬁ Sﬁltsl Iécluﬂ%shi}t @T@d

in an aci i pg_a |
a Raman%ck P\}egﬂl a%%jléfo‘#%%lé’olg{ ”RHB% tr%r &S hgﬁarr%(?:*é ?é’)’r
bi ntH ngMg(NDEDQ, m(Najg)zpBIaiSan ®5S0i, mmcnmrmoutmm)zsammmoom,

addi ng aﬁpgnglg\t_ﬁgl lic polymer to the solution. [0146] Acidifying of
the sol &G rising the netal particle can be carried out using
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COCH o COH e final_pHin the ac S
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met al par he 1 ncubation step can be carried out
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t he met rel c man active The incubation ste
can al sBxdmpledifdr such solvents include any of the aforementioned organic solvents. Examples o

organic solvents include, but are not limited to dimethylformamide (DMF), dimethyl

sulfoxide, dioxane and hexamethylphosphorotriamide, tefrahydrofuran (THF) and mixtures
25  thereof.

[0130] Any acid can be used for the process of acidifying to induce aggregation. Exemplary

acids which can be used include, but are not limited to HCl, HNOs, HSO4, HCIO,, HBr,

HCOOH or CH;COOH. The pH of the third mixture before mixing it with the second mixture

can be between about 2 to 5 or between about 2 to 4 or between about 2 to 3 or about 2, 3, 4
30 or5.

[0131] To control the size of the aggregates using an acid or a base the amount of acid or

base used can be selected to be in the range of between about 1mM to about 1M or between

about ImM to about 100 mM or between about 10 mM to about 1 M or between about 0.01



carried out at a tenperature of between about 30C to about 100C to

i ncrease the , or between about 40C to about 100C, or between about
40C to about 80C, or between about 40C to about 60C or at a

t enper ature about 30, 40, 50, 60, 70, 80, 90 or 100C. The time for

t he i ncubati on can be between about 30 min to about 4 h, or between
about 1 h to about 4h, or 5 between about 2 h to about 4 It, or

bet ween about 2h to 3 h or for a timé’about 30 min, |h, 2h, 3h or 4h.
[ 0148] niketonkEhiM s bdesenisbed 0Elr & dboaa.5fmiv bebetiveed alshert OH0E totabputdd.3

bi ndi n he hi phi l i ol ymer of t man qct.i conposi te
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carri ecdibait 0,64, Rk eﬁ&ﬁ%ﬁ}i Shc&itratibe of eI absutode/ A 1abetd a dre dflthe
before m xing the a i philic polynmer into the solutions referred to
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The “presence 0 e~ anphi phili ¢ p nternalization into a
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or nolecule tha b i nked to t hi;phil I c t
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The anmphi philic polyner_ used nma sQ. i ncl.ude groups  or i,et.i es that
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matgy i glpoh® a selected intracellular location. In typical enbodinents
where any such nolecule or noiety with a | ocation-directing function

such ad0&R]i nWiem beasivgl thinsoletfonztofindugaaneial pAGIcleoizgregption 1he demRpryrreLan
recept e’bétv%eet%]bﬁj%{]{ 3(5‘% & ohpﬁdaetq?rl%eﬁgéeﬂghgut%%ﬁo %ﬁ&dt"l@O@{Hg%ﬁi&n

material” 1S all owed enter a cel n active conposi
mat er i aboiis5@AC toealstut I3APQ e\t labaEt 300 gH0i AR Gk 10 80.c99,0101086 nHeating of thhe

pol ynmer r _exanpl e .i ncl udes..mul t.i val ent. am r Q )
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endas onslzbeit@a: et baswetubant 1 hto abbub\ 8 or Hr abdml, Lisemor Shc. (2007) 129,
11, 3333-3338), Cytotoxic effects sonetines, observed. wi,th netal .
parti cl[9§33t3an‘lﬁ Sa%iaa@gmkﬁwﬁmﬁéﬁﬁ%@ §]§I S@i‘{tﬁoﬁﬁod?m‘feﬁ‘g with the
wat er - spéHbd 8 adRRbedHdVE wRS BRI Terddek $hat SheldiRafsalatibe 14y8E forinitgd through
cytotwdcity i s dependent on the nol ecul es present on the surface of a

net al paiftassanbly istmes: encapsylating theanctal-nsgicls 2sEeepesel f (Hoshino, A, et
al ., gﬁgt 1%81%&?1{ SPAAR alnhy, 2@ AconpbSR) mattRAGHEH RABhYd San i Bii I ¥

conposi terial can be used in a’variety of biological and nedical
ap0 canyomethod kobemiinghagrtafon exampde| the Ramap ragtee cqrapositp gnaeriad capbe

30 i nmunqfl ce lgr . i L +Ki .

ot ol ogtpisH B SRER R hartoh. SRty abielyr LRGN 158 Eq Anfbeitlhiia) e
anot hersoaradianbatdilifed ipvatent tripdeRdan avtye cafigsite materiRhman kineti¢ally
conposi t terial, as, disclosed herein,, that .is _cqnjugated.t .

ol boul USRIy ThY RESERIS SRRy pmosed bot rgryef wastaps Bt EqgyitSeftion of
conj ugahk REltiRE Feapiings! thy RaBRIRESVd ConiFsRE ndkeriaD flmid |doesiher dp@vighig
binding affinity for a given _analyte, a marker conpound oq[l robe is
f orZPed. durinedhesh parifeasion steph avhiehpigeents 40 X @eHERE! ﬁr{gblﬁ‘é't@r S Ragay gelye
as a Iactg)gd Qe fddsyhi ch em ts radiation, for exanple in the visible

or near i1rfrared range of the el ectromagnetic spectrumthat can be
used fdol3fle B awtlewtdspectotheaprgsont invantdny refers to a method of manufacturing a

Raman active composite material in which the metal particles are anisotropically

encapsulated, wherein the method comprises:
30 » 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



[0151] In principle any anal yte can be detected for which a specific
bi ndi ng partner exists that is able to at |east certain degree
specifically bind to the anal yte. Exanples of suitable anal ytes can

i ncl ude in one enbodi ment, prokaryotic or eukaryotie cells, nmalign
eukaryotic cells, organelles, nucleic acids, proteins, viruses, to
nane only a few. The analyte can be a_10 chem cal conpound such as a
drug (e.g. Aspirine) or Ri bavirin), df a bi ocheni cal nol ecul e such as
a pr ot eipolypherrshelk amaphdthe ametd pritiolegdyndspeci fic for troponin or a cel
surface protein) or. a nucleic acid nolecule. Wen coupled to an
appropfﬂngm%%?éeﬁﬁgmmﬁth binding affinity (which is also referred to
as the [armsgy UELi® icéthdiz RBNENET khef Blandactaaby beisatfopioalle renstpsubtedhmal
Ri bavirin, the resulting probe can be used foy ex le.in a, .

f | uor edaetivlesi BivimBeS 94 yisthRonssmmesich aﬂqaﬂ%ﬂai%{ SL PRTEIes e distyated, in
the5pIQ§%Hegf a patient. Another exanple is a conjugate of the Raman
active conposite material with streptavidin. [0152] The anal yte can
al so b0 orfffieenreiiosolyerdalsed bergintis tle samsl asdiesmyibe aboveo fnqubafiancRf e

a virus rticle,. a chro 0 I : »shhil atod&
anal yt goﬁﬁ%ﬁ’ﬂi if?{ga Branl’%tsﬁ cxffqlg%%gﬁ?vg ?%ﬁ?ﬁ\%%élgtog %J(% ﬁué? Eﬁ%l lg)&%y?* &r%%%r ane‘f1
a conj ub@inetatparicle $d 41 Gurimaheu analtdaie desonijpisabbee. 20 material linked to
such a lipid can be used for detection and.visualizati of.. a whol e
ol | Bl ARL g domessng o Gt e, P Oty o g Pk Mo She
eniflgl | NgaRphieadt Rl @rophsbi! 18iahd, 4t thitSthe hodepiddiy sstsien of it amphiphilic
accordance'wth this disclosure the analyte that i.s to he detected by

use of nelymarequld spipsiank ta esudepiPraiesalzefiintiesaismde thhiadpe gotety
mat eri gl %g%gg%g%@%@%;%gﬁm% Whdigl RO tRAGLEAR burkise R ThE btk YoaRticle.

bi onol ecul ore, In a further enbodinent, the

nol ec ul Bxahptes wif suéhnindibf immieties fptudehlout areaoy dimited ite fhielarrmings, persphiges,
is not Limted to a protein,.a.pepti f ; j tyres.pf
a1 mtogeost aft Y SefondBrAGe 118 pE IR AR Boro AR W ETSL
moliscul & alifhaicpe@ipei n enpl oyed as anal yte binding partner can be, for

exanpl e ti body, an .antibody fragnent,. .a.liqgan avi din R,
strept aw}%rinalgrcoaﬂe%’ﬁ?yw H@%ﬁi%{ epgmglqu%g Gainding, gyolet Ibggmglfoean aliphatic
CoNMpoundsup3 dhstifh ‘Afiphitiel, dlondigiaxdogiration Siefepd toomistaightf dhiant e branched
derivatives, antigens, peptides, rBéot i ns, nucleic acids anduﬁirslz%lggs
and t hechpinkaydrocahan ePpEte 1 gy o oBcgtergs-+ AHERRAtG FOMRS mefude ks,
to, a yRNG ik, BPLRaH Qahodi  hligHati@oResptRkil P aibetifuted 1AipIeE0
bp as well as longer nucleic acids. 42 [0154] In a further

emP8di resenps inclnds, prtersmpdinitedsagnethd, dhddprepylsispppatlel y | abel
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si mul t t'ectionand ttacking of nultipl Ifferent targets of
i nt er esThe lpnd eomppisiag a1 Bindingfravietyt fonhindingdiogbe nivtal pedisle paisalspinsiudec

affinity for their di,stinctive cancer. h
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types of cancer_cells. [015 The | n.active conposite materi.al can
al 95 b GRBT BRI RTINS GERBATING CRHy R R AR ppod or
probes, ég@h%z&gg&gym dots. Wien using the Raman active conposite
material described herein together with quantumdots, it is for

exanpl d0pési Breeratip ahRemenpstivanelachls tquigsnd romprising;a hindigrmpishy o
pol ynmer,s_usi t he hods i { ot . hible to
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[0142] In another aspect, the present invention refers to a method of manufacturing a

30 Raman active composite material in which the metal particles are anisofropically
encapsulated, wherein 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:



particles and encapsul ating themtogether as illustrated for exanple
in Figures 8 and 9D. [0156] By "consisting of' is meant including,
and limted to, whatever follows the phrase "consisting of'. Thus,
the phrase "consisting of' indicates that the listed el enents are
required 15 or mandatory, and that no other elements may be present.
[0157] By "conprising” it is neant i %I uding, but not limted to, .
what ever follows the word "corrprisin(}. Thus, use of the term
"conprisi mykingradinett partivleawith hesolition edmptising nnsorgandc selyenty anl agphiphilic

mandat ory, but that .other el enent,s are optional .an . be
present . Pﬁg'g‘@f’ a?‘ﬁ@ lig Wpﬁglgialq%@i‘glg?gﬁfef%/g g%@?? g%éuﬁgélrpgﬁir@eg%d
sui tably g aRairksdetive idleatdroahsengonof any el ement or el enents,
limtation or limtations, not specifica i.scl osed. herein. us,.
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t he Markush group. AMPLES 0161] Ceneral description of the
man2d ace binding meietyder tiadingimiBia metal padicle gads SAEEn 111YFRAIpTAY omprises:

. 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
25  « adding an amphiphilic polymer to the solution.
[0146] Acidifying of the solution comprising the metal particle can be carded out using
acids already described herein, such as HCL, HNOs, H;S804, HCIO4, HBr, HCOOH or
CHsCOOH. The final pH in the acidified solution can be between about 0 to 5 or between
about 2 to 4.
30 [0147] The incubation step referred to in this method allows aggregation of the mefal
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



[0162] In a first exanple, AuNPs (NP = nanoparticle) or AgNPs were

i ncubated with a hydrophobi c Raman reporter (such as a Raman reporter
shown in Figures 2 or 6) in dinethylformamde (D1VIT) at 60 Cto
render the NP surface hydrophobic. After the solution was cool ed
down, an anphiphilic polynmer, such as PS154- bl ock- PAA60 was added.
Afterwards 15 wat er (final volune ratio DIVEF/ H20 = 4.5) was added.
The anount of anphiphilic polynmer add@d is secondary as |ong as
enough @inéldh@utpﬁl ¥ ge% etaiux@ﬁﬁﬂ%anmnemuf somwecaallsw’camoem tofindrbae rthd alor
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represeﬂlf3 nanopart
particle rather than the metal partlcle 1tself (Hoshmo 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

30  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



15 considering that (a) a single ligand covers uniformy on the
surface of the nmetal NPs; (b) all NPs have a well-defined core/shell
structure with uniform shell (anphiphilic polyner) thickness; and (c)
each polymer mcelle contains only one netal NP. [0166]

Ensenbl e- aver aged SERS signals fromthe Raman active conposite
materials were characterized by sol ution Raman spectroscopy. Figure
4A shows the SERS signals of 20 2-naphit hal enet hi ol on AuNPs (day =
14, 21,4 a%yt. i c¥¥BSosRB SRitMed tb hafokout Gatia
assi gne%lfgfélo t e@gﬂEﬁgggj}%g%hgﬁh@%%&g d(ég@sé ofﬁ% he anphi philic pol rrerg
(e.g. FsnliogRiPEpAm) a giveneyabis, Agarkes compapnd 6F probeis fpmed, Jp sech apgede, the
covere t he. : | AR ; I : C

he sertiH SRuFEPRRoSRaNb AL sorkds dof Hhdl kB MR o SR n R eI
in the hithewitble e ndaeirdfrasel rangenafdhe elegtomagnetivespeeiyme ghap fcame used for the
aggregation ang the 25 .concentrati on of SERS reporters were not

avaid ab¥ecuPR ObHRVEL &RV the ful | coverage of 2- napht hal enet hiol on
NPs is mxpect Bldpﬁr@iéﬂé ¥y iyt Sid BhEdyctad fod Wsh SEJRGifii tlgmdihg parter bxists
t he absence of SERS "hot-spots” |ikely gave rigﬁe t vvegker Si aI.sT31
The hi giebisrabisnioasjderst certaveyiestensResishAY PENE tp-1h 805lytss ARt ok Bhigble
Wi th 2- L"hGRGEE B oRNEnRARRR Nirbkdry R o BRkalgBNE cAIRE nfaBEE eukaryotic
opportunity to estimate the ensenble-averaged enhancenent factors 30
unanbi gestlssorgandleq GHFlelcrcidsdproteins, Wotseartogamiewenle atfhe. SEraalyte can be a

intensities observed in this system .t. signal s. were .nornalized
agalthst chemdcal gempound sigh as 2 fug (g8 f\ﬁl@“@g or %awn\geﬁ aﬂﬁ"@fﬁ%ﬁ?’@ﬁ‘me
based og, @h (RRELdnIE 26 QRGN TsPédi R or BBForAY 6f 26&1 Surfa@Sprotein) or a
Assum ngc%lﬁg?tpia%ftl £\uNP inaﬂrface vveres§é45 (111)§?acet and t ha ?

.,ana | one .
| i gand mwsleic eddmelaraiee When cenpded fotap ppropgiate miskesuls it Binding pifindty (yhich
the total - | | al%r?er@' BN Y
esti mat %&%%gﬂonés t\i/lvlélt ggkﬁa%a%%%rﬁ%?r ee 2-%2%%?%%112&5@}? hi ol ’
i n acet idnecsutting peotieano dewstd foacxamme iver Buersicentdmaginoassky for monjtonpgthe

1.2 5 106, ., 6. 1 2, e 5
35, 1%1 0 s Prrer e elbe AR Bpdler Slpplfh SRR of e Remen
'él_he enh@dﬁ@le:aaﬁposﬁtimg)awmﬂsﬂﬁh@?qmiﬁgn} ficantl yhvvi th i nfr easi ng AuNP

i amet er | e .S i can rger enhance
ori- AgneL015h S e wiahilh sond e p SRR, oD <FRRB LM e MEP S TRALLES
W th 2- paphd hali@d atdhihosand of A whbRIUeR Fdr iegarslk Vifithe ahaigte biBnglparinpr isas

estimated to be around 1 to about 2 x .108 (i gnor.in he di fference.jn

cont ri bhipiddhe Ftiaghastine el PEMPRAROR GRRYUERS CAIPRENS | agliyg CPTPIYG
Ui ngs SLORRARENES ?@sﬁcﬂ%tlipﬁﬁ cRRed for FetdbiiH andll vifdalization 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.

25 [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

30 such as biotin, digoxigenin, serotromine, folate derivatives, antigens, peptides, proteins,
nucleic acids and enzymes and the like. A nucleic acid may be selected from, but not limited
io, 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 aitached to 10 different SERS
5  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
10  encapsulate the quantum dots with amphiphilic polymers using the methods described herein.
It is also possible to form aggregates of quantum dots and Raman ligand 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
15  ormandatory, 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
20 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
25  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 prefemred 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
30 considered to be within the scope of this invention.
[0159] The invention has been described broadly and gemerically 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,0 = 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)¢Mo7024 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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Without being bound by theory, it is assumed that this extraordinary stability could be due to

the long hydrophilic PAA blocks of the polymer that brought in extra negative charges on the
NPs. The simple purification process allows for efficient isolation of large quantities of a
Raman active nanocomposite material. Using this method, gold and silver NPs of various
sizes and morphologies were successfully functionalized by SERS reporters, encapsulated,
and purified (Figure 3b-f).

[0165] In previous reports that prepared silica-coated, analyte-tagged NPs, two competing
ligands have to be used to bind metal NP surface: a SERS-active reporter and a vitreophilic
coupling agent such as APTMS ((Mulvaney, S.P., Musick, M.D., et al,, 2003, supra). In
contrast, only one ligand (any one of Figures 2 -1 to 2 - 4) was used in this preparation to
fully cover the surface of AuNPs. In addition to accommodating more reporter molecules per
NP, this design avoids the problem of the mutually exclusive ligand binding competition that
likely results in uneven loading of reporter molecules on individual NPs. In this system, the
ensemble-averaged SERS signature is a close representation for the individual nanoparticles,
considering that (a) a single ligand covers uniformly on the surface of the metal NPs; (b) all
NPs have a well-defined core/shell structure with uniform shell (amphiphilic polymer)
thickness; and {c) each polymer micelle contains only one metal NP.

[0166] Ensemble-averaged SERS signals from the Raman active composite materials were
characterized by solution Raman spectroscopy. Figure 4A shows the SERS signals of
2-naphthalenethiol on AuNPs (d.y = 14, 21, 38, 51 and 62 nm). No extra peak was observed
that could be assigned to the SERS of polystyrene (PS) of the amphiphilic polymer (e.g. PS-
block-PSPAA), suggesting that most of the NP surface was covered by the Raman reporter. It
is difficult to directly compare the SERS intensities observed in our experimenis with those
reported in the literature, because in most reports the degree of NP aggregation and the
concentration of SERS reporters were not available. In our system, the full coverage of 2-
naphthalenethiol on NPs is expected to give only slightly stronger SERS signals, while the
absence of SERS “hot-spots” likely gave rise to weaker signals. The high percentage of single
encapsulation (> 99%) of AuNP coverd with 2-naphthalenethiol and amphiphilic polymer
gave the rare opportunity to estimate the ensemble-averaged enhancement factors
unambiguously.

[0167] In order to better evaluate the SERS intensities observed in this system, the signals
were normalized against the total surface area of the NPs, which can be estimated based on

the total particle concentrations and average sizes. Assuming that afl AuNP surface were
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(111) facet and that one ligand were coordinated to every three Au atoms on the (111) surface,

the total moles of 2-naphthalenethiol in each sample could be roughly estimated. Comparing
with solution Raman of free 2-naphthalenethiol in acetone, the enhancement factors were
estimated to be 7.2 x 10%, 1.2 x 10%, 1.0 x 10¢, 6.2 x 10% and 2.2 x 107, for AuNPs of 14, 21,
38, 51 and 62 nm diameters, respectively (Table 1). It is clear that the enhancement factor
increases significantly with increasing AuNP diameter (Figure 4B). Significantly larger
enhancement was observed on AgNPs. The ensemble-averaged enhancement factor for AgNP
covered with 2-naphthalenethiol and an amphiphilic polymer (day = 43.4 nm) was estimated to
be around 1 to about 2 x 10® (ignoring the difference in contributions from the silver nanorods

in the sample), nearly 100 times stronger than that of AuNPs of similar size.

Table 1. Estimates for SERS enhancement factors.
Aver | Calcula | Calenla | Weight | Numbe | As- Raman | Equivale | Enhance
age ted ted ofeach | rof synthesiz | active | nt ment
diam | volume | surface | NP ligands | ed NP | compo | concentr Factor®
eter | perNP | area (g/mol | per concen- | site ation of
(om)® | (om’)® | per NP | e) each | tration materia | 2-
(nm®)° NP° (oM)* 1 naphthal
concen | enethiol
~tration | (nM)
(pM)°
13.7 | 13582 | 593.1 15u§ x | 2752 38.75 2758 | 75.90 7.2 %10
10
21.0 | 4856.0 | 1386.8 5.61;1 % |.6435 10.86 6.45 41.51 12x10°
10
AuN | 37.9 |28572. | 4519.8 | 3.37 x| 20974 |1.82 1.28 26.85 1.0 x 10°
Ps 4 10!
51.0 | 69578, | 8180.9 8.11‘.;7‘ x [ 37962 | 0.75 0.73 27.71 6.2 x 10°
5 10
62.1 | 125574 | 12127. “;? X | 56274 | 042 0.35 19.70 2.2 x 10
9 0 10
 Measured from TEM images using ImageJ. ° It is assumed that all NPs in a given sample have
uniform diameter with a regular spherical shape. ° Assuming that all AuNP surface were (111) facet
and that one ligand were coordinated to every three Au atoms on the (111) surface. ¢ NP
concentrations in the as-synthesized solution were calculated based on the moles of starting materials
used and average weight of each NP. ® Raman active composite material concentrations of purified
samples of AuNP covered with 2-naphthalenethiol were calculated based the AuNP plasmon
absorption bands. © Enhancement factors were based on the Raman intensity of free 2-
naphthalenethiol in acetone and SERS intensity of 2-naphthalenethiol on the AuNP surface.

[0168] The stability of the Raman active composite materials was tested by exposing them
to adverse conditions. Salt medium was known to cause aggregation of citrate-stabilized
AuNPs, as the increased ionic strength weakens the charge-repulsion beiween the NPs. In

contrast, the nanoprobes prepared by our method can tolerate up to 0.1 M NaCl without
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aggregation. No change of SERS intensity was observed with and without the salt media. This

allows the use of the nanoprobes in buffer solutions often encountered in biomedical
applications. The polymer shell can also provide protection against chemical oxidation.
Because 2-naphthalenethiol-coated AuNPs are insoluble in water, AuNPs coated with
4-mercaptobenzoic acid was used as a comparison. KHSO; (oxone) is one of the strongest
commercially available oxidants (E° = 1.4 V vs NHE). When it was added to AuNPs
incubated with excess 4-mercaptobenzoic acid ([oxone] = 20 mM), the red colour of the
solution quickly faded, and precipitates formed at the bottom of the vial. Presumably, the thiol
groups of 4-mercaptobenzoic acid were forced to dissociate from AuNPs as they were
oxidized. However, under the same treatment, 2-naphthalenethiol-coated AuNP encapsulated
with an amphiphilic polymer were stable for weeks without significant loss of the red colour
or of the SERS signal intensity. These results demonstrated that the polymer shell is nearly
impermeable to the iomic oxidant, protecting the Raman active composite material during
various applications. '

[0169] The polymer encapsulation process was demonstrated in further experiments for the
Raman active molecules shown in Figure 2 — 2 and 2 - 3. The resulting Raman active
composite materials have similar core/shell structures as 2-naphthalensthiol-covered AuNPs
encapsulated with an amphiphilic polymer (Figure 5B) but present different spectroscopic
signatures (Figure 5A-b). The signal intensity of 4-ethylbenzenethiol coated AgNP
encapsulated with an amphiphilic polymer is comparable with that of 2-naphthalenethiol-
covered AgNPs encapsulated with an amphiphilic polyrﬁer but the signal of
triphenylphosphine-covered AgNPs encapsulated with an amphiphilic polymer was slightly
weaker, giving peaks at 469, 528, 791, 1009, 1384 and 1578 cm™.

[0170] Experimental

[0171] Materials: All chemical reagenis were used without further purification. Hydrogen
tetrachloroaurate(IIl) hydrate (HAuCly-Hz0), 99.9% (metals basis Au 49%) was purchased
from Alfa Aecsar; amphiphilic diblock copolymer polystyrene-block-poly(acrylic acid)
(PS15¢PAAg, M, = 16000 for the polystyrene block and M, = 4300 for the poly(acrylic acid)
block, My/My=1.15 and PSy4-block-PAAgg, M, = 15000 for the PS block and M, = 1600 for the
PAA block, M,/M, = 1.11) was obtained from Polymer Source, Inc.; DMF, 99.8% was
purchased from Tedia Company, Inc. Deionizied water (resistance > 18 MQ Cm'l) was used
in all of our reactions, All other chemicals were purchased from Aldrich. Copper specimen

grids (200 mesh) with formvar/carbon support film (referred to as TEM grids in the text) were
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(Nifgo%ialtcﬁ{, Ef, él—rs%?zet%-M.A., 2003, Chem. Mat., vol.15, pp.1957) and Ag nanocubes
(AgNC) were prepared as described in (Siekkinen, A.R., McLellan, J.M., 2006, Chem. Phys.
Lett., vol.432, pp.491).

[0172] General Methods and Characterization: Raman spectra were collected irom
suspended NP samples in a cuvette (pathlength = 1.00 cm) on an R-3000HR spectrometer
(Raman Systems, Inc, R-3000 series) using Red LED laser (A = 785 nm). UV-vis spectra were
collected on a Cary 100 UV-Vis spectrophotometer. TEM images were collected from a FEI
EM 2088 Transmission Electron Microscopy (Philips) operated at 100 kV.

[0173] Preparation of TEM Samples: (NH4)sMo07024 was used as a negative stain (3.4 mM)
in all TEM images, so that empty micelles and polymer shells appeared white against a dark
background. TEM grids were treated by oxygen plasma in a Harrick® plasma
cleaner/sterilizer for 1 min to improve the surface hydrophilicity. A sample solution was
carefully mixed with stain solution on the surface of a plastic petridish, forming a small bead;
a TEM grid was then floated on the top of the bead with the hydrophilic face contacting the
solution. The TEM grid was then carefully picked up by a pair of tweezers, wicked with filter
paper to reﬁove excess solution and finally dried in air for 5 min.

[0174] Encapsulation of nanoparticles with ligands and PS;s¢-5-PAAg: In a typical
reaction, 4 X 1.5 mL of AuNPs solution (day = 14 nm, 4.75 nM) was concentrated to ~ 20 uL
by centrifugation at 16000 g for 15 min. To the deep red suspension collected at the bottom of
Eppendorf tubes, 715 pL. DMF was added, followed by 5 gL of a Raman active molecule,
such as 2-naphthalensthiol in DMF (10 mg/mL). The mixture was incubated at 60 °C for 1 hr
before 80 uL PSiss-b-PAAg solution (8 mg/mL in DMF) and 160 uL H,O was added in
sequence. The total volume of the final mixture solution was 980 4L, where the DMF/H,O
volume ratio was 4.5; [AuNPs] = 29.08 nM; [PS15:PAAg] = 32 yM and [2-naphthalenethiol]
=3.82 M. The mixture was heated to 110 °C for 2 hrs and then allowed to slowly cool down
in the oil bath until room temperature was reached. The final solution was deep red and it
remained stable at room temperature for months.

[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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concentrations of the isolated Raman active composite material was calculated by comparing
the plasmon absorption peak intensity of the sample versus that of the as-synthesized samples.
25  For convenience, we assume that all AuNP/AgNP surface were (111) facet and that one
ligand were coordinated to every three Auw/Ag atoms on the (111) surface. Based on the NP
concentration and total surface area, total mole of 2-naphthalenethiol can be calculated. The
ratio of the observed SERS intensity to the Raman intensity of equivalent concentration of
free 2-naphthalenethiol in acetone gave the respective enhancement factors.
30 [0179] Encapsulation of Au NPs coated with Raman active moleculn_es shown in Figure
6 with PSy54-b-PAAg
[0180] In a typical reaction, 6 mL of AuNP solution (d.= 60 nm) was concentrated to 13
uL by centrifugation at 6000 g for 10 min. Then HyO (187 pL) was added to the deep red
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MO cm 1) was used in all of our reactions. Al other chem cals were
purchased from Al drich. Copper specifn grids (200 mesh) with

for nvardeanaian SHERA bt the bBkdr 8F @ﬁ:&%{@m@@s TorWw@a it Saditioh e 406 bf a

were 47 purchased from El ectron croscopy Sci ences; AuNPs were
pr epar eRamen @efiver notegulenas( shoshsin Eigure 971, (2 engHypd). The mixture was

vl 23Ty 0) g0 55 WY 1, ARP R0, FE 028,200 N 00 v

rl\l/tanHJbHse %ﬁﬁﬂﬂ@ha@%ﬁ&%@qn a‘r%ﬁbr ash adsben abmbe:i o ﬁ&w@l adol dem mAhRgll bath
el l an em tt VO

Conet ol Sl ThaRhe FeotHRCRET S TR! Soiiih veb Seits wlif debairO Ry o

from S%Q&Q%?e%réﬁmoﬁ&sl n a cuvette (pathlength = 1.00 cn) on an

R- 3000HR spectroneter (Ranan Systens, Inc, R-3000 series) using Red

LED | asi@d81]A, The at@se nemopartiches wieze miidicd by opririfizetion S8R &, )@afeywl’eo

UV- Vi
2085 TrONGmeBEPOR G Bha it SEREC R FiiZ fu R REed i Rl f

[0173] Rokpale as stomwndh Fidué GSaﬁd)émapsu(awﬂlﬂ)lﬂMLc? O0PBS ivals-Pddas wars callected at
negat i stain (. TEM i es, So .that e m cel l.es, and
poI&Prrerﬂ‘?‘ghlém(@1 é’gp@%\;ﬂ\%" V\ﬂ?et i\h)ég‘gts‘??sgﬂ‘g ‘Sa‘?’ blégﬁl ﬁ%td(y ﬁ‘@ﬁlpﬁ?ﬁ@s%y
vere treabadod %%M@fﬁﬁg a:lr%rmnl Thid pligfiédiek bFdces! ﬁ%r@fﬁcaﬂy repeated twice to
cleaner/sterilizer for 1l min to inprove thé surface %grop |I|C|ty A

sanpl e Cdmlutaamnlewi@elfg IOMF eng| qr@ptmmdlem And shaapwified) NS Bgreodispared in
surface I ti form ng a snall bead; a TEM grid was
12bal BIO oG ain o0, K

t hen float ead with the hydrophlllcface
cont actfjong2]t hRamad sfietonwertlvallddtdd fyorh dheampldwintivaint vitejte fpaklenttu .00y

fot ked th filt t
2ol TR | ot o Auop e fomesen R aay, Ssstifn e, BtRT Seest 668 1ed ety
nanopar@mﬁmwg@m g@em_agsjnﬁjsa@@{)anAAGO I n a typical 20
reaction, X_14 nalL of AuNPs sol ution e\“g‘}l? 4.75 n was

concent ﬁ%?@d Egcapsplatipn g 4-e@ryibezengghio}- 3!1"’99“316’66 JWEXEEPIE] . To
the deelgwgd e gygib%i Rhcid bect. §(iln]§1'of hﬂm&%ﬁ% af,, ENRgEia; £.04 wivp Swas

715 AL ded, foliowed by 5 a Raman active nol ecul e,

such aswzwmmdﬁglﬂﬁestlhbmenmmn(amﬁ@ﬂj)/gr{qr 15Tpig. R e desp wedsuspension
at A6D Go RV &H PR U8 of
&%B%Si ggtr%lg gfg% i%%ﬁéggﬁlgg (@LF E%s\gﬁuaencé OT(ﬂb olpal W o
voI ume @Eﬂnyl’nen:fandhiol rm YDOMF €8 sug/oil)) oThevasxtO80wAd addsfidp @ Ylhb“W/ qep@ins
vol unme Rs] P
[ 2- naph{(ﬁlﬁfr’ﬁ?b H%EK&ID@%&%&%’C (Lélsv\slélg A@?%% El'() ﬁﬁfg&ﬂé‘% or”2
hrs andgg hEnHsb I(wg@id+ t\q{z§ I=ové yiLj et zmvxﬂ, iIDMF heasoaddethassil thet mixtmre@ms
tenperature was reached. The f ol uti was deep red and
Al noaCdth iR s Gt PE AT Ul & £OF AR eEHoms o 13 SR AuNps were
25 formed at this stage. Different aggregation size can be simply tuned by changing the
concentration of HC1 (0.06mM for Figure 8A and 0.12 mM for Figure 8B). To encapsulate
the aggregated AuNPs, 80 L PS;s:PAAsp solution (8 mg/mL in DMF) and 110 pL H;O was
added in sequence. The total volume of the final mixture solution was 1100 gL, where the
DMF/H,0 volume ratio was 4.5; [PSis4PAAg] = 28.5 M , [4-ethylbenzenethiol] = 6.31 uM.

30  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 anisotropic encapsulation of metal NPs
[0186] In general, encapsulation of metal NPs, such as AuNPs can be carried out as follows.



30 [0175] Sane encapsul ati on procedures were used to prepare

4- et hyl benzenet hi ol -coat ed AuNPs encapsul ated in an anphiphilic

pol ymer and tri phenyl phosphi ne-coated AuNPs encapsul ated in an

anphi philic polyner, except that 4-ethyl benzenethiol or

tri phenyl phosphiiie of simlar concentrations was used instead of

2- napht hal enet hi ol . AgNPs 48 prepared by citrate reduction nethod
(Frens, G, 1973, supra) were al so erffapsul ated using this nethod.
[0176] THheseek Qum@e OA@dP s(v?éié‘?ﬁe‘pax\&ﬁ rﬁlﬁﬁg%&&&uﬂ?rf)&%dhﬁéﬂw&omum citrate
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si|ver grﬁ,g? &1k N%E)csffﬁh n‘[? ﬁﬁ’ﬁgﬁh@% Jb% pglsﬁ&gq 6900@%10115 Al

purifie etone washi n
supra) . T]Saalmp eettmimwlrmallm’ledm&mm éﬁutdbhxcwabefiﬁib@) enduhen taﬁ@qi tg §é%| #lo

late the A 7 f
Cor of Snéf 1 pusRR SHUERy Bp R T sy Shich s irePtd By Abe G apghiptiti
CONPOS| pélyMBr, Gt las WaSs, AP A, (30 QENtS nfgagatmqnm i diyant cObpising a
enpty mcelles and excess ligand. In a typj.cal f ﬁced 11[0& IL %9
2- napht hlaﬁ@aéw%|f0fdaa¢wt%@ﬂw§t%ﬂea?ﬁmﬁi‘? nSUgh 35 FE?G&HP e
I 1460
o A B e O D e e roar 20

in an Eppendo m xture was c

mn so #shamaphshalenthial I(BNRE, Gemg/nlolin SHOEY was thae fvelly eddek to fie feagiion
The &uDl%HHHfiant Wa nﬁq]v%ﬁﬁ{dci uga#ﬁn& ngixﬁﬂ'e %gre‘”@%wggo QV;SZI% 4.5. The

resuspen i's cen I on-resuspensi on’
r epeat ethirttuvieoeast iezatehitaail hO §€rfpt ers‘ med theh dDM?e&m cmhﬂoyvnrgrathiallﬁyll room

[0178] Estlmatl f SERS Enhance t Fac Z of
AUNPs. ( Fapemiirs Shmles ooty e 308 g LR o R AT PR e e
det emai ag7f r PRAPEEMidRY ittt dSc |elBalSulatéB AINPehais Hathl an lamphiphilic
concentrations of the as-synthesized AuNPs were cal cul ated 20 based
on the BPI¥M8E%j ons of the NPs and the density of gold (19.3 g.cm3).
Hergsity d&'@§][ a%%m‘@@zd;nﬁts Al s¥R8od Wafcedints ged&ambﬁm&ad&elsqm HM 116000 £

dianeter wth a regul ar’ spherical shape, hou in sone _cases the

wer e noford miigt Tle deepeed safution %E@éﬂﬁs‘ﬁ#ﬁh@%ﬁl‘-ﬁwoﬁ@rﬁ 8 aag Hoh (17 3k, To°
concent fﬁ@ ﬁgss adifed 40 Ghd ﬁﬁ’} taltee%g‘)ﬁﬁﬁtﬂr bd Mn GRARCR 6B FBleTME s%ﬁon

cal cul a npari ng pl'asnmon absorption peak intensity of th e

sanpl e vtbamettnolt (ﬁat,uI.oﬂ 3 9 hld\/Ias QMEI M-@qﬁh’t@bﬁlﬁﬁh@s@o 25, Forg/mbiniaMEanthe,

we assune .that al P,
I ang sttt as e bt BHo22 b ftolllerdatdn r Yifthor 3ol hor H6tter
sur p@ace? Bameshnoblyt heatifz ob tee Al atrfacn vatid%mp]ﬁhalmatﬁalce:damesathe tsotfade

Obs or o BREVRAE S Roo D! e (e amer ot GhJ i These two

concent kRtdrPRdIAb 1{deaeag?grégaﬁm balAeN@shAabr indutieieh OPS sGolve-PAkq (80 nL 8
respective enhancenent tactors. 30 [0179

!1 Encapsul ati on o{, Agn
coat ed weAl ReRYH) 26t He () E&W@sth%@mﬁ thiheirgaghen gixsen The final mixture
PS154- b ur n%fe& Q180D e 3 WS @ﬁcagﬁﬁé’t& iy ag&eégfeso%db‘ﬂmf)weﬁo{dl&é& Nown

(day= 6 was concentrated
25 gradually till room temperature. Figure 10C shows a TEM image of the obtained

anisotropically encapsulated and Raman labe] coated nanoparticles.



ptl, by centrifugation at 6000 g for 10 min. Then H20 (187 p.L) was
added to the deep red 49 suspension collected at the bottom of
Eppendorf tubes, followed by addition of 40 AL of a Ranan active

nol ecul e as shown in Figure 6 in DM %5 ng /). The m xture was

i mredi ately added into 800 pi, DWF cortaining 80 AL PS154-b- PAAGO (8
mg/mL in DMF). The m xture was heated to 110C for 2 h and then
allowed to slowly cool down in the oil bath 5 until it reached room
tenperature. The final solution was deep red and renai ned stable at
roomtenperature for nonths. [0181]cfhgnpgPove nanoparticles were
purified by centrifugation (6000 g, 10 mn) to renove /fF, enpty

m cell es, and excess |igand. The resulting AuNPs coated with a Raman
active nolecul e as. shown i.n Figure 6 and encapsul ated in a |ayer of
pS154- - PAABEMIEHDVE SYFERT BT GFREBE: tom of the tube. The NPs
were dil utedawiddle hefdPpAMticld?0, and purified by centrithgation at 6000
g for 10 mn. This purification process was typically repeated tw ce
t o obtai n sagphEfdriy ceatiok BVE ahd Bapay agiiveniodeculeAhgudnéo g pinglegmetal
NPs were dis er%fgahg 1500 M. 1120 for Raman neasurenent. [ 0182]

Raman spectr aﬁe @"collected fromthe sanple solution in a Guyette

(pat hl ength hn@Acabsulefg RRerdT ar--300QRicpEgheohRndro (HEamile Syl parsicle.
Inc, R-3000 series) using ared light-emtting diode (LED) | aser
(k1885 nn) at 290 mw [0183] Encapsul ation of

4- et hylbe [l 5% ' ], | O . £yl
react dn. T8 e aivBEoRRRE M UEAUAL B AR I} Wkboin Ind siphR, £l
concent r apatcleois- selecld frpnc éret probp gamsistingtof 16 6@l kic fferorhégnetin. paficcle, a
the deep red, suspension 20 collected at the hattom of Eppendorf tube,
300 AL DMVECHYL Regemeenchs PP%\R@&Dgﬁ ﬂfgleA’EetappaA@aF-hyl benzenet hiol in DVF
(8 mg/ m.). The m xture was added to a vial which contains 10 AL NaCH

(2.5 mMV) and 250 AL DMF. After that, a solution contains 10 AL HCl1 (5
M5 6G. AChd Ramah\adtive +covipogite margial jacyordimg R5¢laim Byvhgaein dHel agbleamgtal

the m xture,.was. i ncubated ain at 60C for 2.h. HC1] .=.0.0

agor egat | BuEris et i AUAREE el sitties Rl it whbb Qg B sfldrospre
aggr egat i pillafdivée GAMireh, SirdlkMuiny Nebdym ChaRginAg {riituronRaentléys ot Qhe
HC1L (0.06nM for Figure 8A and 0.12 inMfor Figure 8B). To encapsul ate
t he aggr egfaraeoNgnmbmagoalsg) PS154PAA60 sol ution (8 ng/ml in DVF) and
110 AL H20 was added in sequence. The total volune of the final

m xture solution was 1100 AL, where the DMF/ H20 volune ratio was 4.5;
[ P2054RAAERE RanZdh actiNd cbhépesity hbeaizg neicbiding te @aidil 2AMvh&@6inThHe metallic

m xture s heated to 110 C for 2 h and then allqwed to sl ow y cool
down in t iFEOBI4EDE RattiRlei I TPanPt anpEPERRgHeEC Water e, i [Sé@?%é]i%m the

Prepar at i f cARIsBAS ' KPFE, MAGRPSY alh9P, RinALtal, NS COLRRI alidys of th
general , gﬁggpgﬁﬁét?%n OF hetaIpNPé, such as AuNPs 8§n be ca?r?@dooute
as f ol | onsforementioned materials.

25 5. The Raman active composite material according to claim 2, wherein the metallic
paramagnetic particle is made of a metallic paramagnetic material which is selected from

the group consisting of Mg, Mo, Li, Ta and alloys of the aforementioned materials.

6. The Raman active composite material according to any of the preceding claims, wherein
30 the amphiphilic polymer is selected from the group consisting of
an amphiphilic multiblock copolymer,
= an amphiphilic random copolymer,

= an amphiphilic alternating copolymer,



50 In case of AuNPs, AuNP 's were prepared followng literature
procedures by sodiumcitrate reduction of HAuChi as already descri bed
above (Frens, G, 1973, supra). AuNPs (25.7 1.9 tin, 3 nL) solution
was centrifuged to a volunme of about AL using 16000 g for 15 mn.
The deep red solution collected was tHén diluted by water (167 AL)
and t hen added aimph8ih8liAtopl vherasonoist@ano Chwivbosetins atd alialeis abbvfdride groups;
sol ution which was prepared by m xi ng an anphi philic polynmer, such as
PS154- bl ock- PEAGO (80 AL, 8 mg/nmL in DWF), a ligand conprising a

bi ndi ng noj e - Jat1ndl Aanegarticle ligand, such as
ethanethiol.%%fgﬁﬁﬁgﬂﬁﬁiyﬁﬁﬁ?¢¢%¥%ggg%%ndlaﬁﬁorganic sol vent, such
as DMF (718 AL). A Raman active nol ecul e, such as 2-naphthal ent hi ol
(80 AL, 2 nmg/mL in EtOH) was then finally added to the reaction 10

m xture giving a total volumesof 1 08ynL i/fn final \ym xture, where

' Cfor 2
oom t enper at ure.

hrs, and then allowed t
Simlar procedures were used Pnati ons (see
Figure 10). [0187] Preparation of gnisotropic ehcapsul ated AuNPchai ns
with an anphiphilic polynmer 15 [01&] AuNPs (2®R%m 3 nlL) sol ution
ma55centrifuged to a volume of 15 AL using 16000 g for 15s>nmin. The
deep red solution collected was then diluted to 72.5 AL and HC (17.5
AL, 10 mM was added to the m xture. The m xture was then added to
680 AL of Dl WkBmphlphilicopulyreéhetiké penetal f@ehud (11)13. 9 nM in DWF) and
2-naphthal enthiol (20 AL, 3 ng/m in DMF). The m xture was i ncubated
at 60C for 2 \

anot her 20 2_p-

HCl increases\the idnip } 8
led to |linear aggredation of AuNPs. After in¢ubation,
PS154- bl ock- PAA6O (&3 AL, 8 ng/j! in DVF) arg2 H20 (110 AL)R%as then
added to the reaction m xture. The final m xture was heated at 110:C
for 2 h to encapsul ate the a at es .and al d to cool down 25
gradual |y TiFPa&@ﬁﬁ%ﬂ&ﬂ%&?ﬁ?ﬂﬁ%ﬁggFﬁﬁp%HTW%lgﬁgas a TEM i mage of the
obtjgi ned ani sotropically encapsul ated and Raman | abel coated
nanoparticles. 51 CLAIM A Raman active conposite materi al
conpri si ng: ingle nmetal |particle; a unif@rmcoating |ayer of a
Raman acti vq } |l particle; and an
encapsul at
metal parti
to claim1,
group consi $
par amagneti ¢

ial accordi

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

15 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 S,
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



15 3. The Raman active conposite material according to claim?2
wherein the noble netal particle is nmade of a noble netal selected
fromthe group consisting of silver, gold, palladium platinum

rut henium rhodium osmium iridiumand alloys of the aforenentioned
materials. 20 4. The Raman active conﬁésite material according to

claim 2, whenetihih bé abait 3l thiabohitedr @nRgN@bding apdDttd abeuti4 sedeatoms aelected
ferromagnetic material which is selected fromthe group consisting of
Fe, MBI, ®omNnSpS, }madSigy, Dy, Co and al l oys of the aforenentioned

materi al s. . hineg;2 €l | 1A | o]
Clai m 2, wiieiin KR CROR Rk TpORRa G TEbRI A AR 202
netal | i ¢ par anmagnetdfchemafosmenkiomdtd ahphighiEebelytreds. f rom t he group
consisting of Mgy, Mo, Li, Ta and alloys of the aforenentioned

mat éri al s. 6. The Raman active conposite material according to

any of 7 heppreced Bdive! &diBositdBieifn AREnAPNIAR b GHRRYY TBE midtiblock
sel ected fromthe group consisting of an anphiphilic rmultiblock

copol ymer gopodymerripbéledied fromraadiblonk coppdympencor,a tribleck ppipilphet. i ¢
alternating copolyner, 52 an anphiphilic copolyner consisting of

hydr ocar bons and mal ei ¢ anhydri de groups; and an anphi philic pol yner

of the ggemRE AarhsH Wlide (dohipodite material according to claim 7, wherein the diblock
10 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-
15 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(l,4 addition)-block-sodium acrylate), poly(butadiene(l,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-
20 cesium acrylate), poly(styrene-block-sodium acrylate), poly(styrene-block-ethylene
oxide),  poly(styrene-block-methacrylic  acid), and  poly(styrene-block-sodium
methacrylate).

9. The Raman active composite material according to claim 7, wherein the diblock

25 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.

30 10. 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.



an anphi philic polymer of the general formula (I1): an anphi philic
pol yner of the general formula (I1l): 10 wherein each of m o, p and
g is an independently selected integer fromabout 3 to about 400,

15RI is a first hydrophilic noiety mnth a main chain of about 0 to
about 20 carbon atonms and O to about 3%heteroatons selected fromthe
group Ni.0he Rand@ @fide Jompseité snaderfal rastortditgr ppbiatn c7, nolheetiy t\hetdmpihlphlhc
mai n chai n_of about O to about 20 carbon atons. and 0 to about

het er oat offPlack| @pplEnar ipselRgted from thseergpp) capsisting PIR! ﬂﬁ@ymeé\xéie) -block-

i ndepe ndeﬁélkﬁinﬁ@hgﬂ e%lofx&?enbl%c —églé@ HJBeg{)H’C Q xagéflﬂ{e p h@ﬁtfblg&% gb\l%g"'bidﬁk—

a 53 mi aln out 3 to arbon at ns and
40 heter oMﬁA}ael ected f rom bbly@netﬁyl)ﬁmzamb -Biock- pmly@meﬂlyﬂlsuomc: -bRk-

FheS af or cHEHUSRBPGAMIFD AV BT YR E0 D Gnotny e Rigra kb Reb o aeryti
copol yrer 12" 5%‘?2&“3%‘*1?%“%%”%"%’%%%‘&m@?ké’”@ﬁ?ﬁ‘“’é‘ﬁ’?ﬁ‘.‘“"? ) dlock:
copol yner polystyrene-block-poly(methacrylic acid)), poly(acrylic acid)-block- polystyrene poly(4-
vinyl pyridine), and methoxy-poly(ethylene glycol)-block-poly(L-lactide)-block-poly(L-
lysine).
10
12. The Raman active composite material according to any of the preceding claims, wherein

the Raman active molecule is selected from the group consisting of:

N N , HX-R14 and P(Rj5)s,

15
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 R;s are selected from optionally substituted alkyl, alkoxy, optionally substituted aryl and
optionally substituted aryloxy; x is S or O.

20
13. The surface enhance Raman scattering composite material according to claim 12, wherein

the Raman molecule is selected from the group consisting of

N
Lo W Y




8. The Raman active conposite material according to claim7, wherein
t he di bl ock 10copol yner is selected fromthe group consisting of
pol y(acrylic acid-bl ock-net hyl
nmet hacryl ate), poly(nethylnethacrylatesglock sodi unacryl ate), pol y(t-bu
tyl
nethacrylate-block-ethyleneoxide) pon(nethyI et hacryl at e- b’

xoyl at e), pol yodsret hyl petRacryl at e- bl‘fv

pyri di niu
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pol y( but adi efle( 1, 3~addi t t on) - Bl ock5odi um actyl at &Y,
poly(butaduene(l 4 addi tion)-blockacrylicaaci d)

et hacryl i caci d), andpol y(styrene- bl ock-sodi
) Ranman active conposite material according to
e dyblrock 25 copolyner and the trlblock copol ymer

chai n of

sel ected
oxi de) - bl
(PEC bl ock- P
si | oxane- bf otk- 5Npoly(nethyl
pol yst yr ene- bl ock- pol y( et hyl
an anphi philic pol oaxaner, poly(5-(N, N-di net hyl am no)
i sopreneybl ockpol ystyrene- bl ock-pol y(methacrylic acid)),
aci d) - bl ock- pol 5t yr ene- pol y(4- vinyl{ pyri dine), and
met hoxy- pol y( et
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10 12. The Ranman active conposite material according to any of the
precedi ng clains, wherein the Raman active nolecule is selected from
the group consisting of: 125 R 3, HX-R14 and P(1115)3, wherein
Rl to R13 are independently sel ected from hydrogen, optionally
substituted al kyl, optionally subst it dPed aryl, al koxy, aryl,

hal ogen, NQO2, OH, carbonyl, amno or silyl; Rl14 to R15 are

sel ected fromoptionally substituted al kyl, al koxy, optionally

and optionally substituted aryloxy; x is S or 0. 13.

The surface ¢ e Raman scattering site materia
claim12, erefn the Raman nol ecule isJselected fromt
consi sting of 514. The Raman active gonposite materi &
any one of thg ecedi ng cl aijns ne di
the single palticle is_in th i he Raman
conposi 9 di o 13,

| east qne dj mension Jof the sing i njthe nanonet

O\P/O

(I) SH
oo~

s , and ]

5 14. The Raman active composite material according any one of the preceding claims, wherein

at least one dimension of the single particle is in the micrometer range.

15. The Raman active composite material according to any one of claims 1 to 13, wherein at
least one dimension of the single particle is in the nanometer range.
10
16. The Raman active composite material according to claim 15, wherein the single metal
particle is a nanoparticle having a size in at least one dimension of between about 5 nm to

about 900 nm.

15 17. The Raman active composite material according to claim 15 or 16, wherein the single
particle is selected from the group consisting of a nanosphere, a nanocube, a nanorod, a

nanotube and a nanowire.

20  18. The Raman active composite material according to any of the preceding claims, further
comprising a recognition moiety which is bound to the Raman active molecule or the

amphiphilic polymer.



10 16. The Ranman active conposite material according to claiml15,
wherein the single netal particle is a nanoparticle having a size in
at | east one dinension of between about 5 nin to about 900 nm 1517.
The Ranman active conposite nateri al ording to claim15 or 16,
wherein the single particle is select§3 fromthe group consisting of
a nanosphere, a nanocube, a nanorod, a nanotube and a nanow re. 2018.

The Ra 03|te mat eri al ;accor,ding to. a of the precedi
el e IO TR A A E CoPORTs SR GG D oinhiEn Shetals the oo
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active conposite material accor lai m 18, wherein the
recogni t i peptidei etnyoles, selipids @dca{rb(thj'ﬂwh% Egdmgp acdmgi we¢ugpron daug candidate
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functions, F?R a
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peptoi d. 4 Peptdide Raman active conposite material according to any
of the precedi ng clai ns, wherein the encapsul ation | ayer encapsul at es

t hd9 singl e et al partlcle in an ani sotropi c manner 21. A net hod
of manufa
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single nethalenpfmstllanblelamet ¢ncapsatestha singleenetal mectitle iraadansotwpganamer.
solvent in a first solution to allow coating of the single netal
particle with the Raman active nol ecul e; addi ng an anphiphilic

pol ynenit & hbBod iof Shanh@icHirin@ i REBhA GRS édtepdshe nldtérfl aié@lir&lfhg Q6 ad§ b8E of
addi ng the anphi philic polymer for a tine sufficient to all

sellf- assedlbings bio h vdhepti pisithéthobedypresesishel | around the si ngl e met al

particle; -amiincubatlng a single metal particle with a Raman active molecule and an organic

solvent in a first solution to allow coating of the single metal particle with the Raman
active molecule;
» adding an amphiphilic polymer to the first solution;
20 . incubating the first solution after adding the amphiphilic polymer for a time sufficient
to allow self-assembly of an amphiphilic polymer shell around the single metal
particle; and

« cooling the first solution.

25  22. A method of manufacturing a Raman active composite material according to claim 21,
wherein the method comprises:

» providing a solution comprising a single metal particle, an organic solvent, an
amphiphilic polymer, a ligand comprising a binding moiety for binding to the single
metal particle and a Raman active molecule;

30 » incubating the solution for a time sufficient to allow self-assembly of an amphiphilic
polymer shell around the single metal particle; and

cooling the solution.



cooling the first solution. 25 22. A nethod of manufacturing a Raman
active conposite material according to claim?21l, wherein the nethod
conprises: providing a solution conprising a single netal particle,

an organi c solvent, an anphiphilic polymer, a ligand conprising a

bi nding noi ety for binding to the sinége metal particle and a Raman
act i ve 23oTke megiod30 clano 2Bawhegirt the stepblipioyndifigtheaolutioe cempfisasi ent to
all ow sel f-assenbly of .an a Q%gqilL pol¥ner shel | ,around the iqgle
netal parti ¢I"8¥n Sl’&%%ln?ﬁi‘iap? Clg Y1t oI UlOggCOPANTISTL L AT AR S Vet an
claim 22, whengimphilie p%f)%ﬁ:_r,oiincpﬁ hiet E(Sln]IBIIT'ﬁnéQ'H«L‘ﬁdiQQ;IYd?é{PVfblSEﬁding to the

m xing a singlée netal particle with a solution conprising an organic

sol vent, an agdi¢ pisidl ipertists, ymer, and a | i gand conprising a binding
noi ety for bindin o the single rticle; and 5 addi ng a Raman
actsve nn|eéd¥@“¥§1$ﬂ8w§%FWFP%H@“§§&3#%53W5Fhod of claim 22, wherein
the step of providing the solution conprises: m xing an acidic

solution of a single metal particle with a solution conprising an

or gani &4sdheegthod 9f RairaA2awherein thebiep of Brovidiae teisplybiag ce@ppidssi ng a

bi ndi ng noi et y: .ndi Ag:t o . St ngl ti ; o
"ncubati g erahd B SUROidid Dol Rl il BBl Rk ol ffion sompisine an
sol uti on. orgafic sdlhentn®Ramen acderdolegule,andnryligahd eb@bpfising b HimliZdmoiety
wherein the organic solvent is a_polar 15solvent. 26. The net hod
acdBrdi ng to fer bindinggo t%%‘?%?ﬁwf%@%{%r solvent is selected fromthe

group consi st ng.af gkqghﬂ%hfgﬁpanide (DVF), di nmethyl sulfoxide,
di oxane and hexanet%y phosphorotriani de, tetrahydrofuran and m xtures
t her eof . = adding an amphiphilic polymer to the solution.

25. The method according to any of claims 21 to 24, wherein the organic solvent is a polar

15 solvent.

26. The method according to claim 25, wherein the polar solvent is selected from the group
consisting of dimethylformamide (DMF), dimethyl sulfoxide, dioxane and
hexamethylphosphorotriamide, tetrahydrofuran and mixtures thereof.

20

27. The method according to claim 21, wherein the step of incubating the single metal particle

with the Raman active molecule and the organic solvent is carrted out at a temperature

between about 0°C to about 100°C.

25  28. The method according to any of claim 21 or 27, wherein water is added to the solution

after the amphiphilic polymer was added to the solution.
29. The method of claim 22 or 23, wherein the single metal particle is dissolved in water.

30 30. The method according to claim 28 or 29, wherein the final volume ratio of organic solvent

to water in the solution is between about 1:0.1 to about 10:1.

31. The method according to claim 21, wherein the step of incubating the first solution after



20 27. The method according to claim2l, wherein the step of

i ncubating the single netal particle with the Raman active nol ecul e
and the organic solvent is carried out at a tenperature between about
0C to about 100C. 2528. The net hod acggrding to any of claim 21 or

27, wherein water is added to the soldtion after the anphiphilic

“pol ymer wadkliggithe dntphightiléc saimer iorarrizd ouliie tempbratirebetelean abdd? 08 t&out
wherein the single netal particle is dissolved in water. 30 30. The
met hod ac%g}ﬁ%ng to claim28 or 29, wherein the final volune ratio of
organic solvent to water in the solution is between about 1:0.1 to
about 10:1. 59 adding the anphiphilic polyner is carried out at a

t enper 32uThe bethedeavcationg tc0Gainp 2alwo PR, 200EIn 8, solit@nnistheatdd £oc @ pditad) of

t | ai 1 22, in.t | uti is heated, f iod of 5.
LT bet vislh tepten a6 1 Bt B ADRE it Rert S ab e Bp BBl R b a time
sol uti on fffficidnt oo i £-b1yloT atladPNisiBld pASSRAAN Rbuthe single metal
anmphi philic polymer shell around the single netal particle. 10 33.

Use of a Ptele active conposite material according to any one of
claims 1 to 20 or a Raman active conposite material obtained by a

met hod according to any one of clains 21 to 32 for detection and/or

| abel i ng of analytes or for the tagging of electronic or

nonel ectroni c _devi ces. 1534. The use of claim 33, wherein multiple
anafyt 83- ¥ehoba Ramay acdiyegopwosite matcsial ageapding & a1y ane ghslins d to 20 or a

a1 al Syt oAnBALRHART! LUESOURAREL By TPARIPecONA] Sy he 81 BRHROS:

according to any one alrns
to 32 for detection and/or labelling of analytes or for the tagging of electronic or non-

electronic devices.

15  34.The use of claim 33, wherein multiple analytes can be labelled with different Raman

active composite materials.

35. A Raman active composite material obtained by a method according to any one of claims
21 to 32.
20



