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attractive interactions between the polymer segments that override the electrostatic
repulsion forces at sufficiently small charge densities. A similar transition can be
induced by changing the solvent environment of the polymer.  This collapsed
polymer is itself of nanoscale dimensions and is, itself, a nanoparticle. In this
specification and claims the term “collapsed polymer” refers to an approximately

globular form, generally as a spheroid, but also as an elongate or multi-iobed
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encapsulated nanoparticles from the aforesaid composite nanoparticles.
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6 WO 2007/ 041862 PCT/ CA2006/ 001686 | n vari ous

aspects, the present invention provides nethods for
produci ng wholly or partially carbon-coated

er=Tlo! | cl es fromsaid conposite nanoparticles,..|

vari ous? ésnbodi ments, the present inventions t@%&%gqﬁf?gm“
ability to make a wder variety of conposite

nanopararion$ espects,nibe prkiseny invehtien, providéscwetiiedst for prodnging

R 6ah-SATP b AAIRRALL i ihQus
aspggrt‘%,ﬂ'{‘atﬁ e present al%h eriltkle'_%ons_ Sr oc\%nggﬂtﬁé’t%}ﬁ%%ga%or

pr odbicyarguseembodimsatsi the presend puentiops teache sy 3bdlityitp mike a

VAIEREHY ofdontpositél fdhdPanRleh Gholdlg dxidOdetHidoRdickon Al ridkd1d
a polyneric materjal and a solvent; 10 b) coll apsing

camples SURPORIGTBARRaBIEles t he pol ymeric material about one
O  [DVdfioly Spelis Me proderRtl inGsntibd ProVidd MetOUTOS producing a
precyr sor mi etg/ havi g‘% a mean diameter in the range
BBPYUE Rangprstitle fomprising e S8BT 100 nm c¢) cross-1inking
the gpol ypedviding@patymetic soluticidothpfiSing® potlMert BfteHab &id a 15
Jpiety; and d) nodifying at least a portion of said
Bvchr sor noieties of said conposite precursor noiety
t o fbr m eoHapsing o icest mapootmr dfi thé pelyrmerit miterat hjout onerong
rfbore ot }ngieﬁgng)pﬁor Iacicgr?%osﬁ‘éjgielclﬁgoq mclyirkétl'llﬂ]alvﬁg a mean
Specitication neans tha € hanopartic I'S
diampter inthe whge/betv@n alpauh! nm phdablodtni0p smpf t he col | apsed
pol ynmer' s di mensi ons and includes, but is not Iinmted
to, the situation wherein portions of the polyner my
be sek ongrogsipking shet pelymerig materitleof sgid Fampesite epreguesht n
hdi&y:Ral yner dinensions. As used herein, the term
“precursor nojety" refers to a compound or entity at
| eas) a pdifyina @fledshiac portian f gidpBrator groistice of said
BiPitel plecutsud sty foTbreh drRloFBdrediafibpartioles Al théd€by forming a
nano%artl cle lgr ecursors. A polyneric material of use
PRPeTIR "HPR¥TS e of the present inventions can be any
nol ectbsfinedpimlthie spdcifafidnansas thatdhe asvpatitls isabitsntially
noper,s, .. t C b nthetic or natfurally, .
R0 e e SR ool Sipéiie 8% 6 Bsotbut e ety
liited die rtlabr sitmaion ovhetdorpartians bf thg pelymerphasbectromgly inteipdcting
vQﬁJtM!'i%E-B S i 2d in 30 the various
exanp es’f}‘ﬂ[\‘;%t c%"?%glpﬂg@erq%ﬁ%gigﬁs: not limted to,
pol y (elbee ihpretii the tamp|“arernssrr meietii|refis deg cqnIDDAY or eatiy at
'9%5 y F6ibh iof wiichGs @RAMbonenPOt the TVHRD RardPrfiQl itfmBE bl
includes nanoparticle precursors.

A polymeric material of use in the practice of the present inventions can be
any molecule capable of collapse that contains units of monomers, that can be
synthetic or naturally occurring and can be linear, branched, hyperbranched, or
dendrimeric. Non-limiting examples of suitable polymeric materials are discussed in
the various examples, which include, but are not limited to,
poly(diallyldimethylammonium chloride) (PDDA), and polyacrylic acid (PAA),
poly(styrene sulfonic acid) (PSS),



10

15

20

25

30

7 WD 2007/ 041862 PCT/ CA2006/ 001686 It al so can be any

pol ymer containing ionized or ionizable noieties along

its length and is of sufficient Iength such that the
form has nanoneter dinensions. Th

gngogﬁ@Z 2t orm can be of different nor phol og?gglcﬁ%ﬁﬂlﬁ%

as, for exanple, spherical, elongated, or

mul t it alsobacbe dieokyinmeerstaiying ipmizedroy intizable moistienaleng it

VAR B b 91}%@ F nQ&hnmt @%ﬂgﬁéﬂ&@' Mos LiamOn@ A

e vari et ts can orma
dp'@ﬁﬂyln%ﬁr i hes evilmeé rfom cans ge jofy differrst progbelagies, (fienes dors.
k@ shiRrisal SRR ER tnfulti-IoB&. PPHeYdiBEdsfons R dhlyidfBetiof are

preferablg an aqueous solution. In preferred
-4 100mAe a5t ReefErpbly 08 i ons, a chosen

pol lewtf.dd \?anetf;/(bf leﬁeﬁalcmede hs@d aa ok f aayx?er&%mem oftu@e faor m
SOl ut.ion.o SOl ven an r,

PP RIS RO pofimpto s G slpapy el

aﬁ@hneeistssluna'me addi tion to the sol uti on of the

i cft Peief SRbtanty SCPeduRt S0 2 bR Bl i
dissaleadris aisuitablesblyent Ihierms e sblagami of thepgbymier. CEhe solv'crs etn‘ bebe
Mz‘e‘? a‘?: E&Hﬁ&(@%} ?&Xﬁ‘gg Gﬁw%%? R sﬁaﬂéohv@&‘ﬁ' ?Qeea[&hmoﬁi B

recursor
thf:r g@lmqu off thencmllg:asmgcaa@hﬁamgws |ao¢plbpsea0fctbﬁtmlm¢ ovhich
shﬂ%ﬁﬁfy surrufls, €2 mfﬁes, talﬂ?ccﬁgd?flﬁo‘?@fj QﬂerHl}aﬁsﬂ& 286t B

fon from an organi c sal , an rnorganic sal t, or an
itselh by tha |ptec§la¢rtmq'm Th%@hﬁmﬂeqonéw GBS TEmple B TSRATST

bty Waf bE, 08, ,gﬁ{‘érEaMrt mér§anﬂ:f chaigh€ ich@r @ dRbinatidAahedy] | S
amatal &atlon belo n %ﬁggsltolVof t he

Fop p12gRiecthe goniingd 1&9 ﬂg% greanic saltnan *A°fﬁ§“¢t Rl

of @bl Roffanit Qalt thét iMvalei SohiblORiREGDe wited Solible2logaiibsaltds boON

h The t | d furt
ek PR R oSl s G TR
Table| pppsssing aadheryt 3y and Auis ued doynteaibe to owilioh ehdrgrorgami ¢
o Hﬁﬁoﬂﬁ&é fP rﬁg %Brﬁ’pleg a en{ leﬁpfumé’?‘tcoﬁgpsteaa' @xHﬁ% 911 ions
ca e AR Therr COrT ag ani on both of “whrch
feomeat léestown irorganindalise a coI | apse-transition for certain

| :
po yﬁﬁ?dfgmgﬁéeﬁ{s' %u&%%%ﬂ) smubfermo lzces)é%gm&%tépc%ﬁgly,
th@(: gt pontain prebeationprd\h ey zorrewams @nignsy Potb o Wb
10690 REInURE A doPaps@lrhRiRE f&.-feenaw bmyaﬁertccmﬁataﬁr |P@dn-lﬁﬁ:€iﬁg’1d
a precursor noiety. For I.n varil ous

B AEftUND e ARGy ng“(%FS% RXSQDn PRI ASSRY.

MASORNNI(NOK),.I oni ¢ speC| es (e.g., a salt); or

conbi nat.i ons. t.her eof n variou

b VREFHY 8 eFmIguEs Gap e N e eEE S s
d fr&ksbr meieye Fasexample Oh lvars egbaiiysents. a ddllagsinglagent such as

acgl’fér Ssé)lggm%.g e({x]ﬁc Sp‘(::czi1 S (? E., g ?aﬁﬂ of combinations thereof can be used.
In various embodiments, it is preferred that the precursor moiety itself serve as a

collapsing agent. Multiple collapsing agents can be used .
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8 WO 2007/041862 PCT/ CA2006/ 001686 In vari ous
enbodi ments the at |east one col | apsing agent
preferabl y conprises at |east one ionic species.
in various enbodi mnents, the at |
‘g%qgﬂgci es is a precursor noiety. In var ?gﬁ}scﬁ&%/oomm
errbodi ments, the precursor noiety conprises at |east
one Imetrighs enghodiatents the at tsag beeiiapsing aent prefecably comprises

SRR Y SELAL PAlLSly, ihVarkld EABRIRAROML APIRAPonc IBRE ©
e precur NI e onprl ses a netal catlon,
Smmﬁ@n@@*mmie%atl on, conpl exed netal anion, the

nodird YiRs %ﬁ\s&uaa&so g_&e&&ofrﬁareg) coRfpRRYs 26 Rdstlon€ Aetal
the cation, | exed cation, or conplexed anion with

cayowamaﬁeéﬁne@rl cﬁwnagféﬁwplgéqdéeft@ @niop. B%ﬁaaOWSémh’e‘ihwgms
wﬁ&@ﬂ{e (RécuRtBr ASietl Mﬁsa@g\eﬂétalt &n@rf feeﬁab:emdqdetﬁt daﬁéh @f
nanopart i C‘h % | Slfﬂ-lg ement al net
pheefalgnion; the madify {prp B‘d‘ m?,aa?hca'ﬁgrésas tﬁf&r'w@?. c
cdﬁai,e;bingiexedl datiMa lok Qéiﬁpl@ig_b f@?bmh ?yqradizhﬁn RF ﬁfbﬁeﬁﬁeleﬁﬁﬂ ety
conprises two or e differe n variq
fremg “ﬁ'éﬁ?%"“me‘?“e‘”‘f NEFERERN [P §%?°‘ R‘t‘r;’?\é“t"g‘?“ ebhs Pf“?@@*“lfiﬁvo
coiprising @lem@hthll RE@NEonfiRddawishin tieecrogdadinksd, boflapied [polymeric
COHBH ses formng an alloy of two or nore of the 15

nmore netals. In various enbodi nrents, the
pr eduvs@ns embodimentsﬂhppmmr moRty comprises Bab ofF mor different

i, eSO BREAEAB rAe %rgsu{%mng@%ﬁ,pn&a Rho BThES

ura ng step
dréfewprmtsds tltermfvmg stefn eommscfmml@g an@dipmo dwe dr more ofthe

o;@,g&?gl on, for exanple, y-radiation, or an agent
roma reduci ng agent or an oxi di zi ng agent

20 tIE: varjoug embadineratse the precursor mpistyepmpsisgstions|selegeshinm 8i ng

cAidn %Jnﬁnexéafcaﬁ@;k Chr BBthibsed nfe@DAHidREf a ymltamyre,f&]hﬁls and the
Cross

nked col d polynmeric ter I n, varlous
medibing %‘F@r??%‘i’"sleﬁgeﬁﬁ‘f‘%g‘& CROPS PRFPEPIEX n%d’ﬁt?f’? withradiation, fy
exaRfe| £fadiatio) bdn g s€leuigadbAtla refytidgligert 6F 4 ox iR agent
cl es- cont | ni n u ant .a.
AP R R PP ATOR A A BRGE UTSe o
witlﬂnﬁ&rcrcw-ﬁnled‘omtkpmmsmeﬁc ihinerighr esent i nventi ons
haV| h el Nt al t a IS I
%a? al.15 esm%gglméegt ,Ctr(i):rg tp?echrsor tlnglg%pc%ﬁ'ﬁgges ahlqgtalafﬂgpssa
cqnt%rhw@b‘lpyur@d Zn, Cu, Pb, Ag, Mh, N, Au, My, Fe, Hg,
i he%gr ﬁlectgllﬁp'“fﬁ%f %cﬁ: n?aﬁﬂtmg L&nﬁbﬁﬁd”oﬁ%&ﬂpg%ﬁgél;nﬁ of

esent inveniions having a metal species
cqnininieg Hinetal & sreisdoildn anyaplancesiifound cont ai ni ng sai d

rret ah vaigs hﬁsod%&ftsempé eseﬁtqmﬁhéﬁfhaﬂ arPéleridNiaE mefal, @
phi de, sel enj de, uri.d | ori de, Dbraom de,
aﬁ qydm‘gmsmg a metal, or a metal specnes~contam1ng compound, the metal is
preferably Cd, Zn, Cu, Pb, Ag, Mn, Ni, Au, Mg, Fe, Hg, Pt or a combination thereof.
In various embodiments of the present inventions having a metal species-
containing compound, said compound containing said metal species preferably
comprises one or more of a sulphide, selenide, telluride, chloride, bromide, iodide,

oxide, hydroxide, phosphate, carbonate, suiphate, chromate and a combination thereof
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oxi de, hydroxi de, phosphate, carbonate, sul phate,
chromate and a conbi nation thereof 9 WO 2007/041862
PCT/ CA2006/ 001686 I n various enbodi nents, a conposite

recursor noiety formed by a nmethod of the P
g’ﬁ\?@‘mﬂ‘g’ﬁ% has a mean diameter in the range %g?ﬁﬂ&wmmsss

about 1 nanoneter (nm to about 100 nm In various
e b oldivasious smbadireentso aparsjiosite grecutsar moirty fayined by seisthed of

f .
AR (AERGRS hidh 0 BB 1R sk etk By il
(wincdo 2bagO IR dh vqbgmmlzpsmmst 1he eAmPYEItePIRCHHPT ragigly hagp
n?eEIQHitamEtQpimons Br ARRE thl QRHREI bethdend @) ARuDRMHOIBHE tmml

term"nmean dianeter" is not neant to |n‘p Yy
(brppous d Pam 5y abopicXOnm; () ApHh Sy toaboyt 50 nas s (dy ahout S0nm
doh@m@ﬁ:ﬂ)allt is & te-uhd@¥étodtl tBR Eﬂé@é—lﬁ‘ﬁwa@oﬂlaﬁﬁéﬁ @ nolmbAi 1.

Rat her, the conposite precuysor I ef 'y

w'wegmoafrof Sercile Y [ sphegos el PORH S A pomposi

pkd&hxﬁ@"mhﬁc Rhfhér, ﬂﬁ\taﬂnﬁcmte beadsor oty efufdotet Ighlyh sregular
oss- | i nking of the polyneric material can be

ap EFJE‘E‘&“'@I ther by chemical neans or by irradiation.

ChenTigaforniaetian sf mfra-mbbaﬁarlcnvdtunngondaﬂlatadf&cis e ceossrlinkingd

h t.h
B
CGhemichi meas of grassrekinghean #soebe mhplvghﬁunugh yhet ese ofrronlti-
C{e{lj e er];lagc%}es %@Q:r(fsg E.Eﬂe&OV%Le%Q yenfwfé§‘ t&h rﬁlht?plc1 ﬁmctlonal

nctiona ectrolyte polyneric
greupe thatiare cmmlsmew Eﬂe amb @%re ran fgrmcoyglent Bongs svith dhe of

fSnoa gg[qss%n thdPolyeXeRidli e pm?mm RGtHat TR @bIBEURE can be

nmul t anine " grou such as
Iinegr: br@mq ey degeri EPWP@P}P remelegylesoptaiging myltiple amine
Silps, %ﬂ&i %Cyﬁ’adihyl‘dh@cﬁ&cydicthméinﬁ'@ cail eficet thapmesholecular cross-

&
I I Th hi
B L

ﬂ@ﬁ&&d bi )iﬂ:l EcﬁiitioM de@dachOattmgmgdﬁ, typioally &8d ffar amitle dond
The chem cal cross-Ilinking can

%‘g"a@g’i' rs}m’i' 58&?@?‘%‘"’3&% vatize the polymer, such that a
f r acThocheoiicat éressiinking adol & qgrisd pst ta derivatizniby pakyinercsuch

tgat L{’%&mn%ﬂhﬁﬁ&nﬁ% nﬁfﬂﬁgsseﬁe Lané‘r&‘:ﬁ to ér&[pg H‘Qpcatngb@ @fo&s‘f-’-\mkgﬁl

to conve sone
tb@nﬂt)ﬁ@el-mdlcevh edactiongyr 40 prample ip b1 gppessirspmi of te ic%ryowbc #id y)
g&lp@ lof poxms}yﬁé Lar&; td arp,ul reﬁe,e arrhé BN cRBpd @R GheADelrtacted To

orm i ntfrandl ecul’ar bonds through radical chem stry.
form inframplagulas §onsls throueh mdicel GamBER be ef fected by

eX POrdkeHiAkind by tikdAhtiod chrBe eﬂ‘é&éda@s@@om ¥ §8llitidnCofahe
el ectromagnetl c radiation source. radi ation source
eollapsed, polymegrto @ siggfromagnghic é%étar*%ﬁ’“rc&s grhe radigtion Fqpres
be G, cxé’mﬂ)lb Hat exCiffief lakdi0a e, ard Ndmp( & NightCintlitihg Hﬂlﬂj UV
j amma ra 30 A variety of techniques

r adj ‘on or
%eé‘ﬁ“’%é TaraR frdjapion ¢f gamp ééaé'ﬁ i nventions to nmodify at

| eastA variety of techniques can be used in the present inventions to modify at least
a portion of said precursor moieties of said composite precursor moiety to form one or

more nanopatticles and thereby form a composite nanoparticle. These techniques are
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a portion of said precursor noieties of said conposite
precursor noiety to formone or nore nanoparticles
and thereby forma conposite nanoparticle. These

are 10 V\D 2007/ 041862 PCT/ CA2006/
{VF)SO re@?red to as "production neans" herei A Ipcgggomomss
they are used in the production of the nanoparcticle.
8lsp redtrted ta asciproduttion mieans™ heselin SipEatheyoarpused i thoprodustion of
o Nel¢ gg;&lé]g desired nanopartilce include, but are not
Frmt exposure to el ectromagnetic radiation, 5
chem Switable ﬁ@&ﬂlﬁ%ﬂﬁtfm medifieg b ipreuisegoiet e domm ﬂEfoﬁdpqdes

Ha Co?kﬂlfc@ Bhefndt! B taFeORBRGifREA Fo, leRSbs@t: 119 Ble QAR r@ rradiation,

, for exanple y-radiation, ultravio
chcmigal treament.And sprabinatiopgtherefo Fxarples of |swta\9§rqle6%mamw

%?Péﬁ@h RSk e, ﬁrﬂﬁd@'f&‘c&ﬂaﬂﬂﬁgﬁﬁﬁnhﬁmr ﬁ@‘aﬁbkpﬁdiaﬁorp ‘?r'ﬂ?a'i-e%m

radi ati on, such as pr ovid | aser

adipgien, st¢. Ingvaripusoprahadimentsg ﬁh?he' m?ﬁ*’é‘\ﬂ fHdigtiony ISgcohersgr a
|raadion, Egﬁamab qrsovru‘ed chg. mbgai labdre it HREL St isNintdheRnt, Buth &r e

not t e cont ac with an OX,I ent,

L t Wt ‘H“Pa EXTRles ‘ﬂj“ﬁg@ﬁi‘l treatimfgst ! g}‘ff og’g‘ not

Iigvsd th menmugrtuah mm;dnmgcmpumdnﬁwng &iith Ial’}gddchxg agent,
ecursor _to

BRUBE0r de st e Bundff BEE Bihodufa boaifiRg e Soupétlion, (15

mreem'smsmthc mmnm' )onowhﬂe the cunten ich liea eahter iGe with eispegt to the

C r i u in
Js(% I%'E anoparﬁ%%tll 39’%‘ ﬁa@) |n§&¥% %n!)ffat:he 30 r?cm%
qulfmr nsulr: dn thta‘ormtlmeoﬁa whopaftislebatyisieg logges mluhhr» within the
Rodé&k bWe fdifhéic shidideduct i on-or oxi dation of the ions,

ionic precursor nojeties, wthin the cross-|inked
pol y nReaction pitherby pduetipniop pxidatine oftherions ianis precHERRMAiFtishe s

GARmARe cr@sfsfrﬁresdqrérﬁdarrahrgdana REIFHE Be cofpfid AAGHIATEES hn beOT

phot oc em C The  resul t ant nanopartl cl es can

[5&ects a@@moe'sm&b%r hofocheamicat gieanso

izﬂd uﬂtmga;ulhupﬁbnﬂﬁ%ar{m]m Eiﬁ_?_be,tfﬁr exhmpleCdaQicorkduldior ;&Etﬁs,
A Rme Rl Sor Vs, 18, I Eare, S, 2080 Zn RS, mBE e
\(brl,rﬁgSngﬁebmrﬁﬁht’Exc nancparipleséan lso BmmptatdilnysL e forned
DY 2 SRR cibodiigs R ERRMe BRI ORINIAS AnlRfbr e

di amet er 1n
tpeesertd dnyentip@ohas mmepm dmr:tmu ghegarize betweent @outtlhenmm (mn)t e

RARRRAT60 fh. 1 Siods m?e'i_’rtsd{h@%ﬂﬁ?c;srté E&a %

the ranges between: (a) about to a
Sisegier 10oNR argnarp gfithe IoMeRT betwgena (s about nrp jterpboyt é@m 50

rabmt 104! tol #hbutREM! (cPREHR {Pnm @cbéBébt SHORREhd (d) tabdu® Sérn BE

der tood that the term "mean ameter" 1S not meant
M iy tosbsy yndegptod, gt the @mg 'H?P@tdr’%fﬂefeé’ f§ ot meant to
Slﬁhl? lah £drt, of@bdcifitsymeRtry (0. Csphericdl, AliFBRRIVEL Y 6f 2 composrte
nanopartic ther, the co ?ltecp%%ﬂtlcle1 l.‘lj|d
Blgncwgrgfﬁlfy #l?tpeég ?.orrgaﬁ.vdte nanoparticle coul ighly wrregular an
asymmetric.
In various embodiments, the nanoparticle, formed from a precursor moiety,

comprises an alloy of two or more different metals. In various embodiments where
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30 asymmetric. In various enbodinents, the
nanoparticle, formed froma precursor noiety,
conprises an alloy of two or nore different netals. In

W%%gbodl ments where 11 WD 2007/041862 1686
/001686 the precursor noiety con‘p RCTLA0G0
or nore different netals, the nodifying step

s raecuisers mPistyn¢amprisgs tafplqnynqsf- diffeeenb metalsy thegnodifiying tsicp
%mﬂmésefoﬁﬁﬁg”insano& Hft% ot AYR o HRAYS HERS:S mefali®

nanopartlc forned froma or ecur sor nnlety
conprindadious embpdimentsdhe aaopastiglaifermed f@mwﬁ\asor Bipigthe

E&ﬁﬁnsemt@ém%@aese&ma&.@ow@ommg BSOMB Qb “mbtal SReRd- 2
%ﬁund containing a nmetal or netallogii in a

Recomngppd” it ppednt A coERouRR SRR f et of ﬂ@mﬁﬁg‘eﬂ'
valuRektaNs having an el enental netal, alloy
Co S ot S PR S oo,
bitgy &dmpriding aMyetal-@r aHgetalPtpedes-@nainingi coadpbad, tHeemetalf is
kG 16, PEOREMIEN 20 igt AR ED L AMERE 05,

a et a Ies hpound,
conpdandrigsnanzbiodimegts odiithe preteat mgmonsbavmef mc‘abkgccnes-

SO B o5l s 28] e sy

BIERTiSRY ene, ormmpﬁ@aﬁtéph!@amm telluridel piteride, bremideniadide,

8kde, ahyaRRie N BhdsPikte, L ARIORAL, - sulphate) cM@ﬁmht@ Usnd aa? REmbiatichNe
resent 1 nventions provide nmethods for producing a

H’Bfnartl cle material, conprising the steps of. (a)
provigivagod demicis e e s&ﬁhﬁﬂehtﬁlﬁs ﬁﬁmermeinoag & QiR hI C

BBPBtile gheria cﬁrﬁ%fvs?}%ém ekl s e
pérdyising @rpolymiefid meﬁxl-:atl aEd 95dNeat; (Jgrmwpkxhgaat m&t&ﬁp&t&ﬁt I lof Fhe
crass-linkin erial o
BRitne. mifeie AR o, P P bR heien do TRy Auhrepii
atemhra:mstmew [s1¢) lctosaahnkﬂig tiaioty nerie matesial of sabd ®tnpesite cpfecmmrd
na% {l?g[)&%ﬁgr%ogt ﬁgslt %t orl.rlo% Ivfogarlq g;é@urgortrﬁg) &t%s of sald

BRIRRGSHN PERISAr moiphN tan@rnabmeltor TO8e manepadicich émebg/ a mean
ﬁﬁfn@@epﬂ tRe rafi lch SbdMR 1] qn,aarna' &%@ 100RH ahEheRYy &w@g Q9

sai d OSI nanopartlc e orma nano artic
ﬁ%l'f'!&si“'al‘a“"l’*ﬁt'%rainé e @’ﬁ%ﬁmgrﬁ?ﬁit eomppsite w«vnﬂwﬁ § form a

ﬁﬂﬁﬂdﬂn’sl? r}ﬁallt&[zﬂf 551 GJQ!F&& Oélﬁlﬁ)dm%ﬁh theh @Sn‘oiy?’@l condl%lons are
nano 1 Cl e erlia or ned ri ses, a east a
ﬁ%{F‘Pﬁ%ﬁr fugh tiat g Snepae v %ﬁglrn'?q eqnprisgs 3 dgapt Rartially
eﬂbmbomﬁ&ppdrfme present inventions provide methods
for producin nano | cl e, ri.s

pyr ol D SF i PR PERE P PE e eBis LEPgecine
a metal nanoparticle, comprising pyrolysing the composite nanoparticle prepared by a
method of the present inventions described herein, wherein the metal nanoparticle is
an elemental metal, an alloy comprising the metal with at least one other metal, or a

metal species-containing compound, at a temperature to effective to substsantailly

_ remove the polymeric material.
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nmet hod of the present inventions described herein,
wherein the netal nanoparticle is 30 an el enental
netal, an alloy conprising the netal with at |east one

other netal, or a netal species-containing C?ﬁ?&‘i&smoms

WO 2007041862, ot ure to effective to substsant ai I
renove the polyneric material. 12 WO 2007/041862
PCT | CA2ROGYs @MbeB@entd, the\psasénd inyentivoptovideTheshods fre ppdmt

T e

mmn:pblep@bgre@bsrmymw therpeesend inyersionsdesaribpdraginwhierein
ef@r@‘?be Qﬁnﬁmw%ﬁ B e 1 68 Hetd) MASHbY OiSprising the

erein, wherein the netal nangparticle’is
Jedtal ptitBcpt fqaghfng qther wial g 2 MeRhFPeCiEHCORRAINAE COBRPHIS Tty

ttEYipePatitFE tord el prdtiudtionlof ik barBdiEcoicd ﬁktalmxaﬁamcwd a net al

specl es-cont al ni ng. conp ound, at a erature to

of T ok PrEHEIFSh 1t PES! uFigRs EiDKIe GomERAF nanoparticies
ReHeR RAld bycd Bethddor ‘;Sﬁjbts@ dSorRDP M6 ifventichedds¢ribe € Rdrein.

i nventi ons provi osite nanoparticl e e de
by 5 FEHO 25recty e BEERC s frov R o Fied SRl o
dasially babtor@aed metal Ranoparticless whapmadeshy nktRodsrof enpresent
i.nve{nti ?n %w {:ie non-confi ned and wholly or 10

ﬁ'é‘?ef’ K- '319l g coat ed net al nanoparticl es when nade
by meVhios mibotimmprﬁs@ntpresemvmvmtlmscweb&: of yalde in the

gy%aﬁgt%‘n ? u%gp Qlﬂﬁo%mlés QIfID]IIdhlg ‘ﬁ%reeigrﬂ Ie, &@ss

In t roduct | ctor
rrastors 4dbe. Qd§5CdTerm1ﬂ gthetsg! Vmﬁtms exafaedimengs of mmwaﬂ@ns

Scuﬁ *Be 3% viieoR th%%du%ﬁeof BRPIeRSAR! Such YQILEIIRPS, , and oxide

nbodi nent s the present |nventions 15 can be of
\P&T‘lﬁl@%lsﬁc"taﬁé‘eas}loductl on of conplex salts, such as

Li FeP&dcordimghl iR %h §&ioub @mbédih&is, tiRUfebuRSr IESigtg&ompnses at
ﬁfﬁsordl ngly, .in an various enbodi nents, agrecursor

bR B ﬂﬁ“ﬁ‘%?‘ﬁft‘ exefl sty caion. ?féPE‘P'%“'Qt’P ed
needdakticharhéans (madifying rfrebpmtbrmt tﬁelatnfgﬂﬂ)e fetah Eadloh,h&)mplcxed

ducti on 1B rlse
tcﬁ%nl’ref a?m A 8?110'{ %ﬁl al%&? g% cfbn%)r}o ag?orco exe
amodmptioni ofhtha @mipbgiel| :anananm:teecunmmsmg apmelau s;zegles—tmreng‘
toeifgct production of the conposite nanoparticle

n‘grl sing a netal species-containing conpound. In
var i olfs vasisboemnbrdiments, theeprepueseumaaity aepwrisey an gpion. andghean

AR ing 3eF (&r&%cudmgéaﬁwmprﬁt:@&aw MRS Qth FRARGE meta125

conprfises treating the anion wth a suitabl e netal
CROFETEAN; PSSR BETgPisioreferiaedyptianootdht eermpositt BRRERATISE

CdoripRanEORBIESptSesROINMARE tohpoand.CONPri sing a ”Et al
speci oun In various_ aspe t he

modi f &SW%%QSE %b&'&sgﬁm Bihesiep esmpsocs it ok S a0 FoEieTOh

or precursor thereof to effect production of a semiconductor nanoparticle or composite
nanoparticle,

In a various aspects, the modifying step comprises use of a suitable counterion

or precursor thereof to effect production of a composite nanoparticle comprising a

complex sait.
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or precursor thereof to effect production of a
sem conduct or nanoparticle or conposite nanoparticle.
30 In a various aspects, the nodifying step conprises

gifzg{g{m“gqﬁswtabl e counterion or precursor th%rrf"coAfzoJﬁ&usss

dduction of a conposi te nanoparti cl &
conprising a conplex salt. 13 WO 2007/ 041862
PCT/ @A2Gatus 85pe8E madifyiag stey comysisaxsisecti assuitabibeccolpterinn or

[ v L.
Bx%é.@ﬁ)?@é& %ge?fg%l?:?od%u ﬁlptc’ y b&n%?ar@p olf'xg:trr]l ing ggy&%omde. Ina

prafeopdiaspeat) the kvangxide say e aulhycnhpmim hgated torponvertshetfygdroncizlel

AShesije. the hydroxi de may be subsequently heated to
convert the hydroxide to an oxide. 5 The aforesaid
conpJdiE BEresaiA GRUPASe NASPAEEAIRIICPBPHIRNA Metalpecies-containing

é&g%hﬁcﬁ 2GombRk BN Bydr&:R80) 81 BElde, 3 sERIXBARG oS ity can be , in
roxid or oxide, a sem conductor entity, can be ,

Fafious, ST bosiiRETE S HERtYEln PHTODE WORPRRIYI, (e dhecpabigneri
fdREAIAGH D a.lu%, ?bamﬂmlﬁo'kh& RBINERE haferial TR bREAR For e@impla

onl art.i rempve the polyneric nmaterial to
HF%'E’ Pa’?'?)l?y QPRPaled nanonaiglel v or partially

car bOli’huQO.ahadf emeul?ammsm@ |tige: prl&ntT fw&xttowﬁfellwﬁ) methods of
e nents of the ent ons relate

FRRE GETRp e fhopre i e opar RIS ot P e idearery of
apphicptiang ingl \awsiety v sectrasy 1rtw)dmgabuMndtehrmmdlte,tbyoloan analytical

moh%ﬁsaoﬂgschm,s@, \e@mgﬁ& xné}g)[ a@%agf.ésu gwc 5{1% ’s?g W

pwierisle tthay ar@aﬁadily@@bleemewgyr,athﬁ pefisery niowptions, iByarious
BhbddirfdnBig ca'i.t ;ﬁwlﬂen&noﬁﬂtcﬁ-ﬁ A Sonfddate BhépahRd w%gﬁm.dﬁb' e

in water present 1 nventions, in various
el?%m'ﬁ%Pwllc%béﬁn*nﬁheoafma@'ﬂlﬁgﬁ*eﬁawhple nenspagtirlesaRAYS States
Bawpdparticl es having unique characteristics
applicable in the aforesaid sectors,

nanoé@'f’ﬁyﬂﬁh%%s FRSFS o YosIORs emBosimgise of %ep"ﬁ?ﬁ't Hvestions,

inolutle Sutaike ach hinttt&to,@?ﬁtﬁekﬁsrm B t‘&ne@f)t”tsijb&nphaﬁ edeous medium.

IR PRI 08 oo b0, ol B o Vit weigh o

e pilymeyp atetdegrlceo&nmmabraasshekmg; rsblnddnl w@dditibm and tha mnbunt
by camgafw%ew Sada®! Ofd! cgmt R el ARAIRL dedidBie
in

nternal cro I on con 1 onNs
ﬁmltmhlegrammh@t canf impaft| ctspxmbhgpragmms futorxdmplThbavingl therer

%ﬁﬁlht‘}%} MMEhRRASE ﬁo‘e@u]g@yﬁh Q?gﬂo{cﬁlp bEto chiA& 6r%$@£ase the

groups that can inpart desirable propertles,
gﬁ?&’r‘?ﬁ%sub?‘i‘a’é??ng the capability for attachment to

mol e G hafous SMBRIRSMLY mt&ese;& iVenfidhs QRIVAR GiRetHRAs B GiaRfg €
25 sticking to subs ratg\dplpln variou

A AIAREHRIS SO MEGHHG T PheorTs S roctivesh s
fhar canBkiefigied with complementary functional groups on other molecules. Water-

dispersable, in this context, refers to the formation of composite nanoparticles that can
be prevented from aggregation in aqueous solution through adjustment of solution

conditions.
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wat er - di sper sabl e conposite nanoparticles with

i nherent chem cal functional groups that can be
reacted with conpl ementary functional groups on other
nol ecul es. Water- dispersable, in this context, refers

PO 0948 nmat i on of conposite nanoparticles trﬁg’(c“‘ég’ﬁm”l“‘

30 be prevented from aggregation in aqueous sol ution
t hr oulgmaadqsueﬁmﬁmtenﬂf thechethade rof tixoprdseint iventiodsd pMlide a

AR AR OBAER el bR
@cmb'mc mawado’ﬂmhtpmr hmxbmt:ata linearsir bowehed polfyarmiardor

&a&nm??nkﬁsvﬁ? hﬁ@dn:tﬂer%f”ounded by a polymeric

er| a ynmer can be either a linear or
br anclnelzrefpmcyan pmepts ofpthe \eeserit dnveptions, & shdsem aolyoer is

WRES1RAfin a suitae Q&leén? fd i%ﬁn £ 5@bn 'E?%%o@fnelt e Q«Sl@éﬁ Bdn be

i nventi ons, a chosen yner S di sSol ve
aier 2B OEzaain St O'tvomwngféwg 81 Wete sHehgp!ivenie Etﬂ 69%?11 to

THee sohtior EdTt the addlIsRing WkiR! ind@Bs QI GRRkse cﬂ‘othé/%tynﬂf which
mxtut of tvvgspor nmore such sol vent addition to

fpstaet CEn &L BFY Bgﬁ‘ﬁb"hﬁ’ﬁ@n?r 'Fﬁ gonfined agent
ea beﬂpﬁ@gsmic cirhﬁormicy(?i&fgth ﬁ)h a c&uﬁitﬁztt?g tethedol. ngll_' example,
rrounds, e. confines the agen erein e
SRRt S becahton 1E. a SpBTE iy ooty At or an
iinvegagiarsaie thah &reret sombleorhese thowhiensdiubininbrgarie edlt is 66 the
%ﬁmlf wh 5 ﬁ%nf Itglec‘dim?l’xgbclilong{ﬁ? BFougs 1 JcooRf ffr tgzm’enodlc

ganl’c salt, an rnorganic s i norgani ¢ sal t
tTth@ ppssesging @rchared tped Mtiethe comtenion tor Mowithubtharge —x or a

t f ' al
OREAAB bRt | ThE el fond QLT A HFRE o ke Tos
framaéleﬂ%&wgﬁsﬂgcah&harge +y and A is the counter ion

to M Mivahoud emBadifiéhts, ¥o Rfairfthd SonfMRREdRT R olidped R Eymed, NE

confined agent coul d further conprise a mxture of
P ink the collepsed rolyer iorchismdcbisenpesing the pPolyRICh tpsY-
WI I gk eiegt/&a?ﬁt@nr BtRiBly! e llﬁpfl%ﬁﬁﬁdiﬁ? '%Ia&fr rJlth?mn or UV
co sed po cross-1linkin e col |l apse

351 e Fckagion I warious BYboRiRpRO: g RGBT ERST Bk o the
ﬁrﬂﬂl-rﬂd]&oﬂlﬁr @fosdshhkir@dpr&tds@ﬂr_e dﬂ_é!ﬁfcﬁ[)aﬁwuc;% hor hMlmple, with

r radiation or arc |anp

g? 1‘% Che “x,gp‘?‘%ﬁgmg?@rgﬁp?@ﬁrpgs l"k?\?e i ntra-nol ecul ar

c ros sO:ha méfsrrt{dfentbbdamentrdf the-preséne SwrbmionCihag ®s Ithertkrmagon of
r ’

@é{?ﬁo%ges %A&&ﬁm%ct@% %&éﬂ%ﬁ ;&E Waé at {nguc]p?? %rﬁﬁatg riifa lon of

d@gﬁqurﬂgem withirethg rceﬂa@ﬁqdemlmﬂm dateziat, w:hﬁretm@e pelpseedt
pBYRBL §0 n,&ain{b‘{éahm,ﬁ crdgsuék%a AL R0y Qbreins ag@aﬁ.&a*gsn» of a

nanhoparticles dition of 1ons th
getapd iongeleres & maélf avfswmof the5on fpea eesmonrrb thatgly sstapiialbyi n

tidaslugekdtﬂ@mnﬂmtwwwﬁnmnﬁrohal wherein the

col | I ngr is intra- m)l ecul arlfy cross-|inked.
AS US loﬂ%rpéq ‘i??bé’e‘i"lt?f"ts 4f; e aspepts jof the present inventions

include, but are not hmltad to, using polymers dissolved in a solvent, usually water, so
as to make a dilute solution. Polymers with ionizable groups, for example, NH,,

RNH, and COOH can be chosen because of their water-solubility under appropriate
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confined ion referes to nodification of the ion to a
conpound that is substantially insoluble in the
sol vent of the polyneric solution. Various preferred

S,gggﬂgklpﬁgés of the aspects of the present 'nvﬁf]ltlé%ﬁsmmss

but are not Iimted to, using polyfme
di ssolved in a solvent, usually water, so as to rrake
asalutiontcenditixing midotheir itulhty treyndengp 2 kollapse trensition Yheo epppsedtor

eﬁel ; &mcéhlhjgnonf BEII#IS %Qhﬁ?ﬂ“’sﬁﬂ thl%u@hﬁﬁ%n Q?Q@%?gaﬂ!ﬁ:

wat er - so under approprrate

ZM/WE@SP@&U@M/WMM mf nmﬁnt:@frﬁemp |°6H's iensd

t 'w.m aac'anéﬂs&vp&ﬁneﬁe d@dctRe. Ainnder m&etmmagsb@&nmﬁam
Fose certain concentrations of 1 on

the peﬁﬁmera SSTHINSRL iMFAgIRFFemlRgHRs Rard 6?”“5?9“1 i &F@éﬁtﬁd&lthﬂ
S%‘&ugh THfation |ek1§:l§§1€ tﬁfouglh ﬂleﬂl@é Wfﬁfmlivfal fos-1mkasitor b, In

f | ] d
o B T RSt B PRlep TR plsn e PR PO I Ectpme
c onthe idme trbmran I@r@ﬁwtshneoqnﬁhgdm:m the bmmeu structure as the basis

t

e ST BTG SR FaR e ek e pifes B ik bBE: o

c be: nadoced, cxilized,| anddoereggtede.go by precibitation amthcausmemal agent),
t

g%gﬁ 'r%ﬁl@s{(lﬁ CPC dﬁ?naﬁg&r J)tﬁg%cg)q?bﬁ{e gnoggjt E\g H}' @15 mn?r nanopartlclc
i monfipedh ivithig dhet cqﬂmﬁcl inére-malecilancressdinkest n@ma me\rlalctldn-e
AJeak 8 uﬂﬁ%@ grobfy, foriQarhfd, TR St égffumesltgsoﬂpﬁﬁtﬂr%hemlcal

nanoparti cl e. é confined 1ons, for exanR0 can
baopeiggrioacdicteg rlmpz@eles safbilisy inyiffeens megia, of bothy

preci pAj #nizbe \Mo‘ié@y aNgBY BraARlcherdedd thinctiondh el A6t
in the formati

0 osntennoa Icle of the
i fdered, shapgsd by agJ“é““géBﬁ‘F’% difiorsy |“1’qu HE‘ ze%mogagse'afm to
l rahanﬁcdgtfﬁreﬁwaa%maﬁsqﬁaakd ﬂiﬁ@dd RhrdiFsy dfGolitibre tdnditionsUNFhe
r eact Lonizabl e gro can.serve, as
[ G O PO ot BB cohle SR Bl TG, i &R be
dlccﬁtmtmstangpm éntwd elmirs ad irbitei daye b regilbf polgmérs,n@dean, be

bl. u

chem &'ij b% 3:}]6%?' on ﬁz' &c}&cr P{E{J%%L ]95 ?sefﬁahe?%c of block
cmalwgield by adj usting sol ution condi t| ons, while
| oni ze bR dnfiRaiRhE! & pRred Eﬁmeagmufpw%'m prOP4HAS

that are Charge regar ess sol uti1 on conditions
Thesferied Anigaie etowps a5m Py bayvkc #il selipnisracisy Bipsphatsh Mg the like.

e:FBheéanS:ﬂE' tgayﬁe@L GXBhpIBd Care aﬁéiy@ﬂflarhﬁ?), Cﬁ&lir(lbtﬁ}‘l@ﬁéﬁmnc)

al on an en lre chaln as se O regul ar
E’éﬁ‘ hy&”&ﬁ“%‘é’"?ﬁh‘f’?fi eﬁ“h B?’é SH)- bIFB%g‘E“"’ polymers,

c QB&@I&.I a&gpdﬂy(ﬁérﬁ fc&ﬂﬂ), pupGtyrae allufogrcos!diﬂﬁ poBGlitdmit hadas.e

f. . bl
ol B ¥ GRFE 15 BB Ve TP S G fnctonal
preefups.r &bk alntlomlymgs Ot e anadle mprolf diogkd ef mlodf thesmértiomddc

a%rt%mc QL‘&) 24 gﬁi%%?lgm@rg%né olt}le g«{?l?rmffr tﬁ]t n%?arts %Qbecn" ic desirable

p@i‘qpél_exhylheénmkmpbrm)er 25 poI y(d| aI |yl di met hyl ammoni um
chl ori geariRbatBhitehty Shiteibnal GRApEY RO p&iyRAYHRES can be

used for conjugating the composite nanoparticles to other molecules containing
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exanpl es are poly(acrylic acid), poly(styrene sulfonic
acid), poly(glutamc acid), etc. Block polyners are
made up of bl ocks of polynmers having different

j groups. The bl ock polyners can b
%n%'wé”gggkof any of the nmentioned anionic aﬁ-g%oo%omss
cationi c polyners and anot her polyner that inparts a
ceppleméritay desiionabirsups.3 These ofpdsctlys tan behay blembér aaffinimp: .

eling S e 8 DB o BA Rl ARG, PGV
bintingagigint baptearsotilepten,giretsinipemton, lvezymeesubtale@apd comtiimationsng

%@o%@“o@é&é? %mP % ﬁo‘% Q%QH%G oligo Lo%ﬂg ”ErPgJ eé,

unctional grou any
c@boluﬂfatmulwi, i @tmrnganpm%ess d@hewmnm the ncoajvigiting dof,

p%c fl@taﬁbﬁeﬁlggfwg IQL\sIAt'o ms 'am"ﬂ?é' whd 'formatlon

hapt én- ant rotei n-proterin, enzyme-substrate
bafgeTLashing ﬁaunsenﬁrotemen%rp leacidrewnsion goly a¢rylis astd be
(PARY.ein, |igand, oI i gonucl eoti de, aptanmer, 5
car boh drat e, lip or ot her nanoparticles.

An
exanfifi@etion of e E‘Efﬁ?’tf‘b gOpRSTP! e Pofyslestrolis palyreer can also be

nitdifidy uemeaaderﬂ mrﬁﬂcﬁérﬁsgrbﬁps Hia i bR sdd Todabifigatich.de
en. a roups on prote| ns and

ond f
Pﬁ?‘aﬂ’aﬁb% bt RplgsEle ptsiping a2 pp e Brovpadp late
i gpup barf beaedatted) with poligackyio cdctdo-eﬂdasegmuwmes ttlileugh

0] vel err ol yt ner. ca al,so
BB s Formlion BB Pereninats Srebgasie el sl BB
thiglegiovporan be mjed fart ¢onjugatiok oe othmarmpibcmles gomatieg thiol-reactive
functional nolecule containing an am ne group and a
aPent t hi ol group can be reacted with poly(acrylic
aci dyhesridavasigtynd notgrtial dnplieationstforhe bompesitechandpartigles and
bR BB BrodiRl B ¥neCRANGRE b b phelét mmfaﬁy gluﬁe,%{ bt 2

thiol group. The thiol group can be use
1%%‘11 Ry BHRIONGE gkt AL froghthaistoup gonsisting of UV,

visibi®land ﬂaﬁéﬂt,\&ﬂ\erewthg E&iRSite rbiGpayricttCor\idhdpRtiYle @fe used as
ot entl al g&?ﬁo %Sl ons faqr the conposite napoparticles

nts 0f A% into an apfical deise- ¢ 1A 2R Ebdinents, jg8er
abiodﬂﬁg’ibight mggptheaampmé néhepartiild may li& c@ﬁ&b(lje dffleﬁﬂtﬁl%ﬂxghﬂ,
the absorptio ener . sel.ecte m t he oup
co nsfl%sﬁ"ﬁ o S?Ec[ﬂ@"emsv ?F?’]‘BI %ese jFventions, prqvi ids & g‘ieﬁ}?g‘ish e
vdnwp:o&h: trelynerio peatdriak isecanjugatedh ap amteméseccmtamm @alctimal?2 0

ug%p Blﬁdlgé to%%ﬁafen%glﬁérg %fnaﬁg gartn@;s(?o grp Lf!t' ﬁ%' ?{?&l&;@ﬂt

n-vari ous. e absor b
selptedcfborp dhsi grevpriwmiop an ehzying- snbsyatb,eangaqmadnt@dmi DEAIRNAN g
A 0 t
NN, SO BT BB et
theg traigcales | are cEﬂ‘ﬁ“@Qaﬁé@ tthy repueC gPrsistieg rthaPWF‘mg hgand

oi,gm.aabaaalaptag]&ouﬂfsoﬂﬁe@ha.ﬁbmu&g to conpl enentary
bi ndf n\gmguart ers to forman affinjty-binding pair

s embodiments, a composite nanoparticle of the present inventions
may be used, e.g., to enhance spectroscopic techniques, including vibrational
spectroscapy.
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25 selected fromthe group having an enzyne-substrate,
anti gen-anti body, DNA-DNA, DNA-RNA, biotin-avidin,
hapt en- ant i hapt en and conbi nati ons thereof.

f , the nolecules are selected fro
g’rgﬁgﬁﬂgﬂﬁ% of protein, ligand, oligonucl eompglﬂ%‘\%ogm';“
aptaner, and ot her nanopartl cles. In various
errbohhl waivns , embodigwents,s prowided e anettiods avhereine e porenosifa:

]l'tlhl OB furdtdr QQ% lggd Y & gurfa%c gf a sOLRAE Dﬁrfgcﬁyer-by-laycr

ctroscopl c tec ques, | ncl ng vi br at1 onal
asqmblyr o5 dother agsrem'-dzomw tbzpf@elzenw@wl CAPlOmS/ B0 ISty n

n\m{ Ridfes, SVRAD) TRNhRe-diMeA%bHAE Systhfs artrbRdSon b Qirfike) tihe

osite nanoparticles are further assenbled on a
‘@U?‘ﬁ&@éme'ﬁ@%&'{sméﬂﬂwg | ayer-by-1ayer assenbly

or f UeddRBhgAOM' RGiBLE dspeas @hd Bi’eﬁﬁt GveRivns Qredesy Shaeds
of conposite nan

t
S Y i B O e SF AT e PRSrRglen et desgsbed |
15tefé§ér$eﬂl58h~eﬁm_¢ﬂcm Ryérs bmp@omlgs:hargetdeompomdfu I m

A di

or ot uedipns, SR ERRRAS of R gFRARN  pelplen”"

doatgdir ®itlofa emppsiei sanopuntivip af Cd8PA4. asl thercrpmmelde@stgcdoed
t t. f itel

c@pﬁgﬁ@éggéom%ﬁa% I\{\ggﬁrg\cmo%ﬁg@‘mgayers ol oppositely

nvario nbodi nents, a coated
subsin sdrpusembreiineints, thesueselsduventiony pedvisioist pf a ]?anposlte
FRGR Gl a\gﬂh% %e&ﬂﬂé&qﬁ erwaam 35 L GhiSa )fe&d@gﬁé%s\s

pposi arge ound 1S [, am ne
ﬂyummemonuéwe ePralpe, for ﬁmmlq, ewe@weaﬁ OrfEe(ﬁl 50 '9 ﬁ@sﬂa‘e

&'}rﬁﬁﬁﬂét IR b:ﬁa%.semyme.aﬁbw@és and- YR SticAl filter or as
ar

e _as herein descrlbed n the prod?? n of
&0 giemen o aaféi“@ljd‘ii’é’ﬁt"@&’eélﬂi’dg‘f ed composie SppRpicipshave
Es@fﬁkftop@tlggf val ue for exarrpl e, as one or nore of. (a)
a so r| si.n taI

d subst EW Se
r eact? VEHSFB ”f“? %ﬁ' R%I'mf”b qé '“5 &eﬂre “tq'ﬁ‘g‘?uo\g%
amld irf %Immémmmdaﬂonmmm fod exaimpiz, uduamaum dets.
i ncor porated conposite nanoparticles have useful
properties. In varlous enbodlnents t he conpounds
according tH R i) RAWINGS d be of val ue
as sem conduct or rraterl al s, for exan‘pl e, as quantum
dots. 20 BRI EF DESCRI PTI ON OF THE DRAW NGS The
f or egoi nBhecfonsedingrnd othepseecss, crabpivenireshicsts. fpfpise and
E@v@h&ﬁ& 8 tﬁPPreseﬁfjﬁ{@eml@‘Q & B mérd ullp ufdeRRdod iffAMARS foﬂ6\$m§ an

e nore derstood fromthe foll ow

n
deserintiop i Gopj unﬂwe Hith theeesonmanine iravipesa Lt S %ﬁy‘ﬁﬁ dke
FHERVMCE Btfaraclel dehalBlréVéd 10 ike fehte@and structural elements throughout

the various figures. The drawings are not necessarily to scale, emphasis instead being

placed upon illustrating the principles of the present inventions, wherein.

Figure 1 represents UV-Vis absorption spectra of CdAS/PAA composite

nanoparticles prepared according to Example 13;

Figure 2 represents emission spectra of different CdAS/PAA composite

nanoparticles prepared according to Example 13;
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reference characters generally refer to Ii ke features
and structural elenents throughout the various
figures. The drawi ngs are not necessarily to scale,

i s _instead being placed upon illustrat éﬂ)
S‘PBH@”?’N@@O]‘ t he present inventions, wherei nH‘l&C ?gomsss
1 represents UWV-Vis absorption spectra of CdS/ PAA
conpoEigtre 3 3€presems RAIEM dinage pf €dS/PAA eemmwsicd nanopaticles
EXx Le 13 [epresents em ssion spectra of
ﬁ?@?g% '%E&&E%R‘%ho%ﬁom te nanoparticles prepared
accor Bigwrg 4 tepRremtspivevig IibsotiBion\@n@ GOy 1586&Pra of CdSe/PAA

9&.@ &epafell G5 t 1 BRRREAL S STEM | mge of

AA conposi te nanopartic prepared according to
Ex a on'S"fE 3% IERIEGRE up-Yie Rbeosatien sandy ermsama tsaesirpt ¢fofC
LHSHPARRoBRBRS ﬁeﬁoﬁﬂc%éx%ﬁéﬁcc&@ﬁ@&ﬁmaﬁlpr@@opa” icles

prepared according to 5 Fi

repr cEigWE O [FPISHsnts Wh%s raB%OFRSﬁ" il cé\’FP@%lsa?F”é p’é&drT&’P 6t
(comSssite m&%ﬁm@%&@r@wmﬂd nst es prepared

accor o Exanpl e 15 ure resents uv-

S or D! AFRBHE <5V “biERbD cerdy ST B c¥nibdrr o
rEasIPARA tomtiposite mqaarc&g prodsdet d¢caghdgoo Exanphd ¥7; 16; Fi gur e
7 nt S SI on

| DR Sl e SO S A RS 3 RRLER
&omposite nglopmlﬁpsmnﬁuepdhé’qordhgﬁmle%a) 8(c) represent
STEM E,Qé t '
nanopalg'yacl pr od ucedpée?l{g{:"gé éﬁ?%ﬁfﬁﬁ ?&8‘%@9%}3‘ g““““""g
reqsiesdapsording BaRDplsdBt er n of Li FePO4/ PAA conposite

nanop cl 0 di
F gur 1@?]%@ CIRS oS PO W LR TR Y T pAn,
sPmpesitennpperticles praducsdagcortinglirampledPes produced

accor pigived EXadiésentd %n KROUKSayl LiffiGRoRSHRbR 80 FEYIPAA
X-ra fractlo attern of Fe2Q3/ PAA conposite

e éfFf'?"é’P*’é%"ﬁr el docording QEXgMMIS 1%xanpl e 19; Figure

12 r epigtrs @D tepreSehis\d TENR i€age bf ZH0¥ DNorGfdsiRafhdparticles made
nano de 20 according to Exanple 20; Figure

DORAY LIehse IR anp!
£39E pqtg RS -vi s absorbance and em ssion spectra
of ZnBEgBAA3 epapoesilveinasaparct iacd emission epeate of AhOFANRO

SRR eporicr e Mhol RS EERE B 2% 00, S ana”
non- cbigwed 1 otepresopise gmispior pspeeith af cboteli GAS/PAA Examepsbite’
%;hOparticIes coated and non-coated polystyrene prepared according to Example 21;

Figure 15 represents uv-vis absotption spectra of Ag/PAA composite
nanoparticles produced according to Example 22;

Figure 16 represents a STEM image of Ag/PAA composite nanoparticles
produced according to Example 22;

Figure 17 represents uv-vis absorption spectra of AwWPAA composite
nanoparticles produced according to Example 23;

Figure 18 represents STEM image of Auw/PAA composite nanoparticles
produced according to Example 23;
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25 Figure 15 represents uv-vis absorption spectra of
Ag/ PAA conposite nanoparticles produced according to
Exanpl e 22; Figure 16 represents a STEM i nmage of

osite nanoparticles produced accogdj

%g@%&ggp Figure 17 represents uv-vis absor%&’g‘%owmms‘
spectra of Au/PAA conposite 30 nanoparticles produced
accor bigug 19 tepRrentyivevioPectajof (hw ABRPAAFowpesie sangmigles
[ A RO EHIP9SI t e nanoparticles produced
5@%&3% s e TR WO 2007/ 041862
PCT/ Chgoerc 20rHK8e represpnt STEY mifhr ERX nanglysiy -ipieege spdder a
Ng)/PAK conBashtE MhoF R HrddBeddABRRANH th Exiple f¥; 0duced
agggrdicﬁlgﬁ%o Exg Ile 4 (I::i gur es gtzogg)-z%)‘;s%; repr esent
STEM VigYh 2EDRPisteatsy s jopd gisgipn cpgetra oAJJ4SEARR composite
?%mpgaiégﬁprm%m&aiﬁgmmpﬁmﬁd accgrdi ng to Exanple

; L e represents Uv-vi s an n spectra
of | CEPBELL THEEUE BV A GELAIPT SPest® 9F SADEBR AntEPtifng
tnanopxrdicipd modiéed detqdingtoBkampResmat S uv-vi s and
en ssji.on ectra of CdS/ PDDA .conpqsite . nano i cles
pr odﬁ%‘%‘ge %c 5P A ta%so%é‘écrerp?"él 98519 3"7—:}% uo[}e&?%‘re&ﬁ
rceppaie mMuspatida fraircal momldiegricSanpleSactordingto the present
%&}ggl PAA 10 conposite nanoparticles produced
accor .i ng to Exanple 36 according to the present
i nvenkigwe ; 24Fakyarbance 4and besnisdiem specin @f <CdZoTe/BAA seranposite
Ak s &%&d‘&ﬂ@{iﬁt%mﬂ 1837 3 cbidf § filind
ac’(‘:"g%i ng&to Exanp eg397 xagcgordi rfg tgq‘?ﬂg rﬁ%fgﬂﬁnon;_
and FEYErE sbsorkines rasd rieuissignasresas of SAMaeBAAacagtposite
GerdpdiatIB oREPR3drliRg LEXARPRBB hicoidiSo Mk PRYGE fvention.
according to Exanple 38 according to the present
i nvention. DETAILED DESCRI PTI ON OF PREFERRED
ENVBODIDENMIEED DXESdRIFR OINY OF hER HRERRET BRIBOTAREBINES, t he

term 20 (a) "W/ pol yrrerlﬁzé Efﬁf@ to the coll apsed

polymeric material wt tal cation ML+, wherein
M i s hhiz Sliatieglexamplat, thetethe exanpl e; and (b) A /

pol y re I | i e al

Col | aibeq bt fpobfhh W 3o RPEn B AR nlBHEL b g,
aetal oation HF awlheorin Mis thd statsd orsial imgleeexamplerrgie pol ynrer
the (b) A¥ / polymer refers to the collapsed polymeric material collapsed with

the anion A™.

In the case of multiple cations or anions used to collapse a single polymer, the
different metal cations and anions will be separated by a comma “,” as in the case
M, M7, etc...)/Polymer and (A*", A%, ete...)/Polymer (eg. Cd**/PAA, CI'
/PDDA, etc.). Nanoparticles formed from the metal ions will be designated as M, y;
A, y1 /Polymer (eg. CdS/PAA, (CdS, PbS)/PAA, etc). Nanoparticles formed from the
metal ions that have been treated with another agent to form a different material will
be designated by a “-“ as in (M x1 A1y — M2y2 A2 2 )/Polymer (eg. (CdSe-CdSYPAA,
(CdTe-ZnSY/PAA, etc).
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25 different netal cations and anions will be
separated by a conma ", " ~as in the case (My", M2,
etc...)/Polynmer and (A "' , A2"2-, etc. )/Polyrrer’

PAA, C1 /PDDA, etc.). Nanopart| cl €s for
?ﬁgzr%u?ﬁﬁ Jrzret al ions will be designated as M CT’C%O"‘{}"’““
[/ Pol ymer (eg. CdS/ PAA, (CdS, PbS)/PAA, etc).

Nanoparticles formed fromthe netal ions that have
lgé%‘ﬁp'ﬁrlegP'é’H“‘W“tcﬂ"”é’ﬁbFHb('lh‘g%% to forma different
mat er | al 30 be desi gnat ed (M
Ay aw@%“ﬁ& y2! boabe) Qr%ml(ﬁépolx(@alsédlm&y*ﬁmmmm
cKlorlde) rDB)A R Bi%ma,ehﬁéragem W@ ﬁ)@ﬁﬁ(ﬁ&%ﬁzwater] was diluted to

: Pol ycatjon coll apse th
300, i R SR IoRiRac WRiFra L THE S GETh v Stsed cen 10 @ineten 50 mi
pliuyts civend bbtainkdaridplhced ir20 miiTsciriliefidnovAlsd €To CRRBA) added

PR il Te386 Mring' S0 L ob e ekl roione & o,
werseiations €2imivbr 6008M)yieldings 0 nfl. F GIPDDA Solyiohsswitedi ﬂ'erent

Rﬁt] Bt 1 %@gg%l\ggﬁ&ja filh gBDﬂ]coggéh@attfohlo I g)’]l;rp ‘h%lr% tble

each was a orous’ s
yiscositeforach sektion avas mte@sgng with agl |CfoveIdemcomclan CBritvisositpns

ea fiYbton @ N co\ibéﬁ%’ﬁ’tloﬁg:hénged.'}udﬁ’én @?@ﬁha;t%?/l’lb an%%ms

with different 10 t ween
Pehigkenpste P&fe%thevsswahwraf Cl, svﬁ@/tbﬁt at Ipwer cprdeirations, the

PDBAGS prin¥arPf inQA ehterffed bdrngitatids Measured with an
Ostvval d visconeter. The viscosity as a function of

g_n%entrau n chanlged suddenly at approxi mately
plycatipn collapse-with ¢2)aglonpppA” col | apse point with

-, h t hat | trat th PDDA
or maﬁ’ bt 40 chiRkes” 300 P e Gl dmetamppriar
Eldbf}fb)i(HDﬁA)dSighm,pAe:fragbﬂ\llm 4003»f)1la,mognm fh \aelua] 284 difuteddp. O
0 i a anmoni up
EELI ofwgﬁ dblf QE%A‘?‘LT" i Sg&{j r4ge ‘Wﬁ‘ﬁg‘)ﬁéﬁﬁws 2 %
leuwat‘@re] Ohmr@ddmdwwdd G20 rﬁDSCB‘@lOatrm wls, HTcdaich) miaz edlled
WRpwike wii ev@)%ugtsh% V’.‘?@nﬁ Lo raélfeguj 815;‘8%)0 L SHs &5 difRerche M

al 1 quots were o tal and
Ceeirpliqna @ sMyi a9 snM)rweb;larehl Ovmb fﬁ(ﬁﬂbd’PDH%ommtsm wnll h

&ilffe&mqsafs]t BekldeRd ald b M A a?ﬂh'xm Nﬁ%e%% &OAM

f er.ent concentrations yi el

?‘E? atiyg visgenity, piryaph §intmvaﬁ§nw1m with a1 Ostagld '{rsemter ]

Diet vigeositylas afichctldh dfMa@ﬂ&bn&nﬁhﬂbﬁ'chﬁ%u@&hﬂ@%ﬁ FordriRlelP
f gach sol ution

/ The r.e i scosity o
32 s e ok e Bl P PR suefyfdar t lower
sdnsenusticny, tigsPRDA iseitracily infn Mabiedcantgiitioat i on changed
suddenly at approxi mately 3 nM this was taken as the

E%I&?-l i’&?&%up %lﬁbse WlEh - amon , such that at |ower

In a plastic 400.0 m! beaker, 15 mi of poly(dialtyldimethylammonium
chloride) (PDDA) [Sigma, Average M,, 400-500K, 20 wt% in water] was diluted to
300 mi with deionized water, The solution was stirred for 10 minutes. 5.0 mi

aliquots were obtained, and placed in 20 ml scintillation vials. To each was added
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concentrations, the PDDA is primarily in an extended
configuration. 30 Exanple 2: Polycation collapse with
(-3) anion In a plastic 400.0 m beaker, 15 nl of

Lyl di met hyl anmoni um chl ori de) (PDDA
;\8@%&@3@%&’400 500K, 20 wt%in water] was dil EFJE’GA%WWM%

300 M with deionized water. The solution was stirred
fdeppwise withnvigereus Siningn$.0 38 ofl aqgecnt S\Ia‘dm.;esoﬁbibﬂd bedifferdnd

0 al T ch was added
BuRahdl 346'8’7% otz 50k et ot SPOG R solutigns i
GifBEnbIPOs ttepyerm g 281 25 mM asdl adipalRIBA M EXDALGOOALS hg/hs,
Qhe Glilitifvg "v%&ktty GPE'aQ:ﬁ biAdn \%ksméag%rﬁavhv a;h%? drg%ﬁl'y el di E,]CJ

437 PDDA sol uti ons w
& V\'@é‘ﬁ“ﬂ as&rfb“"ﬂg‘ PHl¥ah eongertration Chmswqﬂﬁmmpmbxlmm@f

2 thiks. wakhek i
L sl s tlor ol LD,
t

saeep B‘H’é A inprimparidyJn @w pritended esnfiguretiped suddenl y
at approximately 2 mM this was taken as the PDDA

Esdmhplpse Ppigarion villapseRAthY+1) cafitith that at | ower
concentrations, the PDDA is primarily in an extended

conf ilgur 400i mhpiaﬁcagspltee, 400, OF’ﬂthyﬁum mﬁé@@%@mﬁé My (il)
stic beaker,

ﬁ\ﬂhér? Q?%dl}sQ)IJeQ Razo‘b 3 Jymi%i water . Thg p ng ¢ braker gpsslggtp%@

inp g vater bidle[avmozledtewaaﬂe% Dhaed p:laﬁﬁtn‘ed vtgeﬁkﬁy foNRAB least

BORRLRE S untilalfo dlhﬁ’é solfd P&’ lﬁ?%lgsogvae P OXI tFa 5035}/ Higﬂﬂ%é)@ ocz

and was stirre orous or a
@ntoem fempergturs; Hhe Bl wgs RMSthiisocﬁSsmhgeljl MON£OH. hepH

neloindits (8% GAOWEHE harchrah BOMERRCIAH ok 1E i b s

?ﬁ'ﬁfﬁ &&%@Wﬂ? |°h'§mg"il epglnpjes q@#%&%eﬂ aligiotsi wead digtaindds
ot pﬂd&ﬁd mHO AlcintlRbn Rivs. WBY &l Wa?h(ﬂﬁ&j dn%ﬁglsE Qrithy %gam\{}@s

S. wer e obt ai ned [aced 1n 20
Sﬁ‘?"“& sk frgatl?"aﬁﬁe‘?*asr’@tmwf ditferent gogceatretions @r?o'pM sH.0
mmla Wrieldingoi0atis of ;sr?ﬁmmm Qolbtidhs mlthﬁﬁ'@Qﬁﬁ@%’ B%n 0.1 m
ILf.f.erent conc tions
a?ng 5t lﬁr&ﬁd ? E‘nag PANOHSE:"E?“ORI&F y 'glmrﬂ@tfve yiscagity pf each
SQK“FWlEW%mei{SNad-]Wltbah\mmld)wﬂcoﬁMer a'lllde ﬁchs;Wserﬂnéﬁoﬁ bpal
el at ve vi scosity
I’E’a@?‘c&%@rﬁﬁﬂ&r{ %9 SQJdellll aspalr'()éwe\ﬁ ¥ % "@(?T en as the

each
lapse ppint vm}eNq: b g,@b ghat at laveer aonfccmtmmnthef’AA Megeimarily

it eN&RMERloh ffurffdgN0ed suddenly at approxinmately 2 nM
this was taken as the PAA collapse point with Na+,

such that at I ower concentrations, the PAA is
E%ri nggldyl in an extended confi guration. Exanple 5:
8IS JiTvaBiop spflapsevith (2)-cationat i on.

In a 400 ml plastic beaker, 400.0 mg of PAA (Sigma, Average My, 1.2 million)
was dissolved in 200 ml deionized water. The plastic beaker was immersed in a hot
water bath (approximately 80-90 ° C) and was stirred vigorously for at least 30
minutes or until all of the solid PAA has dissolved. Once the solution has cooled to
room temperature, the pH was adjusted to 6.8 using 0.1 M NaOH. pH measurements

were done using narrow range pH paper. 5 ml aliquots of the pH adjusted PAA were
22



10

15

20

25

30

5

30 In a 400 M plastic beaker, 400.0 ng of PAA (Signms,
Average Mv 1.2 mllion) was dissolved in 200 m
dei oni zed water. The plastic beaker was imrersed in a

bath (approximately 80-90 C) andpp@Ra1006/001636

{
Q&ZP?"Z}%IW gorously for at least 30 mnutes or unti
all of the solid PAA has di ssolved. Once the sol ution

dhtpined ged tocpachhwas asided 3.8 my aligiotsrwere phiaingsi-andopdaced jn 20 mb
e RtifatiSn WRIDITE edchMyvd¥ofdaed %ﬂﬁ@% %%§ stirvin {Oemfi gfe

usi ng_narrow range pH paper. al i

uots o
A OHE CB o Ao aimg of HBleipes conRs TR E6 T GOTODOI IR 56
0632 bﬂc&F"IBDdgt s@}uﬁ&i‘shmﬂﬂﬁff&éd 04’ H&nfée? lah gV O4rid wqelhﬁf .
| an ace nti ation vials (0]
B0 8 A gl FAA BheaPeRS S0 Wt T ol Bees o ach ol Wy
r@éasuraqwﬁauﬁ 0D 35 ot U THe Naiscaxity dis faf Rb@ivh of CINOs),

CHPFBEDAER, PR B ivest ot BN P PR EeAd 1

qoﬂépaﬂpblﬂ Vﬂﬂllﬂ\lZ+ Such kit at Idvien edncéMitiasthePAA Biprienrilyfin dn

e%%rmd co%ﬁ%m% ﬁrln aﬁﬁt&({ of &&%Sé@éo%%u%ﬁ&htﬂﬁg l‘ Hatl Igcggnggrf fon,

>8 mMn:e!spdm Wbtte 1m@3)thormo felativns with @ fing hangedtlemfdeml y

C oﬁz@t’@g; D OI @bﬁA%ﬁ'@rhgrt& e l%wlnﬁe Wbsequcnt

eshefos Fftbir\%’l“tlt?hé refeedite agfed BAA Iy thisrvosls  ext ended
conf| guration. Addition of nore Cd(NO3)2 such that the

iiaiiple 6 POGERLE Aiapih wilh ) Gbbgaused a uhi te

precipitate to form Solutions with a final

conc mt 4oetmup[hsﬁu‘ beikez 400(%@@6 PEN G tgreAd GIfBRP Bd?dg (5§ (Aitfa
yse 1IN supse en
Aem Brvceee oy Eiiorn s PR 610 8 galnizet Bt o mihauos
ofae-+ PS8/ sblution teiesobiatried,. anEptaogal i@ 26 mlF%@in;iMbﬂ gtaﬁtﬁl'ﬂoﬁ&ﬁ
+ t t eaker

g ML el £ B ol By
REsaf dlfmeircag@nmms {®12 hMor0.0val!) geklingl10 ed. dfifre

HRLioR \ﬁﬁ{j d%ﬁ:ﬁf Fe5*] Herwikd G‘i%ﬁl mﬁ lbrbem?ﬁ%ds?lﬂﬁal'

wer e t al ne placed 1 n 20 scin i on

cpnagizatior of baefml. Whﬁ‘cﬁe‘dscaﬁ*ltﬁmﬁ/ﬁ@b sQiktion wasgepases] with
a%t(bsfvfrdlcf‘ Giscontetel! TR viBMBMS fBRYIbY bpnfb'i:h%n&eamoh r&aangéh

of different concentrations

S;‘}f“@f"énahgvaﬂmﬂb? ¥ tils pragypekensas) thy ig%g'r@"wss Roig WlﬂweFree nt

subteBatat loatVeadcenatibné] Mesd islfinthrifih anektéhdéd ddbatigdration.
concentration of | rTg/m The rel ative viscosity of

each sol ution was neasur ed with an Gstwal d
E)éx grtptleoﬁ The scosdlé% s a function of FeCl3
SEDENT LYY 28ien R é‘é‘ﬂ' é‘ﬂl y at approximately 2 n
thls h oj nt th . Fe3+ 25
such F’ %ﬁlc\;\q/%?ﬁ e(r:,gm?gn AEr gk ﬁk‘ggg h%ve %e\ghi"g'z m'ﬁw“)
widmaquddyn R0 mhdedonized datr.cTef ilagtic beakarwas imensel ie a ot
»Pa?érylﬁﬂi' @Bpxﬁﬂlnla@f}sﬁ)-% b EI) %mf @Jag QhFed vigorously for at least 30
minutes or until all of the solid PAA has dissolved. Once the solution had cooled to
room temperature, the pH was adjusted to 6.8 using 0.1 M NaOH. pH measurements

were done using narrow range pH paper. 5.0 ml aliquots were obtained, and placed in
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30 In a 400 M plastic beaker, 400.0 ng of PAA (Signms,
Average Mr 1.2 mllion) was dissolved in 200 m
dei oni zed water. The plastic beaker was imrersed in a

t t bath (approxinmately 80-90 C) and
g&%opﬁﬁlﬁgorousl y for at least 30 mnutes g‘ﬁ'ﬁgﬁzms}ooms&
all of the solid PAA has dissolved. Once the solution
Haad sciotillatidn vigls. [Toeacht wapaided dropwise Wish plepropssstining it e

otf%q&o% SRk c%né.mmgfgéﬂz am egﬁg%raﬁﬁaﬁb SF gz51 ) ufrfane

narr ow range |qu wer e
comteanrmus* @AdnM| a&@anhynelﬂ@g\A@@oewﬁ o L,ddVPAA solutions

Wit 4 éﬁ‘%ﬂpﬁjg@ 1686, b%Rvegﬁ oslchm' lahUiORM iaAd S finkP mch

was a ropw se wth vigorous stirring 5.0 ni

AT gy ineireln The salative wcpﬁg of gxch soliign ‘tqsezixeaa{redamﬁw e
a&.%skv@al@tls&amﬂe} Phe »dscsé@rae Etfuncﬁ&ﬂﬁ%tl;%hdl i3 torlclhtrtisiM -

m) y ez+ P uti ons
Wlta%d &dei?ﬂ@f & ﬁPP’f’QPétE‘mb 3LW+% s “ﬁéh%@bﬁ ‘%? @ﬁﬂﬁﬂw&m pging
Wit 2ratt, B fuich &at RAAvED c@ﬁéﬁlﬁﬁﬁrtsﬂm PAA G primanity ifrhn exidnded

relLative viscosity of each solution was measured with
QAR d vi sconeter. The viscosity as a function of
feofice@razion refeGo tieaolsroheeatration of adtamgteldomscdaibintd)  at
approximately 0.3 nmM this was taken as the PAA

col |l apse point wth 2Fe2+, Li+ such that at | ower
Exunpbn 81 atPrepasationhef LAZ/AAA wrosstinked \coinposite wuoparticlds
axoorilingute teeiiaventidrOusingonerewryraae lamps refer to the total
concentration of both nmetal ions conbined Exanple 8:
Pr epdr salition GrCRAA pyea revnetsd | byrdrerpvissopdslisioni of 10 ml of

@%W@&M @(ﬁutld'ﬂ(i& 90" lql Mn'tgﬁnltaﬁﬁeohi‘ébﬁﬂl% QFPAJ@ {Sina, Ave
nmercury arc sol ution of

D Ao MU, AR BB Al a6 8 i B MOV, f The(hopenpras
&g&m ﬁghs abital 200 W (ﬁ'leil&r)narc whp&wd@#oxwwuaoﬁ% blﬁ‘dcon

Rlerse i Arapng YEEPYS SFi: s gPt i oo et o
dhalgmi apdiidionife0 wdlerfor 6 lhbt}ts aihe diabsip if eapecaydps aubbtarmaiaby v
Bt SsBh RSt o Rl kRBES B8 A e
Hovwdvgrz didwarg &iund thatj gieosvlitien visedsdly réngains3urichangesl (stithdow),
hiddon glmzt {8 <SHBRALEH Sgh&n&wamnéd' 2ld ot teQQpSed g3 Fymehe

concentrat I 'n sol ution, us reversing t

hrs | beere Fmasdynkeéggeremarmwélwwlawd rerfigpgtions Amaliquethel the

soRltioh Wadlcald oafo%bs YndaRBREANS aiv B D ARBRE Forctndibrbschg fnaging
I ndicating that the coll apsed configuration is

indicaipd b preseace efpaticiehtd <9 M P$i8- pol yner 25 has been
crosslinked to remain in the coll apsed configuration.

Banilé O Qtrepiiratidie of ZaF AL nMACdCPAA Cfkdinked 2odpdlite
idropay@idies Sccaddingtto Yhe ibdentib udiny laser liridiaga@opy | magi ng
i ndi cated the presence of particles 10 - 25 nmin

Si ze.A solution of Zn®*/PAA was prepared by dropwise addition of 10 ml of

0.005M Zn(NOs), solution to 10 ml of 2mg/ml aqueous solution of PAA (Sigma, Ave
M,, 1.2 million PAA, pH adjusted to 6.8 with 0.1 M NaOH) with vigorous stirring.
The solution was exposed to 5000 pulses from an excimer laser source (10ml/cm’ )

while undergoing vigorous stirring. The laser irradiated solution was then dialyzed
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Exanpl e 9: Preparation of Zn2+/ PAA and CdZ+/ PAA
crosslinked conposite 30 nanoparticles according to
the invention using laser irradiation A solution of

y s prepared by dropw se addition of
@%6@%?%%3)2 solution to 10 mM of 2ng/ m a (]e'lgﬁgm&{o““
sol ution of PAA (Sigma, Ave MN 1.2 mllion PAA pH
agdinstsdebaized woteB foxi X houds, thaviging Ok daignized watpo reseryoir every

r

el ThE ot T B0l 0wl B Ml e W
eollepsedyesinfiguratiogdy stainedt i rri ng. The | aser irradi ated
sol UtA Ut Soft @@ﬂ?ﬂk%ﬁézﬁgpare%“by\/@omg } MG& 10 ml of
PCT/ CA2006/ 0016 gal nst” dei oni zed water for
PO CA@Nah g?lhfgontth &0 @é?fo%msﬁé'oﬁqw&wqﬂes eF R fslm pye
ppqrz milfiéh BLA UH Qd]us‘t/ddstg @3 \{n}h 0. ﬁ'lWNB@Fb HHH b%ﬂﬁﬁﬂsﬂ?ﬁ{ng

dialysis, mcﬁcaﬂgglp ]a ftr &%gr conlgﬂjaglon
The soluion agexpased G vii ‘Eél?‘#?’fﬁﬂ?-?’ rEp S0Edeny )
dmmwds:go.agi dligbo@ystidfing] OTtigl lasef irrabiated QﬁlﬁtMnGGKs hm):ﬂaiyzcd
solution.t oys SO ution of
ceainhSonigo e, o Shair fesa R A o Mt detvg £y
Wui‘ h me Solididra@blosivy temainid) anchisges toly rdidlysis, indicagngsthhuhe on

?ed 495 .50 aQneQUI ses from an excinmer |aser

5 ? 9?" BB Whi | e under goi ng vi gor ous
stirring. The laser irradiated solution was then
Bismhple d0: Pxemuirstinn ofiZafifRA cresslbrked oronositzunamoparticles
advardinigtg thelavantom nsinpchemiraberosstinlgng agent ever y 10 hour
The so% ution viscosity renai ned unchanged b Si s,

i ndi at RAgh soution Masprepasid agpradioe losrammtd-at AA
wed ﬁh&@% Eﬁ'@iﬁ w]apandpfﬁﬂﬁﬁﬁﬁ %&lﬁhdﬂftha%%?;lg) Mg/mL in 1-

crosslink ed conposite nanoparticles accordin t he

Eﬁv’éﬂﬁ-ﬁlﬁ‘ewlaﬁ'@oemﬂice@w@?'@fssiﬁpﬁk| g dgyghem in 22"

@s@fén%fmi -(44H mn\wqwﬁﬁ Ras addeacmad béi@taﬁpstﬁmagm IT@e 9.
Zn2+7

eSOV 56 ST o PO D R Shed Gl o dejonized
Ehthnyfor 3\&16135, dhzmging ﬁieahiﬁﬁﬂw @eggrlrésearbia eckiry mhtﬂezﬁzﬁm timnd
33, nedi o

zv treated w%néhe dE @E?E s)élgﬁ %aﬁtaf(sx iryzed(aéam*ﬁetoa@%)water
foe §LHOtlrSn§jlaBglththﬁ @pionias Uaterrmsdfofrcewer& Dotro UARer dindlysisathe
In &Q.gﬂéﬁﬂey%ﬁ@/gﬁ%leﬁ‘@& bR Fiflon WRLRlch Ider tha M ofan

el oni ze wat er reservolr every
mn@ate@m Hish solntien. s indisates dhajthen colheseED@hﬁﬂEatlon is

%@JII%E LRG A Al W trhail Wif the IRI/BOE sdl@iopni zed wat er

for 3 hours, changing the deionized water reservoir
every hour. After dialysis, the viscosity of the
Epgmplextls Rolyacyyliz apid) oaselinking, ovitheapema maistion daenroducsn

CHafPAds composite mpwsflefoaw%megb‘rem-?rbn Thi s

i ndi cates t t he col |l apsed conf|
%ml of Cl’&g PAA, prepared ag descnbedrgn hg p?e was pfcé.ced ina 20

mt scintillation vial. To this, 200 yl of isopropanol (ACS grade) was added. The vial
was sealed with a rubber septum and was vortexed for 10 seconds. The solution was
exposed to a total dose of ~15 kGy of gamma radiation at a dose rate of 3.3 kGy/hr.

The irradiated solution was then dialyzed against deionized water for 3 hours,
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retained after Zn2+/ PAA was treated wth the EDC/ EDE
sol ution. Exanple 11: Polyacrylic acid crosslinking
with gamma radiation to produce Cd2+/ PAA conposite

oparticles according to the invention. 30 20 m of
MO dhord

2pr epared as described in Exanpl e 5,PGH¥A2006/001686

placed in a 20 m scintillation vial. To this, 200 |
abéngirgohe deimived wateGSsegvoiickedry has. Stitinely, Ci%PAA tHat wasamt

I ' LI [..Septu nd.was vortexed for. 1
S sl RilbRELU SR Bl iRl CK B8 ot
viscoditylofyheshbllapssdriadiatetl, dialyeed siutian desmuohdoweralianhaBof a

I, un-Rrhalld sdiEfAT! REAth 2 b LMBooiiR b UERH £ 2 7

nst el oni zed wat er ours,

o rvo ks espoped iy thasgussao0ratatiop Hesagind gimilady the vistsisine d
N RLUSREEFYRME, R14B/20d WOHAA sdhudtioh Fad muchqgféi/tﬂ@&ﬁ& Bed
al so dialyzed

was not _exposed t0 ganma radiation was

GoHangeds porirradiateqgplutian. “After dialysis, the viscosity of
the col |l apsed irradiated, dialyzed solution was nuch
Efviple 123 aPolyhedilicodcidPerosshnking $ah 4 82518 Gadhidiagiamps to
profuteiCal/P AR ¢ ipWitP iRRPAEIIcSOFdiig 8 thelintoaion| © 5,

[Na+j= 5 2mM was al so exposed to the sane gamm
r adi 20 inbof CHIYPAA avasiprepanid saédrding D Exarhie 6 Siat Mace@fin 4 $090

col) apsed irradi,ated, dialyze + sal ut.i was
FOERA 8GR ThERORRG waf oBotC AT srimrilbL OV 185
(sprraxim@n poweranj BWirm’) Fod approkigratety BE @ hours sder migbrogs
SW . %%ﬁl&at%? t?c;nd\@zls I]hg‘m?fglage% ag%gstp(!?%glyzg(? ngjclz ﬂrpf‘A
(040 oslite nanopay I cl es accor I nNg Ot £ Inventi on.” 20
hemrsoehaggips fhpAlatopiaed watepmsenthiraryen iwin gCd'oPBActhy| vas Siohas
AR MUY 2l tas Moo B9 10 SRy A TR VoS 3Fe

i 6‘&1@?“’ idialyepd WARRAA selutionpgmsonpchelpwerythan that ofa RAUMPAA

SRASE thal 9RE ABSexhSsed tth kel DY- 1&&6_&&1&@% ?té«gd?ﬁw IZHINR,

s then di alyzed agai nst deionize or 3
BhdioRs CHEREONE CRLIMNDRbniFeEl. e Fefbs SOIh EUEPY,
Mﬂ(‘$04)|, @@g!aeieél‘m,hﬁ(NmM_k@! 2| wX RIes e/ ﬁr&_?tahﬁ iNa lsﬁmtﬁr
was _a i.al y.ze n sim.l ar nner . e Vi scosi
Pbeied UV R e sefupd e e B s uct
Inwmertthanahee of 4 dodlapsed) at-ircfdiated GalRtidnRAThess @illutibhsOmeré Aldrabla s

. | anp. Col | apsed PAA with
ia sg%'g%ﬂ%%grﬂ% Cd/ Pb(NO3) 2, Zn/ Cd( NGB) 2,
FeCl2, LiCl, FeCl3, Co(S™), Cu(sS™), M(S™),
BaamplaiBo0RS/ PAAeMDS)i/npaiaptichessicedrding the invantiont ed i n
a simlar manner and,the viscosity of the collapsed
i rradf able@l censalinksde Eds AAN i composife r ranppattivles | wage prepdreth

debdin@lo Skample!12RHE vas Phicdd’ ih AK0AhEElass Beaklel. ODRder V13EREs
solutjons were filterable wusi ndg a 0.2 mnylon sSyringe
Stifringe40.0 ml of’ 0.60 mM Na,S solution was added dropwise at a rate of 2 mi/min
using a syringe pump. The resulting solution was yellow in color. Absorbance and
emission specira of the resulting solution are shown in Figure 1. The maximum
emission wavelength can be tuned to different frequencies by varying the ratio of
Na;$ to the amount to Cd** ions present in the Cd>*/PAA solution. This is shown in

Figure 2. A red shift in the Emissiony., is observed as more Na,S is added.
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25 Exanpl e 13: CdS/ PAA conposite nanoparticles
according to the invention. 20 m of crosslinked
Cd2+/ PAA conposite nanoparticles was prepared
ég@?}@g to exanple 12 and was placed in a 50
3? B Under vigorous 30 stirring, ZOP‘E)T’WOB?"}M‘;“
0. 60 nM NaZS sol ution was added dropwi se at a rate of
Scambing1Transsissigh Bleyoni mig@sdppiyrimagéd of the TUSIPAR prepdred aron
\1@5 ?;nelgll oW in color. Absorbance and em ssion spectra
*t g"esultlng solution are shown in Figure 1. The
maxi mum em ssi on wavel ength can be tuned to different
Exsmple it | ©dSeBAA Gompesite Navopastidle acéording BBhe dnveimion.
anount to Cd2+ ions present in the Cd2+/ PAA sol ution.
Thi s 308 mdnefiGs* VRA R afprgpares gcording éxiExsmiplet 5.i Fhet nﬂsof the
55 hRd b3 89S V&th 85 MREGH Mafwad RibREIEEh N, 2R
2007/ 041862 PCT/ CA2006/ 001686 Scanning Tr ansm®s| on
wjngies i SA9 Bl saed hottamrllaks 132 menef o siimefylselenonrea vagr e

SERWed ins Kl SlbeBassid, @mﬂah evaéﬂand%@;éaﬁ’%lm;;ﬁ IuI £5 ml

Nanoparticl es accordl n t e invention. mL of
@EFN}%’DANSW&“ %P’éﬁ%ﬁ"@& ‘i'}tj Q"B“@%%?FF&PW “Fﬁ% Wil
ofded hﬁhe S@*@M%dﬁdﬂiﬁh@déhér@ TherefultingRolltiod Wb Birrdd fdr

ubbl ed t.h N2(g) for 30, mputes.in.a

B R o e Bt  Peaine Mo g Jeryperaurd of Spproximate
giragohy hae! eacm i houd,Sthe Gblamlmdllo\ned&o rebolofThd eggaBing d,
95iBF AR bl AL SR E Gk ey gP 2 10 3 5

ass Vi fﬁn °§Fﬁ°% Wﬁlgléggf m of this
di net hl ysel enourea soI ution was added to the Cd2+/ PAA
under N2 atnosphere. The resulting solution was
Exdmpled5f ofCdSe - GABVRAL Gompositee Nawppattixdes grecordingatoi they
impentios. t 0 a tenperature of approximately 80C for i
hour. After one hour, the solution was allowed to

cool 156 Y of £453¢/PAM genopatticles Bredyrad ageardingsie Exemeln 14 s
FlRded S 8056 RE Fduhdb&idMMTask.N 179. @I Bf ¢t30 VOhsRmali® ik Svater

nposj.te Nanoparticles accordin to
\(’?Fe*as?drw %%%wnw ¢ﬂ53 G ACHBRABKIS nHSSTr4lng BY
waaﬁuedaﬁtgamgr fai ﬂ@ll‘ﬁ]f(ts,ﬁ}{diw&)ﬂotﬂ%ﬂlﬁaf?&g) sgglt ?Aﬁﬁﬁkailrfg dang®0

rou . . 0 .

P S o 28 P e Subtnuh bt PRSP spsgrs of the
covitirg (GHSeCANPAGESep&MA naepatdetarcthown il Rguiessul ti ng
m xture was stirred vigorously for 5 m nutes, and was
then heated to 80C on a heating mantle wth very

hk od:1 Cdtdeak @op.%gﬂg%ﬁparﬁaa AL A0R% A 1iHtion.

SI on spectra o
Under ambient conditions, 300 ml of Cd*/PAA produced according to

Example 5 was placed in a 500 m] round bottom flask. To this solution, 0.156 g of
NaBH, and 0.312 g of trisodium citrate was added while the solution was being
stired. Immediately after the addition of the borohydride and the citrate, 12.5 mi of
0.01M NaTeOs; was added. Upon addition of the NaTeO; solution, the solution

develops a yellow color. The solution was then refluxed for approximately 20 hours
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25 resulting (CdSe-CdS)/ PAA conposite nanoparticles
are shown in Figure 5. Exanple 16: CdTel PAA Conposite
Nanoparti cies according to the invention. 30 Under

d|t| ons, 300 m of Cd2+/ PAA produc
acco&ﬁl ng Exan'pl e 5 was placed in a 500 nfg'pgﬁ%pamoisss
bottomflask To this solution, 0.156 g of NaBH4 and

t Aoy CATefP Ay nanepsirtisies & formyt e Thraabserpiitexchndeinission bectra of

I after the
A TR sohion 4t ho bf ek s RN At ¥, 0L S B

of 0.01M NaTe®3 was added. Upon addition of the
ABRIE K| ((GdTE-ZoSMRAA oCompasite angpanticlep ceordink | tonthe

SYPRion. The sol ution was then refluxed for

appr oxi_nat e 20 hours 27 WD 2007/041862

PCT/ CRIB @M d%‘i‘ﬁ‘s’ﬁbe {3 mliof 3N Wefiersmddetiaolfart CaTeRAAQ

ﬁﬂfomrtﬂékﬁpaﬁhtlfe@ f§Hned B?c?ﬂ&ggﬁﬁﬂﬂﬂlﬁ Dﬁi&r&fhltﬁ;@ rﬁiﬂﬁrﬁ was
SOl U er UX | S sSnown
st o7 S0 30y ol GG 30 70 pabshts hiaal vesageet dg was
meﬁpgﬂdtat 2508 gpnafoe 05 ninns.t Aftdrientrifagdtion,and bé@ma pdllBt t&%r%a
. e o 15
Bt PR o ot e as S Mot 1894 B60EE. 2 i
Eolutiop [vars eahtrifiiged at $¥00(rpri fiy 1Minias.u e tvasn paliet &esxigdatédaind 10
I f e_et hano
0 8 18 i MRl Nalll, B 1CRAD S roBlbAIE chfTPA
pamaparécles, 298tpdrof @émMZlf(h\@ﬁi wannddedh dhb scdutmn p.eak stieted F@ri0ed
se th.20mlL
Bl ERa WA To oL 508 T NERhab 8B Rt 10 B es i ity B
secorBBZA3 pulp i RémM1DwiNDS), »ﬁﬁhaddndom«ap@ldneﬁ waammrﬁgfo%tiedf
n el on t er To 1 0
@ﬁ“q‘ters gggrs%gndg@d‘&dggé% ﬁ'&gl‘q %aﬁ??p"é‘ﬁf‘{jc & 10mere gyinutgs of
Ritring, zm(lmt B&Lvr;ﬁszmwlﬂmo;ﬁh ggﬁéidgﬂ i 153& mst\»/lﬁﬁgggwshaed fopr
m Qu . was
e W et 61 i, 35 3 o N v . The selgiongs e b
66 mPalthh ¢ fd?%t)lé’astff\?&yamﬁefaé taium%eséﬁhiﬂdn@&cwsﬂfctrbshftﬁg
m nut es, a er |

LefiioR ™ ensh 551 el Pl e lovs s BT MBS Thi £ o 278
L of 24mM Zn(NO3) 2 was added. The solution was stirred
Exampld (8:nForutagien of Li€ePOUR Ak Cobipoditedanbpartititbattordig to

thd dmvgntioflae sol ution was left in a 20 50 m fal con tube

for at |east 3 days before taki ng the em ssion
spect &0 mfiselutiansef] Fe'ngli’ A IwRDpreparadaoring onEsantle 7

1tk §&h§ﬁf§)ﬁ@ﬁ%§f\ﬁa t@f‘l%fg)r ﬁa%%ﬂl Cﬁ'f}sﬁp g&%oll Q{)d: b grgcﬁ‘ PAA
i%gﬁ’if&pﬁwf'?%q My L siliemnypsidissolverbin 200enk desmized a2 G
pladtiv tobdker Wis inhRAEd inld 1ok MBRALNA FapBfoR MAEBASREFTElnd Yial ©
%re%ngomusly for at least 30 minutes or until all of the solid PAA has dissolved.
Once the solution has cooled to room temperature, the pH was adjusted to 3.0 using
0.1 M HNO;. pH measurements were done using narrow range pH paper. 10.0 ml of
this PAA solution was taken and placed in a 50 m} glass beaker to which 10.0 ml of a
solution that was 6.7 mM in both FeCl; and LiCl was added dropwise with vigorous

stirring. The solution was crosslinked for 1.5 hours under 4 G25T8 Germicidal
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with some nodifications. Briefly, in a 400 m plastic
beaker, 400.0 ng of PAA (Sigma, Average My 1.2
mllion) was dissolved in 200 m deioni zed water. The

aker was immersed in a hot water b
?é'(?%r?)ﬁlprf‘gtel y 80-90 'C) and was 30 stirred y%é?‘bzﬂwlm
for at least 30 mnutes or until all-of the solid PAA

lamps. di5 Osml viesl I%mm}lzhag 9@d then g&dehag tlgaouveyipésed m@l’m
a t s adj yst to usi, n
LRREA ST et Gl ol Pt e oS RS B P A
prapxe‘ator 18/hén @il coffthe §divest WA resoed Iadighwg&eﬂ &Maﬁd @ésdiue
RS art @il ofibs G 9Ru B 65502 nblhp Bt rech Hiathed
Plepgé dn mm@eam wis heatgd uades N3 Btnwisphere fog 12 Houes #@00CL on

96, AR ki sy g TR

BTEM rimpacspvith BB aralysistaf thealifieRDs(PAA mmsiteewpmetale are
S(hgﬁg i thlLrb 3)F Fg’ﬁy% 8a TJ‘@S’@J! YrﬁiHe of ﬂﬁ"t‘:ﬂﬁ) pAX xresﬁec{ ﬁédfb\)\h%

sol ution was renoved usinhg rotar evapor at or
19|the Ropseqtjpveatin, ane whissin F@%\?e ghows the cypss- same@ﬁ abypiianee d
ifg:ﬁbhsibﬁ'ousraﬁﬂiglth’t&danamjlmhaﬁﬁghe 8a BdquReh usmgerecﬁbal Wavsd iver
ou een, res aced in

T8 WY it e Shar T e Abatancs 'Zmnﬁ@mélfeescmpd 12
frslin Figate 86 @Cuired Afingodteciran Hiepersiveodrafre althe MRD puttbiafor the

. en resid ed bl ack. The
'fﬁ‘krl%%? ?’?Pé*gi%“w{eg‘%?ﬁ' Ral s %‘i‘”é‘“%e g“{“"nugg Li FePO4/ PAA
conposite nanoparticle are shown in Figure 8. Figure
Exaniple 19:SFenhitiongd EetOP Ak RoMpesie Naepartizits acaodidg ng
theinvpations esent i nvention, and wherein Figure 8b shows
the cross-secti onal abundance 10 of phosphor ous al ong

the SEShRAA s framed, by fglioveing sxastiy ixamgleukd mith edndc onon

HoBRALS. VEhe pH Bﬁﬂﬁé PAANGoTh %5 ud&d aﬁfb%s tlhﬁead of pH 3.0
cross sectional abundance of |ron along t scanned

ysingel 1Y e, beforeqadding the eRpClasanddLit] sdletionn H}esliﬁt‘rfif i the
pfodealy's renldifs Xﬁ%Dth SiirPridiplly, 1€ sinkle HREEH A 1RMBARE t €

ARE b Fershrd, bl fés#&%m%#%&ﬁh%wm EDX

mllws cﬁ theyLiF PO [PiAcA sanve@nipbite paxﬁélﬁﬁa’i&%ﬁn irSFifee DR dFigive

. t

11 PER SNt PR T ool blnedlh Ao 88 s et o
inygndorg andwhegein Fighire rj Pb sho@'s t?@@mas-smgorﬁl dlMlddaﬁ-d)f lreh eloag

A& a4 U i 6 n_%lﬁsi%gcq{ﬁ'regl usﬁﬁg §}éh'rc§?1rli|sp}]—£ﬁe 5(%?5{]7 &H‘d r'tl%ll% e

E)ﬁocedure re sane.
Showscthe pross-geatipmal abyndapee offphe @m@ml@fg the s@BeRAine in

i @ ired!u
i T

al%e JRsrsit HEs dematite, (lphpiFgdf cand Mns qleiecasmammqm ef
A0 3¢, BAAMBFEIIGOMBMEMIE 68 AT AfloRhGR EHR Gmidds SHIG the
erersgr?c%ngf phosphate, the XRD pattern suggests that Fe,O; is present and not

LiFePQ,.
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25 invention, and wherein Figure | (b shows the
cross-sectional abundance of iron along the scanned
line in Figure | Ga acquired using el ectron dispersive
4% WA 12 d Figure 10c shows the cross-sectiona
AAREE %t phosphorous al ong the scanned | i Het/f#2006/001686
Figure | QGa acquired using electron dispersive x-rays.
Eianpl&D: pedrination 0£Ze01PAA Compofitey Masophiticlevhaeéoriing b the
nzemdtiont e, al pha- Fe203 and M is defect spinal structure
of 30 magnetite, gamma-Fe203, maghem te. Note that
al t hauhmt sobutisDaf ZnfHBe4s vak prepdrétcby diopsdendditiof of 10 m) of

OISR, T LIRS B 84 i o

2omiltie? Db 1B eljustedaiens 8avitho. 1 M Na@H) with afgomnatm

g 10 S L L A,

was 85 BrExampled 2n ThgpH BV gxpyasihiy’ {PARGY2 agmtect tomH 160 10
with off nla:rmaon F@ﬂlmu&n.&@& Eﬁ%rl Igﬁk;u?f A%Arem&kt h&ﬂ@sotﬁm uéﬂ}_%

m uste 0 6.8 wi
%gﬁw gp %Aéf’fb?'?cr’,nal"ss'%@e% 35¢; PhMyianse apsodierm tin
Edwlre azimmtthmsérwncaarﬂ clifidion spedti€ire dhowatl Biglrn sl Ci dal
Ianps as in Exanple 12. The pH uw exposeg Zn2+/ PAA was

i )&E{j Itf'c ik BH ) ';lf’f!cr%i:? ?‘3\‘?"3&? $wamﬁ?$&{dmﬁ s

fg I'Lgn L9 ipt0 layer, brbance, enissi onhspect ra

Zggo?ﬁ%@ﬁ%@s@%&ﬁ%%’bﬁe& OO St st Bt

0. BM HG! soiptian fon3 minytes.rrimsedavittotistidied @atsy, BalAlried with sitrogen.
Wﬁbﬁt@@) tﬁftﬁ(‘fﬁﬁg #v@ﬂg f&&heﬁ? gmlln&\s(ﬁgme%ﬁ]bshﬁ%? 1m ml

rene su

er- by | ayer
%‘% pobyéallylagtine hydsochlogiden iny Bdmmf%ld@rebylnuml foaoweechby aOS I M

rhﬁhte&ﬁu'séltnl @mfr@era 3théH imesd if h@as@onmftdasﬁml hdro !cbe
Wﬁ\uﬂn dr| with nitrogen. Layer by Layer

WW \E@?o oEERIDLY) f?ﬁﬁe‘?"é‘,‘f“ﬁﬁy tbq‘i'é“’é%@tor 2\ aph 1
sotption for PAtthutea0 ITHis W‘dcéﬁb &t REJated 08 HE, TBnliftoh shirerPofthd

D L I P L e A

masppates isshewn mdligitd dn (pr epared accordi ng Exanpl e 13)
for 5 mnutes, then rinsed in 0.1 M Nad solution for

et 2 hg Ik Lol BE N B R B o o b Bon, oo o
W 120 B of RY7bIOA P ilado0s i EARGTRO b
nanoparticlés 1s s

plastic beaker, 400.0 mg of PAA (Sigma, Average My 1.2 million) was dissolved in
200 ml deionized water. The plastic beaker was immersed in a hot water bath
(approximately 80-90 ° C) and was stirred vigorously for at least 30 minutes or until
all of the solid PAA has dissolved. Once the solution has cooled to room temperature,
the pH was adjusted to 6.8 using 0.1 M NaOH. pH measurements were done using
narrow range pH paper. 10.0 ml of this PAA solution was placed in a 20 ml
scintillation vial and to this, 10 ml of 4.0 mM AgNO; solution was added drop wise

under constant stirring. 0.5 mL of 2-propanol was added to the mixture. The final
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Exanpl e 22: Ag/ PAA Conposite Nanoparticles according

to the invention. 20 m of Ag+/ PAA was nade according

to Exanple 4. Briefly, in a 400 m plastic beaker,

400. 0 of PAA (Sigma, Average My 1.2 milliaon

&Y%%”ST’@E%P in 30 200 M deionized water. The§ ﬁ'vl)Té%'{zf’?f’“mG“

beaker was immersed in a hot water bath (approximately
8lutdA volkine svasi20wE. Hieivialowers seglRd Rith kbbérQEpt@ind sasjs&ed?tQ

il PAA h d.
Cr I FRuSLa e s et B 025 2205 AR A KV o e
fotdl dess ofiUh kGyt ke LY-Gs fpectm and SOEM ilvhgea 6Fhe Rbliting Ag/PAA

e SI g HEOw I e pH paper.
MRt ELE 0 KR A8 s e PR B0 h 3
scintillation vial and to this, 10 m of 4.0 mV AgNG3
Exvimple &H MwmmumcleuMQmimslamenﬁbn rring.
0.5 m, of 2.propanol was added to the m xture. The
fi nal20 e W' FAgY peumsi2cREINON OB 31 BB Ely.S50k 409 o

Medtid fﬁeakw&oo?@ m!glof PARSSIE! Aveie 315 B3 ko) vid dfs%?%%rm

septa and bj écted to 60Co Irradiation using

&9 i tdﬁfﬁ%zee aterp 26hwlﬁﬂl°abeal@§ ava dmmersed ;8 hRGy’#Wr batlat
@pprbﬂfn ly3030 °@) addwhQirred b% orel¥éty fop atSlE&PBG RirdRS ortldad/

B9 EA Bod sl e fle s s oo
WOttt ot fhe ﬁ*gmn@gs °PB'°$F9d'°% temperature,
lhe $Heﬁslaﬂﬁktyd 1056, Susiil. E MRaOMU bRAMEaSREAG| Wede do,,e usmg

I\Iano artl es_acc I nventi on
Pl e‘&%&.‘ﬁat‘% éi%fwm %3541"‘*"88 "éF‘I%P mi
s;nmd]ﬂlclmual plhdtst this 10 @dlo€n.0 mdd LAUKoA dd&dip wise

QUE RGNt st SFlBl hASRANR A pishely <ot P .

seditiopaelume wag 20 ke Gmisrmaegdetsﬁmﬁlbb@)semﬂdm&ted to

o PR R by A o g2 iy BOHL TRl ke,
Riesdase ef BdkGyo The Uifrvicwrpueand S EEM imiges Wﬂmwlmjwﬁe’d
dohpbsif nbfdpRticis are MolNa B Figitkl Pﬁﬁﬁ Y8 qg%&.ttl?cl re done

using narrow range pH paper. ‘his PAA

qutlon was aced in a 20 nl 15 scintillation vial,
“Sa’r?&' Aﬁ&l’&l“ Grmppsite Nanopprticesaccarding teﬁhmgenaamed

drop nder tant stirring. 0.5 nL
2-pr 3@”&1‘1& (AR ALTHEAR 35 prde ooias do E’m@!ﬂ ngrleﬂy ina
409 rat planlcvlﬁehktﬁmtlﬂﬂ)smg(l)frPIAA Migma;i Alefagd e 1 267AIRA) Wad D

bj 60Co i di
Jn&gpigc[ m%@ h‘rfld?a 1onize u ea&l‘?@l%ﬂi lhealéer avglg rg'[n?%% tirlbefo %%tlep 9
MMamrommtelar 80t9@t°£]) agbwas oifred SightGysly Tonet lehét 90 mimpeot r a
GHflaPLEM (5709 Ohad dRoHEE 'gm@ M%@AA%@% R3Ot ©

nanoparticles are ure

tepgetue; the bl wasadivstedgo 8.4:using\0. 1 MYROHAAHGIPOSH e Were
cNﬁQ Qﬁﬁé ﬁdgf_) i g‘ﬁﬁ%ﬁ&” 4 & 5#}91& 'Pﬁy\eﬁ}lﬁ @Warﬁpﬁgcegk n £30

Au e accor
lBquC@fll[%’lon Vlﬁl and to this 5 m! of 4.0 mM HAuCl; solutlon was added drop wise
under constant stirring. This was then followed by the drop wise addition of 5.0 ml 4

mM Ag(NO;), and finally the addition of 0.5 ml of 2-propanol. The final solution

volume was 20 mL.  The solution was exposed to 4 G25T8 germicidal UV lamps

31



10

15

20

25

30

25 400 m plastic beaker, 400.0 ng of PAA (Signs,
Average M/ 1.2 million) was dissolved in 200 ni
dei oni zed water. The plastic beaker was |mTersed in a
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The presence of fluorescein conjugated to CdSePAA was confirmed by gel

permeation chromatography using a fluorescence detector (excitation at 480 nm and
emission at 515 nm).

Example 26: Formation of CdSePAA-BSA conjugate according to the invention.
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the dialysis bag was recovered and centrifuged for 10
mn at 15,000 RCF. A brown 25 pellet is found after
the centrifugation. The fluorescent supernatant was
transfered to a new nmcrofuge tube and furt

PEP¥RPDy precipitation with the addition %ﬁ{Cﬁ@gloomse

vol unme of 3M sodi um acetate (pH '-5.5) and 2X vol une
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the sane filter and centrifuged again. This was 10

] i (!
ESRTH £ edém fositd NRdpartiifes hécAding @ BORIGORS

ract eri zat| on. Renoval
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solution was added dropwi se with vigorous stirring.

t4 to 4 (5T8 germ cidal W/
ﬁrhﬁ"bﬂp%gp%%vﬁn%tng %‘Q‘ﬁ%ev?/er is 12 WmR) for | hour

W@I %{] o‘f m\/ﬂ\la gdﬁéﬂ%‘dnﬂﬂmmn%ﬁ@ $ (FODAESidhe, AdethgegMp. 5
of |rr%$||ated Cd2/P§%
400—500K, 20 wit% in water] was diluted to 300 ml with deionized water e
solution was stirred for 10 minutes. 5.0 ml of this solution was diluted to 25.0 mi
with deionized water in a 80 ml glass beaker. To this solution, 25.0 ml of 4mM Na,S
was added dropwise with vigorous stirring. The solution was exposed to 4 G25T8
germicidal UV lamps (approximate UV power is 12 pW/mm?) for 1 hour under

vigorous stirting. CdS/PDDA was formed by adding 0.50mi of 2.68 mM Cd(NO;); to
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sol ution. UV-visible absorbance and em ssion spectra
are shown in Figure 21. 25 Exanple 28: CdS/ PDDA
nanoparticles. 15.0 nml of poly(diallyldinethyiamoni um

' (PDDA) [ Sigma, Average M 400-500
Wxg’%h‘fq‘ig“&ater] was diluted to 300 mi with dg‘céfﬁ‘rp'?%"cf"’““s“
water. The 30 solution was stirred for 10 m nutes.
(6500m df .ﬁﬁd.ﬁted $*/BDDAL | AUV witbleddbsarbande hml éhftissionpeatiatake
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T 3Hre 5.0 mM of 4nM Na2S was added dropwi se with
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cd‘ncéhtratl on of et al Nt he Tinal solution was

doneerat@0 ofid.6'bigithle pH adj ust ed PAA and 25 ni of

dei oni zed water were obtained and placed in a 100 nL

beaker. 15 mL of the 15 rreLaI sol uti on was then added

Exampld e Rolxsajomeplapsowith 64 ngzn@Weéc’}ﬁioeFd 60 nL of a

Cd; +Rba 0/diAD 1a§ﬁ1i Bdak@ 496.0 gdoff Pml(s{gﬁdsﬂ’&age, 119f1.2

1.25 mM d fi t f /.
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prepdred oy | reining ¢ogether of 22.5 mL and 2.5 mL of 5 mM Cd(NOs); and 5 mM
Mg(NQs), solutions, respectively. The total concentration of metal ions in solution
was 3 mM. 20 mL of the pH-adjusted PAA and 25 mL of deionized water were
obtained and placed in a 100 mL beaker. 15 mL of the metal solution was then added

dropwise under vigorous stirring to yield 60 mL of a Cd;MgZ}/ PAA solution with a

final [CdZ;Mg3']of 1.25 mM and final PAA concentration of 0.67 mg/mL.
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roomtenperature, the pH was adjusted to 6.8 using 0.1
M NaOH. pH neasurenents 25 were done using
narrovv-range pH paper. 25 nL of a Cdo.9Mgo.| (NOB)' 2

ution was prepared by m xi ng together of
‘é’ﬁ’o’“%’"’é“ﬁi of 5 mM Cd(NCB)2 and 5 M I\/g(I\IOS)Pg%&E&MMM
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78R o oo R SRR R AL R B e 7
R MNGGhA PAROcoRceMatin of D). 2 sol utions, respectively.

The total concentration of netal ions in solution was
5 m™ 10 nL of pH adjusted PAA was obtai ned and pl aced
Exangpl6R: nbolimidoasollapse with @ - Dy (1618) ehrﬁapw se addition
of 1 f S r VI or gus
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Xeastlc beaker was i nmer sed |nahot wat er
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respectively. The total concentration of netal ions in
final ((fd, &% 1of 1.5 mM and final PAA concentration of 1 mg/mL.

Example 33: Polyanion collapse with Cd” /Mn?*(1%) cations
In a 400 mL plastic beaker, 400.0 mg of PAA (Sigma, Average My 1.2
million) was dissolved in 200 mL deionized water. The plastic beaker was immersed
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25 was 5 MM 10 nL of pH adjusted PAA and 4 nL of
dei oni zed water were obtained and placed in a 50 nL
beaker 6 mL of the nmetal salt solution was then added

wi se_under vigorous stirring to yield 20
POQH A18§2pAA solution with a final [CdOQZn(Jlr%"'(l.)éf?‘&ff&gm1686
nM and flnal PAA concentration of | ng/nL. 30 Exanple
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e T T

25 nL of delonlzed wat er were obtalned and pl aced in

Rttt 3, BATREen i Wi of i "EoP i )i oha 60
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25 mL of del oni zed water were obtained a | aced in
a 100 nL beaker. 15 nL of the netal solution was then

Biigsle SQrPﬂW&ﬁtc%ﬂ%s\éﬂtﬂMM $GhETS {égmicﬁlﬂiaﬁi d 60 nL
of a lﬂ;,? PAA solution with a ongp]
of 1.98g5n gﬁd .mg{u PYeA, pecpare Aecorsingota &;ﬁmgle@? ang) as.

aéced in a 150.0 mL glass beaker. The solution was exposed to 4 G25T8 germicidal
UV lamps (approximate power is 12 pW/mm?) for approximately 30 minutes under
vigorous stirring. The irradiated solution was then dialyzed against deionized water

for 3 hours, changing the deionized water reservoir every hour. Collapsed PAA with
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Exanpl e 35: Pol yacrylic acid crosslinking wth 4 G25T8
germcidal |lanps 60 nL of Cdx*Pb; , |PAA was prepared
according to Exanple 29 and was placed in a 150.0 nL

PR er. The solution was exposed to 4
gJerm CI:‘IBS%F UV | anps (approxi mate power is 1%@16“
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i sappearance of the characteristic absorbance and
em ssi on spectra shown in Figure 20 23. Exanple 37:

Under anbi ent
conilztrgﬂ'onés;ﬁL @A@{Qﬁ?ﬂ%ﬁb@%cﬁ/ PAApr oduced according to
Ex anphder 3#hbiwat cq:ridamm 8 mLaof28d inlY it gradudet! cuedrdings ko,

nd ssl usi ng th 25 ermt l.a
FRAPEE 200 PAHECR A Tl ropa fian Sferad fos 1R R te
peimfdited mnd aBBerﬁga‘tﬁfle daseribedli Torthid dolugibe l\im@ofaﬂmml amdh3d e
' WL I t he
G B e RS 85l e E idhon oTBERE LR, il ¢
afteOthe Nd@ﬂ“gt&” thenborohydride and the citrate, 0.3 mL of 0.01 NaxTeO; was
added. The solution develops a peach colour upon addition of the tellurium-

containing salt. The solution was then refluxed for approximately two hours to allow
CdZnTe/PAA nanoparticles to form. The absorbance and emission spectra of the

resulting solution after two hours of reflux are shown in Figure 24,
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added. The sol ution devel ops a peach col our upon
addition of the tellurium containing salt. The
solution was then refluxed for approxinmately two hours

0 CdznTe/ PAA, nanoparticles to form
g@’s%lr) (gi‘ngg and em ssion spectra of the resul tcm’,gxzoosfemsss
solution after two hours of reflux are shown in Figure
Mmp&zssvmawnﬁmmpmeoﬁ/ 001686 Exarrpl e 38:
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one hour of reflux are shown in Figure 25. Exanple 39:
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10 nL of Cda, Hgo, / FAA produced according to Exanple

34 whedesjambisat sonditionsg l%ﬂﬂf ofuert s Beots { B prodycad acearding to
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r el nabov hi's sol ut1 on,
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ddition,. of the bor dri and the citrate mL
BT ¢ B o bR Gk e <A &1 1- 0RO NarTheives
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sal t The qutlo was, t h refluxed for approxi nately
e Mo S, e e T i RSB - e O B
(E&W/@AA hdnepartifidsutoe tbriso| Hbwever,whs rafhixed fsbintisre sae mbt
Pl £ 40: Fomation of Methylene Bl ue/ PAA

nanopartl cles In a 400 m plastic beaker, 400.0 ng of
PAA (Sigma, Average Mv 1.2 million) 25 was dissol ved

£ ol A ARG iy AL o pl Slefes De2KET VS
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rsed In a ho roxmate 80-90 O

and Weas309mlplagtic bepkeo 4808 mg of BA lﬂﬂ&a%‘tefa% vitiZillies) or
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sol Htl on has cooled to roomtenperature

Ut eprgripas 8-y & fw“maquongwe%% o et 50
Miaies StQinel AI56MRe did PAW Haﬁﬂ@&d\&tﬂ DagEhe solitiod hild codfed tdi S
rgoAréte%)l u%ul nnewelswg)s aajusted tork 8 using 0.1 M NaOH. pH measurements
were done using narrow range pH paper. 20,0 ml of this PAA solution was placed in
a glass beaker and to this, 20.0 ml of aqueous 5.0 mM Methylene Blue solution was
added dropwise under vigorous stirring. After all of the Methylene Blue solution was

added, the viscosity of the mixture was observed to be much less than the original
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claims and equivalents thereto are clained. 30 39
CLAIMS 1. A nethod for producing a conposite
nanoparticle, conprising the steps of: a) providing a
polyneric solution conprising a polyneric material and
solvent b) collapsing at | east a portion of the
CE’ ric naterial about one or nore precursor
nnle ies to forma conposite precursor noiety having a
nmean di anmeter in the range between about 1 nm and
about 1Q0 ¢ross-linking the polymerjc teria

L of %P’&%&%%@'ﬁ@é"% B SOMpRTite HFnapayticl eawammmraggﬁ siephgl
comibe; t S0 Rgk atRhet AR Aing b Barctfl bhd o

solvemtpparti cl es and thereby forming a conposite

nangpartic he, net hod af claim 11, wher

Comdbel t &Slsigarloast Ebortion of thecho Ty prit phlal #pophane or more

précﬁfbg? iRt 168 BN foRRCHondpddife Bfé‘éuﬁgpﬁhbzcﬁpﬂa\%g a dearl Afameter in the

met hod of claim 1, wherein said collapsing step
rangorbptwmgbauoﬁ mgaadab@ltIIQQSWg agent to the pol ymerl C

sol ution. JThe t hod o

o el soFransHbbpeTee mrs iR 26 e Shmptui sy supien
and@f claim4, wherein the collapsing agent conprises at

| east one ionic species. 6. The nethod of claim5,

whetddi n mlifyingnatdeast @ paition of saig precusye giodaies phsaid somposite

Pl i3y, 0P 18 s R SRR MR FRRLSY Aol qomposice
nasdpattické.m 1, wherein said nodifying step conprises

exposing said conposite precursor noiety to
el ectromagnetic radiation to effect formation of the

nan I

2. N REERARLP A 8o S0 ol i D

diapwtgrin shesrapgbpatweemapositiil cim asihgbest 1@0 mmecur sor noi ety
to a chemcal treatnent. 9. The nethod of claimS8,

wherein said chemcal treatnment results in a reduction

3. OF  QhbGitheofaifit] vk &R eala%usﬂsi@t Step ddtnprises ad@hpad

of claim8, wherein said chemcal treatnent conprises
collapging a;ggntc;ﬁ the polymeric solution.

4. The method of claim 1, wherein said precursor moiety is a collapsing agent.

5. The method of claim 4, wherein the collapsing agent comprises at least one

ionic species.

6. The method of claim 5, wherein the said at least one ionic species that is a salt

and comprises one or more inorganic salts, organic salts, or combination thereof.
7. The method of claim 1, wherein said modifying step comprises exposing said

composite precursor moiety to electromagnetic radiation to effect formation of the

nanoparticle from said precursor moiety.
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counter ion to a precursor noiety of a conposite
precursor noiety, or precursor of said counter ion,
to effect formati on of the nanoparticle from said
precursor noiety. 11. The nethod of claim1l, wherein
said solvent is an aqueous solution. 12. The nethod of

claiqp 1 rei.n. sai d one or, nocte .precursor .noiefjes .
$-are @i?e‘h%tﬁ@‘? RbSIBI) . Whetgin spid mipdiEyine SR SPRPESes Mubigrting said
coBPobi®preturseRbieNad atkRical fethend 3. The nmet hod of

claim12, wherein at |east a portion of said precursor
noi eties conprise two or nore different netals; and

whergj icle f d by.th di fyil .
> Cormir e ueBS BETRRES oyl i Tmida el o HihgPasehon
or bridation oflshid pRReuRBihei’gef claim 1, wherein said

polyneric material conprises linear or branched
segnents conprising polyions, the polyions conprising

one ' i , 10 C i.natj ons ther .
1075 T TR SABARS, Wik S0 chPlricP FRpc ol Patofg Adilion of o
cowmtEiph ab a preTnrsos RiAY 6f & tolipddite pretiedor Aty ISrQHeSursok®f said

A net hod for produycing a nanoparticle material,
co ﬁ'ia‘PPsﬁOﬁgfoth@r@ﬁ%ofgh? nanopayticls Gpmgaid precupsasmeiety.

solution conprising a polyneric material and a

sol vent; b) collapsing at |east a portion of the
11pol e methotbefalaiad 1,aidentin said solvenis an agueans sslation.

noieties to forma conposite precursor. noiety; c)

cross-linking the polynmeric material of said conposite
12pr eqUE sRfthdid Rdaim 1, 3Hrdd sailt i g H&@&e%fa&ﬁﬁéfeﬁés are one or

portion of said precursor noieties of sald conposite
mase eEyRSHAl catiine cgmplexedmetad paticar oreomplaxad opealtanidine s

having a nean dianmeter in the range between about 1

nm and about 100 nm and thereby form ng a conposite
13 nanThenieteddaf obdifh 1), whigfedd Xileatdl a paitbn SRR Grsor moieties

nanoparticle to forma nanoparticle material. 17. The

COBRIIRNOAT 71 different mpfalscansd wheseipytho hansiparticle formed by the

B A SripkisL SPARR JriGp FHOITRELR (ST i metls,
wherein the pyrolysis conditions are controlled such

14] cadhe BUATED | ¥SEH0 54 Pekmer B E comersagineanor

brafthddeghe @ EBﬂnﬁl‘i!;i)ﬂé f)@léf:’(glﬂhlglg %})ﬁﬁ%lfbgc{&%ﬁ%éﬁg%n% otife anions,

made by a nethod a
cations, or combinations thereof.

15.  The method of claim 1, wherein said polymeric material comprises one or more

functional groups.

16. A method for producing a nanoparticle material, comprising the steps of:

a) providing a polymeric solution comprising a polymeric material and a
solvent;

b) collapsing at least a portion of the polymeric material about one or more
precursor moieties to form a composite precursor moiety;

) cross-linking the polymeric material of said composite precursor moiety;

and
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d) modifying at least a portion of said precursor moieties of said composite
precursor moiety to form one or more nanoparticles having a mean diameter in the
range between about 1 nm and about 100 nm and thereby forming a composite
nanoparticle; and

e) pyrolysing said composite nanoparticle to form a nanoparticle material.

17.  The method of claim 16, wherein the pyrolysis substantially removes the

polymeric material from the composite nanoparticle.

18.  The method of claim 16, wherein the pyrolysis conditions are controlled such

that the nanoparticle material formed comprises at least a partially carbon-coated

nanoparticle.

19.  An at least partially carbon-coated nanoparticle when made by a method as

claimed in claim 18.
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