10

15

20

25

30

COVPCSI TE NANOPARTI CLES. NANOPARTI CLES AND METHODS FOR
PRODUCI NG SAME FI ELD OF THE | NVENTI ON Thi s i nvention
WO edtavesez o met hods for producing conposite  PCT/CA2006/001686
nanoparticles conprising nanoparticles confined within
cross-1linked col |l apsed pol yners, and nanoparticl es per
se; said conposite nanoparticles, nanoparticles and
- OF THE
o AT BRE e NN o oer o <
e.g., netals, Nmmcamdum PRODPONGBMME and the [ike,
possessi ng uni que characteristics because of their
smal | size. Nanoparticles in both aqueous and
non- aqueous sol ygnis grafybensyi e zed using a _
variety of methods. The conformation of a polyner in
solution is dictated by various conditions of the
SOl tHid Ghventidit kistb %o 'rﬁe?hddgtf%F %FJd'uQiH }nﬁogg %ﬁévrﬁags’
its concentration, and the concentr atio
cor%qsémgegarton@mclﬁwowénqdr @athint crofhknksd| qmﬁepsed applymaer gral
nan% QLR s@nﬁld € fien %?feg%ag a"tll? s d car%an Coated
rength, <Cross- I ng agents, te
nm@@ﬁﬁ@ﬁiratlon For pol yel ectrol yt es, at hlgh char ge

density, e. uNP " ' the polynmer are
fully %:/hargqs CM&ﬁ& 5 ”bﬁﬁ i s adopted due
to electrostatic repul sion between simlarly cpar%ed
Decr easi n e density .of the
o SAEPertdks R, RERPEREN S orBh G- <BHS. Smiconghiige
pol;ﬂﬁerp,l-#,nd(l%llltee$bﬂséssinlg uRigue ahkﬁrhdtd:r(%ﬂcﬁﬁec@(sb ®n ﬂﬁﬁ sRRINSPR!

t t ked gl obular i.e. collapsed
N A st Pah e o ToRRcR andiy b Desaeye e o

wnﬁnhﬁa&mkme |nteract|ons bet ween the pol yner segnents
override the el ectrostatic repul sion forces at
s u?‘%he&% W%}wg P IPOYRSF Gesoligipg jsdictated by wiripis egnditions of
the tsoRIfiSh,t inONdiag NtsPRtckRABE §Hthb¥e CHRB-H MY CBH&3§9[IEOY16 Qhd the
envi ronnent of the pol ymer. This col | apse olymer 1s
conpgnirglion of qihes oPESiFS Uit rrats borisesapid Ths, pqll’rs@rl ¢an andergo
confFRaR&Hal thdnBes !icﬂ)eﬁchhgs on Ql%cbl? fbﬂfc' Qtrén Hdcr%saﬁrmfn %%nts
term "col | apsed pol yner ers proxi
temgeralirg and P@Wﬁ?tfag'éﬁer%flpylyabctaolxtphat dmgll cha(ge &dnsity, &g ,an
whé&l “ONBBEr UnitiHf thi p!)lg@%d&tg 'ﬂfll?/r gﬁ' LP Qn FS)?[L‘AC%B ggr%oxgnoaltlxn is

havi ng nanoneter di rensi ons.
adopted due to electrostatic repulsion between 51m11arly charged monomer units.

Decreasing the charge density of the polymer, either through addition of salts or a
change of pH, can result in a transition of extended polymer chains to a more tightly-
packed globular i.e. collapsed conformation. The collapse transition is driven by
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-lobed



10

15

20

25

30

conformati on can be rendered irreversible by the
formation of intranol ecular chem cal bonds between

w@e@menss2 of the col | apsed polymer, i.e. by  PCT/CA2006/001686

Cross- Iinking Macronol ecul es, i.e. polymers with the

el e fun tional s can,.under
conRRAERT sctafosh apTiep 0 Bevifl B RETaR0 T B e
conﬁb&hﬂfdnabzﬁl bE rRedered lieowtstide Wyt thed f@mati@t opfriapandlecsar

such as for exa ub|I|t t her

cheBESthor it GFvesCHReIG 2y e e pERRET et gt ant
I N MRkintdedDRY B @Iynadrs wathdih¥ apppfHats GhRsIBEalf @6ups can
chem cal reacthgﬂs | eadj to cross-1linpking are

undefge dMsTHE dntrgymp ‘tr%frsgt“n‘jl“'é reqeljpnsgle AAUSS NV MpLrialstor
newInd1&R 2fth-distayd Pépefies duch hsSEHSAmpI! Yhagd, asolllglﬂ%a thermal

descri bes a chem cal method to cross-1ink
stabjty.\andfdgAtiti oRse FREFYORS rage IpPriBl INgRgking nevy majesials and

variGRN R sNGr BRATLAN SealBbRlIERMAD L RENARAL arBlba®ey ifing
groups via a freeradical cross-llnklng reaction during

literpfuremtPo expmAlo i p Patduicy. i @dat TA]sr ¢li alhissugddrlvot!, 1998,
descg%éfﬁ%erﬁﬁéﬂ xﬁ&ﬁéﬁcﬁ% ang. 1&%51%2%%%4%13 E%Cétlﬂ%é

'ymer cross ng has a to sta |ze
latexgsnrontaiging teoamiaa dnaiestes | and paodrat medtaetylateUgnowdw@taafrees

radi AR ARG fealhRh qurind B orfhauiol BRUS Bl oy &SR
solvemniesistackgcdndr mnamqbalndrmell gability. sléjlfmasaesmjinkmg ek lalsock
t f

oo ST R s §P] BReP e Rl Sl
6,8720450 ﬁ%l&t&aﬂ ds;g?glté[enh 268, 109, t&a’&ﬁes—a lﬁdﬂdsﬁz‘»foeitatﬁ]lzn%g mﬁtaﬁd

er ri S O | pa | C
coalys SERRORHEI BB B 1 E e mine A aTRae BE
surfades Godifig %@Sﬁodsllﬂkﬁg th® fﬁmmﬁa g@ar;ig&rhe. fHel givhesi |prE'FﬁMer

roun t he | Cl e. em ans O

Slméi@é éﬂﬁ%ﬁﬁ Es‘ﬂt %Eﬁf }#%o uféﬁa%%hﬁi%uwﬁﬁeﬁg@ﬁg 1%,12003,

des&ﬂ)@ﬂaﬂéwgbﬂtﬂﬂ&dCQﬂipﬁlpﬁﬂhﬂg dspeashnts 2teAeDORS Bdrophobic
descri bed |n af oresai d Unlted St ates Patent 5, 783, 626.

nanQRasigisr CAeI0ole FROSTIkSH dP TorHea PsEnagentRohesivn T Kadtingg

aroufdlthd dBpdrii@nal groups than can react with the
functional groups of the polynmer as described in

af éhemigabimepistod grost-Holdag em imatheyeh edgabreag@naatipagdant
grof;ﬁtc%%mﬁlgslzr%atﬂl%%d b%lnﬁﬁﬁsn@ésbx‘ﬂfeldﬁn afdrEART Uhn'ﬂJﬁ' Res @Qer‘ﬂe

achi eved though hi gh energy radiation, such as ga

5,78330 atAnpther m@aoﬁug througmtbn usseafoelequies ma'elpg mqlig‘unctlonal
B e T
aforesaid United States US Patent 6,649,138 and US Patent 6,872,450. Alternatively,
cross-linking can be achieved though high energy radiation, such as gamma radiation.
The most common method of preparing chalcogenide semiconductor
nanocrystals is the TOP/TOPO synthesis (C.B. Murray, D.J. Norris, and M.G.
Bawendi, “Synthesis and Characterization of Nearly Monodisperse CdE (E = S, Se,
Te) Semiconductor Nanocrystallites,” J. Am. Chem. Soc., 115:8706-8715, 1993).

However, this method again involves multiple chemical steps and large volumes of
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Bawendi, "Synthesis and Characterization of Nearly
Monodi sperse CJE (E = S, Se, Te) Seni conduct or
woavoosmgst al lites,” J. Am Chem Soc, 115: 8706PGICA2006/001686
1993). However, this nethod again involves nmultiple
chem cal steps and I Ege voLurres of eé&ansi ve, and toxic

CXPIFYantfet GXF | CTEARIRTAINT GRS RECUSIOE g a RIS o FUUTHES .

FurtéHloRe sa anopd#GéleNaRana bk lcﬁ&rﬁi@al@e@ddmd e odBett eaddr Y
nDdIerd in order to render them sol ubl e i n aqueous

theng splubIE Ak aqygRi:HP lytion; WBBP 15 HRPQrERt 197 A IWEEeT off appllcatlons

Cha@@@énhdéaﬁdn%b?tlcl@l@e{vﬁ QU NHcd® sHARARAY i 64 RSuNIRIA! 8 Jow
beén synt hesi zed i n aqueous solution at |ow

tempesgiis uging MateirsplHpe Wriele ps Hehiimngagents dlas Rajs. QdaMifif.Andg
A.).2960k S<dyhhksifah CHarabteriMioh Gof AREAMbAiNNAZEioida) Cdgl‘e

'Synt’hesi s and Characterization of Surface-Mdif

Qua@@m BotgaV. RiTeClamard7uh986t13003, J993pthy 4. L. Beanah, L otsikas,
(%95](11%) ?ﬁ A @ﬁm&ﬁg‘%}@ }k' Wﬁg&? a%gmgésl_? %l‘ﬁ%ﬁa&ené{tlon

r nowsKki
of Tl@ylfﬂ:tmmed GHEe Nharcactads, Bat.i BanserfgeT hPlgls - Sherhi, 1109@ d):

o

A. Buhhiilldy] andid. rwaten, “CAlloidaltynPregdeed HiTe Tyrohrystalservith Stroaig H.

Rool FosisagBrt Pl IS ot 40 b i MESE Sl D nal)

Gapi?;’ml(erN J[1V5Eﬂrlegﬁﬁ A]IQgﬁogabhi) KGapopgpek ,E. W, , Shl?/c‘bferl;cko AA
a 0 C vchencko
Kokt Rk ESngiuliey dientr. TR Eimpire, o COFF SPpmipisndh of

altefdile RABRQEIS:AlS syrﬂﬁbual rb@teganMﬁalt &F Blﬁ}@ﬁl:ﬁDEﬁérmsiry ®,
urn of Physical Chem str

hetic route
200%%‘@% {050 fss. Fos; 717 71%%9@ p.L-Roggchy fgeeonpeuyskia M. a0 A
Eycﬁiﬂ@lﬂ’&handAH KVE]I&@V\B?&S'ntheM 478 ChafhctdRy &AL £1Sizealdick of

hesi s and aracteri zation of

Si z
Exegpe Utk TRRC VO G Yory G Sy aBhi €6 gl 85 3065-
3069"‘5\@9?}r Wedvlver, thismethBY enefall ¢ RquBes hO3se3AR 1ned Q@ Rosphere

. However, this nethod generally requires the use
withymuliiple pregessiag ﬁ@mp e Brogliqtien | procyrser paset e dapther wetels

baséd nmEQQ HebiveN e fforﬂ{aﬁ(’}ry?? Qx{degﬁa%ﬁ:s%)% u&“ et ‘;VE‘QS‘? Hased

Sy thesi s i nvolves th ormat | on esir
rembxndmeﬁxu@mcqnﬁmtomgtclers|cmsbe olaineshibly glindge? orleu, B. Yang,

m nd n
and P0G S TR B CERoRATGRE? S Tt f008:
MerGrgomaebosylict AeidFSiatibdiednNarepantinies” of Ay cGlerociar X813, c
200 cid-Stabilized Nanoparticles," J. Phys. Chem B,

07:8-13, 2003). CdTe nanocrystals are known to have
t uidaht @adagristatscekesvnf to haveguesbie umiregetnce from green to red

and have shown tremendous potential in light-emitting thin films (A.A. Mamedov, A.
Belov, M. Giersig, N.N. Mamedova, and N.A. Kotov, “Nanorainbows: Graded
Semiconductor Films from Quantum Dots,” J. Am. Chem. Soc., 123: 7738-7739,
2001), photonic crystals (A. Rogach, A. Susha, F. Caruso, G. Sukhoukov, A.
Kornowski, S. Kershaw, H. Mdhwald, A. Eychmiiller, and H. Weller, “Nano- and

Microengineering: Three-Dimensinoal Colloidal Photonic Crystals Prepared from
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and have shown trenendous potential in light-emtting

thin filnms (A A Manedov, A. Belov, M Gersig, NN
wokmwedonsez and N. A Kot ov, "Nanorai nbovvs Gadwr/CA2006/001686

Sem conductor Fil s from Quant um Dot s, . Am Chem
Sublggg%@#zrs AgeZig g]ﬁé;r%ge 1??301%}’3%0%%'&%?}%‘; o\yllth Adum(mescent

Poly@ﬁt?&Y@/Nanoo%ystd{@h%hﬁWAdH Mhdhwatid 3- 38\7 ﬁwoh il Ib@flegicnd
Nano- and. M croengi nee

applicasiens.- (e nMREMvacaId OY-Gal Kbt o bame G dFe Nanppasticlé e d

BiodohRBREL My amﬁ estruehF€ Chn@ O Rinit! Byl BlaBerSR IR M8%enna
Pr'e- Coat e Lum nescent

Effeptg] y@’l’oeéft"ﬁo](@t 768/1 N&fiod0) st BbTesp hgTe maggyjals gatiilf tunable
emls%%ngr?‘lsthg’ar?frargxpgga ’lodﬁnﬂ'opﬂlsﬂl 91' @l te@&ﬁl‘l&@rﬁ@dh@ﬂss m(dhlstN'

Menmedova and N A. Kot ov, bum n- Cd article
HgTpi mgpﬁru@eﬁ bave P’@e@pEIP@PPYGWd istor ety rS@hISélﬁ@te rRembHes

part?(-ﬂg 19% 5 n?ﬂb%gérﬁg 1nv\§hlr5hf?lﬁ‘|1%§d?ﬁﬂln§ms@&{t dev1&\@Q&) Eﬁeﬁ tR(ﬁaCbh

2001 PbTe an Te materials ex
D.St Kikegshe M rilasgsoon anch NeAr gl dter, “éamﬁ- art@y¢robssepblodiFdimagti n

Hgﬁehﬁaéog%?tﬁﬁw{‘b&&ﬁg {?J?%réd”ﬂHFs&BQ/ » dﬁ%ez\&%}o%ﬁgb& 1§53,

en i ncor pora nfo nore sophistic
200Gs §8rib 10’ €spnapa. t@ Ridrdan| ¥i. &yko ﬁplmemhw, ianCudidimy, fandl .

Red%&% t‘tlﬁ Kﬁ et %Pectrglg%kn%esem( Pa)nlgés( lBaseﬁ %%1 %']orllg)@)a}l_stlgcé ;

rrlson
Quaﬁﬁl&ebbﬂ Attaysi’l ppl oPhyisigllee:. N Q0T Mditlat go W4t 1) 2803. 01 M V.

| nffrare 1 SSi ter 526-1
KoV BN R B 0 i or BEer 11! W S6né R lesies
Sch#flerCHAIW Yeisan@ offoid g TR Nhnocri}aals whthfWﬂEI@d" unable Narrow
El ectrol um nescent, Devi ces .Based o

Bangh (3R GRArEeY TAPMallcoomapicatipnsy e M Ef‘ﬁgf Vihsiiope 1% g 1
Chem. 264, 1218 §351623(3®5 2(106) oMsA(ar MMe(IseGkiﬁbs E Néag%a&anNsD

Pachi n

SarijagSenely Rother. A AGBHS. Gl gn Dy 3¢ Hoitso Rk olpyeds
md&éﬁﬂ@% mhéér,%tm& tahd Wad§poroubunial | BedNkEOWABRNG, A8 Pviater.

ergi es: From Tel econmuni cati ons to Nblecular

16: 1‘9%14 19 891) PhTe, ppthe offiephandpgan be zgovasing.vasety of glageyator
hlglts@lr@Eraﬁl‘?és t§ p&%uc%posﬂ m'é!%HQﬁ tf@iuﬁ:rphcdﬂo% mS@thél&:'trtntnE'

M  Kov ['wei n, Hei ss,
devrcesl—@qa rA Ei (selealrsh CaL| élV?B |ah<§;L4qg ﬁérbmﬁm 6@1’5@1@1 '@dé‘nqwth of

r ter
SerGRRO8 s gl BN 2R Horosthle G el 7 ol Croprs
30:38 AR, 1997 a (aY Cek. 3Reemosgl 4dded RaulahRgh Cuerpset-at Medgros o
r-odu r t [
NIRRT Ll Uy RGBTt o
withAI AMmsrptiam dEdgeCin Bhes bbs aum" Mavelangtio nRegich, G Dedtionof Lett.,

31(]%?:2@@9@5?]( ’rs)‘P\t])?reApNglnf)cgitS?I. s in a Borosilicate
Doping of CdTe with Hg results in the formation of CdHgTe composite
nanocrystals. Red shifts in absorbance/photoluminescence spectra and enhanced PL
are observed with increasing Hg content (A.L. Rogach, M.T. Harrison, S.V. Kershaw,
A. Kornowski, M.G. Burt, A. Eychmiiller, and H. Weller, “Colloidally Prepared
CdHgTe and HgTe Quantum Dots with Strong Near-Infrared Luminescence,” phys.
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30: 623-627, 1997. (b) V.C.S. Reynoso, A M de Paul a,
R F. Cuevas, J.A Mdeiros Neto, OL. Al ves, CL.

w@e®an4isend L. C. Barbosa, "PbTe Quantum Dot Dop@&dCA2006/001686

@ asses with Absorption Edge in the 1.5 nmm Wavel engt h

Regi,on,," El ett ((12),; 1013-101 1995 ,
sl AN LR Dy CuoBEE i T A B cPBROMIS in
deadklg TiscdC furpmesd-IRe détaﬂ&Cfe)tBﬁoﬁ?dg? Redarkty bt sethdds have been

sor bance/ p ectra and enhanced PL

ot ol uni nescence
R0 Sreple et HA A SIS PGB eeRer o St Bl HRUGaLRT
11VR2006, Higsérite®an aSprdachKe Wzﬂﬁ@éﬂﬁngﬁdevm AHR Kiioondctar lz%léfs of
A, Eychrrul ler, and H Weller, "Colloidally Prepared
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apa@éﬁh Paiensy LG HeteBevwandi echriguediune A3y2006 edegeribes the

syﬁmw@gfstehmﬁn le&%nﬁtg\fsh&%f;@ag a%ezﬁﬁe i H{ﬁ% %ﬁalﬁleﬁ

Patent 7,026 i ssue
allzm)@y He dnjedtion of preanppetabic rprQCQFSblamateUalSuntg cxnmlccmeatsd

(TORPVT mgﬁ Mgﬂ rterl*q?e)fﬁﬁl%s %’%@ T@ 1 26n74% n§cth?lﬁ 8&%8 r(]jc?ober 3,

vapour phase epit axy
2008.pdisclased anothat mloeraglmgam otmlllddu pf qbeepamg mg@lmnm@mmunr

I i  f n I S, Pat
roREAT T B sl BEe¥n ERRLTGN s naBOEG B st im an
orgb@lmql\besinttltaa)rsspmdﬁsivslaofe dap;blhgmgeum cont ai ni ng ¥

st al “£hTe allo
B;l nt e Jogc %ﬁnde%b SPgE e 651“ f'ﬁHgSt'ﬁ?tS‘& ?ﬂ’igﬁetﬁ‘&t"ér‘“
speditad rMggadf G $(D|5V QAL s MdERled ORGhusat thaéed %aié?meﬁa"veuglﬁﬁ
Eﬁs Pﬁ%ﬁgt 126, 740 - Schul z, issued Cctober 3, 2000
gdi

RSEhSFUGWRS de Bigserties Hod Neveharephr iSirgv, V
Teifoan- SPRAERAGINS Wet?eMABRILT ElEs pl‘;feo fﬁé;{%ﬁedf %90%9%11

bet ween a nmetal salt and chal cogenid
Teghrjays cSapirendetor Rhysise. Quanian Edectspnies &dpmwwcérooappz $g

872080t v M a%o%f{ﬁﬂﬁoﬁ@ xRy Jﬁﬁf‘le/ &i1:20§ Pat .f‘t%”448 098

I nvest | gat e for detection int Sp ectr
Shinopgramt hlmssm\ﬁép@mberbfeda% aeschibesea mtleomchllcsvehiwee 5balsceh

onfﬂﬁefé)%mcﬁ% Yenﬁja'r)t 2&{19&@&&% %Eéhusfseﬁ)lgﬁﬁ*? oPPERSL! [Fopm

Si zov osensitive
tel}ngdg ﬂmtﬂlﬁl éQtSJ reegs CABE G\‘lﬁbfﬁeSlﬁm’emanb;:b HWMiofiferyéhke |p0551b111ty

T t um El e ics

of R Sorjcal B GRRGHE, BlopEYS E8he SRR, oSt &l n
Magkowsla, &l Goyng,sH Ex acksml Y. Mi Bhith UGt Kaﬂd&\ﬁat, eRd J. Kossut,
“Egmf%% 9rolled ﬁg ne%z%wad%?ﬂgte M&%}Seglg agt se ’r’ A5pp1 %’?1}955

er C
Lett. 87: 072502 1 - 072502 3, 2005. (b) T. Kimmel, G. Bacher, M.K. Welsch, D.

Eisert, A. Forchel, B. Konig, Ch. Becker, W. Ossau, and G. Landwehr,
“Semimagnetic (Cd,Mn)Te Single Quantum Dots — Technological Access and Optical
Spectroscopy,” J. Cryst. Growth, 214/215:150-153, 2000). Unfortunately, these
materials are mostly fabricated using thin-film technologies such as molecular beam
epitaxy or chemical vapour deposition and the necessity for a very controlled

environment during growth makes these materials inaccessible. Some mixed-metal
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on phot o-conductive ternary sem conductors such as
PbCdTe or PbSnTe. Doping of telluride guantum dots,

we2@7/008¢e, wWith transition netals, e.g. M of PET/€ALI06/001686

possi bility of comnbining optical and nmagnetic
) ' i i ngl a riicl a .
IREBRSHER 5° CMegB s Y, Wi fiaR® G 5 PR R, owen 1.
Wellar, ca@wdki Eychmdllel, “KoBsidsl, CiExHgToMGanint ddtedvith High
netization in Si.ngle netic ntuy " Appl.
ProfgRTel S Qs aEnS A RS st i b el L. st T
1694AT68b,, 1G99)BamtieCAMATE. (M&f.sdhorgdn, &i $aglish, AWV. ForGhev,
B. Kdni.g, . ker,. W sau, and_ Landwehr,,
Crérag T e s (8 N SCRYTEKA N sl CORE 1o Vivo Non-
Invageh G@{imﬂﬁlaging\m%?}gd}?gfoa}%% gﬂioaeg@e@looofU%ﬁtfﬁﬁhpmofé,”JAciad
, : - , . Unfortunately,
Raifede3he gﬁ%& 2003 i 9955 haye beenpreRprefsnAgueays folptionm
whicBGOROLQGiaE6n SEHR sqiheR! BHAIRE oRERB FRILAXNARTO.L. et al.
chem cal vapour deposition and the necessity for a

Hoygyep albnefr dier atpravsitipendnersthods rinyrivey mesany hpioedseing t steps.e
tigdd Ak uipEE OB Saieb | VB lumaR N dpdRh: | g :

SOpsl)ﬂéclh as c%&I!)I—lgTe (S \% Keur shaw, &Ielé&gvfriﬁh all\(}lg&}—é#%og‘%ﬁﬁm%_

meRbprgeisorspnd\gsganey solvgpid. A, Eychnul 1 er, " Col | oi dal

CdTg /sfﬂng@ SRR LA Seibd rbTﬁgngger g{bﬁ}rng lth]'lmAgegﬁlg@ﬁ%lg 1812.15

quantum Efficiency at Room
beepgysed using:sodiggstelleds, (NagYRY):) annpdtelavnT erchisdt sdibwithm,

: i A RO di k, LA. s, P
suighle AR gerl o ERBE Sl SAELVRIRER i g g Bl 8ns
Dongav@sePet Sytthesial of IGuiHgiNegodrsialsanbieShnpd Qbnteni @€ Luminescent

3 n nt.um Dot s, ' iol, 12(3):
Cdg%g?%@%?85%8§¥83%%n{ﬁﬁié%@ééﬁ%g%Qﬁﬁén prepared in
aqueauslimty, dlidrois aMuied hin the aanfoadapivadoh@entaify frl2dly, “one-
synthetic technique outlined.in supra Rajh, O L. et
porg ek bier e PR e ghog b B disetie: meRbicve
andyanl ysemidblﬁﬁﬁcﬁdrﬁ@;iﬂé, eng, otlgd Ff&in%g éff@h@&)n%bﬁk@%ﬂ%lesﬂiaving
r vol umes of expensive and toxic organonetallic
efflyfiniionally & muliiHesr sHmdeaicrlnes, A si mpl o
tellurite reduction nmethod to prepare cadiumtelluride
materials has been used using sodiumtellurite (Na TEO
) as a teIIuriuéﬂ@@@é@ﬁé&ﬁéigﬁLﬂﬁﬂ@ﬂﬂﬁﬁéuitable
reduci ng agent, such as NaBH4 with My+ cations (H

Baqgn VErioWeigect@Ne PrestRNBventich gfoegfes %ﬂo@?%’f%ro%ﬁmgg Te

n
Nanocrytal s’ and Shape Control of Lum nescent
compeyiEs gnopitiele NOHPEBIE o neneparticls nepinfined? (vathin47 Gros8inked

coll@&s@_@%olyﬁ%ﬁ@&%eﬂgﬂ ¥hich Eﬁqsglf!p%aﬁo g{?ﬁﬂe inthe art for an
envi ronnental Iy friendy, "onepot ',
The term “composite nanoparticle™ in this specification, means a nanoparticle
substantially confined within a cross-linked, polymeric material.
In various aspects, the present invention provides said composite nanoparticles
when made by the methods of the present inventions.
In various aspects, the present invention provides methods for providing non-

encapsulated nanoparticles from the aforesaid composite nanoparticles.
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cost-effective, and generalizable nethod of directly
producing netallic, netallic alloyed, sem conductor,

w@ziode418end ot her forns of nanoconposite partiBCEEA2006/001686

havi ng effective functionality in a multitude of
sci.enti.fic_di UWWARY_ OF , THE ENTI ON. | n
v T QAU pREEE B AT BYROR RO BPYy {5 ggcthe
whcn@tda patsialnf caattdnctmaiem ParpaGioRe &bmeaiﬂ&cmpwiﬁe ina:licfpamcles
ri sing anoparticle confined wt
ORI ORBIR B s P E R et ] 3 kg
w1dl31t Eftlely & d@ﬁi@@ﬂ&rﬁah@a@ttcléghBichlﬁfn@ioxﬁi@ﬁ%ﬂﬁctdnﬂuctor and more

nanoparti.cle” gihis speci fication, neans a
c“ﬁ%ﬁdﬁﬁWPW@P@“@ﬁH %ntially confined within a

Cr Qf Salibldk@fectd) Ahey/ PREINE inRARInk Provide m¥RbAOfS pASIEERE S
the present invention provides said conposite

ﬂmﬁ@ﬁﬁvﬁm?m%m%%““H@ﬁ"ﬁﬁ@@“ﬁ?the met hods of the present

| nuent i gpRididdla ﬁﬁgh%so@tﬁ%ﬁ(cbi%prl;lﬁ@a BBI?:%@N maﬁi’i@l%id%n
provi des nethods tor providing nonencapsul at ed
solyganioparticles fromthe aforesaid conposite
nanQpar :
ng 1 ot o A 4 TR PR Sonvhit REEER I out one o
mopapmcmkdrymglatl@o‘m tomt eobonavnsiwapltei:labcesmf)ietynh@angja meaﬂ
Q |te t enbodi nents, the
d‘amthH gﬁkt‘e PR %ﬁg Mf‘"l ?Weirt%haé&gk}igﬁg?y to make a w der
variety of conpOSite nanoparticles including oxi de,
seniconductgrk aﬁg nc[e coqg“exl é
narfdpar £1€1 B8N {1S, DOPBIFEC JLHEWR SO o1 %’f‘&’%‘ﬁt prectirsor
moiefiyemt i ons provi de nmethods for prodUC|ng a conposite
nan particle conpri sing the steps of rOVidi
pol Y ner iMedg¥ing: 3o ka?oﬁﬂPF§Wn§¥égﬂoPVWﬂﬁ%c 18 i° Fagnd
condpoSitd prediirsor oickPtd BAS bAgodhork @asdpaicROkid MBreby fdrithg a
pol yneric naterial about one or nore precursor
COMRoSIET 1488PAClE-0r m a conposite precursor noiety having a

meanc glifaeet %thsﬁ;p&d’iﬁca’h@ﬁ‘ aRaRehHeas n@r%ﬁlttlcl:b iB RusRtially
about 100 nm cross-linking the %HEYIC mat eri al

witlp té@ilttlleoifptagiccaaqé%@aw@t s iﬁ’ﬁi“’éﬂ?ﬂs anel inpfudsddiut yit At
limftd 1S ARtsitBatRAMHeAI Bbrtida oF thE S&&'l‘h@toiﬁa)‘mé §tdngS iRkras@id

COiTpOSIte recur sor noi ety to formone or nbre
with gheojpaenarticlesitin thetnobimep dinfespiping a

As used herein, the term “precursor moiety” refers to a compound or entity at
least a portion of which is a component of the eventual nanoparticle formed and
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 Ilimited to,
poly(diallyldimethylammonium chloride) (PDDA), and polyacrylic acid (PAA),
poly(styrene sulfonic acid) (PSS),
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conposite nanoparticle. "Confined" in this
specification neans that the nanoparticle is

W(Sm)smmm ally within the limts of the col | apR&CA2006/001686
poI ymer's dinmensions and includes, but is not limted

Oy lpo ca]cﬂl beua%% tpgfs/ %n%lgmg %nttl)h e Q)Tc' 109\ zaEE%ﬂ(ﬁ%@é q?onﬁ Ry

be STF ongl artic
lengttheng dk wfmufﬁhmsme rﬂsmgbhssuclAshausbd chéerpsedw fortthdad @ammmeter
ecu r iety. refers t ound. or entjt t
aimpBiES DL TRRR A et %, &y PeBRDBREP cBles cTih . R
exaxﬁplempha:hcammam | el sulfidstrerd T dlimerslons @s amyadiegdsit arel e

an R B bl ORBRLRCRE, BN FBns. can be. any ol ecul e

capabi®e vafiet¢ of kcﬂﬁé&n&s dah @t ussntb dbiba pmyﬁlsmnsfolmn@nefesln
that can be synthetic or_.naturall occur can

the presqni Hghtiontr Enanighs SrSASEREY s ety Ml s Hef ISrPée(rijrébly

an 2Y0&bub kéTididnng exanpl es of suitable polyneric materials
are discussed in the various exanples, which include,
butln AFeetrsk enbediments 6 the BreyqrdiBYSNensi FedR5anaPRIYAS U

dnssﬁnlle@ 4 QﬁﬁtaglEMrlt G RAMPAONABR YF i pBRAfr.( PAolvent can be

poly(styrene sulfonic acid) (PSS),It also can be any
watgiohty gpnie MYk AT Biteiof S0 o mprgrshehaipiventsp Tae pdditier tong

the s%ﬁ.lltlln?r}g’ttlﬂ ac%ﬂa;?]sﬁggog b fifducee tcdll@ﬁ‘sgt b %CEOIS/JH@:I whikg

apsed form norret er di nensi ons e” col | apsed
subftm’tmly: awrrdyadof.gdichiifereera prearseh olotsgy- e S he s@bhmgagehman

1tse§)$)%qp4 ? ecﬁ?g}%d 3 gl h§ Ic gﬁ'i:&ﬂ'me&’r éﬁ“ f‘é} e>l ﬁfﬁ Br-gti\?rfor

ons rec Fon are- an ywher e
mon&@Ocamipe argi qmr@"ga'mcabll inorpahio Chmgedmomouiel aparbiretign dfereof.
F SO anttﬁ con ll‘lC(F %Stec%ntbga 1onr?rom gl’?]E salt I?|i %{:‘I Ioll% saE
or FEATR' PhHE gr esE FAVEAt 1 Ons’ n art ous e I Tent’s,
or alhhﬁor.ﬂhcymlrthﬁ is Olatet kalable SVhpxreeﬁ@waﬂef ;olm:rle agrpposalt is of

the et Doerd Y Rt S REeTe o Pedipr | BV B Pirioaic
Ta%pds&ﬁ}slﬁg aaihu@eugtaadfm istha CS@{téﬂlbﬁNfb of wrtha dhedgy FRIor a
e sol vent n e ter oy gani ¢ sql vent. or .
L . s e e e g 1 S
frorh@ﬁ‘le&@'t% inerradit siike col | apsi ng agent induces a
col apse of the polyner whi ch substanti aIIy surrounds

e. ¢-ollapging pgsats ar%uiﬁaaﬂxs WatsEHEOIHYE dqaygamienlte gPesh pestsrably,

thog%gﬂagtt coniih i@ chtjons ahd ﬁlei}rc%ﬁ‘éip%ﬁﬁmgﬁhl‘%ﬁé/ bohNSF WHES &R
confi ned agent, for exanple a precursor
known to induce a collapse-transmon for certain polymeric materials. Non-limiting

examples are CA(NOs),, Zn(NO3)z, Cu(SO4), Pb(NO3);, Pb(CH3;COO),, Ag(NO;),
Mn(S0Os), Ni(NOs),.

A variety of techniques can be used to collapse the polymeric material around
a precursor moiety. For example, in various embodiments a collapsing agent such as
a different solvent, an ionic species (e.g., a salt); or 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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noi ety, can be, e.g., an organic or inorganic charged
ion or a conbination thereof. For exanple, the
weonf7iosse2 agent can be an ion from an organi ¢ BEI/CA20/001686
inorganic salt, or an inorganic salt that IS mater
T e KU A A R
at le4st onp®nic spemésv Toéfetably, Revarionk enb@bhenty d&&emstngre donic
e +y and.Ais the counter ion to Mwth a charge
“ECWS?E%?‘%%?BﬁBfﬁ%tron t hereof. The confined agent coul d
f umt Wigious empsdiments the Btediirgorohoie@nnipiiodh Atledseasd mbtap

i no salts, Colla agents are usual l ‘
catiopo I AL PG AP e as Pl AR b B era Embodimenss o
whefetB¢ pfRidsad MolkBl &dmiRtd @MgetaNtidd) QompkREd ARAPRSHIAY or

ani ons, both of which are known to i nduce a

complgxqdapaial apionrthe mogity ipgster @FedNFiiPnIBraApMESOMPiFRs tispting the
catlo%beo Nc%l@ﬁeﬁ'c@gor{a)éﬁé:ﬂ&rlnf@xéﬂrfﬁu&d\(/m-)rgdratr%ﬂ(d}l%)a%cntQc'l(:égl)

fromvzarqdwyg adent ecdmdddieins egant teetiiese groductiop|of gdssenopaaticle
com r?Ju}rg;ﬁEJanE'i%%i RnREL WLl nath@rc‘?&*érlﬁlﬁ{q 'Ethﬁatst gﬁgﬁrenc

n vari ous enbo nts a co
mategiabh as a di fferent solvent an ionic specres (e g., a
S ﬂnt\)&hous etmco% rrtren?st thg er O{;tﬁ ?n rkiJsees v§oe<9r more dl\f%rent)us
eno e erre a precursor noiety
metald skl \farlsman&bodﬁnamtmlhdnaﬂmpn@u&gembtetMMUrtpésawo or more

..Col | apsi agents can be us s embodi
airefqpy mapty, B UG o RamErsns Fauiengfey & Sy PEo B Mo
two atmbreagdalQne i oni ¢ speci es. Preferably, in various
odinments, the at | east one.ionic species. is
o RO ot e ek sgE oSO SRS o sefsted Trom o
catrdﬁr ESWISRH cHRINGL oF c6@PRKddSR&alRdnidne 864 plaREityBItadtal€ @ld Y,
onpl exed net al cation, or conplexed petal anjon. In

modifAE R SWRBIT HEAIPS irFaHensaR éorﬁple&slr@&ns Wish gdjation, for

exarﬁ@@ntﬂaaeﬁoraomt AkntGalebON fromAMRHRIRGZER LRhn §8diRR a
npl exed netal ani on, the nndlfylng st E produc%lon

to eﬁt@aﬁ@)ﬂu@@mf ithsanpnppagigle pymprisenecatallen of etalse gonfined

withfrfthd %ss-ﬁ’r(ke@@% eﬁé)bf:i‘rﬁa'r@%a\ﬁérfah g-radiation or an
agent selected froma reducing agent or an oxidizing

agbnvariqys efrbedimepisothecie@¥son fmQiets qoaMOpRsr & imetad species-
comgﬁ b@F&Emelenental nmetal confined within the
col | apsed polymeric material. In various
ean dhergerins “metak spacesweriainingpicappurdnisr msant at pwmppund

contgig[ng aq‘l.llJtél%q‘ ﬁl‘g{alloid in any valence state.

In various embodiments of the present inventions having an elemental metal,
alloy comprising a metal, or a metal species-containing 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, sulphate, chromate and a combination thereof

9
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metal s. In various enbodi nents where the precursor
noi ety conprises two or nore different netals, the
worei7yiseyy step conprises formng an all oy of PEICAR006/001686
nore of the two or nore netals. In various
odi hen rec Q S i.on
ngIq eeted® %?%Bcr)ﬂt' agrcl:tgt |°8ﬁlpg51{er‘3p? egsé ca 8rr11nse%so athethod of
the preegilt évedtiomehad a arbodiamefer & the wargk |bttyveeri atomt & Insncamter

(PG 0 i B e PR S B ST B e B mogr ha o
mean( digth@ér i0dne OFf mafe (ﬁgﬁeﬂtangﬁ| teoteefl: (ay ﬂfﬁuﬁlﬁrﬁ@hl@bdﬂgl(&gﬁnt

or an oxi di zi ffect praduction
(o) b fo R T bty aS ey Py BurOdE: el bt Sonm
to aBOURTL OGRS, M ik R e \Inl'dersfeb@ g5t the Rmd: nfé@:ll ha&s@ﬂ D abtyhEhi 16
mat eri al I n_various enbodi nents, Eﬁecursor noi ety

implodyrSoe e seecifis symmesa de-8s é@iﬁfl%lmlh@w&% Burtd 2 caprpiie
predu®ofimg d)t TRy 2 RatBe ticenpBSiteahrBiunGr SRR LA bé RighEaRtgdar

conpoun containing a netal or metalloid in any
andypgymeifeteicst ate. I n vari ous enbodi nents of the present

| ”"I%@%&Bﬁoﬁ‘éi*’#nﬂ&nﬁ%cﬁﬂaﬁ%@feﬁﬂ by e efftlclsQie &egnmkﬁgng

a metal, or a netal species-contalning conmpoun
of th@pqiymcrg: tpatelfld;rcam bg; inddcedzitherchy, chp!blcalo@eanwr bN;rradmupn

t I .

sy BT SRR SN AER S b0 6 oy
dmmm£numsubnmawnmmgnbnnpdﬂnd;n@kmdes@mpmundMOpht&nmkmg
groxgss tR?t?rPal,r]e% gpmﬁci ecr{tae S é(p ra%ffi et?\? ulr‘o?{ed ecgn I Sc%%%}g&q%)g%smngh %ne:mc
funttﬁxdal@oups)ohdl& pd’hye(lb‘ctm]ytbq;ol)mlm&pﬁméred Tlersb anvédceles can be
. sul phate, chromate d a conbi nat pn t her eof I.n various
L LR B e R S T R

grotiBl bt 402,23’ hehyunediexididtiNanint onseflias i inBanoleiudietss-

b ARge, betueen ahoul, 1 nanonet et (om, e, about

proRORE WS e 4MAItRhYoNAS agtivaB@N aghnan@pxeauy Gse@N@r QnidbehdOf
t he ranggs bet ween: (a) about Inmto about 10Onm (b)

formafisuy suctant easbediistide- 30nm (c) about 15 nmto about 50
NM RN erh A @Q@qfnkﬁlgr&ml bo cﬁh&ygutltmnzé the ipSlyier, Rch

understood that the term "nean dianmeter" is ndot neant
thatapfraoriph of e yons?@bke SEIPS pre SPVered iprapitps yhaf gangpe cross-linked

thrcﬁnlgn flok ?eﬁ':lllcal Péa&tto%oAq%kamﬁE 9; &) BfiveRt SERARRP FHet cgrbegﬁ&%gior

he conposi t precursor noi et coul
gropyes ¢f m(gcrylrcr@gi_ﬂtgﬁll:dmgte&syﬁmlb/i groups can then be reacted to

form intramolecular bonds through radical chemistry.

Cross-linking by irradiation can be effected by exposing a solution of the
collapsed polymer to an electromagnetic radiation source. The radiation source can
be, for example, an excimer laser, a mercury arc lamp, a light emitting diode, UV
germicidal lamp radiation or gamma rays.

A 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 nanoparticles and thereby form a composite nanoparticle. These techniques are
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weanw7bessnduced eit her by cheni cal

The formation of intra-nolecul ar coval ent bonds that
effects the cross-linking of the polyneric nmateri al

i rradi ati on. Chem cal means of cross-linking can al so
als‘,g %Frgé Ve?mggua etealésZ’ h%??ne ggll:l} enaﬁlé}/t areﬁ ?sne,tdellrgﬁaﬂp{c?dgtfztlon ot
théhmbarouitﬂé groups that are corrpl enentary to, and

theref anfo mcovlent bonds WIIhth ctlon

ar oéﬂ&a ‘h“’tC ER1o] {%_‘I“é(@l‘ YBEyt BHYPYNBPIE Hatd gF desired
nahbiRs@ céTRicRaL] B8 a@@ﬁothﬁnitddn@aéxpobﬁram@ BEGtro@&gnetlc radiation,
dendrinmeric. For a _no| ec&l e containin

chgmfcal tﬁqagn%m,l and caplgwﬁgg) sglgf-éqp qexamples of suitable electfomagnetic
radiafforr @}Eﬂ&(&r@ N el @ Ve %kzﬂﬁ/ﬂl@mrﬁﬁat%n uﬁxfa(/i%f& rhdMion, infrared
I ntranol ecul ar crosslinkin ol | | apsed pol y(acrylic
ragigfief) .etcTHB \aripws embedimegs.r a@ﬂqcsﬁmmetlw ity s j opherent
t ddi t| Nip@ I
raﬁ}%}@clmg asg&yg gié(gfr‘(%eﬁ g aqgsr?g Poér:ttrlrég%l ?g r!]J] gxcglgehé’htt such as
provdsbdig.niyde. lamhe Eechlemee af chenoisal- tlrtiank&mglmbme et are not
ri.e er p C
i o GorRiing RaiCl] YOUAE oIE, Db sHC rdillBhe e
adgnmnpff a H«aist clwnccbmtec @s $- ¢onmplogut! tcb‘nta:mngg ther emmteadbrc ak a
Wﬂ S.LQccQnvert some
PrEe “lrsr%)&tﬁ? 80““&“ é““gr oﬁrﬁéh o Pe! YL dct %ﬁ““ ¢ 5’&“8 n rFScPe%f % e
présireF Snoidtheorad Ipyition riberps. C@Endriﬂm’l nelificadon eﬁ theo pfeOiirsor
|ntra Iec bands .t hr ou ical chems e
P BSE Ak QOB PAATARIPURc e di fane R alblitin the
so@oépaﬁtmgpoayrﬁ@[cwbluqen of the coll apsed polyner to an
el ect romagnetl C The radi ati on source

di.ati on source
can Hsactiongith @Mr{ﬁf tionyor qxidafianp! theioas. ionic RrepyrsArynoigties,
witidh e cRoskligkdd ;ﬁ)‘l’@rﬁetric %téiia%efomumeg%gés(ab dadoph@BERs can be
radi ati on or ra vari et t echni ques can

eff?étedélgaughr?hﬁrﬁ@alpﬁlégt emﬁ@lemnh@wgﬁ/q%cw:aﬁaw at |east a
por tiQ nreafnaﬁtahgmemeueg 9h YDIE! EeSnpN, SAIDnERIROS LA,

precursor noiety formone or nore nanoparticles and

inglnding it fl@irlrﬁl@dc@r@b% iGd&e.{aHspérs. iZeSe. Zﬂﬂﬁeg@g PbSe, PbTe,
C:?WIeFI @'%S%Sarﬁr}?%ﬁ eSPhd h65drEdes!@n Qﬁo be gQPQl dy@n means”

I'n Since they are used I n the producti 8n of the
nandpapius sméodidghts abtanieithirngerssclé irmadty & yicgdaf the

pr?sfeﬁfl“(/&?lé eatnYeatl% atnf&éﬂrnlé b]lg %%g %Et@%g@%{&gp ?é&noln%%r (nm)

ude are not
togdbeuwt k()@nmgnét warlquadmabdlmnnts,cﬂle wommpdsitt memtpaeicte, haandnean

SRR, Pk gard S I e IeRE ) a8k 1R, Bsbo fonm:
abex@ MpkretogboatdiGami; ¢) ,aboilttisam wl abbutr Hdiwrat dndrd) atohr Smeadto
about 100nm). It is to be understood that the term “mean diameter” is not meant to
imply any sort of specific symmetry (e.g., spherical, ellipsoidal, etc.) of a composite
nanoparticle. Rather, the composite nanoparticle could be highly irregular and
asymmetric.

In various embodiments, the nanoparticle, formed from a precursor moiety,

comprises an alloy of two or more different metals. In various embodiments where

11

nmeans or byPCT/CA2006/001686



10

15

20

25

30

radi ation, etc. In various enbodi nents, the
el ectromagnetic radiation is coherent radiation, such
wa@goopoessred, e.g., by a laser, in others it iBCT/CA2006/001686
i ncoherent, such as provided, e.g., by a |anp.
C [ ol n
e EBRPAE i Bt SIRPHER! ot A IRTFC AR, oo fitend G
cornmmteaﬁtrmng aniallpy af m@dmmonmofag@mo or peiyé tnletah of at | east
.One arlohéa mb&ﬂmelﬂs t?gpn?ﬁog;gm‘é%n o%géi '?r%mt %re%% ﬁgiety,
|on, or @ precursor to ouh he
commpiingt er me(uh spsma -@otantieg coopounidt hBye@pecrtm t“‘oetah especies-
ﬁgngfnlélcg)gl%oun Le 3 X1teonret agcroe Ltrrllsdg ?on¥a1n11ré%e g eéagg)F fnéa%llox)é in gny
valfeﬁXfemthe on of a nanopartl cle that is no | onger soluble
in the solvent o meric.sal ution tion
o ¢ Metarby Rl St Ss o SR e raRB i e Theat
allpy REMpdig AOhELN @8 ,a Mklahispecicb@otbiaig- ddnipoatt, phd yieedliic
materital _to formth Qnposi t n artlcles can be
predfrpis 478 it B & Nt Mg det R dhar Comoinagion thercof.
photpehiask GalbodRRAS- of HE prsit! ihAMioNARARR & intdtB Speadt-
be, for exanple, sem con uct or, crystals, 1ncluding,

copainingogompand.esfid ccomesnd egpipiningSpid mefds Spogiese prefeiatly
comBrises BRS®r IR 65 a %Fhld&@&enm S@Hurﬁﬁdcm]—d’e brbAfide, iodide,

nanoparticles can a be net al loys. In various
oxigeb dadraside.s phaspladirpesshanaten dh’@b@i%t Fle;rp@atﬁ o#iifed ¢pymbination
thdiBJehod of the present inventions has a nean di aneter

In the range between about 1 nanoneter (nm to about

100 Immaridus agpecisoths mmofdinmipss pmh'@ledmmgifpeproducing a

na ARRR frafeliB), WORp A ERE R TTE  odliclRE s o Ryl
coinﬁ]'mng o palbmatic @@wral ahd p sab@ut (b1 EOIhmmg)atdbasua p@ﬁomnf the
ut, 50nmto abo

pofiie ST, foap” DR of oFHE resafRobi il "o o B
précQrsbNbigtyay coes-linkidg tap palyherde mytamﬂtolfyald €ongposite precursor

m e TSy RLI:  Pofigh et SRS L PPt o stif o

coﬁh@oﬂiﬂegﬂ%wrﬁd’r regelyato fonet a&ymmtdm GandpartéRs | lAMEBg 2 mean
nts, the na rticl recur sor

o] orpmed fr
d‘arﬂﬁ‘%t‘g‘/ nﬁc’&ﬂ%ﬁ%‘@%ﬁ“é’ﬁ ‘ﬁ% Y 28 a‘?% 1@‘? gr?éﬁ ?bgefP‘é‘H{‘g a
coBbsie SnanbphrtVdé; | MU £ PIROHLIAE REIE WAROStNBNBHLELIE 3O form a
noi e;’%{ﬁ ﬁ](})at%rrl ses two or nopre different netals, .the

NARRRAIt ttbp SonprPEesmbadimenty & ayrobypisorondignsy are

cohsIRd Qlic Bt hehaRbpaiile maARtal ﬁ)rméd"cdl%{rls@#& least a partially
enbodi nents, the nanoparticle, for froma precursor

cappgn-spafed nanoparticle

In various embodiments, the present inventions provide methods for producing
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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conprises a netal species-containing conpound. By the
term"netal speciescontaining conpound” is neant a

W@ ooopouse2 cont ai ning a netal or netalloid i n aPgT/CA2006/001686
val ence state. In various enbodinents of the present
! nv??(l%r%ﬂg'erngé’dilﬂ%]tg%e p[lertgsggtg];n%éﬂ aslpﬁ(!wrl]de metgé(ds%orgg%o uﬁgngg

a qaetoatcoatsd pewaf mnaixirycledomﬁmngﬁhnonfﬁ]ntelﬁgyrowﬂmg Mie ,comigosite
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tenperature to effective to substsantail
modifying step (production means) comprises treating the anion w1th a suitable metal
counterion or precursor thereof to effect production of the composite nanoparticle
comprising a metal species-containing compound.

In various aspects, the modifying step comprises use of a suitable counterion
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 salt.
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renove the polynmeric material.In various enbodi nents,
the present inventions provide nethods for producing a

w@ 200bosmsenat ed nmetal nanoparticle conprising PCT/CA2006/001686

i nconpl etely pyrolysing the conposite nanoparticle
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\Wwﬁvpbmgﬂéh%@dwﬁﬁﬂﬁgimﬁwpﬁﬁdﬁresent i nventions can be
of \fﬂuéj%ah taﬁoo[a 119 Ekcgf e &Eseﬁtemvgrﬁﬁqy%lag to me ods of
nanoparticles, inc ng, for exanple uantum
mmmmommmlem‘ﬂmanm1Qj¢shbatsrna)\/hwecauwlde varlety of
t e . j n Y
wpf A TR A B A SR WERD RSB SRR a7
andmornbmatdeal pcacmrstry egfalysiscéneagy did ditgnostice oBgliufitiziyg stantnngn
ous . enbaodi the recyr sor conprises
@t Wi G TS oo, M BT SRS st BRT i gfous
enrbodﬁpieﬁos,echnlmb‘ahe Mnlopzn'tlclemdldt dmmmmimbpai)ﬁblﬁﬂﬁimﬁlg unique
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indliR, Bt QoS qm&me §INtHESIRT 4 SRS parr sﬁsﬂérﬁ) ih arelydedul Gredium.
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Th artsle % A OF cOMEES oY BXFBlea Py oo Iedrs BRlcaplar weight of
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fuﬁ@i@h:ﬁYér&%sstth@hocé}f)'médnsﬁéslﬂdﬁl% &Bpeu%u'f&abi g@%ﬁg'@.@

or precursor thereof to effect ucti on
capabifty §n atfecheenttamepenuios ciueh aﬁrpre@m@ osforashance or decrease the

sticking to substrates.

In various embodiments, the present inventions provide methods for making
water-dispersable composite nanoparticles with inherent chemical functional groups
that can be reacted 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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nanoparticle. In a various aspects, the nodifying step
conprises use of a suitable counterion or precursor

wao b@reefser o ef fect production of a conposite PCT/CA2006/001686

nanoparticle conprising a conplex salt. In a various
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the senfiied, ageictandbeng? igufromoen pigaicedltt @ insirganisgsalt, or an
ingHDRHiY LdiE s grxdat&%mb&amré e SREMAHY ino g(%i%'svéﬁhéof the

energy an | agnostl CS I ZI Nng st ar
form Moy atheret Mals aametak eagigi Ibylosg:hgjtﬂ @rqups W EY of theePeriodic

Ta%[ @o% emhgx %ﬂ&l 2 ana ™\ }é é Q&J?hte? Q)' IUF\%E‘ 2 cﬁgr e ~x ora

nopa I"es an e nanopartic
comwmangl theieglie Tod a@refmt:é gt |cotﬁd afmﬂer calbpmsei anmbdmae of ions

f oresai mhich nanoparticles may be water
ﬁ%%?U%FSbQTﬁé%éy% 8sis routes of various embodi nents

of i earmuesmbbdnmame,rtb ire#s the| crmfdmleuonmﬂtheadscﬁlamti polymer,

limted to t hesi ‘ane stemin an
cropykig s PP RS 2 ey eoE R sipobae demealuned, -
ra('ﬂ@tlione@iﬂﬂ“{?"rﬁhat%ﬁ PrRfeYAl th B VRIS @ﬂj\)’\@ds&l%dl%oﬁ feuv
ymer, the degree of internal cross-linkin

arg éﬂnm radiatienyndn wrtswg embedimgais ot dHra-meleeuir cawﬂw@s kAt
inREl A8 fculdh BroROlinkRY pl‘b@@sts eﬁ@'&h&ﬁcﬁﬁpﬁx%ﬂuée@ hﬁ‘ve%ample with

desirabl e functional groups that can inpart desirable

cahogiye de icBnisry itk 2 APl funpéenahgosstlinkempabi ity for
at t gl 'ﬁ?e%rretd(énmahﬁrfeﬁ‘l &She ?ﬂé@ﬂt ASedtiold r%\/@ﬁesocfxe Fo?matlon of

enhance or decrease the sticking to substrat
composite nanoparticles by the addition of ions that induce precipitate formatlon of

the confined agent within the collapsed polymeric material, wherein the collapsed
polymer is intra-molecularly cross-linked. As used herein, “precipitation” of a
confined ion referes to modification of the ion to a compound that is substantially
insoluble in the solvent of the polymeric solution.

Various preferred embodiments of the aspects of the present inventions
include, but are not limited 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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moﬁqrc%t?orﬁ %ﬁg&%l th? %ﬁ{lclgsnso u%ﬂ{t? ﬂ\o(? Ffer%gtl t%\e ah %E‘ botﬁ wat er

ar’nc salt is of
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chenXcad furgctioMTgralps ithein atehehamall reghhiitess oNkolnwsh ageitions: OWhel
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pbl?(ﬂ%l&ld‘ﬁﬂéthﬂ/l%ﬁllo}{ﬁﬁl Em&u{epraﬂ@tpbfgfﬂyﬁﬂe). For anionic polymers,

examples are poly(acrylic acid), poly(styrene sulfonic acid), poly(glutamic acid), etc.
Block polymers are made up of blocks of polymers having different functional
groups. The block polymers can be made up of blocks of any of the mentioned
anionic and cationic polymers and another polymer that imparts a specific desirable
property to the block polymer.

In various embodiments, functional groups of the polymeric material can be

used for conjugating the composite nanoparticles to other molecules containing
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conposite nanoparticles by the addition of ions that
i nduce precipitate formation of the confined agent
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In various embodiments, a composite nanoparticle of the present inventions
may be used, e.g., to enhance spectroscopic techniques, including vibrational

spectroscopy.

17



10

15

20

25

30

pol yners. In various enbodinents, a preferred cationic
group is the amno group and preferred ani oni c groups

wae@®7osashbxyl i ¢ acid, sulfonic acid, phosphat eBCT/@A2b06/001686
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an HEFHGE FORPSPT (B PURE P A PR SSmBr e andpartelc Have
useRQIphtpkeies.r ol yte pol ymer can al so be nodified to

convert, themto other functional groups that can be

usdd \@HPusC%pﬁqg@%qnlts@ltpe q@g}po%ﬁﬁpcg ing tq, theqyrgsent inventions
coJPd b d&luk A &miBBIdB&GH} Bate@As, FbixRGpRNasaihMemPoRUP and a
| atent thiol group can be reacted with poly(acrylic
aci d) -encased nanoparticles through am de bond
formation gligreyseRPHN OF Tie eswexgsi ¢ acid to a
thiol group.” The thiol group can be used for
conjugation to other nol ecul es containing .
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applications he conposite nanoparticfes an
advaataggsar theqiressnt ipyeotiensedn bglmpttefuwurtd@dsoc)dffmtmtée frlowéng

desicrq;yt?oﬂtiﬁ Q&Jﬂlr{%ﬁgfy&ﬁh tl@ﬁ%co%p%nﬂ% drawings. In the drawings, like

reference characters generally refer to like features 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 CdS/PAA composite

nanoparticles prepared according to Example 13;

Figure 2 represents emission spectra of different CdS/PAA composite

nanoparticles prepared according to Example 13;
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limted to, the absorption of |ight energy sel ected

fromthe group consisting of W, visible, and IR
wo p@ho4186her ei n t he conposite nanoparticl e or PCT/CA2006/001686
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conBBaL GiPEcsENE DS apsortion A yemissien pRseise of &4 TaPdA
compusRE h&RpdiOm $rofartd ReBdm@NSELIhMg19f protein, Iigand,

ol i gonucl eoti de, aptamer, "and other nanoparticles. In

varFiews @nispebantsnuy-;visg abwnniosi end wavssivar siectre abf (Gdle-

' ' . : hance

Pl N Bl AT ol Reli 3t B moal e 0

s pekigures Btpy8(¢)n repzaserd uSTBVib wiith nBiNKs anatysov bfl d dF eOa/PAA

t ' i npparticles are

Corgﬁorsp gg;?noﬁgs]’gélfgr%ﬁg g%géz;cggagr? %‘gaén%o &g substrate using

| ayEiguro - leprgemtsas X8 Dbpagtemr of fLUF dAOR P Ay coregaite danopdrticles

thrge- diréﬁenéi on élgyst ens of conposite nanoparticles,
pro\RIHCee é"B%P Ke"tH1Ree- Ui mensi onal systens are created on a

surFigores 10)Ma(ch augrepBOSTIENIVEh t FIDX sab&isr et €eli0s/PAA

film Accordingly, in various aspects the present
compsBhpBRST PO el e R R Pt o havi ho- a

pl UFighriet Y1 Okprlegyi®r Sn OKRDO KRS | difrabiddho Patidra Cfe SeA8/PAA

her ei na descr i beg i nterspersed between adjacent |ayers
cOBPOSHH PHOPHEFIGS RRAIGRACBII AP %vari ous T

embpidiB D t&presents SRERCimBaBOSE 21/ PA AT oMB6 Sk RarttPaticieDREId S

preferably coated, wth a conposite nanoparticle of
acc@ﬂ@?@ﬂ@"éﬁﬁleﬁﬁé oppositely charged conpound is

pol Vigﬁ’ijel 3 AgtBaks V.I00R0BEE @il RAMAsion! He¥i®f bPERO/PAA

enbodi ments, the present inventions provide use of a
corgpsp® sinopartiglavmada dceprdingdo Reanatlq2Qescri bed in the

pro iqp of | Lhihigye 0 S e |

sub@#%te com?lr%elgg %) lség?ugep?gt{agr&g%gﬁpltg@i@ o%oﬁrgyrsﬁe
nanppargicles coafes)and ngrkoatedsnelistyrane eraporep recording ©dixaplei2d; or

Ot NS 85 " BBV NARORBLrhifIr® Spectldof Ne/Plla OBhfithe
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 Au/PAA composite
nanoparticles produced according to Example 23;
Figure 18 represents STEM image of Au/PAA composite nanoparticles

produced according to Example 23;

19



10

15

20

25

30

an elenment in an optical device where the incorporated
conposi te nanoparticles have useful properties. In

wo anrouseenbodi ments, the conpounds accor di ng POT/CAZ006/001686

present inventions could be of value as sem conduct or

materj al.s, r I S n d .

e B et ko R R DT ALE s gt
prodsqedaterdisgriodthamptet 31, obj ects, features and advant ages

of t.he pr inventio n .he e fully under.stood

£t ohiPURE PRVERE T aREe AT on ATBb NS MAEL HAChe
Agﬂﬁﬁﬁrmﬂllﬁyéii&glaﬁﬂpamdiclltg %rod?&dtahﬁ)rfﬁhgw' Eb@ﬁqf pld 1de r gf erence

characters generally.refer to. like fea n .

st rRv 2 v ih ARE GRITIon MEapT S HSSgtrassic
nanbp&ticlepod@ed atRrdifd olemprai |y to scal e, enphasis

i nst ead being placed upon illustrati %g t he E)ri nci pl es

of f‘ﬁ’é‘ep?rze@@’ﬁ’fe“f‘%\%éﬁ‘tsiaaﬁsef“‘WPé‘r%’F‘ff.ra iﬁijﬁ/gD A composite

naroBRtiER e poduddY aMofdiRPeExRIbRPssARCt ra of CdS/ PAA
conposi te nanoparticles prepared according to Exanpl e

13; Figmigut® ropreepiedRsAROaNGE R icBysiopeterER of @dRuledry
co@é{tg ﬁﬁxo%&‘ﬁ@l_% bicRudtaneradihk & E)?an_ﬂi’gﬂ@ BAL&Sr el Sﬂrgse‘hp
. anple 13;Figure 3 represents STEM i nmage of CdS/ PAA
InvefPosi t e nanoparticles prepared according to Exanple
13; gEl gu t Syl Vi S [ 1 SSi.0N
e g i Sy T AR Ll L
nampeticids pryduded Bx@ndihetolkamplegiiragc@ding pr the @nemionyandi s
abspr pti 1SSk oNn..SPec f o T ) ZPAA .
conpie & aRIEE N8 AhiSREC AR o CRIRTLFER Erisie
naribpartiEieg produded reqrdisgntBxample\i8aicabdiog at tho presentlingeit®ai on
spectra of CdTe/ PAA conposite nanoparticles prepared
according to Exanple 16; Figure 7 represents uv-vis
abs APTA Kk Da Dd SERIBH OdN OFPRREFER REED (KMBODIMESHRBAA
conposi te nanoparti cl %ed according to Exanpl e
17; Figures 8(a)-8(c) t STEMwi th EDX anal ysi s
of 1n the RO RAAxaApIP) Shelternnanoparti cl es produced
accordin anple 18 Fiqure 9 represents a XRD .
pat %r n %ﬁﬁﬁpsﬁglp@ 'R 3%6@?3@@6%&?1&3%{& relcBa) with the
meR] 081G aGheef MGs ¥ 3ARUeneldd i the example; and

(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, M2¥, etc...)/Polymer and (A", A%, etc...)/Polymer (eg. Cd**/PAA, CI
/PDDA, etc.). Nanoparticles formed from the metal ions will be designated as M,
Ajyi /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 A1y1 — M2y2 A2y )/Polymer (eg. (CdSe-CdS)/PAA,
(CdTe-ZnS)/PAA, etc).
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Fi gures 10(a)-10(c) represents STEM with EDX anal ysi s
of Fe2CVPAA conposite nanaparticles produced accordi ng

WEx@MOI86219; Figure 11 represents an XRD Xx-r ayPCT/CA2006/001686

diffraction pattern of Fe O ZPAA conposite
nanoparticles produced according to Exanple 19; Figure

Q PAA it
Exgimple ol FAFRD SIRL BRI oHC Bcampl o 20 qure 13

r e%%pfa&xc“%d’ i) Smﬁ%?}'acf(rep ?Iﬁ € ﬁ%g %?é&l?lfcﬁglgn&ﬁﬁ?a mon um

osi'te nanoparticles
chiexidsyPBDAQ; [SigrrguAeeragh Merem@ée@i( 20ewi’s & oates pmstchlatedfto

SR G KA TR Gl RBGr o PIMRRK SEER/D Ry Uy Eartd] B

al@tﬂats Eb@wbemilea ﬁr&pple&drih 20 um- s‘tlrﬁill&thﬁhoﬁﬂg )] esché@hsr addedi
t { cor

eGP SAEoTR L 61 by B BBV NS ENP i Ob TR

co@ARABNE @maw B(Eml‘lﬂryﬁlﬂcﬁﬁg 1CME ST P PHIEA 6bl @O with AgFferéht
Exanpl e 22; Fiqure 17 %‘Sppresents uv-vi s_absor

e EYetbsed 1m0 A0 P an 8 fistc IR GareREon o & Seinb e Biptive

visd659 Hichdh dofutiol WP nadBed With bh ©sd@Id GRdoRReN! ThSTEMsity
i mage of Au/ PAA conposite nangparticles produced

asacfeWav RHNeG! ErssRiRBODG MR ddenly 3t apprexiantely (R/mM:ghis

was I@zﬁ&ﬁ Es'ith@fPD(D%coll‘a\SQe/ ﬂ’oﬁﬁwﬁt‘ﬂ@o §L!|c'hf%hd? aneReFf édn@én%%tlons the
produced according to Exanple 24; Figures 20(a)-20{c)

POH¥pisepsisrrihamEmenierdedEDpigundiopsi s i mage of (Au, Ag)/PAA
conposi te nanoparticles produced according to Exanpl e

E%ﬁ{p&}égg@%ﬁmﬁ c{,ﬁﬂ{sg@?ﬁg%&%% Yi s and enission spectra

conmposite na |cles produced accordlng

to ?X%”ﬁiaﬁlczz 0. 5 : rgFrbgaA(éy PLEXE ?Ilall)ﬁldlmeala/rat mum

em ssi‘o spec ra o A co anop
chjoridelu@BiD (8Nl Agerage Exva)IOfHSOOIQ,SZO a't%l llegler]avﬁailluted to

SRR T
alitpotEwarepdbeaidd, amt plachdng 20anlt entiflagserialsi Meeath aas added
dropwise with vigorous stirring 5.0 ml of aqueous Na,SO, solutions of different
concentrations (2 mM — 20 mM) yielding 10 mL of SO4*/PDDA solutions with
different [SO4* ] between 1 and 10 mM and a final PDDA concentration of 1 mg/ml.
The relative viscosity of each solution was measured with an Ostwald viscometer.
The viscosity as a function of NaCl concentration changed suddenly at approximately
3 mM; this was taken as the PDDA collapse point with SO,* , such that at lower

concentrations, the PDDA is primarily in an extended configuration.

Example 2: Polycation collapse with (-3) anion

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

aliquots were obtained, and placed in 20 ml scintillation vials. To each was added
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Fi gure 24 absorbance and em ssion spectra of
CdZnTe/ PAA conposite nanoparticles produced according

W 00Easpt e 37 according to the invention; andPE/gae®6/001686
25 absorbance and em ssion spectra of CdivnTe/ PAA

t | duced r d| ng to
aro§ B3l GO SR e L BB B SR e GrARA
conDEﬂi@EﬁerT@GNMF mEMREEBI@VBD@mv&NF&mNRLEﬁnms twigh

aitigfnt B, P STR sy A e B PP it ROE R dh L

The fﬂlatﬂa thdsmy ofthactekdluthdni wad Measstedtvaith FEDwaldvibddgheter.
pol ymer refers to the coll apsed

The%?%? gs@ fﬂa%t@f‘.05N%LWH&%@HMW@W@%@HIYdﬁ appraximpigly

2 miMeteasgs kel the HIDA %bnéwes ﬁ@i'ht Aith P> USB&h thdt at lower
col | apse a _single pol, e different netal cations

conggitiratipsoths PRIDA ispeimag dfle'it‘ é&ewdﬁo@iﬁh‘f?éIOH " as in the
case (Myl+, M y2, etc.yPolynmer and (A x! , A2 x2-~,

Ex4thfle 4: )ﬂof;’ﬁahibﬂ%na(;%gwuﬁ}d@l/)%ﬁ G /PDDA, etc.).

Nanoparticles forned fromthe netal ions will be

deslhg{‘@é@%l%ﬁ sk pghkeALXdo,d F.gsé/f]{@% mgglé jent m%)) fade I\QC‘@

PbS) / PAA, et c3 . Nanopartic ReSret al
milligmgvas Idissolied/ia 208 en deioaizeddater -t ﬁhfami@itlhé)ﬁal@gwast inroerfagir m

in a(atﬁﬁ )ﬁafteiirbggl}t( [%_%)ﬁ)ga%b/ %édy Z@f?rggﬁz%/sﬁsg?r%% él&?%ugy for at ?east
30 (QuiBe -0Cd B 1/aHAA the( @H@AA’]@I@M@IV& C()ndlé)ghﬁmilllﬂioilih_as ch)cl)ed
o i) dhisPurs” PR ity Bt it Moiolim 7
meagshiteatehideyeré }amﬁ\)lsx{@ngm ra(h\ge rpagﬁapl&whéggl} glg?lggd&&gf\g%
acifhd TR erbPnded 804 Pt i odlsd i o epobained

andeplacgt 0 0 weirseindlidtRnngds. a6 Gacﬂ’d Waedlided) drdPwitk with vigorous
il tlonv was added dropwi se with

siriybD g7 attRPr N ol o BB sauegeons bl 4 b0

mMiyidlghent nqpef:ﬁa*t/mmosaﬁmé)@s Wit dlf&%nﬂg]a ibEinde g, 1 1ML
of C VPDDA_solutions with different bet ween 1

and-{ymiyhandht L éAfqoﬂ%“trﬁm,@fddﬁ%/éﬁtm‘ﬁtf?léthved@SCStS‘Wg)'f fich
solutid® Walmidak€d with an Ostwald viscometer. The viscosity as a function of

NaCl concentration changed suddenly at approximately 2 mM; this was taken as the
PAA collapse point with Na®, such that at lower concentrations, the PAA is primarily

in an extended configuration.

Example S: Polyanion collapse with (+2) cation.

In a 400 ml plastic beaker, 400.0 mg of PAA (Sigma, Average M,, 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
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viscosity of each solution was neasured with an

Ostwal d visconeter. The viscosity as a function of
woa@r/oessrent rati on changed suddenly at appr oxP@ECaR0Y6/001686

10 MM this was taken as the PDDA col | apse point with

h tratjons
e IS, A U R ELL AT, 1S EE0% I
scnﬁdlaymatvlatsn Eolehd’pwes ailded dre@yisaniitnvigdor Pirasd 5.0 A0 O

iallyldi | anmoni um .
safhysc G Rt o SRR Srermgindi o0 5O0W Vb beling
10 ind. ofat ET/PDBASsotlitlobd @ith UiTfed0 [0d> Mietbeed @ 0V e.flnd Wat Bk
andly gl B B8 VB b Ml B8 N 20 i soltion was
messutadt with ah i@wMl ailéioma_t@r egah WRSsigdded A RMVLE e dNG

orous stirring 5. of aqueous Na2SO sol uti ons  of

conaw%*raa% fhangesh &l@ﬁ?l}létar eﬁsvefnzl mMighigpyasytpkancasithe POArL
col@‘f)s‘ﬁgmz\(F{P@?iz4S Qb tth#? BBloWe L ddnflintrhi S8 Nthe PR 1gp1]1mgﬂ%_g\ﬁ¢én?:{q

1 and 10 mM and a final PDDA concentration
extariled peifigpfagian.y Additian ehmere (@NQAs)svich thapthefinel eppeantrpiéah

> a2 CiMi t i
2 YMM BaREY @EY%@ iMi ké&@WrSolJ{r&%é %gﬁég@hls%a%%tr?t on of 1.2

function of concentrati on
mNbﬁéMDmm@w@ (hfumetnhli BA Avarvsret thireprepesed foe uS@Dﬁ),éubsequent

exeipldsBORE: MR Muctth idVeRHq o as chﬂ@PAlxhﬁ{ms K or Over

ncentrations I n an extended
configuration. Exanple 2 : PoI ycat| on col l apse with
Ex{mplp 6aRolymibm callapbawith ¢+3)@Btiéh. M  beaker, 15 m of
pol y(di al | yl di met hyl ar nnoni um chl ori de) (PDDA) [ Si g,
Av eln agleo MA/p&@ﬁb Exakdt, 402@ mg 86 paly (vwatees Julfoaie adid) @Plsspl(/:tlﬂa
ol ution wa rred

Acgip M Bl BEIOEGE it 200 Bt Rrstod o alro
of tht ®68dolutio? Qe obsainedt ard pidedrin 20 aﬂllsfwnmateﬂc\halsfiva% each
th of aqueous
waR AR SRR ik Vighrodp Preeo b RE S seufiont somanes o
FeQTMf differsti cngceiaﬂatmns .2 oV 4 28.0RNARy R Rlinat 10GAIS oML IPDDA
mM and a final PDDA

dji fferen ~between 1 and 2
solligne. STty A Lhe 8 TRgroan 0-T RO cindt Iy mif e fgal dioS
conB@RRLSOOUL m@inWRke RRASEH KBELSH bR eR sCRE¥RIEs MESGRUBHEN -
The viscosity as a function of NaC concentration

an Qﬁ&ﬁ@e‘ascgwa@é nilhe wecosithavk funstien 9f BeGlagoneeritratiomehangdden
sudaénly BapPrdn£Ql bR tHROW A talint 12 1R s collapse point with Fe**

such that at lower concentrations, the PSS is primarily in an extended configuration.

Example 7: Polyanion collapse with 2 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 in a hot
water bath (approximately 80-90 ° C) and was stirred vigorously for at least 30
minutes c;r 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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3, such that at |ower concentrations, the PDDA is
primarily in an extended configuration. Exanple 4:

woeloyamsen col | apse with (+1) cation. In a 400Pei/CA2006/001686

pl asti c beaker, 400 0 mg of (PAA) (Si gna, Aver age \%Y
20 nﬂ,]%cnﬂj llgé?r} 12118\%}3 each S\’Jvce)lls \éfs}‘?%:rdg (3)5\95% with glgi)rgﬂsl 1rr1n E)I;]nl
of dqadaE @dlllﬁi&fs&byta&ﬂnQBeClQ)mcﬂthlW&S nsillé fat16d>f‘(/1 gmfouﬁ“érynt

conpegirffnes 47 el hp e vhaieblns N i FeeroctioR A8 spiisne

with Qiﬂp@érﬁtt [QFé* Liie [ dtwvas @dj st eghd 2.06m® sl ng fifallPAA
nmeas rerren&l wer e dOB-Fe g.narrow ran e,%H
conﬁﬂ&ﬁé&*m lnmg%ﬂ Hhrotelatiyg visgpsity, %F GelPde wasaAngaspied wit

an ORLANSLoREEr. t PheBAEsiaS aaﬂlsd&dm&'bf@emz addl U(HQ:Bﬁce‘ﬂﬁétﬁm
obt ai ned, and placed in 20 cintillation vials.

chapged ifuddsaly 48 a@dowetsw Oshmi; tﬂHS \W?@@k%%s thg PAM cplippse IQP"i‘ﬁ

w,ﬂ@ipeaq %?%@h Nﬁgt ISR UbARRSatBhs, el FAK B PrinkRiE R cfieh®AS
0 mV) yielding 10 L of NaVPDDA sol uti ons

ltrhthnfferent [ Na+] between 0.1 mMand 5.0 mM and a
* coL&qugtldjnA'rAéf&qg %qgﬂé%dng&t@&orﬂoﬁ&mﬂ'letal-rgl% Joﬁlb%ﬂ ve

viscosity of each solution was nmeasured wth an
Ostwal d visconeter. The viscosity as a function of

Exa it Onﬁs&%"ﬁ o ¢ nogd gs‘iliﬁp cﬂ&xp@ﬁ&r ?%Aorﬁ?tﬂ'{é 2
o ks e e E s Do R
ded
or e U G XA ee Gont hOUBLIEn (BT S0 o
o.oq:ﬂmﬁl(mobfmmron té 0DmOofam gl RAROsSobumieay of A dSiembin k. 2

] AR, S 3B 0, SR L 1R ot ghffon 1

exp?ﬁam’) mvg?ﬁmrﬁ la)208 0V ercus) agnampads @)lbllfoﬁ(fnfﬁiﬂely it gmnxlomzdfﬁéct
or at east 30 m.nutes or, unt a of the.soll AA
coligpse. gyhile oyndargoingnHgorpye sWEing JB%‘F frepdiatey piptiqng WPB&E?

dla%amﬁﬁﬁt‘ﬂeﬁ)mzte@ QaRRFfor3shoasl] Ued @aly$i® isxBedis tb Gubidtahtidtly
H neasurenents were done using narrow range pH

redpien@e coscemra%ﬂnu fuisns i polyting. Jiys JaysieRs deppelymer collapse.

HoWEVeE o tyis e th A it kiR %ﬁfbn%&oﬁgfj RhathsOurthar@kd qUAt Bw),
wer e obt ai ned andfp aced in 2 scintillation

indigpiinasthattee eollapsedeentzapemsion ay ispicd cangithas the qlprsgd polymer
hasSieéeia rdrflimked® t91reRhin BHURO u§ua9g*e(dl\€§mg§@{ . '/anﬁluﬂfot of the

ferent concentrations (O. 0 MM yielding 10
solwmnovas@mntpm aglalloveshs amctrh /diwm@fommlpr@@@py imaging

indr&g{emrbr&e&cermﬂp%glegg 10— m in size.

Example 9: Preparation of Zn*/PAA and Cd”'/PAA crosslinked composite
nanoparticles according to the invention using laser irradiation

A solution of Zn*"/PAA was prepared by dropwise addition of 10 ml of
0.005M Zn(NO3), 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 (10mJ/cm* )

while undergoing vigorous stirring. The laser irradiated solution was then dialyzed
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and a final PAA concentration of 1 ng/m . The relative
viscosity of each solution was neasured with an
w@eiorakdexi sconeter. The viscosity as a functiPOI/oA2006/001686
Cd(I\IOs) concentration changed suddenly at between 1 -
ooy Bfor Bt SR o R B PSP BB s
houpr iTmiarsbluyiom Ivisaositg xemnitded uadnhgegubyatiabsis, Aditatingothanthe
at the final concentration >2 nmM
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yi el di ng 10 rrL of Fe3+/ PDDA soI utions with different

%‘ﬁ re r tlg? ]f W ﬂI]QA rOSSlln (frégm {)lsllggclol%nolpaﬁl(?es
accardep §3F'ﬁ{qV8?1t'%'§s'%n% r'cé%lcms%lw?‘g'ﬁ 38E¥al d vi scomet er.

Vi Sit a function,of  Fe 0
RS St e Sl st of el SRS 4E TPaen
wasisladeldéin RSSme @lalssﬁlﬂSEarﬂO] SGOt ul thfkolﬁﬁ&lf g ohs IZBL&hlg/ZMLd tnower
concentrations, P i S pri [ en
BN g R G O BB BET R GH 651 T feb i
(Et A re @0 %y)bi- (@hﬂl@xgmgj (EbBﬁMa@ dagak %hder%st@nt”glrﬁﬁg P%e

gma, . Aver age mllion) was dissolved in 200
reswhmgmhamnzw s%arf%rfor %@um %&Wﬁs Benkepzahacanthivienged n

wat@r R3P8 hW&E SthaRBhdtht ABRARA WRbLleYer®ir 8Rry Kaur. 2PRF WA that
stirred vigorously for at least 30 m nutes or until

waggl)qt trggted wish dhg ERE splytonvassahiodiglyzedygangt Helorizged v aten
for B%uﬁo Qfla‘;r‘@mtgcihé eam&m@f&a,tewremr LBy RELaBRA idhtL thet ©

p measur enents were done usi ng

VISquauty @the ED@éE%trpﬁgbln /BAD selutign wgaiotush Igsree thep that ﬁ%ﬁt!'
untl%g%d girfae/sﬂAl Q(ﬁlgt cm T&‘h% md'lda{fgt t'thnth\é' @Alﬁgseg co%ﬂgl?at‘{@ls is

ropvvlse W th vigorous stirring
retzpdeftesZis 0P At voassregton wath the FIQCESCsoltignLi I at a nol e
ratio of (2 1) of dlfferent concentratlons* (O 2 MM -

Examgleni“@ ¥ol§'acrypg acn% cross kl(l'l% Fv% gamma) iation 40u[tn!0 lr}cse
Cd*/PAA composite nanoparticles according to the invention.

20 ml of Cd**/PAA, prepared as described in Example 5, was placed in a 20
ml scintillation vial. To this, 200 pl 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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with different [2Fe2+, Li2+ ] between 0.1 mMand 4.0
mM and a final PAA concentration of 1 ng/m. The

WO 200aninse2 vi scosity of each sol uti on was neasuP€OCAL10b/001686
an Cstmald vi sconmeter. The viscosity as a function of
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“ﬂ¥@w10mﬂﬂa@ﬂf@ﬁﬁW#m aqueous sol ution of PAA (Sigma, Ave

Mv 1.2 mllion PAA, pH adjusted to 6.8 with 0.1 M
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pse, undergoi ng vigorous stirring. The
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dei oni zed wat er hour s Si s s expect ed
ml tgtpss oakteant healsdlytione shas eexpéred dont c;fr?-tSiT&t geonicigial {Ldhdamps

Utio ; | )
BT N AR PR INTES S0 Tags o
stirriggraiThe lmatrbzhahg@ldtldrswm theh aliglyzed regainsit dmnleuat/attmﬁ)r 3
hougsg: }\ Sedth%%?lfolnggc[ na Selo geeslgrﬁ/o{é ?:tél)éa I ri\edli(eggf/ol)t‘ésrr}\:!iha was not
eprbbﬂ 16 tie @pdadp eanhisgdiabizedn a Amllaﬂ mqnnat Tk vishesity of the
ti £ 0 mca an dto air_dry.
it EAPaRE LI 2o SEUBY PRRGTHG THE Dot St ohe G dbdhce
sol@fonpdstt waed & &Posed2d théenuwn mge Coﬁ&@ﬁ@m@x@ with Zn(NO3)2,
aration of Zn24VPAA an sl inked
oG

d
o&#@@%@p%ﬁf@@ﬂ@@z’aéﬁ%dHFg} tFSCfa é«gq('ﬁ%nt%%@)
MnéSOf, gNt(@ﬂ@CooHl) a@h@tmgmgc@ alddt 418N Ulf if&tiab P V@ ilar

prepared by dropwi se additjon of 10 of 0.005M
manter m}hes\mcaf'rwf the calippgd gRditegy Wﬁlyé‘ij’u%’&ﬁé’n% YEL5t Tgh
m@t mﬁma{ &mﬁﬁs&r QinlWadigtedtdihiias. THe scﬂlldlé\gW§tfﬁéer§é

W th vfgorous stirring.
U$@ﬁ?%?W§HﬁWH§WQX$b@%ﬂ to 5000 pul ses from an ex0|ner
| aser source (1 OmJ/cnB ) while undergoing vigorous

Ex%ﬁg%rlbn as/PAA do Enté hdridhAtcRd at erng‘?ﬁ 1T vdnBER.

yze agal nst |on|ze wat er ours, changing

th eZOd ?ﬁlogf Zc?o%slm%g FedEpRAY %bll;lp(%‘{tg r Q{anopartlcles was prepared

according to example 12 and was placed in a 50 ml glass beaker. Under vigorous
stirring, 20.0 ml of 0.60 mM Na,S solution was added dropwise at a rate of 2 ml/min
using a syringe pump. The resulting solution was yellow in color. Absorbance and
emission spectra 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,S to the amount to Cd*" ions present in the Cd*'/PAA solution. This is shown in

Figure 2. A red shift in the Emissiong.y is observed as more Na,S is added.
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hour. The sol ution viscosity remai ned unchanged by
dialysis, indicating that the collapsed configuration

w0 g0oresmbned. A sol ution of Cd2+/ PAA was prepaP€@dChg006/001686

dropwi se addition of 10 m of 0.005M Cd(NX3) 2 solution
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shoWa@¥Figwlet3n vi gorous stirring. The solution was exposed

to 5000 pul ses froman excinmer |aser source (I QOml/cnB

) whil e under % Ing vigorous stirring, The |aser
Exqmple 4#:5Cdge/B ?%W%gaﬂﬁ%t‘ﬁlﬁ%ﬁf?%“%@aﬁhﬁ igvention.
dei oni zed for 3 hours, changing the deionized
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solJtﬁ)H%Hj'ﬁE‘tgd wchanged vk 6l & Xa0OSE anld ws %aﬁmagwﬁ}hﬁ o T80
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em cal cross nklng agent Zn2+/ PAA sol uti oh was
glagsregarlédngae dondi ssﬁglgc,o 4elxahrpf ghipdingettdyselengfredzsrdutionvas
I e Vi X .
add\§@?ou§%I gﬁi AA‘ uﬁdeg @Gatrgh%ﬁ%rﬁ I’Iﬁl& {é?sﬂgmé' leu{%n \%s &irred for
10 Eoirhuyds-and (tﬁsndlneta‘eti topl aahgatiog maptjd Matdutpdtatm dé a;(;E@m)lata}yd

o 45. MM in.2, 2 I nedlox (eth
80 é%ﬁt}r’ houts &8RN e?rtmé cs)cﬁls % |Orwre|d g COéflhe reerg ulﬁltf I°ng
soliiioh tibs aabsarptisd arfdreﬁdssicmrspérZrahbmms indtigureds t hen

di al yzed agai nst dei oni zed water for 3 hours, changing
the deionized water reservoir every hour. Zn2+/ PAA

t hat mas no tr h the EDE, qutlon was
E"%IP%‘S F all§9 é‘ié)ﬁ’s‘} RPAsYe %P%'i" Sracsondifg fo the

5Wg|ng t he deioni zed water reservoir every hour.
After dla|%SIS the viscosity of the EDC/ EDE treated
Zn 290 prlaots GAS R Ak naRePariislen pr%\ws*rd R IneHa Examplgnl4 was

plaé&@tlﬁ Qats dn140endhtoiohiaski Q5.0 Th oF 0l F0cGR{8Stdnh1ad int Waer

sed configuration is retained after Zn2VPAA was

wag ?déa@ &fhwﬂﬁk cop@inEEhEBAS el A pgaparticlegnidieaespiting mixture
wafairagafergxlduglya&a P (S Snb ek Bin Wededl @R07R0H 2fkagthd MAnde0

uce AA conposi t e nanoparticles according to
with tyeryi highentiirtng . fop @4 hoursf T 2abpantion prshem sglom spagts of ithsed

resulﬁnm E?PAmgngéﬁﬁ%gm%ﬂsag%lreg 82?%?@}( A@g{%}rez% Ie ;)nwas
added. The vial was sealed with a rubber septum and

was vortexed for 10 seconds. The sol uti on was
Example 16: CdTe/PAA Composite Nanoparticles according to the invention.

Under ambient conditions, 300 mi of Cd*/PAA produced according to
Example 5 was placed in a 500 ml 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
stirred. Immediately after the addition of the borohydride and the citrate, 12.5 ml of
0.01M NaTeO; 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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exposed to a total dose of -15 kGy of ganmma radiation

at a dose rate of 3.3 kGy/hr. The irradi ated sol ution
wor® 7ok di al yzed agai nst dei oni zed wat er f orPGI/CA2006/001686
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prepared accordin [aced I'n
at th¢ beffaas of thedileon tu hevas ommiu voith sl ’&(%cﬁé@dolt oTht @@T@

soh?ﬁ)lh W 'chﬁhfu#%/d Lt%ﬁ? q%f'i‘f?d?rl% B e FBPW %e!lléto\gf%s Jé@ﬁt?&@c}d

Or appr oxi ours un
ressspended ng 15Tink delpma«di aned BollQtmloof thasrestdsmmddi sdyz/edA

oS 2B PLF A §00f Sl et soRiER Hemstic g 10

minl@s aRet wigkP A 1905 Ve N \ba%fﬁlddé%ﬁ%f&lr $0 nfkhidsYoF Shring a2
simlar manner. The viscosity of the irradiated,

secefidal i el MmO tiasraddeds Hhe solutiore vas Istmed Fast 100f

T S S SR 8 L
stlrﬁhg a tKilﬂd QIK i}\DB)“ 24mIF‘leZi\(BIOgjgi\«\@s add'?ﬁgﬂ,e seafi&OA)s stirred for

0 % % NCB) 2/ Mgdl 2 was
W@&S@@eﬁ Y"i“ﬁ‘dl‘% il 39 néMsN% Mar a%ia néhe saleionpyes left in a

50 I BEQR DL 16 at 1S TRyS BOSRaliRd AL 'eﬁfs@i@n spHc@h YF&Lresulting

sol utions were nmuch’lower than that of a collapsed,
sohytipn] srabseiptianeaind seiission spestra Thercedays isphpwmin Nigyre 7.
filterable using a 0.2 nn1ny|on syringe filter.

e ATIL e SIS PP B RaRI o Ao 19

the'iffy
conp05|te nanopartlcles was prepared according to

nabPurigSyANE P s REFPAD Yl el RGeSt 7
with cbmt inostlifivasiomsd d Baeflly, opw 4% at pasmcabeaken‘, 400.mgrof PAA
(slg)ﬁz} P‘%\'ﬁ%gﬁy}\é& ﬂgfnﬂjjlg@dy ﬁ” 8%)?"5'#' it IZIag S10| elilcgmz% wiier. 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 3.0 using
0.1 M HNOs. pH measurements were done using narrow range pH paper. 10.0 ml of
this PAA solution was taken and placed in a 50 ml 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
28



10

15

20

25

30

em ssion spectra of the resulting solution are shown
in Figure 1. The maxi mnum em ssi on wavel ength can be

wao eoved4ase2 di f ferent frequenci es by varying thePCHCA006001686

Na2S to the amount to Cd2+ ions present in t he Cd2VPAA
solution. This is shown in Figure 2. Ared shif r5
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ineg SR e S9aIEEE B UFRTOR 1P acTo - Eobs A PRSI e

LiFePGHIS) A R&ApS&sanpasipheicianspantih Elgare ®according to the
invention. 150 m of CdSe/ PAA nanoparticles produced
according to Exanple 14 was placed in a 250 m round

Exayuple d; 1 Foramation0f, 'f?29P/P6f" QO'BBOWetNﬁ'B’&é'étcéﬁﬁ afeondipg to
the,ipteBHoMas added to the flask containing the CdSe/ PAA
nanopartl cles. The resulting m xture was stirred

vi J5e@uBAy Boformedyibyyfoblewingneragths Exawplehbatvath eelysasc
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hours. The ‘absorption and em Ssion ectra o

usingeGuM NaGH Befars. Tidim PAAFeCha0eiliE) niviispar The Fass ofiths
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nopart i cl es accor ention
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anagg{é?)g%ef aetSPE)M%?&}\%SCOF?n tlﬁagﬁ]‘c‘iees% élgg%nﬁﬁ’ﬁgﬁaéb Fikire
10a0is 31T EM @hager FesQdP A rtan@maﬂses@ase;adﬂie@cmfdmg o tlhqoresent

L TR
the s€anned line in Figure 10a acquired using electron dispersive x-rays; and Figure
10c shows the cross-sectional abundance of phosphorous along the scanned line in
Figure 10a acquired using electron dispersive x-rays. The XRD pattern is shown in
Figure 11, wherein H is hematite, alpha-Fe203 and M is defect spinal structure of
magnetite, gamma-Fe203, maghemite. Note that although the EDX images show the
presence of phosphate, the XRD pattern suggests that Fe,Os; is present and not
LiFePOsa.
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0.0 I M NaTeO was added. Upon addition of the NaTeO

sol ution, the solution develops a yellow color. The
waedoavis2 was then refl uxed for approxi matel y BOI/CA2006/001686

hoursto all ow CdTe/ PAA nanoparticles to form The
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slighthy mum "ﬂl@l apsorbagememiesion Jeectt® and SGEM Image e sipevndiad

I 7 was
Figlf 12 b aLRRE R it Pedl T ABETRL 28T,
whi ch 167 i 39.5 nmMM Na S was added. After 10 mi nutes
Exaiple 2il 1 Incogporatiee cODOAS/PAA Chmpbsi2INMopa(tidlss)aceading to
theanicdaton ibhelayed-big-layer this fikhs.rred for 10 m nutes after
which 167 nL 39.5 nM Na2S was added. After 10 nore

m ol s rénk ﬁnb'stfaltésn\gere aohidated 112?)8)1M_s@fur24fd$%c¥zn(sd}~l@é +
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La}@@bjdLh}Q:B (Ve thigflimb Refe HBindd byf @{rﬁ@ﬂng u%a%uﬁs%teah 1h@ﬂ§1t
ays before taking the em ssion spectr

PAH éewﬁallﬂgmys} Brdresilogidela g e Mo ' fnd @W@@. tmlogfﬁ% by pa

mirfitd Bfise3n @aNG Na&'l SHEMInh&rsdd BUW SlutionEorardsiea A anoparticle
Formation of Li FePO ZPAA Conposite Nanoparticles

solyftondpPigp#ed perording Exarame i %anor A migutas, thes| ipspdin O M el
sol&ioﬁ)fél%qﬁmw Phi8 Bﬁfc@s@ Vs ‘?é?fegtk:@ %0d Gm&X amGon’, sp‘é\étﬁal'bf sRe

nodi fications. Brleﬁé, in a 0O m plastic beaker,

polytoeny susteie paated withy Lbblvél?lag”éfnwf PA: @ﬁ1$/P4\6r90mmste
nangg;,ﬁags € Ghdvh 2@ 1 £lei oni zed water. The plastic

er was I mersed In a hot water bath (approxi mately
80-90 C©) and was stirred vigorously for at |east 30
Example 2255 AgfPAm Compasite Ndnopheticies|aicchrPidd th e idveasiohy ed.
Once the solution has cooled to room tenperature, t he
pH 20as] afj gk ed was nkde aosirdiag to Example 4. Briefly, 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. 10.0 ml of this PAA solution was placed in a 20 ml
scintillation vial and to this, 10 ml of 4.0 mM AgNOj; 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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0.1 M HNG3. pH neasurenents were done using narrow
range pH paper. 10.0 ml of this PAA solution was taken
waea7psmerd in a 50 nl gl ass beaker to whi ch 1BCDCAR006001686
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undbB cors@nn@irtieg) 05 oie o2 HlopedpasiddgedNANBP Aliithe! G%e final
tg the invention. Fe Q ZPAA is fornmed by

accordin ) .
SO“F&HW&@FWSW&?Q&?#-J he oV ere sealag With whbey septieand subjected to
“coneddidtioattiaga odhiMakEl Bhe G BOyidhtokdralerady 1&(?}/!%% {0

pH 6. 8 |nstea§ of pH 3.0 using 0.1M NaOH before adJlng
total desepod & kit The BV -dntngetrannd StEM ineages ofithe tssuliiroswBAne

ORRd SalTE r [ ngl e

o b I STE hoRHTR F|ebld 7 ind 1k IS pan
i nstead of Li FePO4/ PAA. The STEM i mages with EDX

Exainple 47 @ugAZ)RAAI Careprgity Napopratideoaeonlingtoghe invehtim.
are shown in Fﬂgure 10. Figure 10a is a STEMimage Fe
Os Z29An! efadec.ofporPA 4 vas epale adcadiop tadExagnplo 4t Beiefly ciaant
j i d erei ' Oh .sho t -

100, BY R0 Beas RS 0ERE T A MRS 12 milismeres

disqolved in 200FN pdeianiZe0 avager qlihe gdstiedeigr ehemimaseddh s per sitste

b A RG0S0 Y S MR B SRR AR B s o
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 5 ml of 4.0 mM HAuCI; solution was added drop wise
under constant stirring. This was then followed by the drop wise addition of 5.0 ml 4
mM Ag(NOs), 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
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Figure 1Ca acquired using el ectron dispersive x-rays.
The XRD pattern is shown in Figure 11, wherein His

whewanise al pha- Fe203 and Mis defect spinal BCT/I&20965/001686

of magnetite, ganma- Fe203, naghem'te Not e that
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uepus sol ution of PAA
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X dtoUVralatlonfor 1.5 hours under
““f‘dﬁé:t%‘ %g‘?arﬁcawafgwsmg §tf%ts IPRSTINEANIY B andFigye0p show the
croSXROSEMA| dBUAdAnCALF alofld s t@Endikhh EkuQ Mﬁéﬁuge&u%‘lg
NaOH, and then refluxed for 1 hour. After

eleln disPERSIVE FFIAYS- S| | ghtly cloudy. The absorbance,
em ssion spectra and STEM i nage are shown in Fi gure 12
and the absorbance and em ssion spectra are shown in

Exdhpie! 85: W rmatgimirec PAAnﬁRIE)p cggl g%]tecad§ordo‘A to the

inv{ osite Nanoparticles accor |ng Fnventt
into | ayer-by-layer thin filns. Pol ystyrene substrates

werge sogi di yl .sul fate + 0.1M
ria 5 PR e fdhahide Yk, Wl B CREERE Yoo Ghup i o)
wasvedrebinedawith dr9 md Méthyi- 3naztmmgtewamL:@mbylwarbadtatldé Q)
Yy i mer sij ng]ht e substrate in

andy B A by P BTy R R Ty hSe o Pl of ASDMMM-
moﬁ@ﬁ@m&ﬁ%néul%rﬁé‘&&@ (MES) pPin&eds)R¥as %déedmﬁhldtfﬁt&%pé%&' &Fs

, then imrersed in a solution of
mgfiein dperiesden @ NoV-dimethylfopranpde éalvﬁ?c)oz«asohmgadlamrrmhefta&) .
S sol uti an
contfiing 18 RIS wat Wekbokd (0BG o AMh A Btee eatfol e oo
for sg@ dﬁtart aocmi tetntp@rapot: y §hy renieing lnbzs twaalpmcemmtﬁm ki Mwbe

dlaEplL' btﬁ% Ly Iila{y?d %am@@ﬂd]%f/ ﬁQA ia %&b%l S A&%@g ﬁcﬂétg;l{ftécgs
eaCN&m@b&ai ¢hahgsl f&{meIed Iong d@ribthef 4~2Wle NThesdlutidf rdthaiflhg in
o AR PR BEERL 818 TR S5 B 8 Vgt
pellbt/is Touddniftbd the agntiifagatidins ThE Vieeteidant supernatant was transfered to
a new microfuge tube and further purified by precipitation with the addition of ~1/10
volume of 3M sodium acetate (pH ~5.5) and 2X volume of absolute ethanol. The
resulting fluorescent precipitate was then isolated by centrifugation for 10 min at
15,000 RCF and resuspended in 200 pL. ddH;O.

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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200 m deioni zed water. The plastic beaker was
imrersed in a hot water bath (approximtely 80-90 O

w@ea7marsest i rred vigorously for at | east 30 ni PUI/€32006/001686

until all of the solid PAA has dissolved. Once the

sol ution has cooled to roomtenperature, the pH was

adjusted to 6.8 us 0.1 M pH neasur enent s were
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|n F@}gures 15 and 16, respectively. mpl e 23:  Au/ PAA
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In a [ asti1 c beaker, ng o
(Slli}nwvalAvéruag@Jmtesl ESm hyingorihe rey ldPassMW\Qéh ﬂlwr 203

oy ) SRS B Bl 4 Bt g

to GiSkPr@dremiagdngoin sheyrefepate atas Iced's'tn% by pispuwith BioRadmrotein

rea of the solid PAA has dissolved. Once the solution
$8% cool ed to roomtenperature, the pH was adjusted to
6.8 using 0.1 M NaOH. pH neasurenents were done using

Exdhplé QW Cas@SSidnpmpité Naddhadticlks atotdmgtoRRdinyentitnl on
was placed in a 20 mM scintillation vial, and to this

10 40D B¢ of POly(SMrétRULINoRi0l dotdi) @ﬂdlwaSsaHCt(Aﬁd /dersé)'p AVed,, 1
under constant s

rring, 0. ol was
mithaesi oo hed i 2008 &1 Shoalred wfero g0 hAT I61 ki eesz0
plad®d-in BA®oMhEYial A tﬁleaicﬂde4t8hmlwbb@¢o3$zeddmoa%s added
subjected to 60Co irradiation using gamma cell ty

dropyvise WIHoyigrods irgngs el heagodition V@S§XRQ§§9‘ 4 GTa aepRiGKAl
UVA8aEs Bpraﬁn%a@/uv B@eW‘thW/&ﬁhéFMﬁh@tﬁdm&aTElll\éokdIEQ%me

t he resultl PAA conposite nanoparticles are,
Cd$ wagfogmedly qd%lreaw 8 |4 aihiesity 85yl dihigpdiaed Cd A’Lﬁs
sol&%A%%m%rb&c&\'@ﬁ@é}%&br?%ﬁ&r@&E HHnNg F%‘Bret he

I nventi on of (Ag+, / PAA was made accordi ng
to Exanple 4. Briefly, in a 400 m plastic beaker,
Exarfple 38§ dSPIHAA naBipgiticlesaver age M 1.2 nillion) was
di ssolved in 200 m deioni zed water. The plastic
15.0 eakeT poldiailytdisreshythmmondurh eblovide)e(PDDA) [Sigma, Average My,

400-500K, 20 wi% in water] was diluted to 300 ml with deionized water. The
solution was stirred for 10 minutes. 5.0 ml of this solution was diluted to 25.0 ml
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 uW/mmZ) for 1 hour under

vigorous stirring. CdS/PDDA was formed by adding 0.50ml of 2.68 mM Cd(NOs)2 to
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bath (approximately 80-90 C) and was stirred

vigorously for at least 30 mnutes or until all of the
wG@i07a4BMA has di ssol ved. Once the sol uti on haBCT/Oab®6/001686

to roomtenperature, the pH was adjusted to 6.8 using

o5 g R B B3 G AL e B T e

shoRhacggirem.a 20 M scintillation vial, and to this 5 ni
of 4.0 mM HAuCb solution was added drop Wi se under
constant sti rr| ng ThIS was then followed by the drop
W se additio 4 MM AJ(NO ), and finally the
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ross-sectional abundan lver a e scanned
variounﬁopqrtuﬁlsgwh@e 26d). bOGuDBedi4. 53, 0, eLbcThe@wtalohoscptetrstlme
X=I.a nd 2 th S
o AR TR SR B 2 o
mLad eionzed wsuengexelcﬁtahﬂed rand pmpm wiavE0xnl ayker. EXCamplof tiR5:

F ti Cd - Fl
mete DR ion oo drir BHCD FIPSt CA0SH B PG b GBS
cﬂ%@?ﬂ%ﬁ%lﬁn&r %lﬂ‘ﬁgéﬁﬁndl Nt 0)1onas £ oMl AR finhit Pa4. 9
hyl - 3- (3- di et hyl ami nopropyl ) - car bodi i r ni de

con(:&iﬁ@)loraoﬁ)@mg/nﬂlr hydr oxysucci ni m de (NHS) in 500 nmL of
ddH2O. 100 nL of 250 nmM 2- norphol i noet hanesul f onic
acid (MES) (pH -6.5) was added. And finally, 20 nL of

Ex&mphy 36 Pblyaomes:oliamemthhﬁd&f-@lg%ﬁﬂh%btmmm de (DMF) was

al tur
o 38,90 Fid B gl AT Wpley, 12
mlltleth@Sfd(SBOlV@Dm ROBMLr dadonized m:amraff be plastiftheakee svab tmmgrsem X

in aW?? wp ater Beg %O?uﬁl]'a(t)elg ?g |9§/;Q5§z)mgo as %(t?rlresd v?é"og@%[‘ydfo %ﬁea\égﬁ)d
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A RN R S T TR
wetdoA® uEOndrin-rafgdpid\pper. 25 mL of a Cdo_gMgo_1m03)2 solution was
prepared by mixing together of 22.5 mL and 2.5 mL of 5 mM Cd(NO3); and 5 mM
Mg(NOs), solutions, respectively. The total concentration of metal ions in solution
was 5 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;;Mg.t/PAA solution with a

final [Cd}sMg:;]of 1.25 mM and final PAA concentration of 0.67 mg/mL.
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pellet is found after the centrifugation. The

fluorescent supernatant was transfered to a new
wor@roisge tube and further purified by preci pPCHCARI06/001686

with the addition of -1/10 vol une of 3M sodi um acetate

(pH -5.5) and 2X vol une of absolute ethanol. The

resulting fluorescent precipitate was then isol ated by
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resulting trate was di scar
stirfigg wsyield dddnl f 2007 1Ly 0f PAdBIGbMwithQ fFAMRCAT i2eforand
centrifuged again. “Thi's was repeated three nore tines.
mMrprd finah BAArconesntietéondd mgimbver ed for characteri zati on.
Renoval of unconjugated BSA using the 100 kDa MACO
filter was confirned by gel permsatl on chr omat ogr aphy.
Exgpple fe Rohagioncellase Biih CHRZnd4t084) casios Se/ PAA

rengi Db nhiD plabie 5@41(@9%29“@% &O%A (%bég%%g Y bh

Bi oRad pr ot ein reagent %ilt%e
milNemoysadisselveskin 266 orlddaigpized watee. Thwlaxtxcdmakea@@s n@ne:rf;ed

in A MR MG NGORLERO] 80861 )er 000l RSB 8 AS08r .
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rool Bp e he b8! Saa AR Rgdh 6820y 7 et
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oxl. mat 0) our unaer
pret PO POTETEE Rl Th e et Bieg bym i vad Ry 4
Zn(NKZh)}IaBEitlbﬁs @esﬁedﬂvel?f Theotal Ecdérdtatish GEHRYRBRNS in solution
was 5 mM. 10 mL of pH-adjusted PAA and 4 mL of deionized water were obtained

and placed in a 50 mL beaker. 6 mL of the metal salt solution was then added

dropwise under vigorous stirring to yield 20 mL of a Cd}}Zn}" / PAA solution with a

final [Cd;sZn;;]of 1.5 mM and final PAA concentration of 1 mg/mL.

Example 33: Polyanion collapse with Cd? /Mn2+(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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sol ution. UV-visible absorbance and em ssion spectra

are shown in Figure 21. Exanple 28: CdS/ PDDA .
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pl astic beaker was inmersed in a hot water bath

ﬁn%‘dﬁ@&wéﬁ&?feh 35 mdl gy foa) PAngonesatrasion of 847 wiggok.ous| y
for at least 30 mnutes or until all of the solid PAA
had di ssol ved. Once the solution had cooled to room
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do narrow-r a e pH
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se.unaer . Vi gor Qus Stlrrl
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drom]ph urfdgp pigosousretirehy toB0el8 G0 BT) ofan dd Jyak 2 triaur ethtion with a

g agrously for at |east 30
final [Cdy; Hgys]0f 1.25 mM and final PAA concentration of 0.67 mg/mL.

Example 35: Polyacrylic acid crosslinking with 4 G25T$ germicidal lamps

60 mL of Cd;"Pbl,/PA4 was prepared according to Example 29 and was
placed 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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mnutes or until all of the solid PAA had dissol ved.
Once the solution had cooled to roomtenperature, the

w@Rborasisenlj usted to 6.8 using 0.1 M NaCH. pH PCT/CA2006/001686

nmeasur enents were done usi ng narrowrange pH paper. 25
ng
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solutefiewabtfitbrabld using a pl2ace dyloms@inkOailted. beaker. 15 mL of
the netal solution was then added dropw se under
vigorous stirring to yield 60 nL of a Cdl +Myl +J PAA
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final PAA concentration of 0.67 ng/nL. Exanpl e 31:
Pol yani on col | apse with Cd2+-Zn2+(90% cations In a

40%% pheishd SnbRBkE0 AO8F @uPProf / AR ddRE G RocortHR! BO€
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under vigorous stirring to yield 20 nL of PAA
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dis%h%&ncg %&%?ﬁ&%ﬁ%'aﬁ%r@jﬂcéam%mmm ﬁlo%% ‘in Fi lgure

anion co pse with Cd2+-Zn 2+(10% cations In
23.400 nlL plastic beaker, 400.0 ng of PAA (Sigmm, Average
M 1.2 mllion) was di ssol ved in 200 ni dei oni zed

wat er. The pl astic beaker was i mersed
Example 37: Cdg9Zno.1Te/PAA nanoparticles

Under ambient conditions, 8 mL of Cd2;Znlt /P44 produced according to
Example 32 was placed in a 25 mL round bottom flask, and cross-linked using the
permitted lamp as hereinabove described. To this solution, 15 mg of NaBH, and 30
mg of trisodium citrate were added while the solution was being stirred. Immediately
after the addition of the borohydride and the citrate, 0.3 mL of 0.01 Na,TeOs; 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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in a hot water bath (approximately 80-90 0C) and was

stirred vigorously for at |least 30 m nutes or until
w@bkdo7oi1sshe solid PAA had di ssol ved. Once the BOI/UARWN001686

had cooled to roomtenperature, the pH was adjusted to
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drop under, vi gorpous stirrin of a l
afep R AR DD ROt ar e e e s b of NP
addbd.nathePAdutEdna@Rldpatd @achf colourBpdh - addRAPSEthd Stellurium-

Pol yani on col | apse with 2 [VMn2+(19% cations In a 400

conganigg spdfy jThe ﬁ@‘élR%‘“r wagghgn geiligecptor mmf@ﬁtj%one;kwf QFdlowmy

CdNinPe/PA Al HaRPartBs t8ifsra0! VERE dbdorBe Thd €RisSiBh 2R UNRF Be-
The pl astic beaker was i mersedin _a hot water bath

resylipgnolsiopatier) ape ourad raflox agndowadn Eigiieéd vi gor ousl y
for at least 30 mnutes or until all of the solid PAA
had di ssol ved. Once the solution had cooled to room

Exanpplp 89:a Cdp.HiZoshe'PAA Roepaidicltst ed to 6.8 using 0.1 M
Na ] ’ H
P B RS8R, g S bo ety BB ISR e 8

paper . utlon was
Exdﬂﬁﬁepaéf ods Placed i NS hmgﬁ)hhwbotﬁfm Ddsk7 andrtrossithkad EEmthheOf

PerHE (GRRFS BATIGBIES AFFURFof Gilisap i Bhg orhe BENTRGH e

mg 9f fH¥bdidM cittatOfvere Bﬂdeﬂlﬂv}ﬂﬁjthﬁoﬁﬁloﬁ% Bélfg dbredl Ixﬁﬁqedlately
dei oni zed water were obtaj ned and ﬁ;aced in.a 100 nL

aftep dhgraddition ot ge hopohydradegoddhe eifpigs §-51 MaLT Orfd MNagfigfdgvas

adddd.ONWE S8uHEHIRMmalHed RbRUResS tupbr hdtbtidofhe Itéjluﬁ@m[@ent(afn1@
| PAA solution with a final [C < o0 99-

saltgndltej pelptigmaayas oﬁé@ﬁ?ﬂweﬂo@ro@pp@mmﬁ@/ ﬁ‘lle hestraﬁwaélom
ca@%%eyﬂm O ARS & Workd %év'e-lg 2&3& ﬁg%xea astdhﬁféﬁ WA fot

l'astic beaker, 400.0 nmg of PAA (Signa, Average
flugeseert. m I lion) was di ssol ved in 200 m_ dei oni zed
wat er. The plastic beaker was i mersed in a hot water
bat h (approximately 80-90 0C) and was stirred
Exampje 40uBdmatfoprof Methypemxt B@/PAA nanoparticles

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. 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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mnutes or until all of the solid PAA had dissol ved.
Once the solution had cooled to roomtenperature, the
w@Rborasisenlj usted to 6.8 using 0.1 M NaCH. pH PCT/CA2006/001686
nmeasur enents were done usi ng narrow—range pH paper. 25
PA/%.]nL c))(llu{l]on t@gee Ie_l?l?%?o(lli was eg(lg h%} Ué@rrﬁc_ipaglglp gglrﬁggﬂﬂH%TS
genﬁd(dhﬂST)JZlampd & Inivhéigy. N(lh§ Rissaity toif GirtSUVFlﬁs@&iedi Mesthyfene
concentrati,on .of .ne i 0 sol uti.on S
iug P8y Hroncody epn b iR RasPeb bradifign 2° firogse o U
radigédnOni zed wat er were obtained and placed in a 100 nL
beaker. 15 niL of the netal solution was then added
dropwi se under vigorous stirring to yield 60 nL of a
Cd | st HgtbrituRAdh dSserh Bdr in@iferiad Eifedan fhiddpli@itiod,. irGudTid, @Elt@nts,
final, PAA concentration, of 0.67 ng/nL. Exanple 35:
patephaRpHEatipns- @rtiglsgs oo Oekbé@ww.dﬁ@e%ﬂm and yeBpages ciepaTaieEtal
of thefdRSat 89 suth 11@dratid ahd Bilited B_&{énmsar@é)%p@,g@%c@%%amg to

Exanpl e 29 and was placed in a | ass beaker.
referange Bidheit ebicnaln Bk pEsEdaiose ar meBTE tfgfemﬁrmr@raci liteggture

and lsBTRS nlafRiRls %m?@h&n RPWGHiralidts Hs IV Eon, fn@fudmg Ideﬁned

approximately 30 m nutes under vigorous stir
ternysy fegiljusagecles@ibad tashniques, arilemlikgi Biisyapplicatigapenstols.
dei oni zed water for 3 hours, changing the deionized
watldie sectior headings asedmgrefioare for@&anﬁpts@d IS O Qﬂlmmne

ot tL?Vlgell\érgri ggﬁmat eiy}mmg%%( Pﬁé %ﬁ?at%gﬁér%gljrlb Hgg%%yoxi mat eI y 1
hounieh tngp%fél&:mé&t%npﬂav% d%kérﬁ)@é dannﬁt%an/ ?pvarlous

di al yzed sol uti ons was rruc [ ower than't
emhodimeaprad examples, ftagnai irtendedthat the present inevewtions beitimigersto

el Si USSP e 0948 BRIV BUCADRE LA

varlaml@matlmnldodnﬁcmws, 260d mul\@fen(Sdaszwlﬂkaenppx’équad bylthosechf

. dj 9 S a 10 ound

siE TR R IR s a5 B PE S e v R
read\Nahitedtb meaismrlbmamﬂe;r olﬁferemedm rmelesssmgi toahdt eflﬁedtange pH
paper. To this solution, 20.4 ng O NaBH and 28.3 ng of

t r idthdiighmticis tdia:ﬂccsume ha dcdabedMand allbdiated obamaino mrafa&d

St .1 red med] af t eadlt i.on  of Ee
et e e Skt TGS ket B0p P Trathe i o i Rl
to these mettbathr eilﬂbednmhut | Rathatevel iapsitian yx&ilddGWan @nbddiniepRn

additjpon.of the tellu |um ont a
whigh ot Rk oF Mg EAQter Oh b ier Rrsarydgisars ol
featmsiefat Mvauaﬁamb@lbed bafd dludteedCdPbTe/ PAA nanoparti cl es
bsor bance and em ssjon_ spectra of the

5’[{5\ E]H@S nlobwa IR %srlﬁyélﬂ:él to the descrlbecP order or elements

unless stated to that effect. It should be understood that various changes in form and

detail may be made without departing from the scope of the appended claims.

Therefore, all embodiments that come within the scope and spirit of the following

claims and equivalents thereto are claimed.
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hour of reflux is shown in Figure 23. Unfortunately,
the coll oidal solutions were extrenely unstabl e upon
wexposuse2 to air and this was marked by a qui CRCT/CA2006/001686
di sappearance of the characteristic absorbance and
em ssi on spectra shown in Figure 23. Exanple 37:
Cdo. 9Zno. 1Te/ PAA nanoparticl es Under anbi ent
Clagpsndi ti ons, 8 nmL of | PAAproduced according to Exanple
32 was placed in a 25 nL round bottom fl ask, and
cross-linked using the permtted | anp as herelnabove
Whetds@gimpblf. To this solution, 15 nmg OFNaBH and 30 ng of
trisodiumcitrate were added whi| e the solution was
-+ bei Aedior forgoducingeoapetity nareparticleneoBrItting Bhsiem ofhe
boreg hyd " fi’({'ﬁi pbRfefié tE1@dR cothpRsifik a PhlyfheRd niieerilefddvas
added. The soluti on devel ops a peach col our upon
solyg#lli ti on of the telluriuntontaining salt. The sol ution
nasy)t NeMof ekl <R dedkOh pBRRA QN HEpBL el halPHI Shd ofd bow
CdZnTe/ . nanoparticles to form The absorbance and
mMoENPESISer Bpisties &0 dornt Becamnesite Preguiser moieth hatingr man
r 4. Exanpl e 38:
i B b b e B bR e et
conditions, 10 nL of produced according to Exanple 33
plac d S
crogs I|rﬁ<5d'Hklﬁ 2l:ﬁet 8%9¥£ ?%hg EESL% &; F%? above.
motkgsand bed. To thls solutlon 20 ny CrthH and 37 ng of
trigodiumgcitrate were a i le the soluti.on S.
oL LA T S BT A B D o
commrisid p@turste nauiety tdfonaiohe at BorcGandpdrtitles ahd thefeby NadleQ
was, added. The sol uti on devel ops a peach col our upon
compRsite PRPYHHCIEhe tel | uri umtontai ning salt. The sol ution
was then refluxed for approxi mately one hour to all ow
CdMhTe/ PAA n Qﬁpartlchgs to, form The absaorbance and
2 em & h%é’%t Mot VRRECTR Said| $9mRyS SO PROPHHC S E R B
diafetef irdhe faibd botwahBbSIRAWM bkt oG08 ndR- Exanpl e 39:
Cdo. 5Hgo. 5Te/ PAA nanoparticl es Under anbient
conditions, 10 nmL of | PAAproduced according to Exanple
3. 34 T‘Y%Smﬁihag%‘# didima 2@hé¥&nr§amngolf39§1ﬁ§gﬂef)|c%§1l§rlse§%d1ng a
cross-linked using the permtted | anp as hereil nabove
colppgipg pgsetito theopalinegicselution.on, 16 ng OF NaBH and 29 ngy of
trisodiumcitrate were added while the sol ution was

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

3. 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.
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after the addition of the borohydride and the citrate,
0.313 nL of 0.01 Na2TeO was added. The sol ution
WO 20vaiosse2 col ourl ess upon addition of the PCT/CA2006/001686
telluriumcontaining salt. The sol ution was then
7.1 effﬂ%ﬁghé@éf (ﬁ‘@ﬂrlo’%\}h@}ﬁneéa.‘(d ﬂ@&f%&eﬂ &)nﬁJr S&\%X osing said
Tel/ PAA nanopartlc es to form 8
commsnm@eurgqﬂ meieyrtovpestamagfelie @ercb@@e e effe«%afnpn@on@rf the
ue/ PAA nanoparticles In a 400
nmﬁ?ﬂﬁpg?%lc i JO?Egm%l of PAA (Sigma, Average W
1.2 n1II|on) mas dlssolved in 200 M deioni zed wat er.
Th I r th.
5. (appRlhabortBRg3! wheten TR, Qe ibritPBlechl ia
comfigsitapretiess maddy m aghersicditreatntend. al | of the solid PAA
has di ssol ved. Once the solution has cooled to room
tenperature, the pH was adjusted to 6.8 using 0.1 M
9. NaCrhe méthorbaizimrse whereinesaiel atiem alisdatigenn 83silovin aaedyetigpH
qggr. éo. of this PAA solution was placed in a
Orﬁ? '8N g %Wgwe%ﬁﬁ"Pﬁ”?hls 20.0 nl of aqueous 5.0 nmM
thhylene Bl ue sol uti on was added dropw se under

rous, sti After of the Methyl ene Bl ue
050l |f6‘ﬁh‘?/9a°§r if‘é‘ﬂgdWh‘t‘rﬁ‘é Sela§E%%1F%lﬁreatfneph@mﬂnﬁs&#éma&gf
a c&bﬁ@ﬁ&ﬁﬂ) d g_reaﬁsdﬁhﬁhet | 858 cblipdiitt PRc@sbrdthdiedy Pé¥brecursor of

solution. The resulting solution was exposed to UV
said gnigr intordfepiformaton ?gths danapaitigle franysaidpiseursas mojety
hours. The viscosity of the UV-irradi ated Methyl ene

Bl ue/ PAA sol ution was | ess than the viscosity of the
1150l Thei raethefnf claigds whiered seid splyentas sropueqysisolutioner at ur e

and simlar material cited in this application,

i ncluding, patents, patent applications, articles,
12.hooKhs, methechof gaim 1,dvhseein said pomer mord pigsbrspageisties are one
or &gtg%rfg |mee§e§ c&font &%Jl&eﬂeta?gatﬁ)ﬂ%p céﬂlﬁlg{e@% gﬁg

are expressly incorpora y
reference |n the|r entirety. In the event t hat one or

3 MO §, 0 j r po ratu ar

> e i bt FERLPE DALER & A LA B Rl moieries
coram[sleltwator owye diffetendinaglisdedd wbc}emehmanopmlﬁe lf@rage by the

mod i KPECormEOTihBS or Rloutiimiort ol Bt gt o fR Bkt 10"

organlzatlonal purposes only and are not to be

true s.lim the ect, mtte descrl ed in
4 on L DERORB oL Bkt e oRb Bitie SRl oim Rk near of

bradéh‘éﬁ r:segaeeltsl ddmfaﬂﬁhgl Pélliod) thd pollyiMBIcoMYSsiBNBRMr MR SnidHd
exanpl es, I ntended that the present

catioﬁwﬁf%wgatwes ﬁn@ﬁaof( ed to

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

more functional groups.
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such enbodi ments or exanples. On the contrary, the
present inventions enconpass various alternatives,
wore@7hiser i ons, and equival ents, as will be apptBECA206d01686
by those of skill in the art. Accordingly, the
desgri ptions, , met hods .and . di.agrans of. should not b
16, e gt Tl ¢ o iR L PP ER Bp G oo aalidinugt o
mol¢Bhles Sapablatodhitding fatongfléegitary Aiddi@uehntlite fokins effdar €
. has described and illustrated certain preferred
bindigg BfSrent s of the invention, it is to be understood
that the invention is not restricted to those
parti cul ar enbodi nents. Rather, the invention includes
17.a1 | Therpgldiistadm i whereip dheratiRibRipding par inselreed Gepp the
gro@;ﬂ UEohBiBRIC SO brdidifpRias, fokdieifINOAll RN ARG rdte abati 85
that have been described and illustrated. The clains
antipeyy NGNS DN XN adictinravidie) hepfen-aetihgpise prdrantirations
theRbr €l ements unless stated to that effect. It should be
under stood that various changes in formand detail may
be nmade wi thout departing fromthe scope of the

ap d ke Ther ef odi t, C
18, PR FRE! B8 Thim G B repbic TR RN bR o BT
polpmeriegaieviall @nseletttrk fremothaeoup| cansiv thg @f girotsin\\BNA ligand,
oli ln@él&ﬁfa ,! a?fam]er t&imieathg aqm{l sranHrcgrqgﬁ.latn_ sa}e?e%gposl .te

anoparfl e conprising the steps of g provi ding a
pol yneric solution conprising a polyneric material and

19.001 ptess i BT InGires B e Blebtell s bk e

polyfaered matsridl of faid torpsTpresirid ni@g.ur sor noi ety having a
mean di aneter in the range between about 1 nm and
about 100 nm c) cross-linking the polyneric materi al

20.0f & aiethod FoRSdUCRgRIMARPaRRIe HBERALYsondRding theriRgs biyi ng
at | east a_portion of said precursor npieties of said
corfosi tPE YRR A PSS FUMNPIOMPE?iRg 8 MelyBierifgiaterial and a

soldapoparticles and thereby formng a conposite
nanoparticle., 2. The method of claim1, wherein said
conPosi tcellapsHe AT ORiR of th BRly@PHGEREFial ghouhene or

mofARERrBEMIREE BRI 2 doriBsROTteAR InclP NM

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

21.  The method of claim 20, wherein the pyrolysis substantially removes the

polymeric material from the composite nanoparticle.
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3. The nethod of claim1l, wherein said collapsing step

conpri ses adding a collapsing agent to the polyneric
waoloanis2 4. The nethod of claim 1, wherein sSBCTCA2006/001686

precursor noiety is a collapsing agent. 5. The nethod

of ¢l ai , erein the collapsin ent conprises at
2. o B Tithoh o5 i Spowiiaen T m R B o cpBfape such
that™A€ m@hdpattlte MaiefaBforheBSémPNRs iaPMat S PHEBS cArbéi-cdafeda
salt and conprises one or nore inorganic salts,
nangpagtifie-c salts, or conbination thereof.7. The nethod of
claim1l, wherein said nodifying step conprises
exposi ng said conposite precursor noiety to
23. e| deeempnpaigheancpartigevaen wada by emneied asdrimad inglaigf2.t he
nanoparticle fromsaid precursor noiety. 8. The nethod
of claiml1, wherein said nodifying step conprises
24. sub}reett least) perialdy cashproedated nanerarifodowherbmade by e neethod as
dmggggjgﬁhliieatnent. 9. The nethod of claim8, wherein
sald chemcal treatnent results in a reduction or
oxi dation of said precursor noiety. 10. The nethod of
25 cl SA;‘ me os\llt\'hgrn%i (i3 aihgvighgmegr?ldia&ret%ﬁn cmanc O, !aesne out
~addt EPBRPSET THORYHRE 8V A AT SR EE T ES FNRS PR T Od
1 neoapdSbte [oesms sie@r conppoRity/ namipaipic RCeong@isingf a Sandparticle

counter ion, tao.effect formatio f the .nanoparticle
subgigg s sonts i ap Higmal, SR3 Mkef go R R0 AL MR iRy
saidMHRbRirmicls dbribrized ¥ MBtal alfoyan aqueous sol ution. 12. The

met hod of claim 11, wherein said one or nore precursor
noi eties are one or nore of a netal cation, conpl exed

26.MetBle GRlpbaR MhofATIN 6XQMNTEY, WhefH Q4 mbdd alldiecoiipkibad
of claim12, wherein at |east a ggrtlon of said

tworst @i QIord i B s ABMBr Nis dug M. - Heortd Bl £ f er ent
netal s; and wherein the nanoparticle forned by the
modi fying step conprises an alloy of two or nore of

27.t heA cowpesite peopartiele diaging a mear diameier Holdle eAnge befivagmabout

| ShEBosPldh RA! YIBEL G iRl %Eﬁc%'auimﬁfé”%&p%%ﬁx ! é'?,lﬁfi‘épaﬂfcle
ranched segnents conpri sing polyions, t & pol yions
substemtpal ly sionfinednwitlon anonternakhy oress-linkad ipolysieriomaterial wherein

.conbi nat. on her e 15. The.. ho f .claiml1,
soi SRR SR 3T Rl Sl AR RE B0BeRlde One o o e
functional groups.16. The nethod of claim11, wherein

said polyneric material is co%§len | y. bound t .
28 o) Ehel PPl B ERe B fuF T 2 colostin el dr Sl sorsiery
conpefiihg) esrBpdudd fcomprigt foh&l iof yorenell 19f a sulphide, selenide, telluride,
chloride, bromide, iodide, oxide, hydroxide, phosphate, carbonate, sulphate, chromate

and a combination thereof.

29.  The composite nanoparticle of claim 27, wherein said nanoparticle is capable

of emitting electromagnetic radiation after the absorption of energy.

30. A composite nanoparticle having a mean diameter in the range between about

1 nm and about 100 nm, the composite nanoparticle comprising a nanoparticle
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pairs. 17. The nmethod of claim 16, wherein the
affinity-binding pair is selected fromthe group

w@omv3istssng of protein-protein, protein-DNA — PCT/CA2006/001686

enzyme- substrate, antigenanti body, DNA- DNA, DNA- RNA,
subgly B0 e BN nd® R Ry OBRATRe L0 GREY iR Rerein
saidahemtidscaprateamt digmdnetindtdlo sai d pol yneric materi al
are selected fromthe group consisting of protein, DNA
l'i gand, oligonucl eotide, aptaner, their nanoparticles
31.3;@11@ pmﬂ;pﬁar&é Qlﬁﬁoﬁlam&[ke_eef clalig. 3(?[h®héfelh|h|§wd Q:ﬁenﬁ:ln&til mlital
erein the crosslinking step.internally cross |inks
compgisesdefh Yhet ¢ 8y inaN: gf" Mg ke g’@rf‘ffggi te precursor
noi ety. 20. A nethod for producing a nanoparticle
material, conprising the steps of: a) providing a, .
32.polA raethed 4951 DROHEHMNE BnPHOPEIH Foatesh oY imadr Materiak ePMRIISingnd
nanBpatQLI%E BdmprilngGRl LigRSFNg at | east a portion of .the
polynmeric nmaterial ‘about one or nore precursor
noidet i ed) previdiag miiast colrpestonprising @ diry gelymsrie mpterighand a
Cr g§S-<bivBki ng the polynmeric material of said conposite
precursor noiety; and d) nodifying at |east a portion
of sai diipr ecenllbpsingrei éastes poftiog adfdthe dirporsilyraerjsr weigrislor
noi ety to for e . . [ I an
s R e e
nm rasiekytHaeing yméanr diamgerainaberoge beweandpar t incl @1d abook
e) y rolysing said conposite nanoparticle to forma
nan@éé‘ﬂ’i cle material. 21. The nmethod of claim 20,
wher ei niifhe pysPlinksigshs ARspanhérad thateris oDsAB itst®mposite
polymeric material fromthe conposite nanoparticle. 22.
The HEROEOBH ¢l ai m 20, wherein the pyrolysis
condi ti gns anedF@RE hokhed pprih dfikail firkteprévanepmoletied 6
materjial formed conprises at é)east a partjally _
carBEnIE RIS HRARTBEIOF MAIy (oMM Qng GhgE; firgt nanoparticles
nangnathtiesy FoMIRD aTRHEE ddMpdsitehdioparasle Ghabr@dini fhe Cirgd M
2. 24. An at least partially carbon-coated
narfOB4iPRi cl e when made by a method as

b) i) providing a second solution comprising a second polymeric material
and a second solvent;

ii) collapsing at least a portion of the second polymeric material
about one or more second precursor moieties to form a second composite
precursor moiety having a mean diameter in the range between about 1 nm and
about 100 nm;

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

iv) modifying at least a portion of said second precursor moieties

of said second composite precursor moiety to form one or more second
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claimed in claim?22. 25. A conposite nanoparticle
havi ng a nean dianeter in the range between about 1 nm
wapa7akeer 100 nm the conposite nanoparticl e PCT/CA2006/001686
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conprising a nanoparticle substantially confined

W %thbaﬂﬁle's gﬁ@{h&%M Yon&%h@%%eédnﬁ‘é@ﬂ Rk ¥iR érﬁcl@'%fa?errfaﬁ%
wherein said nanoparticre Conprises a me aI

Thehet:@nqmdssptueomanopartl cle of clai m 25, wherein said

mtc?mglam?r}é %\Om%a§ee§~1ﬁlm%g %ast rp%{tg)fnzgé’t Zﬁrst %mp?&te

nann;mmmhamauenhleo Hicarni m@salaym an adllempentioh of thh eubsaaig;e

bout. 1 nm
e searal et B PhaPR R i btk TR su N8 S SRRy
chafg@ﬂfcbnﬂﬁﬁhn‘dﬂ tb o aRedond 4y they cieu ged scohiptiridhay g Y&t
mateglal wher e h %g_ nano article co rlse? a net al
substantialy QPRasHt it fmé Hﬁ&ﬂ'ﬁ' osits ganopgiticicdpalealand
nanoparticle of claim27, wherein said netal
speC|escontaln|n conpound conprises one or nDre of, a
of €A SSHPFHISR Suls f@nmlé at {eapy pegion AfhihesFerad WMBAtiKe,
nanb@ﬂ'!léj@ maR¥hId8 forRY AR 465 orP REBhA BionCERARESH layer.
sul phate, chromate and a conbi nati on thereof. 29. The
conposi te nanoparticle of claim 27, wherein said
33, NanQRALAA LRI & clafin GRPRREIn Me GO sfofdnBS afid 86 EJcQH@Q)ﬂﬁfoh Gre
radiation after the absorption of energy. 30.
the ggmgesdutioa. nanoparticl e having a nmean di anet er |n t he
range between about 1 nm and about 100 nm the
conposi te nanoparticle conprising a
34. nanidpandthal d'slabs Banwhekinghcohstiated awhin fiilm. an
internally cross-linked polyneric material wherein
sai d nanoparticle conprises an el enental netal. 31.
35.Th él‘heomptmi dfeclaimrip awtidrah @t Bhst ohaofithd &pmpbme mianbpaaictb

el.enent al . npri s
malfH g oEat ES PR Bre S5 o % B iss ot N s
polsidghmmee coated with a material conprising
nanoparticles, conprising the steps of: a) i)
providing a first solution conprising a first

36. POl PHiFBHdtRod 18K @4inal2, aRkkréin fohé 6% mSRI ofeRd faydrs bn @Rl JuBfsiteNg
at least a portion of the first pol yrrerlc mat eri al
forg 38 GPUGHY aeHve At r st precursor noieties to forma

first COI’TpOSI te precursor

37. A method for producing a composite nanoparticle of a nanoparticle confined
within a cross-linked, collapsed polymeric material, said method comprising

a) providing said polymeric material in a suitable solvent at a suitable
concentration;

b) providing an entity or a precursor thereof of said nanoparticle in said
solvent;

c) treating said polymeric material in said solvent with at least one

collapsing agent to collapse said polymeric material,
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noi ety having a nean dianmeter in the range between
about 1 nm and about 100 nmy iii) cross-linking the

wo poog4¥86d yneric material of said first conposPCBECA2006/001686
precursor noiety; iv) m)difyi ng at | east a portion of

said first curs sai.d first conposite
pr éigur Sgrlpssnﬁ I?gysa{docof%?sﬁ& Bﬁlémsrrlc 'F%gf‘i‘ st
narppar treating Said Rftity beprebyrsdr aierdofigvith shitabsd proQUTHOB inksns
no icle material in the first solution; b) i)
tOPb‘i%B?ﬁDﬁ I MPOSIEIBAPALS Ut i on conprising a second
polymeric material and a second solvent; ii)
coIIap in | east a portion of the second pol ynmeric
8 b RPEPd Shome focim E%waerg@éaﬂ&nbtm AP
Salcﬁr&n&‘)&ﬁmlcﬁls%ﬁﬁ@ﬂﬁa&@H@&ﬁl‘aﬁsﬁn%g@ﬁtur sor noiety having a
nmean di aneter in the range between about 1 nm and
about 100 nm iii) cross-linking the second polymeric
30. ML h@lod0fs SinfdSRCAMNR FPIPRRIih S PWRGHMSQEd TP 1eg!tYone
iv) nmodifying at |east a portion of said second
collppséng Az compries plsash Pnesianid seeésnd conposi te precur sor
noi ety to formone or nore secondnanoparticles and
thereby form ng a second conposite nanoparticle
40. matfemithbd poclaimed sedaimd3%swhantin eaid atdpastonetianit spegieais said
entlgyucg rtQ:‘il%oWhgllgofacgf safpd%%\o {t rtl on of the first
nanopart’i erfal to forma first |ayer
on at Ieast a port| on of t he substrate d) contacting
t .a RO i.r.st ol ution
corﬁ gﬂeﬁ"loﬂéls 31"]1? sfn gﬂ%’r%e%r LYt W er?'B Sﬁlgrcr?ﬁﬁpsg‘@caéﬁ‘&
conipafg@r said h _hﬁlll(i: hm‘c@@dhﬂoi@muﬂd%ch&yIapglltase(k?&l'dgﬁom the group
substantially opposite to that of t Irs osite
conSSHTRppat (ToRHeB T er PIAFC A4 A0 o fPRBORAY S EQHERE e
orgmldmta,t | east a portion of the second corrp05| te
nanoparticle material to forma third |ayer on at
| east a portion of the second |ayer. 33. The nethod of
42.¢l A Methdd MORIBINIntAG ohé bBEIaRR! It b ARELiH BEd PRRGADN

solution are_the sane sol ution.
means comprises a radiation step.

43. A method as claimed in any one of claims 37 to 41 wherein said production

means comprises suitable chemical treatment.

44. A method as claimed in claim 43 wherein said chemical treatment comprises a

reduction or oxidation step.
45. A method as claimed in claim 43 wherein said chemical treatment comprises

addition of a suitable counter ion or precursor of said counter ion to effect formation

of said nanoparticle.
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34. The nethod of claim 32, wherein the substrate is a
thin film 35. The nmethod of claim 32, wherein at
wo e@3n4sere of the conposite nanoparticl e mat erPEI/€A2006/001686
conpri ses CdS/ PAA and at | east one of the charged
co i m
6 R SR A VTP AR PR WRIR A1t B <
zMUﬂmsmMmmnoptlcally active material. 37. A nethod for
produci ng a conposite nanoparticle of a nanoparticle
confined wwthin a cross-1inked, collapsed polyneric
47.navembmbdaSQEdeémhhm1abnmmaMiﬁ@whﬁdpsﬁdhdﬁygrm@hdyn

. t | i tabl t at e
< DRGSR i
produdaseméandicomplidts ﬁ&ftﬁh@&ﬁlﬁ icatiic® dr o plieedsamionenith; radijtion or

treatjin aid nerlc materjal in said_.solvent with
an agfselsEd B B AETeRE g eT dp Loy aacton of

saidaRhypgieidi€comrging @lentthtaLsa@b@etal. Nki Nng sai d col | apsed
polymeric material; and e) treating said entity or
precursor thereof with suitable production neans to

48. Pr odpe@od ad daigROMOShhEs NRAGOALIH pleBursdSntif) BRHAQY idS
claimed in claim37 wherein said entity or a Precursor
S

selected FoBT 2 GRticfagrFompieyphmetad P@OF%O%%PW%W plemsialsgnd said

pro&f&h!;@ﬂ%&d@gzoﬁgﬁws tredihg s%ldr@%{lm%r SmpleddEhnk With!radidoR /
or claim38 wherein said at |east one collapsing agent

or ap 3Ept iseledfechfrom @sducHacagkis v én spidizingngent (o effeqtprdduetions
of SQld%l&g)ql’dcﬂt o Jﬁhg &h mro?'ef%m%mapsaﬁ; mbGRSt one ionic

species |Is sal tity or a precursor thereof of said
nanoparticle. 41. A nethod as clainmed in claim39 or

9.7k BeSd 0T B 0 or BB B RO b e AR e
matbrhrzé cgrrmu;s:eSd(mw gthraghed ségnengaomprisiag pslyions geladited from

iR, &afionsI co bicotntr)ll aetrelo?n of inorganic and organic
51% 45 CORMIPS LTS ¢l ai med i n any one of clainms 37

to 4 1 mhereln sai d production nmeans conprises a
radlatlog ?
50. method as claimed in any one of claims 37 to 49 wherein said polymeric

material comprises linear or branched segments comprising one or more functional

groups.

51. A method as claimed in any one of claims 37 to 50, wherein said polymeric
material is conjugated to molecules capable of binding to complementary binding

partners to form affinity-binding pairs.

52. A method as claimed in claim 51, wherein the affinity-binding pair is selected
from the group consisting of protein-protein, protein-DNA, enzyme-substrate,
antigen-antibody, DNA-DNA, DNA-RNA, biotin-avidin, hapten-antihapten and

combinations thereof.
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43. A nethod as clainmed in any one of clainms 37 to 4 1

wherein said production neans conprises suitable
web@mioewb2 t reat ment. 44. A net hod as cl ai med i PICDCARIOK/001686

43 wherein said chem cal treatnent conprises a

red [ ' ' .4 I med
53,1 DR PR SRRt o \ifeed' Be BT R PR BUPER,
groalchnsistmg afprateis UDNABIgend; oligiinecleotale, aptangpar.aheir smopavficles
amﬁ%i%hpgqgnggmkon to effect formation of said
naﬂbpgr?lc 7€ 46. A nethod as clained in any one of
clains 37 to 45 wherein said solvent is an aqueous

sol ytion., 47. met hod as cl ai ned i | ai m 37 or claim
543 A L R PeRniE s oo ing SEstiy
saiccmngioemeghnapgtr&tle pbaroMbps netidP hexiathadth aty ¢HaioPblamd7
ai d pr.oducti on neans conprises treatjng. said cation
o of WsHpT SR RPN s A1 IR A allo thejenht o5 @) Bettled
spebie@Bdaifiag U6mpEind g/ th cPlectdlR 1KpFhidiend cABANEIYIromETd ARt
production of said nanoparticle conprising el enmental
polymeris maledl. 48, A method as claimed in claim 47
wherein said precursor entity conprises ions selected
froma cation or conplexed netal anions of a plurality
55.0f Avstediiod famprodusing Jowbellycaripariia e aarBorcensfsdingeepartickeaiaidn g
mefBd Gorfi i iR p GO FoRR AR dU T pBlifehah AR GOl bgﬁ
agent selected froma red50|ng agent or ‘an oxidi zin
a mpifwdt ast Jaiged de anp ool @t claons 87 e 43 .0wheieio praidt napbgarticle is
| Siang I [ . .
sl CRIPET LR Bk Ehklin%r 1 ARBRA mAR, AU oy ek
speplagre@itiniog icom poingat ri effertive taneeratigerpr ¢ fEesprbduvean ofwaid
1 IS pol yi ons sel ected from
wh@hﬁ%ﬁ%ﬁﬂ%ﬁ?ﬁ%ﬁ@&%ﬁ%&%? Fﬁg ions thereof. 50. A nethod
as clained in any one of clains 37 to 49 wherein said
pol yneric.material , conmpris | i near ar branched
56 o NanrbSad Huonetion SR BFE 4 PPRke A MafagP Slipane o
clainsrBgtth6sl as cl ainmed in any one of clains 37 to 50,
wherein said polyneric material is conjugated to
nol ecul es capabl e of binding to conpl enentary bindi ng
57.par A ngfcparttiolefvaiemalié bk inétHdt asltiagnaaan tigim 2. A nmet hod
as claimed in claim51, wherein the affinity-binding
pair is selected

58. A wholly or partially carbon-coated nanoparticle when made by a method as

claimed in claim 55.

59. A composite nanoparticle comprising a nanoparticle confined within a cross-
linked collapsed polymeric material wherein said nanoparticle is selected from the
group consisting of an elemental metal, an alloy comprising said metal with at least

one other metal, and a compound containing a metal species.
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woObiA7 BN&62 DNA- RNA, bi oti n-avi di n,

fromthe group consisting of protein-protein,
protei n- DNA, enzyne-substrate, antigen-anti body,

conbi nations thereof.53. A nethod as clainmed in claim
51, wherein the nolecules are selected fromthe group
consisting of protein, DNA |igand, oligonucleotide,
aptamer, their nanoparticles and conbi nati ons thereof.
54. A nmethod for producing a nanoparticle, said method
€8npr Agiomgositernehgpeitivle ssaildmedimpdaint ¥ whereipasidinahdarticle is

.as .clajmed in any qne qf .clains
BRET Blin ol o B e A i et i et one
pthtainetak hhidy canymuad Eontaning sait ingtal §Reies.es- cont ai ni ng
conmpound, at an effective tenperature to effectively
renove said polyneric material. 55. A nethod for
pt.odusi cogpasithmdnboyartitle pardldidbd ¥n CRIH G- #R&i@Gkaid compound
n(%noFartl gjl e %agl d method conprising inconpl etely
BYFEIYE; Y 5 PEHPHLSPPRINAfo SAPPILesslicisdafien By eroup
omisfitinl af €| lpheR, isoledidy, MErid, GlIGH¥S KBdmide, Tdttide, oxide,
ﬁ%ﬁr ein ﬁal @ff nan%partl cle is selected from t.’he gr oup

fids phgsrhate. fATORNAFRsHiPRY e, FlFomate ad|aspmbinatientherenfl a

net al speci es-contai ni ng conpound, at an effective
tenperature to effect production of said wholly or
Bar t i AlPPPesieyBRcRegisles plaimsgdn rny bae ofelaints $9 ta6dsileesin
a3 aRal td Wwhess, @ad PRACESSNASA C gl ied i Npan
one of cl %iler%rge 37 tgjﬁ S%I}’b%u??bAA%’aﬁ%bg?té@Il\gé’ﬁeérlli gﬁggg}a a
gmbinatien Hiseeoks clainmed in claim54. 58. A wholly or
partially carbon-coated nanoparticle when nade by a
nmet hod as clainmed in claim55. 59. A conposite
¢fanophcompisie aampeitislerny caimed oparytdne lof claiind 56 edlsivihbiein

e R L

consi sting of an elenental netal, an alloy conprising
id . wth at l.east. one ot her tal, and a
%grrpdlgﬁéﬁ%dowbgf%‘f hagvu}:ig ?TB]t'“‘Eﬂh%'s laysss gggqmmsg%ﬁg@g@rp@es as
di@imepaint dlaime 5@ dntedsparsgdbdtRedil adjioehO BRI 6 Spposikdly charged
nanoparticle is selected fromthe group consisting o
RAPRMGy conprising said netal with at |east one other
nmetal, and a conpound contai ning said netal species.

: co os{)t e nanoparticle as claimed in claim®60
er fpagﬁ‘gisa S&‘I’&%ﬁﬁé}ned in claim 64 wherein said substrate is a film.

66. A coated substrate as claimed in claim 64 or claim 65 wherein said composite

nanoparticle is CdS/PAA and said oppositely charged compound is poly(allylamine)

67.  Use of a composite nanoparticle as claimed in claim 56 in the production of a

multi-layered coated substrate.

68. Use of a composite nanoparticle as claimed in claims 56, or 59 to 62 as an

optically active material.
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containing said netal species conprises a conmpound
sel ected fromthe group consisting of a sul phide,
w@edoenidez telluride, chloride, bronm de, iodi dBCT/OARME/N01686
hydr oxi de, phosphate car bonate, sul phate, chromate
and b
nanggeacgf%lngf e&‘i’tlcqg? almgg I cl? % 64@5392;?%% ag fho mspt}g@ll){ actlve
mavdii@l.ei n said netal is selected from Cd, Zn, Cu, Pb,
Ag, Mh, N, Au, My, Fe, Hg, Pt and a conbination
thereof. 63. A conposite nanoparticle as clainmed in
any one of clains 56 to 62, wherein said nanoparticle
is capable of emtting light after the absorption of
i ght energy. 64. A coated substrate having a
plurality of |ayers of conposite nanoparticles as
clainmed in claimb56 interspersed between adjacent
| ayers of oppositely charged conpounds. 65. A coated
substrate as clained in claim64 wherein said
substrate is a film 66. A coated substrate as cl ai ned
in claim64 or claim®65 wherein said conposite
nanoparticle is CdS/ PAA and said oppositely charged
conmpound is poly(allylam ne) 67. Use of a conposite
nanoparticle as clainmed in claim56 in the production
of a nulti-layered coated substrate. 68. Use of a
conposite nanoparticle as clainmed in clainms 56, or 59
to 62 as an optically active material.69. Use of a
nanoparticle as clainmed in claim®64 or claim®65 as an
optically active materi al.
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