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In various aspects, the present invention provides methods to produce nanoparticles
that are stabilized, where the stabilizer provides solubility and/or prevents aggregation, and
with a selected permeability to selected small chemical entities. For example, in various
embodiments, the present inventions provide methods for producing a stabilized composite

nanoparticle comprising the steps of’ a) providing a solution comprising at least one
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BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other aspects, embodiments, objects, features and advantages of
the present inventions can be more fully understood from the description in conjunction with
the accompanying drawings. In the drawings, like reference characters generally refer to like

features and structural elements throughout the various figures. The drawings are not
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Figure 6 depicts photoluminescence spectra of CdTe-S quantum dots of Example 2
not treated with stabilizers. The dotted line is for the sample exposed to high intensity UV

radiation (254 nm) while the solid line is for the sample not exposed to UV radiation.

Figure 7 depicts UV visible and emission spectra for CdS/PAA of Example 3 formed
using Cd”"/PAA that was crosslinked at different times.

Figure 8 depicts a graph of absorbance versus time.

Figure 9 depicts measured Cd concentration in solutions prepared according to

Example 5.



Figure 8 depicts a graph of absorbance versus tine.
Figure 9 depicts neasured Cd concentration in
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Such a collapse transition is driven by attractive interactions between the polymer segments
that overcome the electrostatic repulsion forces. Changing the solvent environment of a
polymer can induce a similar transition. This collapsed polymer can be of nanoscale
dimensions and a nanoparticle. This collapsed conformation can be rendered irreversible by
the formation of intramolecular chemical bonds between segments of the collapsed polymer,
e.g., by cross-linking.
As used herein, the term “collapsed polymer™ refers to an approximately globular

form, generally as a spheroid, but also as an elongate and/or multi-lobed conformation

collapsed polymer having nanometer dimensions.
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catalysis applications, where, e.g., the transport of chemical reagents to the nanoparticle
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but not limited to, organic or inorganic charged ions or a combination thereof. In various
preferred embodiments, the nanoparticle comprises 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 or alloy of one or more thereof. As used herein,

by the term “metal species-containing compound™ is meant a compound containing a metal or
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CONRRARH preferred embodiments of the present inventions, the stabilizing moiety

comprises one or more polymers with ionizable or ionized groups. An ionizable moiety or
group is any chemical functional group that can be rendered charged by adjusting solution
conditions, while ionized moieties refers to chemical functional groups that are charged
regardless of solution conditions. An ionizable moiety also includes any chemical functional

group that can be rendered charged by the use of radiation or by the use of a static
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embodiments, the solution is preferably an aqueous solution.

In preferred embodiments of the present inventions, a chosen stabilizer moiety is
dissolved in a suitable solvent to form a solution of the stabilizer. The solvent can be water,

an organic solvent or a mixture of two or more such solvents. The addition to the solution of



E. Formation of Nanoparticle Conpositions Mdification

of Stabilizer hirer In various preferred enbodi nents
W@R00BM2928% esent i nventions, a pol ynmer-stabi |l i zZedI/B2008/000817

nanoparticle conposition oftot he present inventions is

produced in a suitable solvent by collapse of a

stabilizer noiety about a nanoparticle or nanoparticle
thera[)%ulhs QEcnfiMUIELY a cAPAS tYARduRl X Moub@E YARDS1EIRBr Roparticle

used to forma solution of use in the present
plemnwnﬂh@ﬁgllaprlﬁ vt eid eirbotr Rwparticle we nywptiele precyrsor. For
e\aﬂﬁ)ﬁ‘f ﬁﬁ%@ﬁ&baﬁﬁleﬂﬂ lﬂ%ﬁﬁ‘ﬁm@f@l )Vttc'mQQl cah Be RA ﬁlfoﬁraﬁ@%lt that is water

nbodi ment's of present i nventions, a chosen
~ohéxlewh¢lﬁ Hervatgy |~e1v§/le iinprepnissalt ed tierforn Byt ahtre Msblavesial cation
belor rnf vot[) '@19111)%?|td"1t\} quhé)f’el;onf% T%B%gmtsegsﬁ{o a CTQI%G Srg la}{@ﬂtl\ ﬁi@gountel
an organi c sol vent m-xt ur €

mnmmWEWBMEhmegivemmsmeh@uaddthbn to the solutlon ofthe

col | apsi ng agent induces a collapse of the stabilizer

aboviariauk prefrared pabodimbis fmﬁamspaHWBube~pw@emﬂsémnwﬁheof
Conﬁ o\ftealﬁ)a%f)(]a%l 39«%1 th& ﬁﬂltloql%'?kon\ Hl%t ﬂl ?Cen)?{éﬁﬁt"él etfgl)l% afoPbf tlhe

e Pecursor nanoparticle

nmmpmndnopmnmpmhﬂepmeuunsomumhmubhpadswhngawh@msdwbwbﬂﬁais

mtla mol%cgrcéu Iy ancgi) mtel ll]SLGCltllﬁl i\ ?18“ ln%]eﬁ:a.& %sez‘ﬁf\hems Dyecipitagipn™ of a
nalmﬁztl’tldﬁ obﬁln@prghd]@plteau Gl (hhmﬁo 4 \ttalﬁllie\/le@'ﬁl 1%1’&& tB’erfddﬁﬁ:laﬁ:on of the
Tabl e Poss SSJn e + and A q{ unter ion

iongeya gy *)(“H‘ al:‘ﬁé 8*““?‘ ?01‘ ec‘Br‘rlfﬁ Wbtel’ He ‘éIB‘P

referred enpodi nen
! aveiRa SR o e F S RRAP I dhere B B refrsbly. thos
thah@n@PAhtthlcdagsnsyid tlRe cagehpbihdny Mfionk OESalﬁlh@tof icOItHpCiAg agents
. ﬁ % itate formation of the nano
mc ﬁg

art | or
i P 0 G P W s AT IPRRLQGE. PO CHSCOO.

Auﬁkﬁbmhhg@ﬂ)}mm@jﬁln the stabilizer |s
intra-nol ecularly and/or inter-nolecularly

cr 0g Safidtp k@eehnfpied&ate NI Bollap BE LtRikiRt hiGind @ﬁan@pamcle or
nangparticle or nanogartlcle precursor having

“al’e)t’%lB‘FlF PIEEYSYTa BT SR BPlSy B PHOWSHIPHERP G r?O’éffl"‘t“ﬁé q%wcw

dlf@legpxmun Qn Ioh@tspéc?‘essé‘ bsh ait I@chMbmﬁmL URES Edh dehed. m
sol vent of the sol ution. CDI apsi ng agents are usual @¥

varigyt aipbangitst. & if prsfegran et banuwpanipls Or pPAePEHED PEECUrsdidls
sertd R ceﬁamb mfrgt ﬁﬂultﬁ)ﬁi(]loﬂ@l%11§'rl1qe1¥tb@411rbe(ﬁ@&lr espondi ng

ani ons. [ apsi'ng agents 1 nclude, but are

noEIn'v‘aH&L%%bB&hnem (DR gthe%%(l%) ggnfogﬁ(awg)f thed be(bll\igép l%yel

A variety
moe#m&e@hﬁmGueﬁmeah%wehuxeQCMGWﬁdwkapeGWﬂhexéwabn¢vz@wnmlm

Uvgl)féglﬁ%\flleq)le:}ﬁlaglgaﬁl w lﬂ(l Oth 1- 1S EJQ/plg\re‘i rag 1al?1 16189 ﬂlColalnhtlﬂ(lriﬂthll

i"ous 'end
In @uohs ansbodintkinfsf ememﬁol&olavamx,-lnﬂm ate@melmcslpelm b@h&e«( doig:xample,

tﬁ &&1 ar gonblnathoqs thﬁre?f ian be .used. In various

W ﬁ?ﬂ PR eyt hamebHUREUp R £y “lﬁénopart icle or
tp?erf‘%chél[e?mp rgl%geél tﬁﬁ B?l%%ga éaé)sl[zgl l&]g]ﬁisyboé nb)éeélas Ele ap l%ast

partmlly crosslinked so that the favorable solubility and non-aggregative properties of the

nanoparticle composition are maintained. In various embodiments, the stabilizer layer is

stabilized by inter-molecular crosslinks to form a gel.



In various enbodi nents, to retain the coll apsed
conformati on of the stabilizer |ayer, cross-1linking of

W@ b@sopi2Bapsed stabilizer is achi eved by exposPCyIB2aes/000817
polymer to g-radiation or WV radiation. Preferably,
the UV radiation is UV |laser radiation or UV arc |anp
radi ation. In various enbodi nents, intra-nolecul ar

croggybishks A &eahgm cal Iy produced, for exanple, with
carbodiim de chem stry with a honobi functi onal

Cr OBiR-fJolyMe@ keabilifer B §ERFOR 1SR Q@bé@lﬂ&fhbl@ REcHRAA MR physical
stabilizer noiety or noieties are at |[east partially

crogyligkiag i r@gowembiydimenty ecomyolg Al Reraesbisy of ttliptgmblzel t0 SCEs,

e.c NARI AL AR N BLRZANSY '1@§ch§éfve& fEuRRRORAN bf tﬁé §earee of
conposition are mai ntai ned In varlous enbod |rrents )
cropyhakigg gbiht palitizipgpeymers For atsniplez byjingieaging de degstecfishgical
Clogxrllglg‘lﬁ 'tﬂuéelﬁlpabﬁlg{/ PTt‘Ee gt%iliger to @é%}l%gld e?}\&l Gener al

y |

he po r sta zer is prefera osen to be

S usg %%é B ? m%lﬁ%'@a& Qi- uldl t HX\Q' 1t thecxté%%yetﬁ?él @y %r}aﬂlple:

iftyt
varil ous el g i rents, contro#) of t er nea
chephenl gleabn]n]ozgrlad@al@@gon\@f gendantreiiufpi ggttqumln ﬁxatmage(l bonds;
o l ] o h t L
thl%l ﬁkﬂ e d\g ?f 18?%%3/113{\ hﬁk]ﬁﬁ ﬁl({lmfﬁlé/cﬁgnag fc[al lhg{]l%l? ?}ﬁ 1ea%:l WR 1 tl r7‘)?_nct10nal
Uloepmrfplheextabhj}zei lmocrlefashmlgh hivb-cdagy eeliabn c,shdnaxccag gamma radiation.
crosslinking, the perneability of the stabilizer to
SCE@losxliinkibg cdldmraehzisem thrAu gli denw'/car medny tlgbugipamslucam die
muHﬁlen ate n}o ecu[séx as (il F%l{ijklge Sftgase Jug lecruqeea g%l}éeglhgmlf(l)tﬁ)rl% @ﬁcﬁ%%legmups
thagcrao lﬂ@m mmltlal mmn.gwmlnﬁhafumtmlﬂdolbqndm thd duabolisghmbireesu Sthese
ul.es ha i.functi ups.than can.
R M T i B R R
mulipe dnying grblsugiah bl Yh- @hﬁél&)ﬂlo&?{dét&ylhﬁmﬁ caueifecase ift: agl.olecular

g di ation. i nking. can he achi eved through
cro ﬁgﬁ%aﬁ’%%@“ﬁ‘f% Eﬁe RSBl FasHO b ¢ FT‘F&@h?edt‘%‘%O‘e" by
the ABAIBSHD S a8y abih ©8Eehi, BlpRiafy ustheSQNTI RHH f8aGON L@ a

mul ti pI e functional groups that can form coval ent

carsliiddeni t h the functional groups on the stabilizer

DI @ffdnfiSal uzfm@ﬁ ARhICCHY @Sri &It mnelmnf%@me sRbARENSE:, «Q¢h that
dendri neric. For exanple, a nolecul e containing

a fragfiopjopihe igndahls iy prg cosyseiRd sgroups that can be cross-linked through
fle@raalcaleljem&ﬁn ed] &)ébﬁgleqt chloﬁ'vrplﬂ%mg %?t)}l? cgn‘BS{ylltc R oloalj)s of

I ntranol ecul ar crosslink Ing O acry I C acCl
polfaerylie add-tp piKierters r Ebgallybaroups qahitlsn dageacied tp fogm intramolecular

8 £d. | .addition of an activating agent,
bOdthygﬂ@f’;ﬂ%ﬁ@&%&g&%}lggpam de bond formation, such as a
car(blodilihhﬁlgi by ir@devdic edn Ueredlat todippt e\@aﬁngadl sdutive of drercobapsed

xtal%ll’lzel io ane erclgl\é ?%&rne?c 1an1at1§ gotl)lllclel Z[%e 1aélr elgll Kolﬁc’c%cclgng Ef”l")l example,

an @fcﬁhﬂ])fkastlh aimeaary ebelaom)os iae'lltlemktﬁﬂl0 tllhtlc()wl@h/ gd‘lemdaadammajl gamma
1'ay%:l? 6];&}?111]&%%{ k?fghlel 8&2 gata)[n cmssPn Ing t‘inouupglegns sucql as irradiation
shall be referred to as “physical crosslinking.™

The degree of chemical cross-linking can be controlled by controlling the relative
concentration of multidentate molecules, activating agents, or other reactive groups. The
degree of physical cross-linking can be controlled by controlling the dose, wavelength, or

type of radiation to which the polymer-stabilized nanoparticles are exposed.
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permeability of the stabilizer to SCEs can be achieved. through control of the three-
dimensional structure using changes in solution conditions. In preferred embodiments, the
polymer stabilizer moiety or moieties are at least partially crosslinked so that the favorable
solubility and non-aggregative properties of the nanoparticle composition are maintained.
Changes in the three-dimensional structure of ionized or ionizable polymers can be
effected, e.g., using changes in pH, temperature, solvent, ionic strength, etc. Normally in

solution, at high charge density, e.g., when “monomer™ units of the stabilizer polymer are
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and ethanol; alcohol-soluble polymers where the first solvent is a small-chain alcohol and the

second solvent is a longer-chain alcohol and the like.
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In various embodiments of the present inventions, a polymer-stabilized nanoparticle is

provided in a suitable solvent. Subsequent treatment of the polymer-stabilized nanoparticle
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In various embodiments, in addition to modifying the thickness or density of the
polymer-adsorbate stabilizer layer the adsorbate can modify the chemical properties of the
polymer-adsorbate stabilizer. In various embodiments, this can be used to enhance or retard
changes to the permeability of the stabilizer layer to SCEs caused by the changes in the

thickness or density of the polymer-adsorbate stabilizer. For example, a polymer-adsorbate
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stabilizer moiety or adsorbate (406), with an opposite net charge, (step 1) to form a new
nanoparticle composition (408). The steps can be repeated, a stabilizer moiety or adsorbate
moiety being added (410) of net charge opposite to the proceeding moiety (406) to assemble
additional layers (e.g., full or partial bilayers of polyelectrolytes) on the stabilized

nanoparticle (402).
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factors, including, but not limited to, beads, spheres, particles, granules, gels, membranes,
surfaces. Surfaces can be a variety of shapes, including, but not limited to, planar,
substantially planar, or non-planar. Supports can be porous, non-porous or a combination of

both, and can have swelling and/or non-swelling characteristics.
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embdiem@d, yieBfabilizers have increased or decreased porosity to SCEs.

In various embodiments, a layered substrate comprising nanoparticles is sintered in a
furnace in order to enhance interconnectivity of the nanoparticles and/or burn off stabilizer
and/or other adsorbate moieties. This can result, e.g., in a porous substrate comprising at

least one type of nanoparticle. In various embodiments, this porous substrate is used as a
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quantum dots, 675 uL of thicacetamide solution was used. After adding thioacetamide, the

flask was put into the heating mantle pre-heated to 50 °C. The reaction was left at 50 °C for
16h, then let cool to room temperature. The fluorescence of the yellow and orange quantum

dots are shown in Figures 10 and 11 respectively.

Example 2: Preparation of CdTe-CdS nanoparticles encapsulated in PAA/PSS
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solution was removed from the shaker and 45 pL of ddH20 was added. For CdTe-CdS
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ny/nL) and PAA-Na (MW= 2,100, 5nmi, 0.3 nL

highfrteis e HHadiatdng  dhomt e 30vinjautas ovhla angsher ~@nvaarlfem ICBY@G ¢ with
altﬁﬂﬁ&eﬂ’ollftéf)re % h&flﬂélwﬂdlﬁlﬁm@&gncten?&tl% RR AE¥h 1llsﬂLUlte|é)n was

ded. For nanoparticles wth one bilayer

(|. . after one alternate addition of PAH and PAA-Na),
Exqhies. PRe: 3t LELNALR, Afdid 1A Bfithi RO

de| oni zed distil I ed water was added For CdTe- CdS

I fd o, al,
e R I R
acid rlodmilhen ]S[h‘alﬁegman‘dthélz& M Of( WHZ(BIM§ ladded pf ﬂ%e [)olyamyllc
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scif it e Pt TR D uBH gk g g o
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electrolyte stabilizer effect on CdTe-CdS tym

Cagle it ol Eitineu R Rt Sl g Gt et dant

1e\ﬂﬁﬁ<5sdhﬁfoﬂ repAMEAf OFINGL) Avavadidd &Behwiss & iaeate of 2-@xamph &ith
. In this case, .the green CdTe-CdS quantum dots were

V“’B‘Pébé‘r"é‘db ab RO g OB ‘E&é\vﬁbi‘ %le*l‘ l%ﬁlﬁd diluted 10 ti mes.

The am)unt s of PAH and PAA- Na were al so. nodifi %d
- eHef b P%?éYa‘ |Cmdl‘14?%‘d“‘¥lﬁ'ea HX&%&H&H‘%%@P@% aliguos ¢ fifterent
Clo&mﬂe{h‘i’ e dere USRI mak] NSin®f1 hr, 1.5 hrs, and 2 hrs). CAS/PAA was

made using Cd”**/PAA (crosslinked at different times) - 180 uL of 2.8 mM Na»S solution was
added to 500 uL of Cd*"/PAA solution. The resulting UV visible and emission spectra is
shown in Figure 7 for CdS/PAA formed using Cd**/PAA that was crosslinked at different

times (0 hours, 30 mins., 1 hour, and 2 hours).



0.5 nmg/ mL and 0.05 ng/nL respectively. One set of
guant um dots was exposed to high intensity W
WO ae8a928h (254 nm) for 30 mi nutes whil e anot hRCT/EB2008/000817
was kept covered with alumaumfoil tape. The
phot ol um nescence spectra are shown in Figure 5. As
control, two sets of solutions of quantum dots w t hout
bi | ayers of PAH and PAA-Na were prepared and dil uted
10 tines; one set was exposed to high intensity W
5 % +Bha l C ¢ uu\" ity g lel HIOPY IS.V\hl | e anot her set
was kept covered wt h alum num foil tape. The
phot ol um nescence spectra are shown in Figure 6.
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crossl i nked under U Germcidal |a and al i guots at
am'oﬂCﬁl@?féﬁPleelfc@é@wRﬁumjl for sy lzes Blug iydBndiesngs H<Ln030

mns, 1 hr, 1.5 hrs, and 2 hrs). CdS/ PAA was made
. Cd2+/ PAA chssI [ nked at di ffer er}trtl mas)C

nalfoE)aAlﬁclém ution. The resul ti ng UV vi si bl e and em ssion

specira is shown in Figure 7 for CdS/ PAA formed using
Cd / PAA that was crosslinked at different tinmes (O

hou{‘n%en @ é.rt‘ s nanof’alnala"\ witl go'nchQHﬁ g)elx %}(ﬁgﬂsaﬁd ?% Wile

Photocatal ytic activit nanopartic
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shalértba w0 additif dcl H20 and 100 nL of et hyI ene bl ue
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nuARG MBI M MuUe RSulange ﬂl[)@/n%hpiﬁﬂré 91 where a clear change in measured Cd

concentration is observed as bilayers of polyelectrolytes are added.

Additional Examples:

All literature and similar material cited in this application, including, patents, patent
applications, articles, books, treatises, dissertations and web pages, regardless of the format
of such literature and similar materials, are expressly incorporated by reference in their

entirety. In the event that one or more of the incorporated literature and similar materials



Figure 8. In the absence of ZnO nanoparticles little
decrease in absorbance was observed, and accel erated
whe@akoash was shown for nethyl ene bl ue in theP@r/EBe8:®0817
of ZnO. Exanple 7: Measurengnt of cadm um content in
unbound formfor stabilized CdTe-CdS nanoparticles .
G een CdTe- CdS nanoparticles with 1, 2, and 3 bilayers
alffaﬁ AL RAA mraﬁﬂwaﬁ&anmumﬁr Res&r Rdickh uERsaNRL&@ibed
. A control solution of -&dS nanoparticles with 0
teclmlqltﬁyeﬁrl dheliks. this %PIISP'éblé‘fOéHOlby adding 135 nL to 100 nL
of the diluted CdTe-CdS solution, A control solution
of PIsyeioaderdngy sl iggedn dF &9 opgasraiad! BYPFt @Yngtdargmot to
be agldlll'l&g a311ﬁllitﬂesthe4\Q|bf3h RiteP @9"01%@ nflfglyr(lv‘a}pf PAA-Na to 100
OWith 5 mnutes shaking on an orbital
S ha‘bVﬁfle h’l@'iﬁ’t‘ﬁ&ﬁl nﬁfgﬁjtiotnL ﬁzﬂfe b@gl cm*cﬂ‘fed'ilh&nﬂu\f@n&lqmlf Qkrious
sol utions and the Cd 1, 2, and 3 bilayers
embgshigensaat capnpieed isegs alrtatdé@l ghawhﬁ hres @ inyentishs brikpTd iech
em%ﬂg%rl#ﬁn%legghggt (91( thggﬁlpleaﬁp ltﬁ’étﬂl& ntﬁﬁ ﬁcggg‘r%]n%@lnﬁ)a\s vauokl
altefiativess modidinatoat, alhcb g adngy amﬂsl?,ﬁ@m)lemmh@by thoed Qfsklélrlethe art.
Acgogc?]lm tpe {: és&ﬂ{tleons Ty e\éﬁé)?lr gl ﬁdl&ﬂ%ﬁ{ of‘iﬂ&ﬁ&’ ﬁ?t PR anﬁgd tg:{he
dmnmkyem@mbfﬂhy@ESmmﬁeqamdedhmAﬂhmt|onal Exanpl es: Al
literature and simlar material cited in this
application, including, patents, patent applications,
articles, books, treatises, dissertations and web
pages, regardless of the format of such literature and
simlar materials, are expressly incorporated by
reference in their entirety. In the event that one or
nore of the incorporated literature and simlar
material sdiffers fromor contradicts this application,
i ncludi ng defined terms, term usage, described
techni ques, or the like, this application controls.
The section headi ngs used herein are for
organi zati onal purposes only and are not to be
construed as limting the subject matter described in
any way. \Wile the present inventions have been
described in conjunction with various enbodi nents and
exanples, it is not intended that the present
inventions be limted to such enbodi nents or exanpl es.
On the contrary, the present inventions enconpass
various alternatives, nodifications, and equival ents,
as wll be appreciated by those of skill in the art.
Accordi ngly, the descriptions, nmethods and di agranms of
shoul d not be read as limted to the described order
of elenents unless stated to that effect. CLAI M



What is clainmed is: 1. A nmethod of producing a
stabilized conposite nanoparticle conprising the steps
wW@2008099283 di ng a sol uti on conprising a nanoparPCTIB2068/H0817

a plurality of polyelectrokyte stabilizing noieties;
addi ng a col |l apsing agent to the solution to coll apse
the plurality of polyelectrolyte stabilizing noieties
about the nanoparticle tq@ifQomiga conmposite
nanoparticle; and nodifying the plurality of
pol yel ectrol yte stabilizing noieties in the solution
to change their transport properties. 2. The nethod of
claim1 further conprising cross-linking the polyneric
What iaklaimediing noi ety. 3. The nmethod of claim 1 wherein
the adding step conprises adding a water-soluble
I1NOK YR of Blotiudit § HRHiBRLYbMARIE 9&1%9111#1@19%@111&“@110 the steps of:
pol yneric stabilizing noiety. 4. The nmethod of claim1
wherein the providing step conprlses provi di
nanopar tf ‘b‘1“€“iw? t‘ﬂ“‘é)“r?@‘éﬁl“dP%ﬁT’é?t“@Pa‘T‘ﬂe iR Plﬁﬁﬂg Bbf
bet ween @RQWE Iy BL@LTiGindRRLeL00 Iira. 5. The method
of claim mhereln the nodi fying step conpri ses one of
t he follomnn changi ng sol ution chang of the
sol vent A¢ et ﬁgjlagapsé %genbtﬁélefgwh@wtl ﬁbcoéléu“afliedﬂmﬂmy of
t enper atpury@Lectaﬂﬁ@ kfabingind dfdictibOxtRht HORMopAHiclOR Blrh @Sohposite
t he pol yne and desorblng chem cal noieties to the
polynerIWEHWWWE #k hod of claim1 wherein the
cross-linking step conprises one of the foll ow ng:

exposur endd@fyﬁlbelcetlﬂmamg l@)@bblﬁelé@;@lﬁé {tliziE BBk G&lih Yhe solution
i nduced cross-|ink ing or thermally i nduced

Cross- Iﬁ%%ﬁﬁ&”h?l”ﬁﬁéo%@Vﬁﬁﬂebf claim1 wherein the
nodi fyi ng step changes the transport properties
bet MRafethdie fRANA P EHirklice ben@RWgcaRMBAkin@Md pbReric stabilizing
nanoparticle surface.S. The method of claiml1 wherein
t hé"¥84i f yi ng step changes the optical properties of
the nanoparticle conposite. 9. The nethod of claim
\WheTIRi ifethdiien frRMcth fl yi e geiis the pddingoteva@snpiike afllliu@h 8seessable
efficiency of the nanoparticle conposite 10. The
met HYgyf ‘%‘I taih \Rh‘@?‘é‘orfo[lﬂée d’Pl‘yﬁéH@ “é‘f‘@fn‘“ﬁé Mt es
the fluorescence lifetinme of the nanoparticle
clompieshdtiud of claim 1 wherein the providing step comprises providing a nanoparticle

with a mean diameter in the range of between about 1 nm to about 100 nm.

N

The method of claim 1 wherein the modifying step comprises one of the following:
changing solution pH, changing of the solvent, adding salts, changing the solution
temperature, adsorbing additional chemical moieties to the polymer, and desorbing

chemical moieties to the polymer.

6. The method of claim 1 wherein the cross-linking step comprises one of the following:
exposure to electromagnetic radiation, chemically induced cross-linking or thermally

induced cross-linking,

7. The method of claim 1 wherein the modifying step changes the transport properties

between the nanoparticle environment and the nanoparticle surface.



11. The nmethod of claimwherein the nodifying step

narrows the em ssion spectrum of the nanoparticle
w@opo%928®. 12. The nethod of claim1l wherei n PCEIB2008/000817

nodi fyi ng step changes the2solubility of the

nanoparticle conposite. 13. The nethod of claim1l

wherein the nodi fying step changes the aggregation of

tsheTIRARARAS Jtickhif 1 GARRASILE BrodiFding SRS INMBERARE GhicAlpRipTHibs of

wherein the nodifying step changes the perneability of

t hethg papatide fyMipritety with respect to certain smal

chem cal entities. 15. The nethod of claim1 wherein

toherivafdthdd JT@1a5h QRVISRIEGE el fYink Bep BRAFERs tiRGTuorescence

perneability of the stabilizing noiety with respect to

cer@ﬁ@ﬁm§ﬂﬁﬁw1@%&ﬂﬁ6§W0€ﬁP$Wies, and decrease the

perneability of the stabilizing noiety with respect to

aertiai fletBidEiclasiBIWhe et GRUIFEIRE kit BSproved the R rIBIhBOBfetime

of claim1l wherein the nodifying step changes the

t hi SRHFREORI G0N | § zi ng” noi ety |ayer. 17. The

nmet hod of claim 1l wherein the nodifying step changes

tineTidanghddyor@faith Revigteabink hbld Fgn Ok hyfrdv@¥ s emikston spb@rum of

met hod of claim 1 wherein the providing step conprises

pr oVF BARBHCIp6PYRRSHF-c st abi | i zi ng noi ety conpri sing

one of the follow ng: an ionizable polyner, an ionized

nol yaficth@l Fickgh e waelymBe nvifeiay kep cleasPahy sTribity of the

t hereof, .and a conbi nati on of polynmer conpounds. 19.

The" R HEE HOME m | wherein the providing step

conprises providing a polyneric stabilizing noiety

tiRarhcanaprd Fetia 1 pdleyedl de fodlfyih e ste2fhandBehamichegetic@fof the

clain119.wherein the providing step conprises

pr IR ' CPYIYHer i ¢ stabilizi ng noiety conprising

one of the follow ng: poly (styrene sul fonate),

pal pild mahddyd fdiane tl Rytle senmib e imodifging eep dehgesplad pefmedilitd bthe

R

stabilized conposite nanoparticle conprising the steps
df: Tiprmath @i afglaam naviear the olodifgiup st@stidcal ¢y inceafes ned

within a.stabilizing noiety layer conpri.sin . o
o T e R e e A R
st adidlde@targ tirgicehidabiliayerthd Qabtlivang@oictySvith i@dpe@as tertain other
br oslcl)nee{lltciheenslfcal entities.

16. The method of claim 1 wherein the modifying step changes the thickness of the

stabilizing moiety layer.

17. The method of claim 1 wherein the modifying step changes the density of the

stabilizing moiety layer.

18. The method of claim 1 wherein the providing step comprises providing a polymeric
stabilizing moiety comprising one of the following: an ionizable polymer, an ionized
polymer, a single polymer molecule, co-polymers thereof, and a combination of

polymer compounds.



22. The nmethod of claim2 1 further conprising

cross-linking the polyneric stabilizing noiety. 23.
wab@soebdd of claim2 1 wherein the provi di ngPGI/E2008/000817

conprises providing a nanoparticle with a nean

di aneter in the range of between about 1 nra to about

100 nm substantially confined within a stabili zing

NOi BleYmdtBXESTcladft 18 -&hgle[ﬁatl@ﬁlqvi@fnt@{eﬁbmnﬁl1\%\ y%efaﬁiorh fof8neric

nodi fying step conpri ses one of | ow ng

chaﬁﬁallﬁglgslwlawl&ﬁ copprisshapgi HeFtishytd he sol vent addi ng

salts, changing the solution tenperature, adsorbing

ad dTlIel AR Gheih sakvhtRinghd pSviumelhe c@@bl}(@ [)bovﬁlllﬂdv a polymeuc

desor bi ng chenical noieties to the po Iy 5.

et YROH 1257 1Beialy §ppPasifheeai Hietfpdovapg b “bikfi“?] gul@el@ﬁ

CONMpiy(&aky IR 1QTantRhid R LA PolRIRPARUER!) By cthylencimine) and

electronagnetlc radi ati on, chemcally |nduced

cr awdv(plydming hwkoehisidgnl |y i nduced cross- i nking. 26.

The nethod of claim2 1 wherein the nodifying step

ohangRol RE plol ARSPLLEL RZ-QREMbIRS nARHIYEER c&ﬁﬁmno the steps of:

nanopartlcle environment and the nanoparticle sur ace.

27. The nmethod of claim?2 1 whereipn the nodify step

changes PrRadiopt pangpariiclp g tapuadlygpniingd “H'é%Hb‘]oﬁ?b(‘ ‘Zé‘F" notety

conmposi A& mprRfgghiocy of paﬂ%/@écﬂbl%?e\mﬁr ein the

nodi fying step i nproves the fluorescence efficiency of
t he nanqgﬂg;lcle c psite. 29. thod of claim 27
wher ei n "% YWé}leer\}ﬂ g Rpety ﬁiﬁe’o\? al gI‘%é“ fIPRBPIE BOBHEE
lifetinme of the nanoparticle conposite. 30. The nethod
a@b. Tieahdth&ronNohaen @il furthhecamydisfny icrgs-Hilape hapolowsrid figbilizing
em ssion spectrum of the nanoparticle conposite. 31.
The™¥E¥hod of claim 2 1 wherein the nodifying step
changes the solubility of the nanoparticle conposite.

32. Thehseethet dfethin D1 elhaiem (Be frovddiigaien comprise diok g st ep
changes the ion of the nan art | e conpo

35 Rl WO BT RO R al REge fotl | PR a0
changespstah@alpeon@aivtiihiya ofbilidne: ﬁsbla@rllhyem ng noi ety

with respect to certain small chem cal entities. 34.

3 \g’h o
<o BBy e B0 Pl FoPhlubith (Pt Ro P Rotowing
st adhiahdizd mgnircnmpﬂt yhantinf of @8 pacdnt,taddiag kdlal dhasdi|d dhe solution
chemi cal \

tempelauue ac solbm0 additional chemical moieties to the polymer, and desorbing

chemical moieties to the polymer.

25. The method of claim 21 wherein the cross-linking step comprises one of the
following: exposure to electromagnetic radiation, chemically induced cross-linking or

thermally induced cross-linking.

26. The method of claim 21 wherein the modifying step changes the transport properties

between the nanoparticle environment and the nanoparticle surface.

27. The method of claim 21 wherein the modifying step changes the optical properties of

the nanoparticle composite.



and decrease the perneability of the stabilizing

noi ety with respect to certain other small chem ca
weniosniess 35. The nethod of claim2 1 wherei nPCHEB2008/000817

nodi fyi ng step changes the2thi ckness of the

stabilizing noiety |layer. 36. The nethod of claim2 1

wherein the nodi fying step changes the density of the

ok el h&h DL REELY WhaXEI the RbeifVEREstBIpRS cOfhe FhudicBeRccl

wherein the providing step conprises providing a

pol §ffigpicy o§ thampnqpaftisly crBidetlyy: conpri sing one of the

follow ng: an ionizable polyner, an ionized polyner, a

b NOleandIR VTR a0l @Gk By th€ BB iYIRESIntpR&LS Ak fludRtedce

combi nati on of polynmer conpounds. 38. The nethod of

cl ity oliherdioRtiHe cyrRvItEi ng st ep conpri ses

providing a polyneric stabilizing noiety that

GOl i@BodeL RN eF QGtleRl it RodByind N MBROtheQiniGiaAl sprcum of

wherein the providing step conprises providing a

pol YrBsopatels BpNPthg moi ety conprising one of the

follow ng: poly (styrene sul fonate),

Rol yid hahddydfdian@ b inywharmand welighh Odtétehngdd eleyOludiity b the

acid), poly(ethyleneimne) and poly( allylam ne

hy dESRIMITES PPSit40. A nanoparticl e conposite

conprising a nanoparticle with a nean dianeter in the

rRanpe wfthdeinsean 2abhiteinlthamadifin @agudhadQo titmgegiteBRion of the

nanoparticle substantially confined within a plurality

of ! WV@W@%?WQﬂ%VFé stabilizing noieties. 41. The

conposi te nanoparticle of claim40 wherein one or nore

G8. Tiken@oddydlcaih Lo hitieinshambdifydh higenahiagick €& pefneability of the

cross-linked. 42. The conposite nanoparticle of claim

2 TP RO WA RrEESet T FRivHG Y SAOBEASIiEhed by one

of the follow ng: el ectronmagnetic radiation induced

Gd oBlg-thdtinki aTglaira b mhe@lul the modiddegstqr @isttdlnitirgseothe

thermal | y. i nduced .cr.oss-|inking 43, The.co ite ..
narGpAFLHEY B BF SRR Horhsh LR e tGig HRF etnal ntics

st adidldecrbRg tHXGlefhdabilidyefthd SalPIdQUSoEQ vithkdpethe Bireal other
entjtie?. 44. The conposite nanoparticle of claim43

wheV B eheRical G iies: chemical entities have a mean size

in the range of about 1 nmto about 5 nm 45. The
gompeshéteodA@rPALT wdkeinahe mbdifymdQepdran gk Ithetthielfmess of thef
ol ri.c stabilizing noiety |ayer conprises of one o

?héxggFWEMPWQWlﬁﬁ“iogizableypolzner, gﬁ i oni zed

pol ynmer, a

36. The method of claim 21 wherein the modifying step changes the density of the

stabilizing moiety layer.

37. The method of claim 21 wherein the providing step comprises providing a polymeric
stabilizing moiety comprising one of the following: an ionizable polymer, an ionized
polymer, a single polymer molecule, co-polymers thereof, and a combination of

polymer compounds.

38. The method of claim 37 wherein the providing step comprises providing a polymeric

stabilizing moiety that comprises a polyelectrolyte.



singl e pol ymer nol ecul e, co-polyners thereof, and a
conbi nation of polyner conpounds. 46. The conposite
wo2008/029283 cl e of cl ai m 45 wherein the pol ymeri BCT/IB2008/000817
stabilizing noiety |ayer casprises a pol yel ectrol yte.
47. The conposite nanoparticle of claim46 wherein the
pol ynmeric stabilizing noiety conprises one of the
30! TiRWAABGLA dTRla¥m 6§ tunERMahS ol RBALERD comprises providing a polymeric
pol y I|aIIyId|nethylannonlun1chlor|de? pol y( acryllc
aci WRLiliziy Peiel kymendrgeset disdolboripg: Palyl (i Ert pefonate),
hydﬁo‘% Ula%lllﬂ%th)y-lanﬂ%nuxﬂ @11181‘?&99%'1}( @cwﬂﬁq@ﬁ@ %lﬁétﬁyl@fennme and
I m40 wherei'n t polynmeric stabilizing roiet
Iaweﬂyn%émnmﬁbwh@ﬂén@e 49. The conposite nanopartlcle
of claim 48 supported by a substrate formng a
shaRinhiopedc RROAPAIE cEhFr 1\11@’391[&11&] 11t1ﬁcewﬁh‘ Qﬁ{eﬁlﬂll@meépm the
The conposite nanoparticl e of aim 49 wherein the
subgrgeaf detwiger ghoat haw taalvat 1R dlee naam)amql\@u@ﬁw@&y eenfined
nanopar b bk eﬁlt)ﬁgféﬁ) ﬁle@?ﬁ?te"‘@.ﬁ %0 nfbigReond nanoparticle
conposi t pposite charge polarity of the
first nanoparticle conposite is adsorbed to the
M abliclcomperiganppasticlecif glajm g@ phemsm ongyempigivd geiplygleatrolyte
COMPASEASR RiieGhd HAJiWRer ein the nanoparticle and
substrate are sintered. 53. A nethod of producing a
nmul til ayer, stabilijzed conposite nanoparticle
Clangrelcgmﬁ@mtehlén@@léﬁg ocg]clambrlb\ylh@rswgheamesar}blggllgtlseaccomph\hed by
nangRaf ¥h'eQ$lﬁ)xﬁﬁmfeb§6lﬁ‘egén@t1&§ﬂ9m{ﬁﬂl&kt@cﬁﬂdhlﬁqﬂu Elﬁnlcally
pol yel ectr ol te 'stabilizing noiety ayer with a net
chalpdjsed ot é@mmgch@ﬂhHﬁgﬁﬁﬂﬁwwi@*@th05|te wi th one
of a second pol yel ectrol yte stabilizing noiety and an
ad Sﬂ{e%hﬁoht@\ﬁhﬁlﬁbaﬁﬁle%@@ﬁﬁﬁ L@ whbamase RAAE: lct\Yabezm‘l Rfoiety
previous polyneric stabilizing noiety layer to forma
mul leyqrayarousde amll sheeirabewpesi t e nanoparticle. 54. The
met hod of claim53 further conprising cross-linking a
pal MRG B oSt dRhdpadic RO TERIELY wha¥RlthddnaA dBHRA kN ities have a
conprising one of the follow ng:_ exposure to
el SBEAGITAGHBE NP aERLANT DM (CHOM TAN y i nduced
cross-linking, or thermal cross-Iinking.

45. The composite nanoparticle of claim 40 wherein the polymeric stabilizing moiety
layer comprises of one of the following: an ionizable polymer, an ionized polymer, a
single polymer molecule, co-polymers thereof, and a combination of polymer

compounds.

46. The composite nanoparticle of claim 45 wherein the polymeric stabilizing moiety

layer comprises a polyelectrolyte.

47. The composite nanoparticle of claim 46 wherein the polymeric stabilizing moiety
comprises one of the following: poly (styrene sulfonate),
poly(diallyldimethylammonium chloride), poly(acrylic acid), poly(ethyleneimine and

poly(allylamine hydrochloride).

48. The composite nanoparticle of claim 40 wherein the polymeric stabilizing moiety

layer has a net charge.



55. The nethod of claim53 further conprising

nodi fyi ng one of a polyneric stabilizing noiety |ayer
wanw@saye2szisor bate. 56. The nethod of cl ai m 55 BEBIBR068/000817

the nodi fying step nodifieg9the transport properties

bet ween the nanoparticle environnment and the

nanoparticle surface. 57. The nethod of claimb55

wh et 1Rl B b8t MRElphMic RO rela iR 4¢ AFPORS! l;yl'lﬁxugﬂﬁa'tecf@hnnw a stabilized

properties of the nanoparticle conposites. 58. The

met HoePagiclelggrpnsle swhdiels n t he nodi fying step i nproves

the fluorescence efficiency of the nanopartlcle

GOMIRSbnPSsiRRanoPaRicERIr bR 09 whb@inMhS(bWeS Rifacd € a net

nDdlfylng step inproves the fluorescence lifetinme of

thé”ﬁ%ﬁopartlcle conposites. 60. The nethod of claim

57 wherein the nodifying step narrows the em ssion

SPETierWipefitehiBgpARRRRAL fairg h@wﬁaﬁmca&iewla nandpertioRtcBegoak
cl ai m 55 wherein the nodify step changes .t he

sol Wil 11 POt chge RAFpaf e llelmagkefé@vom N aprbed 10 the

met hafliefl nalophitiePayhier ei n the nodifying step changes
t he aggregation of 'the nanoparticle conp05|tes 62.

TQe met hod of claim55 wherein the nodify steE

chaHydeM e iqrerompanie A ey tVH@e@tt%wnP%%e wpyjrate are
W tdikegpect to certain small chemcal entities. 63.
The nmet hod of claim55 wherein the nndifying step

I i vel creases r ity of th

afgl%{e hiﬁ Héplh)ﬂ}l(‘élegya Wl yFleétﬁlé‘gealtCBmB%%F élplllf)pgﬁlﬁlq comprising the
chenaﬁ@t entities, and decrease the perneability of
t he stab|I|Z|ng noi ety with respect to certaln ot her
smal | chem, entities. 64. The nethod of cI 3
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the st abblyekttgy@Piabiliyink a@ky 1a6&-withhencieliah@d of claim
55 wherein the nodifying step changes the density of

the st abbhtacztinnghermulgtayudl@amfmlﬁsavm he ofethodd Mly&éo@iomte

53 wherein. the rOV|d|n e rlses provi
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pol ymer, a single polyner nDIecuIe co- pol yners

t her eof COBARMIS NAMARIAKE | on of pol ymer conpounds.
54. The method of claim 53 further comprising cross-linking a polymeric stabilizing
moiety layer by a method comprising one of the following: exposure to

electromagnetic radiation, chemically induced cross-linking, or thermal cross-linking.

55. The method of claim 53 further comprising modifying one of a polymeric stabilizing

moiety layer and an adsorbate.

56. The method of claim 55 wherein the moditying step modifies the transport properties

between the nanoparticle environment and the nanoparticle surface.

57. The method of claim 55 wherein the modifying step changes the optical properties of

the nanoparticle composites.

58. The method of claim 57 wherein the modifying step improves the fluorescence

efficiency of the nanoparticle composites.



67. The nethod of claim66 wherein the providing step
conprises providing a polyneric stabilizing noiety

WO 2008/090285pri sing a pol yel ectrol yte. 68. The netTBRoef000817
clai m 67 wherein the providong step conprises
providing a polyneric stabilizing noiety |ayer
conprising one of the follow ng: poly (styrene
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crylic acid), poly(ethyleneimne) and pol y(
aI | lyfletam h‘hy@pe@ml@ EQIRROSMES.
60. The method of claim 57 wherein the modifying step narrows the emission spectrum of

the nanoparticle composites.

The method of claim 55 wherein the modifying step changes the solubility of the

nanoparticle composites.

61. The method of claim 55 wherein the modifying step changes the aggregation of the

nanoparticle composites.

62. The method of claim 55 wherein the modifying step changes the permeability of the

stabilizing moiety with respect to certain small chemical entities.

63. The method of claim 55 wherein the modifying step selectively increases the
permeability of the stabilizing moiety with respect to certain small chemical entities,
and decrease the permeability of the stabilizing moiety with respect to certain other

small chemical entities.

64. The method of claim 55 wherein the modifying step changes the thickness of the

stabilizing moiety layer.

65. The method of claim 55 wherein the modifying step changes the density of the

stabilizing moiety layer.

66. The method of claim 53 wherein the providing step comprises providing a polymeric
stabilizing moiety layer comprising one of the following: an ionizable polymer, an
ionized polymer, a single polymer molecule, co-polymers thereof, and a combination

of polymer compounds.

67. The method of claim 66 wherein the providing step comprises providing a polymeric

stabilizing moiety layer comprising a polyelectrolyte.

68. The method of claim 67 wherein the providing step comprises providing a polymeric
stabilizing moiety layer comprising one of the following: poly (styrene sulfonate),
poly(diallyldimethylammonium chloride), poly(acrylic acid), poly(ethyleneimine) and

poly(allylamine hydrochloride).



