POLYMERI ZATI ON ON PARTI CLE SURFACE W TH REVERSE M CELLE

CROSS- REFERENCE TO RELATED APPLI CATI ON [ 0001] Thi s application clains
the benefit of U S. provisional application No. 60/935,644, filed
August 23, 2007, the entire contents of which are incorporated herein
by reference. FIELD OF THE | NVENTI ON [ 0002] The present invention
relates to method of coating particles, particularly nethods of

coating pol ys@[ $MERIPATARRION Pagsr1CEASKRIADD viITH REVEREENTICHLLE

[ 0003] Nanoparticles including quantumdots (OD) are useful in various
applications and fields. However, sone nanoparticles have |imted
application due to their |ow col | oi dal st abi lity or low solubility in
wat er. For exanpl e, hydrophobic particles are not soluble in water

and have |in teRO8BAREFERENTE TOREBATED WPRINCATIONENt . The particles
may be coated with a hydrophilic outer layer, but with the

hydrophlllc coatln the partijcl and thus, have | o
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have uni si'ze-'dependént properties. For exanple, they are nore

stable a r@@rbyerﬁfetremeght with higher intensity, as conpared to
conventional nol ecul ar probes. These nanoparticles can be used in

bi oi magi ng angpj 9O FTHEONVENRWR , their use in biol ogical
applications is [imted due to their low colloidal stability. In

conventi onal technigues, surface adsorbed thiol nolecules or nodified
pol yners [999%] been 1BRAMASENEINYBNIANglateRitormaho st £PRbg Patiessr ti cl es.

However, ddiolitfmEMoRcas hafhd)BSyReR dfarigaidéder and nanoparticl e

surface often | ead to poor chem cal, photochem cal and coll oi dal
stability. Thus, attenpts have been made to prepare core-shell

nanoparti cl es %Q’HGBQH'B@SQF AREINVEN 11OMat  woul d pr ot ect

nanoparticles from adverse environnmental conditions and provide

better cqigbespal stﬁbhd;;bémcle&mmmge@dmmueﬁ)ts @byge @dfmlmavsm ng,
l'igand or_ polymer bri fﬁ%d% ‘égand i ncorporatign of nanoparticles wthin
a
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larger in size than the core particles.” In some cases, furt her

nodi f i catPaskcles atm@t@mm%me\gatieg apdfave bmitedapplinalios itan peveRYS
stabi | t Yonyironment. The particles may be coated with a hydrophilic outer layer, but with

the hydrophilic coating the particles may aggregate and thus have low colloidal
stability.

[0004] Nanoparticles containing semiconductor, noble metal or metal oxide
and having diameters from 1 to 10 nm can have unique size-dependent properties.
For example, they are more stable and can emit light with higher intensity, as
compared to conventional molecular probes. These nanoparticles can be used in
bioimaging and biosensing. However, their use in biological applications is limited
due to their low colloidal stability. In conventional techniques, surface adsorbed
thiol molecules or modified polymers have been used to stabilize and functionalize
nanoparticles. However, the weak interaction between the stabilizer and
nanoparticle surface often lead to poor chemical, photochemical and colloidal
stability. Thus, attempts have been made to prepare core-shell nanoparticles with a

crosslinked shell that would protect nanoparticles from adverse environmental



SUMVARY OF THE | NVENTI ON [0005]1t is desirable to coat hydrophobic
nanoparticles with a polyner |layer to formstable, water-soluble
coated nanoparticles. It is also desirable to provide a sinple
process for form ng such particles, and to coat the particles with a
pol yner that allows further functionalization of the particle

surf aces c%é{ﬁoﬁgkﬁ&g%\i/ﬂé%@t{é QB RAtRRy Ok nBWATBLIS i Sinclude silica

[ 0006] According to aspects o{ present 1 nvention, a thin, crosslinked
coat i ng caatihg ligaod odpdlymer pridgiegtandiecepopeatioardpanopatieges withjpy ove
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about 50 midardammy, conprise particle cores formed of netal, netal
oxi de, or quantum dots with dianeters of about 5 to about 20 nm
Sanpl es of coated nanoparticles prepared accordi ng enbodi nents of the
present i nventStAMARY BFtTdtE B‘J(‘é%’ﬁ'lrgﬁﬁ col loidal stability - after

exposure to UV light overnight, no particle precipitati on was

observed [pgogihe sol juisi RBirEBIBHA chAEYdReTAYLR: Raidpaetiokss witida@dlynter layer
accordance with an aspect of the present .invention, th_erei‘ I Prow ded
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di screte aqueous regions In the solution; di spersur;g hydr ophobi ¢
nanopar t itedtealows futteerdonclionslizatian @f the parieieshieres wih saectedfgngtiopal
sol ution hi philic nmonomers to individual ones of the
nanopart |gg€l£§éﬁtg8lingg§fx%§gl ve the individual nanoparticles attached
w t h anphi philic nmonomers in the discrete aqueous regions; and )

pol yner i 10896k he noAnesting a aspacsiot ReseRt iRaTYpRY 2 thim.cxosinked fRaling
pol ymer |l ayefe %v{dﬁﬁ to gfaté/dt‘iiﬁ@ho@q{%ngéﬁfc@s,eﬁn%_@@ bOdids sHBHfy &
aqueous regions, the pblynmerizing conprising adding a cross-Ilinker to
t he sol utintoeduce aheossa! funtkiondlity on tlerpariclet suaiane dortbiocangudatignyi dual
nanoparticles. The nonomers may conprise an acrylic nononer. The
cross- |1 Hhgeri™y COFREL BEedlisBiiorbd Ml oy hiiizaRby BPadryRld/atyhiftide
conprise addi'ng a radrcal initiator to the solution to initiate
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time so t%ﬁ?‘dﬁhgaB'BWy‘ngﬁert%ﬁ?%eﬁ%ﬁg\ﬁ@%{i%’?%&ﬁa%p% gl @8?'8&55&'% was
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accordance wth another aspect of the present invention, there is
provi ded a solution for coating, individual, nanoparticles. The.
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attached with amphiphilic monomers in the discrete aqueous regions; and
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apparent to those of ordinary skill in the art upon review of the
foll ow ng description of specific enbodinents of the invention in
conjunction with the acconpanying figures. BRI EF DESCRI PTI ON OF THE
DRAW NGS [0011]In the figures, which illustrate, by way of exanple
only, enbodi nents of the present invention, [0012]FIG 1 is a

schemati c,4 %rﬂ@ﬁ?ﬁ?fl HRY mAnBherestaPbd o ald ?‘%o%aﬂﬁ:rés‘; ©!8rm & & IX

an enbodi present invention; FIGS. 2 an are |ne
di agr ans @htf\ﬂlh@tv{dhél mwaﬁmmsenmn m@s@etmaqum@s'egfnna,u theer ent

" envi ronne I I ze
distri but&;lng% 98&?\1"#‘ ;égbrp 9 %g)(rg @fer% %%@%ﬁb@%ﬁ%mﬁ%
particl e mbndmershattdobet tm ti‘teecndlvtdyjal sarikﬁb@%cle[sooqu ﬁb@onﬁrs mag cbmpeise
di agram show nﬁ; t he absoggance qf kS8 ng 'g]art cl es; | and, [0Q16]FIG 9
s an om PG FEBPHGH She ShspriokGameY EpB8ripg a0 Aohydmie:
polymerization may comprise addlng a radical initiator to the solution to initiate
polymerization of the monomers. The reverse micelles may comprise reverse
micelles formed by a phenol ethoxylate and cyclohexane. The phenol may be
nonyl phenol. The nanoparticles may comprise crystals. The nanopartiéles may
comprise quantum dots, metal, or metal oxide, such as Ag, Fe;04, or CdSe/ZnS.
The solution may have a pH of about 7. The solution may be at a temperature of
about 300 K. The nanoparticles may have an initial diameter in the range of from
about 5 to about 20 nm. The polymerization may be terminated at a selected time
so that the polymer coated nanoparticles have a selected diameter in the range of

from about 10 to about 50 nm.

[0009] In accordance with another aspect of the present invention, there is
provided a solution for coating individual nanoparticles. The solution comprises a
microemulsion comprising a continuous phase and a discrete aqueous region
defined by reverse micelles; hydrophobic nanoparticles dispersed in the
microemulsion; amphiphilic polymerizable monomers attachable to the hydrophobic
nanoparticles; and a cross-linker for polymerizing the monomers. The
microemulsion may comprise a phenol ethoxylate and cyclohexane. The phenol
may be nonyl phenol. The nanoparticles may comprise crystals. The nanoparticles
may comprise quantum dots, metal, or metal oxide, such as the nanoparticles
comprise Ag, Fe;04, or CdSe/ZnS. The nanoparticles may have a diameter in the
range of about 5 to about 20 nm. The solution may have a pH of about 7. The

solution may be at a temperature of about 300k.

[0010] Other aspects and features of the present invention will become
apparent to those of ordinary skill in the art upon review of the following description
of specific embodiments of the invention in conjunction with the accompanying

figures.



unit). DETAILED DESCRI PTION [0017]In an exenpl ary enbodi ment of the
present invention, coated nanoparticles are fornmed as illustrated in
FIG 1. [0018]In the exenplary reaction route illustrated in FIG 1,
a solution containing reverse mcelles 10 and nanoparticles 20 is -
provi ded. [0019]A micelle is an aggregate of anphiphilic or
surfactant nmolmgeFgsegdcrrETIORFIOFTTHE IDFAWINGS! | 0oi d. Each of the
anphiphilic/surfactant nol ecul es has a hydrophilic "head" end and a

hydr ophobic "tail" end. The tails of the mcelle may include
hydr ocar 8818k oups, IndRe figweshwhigh ilBstratRs biway CPfeexﬁﬁ%}/"‘? ARl LeMmebediaegty

(ani oni c d?ﬁh&ﬁfés@ﬂfﬁr%erﬂfo‘?r“ps or polar groups. In a polar solvent such
as an aqueous |1 qul an aggregate of the micelle nolecules typically

forma nornmal mcelle with the hydrophilic head ends extendlgg
outward d8812h contBl&: Wiparschpea audragmufﬁ@agmceéﬁp cRRgsREFFRg t he

hydroDhObé&ﬂdﬁérg o‘?%ﬂ%nﬁtfbd‘irﬂ@nt’ﬁf‘%ﬁ s%ﬁp§10§nt(&nh' s type of mcelleis

al so referr as oll-1n- vva In a non- pol ar sol vent,
the formation of a revers gal so referred to as "inverse") mcel |l e
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mcelle crg}ﬁgé ANl G LR Oﬁnﬁ)ﬁ&%end outward fromthe center (also
wa

referred er-rn-oll mce The nore charged the head groups,
the less likely reverse micelles will form as highly charged head

groups wd@P#dbe norEIGS@ipdi are her disgsamsishewingriba sizgcistibatianofc] ose
t
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m cel |l es gl ons "at e| r ters.
[ 0020] Typlé&hl y, micell es have a generally spherl cal shape. However,
suitable reverse mcelles may al so have ot her shapes such as

el 11 pSOi Ggqsp! | k% @is Ll didran] SRAHHERICT éfog&a&fe d QYRR pARERL, @

is well in the art. Revers rexanp or ned
in a sol wndon that contains a non-polar sol vent and a suitable
surfactant. The non-pol ar solvent nay be an organic solvent. The

surfacta rgﬁé haveF@ tgqé%reﬁ'r}nif?éﬁ‘é[}e&ﬂﬂ'ﬁ of SaBR RRELS Ga.8Nd apfipder

t er m nal t hat
unit).

DETAILED DESCRIPTION

[0017] In an exemplary embodiment of the present invention, coated

nanoparticles are formed as illustrated in FIG. 1.

[0018] In the exemplary reaction route illustrated in FIG. 1, a solution

containing reverse micelles 10 and nanoparticles 20 is provided.

[0019] A micelle is an aggregate of amphiphilic or surfactant molecules
dispersed in a liquid colloid. Each of the amphiphilic/surfactant molecules has a
hydrophilic “head” end and a hydrophobic “tail” end. The tails of the micelle may
include hydrocarbon groups, and the heads of the micelle may include charged
(anionic or cationic) groups or polar groups. In a polar solvent such as an aqueous
liquid, an aggregate of the micelle molecules typically form a normal micelle with
the hydrophilic head ends extending outward and in contact with the surrounding
solvent, sequestering the hydrophobic tail ends in the micelle centre (this type of

micelle is also referred to as oil-in-water micelle). In a non-polar solvent, the
4 ,



[ 0022] For exanple, in sone enbodi nents, reverse mcelles 10 may be
formed in a solution containing the non-polar solvent cycl ohexane and
the surfactant phenyl ether or phenol ethoxylate. The phenol or

phenyl in the surfactant nay be a nonyl phenol or nonyl-phenyl. For

i nstance, the surfactant nay include an lgepal Tmliquid material,
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m cel | es, | f-assenbl 0024 A di scret.e agueous .region .
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protected by t e reverse mcel |l e, although a hydrophilic materi al

can sti | IdigsEete ROMBRLR ERUIQNH 3 theiECRRIB®ous regi on wi t hout breaki ng- up
the reverse mcelle. [0025] As shown in FIG 1, the hydrophilic heads

12 of thqoozoier se mMypRlal@ rhlkemed ﬁﬁvé@g@ﬁé’raﬂ @pmtaeéhamd HBldvee a

di screte aqueous region. The hydrophobic tails 14 of reverse nicel l e
10 are diS @lﬂ@(ﬂevﬁﬁwﬁmﬂ&wwal%h@%o%@hf-‘@@peqwﬁmﬁr{@%@%sﬂv‘ﬁﬁa es
can be anyifofe: si zed particles with a surface to which the selected
precursors can attach, including hydrophobic nanoparticles. For

exanpl e, the partlcles may have a crystal structure, and _may i nclude

crystal s [308H as sé:rﬁr[’f‘@ﬁﬁfih@f Everseymicslia is wellikephindhe @6 Re¥EieR as
CdSe QDs ke @%Sm 1%%% neTB@f&ﬁ@e@@é@oMtﬁﬁ tﬁ&yco%tai@s b'ﬁ@h%%r%@tv@hﬁ

or netal oxi such as Ag or Fe304. Eartlc es may b
f 1 uor escemd auitehlgrastriastanto he In@ninojar aotve@ B\aly dbepan @r@éékcsaob@@t t hiag
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listed item nmay presen Inatron wth one”or
nor e ot héhatlig hwtmfhlllct ens, when t he conbl nat| on is possible. [0027] The
nanoparticle concentrati on in solution may be mlinolar to

[0022] For example, in some embodiments, reverse micelles 10 may be
formed in a solution containing the non-polar solvent cyclohexane and the
surfactant phenyl ether or phenol ethoxylate. The phenol or phenyl in the
surfactant may be a nonyl phenol or nonyl-phenyl. For instance, the surfactant may
include an Igepal™ liquid material, such as Igepal CO-520 (4-
(CgH19)CeH4O(CH,CH20)4CH.CH,0H, branched polyoxyethylene(5)nonyl phenyl
ether).

[0023] The solution may also include a polar solvent such an aqueous
solvent, which will form a discrete aqueous phase in the solution. It is assumed
that an aqueous solvent is used in the following discussion. The aqueous solvent
will be dispersed in the discrete aqueous regions defined by the reverse micelles,

by self-assembly.

[0024] A discrete aqueous region surrounded by the reverse micelle is
sometimes referred to as being encapsulated by the micelle, meaning that the

agueous region is protected by the reverse micelle, although a hydrophilic material



m cronmolar, and the mcelle concentration may be mllinolar, for
exanpl e, lgepal surfactant nmay be present at a concentration of about
InmL Igepal surfactant/10nl solution. [0028] The nanoparticles to be
coated may 'be formed in any manner and may be obtained from a
commercial source. In sone applications, the formation of the

uncoat ed RANINYeihFdbAfeftolthe aaeééumgfarn%m'c BR3aKRRy-ip R0 R
[0029] The hydrophobi ¢ nanoparticles may be initially dispersed in the

non- pol dnicele. " oi | ") region of the solution containing reverse
m cel | es. [0030]As illustrated in FIG 1, an anphiphilic precursor

for a polpg typi &é‘%%ﬂwh th Efe 1l %é‘?\ﬁm&ﬁ@mﬂ)éﬁﬁﬁr@%me ?rﬂéel%

cross-1li ker or crosslinking the precursor to form pol }i_mers ma
added to ttheoistiowardine c{emwle]nvr@ﬂm@mretﬁwmérfemy h@lhyd@%\ﬁplc
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attach to Faces nanopart | c n sone
applications, the nononers may be selected to form poI ymers such as
po: ystyr le[ﬂQZG]poI yacFlys aarmpqmlgs canlee apy npaesizedrpadiclepwlity etswiaea &o
pol yvi ny I

pol ysac Chv&l'l) ?@Lﬁ/ ei%@ég P?e%ﬁlgsarll 8¥R g;&/?%%ﬁﬁ;cﬁua/ hg%&&%gho@? %RSB&&IQI@S For
pol yt hi ophangle,ibé pattickss, may hpwé apmsﬂsaﬂsHUeture)rarﬁhaay |ricmde[c®yx§3|]s|%uph

exanple, to fo.rm ol yacryl ate, . an u The
acryl at e FoTONE m%a‘?h%"‘%ﬂ% H'?QI @? FU‘IL]J{) gg&?% 68@9&1
arrow i n @& Tﬁle né{mﬁi’aﬁldﬁam,‘ay ResoHnclGhE %&IHZX MStRIGRRFI3 suc as Ag or
pol yet hyl ene 4g ¥co| .&PEG and R g/ CH;
e30 he particles'may be fiuoresceént or magnetxc or clarity, it should be
understood that when the linking term “or” is used in a list of items herein, a listed
item may be present by itself or in combination with one or more other listed items,

when the combination is possible.

{0027] The nanoparticle concentration in solution may be milimolar to
micromolar, and the micelle concentration may be millimolar, for example, lgepal
surfactant may be present at a concentration of about 1mL Igepal surfactant/10mL

solution.

[0028] The nanoparticles to be coated may be formed in any manner and
may be obtained from a commercial source. In some applications, the formation of

the uncoated nanoparticles and the coating process may be integrated.

[0029] The hydrophobic nanoparticles may be initially dispersed in the non-

polar (or “oil”) region of the solution containing reverse micelles.

[0030] As illustrated in FIG. 1, an amphiphilic precursor for a polymer,
typically in the form of a monomer precursor, and a cross-linker for crosslinking the

precursor to form polymers may be added to the solution.

[0031] The monomer precursor may include any suitable polymerizable
monomers that are amphiphilic and able to attach to the surfaces of individual

nanoparticles



[ 0034] Typi cal |y, the nmononmer concentration will be in the m!Il involar
range. In one enbodi nent, the solution may contain about 0.2 nM of
the nmononer. [0035] The nononers may attach thensel ves to the surfaces
of individual nanoparticles before or during polynerization, thus
formng a | ayer of nmonomers on the particle surface. A nolecule is

attached [p032] surf apsovheapgiicatidrid thd BohbBefiinbide eiectddo femanpl e, a
chem cal bond, or another attractive force. [00361V\hen the particles

are coat RPNMENS sych 35 HOIvStyren PIWIENAE! PRIYiFite AaesTylamides
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sui tabl e %@gﬁgég%% &rqeék\lg%n crosslink the particular nononers to

formthe ymer. ant ageously, the cross-linker is
hydrophilic. For exanple, for acrylate nononmers, acrylam de nononers
may be udB@33s t he farexemipleke form polyaneyleteh adiaceriate rabmanesmaybabout

10 nol /0 qf y. [ ) b e | uf |
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about 0. GitrawindtiGutl, @h&reninedy b, CHSBLINHK eCH,G1438] bnpslgetaylene
enbodi nent s ol gr_,ratio pof t cross-linker to the nononmer may
be | ess t%’ Q%%%ﬂgﬂafﬁma%%%ﬂr#ﬁ'ncrease reaction rate, a catal yst
may be added to the solution. For exanple, a basic catalyst such as

t et r amet HY034jt hy| enkyplbzdiy) the nesncamerwonaemteationevill bedn tHdMMdlaerange.

surfactant, nan ticles, oners and, cross-1j nker be
qn one em%%gment, &19 solu xrc]m may contain abou§0.2 mK/?of tﬂg)(nonomer.

[0035] The monomers may attach themselves to the surfaces of individual
nanoparticles before or during polymerization, thus forming a layer of monomers on
the particle surface. A molecule is attached to a surface when it binds to the

surface by, for example, a chemical bond, or another attractive force.

[0036] When the particles are coated with a layer of the amphiphilic
molecules, it is postulated that the coated particles are driven toward the discrete
aqueous regions defined by the reverse micelles as the particle surfaces are now

hydrophilic.

[0037] The cross-linker may be any suitable cross-linker that can crosslink
the particular monomers to form the desired polymer. Advantageously, the cross-
linker is hydrophilic. For example, for acrylate monomers, acrylamide monomers
may be used as the cross-linker. In one embodiment, about 5 to about 10 mol% of
methylenebisacrylamide may be added to the solution as the cross-linker. In
another embodiment, the solution may contain about 0.01 to about 0.2 mM of the
crosslinker.

[0038] In some embodiments, the molar ratio of the cross-linker to the

monomer may be less than about 1:10.



added to the solution in any order. [0041] Any of the above nentioned
reagents such as the nononers and the crosslinker may be first

di ssol ved in an aqueous solvent and then added to the reverse mcelle
solution with the aqueous solvent. [0042] Before initiating the

~pol ynerization process, it may be desirable that the reaction

sol ution [pg3gy ear, Te ﬁmcreds@‘?éé’ctlo’fn rBRe W it Al & RRAPh&aadé®d BE solution.

pr eci pltatlon in the sol ution. A clear solution indicates that no

f 1 occul atfiasexpadle adasiceeptalistsush a6l tatramathvhaihyiene diaRivgaF @mimeiaand
ot her mg;lg)dbggg? are well dispersed and trapped in the centers of

t he reverse mceﬁi Thi s can happen as the hydrophobic ends of the
anphi philic m)norrers are attached to the surface of the nanoparticles
and the HO@4@phi | i cThenslgTastantranepadieass manemers aad cesstlhken@may be

hydr ophi lf{“‘ﬁep?@% (ﬂnprgn\}%l & center, and thus the particles

coated w he a ic’nononers are dispersed and dissolved in

t he aqueous phase. V\hl | e polynmerization may still be perfornmed with a
non- cl earl0841lut i on, Am)h@‘ tbe ebemme@ttom%d eraoeatssuchragdhe imaenemeyg eeg dies
of the p I

o . b3 MELOE R BILAREY 1750 3 LAk et o

appli catlrevs'sehﬂﬁél&]s‘ﬂhnmn wlttethew'cfueotmaolvamtd nononers nay be added in
a sufficient anbunt so that the solution is visually clear before

oo Yo bR L Lo koS PP B i v

sur f act arihe madﬁonsnmmmrw/clm aelde‘céreas n@ kisibile agg;regatlordergandlpn@timrint he
reasons f ar. sp Iut| X t he solutio

inoi ear BBEsHUEoR S 8 spRYEh Riease? InaE R qRES e ERFORE AR e oy

t he reversstutishcand 8 nahopaickarlnd dthedingswlierts atd weoll disperspdrantcl| es
coated wi.th tge anphi h||| m)norrers tﬁ%ﬂ%s case, nore su&fg&ctar&t
may be ad@@ge fhe eyere sl is chid NaBRRHES ¢ OPHALIG g
al so possdngk®f tﬂhaémbh@hﬁ@lmaﬁo%rs ardBLAERY B AAYSEadd taérauﬁ@pamcnes
nmononers in the solution is too small to sufficiently coat

sur f aces a9¢ thaBydiepptiic ends of theimenaperstaremtiragied iq @edyg@pwf@ads at
anphi phi lghe mm:%%rn%rcgﬁu msfﬂqéissmt:fésl d&%{é%ﬁ%@w tHeaRpNiBhng %&Mé?@ are

particle surface fil he mononers. [0044] The nonomers are pol yneri zed
on the suisnesgechan ﬁ@sdmmheua@ue@uwmﬁm Wﬁée aqwgwgawgm@wﬂ" be

def I ned Rﬁél ﬂﬁe&%}ﬁﬁras rmclféﬁé%é?énorl: ‘Ptjlé/gfelf lﬁ(ﬁfé gf’ﬂéléfﬁréél g'ferﬁnieédat ed by

addi ng a I at or e|n| Iator ma _
i ni ti at oraggsagatesasf themartthsshefbret olymelizdtiostmay Eﬁ$ultm Elc@teﬁ -particlene

S R N o B e G b o

the init g po at ron e polymer nol ecules are
crosslinked by the cross-Iinker. [0046] After a pre-determned or
sel ect ed [P@43]od of Thusethepnlriactant aad innonomers may be added in a sufficient

amount so that the solution is visually clear before polymerization. If after the
addition of the initial amount of surfactant and monomers, the solution is not clear,
additional surfactant or monomer may be added to make it clear, depending on the
reasons for the unclear solution. For example, the solution may be unclear
because the total volume of the aqueous regions defined by the reverse micelles is
too small to dissolve all of the particles coated with the amphiphilic monomers. In
this case, more surfactant may be added to increase the total volume of the
aqueous phase. ltis also possible that the solution is unclear because the amount

of monomers in the solution is too small to sufficiently coat the surfaces of the



may be term nated, such as by adding a material that will cause
fracture or disruption of the reverse mcelle structure, thus
exposing the materials trapped inside the aqueous phase to the

non- pol ar sol vent. For exanple, ethanol may be added to term nate the
pol ymeri zati on process by precipitating out the coated particles.

[ 0047] Af tRirtidideinRed ¥oRtibA.alH B éasel RioRé BRPAMBhIC HOTIMEsAn tewided to
hydr ophobi ¢ nanoparticles 20 are coated with a polyner layer 22 with

a hydr opHn¢reasethesioveiageafdhe pagicle sufacp by yhe MOMOR&he coating | ayer
22 are cross-linked. The coating also can be functionalized with

functi ongpogouprs (e mopdmBresre Pdihhsrizeiidh theQRABLd betHearireBarticles

particles may then be extracted fromthe reaction solution, and may
be furt hewithin thetanuiesus regienspdefineddy tbe rexassr micellesc Folyweerization srayRe
by those ;ski J 4 1 Thg, .G - 1 ; rdher
oY ocessed oS APl Fitlror erinRLR TR hGHE B HERIEAS Aickfor, Bick!
enbodi nerdssperdiudisuifatepas tlustrated maflG d. pmaneenzatimeot aagitphlei dmewhtso
t hat t hei I surfaces artﬁft(ree qr sutéjjstatﬁt i.a{.%tﬁ free of free |igands.
Wth fred ATYENIMAFTHE D IR N8 CEATHELMMERE particles may tend to
floccul ate, thus form ng insol uble aggregates. [0050]1n sone

enbodi nerf0845]i t mayDirngaphamedzations theqalgeehingleicylep@racrasalinked by the
wat er - sol ubl &, [gnomers, to formwater soluble nanoparticl es.

[0051] It $83P41°§6 be advant ageous if the concentrations of the
mononers in the solution are sufficiently high for efficient Iigand
exchange [0046] t he Altdracprerdetemhiredibeselectet iperiad oétilespolyherizatioa

concentratio f the nmonopers is,high, it. be,desirabl.e t
term nat em?’hge W??'ﬁ?ﬁ%ﬁbﬁ%@@a Hb%t%fﬁag?‘i%r%i' g?lésep%??%r&zati on
i[ n or fler digupﬁaran%ﬂih@aé\térsé aficeletdiruatutie thusdxposhey theghatekalsitapped
0052] I n sane _enbodi nents, the pol rizati roces b
t er ni nat éﬁs'ﬁ%frﬁr%q%q?HS rﬁ’&i‘ﬁ%‘?nté? g‘eaﬂ'oéx é%%?oi‘feé}?{}: (ﬁ’?ﬁ?ﬁ?'%ncﬁﬂa&vﬁ%g
the pol ynRjdeddb ttmitdle BROSSIPhctifatiothbesdsy praripitedny butithe sufistiant i al
inter-particle crosslinking in some enbodi nents, which in turn wll
result i rPaFAREul ation of the coated particles.
[0047] After the polymerization is terminated or completed, the hydrophobic
nanoparticles 20 are coated with a polymer layer 22 with a hydrophilic outer
surface, where the polymers in the coating layer 22 are cross-linked. The coating

also can be functionalized with functional groups (FG), such as COOH or NHa.

[0048] The coated particles may then be extracted from the reaction
solution, and may be further treated such as purified or washed, as can be
understood by those skilled in the art. The coated-particles may also be further

processed or used for various applications.

[0049] In some embodiments, the nanoparticles may be pre-treated such as
purified so that their surfaces are free or substantially free of free ligands. With free
ligands on the particle surface, the particles may tend to flocculate, thus forming

insoluble aggregates.

[0050] In some embodiments, it may be advantageous to use highly polar

and water-soluble monomers, to form water soluble nanopatrticles.
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[ 0053] I n sone enbodi nents, where the polynmer coated nanoparticle my
possibly forma gel if the concentration of the cross-linker is too
hi gh, the coneentration of the cross-linker should be limted to

bel ow the gel -form ng threshold. For exanple, in sone enbodi nents,
the nolar ratio of the cross-linker to the nononmer may be limted to

| ess t han[ogbmpt hldlldi,méwalgds guedt/ar&ag@@ﬁ' “f/mwmnﬂrémidsngthe[ &?ﬁéﬂnﬁr@
process and net hod desc ed here rovide certain ne

Wth the ipdae gplulipn afﬁpwfb%?“flyg“'%ﬁﬁ%a %\?i{% ligghé ex¢hanagvith tﬁ?&PHﬁﬁf@BF c
nanopar t i gbreuREMh ethrBIES 1 Wh@ﬁ@’ié’@&%@n@raﬁ@ﬁ ¥f Be@fokctelds ARhNit may
sol ublized in the reaction medium and pol ynerization can proceed
subst ant i 28 fgsirebifigdreaingieythe polyiasization pesess befose eompletyy on t he
nanopart i provi de
certain be n@}éﬁn%ﬁbﬁﬁo@%‘é%ﬁﬁtalﬁ ﬁagjé%'gs exc hﬁ%ﬂregﬁﬁeﬁg@%\n (%(?1

i ndi vidual , discrete aqueous regions during polynerlzatlon does not

l ead to p[&ﬂﬁ?bl e aglrsnges ponodiments. tae pPlymssizaiigpeiosess miy then

di fferent t i dual
rever so ORI beREah Fondierd SRS LaRblstoh BGHieTz8Y Ridinthe T3,
to the acmcéymenzagnduprc(@bd@o cemalertied may muﬁidnmibs@nﬂawmtw#pam;}e have
di aneters_of i out. q%)(au nm t|Cﬁ:asgjg g C:é‘ﬁ%q an thus
be reduced®or " ”ﬁﬂ?ns%ﬁ o @eﬁtﬁs‘g BBé et 6784 1

t er m nat ecddted partiyleer i zati on process at a selected tine. The coated
particles can be conveni ently extracted, such as by precipitation and

isolatio exa after .a desired period of | yneri zat.i,on

sort abl o 8FEE ot eSS b e B gl oPftad Fahusdtinehay

m xture tm?slsmaﬁr?rmhfgélwaé%enmn%ﬁlnba@ftﬁdﬂmsmhmsé tt@dﬁi@@ theat ed )
nanoparticles therefrom e L o) nditjons, such as
the propefdceatralnn Qfile 8@%@8‘@‘%%‘9” %H‘g"tﬁ‘igﬂ)h@ 8%89 RGeS
concentr &hréyholdarﬁbrféi@nf#aﬁﬁm é&ﬁe‘éh‘fﬁbdlrﬁ&ytsb@\e&ﬁblﬁﬁiaﬁhd Fthdeossiaest t o
control particle size o he resul ting coat ed particles. For

i nst ance, totthe ”l%‘ﬁmetﬁ”&ﬁi’sbwn%todﬁﬁ thancpoub 1919 19 prexer gXCB8§IYE E1088;
for examp|ingM th di anmeters of |ess than 100 nmor about 20 nmt hat

are of high water solubility and good colloidal stability in various
buffers and_ionic nedia described in the Exanples below. [0056]It is

possi bl e 085¢ke di a9 BiCERDARIEIEENOGAesaried Nerelh Crp RERMiASs Cork

nanopar t i gd Rt AVRk SRAGS 6O/ é’rﬂpﬂ%hﬂ:b %bﬁ§ctfahfi"th@fnﬁlaﬂ§/ hidrobR6SBT
functionalities wth surfaceg oups such primary ani ne,

car boxy!| atanopggiciastand seor]li drfenr@;)c arémiaﬁ%a wrche baihrelipliaedinrbe,
the |i

Geser bedagirnedhAl SoRRRRREafo FFall Plocted SARLEH I e RCHIRY

silica gdPolymetizatanef tmg/ma:itgwglon thganapeparticlel wmnmgersvmemheellacm also

[ 0058] Enb&)ql'vgﬁ? )“%fovcf% a%“e dl't{vlgcﬂléx%% Iéh e?@ﬁé”@% cl%lﬂqed

benefits, aré he” exXa S EFTEE
within individual, dlscrete agueous regions dunng polymenzatlon does not lead to

particle aggregation among particles dispersed within different reverse micelles.
Polymerization occurs within individual reverse micelles, thus restricting the
polymer-coated nanoparticles to the aqueous regions (also referred to as domains),
which may have diameters of about 10 to about 50 nm. Particle aggregation can
thus be reduced or minimized. It is also possible to conveniently terminate the
polymerization process at a selected time. The coated patrticles can be
conveniently extracted, such as by precipitation and isolation. For example, after a

desired period of polymerization, a suitable solvent such as ethanol may be added
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[ 0059] EXAMPLES [ 0060] The materials used in the Exanpl es were obtai ned
as follows, unless otherw se specified, where the conpany nanes

encl osed in parentheses are the provider of the correspondi ng

chemi cal . [0061] Tween 80, oleic acid, .

4- (N-mal ei m donet hyl ) cycl ohexane-1- carboxylic acid

3- sul f 0- Nohhsl Fenerien ertikt0idiodse i Y re(&8bhixsiled) eitsNMefBhsingnBe coated
bi oti nam docaproat e N hydroxysucci nim de ester (NHS-biotin) were

obt ai ned Ma9RARICIPFENGIHIONT. 0062] 2- ani noet hyl net hacryl at e
hydrochl ori de, and et hyl ene glycol nethyl ether nethacrylate were

obt ai ned fopssp Al dr i the BolmERRSRINEdnAitiBAE NURNQRYth: PEidiasd yham de

hydr ochl ori de, and pol y(ethyl ene glycol) nononethacryl ate, were

obt ai ned FheaatEEtips ef kisceanemeo Bt MRNAMERBRRSANSIaERN AN e dpadien time,

anmoni um pey gyl L AN DN %gg;{ | A wer e

obt ai ned @?%?ngipﬁg%gega%“m'z%%%i Ik pé%%isﬁﬁxbﬁ?%eﬂin@nmg&%dyst ei ne

group (95variicies.t kor instencdite seodifionenmar hSoptiptiZed to[ (@6 [sEwtipagiclese

above c hq;g} &%lrﬁpl&e\kﬁh H%ﬁ%t&%_c{f%:s%' tKEﬁ’M@) EH‘O&I ago'{ft tZBGr"nrm that are of high
water solubility and good colloidal stability in various buffers and ionic media

described in the Examples below.

[0056] It is possible to use different monomers, or mixture of monomers,
and nanoparticles to prepare coated particles that are of different functionalities
with surface groups such as primary amine, carboxylate, polyethylene glycol (PEG),
amine-PEG, carboxylate-PEG, or the like.

-[0057] The nanoparticles may be coated with a polymer described above, or
another material such as an epoxy, silica glass, silica gel, siloxane, hydrogel,

agarose, cellulose, or the like.

[0058] Embodiments of the present invention, their features and benefits,

are further illustrated the examples described below.
[0059] EXAMPLES

[0060] The materials used in the Examples were obtained as follows, unless
otherwise specified, where the company names enclosed in parentheses are the

provider of the corresponding chemical.

[0061] Tween 80, oleic acid, 4-(N-maleimidomethyl)cyclohexane-1-
carboxylic acid 3-sulfo-N-hydroxysuccinimide ester (MAL-cyclohex-NHS), and
biotinamidocaproate N-hydroxysuccinimide ester (NHS-biotin) were obtained from

Sigma™.

[0062] 2-aminoethyl methacrylate hydrochloride, and ethylene glycol methyl
ether methacrylate were obtained from Aldrich™.
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purification. [0067] The following instrunents were used to obtain the
resul ts described in the Exanples. [0068]Visible W Ilight absorption
spectra were detected and recorded using Agilent 8453 )
spectrophotometer with a 1-cmquartz cell. [0069] Fl uorescence spectra
wer e nmeasured using Jobin Yvon Horiba Fluorolog TM fl uorescence

spect r onefoes3] [ 007ONQ@3ambiHEDIOLSI) BfethidYiafidd RRireemdlice, @A3 pUy(Bthylene

determ ned by neasuring integrated fluorescence intensity of the QDs,
with a f IQM‘F%E'@@FW‘?@?@Wéfﬁ@ew?r@wma'Qﬂﬁﬁoﬂhlelb’sqﬁ'@eﬁm excitation.
[0071] FEI Tecnai G2 F20-rm el ectron m croscope (200 kV) was obtaining
TEM i mageg os&flrml eSNWeIRethyIBREBISHciNamb & dridoRiuf Qé)rsQﬁatbhﬁ NINE NEed
particle solution on carbon-coated copper grid. [ 072]A Brucker tm
AV- 400 spletiemeii ethylenectiaming, wase elateddranfita mesR™( Nucl ear

magneti c resonance) images from concentrated solution (5 to 10 ng/nl)

of coat ego@@%%' cle ﬁA?%@bN@@'wﬁtH té?%ﬂnal[&gtéﬁie%rbéﬁ%5%'@?&)%&@&%1&18@

system provi ded by Brookhaven
from GenScnpt“M
[0066] Each of the above chemicals were used as-received without further
purification.
[0067] The following instruments were used to obtain the results described

in the Examples.

[0068] Visible UV light absorption spectra were detected and recorded using
Agilent 8453™ spectrophotometer with a 1-cm quartz cell.

[0069] Fluorescence spectra were measured using Jobin Yvon Horiba

Fluorolog™ fluorescence spectrometer.

[0070] Quantum yields (QY) of the sample QDs were determined by
measuring integrated fluorescence intensity of the QDs, with a flourescein

reference (QY = 97%) under 470-nm excitation.

[0071] FEI Tecnai G2 F20™ electron microscope (200 kV) was obtaining
TEM images. Samples were prepared by placing a drop of the diluted particle
solution on carbon-coated copper grid.

[0072] A Brucker™ AV-400 spectrometer (400 MHz) was used to obtain
NMR (Nuclear magnetic resonance) images from concentrated solution (5 to 10

mg/mL) of coated particle dissolved in D;O.

[0073] A laser light scattering system, BI-200SM™, provided by Brookhaven
Instruments Corp, was used for dynamic light scattering (DLS) analysis of the
samples, which were filtered through a PALL™ syringe filter (0.1-um pores) before

analysis.
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I nstrunents Corp, was used for dynamc |ight scattering (DLS)

anal ysis of the sanples, which were filtered through a PALLTM syri nge
filter (0.1-pmpores) before analysis. [0074]Cell imaging was
performed using O ynpusTm mi croscope | X71 with a DP70 digital canera.
[ 0075] Confocal fluorescence i magi ng was perforned using an d ynpus

Fl uovi ew m Confm&hdgﬂ‘ﬁge\ha§ SAGi 9l blid™ 48i8ro3BbpBET1 with
excitati (gn. 0076] Exanpl e (Syrg]t hesi s ofﬁ?\lanorggrt I cl es) b

[0077] Ne&D %6w't§bféﬁf§%faAg nanoparticles with dianeters of about 3 to
about 4 nmwere prepared in toluene using oleic acid as particle

stabil i 2?0075{ 0078] "@éﬂfoém'ﬂggie%l@@rﬁé@i 88 pRAbIM& @sinyvahDIghaBt er s
of about to about 15 nm were prepared by high-tenperature pyrolysis

of Fe(ll )F|w*%>39@3’t eordagal Iaser é@aw&aﬁemmm@%@éaM§w@w ed by
hi gh-t enper ature pyr ol yS| s of carboxylate precursors of Cd in

oct adece ggngdSe NGREPALL | ggﬁﬁhé@g 8f Rhofdr@dedy om free |igands, and

capped b shel |l at 200C 1 n octadecene via the alternate injection
of Zn stearate in octadecene and el enental S dissolved in oct agiﬁcene

[ 0080] ThdOQHH: i cI eNeRrBOPRMISRArEYAS NGRPPadEles i EaMatars §f abtar d

about 4 nm were prepared in toluene using oleic acid as particle stabilizer.

[0078] Near-monodisperse Fe3;04 nanoparticles with diameters of about 4 to
about 15 nm were prepared by high-temperature pyrolysis of Fe(ll) carboxylate salt

in octadecene.

[0079] CdSe was prepared by high-temperature pyrolysis of carboxylate
precursors of Cd in octadecene. CdSe nanoparticles were purified from free
ligands, and capped by ZnS shell at 200°C in octadecene via the alternate injection

of Zn stearate in octadecene and elemental S dissolved in octadecene.

[0080] The particles were purified from free ligands using a standard

precipitation-redispersion procedure.
[0081] Example Il (coating particles with polymer within reverse micelles)

[0082] The nanoparticles prepared in Example | were introduced into Igepal-

cyclohexane reverse micelle solutions and coated with polymer as follows.

[0083] The hydrophobic nanoparticles were introduced to 10 mL of an
Igepal-cyclohexane reverse micelle solution (1 mL of Igepal in 9 mL of
cyclohexane). The particle concentration was adjusted using the absorbance value
at the first absorption peak for ZnS-CdSe, the plasmon absorbance value at 410
nm for Ag, and the absorbance value at 400 nm for Fe;04 using an optical path
length of 1 cm. The absorbance was about 0.3 to about 0.5 for ZnS-CdSe, about
1.0 to about 2.0 for Ag, and about 0.5 to 1.0 for Fez04. In two separate vials, about
0.2 mM of acrylic monomers or their mixture (dissolved in 100 pL of water) and
0.01 to 0.2 mM of methylenebisacrylamide (dissolved in 200 uL of water by 10 min
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preci pitation-redi spersion procedure. [0081] Exanple Il (coating
particles with polynmer within reverse mcelles) [0082] The
nanoparticles prepared in Exanple | were introduced into |gepal-
cycl ohexane reverse mcelle solutions and coated with pol yner as
foll ows. [0083] The hydrophobi c nanoparticles were introduced to 10 nL

of an | gegrlonfueibPhe® e;ﬁeﬁé@ra%@ k6@ With t§@ huhdpguti€d salutioh. N@epsd uln
9 nmL of cycl ohexane) particle concentration was a husted usi ng

t he absorqféﬂfé@ﬂ@myb@halﬁn@ ﬁ@mme serapdeedas arbasicgkatalyst. 2 @eeaéélon%
| asnbn I,

P 2200 iR A R HdtCadtod i | B P altherd dnfitRe S0RACRARRS oM

absor banca&eavasl hetsalition. veas r@laa@bmthmaa‘lafsdss upder @d@@n-feﬁmum@puerpd)y

about 2. 0

vial s, ab%Jgirng%gthn'm? &g@w %;ﬁ%ﬁg%}@%ﬁrﬁémﬁﬁe@éfs%@?t&)ﬁﬁxtl?dl Ss I ved
in 100 pldissfivesainelOp anof viated) was ifje2teddsod raditaiyritatebioszagirytren de
(dissolved  in 2032 RL of water by 10 mn of sonication) were prepared
and m xedWPR438 nanoparticle sol uti on. Next, 50 pL of tetranethyl
et hyl ene di am ne were added as a basic catalyst. If the solution was

not cl ear[0084epal Whise polgee@rizatich was ontinuat lab taen tempetatdre fdreabout one

1 asks urtier SepisaeS wERbshdreS BB A RS APERSR o PdgkARTBIoTL o
m n.  Fi nadthi¥nol 2MHBRoHBARRIEHES Abfe washdd With CRloR&fofth %ﬁ@b‘ﬂﬁﬂhol mnd00 pL
of water) was injected as a radical initiator to begin the

pol ymer i Z38$dygd 'Pm@fﬂ%b%rﬁ%ﬁpﬁat i on was continued at room
tenperature for about one hour. Coated particles were then

preci pi t gqpegdspv t h t Reorgigh ‘Cbﬁ@nﬁﬁ% 8arh gl ddaeszes-Ridwparticled hascoat ed

particles were washed with chl oroform and et hanol, and dissolved in
wat er or @PEERY & UYdioht p¥niohbodBeexpepe: B p@&fﬁ%P?ﬁcfP&aEMF‘% coat ed
ZnS- CdSe pyehickl ifshaveSiufiorposed to UV |ight overnight. After exposure,
no particle precipitation was observed in the solution.

)

[0086] Example [l (Bioconjugation)

[0087] Biotin and peptide were conjugated to the polymer-coated particles
prepared in Example [l, using conventional conjugation reagents. No fluorescence
quenching of ZnS-CdSe and colloidal instability of particles were observed in the
presence of the conjugation reagents and during the purification steps. Biotin was
conjugated to primary amine functionalized particles using NHS-biotin. Thiolated
TAT peptide was conjugated to primary amine functionalized particles using MAL-
cyclohex—NHS. For the conjugation reactions, 0.50 mL of the polymer-coated
particle solution was mixed with 1 mL of borate/PBS buffer (pH 7.0). Next, NHS-
biotin solution (1 mg/mL of dimethyl formamide (DMF)) or bifunctional MAL-
cyclohex-NHS (3 to 5 mg dissolved in 100 uL of DMF) was introduced. Biotinylated
particles were dialyzed after 2 hours of incubation, and preserved at 4°C. MAL-
cyclohex-NHS-conjugated particles were passed through a Sephadex G25 column
after 2 hours of incubation to separate the free reagents from the patrticles. The
solution of activated particles was immediately mixed with 200 puL of TAT peptides
(2 mg/mL), and kept at 4°C overnight. The peptide-conjugated particles were then
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[ 0086] Exanpl e Il (Bioc,onjugation) [0087]Biotin and peptide were
conjugated to the polyner-coated particles prepared in Exanple I1,

usi ng conventional conjugation reagents. No fluorescence quenchi ng of
ZnS- CdSe and colloidal instability of particles were observed in the
presence of the conjugation reagents and during the purification

steps. Bigfrifigd W3 F68bESRaD @/eﬁmgmednwygm Tigeyf waretdilnns witte ths buifer
particles using NHS-biotin. Thiolated TAT peptide was conjugated to

primary dRtineOFanstriesprPA 264 Garticl es using MALcycl ohex- NHS. For the
conjugation reactions, 0.50 nmL of the polymer-coated particle

sol uti on rgpggym xed el 1dpensde/ PBS buffer (pH 7.0). Next,
NHS- bi ot |[n so]I uti onwéatlnh|plé chof a?l lﬁgphyl formam de (DVF)) or

bi functional MALcycl ohex-NHS (3 to 5 ng di ssgl ved mé}w a)l\@
was intrdB88¥d. Bi JieRi? 5@%@@%71@5@58 Gefuse Hasl yoresubcuityres '%8 ot
| ncubat i s uéBditRe BRAE gﬁ&h ag;uﬂ&e rw%em&uhﬁé ohbi% LR UgRhGslaleR RdrC! es

wer e passe t hr oug epha colum after 2 hours of incubation
to separ aoefacabmiarescopy stidties the @ﬁismerepzbalture@l @ka cirpldasenver simplgeed

activate Hl%srﬁe)ecﬁil i dp{Lﬁle t a?:teﬁ%%ei:@ éﬁ%]f‘t\t@dtt!?_tl?eoﬁ)ssu@c flire TpAtZte/cover

pepti des ovem epti de- conj ugat ed
parti cl eslipsafter bmmghpumltl.fre eﬁe‘yrmnefthere;mebaﬁedestrbw—dﬁéruh ofr¥nS-CdSe

di al ysi s | ut.e buffer (RH 7.0 d at
ac oozl Pae o™t maE) B aPoltT < bad: iiey et rERHRB TS

tissue cmmreondmmmcwmmmeaw ed in 24-well tissue culture plate
(with a culture nedi um voI urre of 0.5 nL for each plate). For confocal

m crosco udi es e cult lip
) scod- umdego o v yiRlsh e Bl ottt ) 2fistedtd S DALY bed
tihssue ctdgt;us aeaqajrletaﬂﬁ)@g@?eﬂiylm}em‘zéagrylmereqsgdjtwewIusem as piilge;lem/e; ﬁL )
t hen i ncubated wt 0 - utj on out  O.

o b Prat oA PSSR LS SRACH ke AP E P BkeaL L B0 R 4 PRTIVNIEY by
cel | cul tdﬂe&orﬂé@‘a@wlétgoﬁ% Nh@(é:ﬂ%sﬁram th@BWdl@t@ttﬁQ mMethyléndgfalipe
and (b) A% both cases, acrylic acid and net hyl enebi sacryl am de

(5% wer & @?ﬁiﬂy‘a%eqﬁﬂ% Cf5‘3recursor and crosslinker, respectively.
The broad peaks at 1.3 to 2.4 ppm were due to pol yacryl ate. The

weaker bgpdofit 4.1 fiG.4. s?mo%&hé’Hﬁsér@ah&?of@dweﬁb@@a@fymw-o@fated Ag
met hyl enebi sacryl am de. [0Q91] FI G shows t he absorbance. of

pol yacr yIW%@t%@SRBatSM@ with ?rpkbﬁ%@p}fé’t Bl e fupetion ?fr%'t%ﬁ@?r om

3 10 11, \@feferight CiHetbaR arfaidomid B iMdivabenstithe chele@eag sBlible.
absor bance indicate that the partl cles are sol ub [0092]FIG 3

shows the_absorbance of sanple pol yacr | af e- coat e article
di spersed P9lsol ut il %Wséﬁﬁ?‘ﬁ??f@én el sypplg p@@’ﬁ@%’r‘fﬁ?&??&ﬁﬁj

(the lin & &Q IB6SHO) thatcdhtsih88 Naici8f WichbRcdriigtiBR & 0! ﬂn@e

m ddl e), Eba‘ﬂl%_ 0 ! ?rjtsﬁéewflg%e W t Ra‘l‘% ﬁ'}\ est peak) ?espe‘ctl ves;(. The

parti cl edinarvathsthe udiestipeak}), gio &bd tme:wnrttilthe peak in the middle), or 2.0 M (the
line with the highest peak) respectively. The particles are soluble in high salt

condition.

[0093] Gel electrophoretic studies of polyacrylamide-coated cationic ZnS-
CdSe quantum dots were also conducted, which showed that these particles were

aftracted towards the cathode.

[0094] FIGS. 4 to 7 show that the particle size distribution of polymer-coated
nanoparticles, where the nanoparticle cores are Ag (FIG. 4), Fe;O4 (FIG. 5), green
ZnS-CdSe (FIG. 6), and red ZnS-CdSe (FIG. 7) respectively. These data were

15



[ 0093] Gel el ectrophoretic studies of polyacryl am de-coated cationic
ZnS- CdSe quantum dots were al so conducted, which showed that these
particles were attracted towards the cat hode [0094]FIGS. 4 to 7 show
‘that the particle size distribution of polyner-coated nanoparticles,
where the nanoparticle cores are Ag (FIG 4), Fe304 (FIG 5), green

ZnS- CdSe rﬁEé@re@hsm@@He%ﬂbr&@S ligHSscatelify (F3L) ©epeaigté val gholb esesidat a

were neasured usin | ari zed | |C?ht scattering (DSL) technique
and shows?s fetatiye /edﬁlm@paﬁfveat@sidaagt §%uti on of coated particles.
[ 0095] FIGS. 8 and 9 show the precipitation of biotinylated Ag (FIG

8) and ZngogsiSe (FlRGP)s A7 d lsﬁbmhé ﬁre@ xtfaﬁéreﬂibtéﬂﬂly!étbé% gTd;eS) argj

sol utions contai ned different |evel t reptavi

or 5.0 |i4grSrtdpedpletdwartpjes mr%ﬁqse@fcﬁ%lttoaﬁeJ h&aﬁﬂﬂqt@%wom@ﬂ”@d different
Cont 1ol - exndef STeplaRid b T} & 40 goRn s R e R e
pr leCInglr t gﬂmies e so&irerated btyeanylfuw@(r)\ajefwedbﬁ@aemeai MABASYERMERS. Th:
DL Ter OB PR PSR B SRR SRRt BRcislanbh

pol yacryl at e/ pol yacryl am de were obser ved in the sanpl e particles but
no trace [0096he | onQthenédsts wedr aisachoduded basample polaer-neated

th t t |
o 101 cobtoniyBl APeHeolS FrhBREal b PR el Pt Eberistic
st abi | i zegrotvaNMBMEaks of vo@aa'gla@/pdlyb(yrytahad@meyembser{/&ﬂ)917fhb|csample
Cbeanye” oSSR aferkP e Rl oBioBE b g G lBert
ei ther canyesdctientneixied Wers poudt u‘ﬂﬂ@l@dulﬁhﬂ@)ﬁr&iﬂd particiee. Mg rekalat i on
st eps. Transmn ssion el ectron nicrosco

f h
sanpl e pwf'w%t%ﬁawqW@'m@ssarfﬁgtaﬂhﬁﬁgﬁ%%m %&mrﬁﬁ@@ere'ﬁg A& 3 %’;}Et ©

particle & well isolated. As the TEMresults can show the sizes
of the core crystallite but not the overall sizes of the coated

particl es t he sanpl es were al so anal yzed usin S technl
det er mi ndOPRE over alNp obperyablsiiragyaop ?@defgrngef?gth 5["‘5f§ﬁ

that the Tyeslehcsiof fe wr%nsérsﬁmcdt@@a@t e @J@@uﬁsoa&né@ mnthée nm
The overall sizes were dependent on the core sizes (dianeters). The

pol ymer c@avergs twrolymarswahedawar drineribe pugficationfiers: nHANEBISSIoNs

product s 00BN L 1 RbT (R G8% BRTURICE QP AR LMD hg fosuls,

wer e eij t ledicated that most of the coated particles were well isolated. As the TEM results
can show the sizes of the core crystallite but not the overall sizes of the coated
particles, the samples were also analyzed using a DLS technique to determine the
overall sizes of the coated particles. It was found that the overall sizes were in the
range of about 10 to about 50 nm. The overall sizes were dependent on the core
sizes (diameters). The polymer coating was found to have a thickness of larger

than about 5 nm.
[0098] Some particle aggregates were observed in the sample products.

[0099] In the sample coated particles, the particle surface were either
positively or negatively charged, depending on the functional groups present in the
coating layer. The surface charge varied from about +30 to about -40 mV,

depending on the pH value of the solution of the final reaction mixture.
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positively or negatively charged, depending on the functional groups
present in the coating |layer. The surface charge varied from about
+30 to about -40 nV, depending on the pl-1 value of the solution of
the final reaction m xture. [00100]Polyacrylam de gel

el ectrophoresis tests showed that the sanple particles would mgrate
under el §601003 fi elRblgpadidegge ridchephouisftasts shbaed ¢hat[thd $8hplEhe
colloidal stability aof the sanpl e pal r-coated particles was tested
in the prpé‘EtéziﬁseW%Ll”ggaQ e u %ﬁ%&f'gﬁ%@%@?g&”wmtﬁﬁ'ﬁtsf‘&%(f?dc"éﬁrg?/ari ous
pHs. Conpared to conventional |igand (nercapto propionic acid)
exchangedqooroigpar t itHeasviloidaEstabiy! of tikobaympleydayraecomited ppaicleswass had

superior colloidal stabilit ) d . of | uy d hi gh
Salt condeNed i VRESSSIRE of REKH ENBAIRAGSBIS. LI Tl VO R PRSI |
l'inki ng (RageES to dORehasml SgRY HBicapRASBHioRRIddi®)| ehakdert f ound

stable in a solution at roomtenperature in p%gn at nosphere for over
a year winenepartielay. toe gamete prleesrypiseraind PROTESarhwipespy eglividalipt ake

of sanpl = ! r Sl ognt £ i on
Phe: ourt Sy [Rde o RIRMARGE b SuTaINRaEhgH B Lf@Rtralio o BANH e
Posi ti velpyessinae 9 dopeantional ebemisat linkinglréagentk erhaiparbpletpodyreertdoated

unli ke the atvel e rticl i P

posi t1 vergriera but Tpnd PEPETE PRI AT orimibiRE RS Rdn O fipgrHhere
cel I ul ar fordvek @.yepO ARG tRmyrsigryofaprecipitatiosh. car boxyl at e groups present
on the surface of a coated particle can be used for further

bi oconj u 1 Wt h bio cuy f.lLnte IOl i and

bi osensi 2@‘“89%& i caﬁhgn%em{agﬂﬁ{?g%ﬁgﬁ a@@Lﬁé‘ﬁi’%‘eé{%ﬁtg{’)%ﬁ%ﬁéﬁg’%"%ﬁa| i zed
pol ymer - camifdnfindefetaing onthet surfageehdrge At @héthea REGAYynutiorel proeypar ed
usi ng sanpl e pol -coated particles. [00105].TAT, pepti de conjugated
7. G S0 Wit BTERebD. ErSRR A aRT DAk WESUSRU N GREL P PYAB R g ke
appl i cat ltl@élﬁe%éﬁ%tysch‘é@@?ﬁhrﬁ&l@é. frigeiting #EG ahitiee positivsy yhegedoat ed
particles with TAT pe_&éi, es increased thc? cel | ul ar uptake, but nost
of the s&Apice pafaceiwdlicantisredycerte ealtanRidhes, and only parti al
perinucl ear | ocalization was observed. This indicated that a fine
tugi ng i lrnomw:a]ikcl € Fridracening ane thiboxphatd)gronps @By oh the silrfadietof a
enhdosoma cogpe%apa?'t'icle can be used for further bioconjugation with biomolecules of interest

for bioimaging and biosensing applications.

[00104] For example, antibody-functionalized polymer-coated ZnS-CdSe
(quantum yield = 10-25%) and Ag were prepared using sample polymer-coated
particles.

[00105] TAT peptide conjugated ZnS-CdSe were also prepared, which may

be used for cell labeling applications. Tests showed that functionalization of
polymer-coated particles with TAT peptides increased the cellular uptake, but most
of the sample particles entered into the lysosomes, and only partial perinuclear
localization was observed. This indicated that a fine tuning in particle surface

property may be necessary to inhibit endosomal uptake.

[00106] Polyacrylate-coated particles may be used to derive a variety of

biofunctionalized nanoparticles and quantum dots. By optimizing the surface

chemistry of the coated particles, their cellular uptake can be controlled. Different
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[ 00106] Pol yacryl at e-coated particles may be used to derive a variety
of biofunctionalized nanoparticles and quantum dots. By optim zing
the surface chem stry of the coated particles, their cellular uptake
can be controlled. Different 17 coated particles my be forned to
for receptor-based cell targeting or subcellular |abeling

appl i cat ic@Bfed fH0AET MayhrrfofrRéd t8 % redipiRitdsedard taguamiy agebcefiulbhe
enbodi ments descri bed herein not expressly nentioned above can be
under st od@Peling @ppligadiondscri pti on and the drawings by those skilled in
the art. [00108] O course, the above descri bed enbodi nents are

I nt endedéb@'dﬁ 1 uStheptdatie®Neheffitand ad\intiés! df thd ERBodifttts

descri bed enbodi nents are susceptible to many nodifications of form
ar r angenmsiescifedhgrein, nod expicissly anentiongd rabgve gpe batungarstagmkfrpmBist i on,

rather, 18 LE . I pkication within its
scope, as 3%\'{]‘?@@ yth?g@ﬁ@ﬂ@?ﬁi&%féﬁgnﬁ%%D IS: 1. A nethod of
coating particles, conprising: providing a solution conprising
reverse M0eH8les, i eburss;dheaberacdegcsbed emboditgents 6 Bttendaqdde bgs

;S?LO;‘; iliJI Isgr%jgige SR YhE 9 ho WaSAGT A ITHY HESRRRA! dhnBKHRARBALS drE sBScddlible
fo man1y modifications of form, arrangement of parts, details and order of operation.
The invention, rather, is intended to encompass all such modification within its

scope, as defined by the claims.
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addi ng anphi philic nononers to said solution to attach said

anphi philic nononmers to individual ones of said nanoparticles and to
di ssol ve sai d. i ndi vidual nanoparticles attached with anphiphilic
nononers in said discrete aqueous regions; and polynerizing said
nononers attached to said nanoparticles to forma polyner |ayer on
sai d individual nanoparticles within said discrete aqueous regions,

sai d pol Wﬁ}w%@_ﬁgm@l ng addi ng a cross-linker to said solution

to cross nk Said nononers attached to said individual

hanopart iy ClAe?het@(fd J%a%h@gﬂlcgés %ﬁbm}'f‘ﬂbv\her ein sai d nonomers

conpri se ‘an acr d of claim1l1 or claim 2,

wherein said cross- Ilnker conpri ses an acrylamd 4. The t had. of
any one of RIPYfiRG asqlylion coipRiising ravarss 'Btﬂei}/ ﬂe rr?de'E?&rfB'tCPE%sd%@mgng

a radi cal Id]é&é@t&ilgebgs$@%gn§ﬂ|§éﬁd 8\ufieh;i nitiate pol ymerization of
sai d nonomers od of any one of clains 1 to 4, wherein

sai d reVerScﬁsﬂ@r&ﬁb|W§rdbﬂ€8k'n%%oq>_§m§b§¢n ghigelolfpnf or med by a phenol
et hoxyl ate and cycl dhexane he method of claim5, wherein said

phenol is nepig BABABhilc monbiterS®s 85 s@futn@ﬂ%o@ﬂ@cﬁ)fa‘al@'a@\#&ﬁpﬁhd o 6,

wherein said nanopart| cles conprise crystals. 8. The nmethod of any

one of cl aimenamers tg lndA)Hé!d%llqm%@lféalﬁmgﬁﬁﬂiclﬁse?é‘dd@mﬁob@ sifhnt um
dots. 9. T
nanopar ti ol LoV EERNheBbr NG And wihAh gliOrnohbR M diiprete | |

to 9, wher @quesss tegiamm@adti cl es conprise a netal oxide. ii. The

nmet hod of any one of clains 1 to 10, wherein said nanoparticles
conpri se Agolyegirdng said GuSenZers.attaghathte said hedopsrticlay tofeemes paymens 1

to 11, V\herlg)i,er} o%aéaqd ﬁw%li\}i'étixa? ﬂah&?arﬁclgg wﬂkin%%’ﬁis@rete aqueous regions, said

polymerizing comprising adding a cross-linker to said solution to cross-link said

monomers attached to said individual nanoparticles.

2. The method of claim 1, wherein said monomers comprise an acrylic monomer.

3. The method of claim 1 or claim 2, wherein said cross-linker comprises an

acrylamide.

4. The method of any one of claims 1 to 3, wherein said polymerizing comprises
adding a radical initiator to said solution to initiate polymerization of said

monomers.

5. The method of any one of claims 1 to 4, wherein said reverse micelles comprise

reverse micelles formed by a phenol ethoxylate and cyclohexane.
6. The method of claim 5, wherein said phenol is nonyl phenol.

7. The method of any one of claims 1 to 6, wherein said nanoparticles comprise

crystals.

8. The method of any one of claims 1 to 7, wherein said nanoparticles comprise

quantum dots.
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13. Thé nmethod of any one of clains 1 to 12, wherein said solution is
at a tenperature of about 300 K 14. The nethod of any one of clains
Ito 13, wherein said nanoparticies have an initial dianeter in the
range of from about 5 to about 20 nm 15. The net hod of any one of
claims 1 to 14, wherein said polynerizing is termnated at a sel ected

time so tha j i (o) [ C :
di anet er q?n%%gfe&adr%gég ég&r?n%oﬁtci%r&%ﬁ n@(gé’ltv%Heg @Eta @%@aﬁ%&s& ogxgqnuste i aon
for coatingmetali vi dual nanoparticles, conprising: a m croemul sion

conprising a continuous phase and a di screte aqueous regi on defined

 or om0 S MR ool RSB OB el aPL e pRR kol o Re o

hydr ophobi cme&egidet i cl es; and a cross-1linker for polynerizing said
nononers. 17.The solution of claim 16, wherein said mcroemul sion

crarm 17 1 GRRS Beheeoi iR FIMec RO RERRn s2BgTtResiits Rinhe

any one of a§aFer®,1ér COS4@nSwherein said nanoparticles conprise
crystals. 20.The solution of any one of clains 16 to 19, wherein said

Caime 16 S b eLaan SR o SeRsel TS i Sl fRg BB

about 7.

13. The method of any one of claims 1 to 12, wherein said solution is at a

temperature of about 300 K.

14.The method of any one of claims 1 to 13, wherein said nanoparticies have an

initial diameter in the range of from about 5 to about 20 nm.

15. The method of any one of claims 1 to 14, wherein said polymerizing is
terminated at a selected time so that said polymer coated nanoparticles have a

selected diameter in the range of from about 10 to about 50 nm.
16. A solution for coating individual nanoparticles, comprising:

a microemulsion comprising a continuous phase and a discrete aqueous region

defined by reverse micelles;
hydrophobic nanoparticles dispersed in said microemulsion;

amphiphilic polymerizable monomers attachable to said hydrophobic

nanoparticles; and
a cross-linker for polymerizing said monomers.

17.The solution of claim 16, wherein said microemulsion comprises a phenol

ethoxylate and cyclohexane.

18.The solution of claim 17, wherein said phenol is nonyl phenol.
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22. The solution of any one of clains 16 to 21, wherein said
nanoparticles conprise a netal oxide. 23. The solution of any one of
clains 16 to 22, wherein said nanoparticles conprise Ag, Fe304, or
CdSe/ ZznS. 24. The solution of any one of clainms 16 to 23, wherein ™~
sai d nanoparticles have a dianeter in the range of about 5 to about

<ol ut on TalNE sHRNEh bERuflond YRR (O i o nopk IR Bordfich

16 to 25, whgswild) said solution is at a tenperature of about 300k.

20.The solution of any one of claims 16 to 19, wherein said nanoparticles comprise

quantum dots.

21.The solution of any one of claims 16 to 20, wherein said nanoparticles comprise

a metal.

22.The solution of any one of claims 16 to 21, wherein said nanoparticles comprise

a metal oxide.

23.The solution of any one of claims 16 to 22, wherein said nanoparticles comprise
Ag, Fe;04, or CdSe/ZnS.

24.The solution of any one of claims 16 to 23, wherein said nanoparticles have a

diameter in the range of about 5 to about 20 nm.

25.The solution of any one of claims 16 to 24, wherein said solution has a pH of
about 7.

26.The solution of any one of claims 16 to 25, wherein said solution is at a

temperature of about 300k.

21



