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COATED COWPCSI TES OF MAGNETI C MATERI AL AND QUANTUNDOTS
BACKGROUND OF | NVENTI ON Field of the Invention The
wOoneno7on rel ates generally to nano-si ze strueCuUSs005/034241
and in particular, to coated conposites of magnetic
nanoparticles and quantum dots, as well as nethods
associated with the same. Discussion of Related Art
Nanoparticles are m croscopic particles of matter
havi ng di nensi ons on the nanoneter scale (e.g., less

CORTeb CoNPARTIES T sAGRAENCM S kAT 3 GffANrom pors

T Ol CJ T Ut

sem conduct or nanocrystals, that exhibit pr opertl es
that make them parti cul arI useful in a variety of

appl i cati ons i ncl BAGKS PSRN TN bes i n

bi ol ogi cal Iabellng and dlagnostlcs Because of

guant um confi nenment effects, quantum dots can exhi bit
Si zeF16RlpﬁnE@niveﬂ@dﬂ cal properties. For exanple,

cadmium sel eni de (CdSe) quantum dots can enmt across

t he Ehftinventiongplgies separally inmanRsizershacreseanst ingagticular, to

ol e R O L6018 o

aseast&atgd/wumth@mner.ed to pronote the el ectrons to a
hi gher state, leading to an increase in energy rel ease
in the formof photons and |light em ssion in a color
thatDiséus%fbﬁrcﬁ‘Ee?a&é@M of the material. The resulting
photons thal are released typically exhibit a shorter
wav eN amgwmclelsaim mlmremopml paamé@k dfrrmtteahhmhg dfmenziont oh hiee

tumc i f .el ectrons
no el FERLs (S8 B PO RO Fopi s figraghare & class of
nanBparfaes Ia@oveﬁ heglan¥in B8R do%ﬁné’&nﬁﬂctgleﬁz[n%@ﬁisﬁ% that exhibit
nanocrystal sizée. Theref ore, | er quant um dot

Propties Wn@k@rﬁhblintpasmmﬂarbfrusefnl in @darpﬂﬁymﬁappAmmﬁngﬂhdmg as

cl f
o R B St af QR 8ol et ety
confifshe@redfets, dudhfne abts RAE axtikit Sike nﬂeﬂ@ﬁ@?\'\%o erties. For

properties and smal | dj mensi ons. SU
example, cadmium selenide (CdSe) quantum dots can emit across the entlre v151ble

spectrum when the size of the crystal is varied over the range of from two to six
nanometers.

When quantum dots are irradiated, more energy is required to promote the
electrons to a higher state, leading to an increase in energy release in the form of photons
and light emission in a color that is characteristic of the material. The resulting photons
that are released typically exhibit a shorter wavelength than those released from a bulk
form of the same material. The quantum conﬁnemen‘(n of electrons and holes in three
dimensions contributes to an increasing effective band gap with decreasing nanocrystal
size. Therefore, smaller quantum dots typically exhibit shorter emitted photon
wavelength.

' Magnetic nanoparticles are another class of nanoparticles. These particles have
also generated considerable interest because of their magnetic properties and small

dimensions.
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The invention is directed, in part, to conposites of

magnetic material (e.g., magnetic nanoparticles) and
wquesstiom3dot s, as well as nmet hods associ at ed weCI/uSh®s/034241

same. In one aspect, a conposite is provided. The

conposite conprises at | east one quantum dot and at

| east one magnetic material associated with the at

| east one quantum dot to for@ a core. A shell at | east

partially encapsul ates the cOre. In another aspect, a

conposite structure is provided. The conposite

structure conprises_a ﬂuralitﬁ of uantum dots and at
| east one magneti c ARE Gl @@NV\A th the

pl urald 1%\¥?rﬁ{onq§' antdn ?xﬁ/}é‘t 49 05 1@5 Spfn% é%lcsxhé.tbﬁﬁ (e.g.,

shel east partria éncaps at es
magetib eancspidds) aﬁ:l qedninnd dofs, asmelhas meﬂmdpanssodnetedswlth the same.

e erat, et B T 1 Sk ComBAEE L st e

qREHED HSt dndRP RAGURR YT Bt Riafilial AR6CISEH Wifhtth@ gt 1658 one quantum

magnet | ¢ nanoparticles and quantum dots with a
det o farot acdre. Ahshelhat least phmailhencecpetﬂptes glescoror mi ng a

RTINSV
cgz??gtséé 8Blurdift§ oFﬁﬁé}f?ﬂnfd'éfstdﬁﬁrat £ 50Ink SRkt patbleiabdbemted with

precursor to the enul sion; and, polynerizing the
the rphuaﬂntsf@rf quantemrdetsstodbisn b coteatA silica shedltat fRast pagtially encapsulates
aenca sul ates the core to forma conposite. O her
ctts, enbodi ments and features of the invention

wi | | s a§RPR G eRtthdd GmAlieg & ebhpuiilds Prividededhe method
description of the |nvent|on when consi dered in

CQpOpTiseR BYIOGHCIAR (IRENPHEC RANOBFFHENSY PR AERIEYR AgTs.to #paqueous-in-

i

R M Y R PRI SO, A iy dos i
a beedetanc.alThe @ethdd fedtiean comiptiyesfbmingra aora:mmmrg attléest one

is i]lustrated in various fi %sms re res%gltedtb
MEgREUICAARRAHAS apd aﬂsasapp%ﬂauan%w pLinFHAgEeQys Phpse G %46 emulsion.
THO R e Pt TBA Bﬁ?@s 1ht?%clhﬁ?§ a?ﬁlell r@c‘ﬁ?é’o}‘ 1 {H@ SR sibIRantlS

every conponent “of eac of the invention
pslpmerizinp ehieepretursmtto &nom shedl thattat mSamiaalgy gnoapsulates the core to

those of ordl nary skill in the art to understand the
fqrp\ AGAMRASIS-Al | patent applications and patents

| ncoppQy gfRdish&hBddimbiisa88 %a%ﬁ@@oﬁh@ lﬂvaﬁ%rpﬁ;n%&@nﬁyapparem

reference 1 n their entirety. In case of conflict,
frpmethe fisllosyeg détaidet desexiptionoifill myention when considered in conjuncuon
with the accompanying drawings. The accompanying figures are schematic and are not
intended to be drawn to scale. In the figures, each identical, or substantially similar |
component that is illustrated in various figures is represented by a single numeral or
notation. For purposes of clarity, not every component is labeled in every figure. Nor is
every component of each embodiment of the invention shown where illustration is not
necessary to allow those of ordinary skill in the art to understand the invention. All
patent applications and patents incorporated herein by reference are incorporated by

reference in their entirety. In case of conflict, the present specification, including

definitions, will control.
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definitions, wll control.BRI EF DESCRI PTI ON OF

DRAW NGS FIG 1 shows coated conposites according to
wonecantsdi nent of the invention. FIG 2 showsPar/us2005/034241

hydr ophi li c species associated with a shell of a

conposite according to one enbodi nent of the

invention. FIG 3 shows a quantum dot including a

passi vati on | ayer accordi ng t,0o one enbodi ment of the

invention. FIGS. 4A and 4B are transm ssion el ectron

m croscopy (TEM inmages of conposites described in the

Exanple. FIG is a ' nor mal i zed

5 UV- V d
fl uoreéscence spBBiE%DESCBhéTﬁﬁﬂ@@gé\WGSCI es, the
i t t I i.on. ti . .
oo o Gl SR R e pnin
t he ExGIhews albgdrophifticapeciéihsascatbd elitlh bl nderbmposite

magneti zation plots at 300K and 5K for the magnetic
aqearbptorane| catbodungnd of thetAvedtioRca and the conposites

descj [ QF .'ﬁ?éﬁ.rﬁll . i e

depeﬁ@é%?shﬁgg%e I'zat | orﬁ?%‘ihgcil%? ﬁ%g%égng@r@ﬁcg}&iﬁgm one
embglimentcofitheiopantioncl es coated with silica and the .

co jtes de i bed in. the | e. DETAI .

PRSCERSH RN ATR S e BRIy STRCTBR MHEoSEws (LMD images of
c fed I&siBintRE befgpiassoci ated with the sane. The

conposite structures include quantum dots and magnetic
mat eFIGI5 ise.1§V;ViraghetinmalinehBperesdentaspecttapbthe bare CdSe

st.ructures may be. cqated, for exampl with a.shell
kS 4b° Sppontes Tt STioB aneon AT af upq Ly By e 48 hours
rh bk ;AR dbdc#BEd B the Bkhiplel zed to include conpounds,

atoms, or materials that can alter or inprove

pr opBHES. .4\ ansctB ars figdd depesdens magneijzatipn plats 3t 30K gndySK for the

hot 0- st abi l.i,ty an 1,40 i bil AT .

o R PR r AR B AE N Bt s biborfes YRS i the Pramle
CONPPRGE L6ESis Asmgeatit Ba@dnlistt nghethakiowpldthe100 Oe for the
conposi tion and other characteristics of the, )

magpgiislanarartielys epatedowitly iz eand the sprppeies desgribed in the Example.
magneti ¢ and optical properties. The structures nmay be
used in a variety of applications including biological

.| abel i ng, magnetic DEAILEEEDESERIPEIGNRI ) and drug

targeting, anongst others. . . .
gThe pgesentqr?ve%tslon relates fo' composites and methods associated with the

same. The composite structures include quantum dots and magnetic material (e.g.,
magnetic nanoparticles). The structures may be coated, for example, with a shell such as
silica. In some cases, the shell may be functionalized or derivatized to include
compounds, atoms, or materials that can alter or improve properties such as water
solubility, water stability, photo-stability and biocompatibility. A reverse microemulsion
process can be used to form the coated composites. As described further below, the
composition and other characteristics of the composites may be controlled to provide
desired magnetic and optical properties. The structures may be used in a variety of
applications including biological labeling, magnetic resonance imagine (MRI) and drug
targeting, amongst others. -

FIG. 1 schematically illustrates a plurality of composites 10 according to one

embodiment of the invention. In the illustrative embodiment, the composites include

one, or more, quantum dots 12 and one, or more, magnetic nanoparticles 14. The
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FIG 1 schematically illustrates a plurality of

conposites 10 according to one enbodi nent of the
wonuesn7on. In the illustrative enbodi ment, theCT/US2005/034241

conposites include one, or nore, quantumdots 12 and

one, or nore, nmagnetic nanoparticles 14. Thequantum

dot (s) and magnetic nanoparticle(s) conbine to forma

core 16 which, at least, in part, is encapsulated by a

shell 18. The term"” nanopartlcle is used herein as it

is known in the art and typically refers to particles

havingoa di mensi on of less of 100 nanoneters

qupgbin doty) and SpAEIEHRIBRICBRATLIRERD CPISIngI 1@ Tormyp gorg 1é| ‘31%1511:@1‘ least,
ingkf’a?to éﬁéhl%@edtl%a&slfeﬂrl gprovi de uni que enmi ssion spectra
epén

on the size of the specific
part Thé erm" Mmgjpamod:e ansgidretrdin hei 'is mevminctha ast aod typically

e At GAVIZE Ay a0B SR Sog QBB rRler B dots”, or
s‘éﬁﬁ&fnﬂﬁétofmeléisfaﬂs@nare aQllas§ SARRI0 ?arti‘&lé@ @ﬁé{%ﬁjﬁf&ud@ﬁmﬂ%

forned of Grou VI "sem conductors such as

eriiFios SpkOfra demrndeniSiypess onZneTsze ol smyi;ﬁc Ng@elp Wﬁgne‘uc

nabghuibtes: ardis ORBgtonptises AT BN itenghe BistRtiey

CONMPQUAREMSIE] ?ﬁlaf\'hhbe Kgfult%lé‘éemﬁblﬂhct@hhte@ Romposition.
GaAs, @&@Sb, InN, InP, , InSb, TiN, TiP, TiAs and

Fan esgmples quaivemslotanay b¢1 formed of Groupoly/ Irﬁ&;mmdﬂ@ﬁpm% fis CdSe,

CHFC. SRt 4 e 26 7R P MRS M M i B il e

SEN SIS, SETQ IHagy and®BaTeXTh¢ §San@fm dﬁﬁé rﬁﬁy dlfebe formed of Group ITI-V
above- menti oned sem conduct or s, quant um

CHBPRIDYS EUCHITS AlNo WP L ASH LD é‘ﬁl\bﬁéi’nﬁﬁés ECCRLS 11?11& InRelnAs,
%‘iat Tﬁ@ﬁ;@' PiAs fiﬁgﬁﬁ ) Bme J&?eissﬁl%‘ﬁgéﬂlngga‘:%gﬁ%gﬁoh ?&gle%l of

yp cally sel'ec in part sire
G@cpipl Iafadenﬁco)ﬂabﬁormch hs s1hmoxegdnmdnmant1$ shauld aﬂaty bbeanderstood
preferred r the quantum dot to have_a ca based
the b gyt %%@ﬁy S%mﬁi@é‘ Oy Of BUXIWILH) OE?}%‘P e a Qye-mentioned

85 Ofhet H&Entih @bt émpdsﬁlohﬁﬁhwﬁtcﬁﬂaaw SBrARLS skill in the

VI ng %)I fferent conpositio e guantum dots
ﬁmgrahslolbp shistede pAhe spEcHicsiong®sition |133$’plcaﬂﬂﬂelﬂzﬂ&1 in part, to

nan t ses, the av e particle si
PVIRRGS AL RO PETER o AP S OE O BAeRt 1 R e fged for the
qRAREAEbEbhave B cAhRin-6ARE %ombbﬁtléh/ QicAe8 C%%t ITiCik @158 pd8yible for
Is less than 5 nanoneters (e.g., about

corapasites eff thy invientienteeinelno giantim dotStha@mg\ﬂéff@rg@t qeannosigions.
f th t dot t. t
S bt avatfid YA Bl heRlicle ts b R Ba 00 papometers. In

soId EasBR Yhd¥erage particle size of the quantum dots in the composite is less than 20

nanometers; in other cases, the average particle size is less than 5 nanometers (e.g., about
3.5 nanometers). In some embodiments, the average particle size of the quantum dots is
greater than 0.5 nanometer. As described further below, the quantum dots may be
smaller than the magnetic nanoparticles. It should be understood that the composites
may include quantum dots having different particle sizes which have different light
emitting properties.

The average particle size may be determined using standard techniques, for
example, by measuring the size of é représentative number of particles using microscopy

techniques (e.g., TEM).
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smal l er than the magnetic nanoparticles. It should be

under st ood that the conposites may include quantum
wdabw/lea3ing different particle sizes which haver/us2005/034241

different light emtting properties. The average

particle size may be determ ned using standard

techni ques, for exanple, by neasuring the size of a

representative nunber of particles using mcroscopy

techni ques (e.g., TEM. The qéahtun1dots are generally

spherical in shape, though other shapes are al so

possi bl e. Individual conposites typically include nore

t hanThaguagtiam tlotnacdogenesadlyspberival itehapé, $houghrosher ghapes are also

in§%¥des nore than one quantum dot encapsul at ed, at
Pesé in part, by shell 18. However, it should be
underitRashl E:&ﬁfmsiﬂeg tyACHRly SAAIGEH MBRItRan bREqRAERE b, 8Sshown.

i nclude a single quantum dot. As described further
Thaslisworet Ifsinelad¢sonore thurnenaarasms detengengiiatads aijgast inpass by

L thi n,the conposi.t.e e tyal | :
SR, D50 TRRRI PR Bk L ByPREH, 5 composics
indide QWP RNEATHOS | Ad @fcribedrfutkartel®y, thé eatisagig@tintam dots to
- nanoparticles may conprise iron, cobie\l t and/ or nickel, |
magestigaertinleseyithin drretomepasiie By R sontrelleddpprovidedesirpg groperties.

magnget i ol i
o2l gl AR Rl gERTE bl e
miapedtichlaabpatticted laPtomptise iodrt) eobaitemelior idke], magmest ather magnetic

material may be a pure netal, .such as_.cobalt o
il 0991 €8 Ll BOGRBIA IR 6 BHBE FE A PRl pepagind or

i ect. QVi j i r i)
5, SUEBF SR 01T 0 SRR REEPY! b4 B o, o
nagpeicuastaH gt beca pire fetalnsiicB @O Kobaltorsuekel.e Fhocdimpasition of the

EHEROPPRITECS Toaclegivd to HRRide emed gt e Groperties. For cxample,
tH;éo ﬁ%@fi& hﬂo??ﬁﬁ[& R b\ Eipafidldehétts atBRt adB300KE In some

e in ani ¢ sol ventsS. Such non-water sol uble
embndipentsi it Iney tei iréferable tornsedied)s magngii¢ sanpasisdast i cl es

dip | omsodiels 9 .
nanoB R CrSE Gsaraiery age T e ARG EAERLS be

s6108R id BfhafRNOIRAR! Such AosMakr S6labR nahbgarasies didfer from water
particle size of the magnetic_nanoparticles in the

selobleaeneparticles used in epitpitpepnyapiénnal webnigwesy. | about 10
nanogeters)..|ln ' I1@he

o1 7o 18 Sk i P EC RE RSB e phit I SRR R Rk 0]

nanometers. In some cases, the average particle size of the magnetic nanoparticles in the

composite is less than 20 nanometers (e.g., about 10 nanometers). In some
embodiments, the average particle size of the magnetic nanoparticles is greater than 1.0
nanometer. ‘

The magnetic nanoparticleS‘afe generally spherical in shape, though other shapes
are also possible. One, or more than one (e.g., two or three), magnetic nanoparticles may
be present within each composite.

The quantum dots are typically in contact with at least one of the magnetic
nanoparticles within an individual composite. Oftentimes, more than one quantum dot is
in contact with a magnetic nanoparticle. In some cases, a quantum dot may be in contact
with more than one magnetic nanoparticle.

Thé contact results from attractive forces between the nanoparticles and quantum

dots that arise during processing, as described further below. Typically, the contact is
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nanoneter. The magnetic nanoparticles are generally

spherical in shape, though other shapes are al so
woaswiltis1 One, or nore than one (e.g., two or PCIAUS2)05/034241

magneti ¢ nanoparticles may be present within each

conposite. The quantum dots are typically in contact

wth at | east one of the magnetic nanoparticles within

an individual conposite. Oftentinmes, nore than one

quantumdot is in contact with a magnetic

nanoparticle. In some cases, a quantum dot may be in

contact with nmore than one magnetic nanoparticle. The

plysitebignatusg and Hefmagictie tlmp@ttwé%faad deantwardptsene npchemically
and quantum dots that arise during
bg]p"?@gggéé ?@,tﬁegs descri bed further below Typically, the

C O nt Aghotie8 pby®, @l cotposiadsuncludnshell@ thagnedpsalates, or partially
Saét i.cl es and quant um dots .are not. chenica

165 therRoTeandsEle cnRodHBentY it erabﬁé%%lﬁﬁ%@hoe%wapsulate
th'e é@)’r‘ijtglof’ éurigaﬁ e 5BRbs #RCBRS Lﬁ'cﬁ‘%ﬁ%gglgr the @ﬁéll 1%5#' ¥ncapsulate at

ate e core. In sone e
1epsté‘5% afithe stirfuce tarem fttled $hetlo Iie sorapsases e $Heﬁ mag mmplytely
of tqli' urface area of the core. For exanple, the
cncRRw ﬁal?cé?ﬁ%apsul ate at |east 75%of the surface area
- of T hfsoplfinhbodidletTRe GRas noﬂd]ﬁnﬁ&%r'boﬁﬁd/t&tﬂ%bﬁt(é Igy to the
encapsul ate the core. In some enbodi hents, the sh
miagnatistnaotiemided éryquantunddats) andeyet orag cortaig. the nmlqphmcle by

S R R T L T Y—

bms%ﬁwénﬂﬁﬁﬂwo may be devoid of ionic bonds and/or
coval ent bonds' between the two. It may be preferred

for Itm@ayshmrpfefr@d e the shedlrtg e nenaugpnimindiaay be fasaed of g silicon
L e R R S

pélﬁmbﬂrbf cbﬂabn,l’iﬁn &abﬂahasg m@yinciudé al®or atoan Ioghonk alsd be
ould al so be understood that the shell

u‘@fk’@%‘?ﬁdct airfie peelleman be ergepising hawéron;f@r‘gmeqnéyqsﬂwkym%ﬁf carbon.
In c 535@1%@;] t
exanp e, e S Q tﬁe%;\ﬁ}?n O?éeéo on t (ge%'e%gl E’:lﬂeeSﬁéH may
h®iez®res dn thé) mﬂab«ikcallessmebét shodiergdodmditdestoddhbatshesiellmayy be non-

be nonpor ous.
porous.

The shell has a thickness great enough to encapsulate the core to the extent
desired. In some embodiments, the shell has an average thickness of less than 50
nanometers; and, in some embodiments, the shell has an average thickness of less than
25 nanometers (e.g., between 5 nanometers and 20 nanometers). The average shell
thickness may be determined using standard techniques by measuring the thickness at a
representative number of locations using microscopy techniques (e.g., TEM).

The composites (including the shell), of course, have a size greater than that of
the magnetic nanoparticles and quantum dots. The composites can be referred to as
“nanocomposites” or “nanocomposite structures”. In some embodiments, the composites
have a size of less than 200 nanometers. For example, the composites may be between
25 nanometers and 100 nanometers (e.g., S0 nanometers). Again, the particle size may
be determined using standard microscopy techniques (e.g., TEM).

As noted above, the composites may include a desired ratio of the number of

quantum dots to the number of magnetic particles. Typically, the ratio of quantum dots
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The shell has a thickness great enough to encapsul ate
the core to the extent desired. In sone enbodi nents,

woheossloed3l has an average thickness of | ess thaaTAB82005/034241

nanoneters; and, in some enbodi ments, the shell has an
average thickness of |ess than 25 nanoneters (e.g.,
between 5 nanonmeters and 20 nanometers). The average

shel | thickness nmay be deterrg ned usi ng standard

techni ques by neasuring the t’hi ckness at a

representative nunber of Iocatl ons using m croscopy

techni ques (e.g., TEM. The conposites (including the
tos:hegﬂejlp paiftictes s greatehthan 1a I borme gmbadlmentmaw retiamagp e between

1 e A0ERr daoti 28 AP R ap e EFOuB ARy Ty 8Ged gprcal ana

maPRARGRORREES. Foplekathipld rlﬁ?her r&ﬁbs&ﬁiﬁn@f@@ﬂhﬁfﬂ%&scédﬂ @ctivity of
conp03|tes have a size of | ess than 200 nanoneters.

thespmprsitas| eThet ratio swhssoniselladdyy pyecessingaarangaters including the
reAang%r\rNeetlg}H éJefJ 9 Oeﬂgigg uanfgitn %iB{seagg g Qtl@@ﬁ'ﬁ@i%g 8§e‘fi)dur1ng

p@bédéﬂl@[éhdﬂs@ﬁb&b@ﬁheﬂm&ml ques (e.g., TEM. As not ed
above;- the conposites may i ngl udeog deS| red rati o of
the Huhped b@ﬂma@ra‘m@ ﬁh%dp@ chetha GREIEPSitSs. RAd GHerY cemposite

w‘ﬂ?ﬁgn}ecthg aesu dal ééfne EJhg[x{sg%é t c&lfé@PBﬁ' Wil AhwE Qtios above and
bﬁgimﬁda desil‘éd ,rattd;l dldugh o amgda ehdmﬂlme’mn thag halve4a esirgd ratlo
abou Theratloma rta r
desi ffaélaw%lpwglaﬁ i = N dotting, ?W ghtgighe %fszaﬁ%;' SRt including
ﬁy%lg Bfthe! Eht%ﬁl i d #g e&ﬁgssl&% 6%@&%@% Mt la¥o@5%
conp S|tes era| may DBe controll ed
(pg.02.6%81 Aypisal \amghiqmcanmgbwﬁ thg mageetncemampmm{eg (opised on the

TR bl HaNHENGRY 3 PR MRER R blFbbone
1564 Botaes9a1t8ler, A0 he Rlght p&cantﬁgé J)fetﬁé F04)l %ﬁsed on the total

conposites, not revery conposite wll have the desired
wetght of thsanmpcs;teb owiythssfor nxmewsa@tﬁa@ AbQWL IO Yhigae 92.5%).

e e R e

thEY0., @5%) inelubing soEka et é@gESI(IEE‘SE@@BZ@)he total wei ght
of the conposite, including shell) of the quantum dots
in t He sewasabodiancns, shall kﬁe@@@@ﬁl ovhenthe ghedl 15 5idige) campbe

Sl R R A REREALED: Pl g s o
ithpieve prapegics euch axokatel sobubslitg) Watet stabiliey, phmpmmlag andy
be between about 1% andéhegout 5%

bigspgRRtiERC it SEERiF. %F@mm%é@@gleaﬁs ¢lsh o golgethylene
glycol (PEG) and other glycols. The composites, with and without PEG, have been

shown to be non-toxic to living cells for extended periods, and it is believed that the
composites are also non-toxic in vivo due, at least in part, to the isolation of the toxic
core within the shell. The shell may also be linked to bioconjugators, such as avidin.

As shown in FIG. 2, a hydrophilic species 20 may be associated with the shell
(e.g., a silica shell) to provide greater hydrophilicity to the composite. The hydrophilic
species can be, for example, a polyethylene glycol (PEG) or a derivative of polyethylene
glycol. Derivatives include, but are not limited to, functionalized PEGs, such as amine,
thiol and carboxyl functionalized PEG. The hydrophilic species can be chemically
bound to the shell or can be, for example, physically trapped by the shell material.
Preferably, the hydrophilic species includes a portion that can be chemically bonded to
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wei ght of the conposite) may be, for exanple, greater
t han about 90% (e.g., 92.5% . O her conponents nay
wabhew/be3pr esent in the conposites in mnor anBAmAUS2005/034241

(e.g., less than 0.05% including surfactants (e.qg.,
| GEPAL CO-520). In sone enbodi nents, shell 18
(particularly when the shell is silica) can be

functionalized or derivatizedq to include conpounds,
atonms, or materials that can®lter of inprove
properties such as water solubility, water stability,
photo-stability and bioconpatibility, For exanple, the
the Iskéll arslanseicond poidionthag prayides biydropbilissy ped may exteng loytvwardly
P apd other ycols. The conposites, wth and
ﬁé\?’t%ﬁ%ﬂir aﬁﬁéﬁﬁg\l}gﬁ'been' shown to be non-toxic to living
cel | prefdice O HRESIER cH18 ChiPHSpartitgeridr waehalutglgththateristics to
the conposites are also non-toxic in vivo due, at
the samposiies peule being hipeompagiblerand motoxiarndican; i@ segednstances,

Wi thin J . I I
orfigh s s ERrsion LR BuciBbpesiBts R SRR, WolbEIOy
inkapekitgt G ints fiecshel (RRichmyaytte siikahchatarpoyite mdytte rendered
shel | (e.g. a silica_shell) to provide reﬂ%er .
whigEFUpF BF BHE G Iees e 8 Qopyess a8, SFABAIAG drtbphius; these composites
R B SOl pb Rt B B S B Y ST Oy S0 Bidtbmpatible and
afpeopricad for@se intsiblogiral fivitls swah asdioddi amdtie dhivioo,In some embodiments,
functionalized PEGs,..such as am.ne, thiol .and carboxyl . .
the NSO ot PEG antoes SR e B the st da FéthAR I Sotution
| - Ve BOSE Q. an be, for exanple,
f"g%_\%@‘% ﬂ[n%/ie?r appe(g%ﬁ;g?i@aﬁ%%deél_ II;f(gur]rf_ag)tiaeri al . Preferably,
t he MhelteopHinater selubls” dsuied dieredtess i igromrhonly tused indhgathéo refer
chemi cal | onded tothe shell and a second.parf.i ”»
oy RS IspRSiTh 28 PRGRERHIF P & epea g R ES R ek bl does not
mieh@ bt iRStafdd, fAE Bacdi mitBBalSHaispersdd £ 26n616c\dhr IeAeS & nanoparticle
glycols can inpart superior water solubility . )
carhlaer compwsed of sgyetabdifferent oyetrsiols and sfilibec Wadgrisgluble” as an integral
b'.O@orrpati bl e and nontoxi c and can, in sone instances,
PSS de for better dispersion of the nanoparticles in
sol uti amitidQ theSprasdpteof PEGiontdgedtompoltidsin tHeailidaahell can
shell (which nmay be silica), the conposite_ may be
provifledoe compesite syhibiing ateditad REpPaNgity tor Klsprbeprote), oplls and
. O : t ' Ry
oRFBREFIALrR T mEllha B SEaEOUPORL! SRTE RO

composites barnstgnpasolthion fanalloaparpepiod af énfedhanidesimlar composites,
bi ol ogi cal fluids, such as blpod and.in vivo.

|
e BUET e oS MorAesd SHEPLRIOR AN FRPRERq ARl crabiit figpded targets.
shel |y GaRd%RHAEsTRE (15RTBRE bliBBld RrivaffsTe o cdRipbitddNatoms, or

materials) may be attached to the shell to impart desired characteristics.

In some embodiments, the quantum dots may include a passivation layer 30 as
shown in FIG. 3. A “passivation” layer is a material associated with the surface of a
quantum dot that serves to eliminate energy levels at the surface of the crystal that may
act as traps for electrons and holes that degrade the luminescent properties of the
quantum dot.

In some embodiments, the passivation layer may be formed of a material that is
non-conductive and/or non-semiconductive. For example, the passivation layer may be
of a material that does not exhibit a higher band gap than a nanocrystal which it

surrounds. In specific embodiments, the passivation layer may be non-ionic and non-
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for extended tine periods (e.g., greater than 6

hours). The term "water soluble" is used herein as it
wo0aomsnl y used in the art to refer to the drepaISsi06/M34241

of a nanoparticle in an aqueous environnment. "Wter

sol ubl e" does not nean, for instance, that each

material is dispersed at a nolecular level. A

nanoparticle can be conposedspf several different

materials and still be "water soluble" as an integra

particle. In addition, the presence of PEG or rel ated

conpounds in the S|I|ca shell can provide for

nmtaﬂpm?xmen-smt@nw pgtesial isdupeigripghtbpeloss ngt tfaélsnsg“é glegfrons when
hpEhE Bt oS et B8 Y Ve, ihe |

CONMPUhE h@sivaash Blyeycanrbesohiprisahof, of ccﬁlsist)e@emual)l@'rdf,oa:lcdlﬁpound
tine than do sim/|ar conposites, thus allow nngor
exlibiting 3@ifregepEanEip fURsHORABF P S B @Rals. | [heamige may be
t L
b&ﬂldtecﬁ%l%ﬁy bRRAREGLY th on% g,? gl_o?e gg%gﬁtgglg fsegg%s é‘é,@g"' o@&;éﬁf in a silane
onsther dilidom)poisaerb & hatsilamds exhyt iaclutie ammdltidml ﬁnp’eiomal group such

desired characteris n sone odlnent
o b a0 o P L IPR Y iy L ra e Sy B O AP Bloypo e nitrogen-
G 0 JJSGCoﬁﬂpoﬁnﬁJ&ﬁﬁﬁrYs%g e gais%ﬁbn 'lzﬁfef‘rrﬁ?tb@ lof 8hy size but

assoc:| a t he surface of uant um dot
typérallg havoa slolavilaaveighn of pys then ebcsutéOO ohtess thahabeutd00. The

t he crystal. that t as tr. r. el ect . .
PRGBS L0 PR FraoF B R BB SUPE CEE O e amino

?Pﬁh&@tﬁ&éysﬂe{rﬁ (APIE cABRONAE The usd HEAPRES kiR ots has been
layer may be fornmed of a material that is

shomn t@zmdudc passivation and fedmpseve qrenaatyields to Flavebsampsirable to the

S BT 5 o T Sy g o

mate §ﬂmh@§1ﬁ1ﬁa@ (248)speci fic enbodi nents, t he passi vation
| ayer may be non-ionic and nonmetal i c.
non- Echevlétiewadersioed that qnantumdgtsedq ot mq%%de eAssivabng layer in all

eﬁﬁo&ﬁiﬁféﬁ{s of(?llle lﬁ(’%lﬁﬂ’% when an electric potential is

across e material. The passivation |ayer can
be comprsufiside cdnventiorad tehsiqueksem inathe wrtdbr, foaminprpagmetc

PSR o T ey s S o B e for
farﬂﬁﬁge&l%%%gnwc Repr%ﬁafucfée s Bdenl e l&amyéwf& as f D9s Ehem.

pres a si & or other siTicon pol'yner
Saé.) 20045 12\ 2798; vihdeh mmycoaphtmt:d bezin lbyjmfetremwaIOtgr smtpble

tescgﬁirc]lue for preparing quantum dots has been described in Peng et. al., J. Am. Chem

Soc. 2001, 123, 183, which is incorporated herein by reference. Most conventional
processes for forming quantum dots result in the quantum dots capped with a trioctyl
phosphine oxide (TOPO) surfactant.

A reverse microemulsion process may be used to form the coated composites. A
“reverse emulsion” or “aqueous in non-aqueous emulsion” is a dispersion of discrete
areas of aqueous solvent (aqueous phase) within a non-aqueous solvent. The process
may involve adding the separately formed magnetic nanoparticles and quantum dots to a
reverse microemulsion. The magnetic nanoparticles and quantum dots may be added in
controlled concentrations to effect the resulting ratio of quantum dots to magnetic

nanoparticles in the composite.
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as, for exanple, alkyl groups, hydroxyl groups,
sul fur-containing groups, or nitrogencontaining
wanroespe733Conmpounds conpri sing the passivati on Payais2006434241
be of any size but typically have a nol ecul ar wei ght
of |l ess than about 500 or |ess than about 300. The
preferred class of conpounds are the am no sil anes and
i n sone enbodi nents, am no pﬁ pyl trinmethoxysil ane
(APS) can be used. The use of "APS in quantum dots has
been shown to provide passivation and to inprove
guantumyields to a | evel conparable to the
i mpr Sheeverarss nierpamplstpnnan e erediscdnsing g vatieth o gogaplar

358 Pt Hh ol BB PR i hace
hyRbcar bt atdeinfsoRRSkesaisi dbr-ayfktit Bydliclhydrdadonsutisaf

the invention. Any suitabl e conventional technique
cyelpprAtane, aypleherane PpEyelefapiang. nagneti ¢ nanoparticl es

and %@*@%@%ﬁ@%ﬁ?ﬁa% ,&F,,gﬁlgségg%ﬁnéa'}ﬁay be added to the

reRéde pacrvemhiionh as “dvefantad’sSs b intzetial axivpiting aetphiphilic prdperties
Am Chem Soc, ,2001, 123, 12798, which i.s ipcorporated. .
angleis @554l Iiggeip @f drigprmamo Sised i B e .80 Eﬁﬁ Igedycye hydrophobic

s LR SRkesishas been described in Peng et.
SEp R T opli PRS0 125, 183, which i

i ncoNpoHi@tie surfeetapitninbipde dbee:anyde, pobyphenyd rttend, soehads IGEPAL

rocesses.for form uantum dots resul.t jn the .
CBRHE whila derte surfisiipelad, Tor el i sifbiwegBpigsodium sal
(AT Qs adted 866RMhe qaktBMEdciEtyBlcaNP 8Rap b with @48S&y PHbsphine
be used to formthe coated conposites. A "reverse
oxide(BORAY swiactaat; IBORO ineludesr llerhilic enddopipsising ghogphine

di,sper.si f. di scret r of ;aqueQus sol ven
otegTRE R RibR fy BoRERe St EBUETYRe B Hingene O
ABEPRHESEUdTRY of 0T UROE e ddISirse tRratese/erhilkidBIthe TOPO can

magneti ¢ nangparticles and 8yantun1dots to a reverse

berpastislbnen eommetelyexchrngaé ford GRRad pdue; incpast tthg rapcirighsr
' C " tri .
Bl gHIGRERE % SPUSE S RIOHFAL AR5 kR e s
natdpagiales] Theguaniurh detscadpeinttic Ardpaickissence capped with
m cr oenul si on, can be produced lﬁsi ng a v?[i ety of .
1GIiALoire Arayg) ke aqysous areas pl/the mygrosyisig, Susqepvidizg an

okl T 28 A0 e o

hy dr hchouidbe smddrstasd that surfactants other than IGEPAL may be used and may
be varied, in part, depending upon the quantum dot material, how the quantum dot is
capped and the reverse emulsion that is used. Preferred surfactants include those that can
be exchanged for TOPO, or other surfactants that are used to cap the quantum dot, and
that also provide enough hydrophiljcity to draw the core into aqueous areas of the micro-
emulsion.

The quantum dots and magnetic nahoparticles (once capped with IGEPAL) are
attracted to one another to form a core within the aqueous areas in the reverse emulsion.
A sol-gel precursor, such as tetraethylorthosilicate (TEOS) can be polymerized using
methods known to those skilled in the art, around the co;e to produce a silica shell. The

polymerization reaction is allowed to proceed for time sufficient to obtain the desired

silica shell thickness. A “precursor” is a substance that can be transformed into a second
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cycl opent ane, cycl ohexane or cycl oheptane. In sone

enbodi nents, a surfactant (e.g., ionic or non-ionic)
woayochie7added to the reverse mcroemrul sion. A PCT/US2005/034241

"surfactant” is a material exhibiting anphiphilic

properties and is used herein as it is commonly used

inthe art, e.g., for introducing hydrophobic species

to hydrophlllc envi ronnent s. n ionic surfactants

i nclude, for exanple, polyphényl et hers, such as

| GEPAL CO- 520, while ionic surfactants |nclude for

exanpl e, dioctyl sulfosuccinate sodiumsalt (AOT). As:

substaaee @Bb@féubltsrdéff@featmrgpﬁra@% Fomythe Hest.| forgxamiplg, gappnomer is a

p%%r& gwa ﬁgdro hilic engaé %rgg s?ﬁgjf Sﬁgggfm ne

oxi d€he Wsulltlﬁg hﬁﬁﬁtkhcmmhulddSs zacch'y domphmhg quartdm dots and

g O LAY 8 PRI EHbSER, QBT P BRasSivation
1y QS FRE &ééhtg@%pafaﬂahnxsﬁan&aﬁﬁlagwsy exchanged for

art, to the much hi gher concentration
of | IEER¥1d iba uhderstoed tragevlem forniog othen shdllSERM-orgdasis or organic),

Ca t he etic a{tlcles The quantum dots and
SHRLRATRTOA S PP B et hi8dcanped with | GEPAL, ar e
dr aw dodCerhbiRliRes,AHS sl%lﬁﬁ§y B filndBonHligEENAMrFafFbd, as
t hus providing an envi ronment for the formation of the

deshsbed aboveds empmyg bmomiv@tlbllb@r oveter|splubHiy brother characteristics.

U nder s ﬁ\ 8 ?I?rgi’xl?egén gtts %rﬁm %}olaeﬁeél sb@c@l dshgﬁpé%b Q& around a

ependi ng upo
the %@ﬁﬁ)@ﬁteﬁo%sl&bﬁfﬁed labo) Whel diRnfiadéty Bhdl ﬁiagh@cqaﬁ@puitlcles may
and the reverse emnul sion that is used. Preferred

b intfodugedrinto theegvgese mipgsenyl ﬁl@p te fpmporesdebsgerpspigied. In

f t
R i T e ol S ey
pd)‘lﬁélh?léhe dlyeol ltmbnbmedfydmhérf(EEGam;dcan be da;qmleedj mt(?theaﬁlcﬂtfemulsmn.
e _m Ccroemul si on e a m ne
TheREGaneY b @%alwmléc@arp\g%aﬂvﬁw fmﬁ%@?ﬂ.‘fa? mplecular wgight of
afetef PEm AAMONEH 168 ARITY SR, b 'S SRS, AT Sh3el

t he réverse enul sion. precur sor
pteetsee tinh arTH0S, dan (ﬂwnebe(a'dﬁédsﬁnd:ﬂnﬂ nhigtupotannter stined allowing the

P ot A bt Behie g Sl STk o5 b shn
dONYTES WRAPENCASR6+ie forl lﬁlpeédeagaanﬁlﬁl ﬁamﬁﬁfiotar whikfre

sufficient to obtain the déesired silica sh
salhbitikn émproved bipcempatility ing redusad propesstytthapagiaebe

AR 1% SSSPOARURB R Db SR rocgutsoncan

bEVAMESaséPupon the specific reaction that is desired. For example, in some

embodiments the amount of water in the reverse microemulsion is between 0.1 and 0.5
percent by volume. In some preferred embodiments, the amount of water is between 0.2
and 0.4 percent by volume and, in some embodiments, it has been found that quantum
yield can be maximized when the amount of water in the reverse microemulsion is about
0.25 percent by volume.

The amoﬁnt of sol-gel precursor added to the microemulsion can also affect the
properties of the composites. For example, while an increase in the amount of sol-gel
precursor does not appear to increase the shell thickness, an increase in the amount of .

sol-gel precursor does appear to improve this sphericity as well as the monodispersity of
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pol ynmer precursor if it can be transfornmed into a

pol ynmer. The resulting nanostructure includes a core
woan@rinzsng quant um dots and nmagneti ¢ nanopart PCras2@ad34241

a shell of polynerized silica. In sonme cases, a

passi vation |layer may be present (e.g., of an am no

silane such as APS). It should be understood that,

when form ng other shells (DQ?;organic or organic),

sui tabl e precursors known in"the art are used. In sone

enbodi nents, the shell may be functionalized or

derivatized, as descr.i bed above, t

theicorprpiasi bR pong cpedigenisonmiym w?%ism\é}%mved with higher
c%%%ﬁ@ﬁ%@?ﬂog%&%%w@gﬁrs anpl e, in some enbodinents a

ca shell can be forned around a the
conplishowld be Andetsod itliae dthabproeessehmay aln ba svitadils foafiokming the
magneti c nagg@sar t.icles may. be introduced into the

CTRRSItES Ofthe PEESEMINGNHAt 0" f orm cores to be

encapsyhalie®ovd, MRl teSEARe pRsiR SBienfbit thad bedVPRI Bvariety
(NHAOH), i ncluding a glycol, such as o

opayipjiestinriséndyding biolegiced applivatiensrnd medial applicatiany eFor example,
di ssol ved into the.mcr.oenul sjon. The PEG may be of .

thg, o mpgPiks Il Do it Dlogiazing |eeine fThengrS MHgnagte thagine (MR

|t@iGetiRg anBh@it ofticaDéRathBhichtieIR s}stOdd (@ dphassic thails),
de{%,tg%g 11!'({’% g., be?l\%/tecgn 5, OOOlcand is%s OOO)(.@ApsoI - gef}a )
appegt othsr apmigehionss TECS, can then be added and the

X T Y T

resulting silica shell derivatized with PEG can
provide for inproved quantumyield, inproved water
solubility, inproved bi OCEMBQ—EJ ity in a reduced

Pr Opgq&i ﬁ%éﬁ@%b iﬁ?ﬁ%?r@ducﬁaﬁ Wﬁc’c&ﬁﬁa‘f@ﬁ of céaﬁ&%bé%’lposites of

aqueous reverse m croenul'sion ca
theagresedt inasibnupon the specific reaction that is

desired. For exanple,.in some enbadi nents the apount ..
of  wiagaetiq e ST BERANCS IS E e sgribed in
H?Egrégt. al. REUGE Thehy SYO! 2008, 123) 13798 (@d@efcﬁfahﬁﬂb d%_ts weto prepared

diments, the anount of water is between O.
uing apehaizpue describedl imBengred. ali, d SonGheniNodi 260t $23,i183has

b ¢ AN IR U A HSh P S8 RPN, comaiing
58RQY, BdeSpHIEs £80h) W¥s Well BiRPBersed i FBRUBLane (4.5 %l? fB? |s?nication 10
ffr[rgzct: ;Jervirosz: rr?iggigu{s?orf Il;llfe:dilrlnmc.: r4%?) rtrnuilcrsolli?egs gia 1262%)'3 Séglu?ion ?&5 mg/1 ml
of cyclohexane) and 160 microliters CdSe solution (1 mg/1 ml of cyclohexane) were
added to the medium to.form a mix’tu;e. The mixture was vortexed, and aqueous
ammonia (29.4%, 40 microliter) was added to form transparent brown solution of reverse
micelle microemulsion. Tetraethylorthosilicate, TEOS, (Aldrich, 30 microliters) was
added to the reaction solution. Composite samples were collected after 8 hours and 48
hours of reaction time. The composites were collected by magnet and washed and
redispersed in ethanol or deionized water.

FIGS. 4A and 4B are transmission electron microscopy (TEM) images of the
composites. The images show that the composites include silica shells around a core
comprising Fe,O3 nanoparticles and CdSe quantum dots. EDX analysis of the region
shown in FIG. 4B confirmed the presence of CdSe, Fe,O; and silica. N sorption

isotherm of the composites indicated that the silica shells were non-porous.
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properties of the conposites. For exanple, while an

i ncrease in the anmount of sol-gel precursor does not
weappwsan7i3o i ncrease the shell thickness , an i RCTAA3®S5/034241

in the amount of . sol-gel precursor does appear to

i nprove this sphericity as well as the nonodi spersity

of the conposites. In sone enbodi nents, quantumyield

is also inproved with higher §oncentrat|ons of sol -ge

precursor. It should be understood t hat ot her

processes may al so be suitable for formng the

conposites of the present invention. As noted above,

t he Ewesios Rrereraes afiike grreresties Wﬁxﬁémqsawdrm cpEPagd o properties

ofaoay«?éhgé ?m‘ﬁtﬂe@ p?id CS?Q Q.r\s’-\hg ﬁ%h%c?tl&&’e&%hce ?pectra (hex=

ons and |ons
365hﬁn)2®1ﬁli16 bhuteeCd Jepartivdesi(line AI);bolmpmsltd?Baﬁtem 8 hohﬁ;h‘edtdtmg time (line

B ol ATAE G bt eierion i Aineicd  Peraodsa fharan e
a&B%b%bg lodet 2P 5B Gt alpéﬂgslrbag% dak 3} Sﬁf‘ﬁm dhemb eiéélam P8k at 554

els i stratlvea I ntended to
nthi mstthm ghcﬁiﬁhl\t@&ﬁoiﬁlm&eedmirﬁnm 8| hdumstpré’dtlﬂmrqo thedabsotiptinn peak

d, ch racter| f coa ed co it ‘
St GO el GRiTE B PESTB G i1t 7 oam also be
olﬁ%ﬁ@é i ﬁu&%‘s&ﬂc@sﬁe@ﬁﬁ‘m 15t SordeBUrs DRChrh Forl B3RS urS tand @he excitonic

Chem Soc, 2007, 123, 12798. CdSe guant um dot s

bewdrk@C«’mle benader. (iergantumexipidi (@@ of dercernigeian iwas Pefimgated o be 11.4

o405 SR Eang b ri ® C0 st g NG Bt

sl IR b 018G 2Q iyodes) M’HsMs@d wmme)rems Tvielbklieved the
di spersed in cycl ohexane_ (4. by sonication to

reiaéWﬁiYawwévfbxg@scmC@rr@@nhﬂ @edﬁ ﬂrﬁe@iq!frﬁlhcwbelﬂn croliters

O Fe e

i or S gibbdat ot Rt g oo RS vARCHAOGY BEthodied and
cdd@p&e(ﬁtﬂxihd ptopeitiee oﬁﬁﬁgmﬁctmf)pz{rmles coaxddwith silioe. Magnetic

m xt ur e was vortexe and aqueoys ammonia (29.4% 4
characicsization yan e fmed 4sing SHRT FoR mﬂmﬁlwm\ﬁmnce devices
(S?-g{ ion of reverse mcell e nicroenul si on.

gethylorthosilicate, TECS, (Al drich, 30
rri cr BIGS. é4s Indnets amdibddl d¢penddre magactization pbitsishooving that both

SRR SR TR) O S AShe 0t S S B pl supr
pamABHHR Gt 80K Wad G SteAOEk SK. The magnetic nanopartlcles coated with silica
showed higher magnetization compared to the composites at 5K and 300K. These raw |
data were presented in emu per gram of sample. When normalized to the y-Fe;Os
cotterit in each sample, magnetization values in emu/g of y-Fe,O3 were found to be
similar between the maéﬁetic nanoparticles coated with silica and the composites.

FIG. 6C shows the temperature dependence of magnetization at 100 Oe for the
magnetic nanoparticles coated with silica (Line D) and composites (Line E). As shown,
the coercivity values were also similar to each other at 5K. Zero-field-cooled (ZFC) and
field-cooled (FC) magnetization were measured in an applied field of 100 Oe at
temperatures between 5 and 300K. They exhibited typical behaviors of y-Fe;O3
nanoparticles. The blocking temperature (Tg) were 125 for magnetic nanoparticles, and
165 for composites, respectively. These values were comparable to the Tg of y-Fe;03

nanoparticles.



10

15

20

25

30

redi spersed in ethanol or deionized water. FIGS. 4A

and 4B are transm ssion el ectron m croscopy (TEM
wOonrepae73fi t he conposites. The i mages show t haPCrThis2005/034241

conposites include silica shells around a core

conprising Fe O nanoparticles and CdSe quantum dots.

EDX anal ysis of ‘the region shown in FIG 4B confirned

the presence of CdSe, Fe 3 ﬁ d silica. N2 sorption

i sot herm of the conposites ihdicated that the silica

shel | s were non-porous. Em ssion ;properties of the

conposites were neasured and conpared to properties of

bar eF @imiaxi aniseireny, the sapetparaagnens. il axaBonritineg ihgives By T = To

XD NI Re RS Hrbei S8 88 ot Slnd 1936 R SrfiSCotume.
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L1 me I n al e we a a 0 I ONn Qnse at |
arwmﬁmdelaﬁityg@a%%@é HgJ ﬁ%n%%é{]w? R, FeRRPCBY e ¢ a5Fuming a

. [P [

SQORS cbrniBistihediBrif e oF 1 35, Dl (1B6R600 B QREREEN )
(GdSexindhe eompaesitelismershd thedffeetiwematiesic apisotropynoitiie mBghstic

blue shift.can al sq be observed in fl yorescence )
naggRattiFlss tnlicafing Shat fhe R d0fS T JPSRBCHBIEFIEd toythg magaetic
ndfdFartiORs C band becanme broader. The quantumyield (QY)

of "the em ssion was estimated to be 11.4 % for the :

bar eln@d8elusidnthixekamp® dstablishes dred comhpasites of thePrésent igvention

b EEEIGE onipalany aBier o EiTRRIRRPR of FermRendiy frnithirictes
. _ e ok il
B B e e e B o5 (coat o
with silica) were nmeasured and conpared to the
Pr Opghfik Ve%l e%%ﬁﬁﬁén?s (?ﬂﬂg glae%éﬂt%\?e%tl&q ﬁgxfedbe\%gigscribed and
silica. ghet1c characterization was pertormned Using
illgstpred kaaid | thbkaef crdimaiyuskill il the barvallgeadilebnoBon(aSkadieB) of other

FIGS. 6A and 6B are field dependent netization
megnsagd/oR siFRGIges ﬁatpezfemnﬁélmgm%Waaﬂgz% Pptagipg the ggguliy and/or
. UL . i .
oA KR SRR TS R
muodigiogtions indevnpartd be mdthirc thetseepevafithe picként anvehtiove dMore generally,

oS 55 SRR BB gl s,
l ki ﬁ@ﬁ@#e% iDMAGHRdHP BrtBhé AL th belehflaty BRG Paf PRl

ar?ln eé%&rasan'p e?rl rragngi?licl)zat I on va‘lt) u%s I'n }e’rru/ g a()&l\}(- Fe O

parsmetefspdintensionganaterials, and/or configurations will depend upon the specific

application or applications for which the teachings of the present invention is/are used.
Those skilled in the art will recognize, or be able to ascertain using no more than routine
experimentation, many equivalents to the specific embodiments of the invention
described herein. It is, therefore, to be understood that the foregoing embodiments are
presented by way of example only and that, within the scope of the appended claims and
equivalents thereto, the invention may be practiced otherwise than as specifically
described and claimed. The present invention is directed to each individual feature,
system, article, material, kit, and/or method described herein. In addition, any
combination of two or more such features, systems, articles, materials, kits, and/or
methods, if such features, systems, articles, materials, kits, and/or methods are not

mutually inconsistent, is included within the scope of the present invention.
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simlar between the magnetic nanoparticles coated with
silica and the conposites. FIG 6C shows the
woenpavaisur e dependence of nagnetization at 108COaSt@s/034241

t he magnetic nanoparticles coated with silica (Line D)

and conposites (Line E). As shown, the coercivity

values were also simlar to each other at 5K

Zero-fiel d-cool ed (ZFC and_ﬁggl d- cool ed (FQO)

magneti zati on were neasured in an applied field of 100

OCe at tenperatures between 5 and 300K. They exhi bited
typical behaviors O Y-Fe O nanoparticles. The bl ockin

t enpeh&ingpaniteraiiclps )’ apds'apg as ¢ Ip Heopasificationgn g in the
g, d0Rsd Qar Hﬁﬁéﬂea € the', g?@ﬁ?éh%%g e UiRRSHQ \ﬁat}oe “at least

wer e conparable to the nanopartic or
ongii axi al ani sotropy the superparamagnetic rel axation

(3 \M]
b oneThe pite i bey de Pssirherah it e SRerifieiog andin fhselaip hould

b/ @défReod@ mddne e FBE R bt REARRNAAEhERS 65 c598MEd W elements that
silica and conposites, the magnetic ani sotropy density

arg Kpnjm@n@l)egexem ussqmmsgﬂmldahg_u_notlvmb@rgsmm other cases. Other
respective n IDc racterlst

el ES Ay hBOR W e s paBhEs eSioidly dentiing by the

“shdloh’s dla( el Rk therel el &Qim&&ﬂeﬂ@o ﬂi@)@é gieaRftsisperifEAIGHENHied.
magneti c ani sotropy of the rragnetl c_nanoparticles

Thysdpeanemlmitieg oxanwle aapferance bt SA wad/er B gawerafer, in one

cHRABEEAT T Al oIS BRGSO E b arete
er@bodifientp B @ity (opiiemiliydncliding eleicticothaatthaoh);afget another
magnetic pr(ggertles characterjstic of the magnetic

emmf’é@s% fcbeth A amcidoptionall w&hﬁm& Qfbgrelqrestd) ethi ch
for NS t]?edcl%?aﬁsfﬁ {h%%geém%altﬁn JH® ﬁle c?dg;‘ﬁ ﬂgﬂ?s?l R g{ip ar%d;%ted to

present 1 nvention h een escrlbe
thh eonﬂra’ty, ‘tord sleudd boutiersaood tekialé thersamben@ntngwisl“bnd/or” as defined
envi siqQn a varLet of, ot her, ns a

eadj
a'%otvr:u??%@@gl%r BSERATANEG foping i OB %f’peach shall be
@teala@%efn%qnaﬁaué ts Adhensish %f arle&g@ 'bﬁe beut &1@9 including more

advantages escri béd herein, and each
tham phe toil e mumdadidwolist wb diefientat andnepmwlaﬂg,emﬁd:mtnal tdistwidtiteims. In

the.s qof the sent tlan engrally .
el ShE R og” B BEE st ORI behtontyted of SfcRmabilpsive
al@dnhativas @Ret@icor the HBBSHA NSt bATEY)SiheR frece@Bdby terms of exclusivity,

configurations described herein are neant to be

susheniorly pnenfl’ ettigractiyenaof.lal par aneters, di mensi ons

ggéi I %l & he%}lq/u? {he%ger)]&ﬁga%og ahd I the chalms GREP P aSe least one,” in

reference to a list of one or more elements, should be understood to mean at least one
element selected from any one or more of the elements in the list of elements, but not
necessarily including at least one of each and every element specifically listed within the
list of elements and not excluding any combinations of elements in the list of elements.
This definition also allows that elements may optionally be present other than the
elements specifically identified within the list of elements that the phrase “at least one”
refers to, whether related or unrelated to those elements specifically identified. Thus, as
a non-limiting example, “at least one of A and B” (or, equivalently, “at least one of A or
B.,” or, equivalently “at least one of A and/or B”) can refer, in one embodiment, to at
least one;' optionally including more than one, A, with no B present (and optionally

including elements other than B); in-another embodiment, to at least one, optionally



application or applications for which the teachings of
the present invention is/are used. Those skilled in
woOheoeant33ni | | recogni ze, or be abl e to ascert aPQTASR00§/034241
no nore than routine experinmentation, many equival ents
to the specific enbodi nents of the invention described
herein. It is, therefore, to be understood that the
f oregoi ng enbodi nents are p[g ented by way of exanple
only and that, within the sc %e of the appended cl ai ns
and equi valents thereto, the invention may be
. practiced otherwi se than as specifically described and
ingluginggpore than oice Bepithingvepresan (3ndl entioaalieincludinggiements other
L TGN t . t ti.cle.. A giaKi
ol )i Mok R B B o o Soni ol cRlagfibbre than one,
Aot temsi @1, optidnatly ducludinemstcthah ead, B @ad opiistiaiyEncluding other
articles, materials, kits, and/or nethods, if such
elemaghte)y 6€; systens, articles, materials, kits, and/or

t . . O '
et e disoAd §1sH Bk uHH‘%rk'l‘t%%% M}?L s bl?%}x\q'?g %ntdfdgﬁgdlltﬁ gllléjgo%ﬂ'ary, in any

W thin the scope o resent
méthdés ¢lainted her¢in ¢hat snchale naovd thiammnt asts thesederhithe acts of the

b BB et S rS Bt ey oM Gt P b, /S B G e hed are recited
Meann'thd clafAs s YRE as e RPEATQtioR ﬁgéﬁf, all t@fsiHS LA hralscas such as

herein in the specification and in thé clains, shou
“compuipinigr’s iededing,” frearrying? {havingy? “doatdittingf” “invelehgiEholding,”

cEN ol ne | 4. nents that .are conj ungty vel ..
€Y S5 B phadfsoaftEE R ehfigh i 2] B o0 HRBking it not timitea
toO MY theas@sitiohd]BEased CIBREEEnEY aﬁ@t‘é&ﬁﬁﬁhg eRRnIMIRSEN khall be
other than the el enents specifically identified By the

clossd @r spmi-elpsaddeansiiioaslnbrases regpeetivsly. an setifartle in the Uttited States
S \ Fext il
PR RAbeVRRES Jr ranl Kdiiilld BbEehurd 8868171035,

r ef éWhat ie clziveedisbodi nent, to A only (optionally

i ncluding el enments other than B); in another

enbodi nent, to B only (optionally including elenents
other than A); in yet another enbodinent, to both A
and B (optionally including other elenents); etc. As
used herein in the specification and in the clains,
unless clearly indicated to the contrary, "or" shoul d
be understood to have the sanme neaning as "and/or" as
def i ned above. For exanple, when separating itens in a
list, "or" and "and/or" each shall be interpreted as
being inclusive, i.e., the inclusion of at |east one,
but al so including nore than one, of a nunmber or |ist
of elenments, and, optionally, additional unlisted
items. In
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general, the term"or" as used herein shall only be
interpreted as indicating exclusive alternatives (i.e.
wOams/107331 he ot her but not both") when preceded#Cbys2005/034241
terms of exclusivity, such as "only one of or "exactly
one of." As used herein in the specification and in
the clains, the phrase "at |east one,"” in reference to
alist of one or nore elenenﬁz shoul d be under st ood
to mean at |east one el emenf "Selected fromany one or
nore of the elenments in the list of elenents, but not
necessarily including at |east one of each and every
el enent specifically |istddLMMS n the |ist of
el enents and not excludi ng any conbi nati ons of
elements in the list of elenents. This definition also
1a|Iomﬁmhﬁﬁgmghﬁnﬁnb3om@ﬁmﬁ@t|onalIy be present ot her
than the elenments specifically identified within the
Ilstmﬁﬁm%P@%ﬁW¥§m?ﬁﬂf the phrase "at |east one" refers

¥heid ﬁfle &ggem %8&&&1'&%%0%%&9&%?%5%%’@35% dot to

speC|f|ca non
foemadndre;,andat | east one of A and B" (or, equivalently,

" at ne of qui val ently "at | east

one 6Fh"if%¥3%§5?ar§ yg%?ﬁpwt’éﬁgtﬁ‘?ﬁo%e enbodi ment, to

at | east one', loptionally including nore than one, A
with no B pr esent (and optionally including elenents
20t heTh¢ stawctBp of chim d nwherein theslal ivemop-arganie shadlst
one, optionallyincluding nore than one, B5with no A
present (and optionally including elenents other than

3A);  THe ¥@hct@RAUTORIm 8N RAlieiBME noh-Or@inid SRBlcofieises silica.
optionally including nore than one, A, and at | east

one, optlonally |nclud|ng nore than one, B (and

“al so BB BB ShOel B SHE) <5t Pty AR ol ora

déhetivetereyfy, 1 n any nethods clai med herein that
i nclude nore than one act, the order of the acts of
the nmethod is not necessarily limted to the order in

sWhi Chy L Qf?u&fnte%lf% alﬁlrlevx}ﬁﬁltee Spec t{n%qls Rk sbﬁbfehe

cl ai ns, as wel I'cation above, a
tran3|t|onal phrases such as "conpr|3|ng,"

: 2\3' ﬁg Ipigqgcture-q% 6[6&(%&; ,gvhergmjt% ;qggtptpwecfog ?-g%}ea cg@pnses a passivating

zﬁfgfjﬁ{rﬁ‘&&’gﬂasﬁr @e(ﬁﬂﬁ%ﬂ@ﬂﬂﬁgdoﬂ e., to nmean including

t not hmte [y the fransitional phrases
"consisting of and "consisting essentially of shall be

clos on sem c osed transitiopal,. phrase
Tres pgg? Plraytyee °§§ s FEPPHS A2 P t‘jﬁ of 88“%?“&‘18&5- Pat ent
O fice Manual of Patent Exam ning Procedures, Section
2 111.03.
8. The structure of claim 1, wherein the magnetic material comprises at least one

magnetic nanoparticle.
9. The structure of claim 8, comprising a plurality of magnetic nanoparticles.

10.  The structure of claim 8, wherein the ratio of quantum dots to magnetic

nanoparticles is between 1 and 4.

11.  The structure of claim 8, wherein the quantum dot and the magnetic nanoparticle

contact each other.
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What is clainmed is: CLAIMS 1. A conposite structure
conprising: at |east one quantum dot; at |east one

worgsan7simat eri al associ ated with the at | easPCOS2005/034241

gquantum dot to forma core; and a shell at |east
partially encapsul ating the core. 2. The structure of
claim1l, wherein the shell is a non-organic shell. 3.
The structure of claim1, whegein the non-organic
shell conprises silica. 4. The structure of claim1l,
wherein the shell conprises polyethylene glycol or a
derivative thereof. 5. The structure of claim1,
wherein the structure is water soluble. 6. The
12! T UPRSE Rlre BF Bfth ; whEEAShOrb DS RUARNCHE (st FOB, and
conprises a passivating layer Fried on & surt ace @
quaneing detdomprites CdSe. The structure of claim1l,
conprising a plurality -of quantum dots. 8. The
structure of claim1, wherein the nagnetic materi al
150" AS fucilire bE BRtm A RhABBNAL MachARARALEAIG Sot Paterfuble.
structure of claim8, conpr|3|n§ a plurality of
magneti ¢ nanoparticles. 10. The structure of claim8,

erein the ratio of guantum dots to magnetic
ano &PP?IP8F%%3W&B%PQ@B%Slﬂg-and 4. 11. The structure of
cl ai gpﬁralm{wgf@hﬁtﬁlﬁqogyant um dot and the nmagnetic
nanoparticle contact each other.12. The structure of

cl ai #hlqast opromagneticipartiphapseedigedraitbrtheplusdity of geantire dgs to
t antum dot conprises CdSe. 13. The structure
foglgldac‘iog?e’r%ﬂ#, wherein the magnetic material is not water
sol ubkiica dHbll oblcerpetillyeensipgsubitivg ehecat@r i Sing: a
plurality of quantum dots; at |east one magnetic
particle associated with the plurality of quantum dots

13.0 T QTR BFOf ﬁékiﬁgg composite structure, the method comprising:

introducing magnetic nanoparticles and quantum dots to an aqueous-in-

nonaqueous emulsion;
contacting the magnetic nanoparticles and quantum dots with a surfactant;
forming a core cohiprising at least one magnetic nanoparticle and at least one
quantum dot in an aqueous phase of the emulsion;

introducing a shell precursor to the emulsion; and

the

polymerizing the precursor to form a shell that at least partially encapsulates the

core to form a composite structure.

16.  The method of claim 15, wherein the precursor is a non-organic shell precursor

and the precursor is polymerized to form a non-organic shell.

17.  The method of claim 15, wherein the precursor is a silica precursor and the

precursor is polymerized to form a silica shell.

18.  The method of claim 15, wherein the magnetic nanoparticles and quantum dots

are capped with the surfactant.
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a silica shell at |east partially encapsul ating the

core. 15. A nethod of naking a conposite structure,
woOhesnetizod conprising: introducing magneti c PCT/US2005/034241

nanoparticles and quantumdots to an

aqueous-i nnonaqueous enul sion; contacting the magnetic

nanoparticles and quantumdots with a surfactant;

form ng a core conprising at beast one magnetic

nanoparticle and at | east oné quantum dot in an

aqueous phase of the emul sion; introducing a shel

grecursor tq the enuIS|on and pol ymerizing th

r ec thaswethog of glaimn d Sdughar comptisiag mt&f’élplqgmqlxﬁthxlene glycol, or
o forma conposite structure.
a%%%%@ﬁgh%%t ﬁgqg?ganFh115 wherein the precursor is a
non-organi c shel | precursor and the precursor is

ol yneri zed t on- o nic shell The
2t 1ok BEtheR 4 ﬁI i3 19 arigi e llpcrogaﬂtmsg%?glvgthéle% givegl ora
8Rfcoand the precursor is polynerized to forma
d&ﬁ%ﬁgg sﬁgll 18. The nmethod of claim 15, wherein the
magneti c nanoparticles and quantum dots are capped

2 o The oo el s et ang S e R watel bR, h

derivative thereof, to the enulsion. 20. The nethod of
claim19, wherein the shell conprises pol yethyl ene

23| ycBhe method ofi el d5; whereinethe edre comprivesen plaraligiobquantum dots.
clai m15, wherein the structure is water soluble. 22.
The method of claim15, wherein the core conprises a

2! ur @ihd ingtholl off dRirh US) Whésin tBS cord RempEkERAUplofaliey &f Mnddetic
wherein the core conprises a plurality of magnetic

DQRYPAIeS: cl es. 24. The method of claim 25, wherein the
surfactant is | GEPAL.

24. The method of claim 25, wherein the surfactant is IGEPAL.



