WATER- SOLUBLE FLUORESCENT PARTI CLE COVPRI SI NG ENTANGLED FLUORESCENT
POLYMER AND AMPHI PHI LI C MOLECULE CROSS REFERENCE TO RELATED

APPLI CATI ONS [ 0001] This applications clainms the benefit of rel ated

U.S. Provisional Application Serial Nunmber 60/712,103, filed August
30, 2005, the contents of which are incorporated herein by
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i nstance, fluorophores are useful as fluorescent probes, such as

| abel s or tags, e.g., in many biochem cal fields, such as drug and

gene research, cell/m croorgani sm imaging, disease diagnosis,
anal yte detection, and the |ike. Conventional fluorophores include

organi ¢ dyes, CRO88 REFERENCRIT@® RELATED ABFICATIONS:I r  nutants,
wat er - sol ubl e conjugated fluorescent polynmers, quantumdots (QD),

and the Iike. [ 0004] However, conventional fl uorophores have sone
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t hese fl S often roundi ng ‘envi ronnen

t hus rend\émmgretlhempmmatedbiafemrtmy mﬁemhcabl e, even unsuitable i n
certain environnents. In addition, GFPs have | ow | um nescence,
especially in the blue and red spectral regions. Wter-soluble
conjugated fluorescent polyners, |like organic dyes and GFPS, are
sensitive to 1 conditions of the external environnent, such as pH

val ues or i oniFgEDHIEMITHE NVERNITRORUr roundi ng sol uti on. Anot her
problemis that nany fluorophores, including many fluorescent

pol yners, cannot_be dissolved in water to forma stable and

homgeno&o%l ut TREhPregent ventien relatastte fiucresaest pAEictesappl i cation, as
aqueous environnents are the nost common environnments in nature.

BACKGRO-UND OF THE INVENTION

[0003] Fluorescent particles are useful in various applications. For instance,
fluorophores are useful as fluorescent probes, such as labels or tags, e.g., in
many biochemical fields, such as drug and gene research, cell/microorganism
imaging, disease diagnosis, analyte detection, and the like. Conventional
fluorophores include organic dyes, green fluorescent proteins (GFP) and their
mutants, water-soluble conjugated fluorescent polymers, quantum dots (QD),
and the like.

[0004] However, ponventional f[dorophores have some drawbacks. For
example, the manufacturing processes of multi-color organic dyes and GFPs
are complicated. Further, the performance of these fluorophores often depends
on the surrounding envifonment, thus rendering them unstable and unreliable,
even unsuitable in certain environments. In addition, GFPs have low
luminescence, especially in the blue and red spectral regions. Water-soluble

conjugated fluorescent polymers, like organic dyes and GFPS, are sensitive to



[ 0005] A known techni que of sol ubilizing hydrophobic fluorescent
nanocrystals in aqueous solutions is to wap nanocrystals with
cross-linked anphiphilic polyners to formwater-soluble QDs.

However, this approach has the disadvantage of requiring conplicated
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intervals, they are unsuitable for use in fluorescence blinking procedures.

SUMMARY OF THE INVENTION

[0006] In accordance with a first aspect of the invention, there is provided a
water—éoluble fluorescent particle. The particle comprises a fluorescent polymer
comprising a hydrophobic segment; and an amphiphilic molecule comprising
hydrophilic segments and hydrophobic segments, the hydrophilic segments of
the amphiphilic. molecule being entangled with one another, the hydrophobic
segments of the fluorescent polymer and the amphiphilic molecule being
entangled with one another, wherein the amphiphilic molecule encapsulates the
fluorescent polymer and at least some of the hydrophilic segments are exposed
to render the particle soluble in water. The fluorescent particle may be used as

a probe, such as for detecting, imaging, or tracking a target and may include a

ligand for attaching the particle to a target.
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fluorescent polymer dissolved in the solvent, and the anphiphilic
nol ecul e; and renoving the solvent fromthe mxture to allow the
fluorescent polyner and the anphiphilic nolecule to entangle in the
presence of water, thus form ng the water-soluble fluorescent

particl egodify mAé&HrSingPt}S oL e%f’oPﬁ\ﬁeWh%éﬁ}%nathe%'i b{cﬂ)ﬂjé’éj Lh an
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enbodi men f th r Lhvention 12]_ Fl 1 i chematic
G a0+ am apivenf po PRRSErS Tar oSt sl Go e e whBBATER: of ¢ e
present ipimeadlieon; [0013] FIG 2 shows chem cal structures of

exenpl ary fluorescent polyners; [0014] FIGS. 3A and 3B shows

chem cal structures of exenplary anphiphilic nolecules; 3 ][0015]
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fluorescent particles in aqueous sol utions;

[0009] In accordance with another aspect of the present invention, there is

- provided a solution which includes the above described particles dissolved in

water.

[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.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] In the figures, which illustrate, by way of example only, embodiments

of the present invention,

[0012] FIG. 1is a schematic diagram of a fludrescent particle, exemplary of
an embodiment of the present invention;

[0013] FIG. 2 shows chemical structures of exemplary flucrescent polymers;

[0014] FIGS. 3A and 3B shows chemical structures of exemplary

amphiphilic molecules;



[0017] FIG 6 is a line graph show ng the photol um nescent (PL)

em ssion intensity of exenplary fluorescent particles in an agueous
solution, as a function of the pH values of the solution; [0018]
FIGS. 8A to 80 are confocal mcroscopic imges of mcroglial cells
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fl uorescent particle su as the particle 10 schemati | Ly shown
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descri begfzg%rﬁwgﬁubﬂeggéﬁtrﬁrgﬂgs@féﬁ%%l&as é&Hﬁays.have a fluorescent

pol yrer I nes) a re anphi phi’'lic nol ecul es 14
(thin lines) that encapsul ate fluorescent polyner 12. Fl uorescent

pol ymer [017jas F@e 608 antinecgraptirsbipiving thesplptelwsinegeestii(Bh) emission

nol ecul e, 14 has .both . .h ophobi ¢ segments. such as r ophobi ¢

bl ocks BTGy SemaagTEResn Rt i E RIS A ch as a
hydrophifdr@tibﬁ@ﬁmEH vElgedWitheranlioh; segnents of fluorescent

pol ymer 12 and the hydrophobi c segnents of anphiphilic nolecule 14

are entangled with one another. The hydrophilic segnents of
anphi phi [(M8lp| LGS SAte 8Parg copfegal Ariglosgonicimagas ohrdemeatal oRlls

e expoaigedd Polaie RLbA: BoRRRMG oS RERYFROacEal PRl andC,

line 18 indicates a boundary which separates particle 10 into a

mai nly hjiri@phoRIGS @Actar 8 iave linagdaphsishowing hiyel ubiphidlet(WWWednd PL
regi on. The ent | enent, of the .mol.ecules i.s believed to nake the
bhysi cal SREHELOLHIPIEFCRH AOINE S18 felENESROMSHEn particle 4 10 is
di ssol ved in an aqueous solution. [0021] Fluorescent polyner 12 may

i nclude any suitable polymer nolecules that are fluorescent and have
one or nore hydrophobi c segnents such that the fluorescent polyner
nol ecules wll not be sufficiently soluble in water to forma

DETAILED DESCRIPTION
[0020]  In overview, water-soluble fluorescent particles, such as the particle
10 schématically shown in FIG. 1, can be formed in a relatively simple
procedure as described below. As illustrated, particle 10 may have a
fluorescent polymer 12 (thick lines) and one or more amphiphilic molecules 14
(thin lines) that encapsulate fluorescent polymer 12. Fluorescent polymer 12
has one or more hydrophobic segments. Amphiphilic molecule 14 has both
hydrophobic segments, such as hydrophobic blocks 16 (large black blocks),
and hydrophilic segments, such as a hydrophilic backbone. The hydrophobic
segments of fluorescent pdlymer 12 and the hydrophobic segments of
ambhiphilic molecule 14 are entangled with one another. Th‘é hydrophilic
segments of amphiphilic molecules 14 are also entangled with one énother. At
least some of the hydrophilic segments of amphiphilic molecules 14 are
exposed to render the particle 10 soluble in water. The dotted line 18 indicates
a boundary which Separates particle 10 into a mainly hydrophobic core region
and a mainly hydrophilic shell region.” The entanglement of the molecules is
believed to make the physical structure of particle 10 stable, even when particle
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stabl e and honogenous sol ution. The fluorescent particle may include
an encapsul ated fluorescent polynmer that has only hydrophobic
segnents, or both hydrophobic and hydrophilic segnents. A
hydrophilic segnent of the fluorescent polyner, if present, nmay

ent angl e ydrophilic se nts of the anphiphilic nol ecul es.
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particle may contain two or nore different fluorescent polyners that

exhi bi t tArewatieotof the pagicketedlucsepheresy tbemlw@er igipseserdin the mainly

epoot . MSEpBERES S8 558H A8 Bls EhBobabieg SELREEMZ0ERSRRE Ry, o
conponentedit®, Rl theERRe SE paftitieHEan Pe gsdedinevaer & Sdreng stable,
het eroaryl ene, arylene vinylene, heteroarylene vinylene, arylene

et hyl ene!l 0%@98F‘6'&$§P'é‘ﬁ@net hyl ene, and the like, each of which may be
a substituted or unsubstltut ed group. The arylene group may have one

Cenmons 0281 SRSt pol 14058 cben b RIPGRy gt be
quorescence propertles of the resulting particles. For example, if it is desirable
that the particle emits orange light, those skilled in the art will appreciate that
suitable polymers may include polymers that can em_it fluorescent light of a
generally orange color on excitation, such as poly(2-methoxy-5-2"-ethyl-
hexyloxy-1,4-phenylene vinylene) (MEH-PPV). In some applications, it may be
desirable that the fluorescent polymers exhibit intense fluorescence. Particle 10
may include any number of molecules of the same fluorescent polymer. In
different embodiments, a single particle may contain two or more different
fluorescent polymers that exhibit distinct fluorescence responses such as
distinct fluorescence emission spectra or distinct fluorescence absorption
spectra, or both.

[0023] Fluorescent polymer 12 may have one or more component groups.
Each component group may be one of arylene, heteroarylene, arylene
vinylene, heteroarylene vinylene, arylene ethylene, heteroarylene ethylene, and
the like, each of which may be a substituted or unsubstituted group. The

arylene group may have one or more of O, S, N, Si, and P atoms. The arylene
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connecting group. The connecting group may be one of 0, S, Si, N P,
and substituted or non-substituted al kyl ene. For exanple, a

conponent group nmay be one of phenyl ene, thienylene, fluorenylene,
spi robifl uorenyl ene, indenofl uorenyl ene, pyridylene, bipyridylene,
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FIG 2, pearflugsgaliidircludingatsissibsiituants.t o 3000, such as from 3 to 1000.
Each of R, R1, and R2 may be independently sel ected from hydrogen,

hal ogen, l\ndependent | y
sel ect ed[ﬂ%ln al kyle)éﬂlﬁﬂ ‘>O<r§o,I aLI'CE%P?%E\QF) ?%Mﬁi}é%ﬁéﬁ& E§TIJI]<)ényI ,

al kynyl , palyphenjrlehemnﬂemés (RPY), mly@eﬁyﬁr@ emey(IaPEmo aryl oxy,
heteroar on | thi o, heteroarylthio, aral het er oar al kyl ,

al kyl si | hplya jene nsﬂ«;n%,%wa%'ﬁaas@yn@&eﬁ 6%5{?'5@%‘@"@9?@&

21 kyl am o gRSR AR pibtle faok soohl polifshy meRytEbhodinels s

such as 1 to 18 carbon atons. Each of the al kenyl and al kynyl groups
may havel®25ai FlGe@ghowsthe qmnyoalcsﬁrmeataﬁmm%eﬁna@rszﬂmresm@wt

ga{ gon abSI”Fnersl,E a\ﬁﬁlcﬁfmélnge %rr_y PF’@rIy'I'h I]:B,Q\/ e derl\}éti%g shen 18Y have

poly(9,9-dihexylfluorenyl-2,7-diyl} (C6PF), poly(2-(2’-phenyl-4’,5'-di{3"-methyl-
butyl)-phenyl-1,4-phenylenevinylene)) (BP-PPV), MEH-PPV, and poly(2,5¥
bisdimethyldecylsilyl)-1,4-phenylene vinylene (Si-PPV). In FIG. 2, “n” may have
a value from 3 to 3000, such as from 3 to 1000. Each of R, Ry, and R; may be
independently selected from hydrogen, halogen, and cyano. Each of R, R4, and
"Rz may also be independently selected from alkyl, alkoxy, alkylthio, alkylamino,
alkenyl, alkynyl, aryl, heteroaryl, arylamino, heteroarylamino, aryloxy,
heteroaryloxy, arylthio, heteroarylthio,iaralkyl, heteroaralkyl, alkylsilyl, and
alkylgermyl groups, each group being either substituted or unsubstituted. Each
of the alkyl, alkoxy, alkylthio, alkylamino, and heteroalkyl groups may have 1to
30 carbon atoms, such as 1 to 18 carbon atoms. Each of the alkenyl and

alkynyl groups may have a chain length of 2 to 30 carbon atoms, such as 2 to

18 carbon atoms. Each of the aryl, arylthio, and aryloxy groups may have 6 to
60, such as 6 to 30, carbon atoms. ‘-T.he arylamino group may have 6 to 180-

carbon atoms, such as 6 to 120 carbon atoms. Each of the heteroaryl,
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60, such as 6 to 30, carbon atons. The arylam no group may have 6 to
180 carbon atoms, such as 6 to 120 carbon atons. Each of the
heteroaryl, 6 heteroaryl oxy, and heteroarylthio group nay have 3 to
120, such as 3 to 60 carbon atons. The heteroaryl am no group nay

pependi neSOP R AP aateoan it oRaecingd g G20 DR T ehte
f | uor esceatbdrohtoimy. met@mwﬂbm@@grq@makm@rmm 1 80=Eh Mg, at&ivish-,
BP- PPV, or the like, or any conbination thereof, nmay be used as the

f1 uor oph&kehag 3 {9at20 eabon@toms27] Anphi phi lic ol ecul es 14 may be
any suitable anphiphilic nolecules that have hydrophilic .and

hydr opholy ' L RRikis &P 4
b1 oconpat G PN dna BRRR ARl o, ref: idfiad YelBRY oPfen, orblue.
i ncl ude [Klupredeenhpolgoleysranay saisbleatede Gpoinstancs, MEHPPY a88RENBP-

pol ymer s r ndritic pol rs,. Anphiphilic nol ecul e 4 may haye
e or nbFY. ande Hhe or e bie B RREORETBRE Ay RBHsSR s BRrugaRhors I
segnent s nakftge RYdrophilic and hydrophobi c segnents may form a bl ock
copol ymer. The copol yner nmay have a backbone fornmed from hydrophobic

segnents, with hydrophilic segnents attached to the hydrophobic
backbone [@32%]ar i dwphidiilict rolerhies thppawheanyayitaklie @anphipkiko oreswesred

hyar oph KA HeEanaaaTi, o Hithorblt COnaRheS ARG bBfrEts e "
hydr ophobiay lse Bidtpeipzaibld. | Eos@gmples suithtile spishiptiilic BliEcfés ma

hydr ophi | i ¢ and hydrophobic graft segnents attached thereto. can
be appr e#IHRIIPIgE N RAIYEES IChRR ePRRIvgeEs. hyardpanehed palyRISSReTand

P e e T T e L e

t hat t hehigghepbiiccssgeersts dadadra asmofe hipdrophabic segnyerts. The hpdrophilic
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Segment s hi0e Wl RkbBRE f&PRELErbRONYdIBpREbIX BRGnTMt&! Rbith hydrophilic |
segments attached to the hydrophobic backbone at various points. The
copolymer may have a backbone formed from hydrophilic segments, with
hydrophobic segments attached to the hydrophilic backbone. The backbone R
may also be formed from both hydrophobic and hydrophilic segments, with one
or both of hydrophilic and hydrophobic graft segments attached thereto. As can
be appreciated, graft polymers Containing a hydrophilic backbone and
hydrophobic side chains may also be suitable because in an aqueous solution
such a polymer molecule can change its configuration so that the hydrophobic
side chains of the graft polymer shrink or entangle into a core and hydrophilic

- segments of the‘ polymer stretch out into the water phase to cover the core,

exposing the hypdophilic segments to water and rendering the polymer soluble.

[0028] Examples of suitable amphiphilic polymers include polyethylene-
oxide (PEO) functionalized polymers, such as polyhedral oligosilsesquioxanes-
PEO (POSS-PEO), PEO- polyhydroxybutyrate-PEQ (PEO-PHB-PEO),
polylactic-acid-PEO (PLA-PEQO), PEO-PLA-PEOQO, PEO-polypropyleneoxide-
PEO (PEO-PPO-PEQ), polydimethylsiloxane-graft-PEQ (PDMS-gi'aft-PEO),
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[ 0028] Exanpl es of suitable anphiphilic polyners include

pol yet hyl ene- oxide (PEO) functionalized polyners, such as pol yhedral"
ol i gosi | sesqui oxanes- PEO (PCSS- PEOQ), PEO pol yhydroxybut yrat e- PEO
(PEO PHB- PEO), polylactic-acid-PEO (PLA-PEO, PEO PLA-PEQ,

ol v e BRYRE ARG T e SRRIH sihciuges of whish e PPURANpEG

( PS- PEO) FIG8e3ARe 3B whéieie taciesf Oh” ahd Ci mag hakewvalie fr6h£§to 3A and
3B, wherein each of "ni and "n" may have a value from3 to 5000.

[0029] A80@@n be appreciated, each of the fluorescent polyners and
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Wi th or kg, rte%@r‘ilr{)émcle% n"f‘ei& Bé%%%d o Fﬁ’\lcs%oqﬁiéd ifto ?lﬁﬁ?é%'céﬁ%probes

Al ternatively, ar emsé
provi dedlrtchﬂi[mmrabuedﬁ asd tags, bsidrtioer dae:ﬁwbedtbalowﬁh@pannlea may ber be

taken up b he tar ecul or organism
he Lo af Ko FaSmaBlt ineSRinoci dtedtie i of GBS tSlats A B SsidnedPae:
ol ecul emdtdduie, coN, %@nsé’?gahf%ﬁ?’li:oﬂ-éﬁarﬁﬁﬁeaﬂﬂi Sﬁi‘t‘iﬁies%air pe nol ecul es
al so provides a stable outé&r sh
incorporated in, attached to or conjugated to a molecule that is a ligand or a
capture molecule that specifically recognizes, binds to, interacts with or is taken
up by a target molecule, cell or organism. Alternatively, the particles
themselves may act as the probe, provided the particles can bind or adhere to,
interact with, or be taken up by the target molecule, cell or organism in such a
manner as to allow for visualization of the particles and thus the target

molecule, cell or organism.

[0031] The entanglement of the molecules also provides a stable outer shell
that protects the inner ﬂUorescent core. As a resuli, the fluorescence properties
and performance of the fluorophores, i.e., the fluorescent polymers in the cores
of the particles, are not significantly affected by the surrounding environment,
so that the particles may be used in a wide range of environments and

applications.

[0032] The size and the fluorescent property of the structure may vary and
can be conveniently controlled or adjusted during the formation process, as will

be further described below. In different embodiments, the size of the particles
8



that protects the inner fluorescent core. As a result, the
fluorescence properties and performance of the fluorophores, i.e.,
the fluorescent polyners in the cores of the particles, are not
significantly affected by the surrounding environnent, so that the

ol 1 cat TEHErery T SHolnS ahbBRef SR 8L EBY WUE TSR, S0P b podrore e
structur ﬁeWWnS/@ffnarmﬁetewm @eewmumn@t@td yrrmmdkﬂbbsdf the sitlllushRmh
during the formation process, further described below In

di ffer enm%h%m #I?@rrﬁggepfﬁébgutz@%tp almlt [9§r/Q peihepastigigyradisisy Ap cambe
about 10, %‘Eﬁ?gﬁ? gsnﬁ‘}?é&’}n né%é%ﬁ@:@?ﬁ@@ S@s&;{%s in 4 ﬁanr{rﬁ&{etrfi‘“s

of nanorre er w m Ccronmeters the shell region
may be i maridee range of about 5% to about 95% of the particle radius.
As can be wunderstood, the particles may be nanoparticles, having

i zes | ter 003 tl th ticl
ar e sol HERING CeRisienth’ Ritae paats AR SRblecins 8P oERR HPAf ng
the partbglLigsusByiulién @Bﬁ%‘lrﬂﬁgthéldéhlc?essr%ytﬂe%btaﬁ%ﬂ B%cH%eéthldrf'

various applications as can be understood by persons skil I n the
art. [008Wy ¢ veefukinceatiove annlications asican bedmsissstood gyl pyerrems alayechave
very shor{r1 %ietines, as conpared to quantum dots or organi c dyes.
Thus, cont ai ning fluorescent polyners may be
advantageously used in a fluorescence blinking procedure, such as to

track si[ai34]nol &svlae dan bhé uppeeidted, lubrestent peidpasisraay siave kery
fluorescent polynmer in the particles may be sensitive to photo

i rradi at Poertlitglnes, @s W%@dd@wanwradstﬁ)@wg@amw 5;'51‘3‘51 eaticles.
[ 0035] Wbﬁ‘%\wsrﬁﬁgéﬂﬁo@gb d@&gﬁ%ﬁ%ﬂaﬁ@ﬁd%é@@@%ﬁ%@@ H¢florescence

particles dr scuss uoresc n
pol ymer sbliiking pfereshire, suchsas orifadissinglel molegpkcinriarerafisbie some
encapsul at

Cypes of cmiesiBeRien N Rarett e mebs e Pl Maes SERREF Spect r .

Thus, di pheteRadiRibAr §n@ihtf§?n%§'b@u§écpfﬁ‘é PRo®®lddchiry FMicaton.
[0035] Multi-color emission may also be obtained using such particles. As
can be understood and discussed above, fluorescent polymers of different
emission/absorption spectra may be encapsulated ina single particle. In one
embodiment, the different types of fluorescent polymers may have different
absorption spectra. Thus, different colors of emission from the particle may be
obtained by using different external excitation light sources. In another
embodiment, the emission light from one polymer molecule may be absorbed
by another polymer molecule in the same particle and cause a further
fluorescence emission at a different wavelength from the other polymer
molecule. Since energy may be transferred between the different polymers in

- the same particle, the fluorescent spectra of the particles may be tunable over

a wide range, even when they are to be excited by the same light source. For
instance, when the same patrticle contains both blue and green fluocrophores
and the absorption spectrum of the green fluorophore has a substantial overlap
with the emission spectrum of the blue fluorophore, the emission from the blue

fluorophore can be absorbed by the green fluorophore, to varying degrees from

9



obtained by using different external excitation |light sources. In
anot her enbodi nent, the em ssion |ight fromone pol yner nol ecul e may
be absorbed by another polyner nolecule in the sane particle and
cause a further ‘fluorescence em ssion at a different wavel ength from
.ol ecul e, ,Since ener be H%ansferggd bet ween

the oth I A

the di f1ERERI 2BSPPHER IO CAMHSIE ASRURL Pepradingion e RIS AelRRct r a
of the ppetwedrehe@iisBRntaitPabSHBY6H spacith BRd HIRS BflatiRY 8MoVREDf &A@y
are to be excited by the sane |ight source. For instance, when the

sane par bipel &f flionesgent msdecules iret rjeleehhe icator of bverat! erisdionrfeom

over ap Tl PATERINEL Kook BBE ear#e bP BN Ba 2R e SBTaRPah o, and
em ssi onpdayorary fenPbuke blLbUgreeph es® t6 awhikeorcdrrahdesbiby, Difiereat een

fl uorophore, to varying degrees from9 partial absorption to conplete
absor pt i BRissiRPEAEIHHUEMENbenbiaineddsing ene gpternaiaxsiatiombgiini ssi on

and absoé@@ljc%?ﬁa?ﬁé%ash?ﬁl? U\?ﬁgﬂéf%%frgé’e anount of each type of

fl uorescen ecules 1 he' p The col or of overall em ssion
from the particle nmay depend on the degree of the intra-particle
ener gy t [0086] er , Trendmphiphilicanglefcutes ipdhe patickes magdig attachedtto avhi t e
or another cplor. Different .epm ssion c¢olors thus . be obtai ned
si ng_ onePesiie feAnccalifh S8 T 1A EPoSBa uScUg dh oaabin HIRGH SBRPS
i ght sortbf:msta{&%glhyﬁh@pmn@_@ég}héht@ftﬁelﬁﬁhﬁisﬁijibgn&g@u|eaﬁéy E]La_es may

be attached to a specific |igand, which can bind to a specific
mol ecul ecomjugaledawith dw ligansk ti ssues. For instance, a hydrophilic
segnent of the anphiphilic nolecule nay be conjugated with the

| i gand. OQE;%]' ¥ IS, ' N .can Jipteract

with a dtsw d %%ﬁ%l%@uﬁ%@"ﬁ ﬁ%i#&@ef %%i?éﬁ@s‘%@% $8§§'§$‘5i n

associ at tapgetoholdeld, icgilvd ordarishmtseastorasulthe assdclatitopthetligahds) and

the target. The ligand nmay specifical li/ bind to_a nol ecul e,

i ncl udi n@ndl therefers wee&ffﬁ%@gdwraﬂea) arq the igeta chesligandhmay

parti cul : ' SLEP ,

I ncl udi n?e Eé}dl[yrs]c}[i'@? ﬁ%ﬁinﬁggﬁlﬁ’ Q{C}r@'ﬁé ?gﬁ@%léglr%eéo%pééam sn’(nsﬁ%‘ocre"exarrpl e

by i nj ecsurface such as a particular cell surface marker or particular cell receptor,
including when internalized in a multicellular organism, for example by injection
or ingestion. Such binding can in certain circumstances result in uptake of the

ligand and attached particle into a cell.

[0038] The ligand may be, for example, a nucleotide, a nucleic acid .

molecule including single-stranded or double-stranded DNA or RNA, a peptide

or a protein including a hormone, a peptide ligand, an antibody, a receptor, an

antigen, an epitope or a nucleic acid binding protein, a small molecule including
- an enzyme substrate or an analogue thereof, avidin, streptavidin, biotin, a

saccharide including a monosaccharide or a polysaccharide.

[0039] The target may be; as stated above, a molecule, a cell or an
organism. Where the target is a molecule, the molecule is a molecule that
binds to or specifically recognizes the ligand. The molecule may be a nucleic
acid, a protein such as a receptor including a cell surface receptor, ah enzyme,

an antibody, an antigen, a nucleic acid binding protein.
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or ingestion. Such binding can in certain circunstances result in
upt ake of the Iligand and attached particle into a cell. [0038] The
| i gand may be, for exanple, a nucleotide, a nucleic acid nolecule
i ncl udi ng singl e-stranded or doubl e-stranded DNA or RNA, a peptide

" ecept or 19001 artnd et e ety B3Rk e une B p S Raeh b el

a smal | BRARGIH SlebNEHHE NS it ARYSRZY BBvalBREARA ISR, ThAdRAMsnte
t hereof, avidin, streptavidin, "biotin, a. saccharide including a

nonosacc BHachisent may hel dissct.onganing. the@iss cavatentranst formed thefweagn

2 ot ecul ® arpioficaitiogu ot getlio ane 3P B4 1 5e8 FLRebBH Ry 1
recogni zegambke by gdnfuncliopanehasitior lifkyr Group drusdletdle thal ebvatertlyot ei n
such as a receptor includi n(i:] a cell surface receptor, an enzyne, an

ant i body Poads withitgdh theyampeirhilic meleguls aldthePastideand.thedigpod4o] The

attachnent of a ligand to the particles nmay be non-coval ent, for

exanpl e f’d(f‘zﬂ?r oSl ﬁ&n%g&%ﬁ%@ﬁt%&%ﬁg@@?ﬁ tRd bﬁﬁf&f@%ﬂtjsing RRow

coval ent " at tachnment™ may I rect, ani n ere 1's a covaflent Qond
formed bateteeds. Edreexamplepbnt iof threoparticlecorathetligandanay bé erepatetihe
ligand, pr it may he indirect, for, exanple by a bi-functiaqgnal h spacer
“or °T nkePaYPE A e8e L 1P BaL ratb SEaPaR it BomaP iR GloE A
anphi phi bidypTRItRE bhiterdf th paRrild bFligarRGndétecdridaiié thhOR&Ll iThe

| igand may be covalently attached t0 the particles using known

met hods. faraatier &gl eovatand behdihetwpan the fwo cemplementgantunctignale

Conp eneAISHRS: o pEBfie. VG n, MRboltBobh et EREHG 114 557
l'i gand ufigetiof@Intbés-Anigertdraipacesid dsdd) thé MiKEHdrapackr MayDeatititerbomnd

bet ween the two conplenmentary functional groups. For exanple,
bi ot i n- aPreRaked %ha%apeaﬂmtg@ﬁynatmeﬂ geoyR that reactg with.a f unct i onal

cross-1i | i b Iys %ﬁﬁ.{é or
pr epar ed%@bﬁg@%ﬁg e gg;é:?éli\slc'gg?%{r?tétet P%Hggﬁ%r oudpat%%%@r]crj g%%%tgsvtnﬁﬁ a |
conpl emegtaupythBlrezictowith sgcamplearertthgy fungiorehl gaowp en siee particieeaThéeve
functi I :
unett onﬁ‘nker or spacer may be first reacted with one of the ligand and particle under
~ conditions to form a covalent bond between the linker or spacer and the ligand
or particle. The product of the reaction may then be purified, or it may directly
be added to the other of the ligand and particle and reacted under conditions

that allow for attachment of the ligand to the particle via the spacer or linker.

[0042] It will be appreciated that bi-functional spacers or linkers will be
chosen depending on the functional groups present in the ligand and the
particle, including amino groups, thiol groups, carboxyl groups, carbonyl
groups, aldehyde groups. The reactive functional groups in the spacer or linker
may be photoreactive or may be an NHS-ester, a maleimide group, a phenyl
azide group, a hydrazide group or an isocyanate group. As well, the chosen
spacer or linker should not react ;vith the particle in such a manner that, as a
-resulit of the reaction, the fluorophore in the particle is no longer functional for

thé intended purposes.

[0043] = Consequently, the particles may be used to visualize the cells, to
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group that reacts with a conplenentary functional group on the
particle. The |Ilinker or spacer nmay be first reacted with one of the
| i gand and particle under <conditions to forma coval ent bond between
the linker or spacer and the I|gand or particle The product of the
reaction

Chor ! of AR u1d e 8 BiklecP e Pecile FRlactlide BithE colS aRfESIR® | nat

allow for attachnment of the ligand to the particle via the spacer or

l'inker. [d0d#2] mﬂemdtllugbﬁd@mye@e attachdd@t theipdrticles | Whah dGfigreat s or
linkers will be chosen de’{f)en ing on the functional groups present in

t he |i gahdpesf particlepwithidifferent ﬂWF@éPW%\FﬁSﬁ@ngﬁi shpeactensties age oups,

carboxyl

Funct onSriada At fYent (60 BF ol RsRnt DS LERMGE oy
may be abePwéﬁkedtoeldetei:tmbmhmﬁaimo@swpuclaapPhﬂreadcmn@Zthé%a@'ime@wnh
hydrazi d n |soc nate rou Af'ﬁq t he chosen . spacer
or |1 nkehoigdaliierapt Wekslend Egld r@nt %msﬁ%:m waMalgRetnst hat ,

as a result of the reaction, the quorophore in the particle is- no

| onger f peds]onagnd Bémcreaemapberfeﬁﬁe@w v %Pé’élrs&%rféesb'mhby,

t he partlcles may be ‘used to visualize’t to 11 track the
cells, oﬂucur@sciemtamlymaeaeqbélae amphighiic modaculanin Aaoneddueous soiventies.

00441 Ouflierent, dbSRRIoERY BoRh' CEIathn] Sud P eBRlbe ShERion e

char act eégﬁéawncﬁn@ su6ie Bk WeRbedThd hdh-AgliéeuesbiveiPRayde HRAGEMovVed
l'igands, different tyies of targets may be tracked or detected

si nul t anBeukihe midier. dBe partisles arer@rmeéi suetpre dywelfraggregationef the
differ en etecting different em ssion wavel engt hs.

[ 0045] T € par%:gag'?teﬁsg%ﬁ[‘eg formed by dissolving precursors for both
the fluorescent polyner and the anphiphilic nolecule in a

non- aquefgzi6j ol \Wﬂhout lmm@h&stedrtowqmmcmaﬂ theoty, lttmaﬁlduene)@es:tﬂdm'lebn

Pon- aqueBlienSurpeRtondy watef fies ddbibe Pve o soGmeR Bay i ©0°

par E Ih gl %m)%ggmfdéeme swmne%doweﬁ&lrﬁo@a%@%d' By Svehlt6rm FRHRSIGENES
bonds with the water molecules. In the process, the hydrophilic segments of the
amphiphilic molecule would tangle with one another. In contrast, the '
hydrophobic segments tend to move away from the water molecules but
towards each other. In the process, the hydrophobic segments of both the
fluorescent polymer and the amphiphilic molecule would tengle with one
another. As a result, the hydrophobic segments are concentrated in the core
region of the patrticle, the hydrophilic segments are concentrated in the shell
region of the particle, and the fluorescent polymer is encapsulated by the

amphiphilic molecule.

[0047] In an exemplary embodiment, precursors for the fluorescent polymer
and the amphiphilic molecules may be first prepared, in any suitable manher.
Many conventional techniques for preparing various fluorescent polymers and
“amphiphilic molecules such as amphiphilic polymers are well known to persons
skilled in the art, and can be readily implemented in this process. ltis noted that
a precursor for a polymer or a molecule may include one or more different |

molecules that will inter react to form the desired molecule, or it may be the
12 '



[0046] Wthout being limted to any particular theory, it maybe

expected that when surrounded by water nol ecules, the hydrophilic
segnents may tend to nove towards the surroundi ng water nol ecul es
and may even- forn1hydrogen bonds with the water nol ecules. In the

process t he h nents_of the anphiphilic nolecule would
tangl e mP?WedHé%QH%ﬁhg BtP IFPPEET, the hydr ophobi ¢ segnents tend

to nove pumg]fr oTRd El%c%(ﬁrmﬂﬁb@%'nﬁ?@y badissofierlids ssedhtottherforrhimgt he
process, the hydr ophobi ¢ segnents of 'both the f1 uor escent ol yner

and the ampeFYREr seution eenﬂamm@thedfltﬁ@rﬁgcentvnqum@hend amphighilic As a

of the” plfecies RREM G 8RR o Lloth e RRERRRA B welirt B! e o' "
shel | rfigbrescerit ;.’oc:hwneafd ambaiphilitdmbleufd mayescianhe patgdom sbout

‘ encapsulated b P ilic nolecule. [0047] In an exenpl ary

ot e 4t1009D80rRBeHESH S M et WA S IEE eI fbe TUaiREcBAERBYMET

anphi phi | 6@#8@“%@%%0?% {d £58utRIseRai8 e o] \%)@h%f {ri’eb(‘h‘}"orgE&lﬂ :

Many conve t1ona ni'ques for preparing various uor escen
pol yrer spalytheramahthpenmpldphitit emléade s Wehwitl heaumpderpioiod| thepweighe raticar e

{pl emon bl HFRs SR Pabew 1 e Perntiplic Meleouls ThihaciaeaRPomarticfes

pol yrer ﬁfayaoé@ihﬁ%'ﬁlt@tﬁ@bétlbriﬁltﬁ@@ol%ﬂSnOAs Eﬁﬁ%ecléﬁﬂrééuﬁf@!d wHreRE! es
that will T'nter react to formthe desired nolecule, or It may be the

12 sane prsiceicsdre of ae flusrescemepglympeinstudg mompleﬁieaplsdmdrepmobuc

nol ecul es di.ssol ved i solvent. thu recursor
Tl et orndsaRfhie T FRLeT # shitaliedfin Stons Seriatisnias i ProsiE

ol ecul egolt@nt thay Pengivahtadgsushclesd. tﬁmyoﬁuﬂebﬁo@rrgeﬁlc Jd1eeah Wiich &d O
of the fluorescent polyner to anphiphilic nolecule may be in the

range fr&@liealiggunolecu e(sotub!emﬁubeesed [Exeroplaey omsolmet wei ght
Of e (Rl RNER Sl BRIHR THFCAG AT BAUlor e Rl AP IOR ARe?0

rescent mer ~an e anphi ph|
mol ecul etypéas oﬂnsblvehis innalisicss ties deletterl mI@Mesraw'elsmlumé nhdneafsbum escent
poI ymer Ejgec} r§ljit%rlT:t1f)8hjsglr\]/(iah’tiscin reglcﬁcplélrt?chgr égﬁlcgﬁgﬁ lrr%a{yn\?are%reyegldﬁlsg on
the particular molecules and precursors involved in the particular application.
The solvent may have a relatively high vapor pressure at reom temperature,
such as when compared to water, the benefit of which will become clear below.
To facilitate dissolution and uniform distribution of the molecules, the solution

may be agitated such as by sonication or stirring.

[0049] The precursor solution may be mixed with an aqueous liquid, such as

purified water, to form a liquid mixture.

[0050] The aqueous liquid may also be an aqueous solution containing a
solute such as a salt, a base, or an acid. The salt may have different ionic
strength. The base or acid may be added to adjust the pH of the aquéous
solution. The agueous liquid may also contain an organic solvent such as
alcohol. As will be understood by persons skilled in the art, the composition of
the aqueous liquid may affect ihe properties of the particles formed. For
instance, the aqueous liquid may be selected to improve control of the particle

size or particle size distribution, or both. Depending on the application,
13



may be simlar to the ratio in the solution. As can be appreciated,
when the precursors or the fluorescent polyner include nolecul es

that is hydrophobic and insoluble in water, a suitable non-aqueous
sol vent such as an organic solvent nmay be advant ageously used. Any

sui tabl e ani vent in l.ected nol ecul es are sol uble
may be u? loﬁgﬁg pgﬁ @?&Qﬁ %éi%q {?qﬁ? S0 L°1 ude tetrahydrofuran
(THF), chloroform dichloronethane, and the |like. OQther types of

sol vent s[0064hi dh 4 difereitephigstineheaké fasqu@bes ﬁ@wubhsy BBadeled beisre
used. Suitable solvents in each particular_a plication may vary

dependi ngllghth Qﬁ@%ﬁ?@%‘ﬁﬂﬁ@ﬁﬁ addeghd” f&"uﬂ@o@"@@@%ﬁfébel n-the
particul %H}pﬁ'ﬁ’ﬁlh&ﬁﬁlé&le 2 RPYLE ﬂbeg‘ﬂ"}' éaonqk@ﬁq it U g]lépvapor

pressure-at room te STat suc ared vo wat er
benefit ofixadhinith the bkedwsmﬂmolyﬂneasolmeann a:iﬂhéaembodmﬁawtdtr@sol ution

and unlformdlstrlb ion of the npolecules, the solution
agi t at ed PERFUFSYS TRit l}!@cﬁﬂ‘ ea@h@ﬁ raelegylergnd e f[ma@qenmelym%ﬁag Eﬁ

sol uti Onflfgmlslé%l\)@d&ﬁ‘a Fgél{eﬁt Q&véﬁﬂﬁgg@@ Wbegal%ﬂé Qoﬁflpng%hﬁzh%‘i‘e

water, to forma liquid mxture ueous uid may als
be an aqthesusideo with an aqnleba'sri‘itqugi i shealdibe nsteﬂﬂlm chasgihg tha base

or an acid. The s ve, . different jonic strength, The base or
aci d my SHRUR e ST AFFivec AR SrHhS Rhnsidh FeTHL hecpTeciRer
aqueous kbR¥bA ig'BiepRrS® nfElAF A 1R ePEMIARI SartitleV@Pds Sk dige al cohol .
As will be understood by persons skilled in the art, the conposition

of the digtidsdiont i quid may affect the properties of the particles
formed. For instance, the aqueous liquid may be selected to inprove

cont ol Rod2i, AR IGHecl Bhodhis e bSbPSShARy ) L WL Ty vt Dot

Dependi n t he appl 1 ear on, I"oha , es nay be added to
t he sol ufaqoeoua{ A8 1l may be adizartagebus tdadd ties predursoraspigtinmmss|bivyi d
may be addag bef ore, aIIJFEof the other ingredients have heen added.
Furt her ap dERdRs- Frasdngtaace, é@ﬂ"ﬂ)?ﬂq PrECHEs SpiWionmgwlydnay
di ssol ve H-F%lé’ﬁ dyérh
precursoﬁn%@w%ﬁ@e hg t gﬁy%r %\‘tﬁ%grg Q%WQ{ elt?df% %Hf&léswﬁay

- refer to the uniform distribution of the particle size or the chemical and physical

structures of the particles.

- [0053]  Conveniently, molecular self-aggregation processes may take place
automatically in the aquedus liquid mixture, and the entangled structure as
illustrated in FIG. 1 may form by self-aggregation at room temperature. As
discussed above, the self-aggregation may be at least in part driven by the
hydrophobic and hydrophilic properties of the molecules.

[0054] In a particular example, the fluorescent polymer may include MEH-
PPV and the amphiphilic molecule may include POSS-PEO. In this case, MEH-
PPV molecules may concentrate in the core region of the particle and the PEP
groups of the P_OSS-PEO molecules may concentrate in the shell region of the
particle. The POSS groﬁps of the POSS-PEO molecules may be entangled
with one another and with the MEH-PPV molecules. The PEO groups may be
entangled with one another, thus forming a stable shell that encapsulates the
MEH-PPV malecules.
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precursors for the anphiphilic nolecule and the fluorescent polyner
may be first dissolved in different solvents to formtwo separate
sol utions, which are then mxed with an aqueous |liquid. It should be
noted that changing the sequence of the steps described above or the

manner recur.sor ution s bprepare af fect. the
Cvont ual REHAIC 0, TREAGIE it nBRUEE s s B Sty Ein o

enbodi nefdcilithfeesuHfi@e Nt 1B King ahdl UnFSmireistiisutRiidsidhe endlBEuleB OOt
fluid. It may be advantageous to add the precursor sol ution sl ow Y,

such as @pignolgraent afdhe mpdeeie®, adding the precursor solution slowy
may inprove the honogeneity of the particles. Honpbgeneity of the

particle r cIe si ze
or the cﬁ)edr;%!al 'Q{negév‘%ragl cgﬁe%é g@g}d&#@éﬁh&’%ﬁ%ﬁ rPE:IQ ff 053]
Conveni eummtyollsabdiwmg ﬂme ferhati@yproagssi Balctprsnmesm affect tiaé<e|zp$ afthe
automatical ]y i eous liquid m th , and thgh ent.an

n
st r uct ur Badigles 'npl.a@?r’fﬁ% qsrpfrﬂr U"?%H}P %8 H5ed gveh ggdhel slae?rawa!at
room ten@@u@thk&for MAdlechiFHSgINd, aRo cetnkf'r‘étléﬁ%]f)r ARRY G9airioRs mey be at

| east in part driven by the “hy dro and hydrophilic properties
of the ningeedients. |n[tn®5anut|ons alspd,rmematarre @')iher}sbbrent Hbefdpeoatigcent

| d H- PPV h l | ' | ud
PosS, PEdeReBfire: BREmer tie o BBon s FalRl obith Py IRy 2fg Srlentit.
core reghgitatiin $livh Aasliriahspesd, SR thEfke. Qﬂ’@tﬂ@PﬁfatFofh EprB6&$ureEO

mol ecul es” may concentrate in the shell region of the particle. The
POSS gr oishiding theeseumgscprDdhrardeesf vmgouseet@m aﬂ@o@ﬂed wmayralepe

anot her e \/ l.e T

ent angl e e SRR rmed Ba BBt Port S SR A B R B °
encapsul ah@srstdrel thiEbtiidrVadtolsamialesso affedtdRo Sizeshtf tiagl paﬁtwﬁed incaiyd
m xture nmay be stirred or otherw se %ﬂltated to facilitate

suffici eaveniappligations T 9ffackofiaRarialer Gt the nastice sizamayke « he
ent angl egeRimied By tdBrhE UdintPsimple testing procedures known to persons skilled

in the art. For example, different batches of testing samples may be prepared
under different conditions or using different materials or procedures. The
particle sizes and size distribution for each batch may be determined using a
suitable technique, such as by imaging the test samples and measuring the
sizes of the particle images, as illustrated herein.

[0057] As can be understood, the fiuorescence spectra of the particles may
vary depending on the particle size or the density of the particles. While the
fluorescent spectra of the particles may be mainly determined by the properties
of the fluorescent polymer in the particle, they may also be affected by inter-

- molecular interaction. Thus, the spectra may be fine tuned by adding suitable
other molecules in the particle, such as in the core region of the particle, or by
selecting different amphiphilic molecules such as those that have different
hydrophobic components. |

[0058] The original, non-aqueous soIVent, such as the organic solvent, may
be removed from the mixture after the mixture is sufficiently mixed. The solvent

‘'may be removed in any suitable manner. A simple technique is to remove the
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[ 0056] The average size and size distribution of the particles nay be -
controlled during the formati on process. Factors that nmay affect the
sizes of the particles include the types of precursor nolecul es used
such as their chem cal structures or nolecular weights, the
concentrations or ratip of—various .ingredients in the solufi.ons
ised. "t neON B LEyRHEoR THE RoPL ALOD BT Sy oy et HPEh et her

t he sol ukbiRBni kagdirélatiesly HigHvasorPressirerdtibe aR8p&vatieA te®beratdid, &kl on
such as stirring speed,_and the |like. The pregaraﬂon procedur e

i ncl udi ngomparestipiwates. Bl highevanaddressure sawbe advapiegpevs formatdeasty

Theart b TedsdissbEEI B0 ik sRRERERa ottt by ERLSATRSA tBCbtbRy o
of the piytbialapsrats thayolvenyana spfficictlyiHigh ratbetheitfrediicing tide time

particular factor on the particle size may be determ ned by testing
usi ng si FﬁﬂL@eﬂéQtrﬁﬁﬁ’VBrtB%éalYﬁéﬁ ﬁaﬁ&mmme,@@mm@ysqmn@cﬁoquts BEChr t .

For - exa % THEIthS %Qgﬁéra%ﬁ%l?é‘fbé?fcalﬁe}f é%ﬁ,‘%@f?gm? Berdyfpar ed

under differenit con I'ons or” usi ng rials or -
pr ocedur ssnpdature p@iancliesiidzaasd appropriate, dn somelembodinfemts,dheh bat ch

may be determ ned usjin sui t abl e techni que, such as by i I ng the
Ledt sanflaursiay REatreA o BResies e Las svapatpariper. fhhguld Bas”
| 1| ustr ahgRdhREEINE ediordtiorfentdtalife YREQISEORA ehbiEgH tdRhfSCENCe
spectra of the particles may vary depending on the particle size or
t he densevapwhtiomef water cl es. Wiile the fluorescent spectra of the
particles may  be mainly determ ned by the properties of the

fl uoresc ol ' | cl e e_affected by
nter - mBlsoh ar e Spestlb ok BWdndrefion RRSesEt ety ud bEC ¢ Unedl by
addi ng suobitirhiotislyoddieitedrol st duting ehaporitihc Ferthsn elapsratiBntrhgy cor e
region of the particle by selecting different anphiphilic

mol ecul e§|3§thﬂ1a‘&‘§@rﬁ§ﬁ§ieb§;QH-mHiféQ/@Vﬂﬁqrﬁ@de‘ﬁﬁ'Vefﬂfymﬁﬁé&‘ﬁycfr%_ﬁh%nent S.
00°5) THALSKd O 8 PORVAONE o b AL, SR 488 o

. sol vent; may romthe mXx
suf fi ci etite fomogenkityTdfdhe @pariicies formed&or examgle,iim same ernbodiphents,

. A.sinmple tech ' . th 5 )
ranner S [rﬁhgpmaey pree(i/err]'t!t ﬂ]ueefolr%a%gn ro? ﬂa?\éee agg?egaj{es of particles or

coagulation of particles. It has been found that the evaporation rate of the
organic solvent may also affect the homogeneity of the particles. In some
embodiments, a slower evaporation rate may improve the homogeneity of the
particles. In one embodiment, the non-aqueous solvent may be completely

evaporated over thé period of one to two days.

[0060] The remaining liquid after evaporation may be subjected to further
processing, such as filtration, dilution, drying, or the like, as can be understood
by one skilled in the art.

[0061] Conveniently, the above procedure may be performed at room

temperature 6r at a different temperature, as the entanglement may occur

under such conditions and it is not necessary to heat the solutions or mixed
~ liquid as will be further explained below.

[0062] The resulting solution containing the water-soluble fluorescent

particles may be used for fluorescence sensing, detecting, labeling or tagging,
| 16



sol vent by evaporation. The evaporation techni que my be used when
the solvent has a relatively high vapor pressure at the evaporation
tenperature, as conpared to water. The high vapor pressure may be
advant ageous for at Ieast two reasons. One is to limt evaporation
of water frog}ﬁEf ﬂ1 ture an he ot her |s|to Hg e T ?olvent
at a suf APECHRISMHRGAUPLEES WREE FEAGENKSQ RS HeESdr B SoPEdT {1
‘renove tpe seBsieptihlly E@rhp@f@lemov%tﬂ‘bnﬁnﬁﬁb’ mtdRNbEfOPE LB S BvSiHGhy as
THF, the evaporation may be carried out at a sufficient rate at room
t enper at Undesinghle effectsraadisad dydppcspaniaselvenh sone enbodi rrents t he
m xture may be heated to accel erate the evaporation process.

should b te

enough t@)q(ﬂm drié\}fg%oorrggf :’quﬁél%gt[s%?tﬁe[? mfﬁﬂg%ﬁ}%@%‘hg%tg? coﬂWolled

evapor at donngtrecismatioh protedsysechnay byeadjesting theautd Wi 8w p@barto@r
Furt her, evaporation may al so

t dd oration
Zcéé{:ra u”%ﬁe m%r%rfgeévéab%wans%mén e%ﬁ@rraa%f tlﬂeﬁrﬁquﬁ@rs in
f may al so
Thor ove Mo eRulssH SoflaBh e eyt T 8RB GERP I EAb Y flokscehp ™Y
sone enbouilemmesio amphiphilicgnogulmsan ding resmﬁlrfg)pammlesn Fof ekamgle, as

t f ti.cl or , oa ul ati on articl es. t has been
PO 0 SRl Ll At e BirioTE e e o e, A oS SemtaplecHEs iy yhry
af f ect th@ﬁwmimwtoté&w%tme% oy t?é’!]ﬁder%fﬂ&d‘tﬁ@”ts a

sl ower evaporation rate may i nprove the honogeneity of the
parti cl eduoreacenee intdnsitiasceitthetrasultion padictemayslepend amtpiveatio.
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processits ratisch as filtration, dilution, drying, or the like, as can
be understood by one skilled in the art. [0061] Conveniently, the
above procedure _nay_ be gerformad at room tenperature or at

i 11 or ont00B8Ipcr e AUTeseentiperEalen Rmasimey e/ s esled Mamube Tt
condi t i Oé‘éluﬁ?ﬁi ébe h:‘%sr%gm% décgfotﬁ‘?@thré [8e S9OWELENSisYanBeced

i qui d as
appreciated, the quorophores are typically used in a liquid environment, often

U

an aqueous environment, in biological or biochemical applications. Thus,
before use, the dried particles may be dissolved in an agqueous solution'again.
While the dried particles may coagulate, once re-dissolved, the coagulated
particles will disintegrate and again form relatively uniformly sized particles. As
can be appreciated, in some applications, it is desirable that the fluorescent

particles are of uniform sizes.

[0065] A solution containing particles that have different emission spectra
can be obtained by dissolving different types of particles in the same aqueous
fluid such as purified water, where each type of particles are prepared in
accordance with an embodiment of the present invention but has a distinct
emission spectrum. For example, each type of particles may exhibit single-color
emission but different types of particles emit light of different colors. Thus, the
solution may have multi-color flubrescence emission properties, and may be

used for muiti-target probing.

[0066] As now can be appreciated, to form the water-soluble fluorescent
17



[ 0062] The resulting solution containing the water-sol uble
fluorescent particles may be used for fluorescence sensing,
detecting, |abeling or tagging, 16 and other simlar purposes. Wen
an organic solvent is used, the solvent nay be substantially

conpl etely renoved fro he m xture before, use, t voi d, an

indes: r aBPEICHT SECCIBE b & BeRErS PRsies dS5CURRT 2DPUDALE e

Tl uor escpabesyRPES fdreSay stabf ERsHichl B&d@béﬁnﬁéeﬁ%h%o%c‘éﬁﬂbb?lﬂe@d
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pr ecur sognd g aswhighiliamateculess diuis ©d80 Bl nedessaryAoctiassrtink the he rati o

of the pr f i e Jurecu S0l ut i resul t, | hange
"n the T ARG riolheddtt A¥ GEDE BedRued e ABHIcT e o doBieel Ry
the resulrivon@ Radbirct@Figuraiore xaisihg andsent@irify 668¢ @abhglet, the

wei ght percentage of the f|luorescent nol ecules may vary from about

0. 001 wt Maleculgswithomngomjintanelgeulpeinierastian setnts.tThe atomsoPfescence

I ntensitj e | ' ' LO.

Thue, t EATEBR e M ahbiER Bl e ARR P SRk s Bt
by adj usthozg oftamosheradntenglebdecdlbearid therearend sfrang icherscdl oned, may
be extracted fromthe fi nslgn sol ution, such as b¥q drying, and stored

for futuF@- IR¥EC apdgevalent Bends, between i M9 sntandledolaqilns, #ibpegh ar e
typi call j L/ GH j ; ;

et onmisERErbOSmel Tuhf oeRioc SRn L BB afFoRtiNBRles, itis,
use, thebédiieved tpat thectrangieyndrd of tres violemlésprvidegusdiicie siodtabilinof
again. Ile.the dried particgles coaqul ate, once,re:di ssol ved,
the coagiepaticeatiloniosteyn foioPtitfae Hrihaghrmi el PRNFS AmAToh ¢
uni f or nl jhesémafgrRarbrcars. AS a fea0lt! rﬁPn&aQéd drSbssing SBPE or steps
applications, it is desirable that the Tluorescent particles are of
uni f or m that éxvolNeodmanical esiclions At bight temyiengtupes mayl hesavaided imthe

types. of Pisarpse e HHE Bl Rosiou e i1 Pititihedbiietsifotiieafiar or
wher e eaambiemeressure and irea sat=l numsipar sftkiinple stepsr dance with an
enbodi ment of the present invention but has a distinct

ore

[0067] Whether entanglement among the molecules exists may be
determined based on various suitable techhiques, including conventional
techniques known to one skilled in the art, depending on the application. It may
be possible to image the molecular structures in the particles, or to determine
whether ionic or covalent bonds have formed between the molecules, so that
the existence of entanglement may be accessed either directly or indirectly. For
example, it is also possible to assess the existence or degree of molecular
entanglemeht based on molecular dynamics simulation, see e.g., Z. Q. Zhang
and X. Z. Yang, “The effect of chain interpenetration on an ordering process in
the early stage of polymer crystal nucleation”, Polymer, 2006, vol. 47, no. 14,
pp. 5213-5219; based on differential scanning calorimetry (DSC), see e.g. J.J.
Hao et al., “Synthesis and comparison of hyperbranched aromatic polyimides
having the same repeating unit by AB(2) self-polymerization and A(2)+B-3
polymerization”, Macromolecules, 2003, vol. 36, no. 10, pp. 3519-3528; based
on rheological property meé'surement, see e.g. R.N. Shroff and H. Mavridis,
“Assessment of NMR and rheology for the characterization of LCB in
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em ssion spectrum For exanple, each type of particles may exhibit
single-color emssion but different types of particles emt |ight of
different colors. Thus, the solution may have nulti-col or

fl uorescence em ssion properties, and may be used for nmulti-target

Pl oot oo ahgentiany e i T8Ny BRSNS Riditeed JI TVl Sa B et ¥p. ' ©

descri bev3gRqge6y7; bit baseder NMRQ#ééﬁfrérﬁeﬂt fs@led gnK. @hahéeby: hAﬁw@is
bonds between the fluorescent and t he anphi hilic nol écul es.
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wi th rangigsd reiémmehewirﬁbrwrhtﬁcahéreoﬂb pifatencelhe atons or  segnents
of one entangl ed rml ecul e are randomy located with respect to those

of anot h&r %it angl ed pol ecul e and there are no stron bonds,
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and anblent pressure, and in a-'small nunber of sinple steps. [0067]
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formed b eﬁ%npﬁ@eﬁﬂre& eé'@ RS justing tbgiconegptration ehthengl enent

ey be 3G6@BRR0nThe Qéﬁrtagh%‘?ﬁtthé PIALKIES! e T parBpMdgy I 15

al so possrb e to assess exi stence or degree o
transfer may be controlled

[0070] EXAMPLES:

[0071] Example 1

[0072] A Sample | solution was prepared as follows.

[0073] A so]utiorr of MEH-PPV ina THF sorvent was prepared. The
concentration of MEH-PPV in the solution was 1 mg/g.

[0074] 20 mg of POSS-PEO was added to 20 mg of the MEH-PPV solution.
_ The solution was diluted to 1 ml by adding THF to form the precursor solution.

[0075] The precursor solution was mixed with 10 g of deionized water in a
20 ml glass bottle. The precursor solution was added drop-wise to the water in
the bottle over a two-minute period, during which time the contents of the bottle
were sonicated. After mixing, the contents of the bottle were further sonicated
for five more minutes. |

19



ent angl enent based on nol ecul ar dynami cs sinul ation, see e.g., Z Q
Zhang and X Z. Yang, "The effect of chain interpenetration on an
ordering process in the early stage of polyner crystal nucleation”,
Pol ynmer, 2006, vol. 47, no. 14, pp. 5213-5219; based on differenti al

scannin ringtry. C)..see e.qg., J.J. o et, at, "Synthesis and
conpar i gg@aﬂ h;fﬁ?eer %\”é%’cslh%ﬂd %nﬁinl%&l %tapgmigag&erawgi‘fq{ i
repeat i Ngerdbvé TRIF @;Bé%pcﬁﬁtién,nﬁéwgzrarmagﬁéwstﬁréi. A(2)3

pol ymeri zati on", Macronol ecul es, 2003, "vol. 36, no. 10, pp.

3519- 3528; based_on rh_eolé)sgi cal pro.Pert measurenent, see e.g. RN
Shroff af0TIl valhe tasylting seluianwan fitereduvith artturmBlardgyemevet he

A &l . s N | |
o oot T abagaMY frtcles edfiefaPEallch Was'thE SHmBR LK IEnE ARk
e e e .
ruct ures ul se , latl on SI C n emstry, ,
vol . 39, m%egtd?s Were ggcapsulated QYJH?GRQ§§C)'?E§&PH|QS’PIQSF1€ aboze cited

ref erences are incorporated herein by reference. [0068] As can be

appr eci atcm#sat herix it PMERLPPYLS $0988EORRT EFé‘dLi?sorasro‘?utﬁﬁﬁXraéo

perform and do not require extensive heatlng, expensive equlpnent,
or stri cabout @il (fieuThe bemztintiagiop od CEABS-REO[I0 teDinixex liduid svaseahsfutt he
parti cl eaﬁ‘&g}/t he thi ckness of the shells of the particles can be
adj ust ed Controll ed during the preparation process, the

particles may have particle sizes and shell thicknesses selected to

reduce EmmgPy tRIGS: (49X ahd 4B Ripebiddly Shéwlaniowl ieagedof partiokelis,
i nter=particle energ transfer_ may depend on the fluorescent spectra

i) .

of the i REEIPRI PRyl Meapaedanith atlidCéi BMaEZ Bdhveded Resaarchhus, by
adj usti ngy; at d _ ' ' h  on and the
Shel Tt nigrSoGR IO A ol hibfesdBRt e find i dEflons £
cont r ol | ednshatzddighEXANE FEhe biigddts Bxaimbged of he7rtidleSaAplcanibe
sol ution_was Rre ared as follobvvs. , ]

seen, the sizes, shapes, and brightness of these dots are relatively uniform,

indicating that the sizes, shapes and luminance of the imaged particles were

quite uniform. These images indicate that the average particle size in Sample |

solution was about 200 nm.

[0080] Example 2

[0081] A Sample Il solution was prepared similarly as the Sample | solution,
excépt that the amount of the MEH-PPV THF solution used to form the .
precursor solution was 1 0 mg. As a resulit, the ratio of MEH-PPV to POSS-PEO
in the precursor solution was about 0.05 wt%. |

[0082] FIG. 5A shows a TEM image taken from the Sample Il solution. The
dark dots are images of the particles. Judging from the image, the particle sizes
vary from about 140 nm to about 165 nm.

[0083] Example3

[0084] A Sample Ill solution was prepared similarly as the Sample | solution,
except that the amount of the MEH-PPV THF solution used was 30 mg. As a

20



[0073] A solution of MEH-PPV in a THE sol vent was prepared. The
concentration of MEH-PPV in the solution was 1 ng/g. [0074] 20 ng of
POSS- PEO was added to 20 ng of the MEH PPV solution. The solution
was diluted to 1 m by adding THE to formthe precursor solution.

[0075] The Rnrecursor tl ] h 10 of dei.oni zed water
noa ) port FRERBar AT Rl DS ERO S I et Bl ot
to the wateywiop. the bottle over a two-mnute period, during which

time the contents of the bottle were sonicated. After m xing, the
contents of the bottle were further sonicated for five nbre m nutes.

19 [0076]0088 niFlGd 5B shavws adEMimage dalkean fromrihe Saseplatlliselution. The
d i ' 7
Thor esul RIS ot e CHARE RtOR 1% RRaded BHS o4 obf S ot "

aggr egat gt fise padickssizddim Sampky H@oﬂﬁi‘outdr@rﬁmﬁld hieschation &ete similar.
solution, which contained fluorescent nanoparticles. In the

nanoparticl es, the H PPV nol ecul es were encapsul ated by the
POSS- PE&m%iculéﬁﬂMﬁ@@-ﬂ%he ratio of MEH PPV to POSS-PEO in the
precursor -solution was about 0.1 wt% The concentration of PbSS-PEO

in the noost]! | BHHpMaY, ¥0aHE VI%o%t%%(Owér@Q@?ﬂedﬂv@@‘ é)l’@ﬁaﬂﬂﬂsﬁ'ﬁari}/l on

respectivel y show conf ocal "I mages of particles In sol u
" measur edasviSemple ILHI apd DMS'DIIREQF[M exoept thed MR IponWerwas: osplaced G

e, THEN i BORER: AiFRE rboalitiesf (R S BRERATEePEER,

t he si Zethe mmggﬁgrean@tégd @WE@-{;PP&[ t hese dots are rel atl vel y
uniform indicating that the sizes, shapes and | um nance of the

i maged particles were uite uniform These i mages indicate that the
aver age ﬁlﬁaﬁ @_’@Ei@_ig_tsﬁrpl e | solution was about 200 nm [0080]
Exanple 2 [008_1] A Sanple Il solution was prepared simlarly as the
Sanpl e | [gp@oyt i @hmple VI, VIII, 1X solutions were prepared similarly as Sample |, I,
and HI solutions respectively, except that MEH-PPV polymer was replaced with
BP-PPV polymer and the nanopaﬁicles in the sample solutions had BP-PPV as

the fluorophore, instead of MEH-PPV.

[0090] Examples 1010 18

[0091] Sample X to XVIII solutions were respectively prepared similarly as B
Sample | to IX solutions, except that the POSS-PEO polymer was replaced with
PEO-PHB-PEO polymer and the nanoparticles in the sample solutions had
PEOQ-PHB-PEQ as the encapsulating molecules, instead of POSS-PEO.

[0092] Example 19
[0093] A Sample XIX_solutidn was prepared as follows.

[0094] A C6PF solution was prepared by dissolving C6PF in a THF solvent.
The concentration of C6PF in the C6PF solution was 1 mg/g.

[0095] A BP-PPV solution was prepared by dissolving BP-PPV in a THF
solvent. The concentration of BP-PPV in the BP-PPV solution was 1 rhg/g.
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except that the amount of the MEH PPV THE sol ution used to formthe
precursor solution was 10 ng. As a result, the ratio of MEH PPV to
POSS-PEO in the precursor solution was about 0.05 wt% [0082] FIG
5A shows a TEM i nage taken fromthe Sanple Il sol ution The dark

dots are f th Dharti ShaJud th t he

par 11 o1 clU9BES° Hamy F A SERE" 205 I G Scliorm Al g8 of the
EX&WD' € @P[-Iﬁﬁ‘a‘goltﬁioﬁ%@ﬁeemuéd 28ktHer OThe\RHixd SHKatieH \A?dsrﬂllu?éd ib fgnit he
Sanmpl e | solution, except that the anmount of the MeEH PPV

sol ut i onbyiegdingaEHB (o f@'mm@recgrsomglutlpn the ratio of I\/EH- PPV to
POSS-PEO in the precursor solution was about 0.15 wt% [0085] FI G

5B shows M i
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I ndi cat eml yhat Holtite. Pt plfdcersdrsemtibh \ﬁ@maﬂ@edi Ur@:ﬂhﬁﬁe l@rthémd)ttf@ﬁl%ﬂa
[l solution were sjmlar. 008% Exanples 4 to 6 [0087] Sanple |V,
v and VIWas BRI RSO AEriRg fime the spaiante af henbgtle were gsonisaigd.e

, ed
L b comgingt A4 MhE RS RYERH bARE K TERNCRSLIREs WopeRkRee
C6PF as rmmetem uorophore I nstead of NMEH PPV. [0088] Exanples 7 to 9

[ 0089] Sanple VI, VIII IX solutions were prepared simlarly as
Sanpl e | dIlI t' |y, t that, MEH PPV
ol yrer 19881 oo ThEamRe R °“%\rfo§@$§l%§'r {3410 RLRBIRS piuEP & o
t he sanplgysl redesT HFC!)yB@rdﬂBVa & hngyrutieatifrer nstead of

MEH- PPV. [0090] Exanples 10 to 18 [’009 Sarrpl e Xto XVIII solutions

were res ectlvel prepared siml arl\é nple Ito I X sol utions,
except t lﬁ?@S@SP@O@ﬁ&WmW% lter@gnakﬂéa THrHfilteptprempyeEO

pol ymer &&&ebﬁf%d‘ﬁé]‘ﬂ%%.t Thié Biftetdd dd1GiFRBSGhE Fatidig Iﬁxr&)‘ﬂ.morn, which

contained fluorescent nanoparticles. The nanoparticles had both C6PF and BP-
PPV polymers in the core region, encapsulated by the POSS-PEO polymer.

[00100] The ratio of each of C6PF and BP-PPV to POSS-PEO in the

precursor solution was about 70.1 wi%.

[00101] Example 20

[00102] The Sample VII solution was added with small amount of 1M HCI
or 1M NaOH to adjust its pH value from neutral to about 3 to about 10.

[00103] The PL emission intensities of fluorescent particles in the
solutions of different pH were measured, and shown in FIG. 6. The squares are
measured points and the line is a fit of the points. As can be seen, the
emission intensity was substantially constant over a wide pH range. Even when
the pH was as low as about 3, the PL intensity only decreased by about 8%
from the value in a neuiral solution. It is expected that the high fluorescence
stability is due to the fact that the fluorescent polymers are in a hydrophobic
environment isolated from the surrounding water phase. Thus, changes in the
solution conditions, such as its pH value, which may affect the PEO groups,
would have relatively small influence on the fluorescent polymers in the core of
22



PEO- PHB- PEO as t he encapsul ati ng nol ecul es, instead of POSS-PEQ
[0092] Exanple 19 [0093] A Sanple XI X solution was prepared as
follows. [0094] A C6PF solution was prepared by dissolving C6PF in a
THE sol vent. The concentration of CGPF in the C6PF solution was 1

ng/ g. [0Q95 P- PPV, sol ut i was di ss BP-PPV in a
TRES sol enkartiss. Tas e rra RonUS BB AU AR Marts R sl RS on was
1 ny/g. indkelPRBbsdiBigiy of POSS- PEOQ, 20 ng of the C6PF sol ution, and
20 ng of the BP- PV solution were m xed together. The m xed sol ution
was diluted to | by adding THE to formthe precursor sol ution.

[ 0097] TW@";QA]&CWSEK_@@IQ.&W was added to 10 g of deionized water in
a 20 m glass bottle. The precursor solution was added drop W se to

of the bURIST ey ALEST IR PobEAIN AGIEEEHHERECIES bag Friien! <
bot t :jel :Amr@sirmrarlmoc%:gitlf mmﬂ*(:ﬁgf? Iim Egampieel, but the szec{ 0168 Lisadh éo
days to Timpe PASEy cantasths st ot EDsE-RER hb e oL FlEH-BFV e 8

The resuhﬂbpge%g,iéétdl\p& r]vas filtered with a 1- pmfilter to renove
aggregated particles. e filtered solution was the Sanple XX

sol ution, which contained fluorescent nanoparticles. The

nanopar t [09186] had Bt colipre mediwpwasrreparathdrsl phihereellasiiare egi on,

encapsul ALefl 15, RASTREE RLY I st AAPAOTMERG LR (o 8B O
w % [ 00digpbrdedannhe r@dlifiriiPddalrel eniSiowpisandth imagedibt 26 Wik afd dad
W|th smal | ampunt of 1 MHCI or. 1 MNaOH to adj ust its EH val ue from

neutral peurssbateater mmﬁvelyousmg@l@mfoqaiémpLOSé:ﬁpssABﬂr hheHss thes
of fluor &ﬂﬁﬁ' gl\rl\?t(gh‘él &—ﬁlls&)ergﬁcfhdsﬂlr Hko ﬂBErsOJ\ntl‘ii rdheiA Y cRRing e

measur ed, e squares
standard procedure. At the 26-hour lnterval the mlxture was imaged again.

[00107] Some sample images obtained at different intervals are shown in
FIGS. TA to 70. Briefly, FIGS. 7A to 7C show images of the mixture taken at
the 2-hour interval; FIGS. 7D to 7F show images of the mixture taken at the 6-
hour interval; FIGS. 7G to 71 show images of the mixture taken at the 12-Hour
interval; FIGS. 7J to 7L show images of the mixture taken at the 24-hour
interval; and FIGS. 7M to 70 show images of the mixture taken after the cells
had been cultured for 24 hours and then fixed for two hours with formalin.
FIGS. 7A, 7D, 7G, TJ and 7M show fluorescent images of the mixture, where
the bright déts indicate the locations of the fluorescent particles. FIGS. 7B, 7E,
7H, 7K and 7N show microscopy images of the mixture, where the locations of
the cells are indicated. Each of FIGS. 7C, 7F, 71, 7L and 70 shows the
supefposition of the two images to its left, that is, the fluorescent and microcopy

images taken at the same time for the same area of the mixture.

[00108] As can be appreciated from FIG. 70, almost all microglial cells
uptook the fluorescent nanoparticles, as the locations of the cells and the
fluorescent particles coincide. It is expected that the fluorescent nanobartic!es

were up-taken by the cells through a pinocytotic process.
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measured points and the line is a fit of the points. As can be seen,
the emssion intensity was substantially constant over a w de pH
range. Even when the pH was as |ow as about 3, the PL intensity only
decreased by about 8% fromthe value in a neutral solution. It is
h.fl.uores s .due to th

ted th i tability IS, fact
that ¢ he 90TTe oot b8 RitigHEn S20 FR55ee P irtbB a8 Eal Aebifie e
i sol at ed piiktefe Wae constaH YN the\ebRirvédpefod hPsd hotifsin@athe niniibé of
solution conditions, such as its pH value, which nmay affect the PEO

groups, C@lbuing Eawe arepalid vet ghange muchifin thesedmsagesh&his|rasule iskieates

POLYIT o i) thE By lcRefil n a8 hBPey syl o @l Lo thus show

that the uor escent I ' nde [ 00104]
Exanpl e 21 [00105] A test solution containing fluorescent
nanopart [@0E0]was phepmagds fultherdndicatd iat forocdid fixatias oflhrceelizadidi n

Exanple 1, but. the m xed Jiquid used to for he particles contained
50 ng of npb@gnﬁE@?ﬂsoaée%L%glumwprmﬂm5? e rAngpRBiasA thet or
[00106] Augsied %ﬂgture medi um was prepared. 1 m of the cell culture
medi um was m xed with 200 pl of the test solution. Mcroglial cells

were dispersed in the resulting mxture, which was then inaged at 2,
6, 12 anfi0OUl1]hour Astdaerkeafippreciaiepdbeitesi rgsulis illugtratedba fpotential

i Af | tured mi lial cell fixed
for ' tvo_ RBRISHIRY of fhstriiaherai e S A R gler ofreRiot Bur o "“Ac ¢ ho-
26- hour rtreigabsay, b iMiskvere sye@nisagREcasaiiMirug] §8H) thlSerthe e e

i mages obtained at different intervals are shown'in FIGS. 7A to 70.
Briefly, FIGS. 7TA to 7C show i mages of the m xture taken at the

2-hour i A& . Flncadditien themptiéabpropeginsofdhe sample paticles wReh at
the 6- h J Al : I f ] k
bt Cthe 15 qasuPelRG opTa bl Sectibop AR Tod it Saliticdpgy o

t aken at FIGS. 8A-tb @l showrespatitive aRdahrd BR spdditomeéassisaviromile sanfplé he

m Xt ure taf< n afhgr the cells ad been cultured for 24 hours and
t hen fi x&QUH'8PS ARG ROIRLISRNSAMRYFFral i n.

[00113] FIG. 8A shows the measured result for MEH-PPV polymers in
different environments. The spectra lines are labeled as follows:

(a) UV spectrum of MEH-PPV polymer dissolved in a THF solvent;
(b) UV spectrum of a MEH-PPV film;

(c) UV spéctrum of the fluorescent particlés in Sample | solutiqn;
(d) PL spectrum of MEH-PPV polymer in a THF solvent;

(e) PL spectrum of a MEH-PPV film {(PL); and

(f) PL spectrum of the fluorescent particles in Sample | solution.

[00114] The MEH-PPYV film was prepared by spinni'ng a MEH-PPV-THF
solution onto a quartz plate.

[00115] The results indicated that the fluorescent polymer in the particles,

the film or the solution had similar configuration. However, as can be
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FIGS. 7TA, 7D, 7G 7J and 7M show fl uorescent inages of the m xture,
where the bright dots indicate the |ocations of the fluorescent
particles. FIGS. 7B, 7E, 7H, 7K and 7N show m croscopy i mages of the
m xture, where the |ocations of the cells are indicated. Each of

FIGS. 7C. _7E.. 7 70 th f t .
Chages 1 PiEgialed. b pREimlth SRRYBHDN Sy BBTRER BT e Ribrhod P rﬁfﬁ%se@
taken atShmplesbedlutione'ch)as blesisireg, &8 @@mP‘érédﬁte thedbsbepti

can be appreciated fromFI G 70, al most a mcrﬁllal cells took

the fluo ERY inahdp sotvest €9 a") and inibe| seeaple dilrs (37).tThe Bbumtenalhd t he
fluorescg é(}-iﬁk RS fihiES s%ﬁlt@ﬁ ﬁ&}s' cdtédﬁéﬂﬁ%]ﬁﬂ'letﬁéékst Fiid PRI Sce”t

nanoparti were up- rou a plnocytotl

process. scﬁBtlcﬁr@O‘ﬂ;l(’J)andTh@ filvit (G&Mebutaalith chrgeto ihecbezﬂdbrtﬂi@fllni hﬁhel ve
cell densit m xture was ?onst nt over the observed perl od of

24 hour sl %gfemen#uww@@!d&f the particles ingSample lsaldtion was&boshang® nuch
h t
nanopar ¢ | Lltagased B 07 Gt SUERE B 010 MRS welBPRBEC" rges

further indicate that formalin fixation of the cells did not
si gni fi ci8angl af f eElG.t8R: shows thes thfsolid dipes) ard th(btd@mlirrasbapetttca es

i h I | | 1 ted t
resul'ts $15ApB1E et BadE SarfRf8 i GO0 Bafifie 1V Solueh (3),
nanopar t 5d aniple Wil 10sdIGRsH (), %u&fi@ﬁeb%l&@huﬁemﬁm&ﬁaxq?n@fau n
delivery systens as tracers of dru% ene s or the

[ 00112]  ¢qiomeidied: blie, Ohgragit e gXCitd mﬁerﬂﬁ@@ kg seen partiges hgxingi cl es

epect r oot nliBdeeRRbo GierE BARAEN LG RO EARY BRer ditpregt e
measur eduévelengﬂrne af axeltatiors ahet mm&emm@ﬁmldsm S@ﬂﬂiplei‘ﬁl s¢106dr,3]
FIG 8A er VHe measur ed resul in different

Solifliary pRd |~°{"r'?é°sV/ErCé3$@o%%éﬁ’Eé% WQSP P10 :64%) ang/90%,

environ
spectrurr,legPe PV pol yner dissolved in a THE solvent; (b) W
spectrumor a + PPV film

[00117] FIG. 8C shows the measured PL spectra of fluorescent particles

in mixtures of Sample | solution and Sample 1V solutions at different mixing
ratios, except the bottom line which was taken from a pure Sample | solution.
The ratios of Sample IV solution/ Sample | solution in the mixtures were

respectively, 20%, 10%, 4%, 2%, and 1%, in the order from the top line to the
line next to the bottom line in FIG. SC As can be seen, the emission intensity

decreases as the percentage of Sam ple I solution increases.

[00118] FIG. 8C illustrates that when two or more types of fluorescent
particles are mixed in a solution at a certain mixing ratio, the fluorescence of
the mixture solution is a sum of the individual fluorescence of different particles.
As can be seen, the intensity of blue emission gradually increases with
increasing percentage of Sample IV solution (C6PF/POSS-PEO particles).
When the percentage of the C6PF/POSS-PEO sample was increased to 10%,
emission from C6PF/POSS-PEQO sample became dominant because of its
intense fluorescence. It appeared that there was no energy transfer from the
C6PF/POSS-PEO particles to the MEH-PPV/POSS-PEO particles. Without
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(c) WV spectrum of the fluorescent particles in Sanple | solution;
(d) PL spectrum of MEH PPV polyner in a THE solvent; (e) PL spectrum
of a MEHPPV film (PL); and (f) PL spectrum of the fl uorescent
particles in Sanple.l solution. [00114] The MEH PPV fil m was

d H:- PRV- THF. | ut {
Db sy eRan B % RaNEHedl it St o Hhs vBhBlE
particl epas t\ﬁldﬂﬁ?eésdn@ PT) thEpaFRilekizen iisre isithé ki gbé@fﬂf(](gw%o A,
However, as can qur eci ated, the maxi mum absorption wavel engt h

of the fwa&*eeé@u@ngm sies energydaamsier rangst and ¢a) {recpgreeniage g the
hifted, THE
ol vent (PRHPORE-PRA ﬁ%@%ﬁ;‘ﬁé’ 44 R SERiAn bpoldrteler, " peai

for Sanple | sol utlon ("f') is located between the peaks for the THE
sol-uti on[q01d9] andTheabbie meguils'guggest thaithis pbesible tocadjiist theak f or
t he filn} The relative quJ%ntu i el d of the artlcle in Sanple |
sol uti on''YRESSEFR SRAAOT ¢ §%-d”'%r?”130t"§' queyRieRgItyRrPgeRaNd 0. 10
M H2SO4 gs erﬁlﬁéy?uidalso [].qg}ll;@% pdd.G 8B shows the W (solid lines) and

PL (broken |1 nes) spectra sanpl e fluorescent particles in Sanple
I solutlon(R%l Sanple IV solution (B), and Sanple VIl solution (G,
whi ch r eBH@20[ vel yAsather edvanigige ajfthe nuxqéﬁwlascenmaﬁlcles is thait wieme,

71 uor csclt AMEMSiefBudPhielat Ry Rl AicRE 8 ke gl B8

differen ambﬁééﬂhajﬂ@khﬁ)ltﬁery’?&ﬁféréhﬂérﬁlss'ﬂh%detltr@t Fmseﬁamewwrwn% ds for
Sanpl e |1V solution, n‘BI e VII solution, and Si-PPV/POSS(0.1 % - PEO

wer e 3ood/5nl>69% cqﬁalrwwx@ FROSS-PES gnd MiH-PRVIFQSSREQ wavliclenis
Toer onc BRI U ERPERSOSO RE D Al RN PSS PR R

sol utionan m xi ng except
t he bot t would eeitwght: Hovesverakwhsn fthe mixtups! fsoexSitad | at 4l905mh,udﬁm|§aWIEHIhe

rati os o I sol on/  Sa solution in the m xtures were
r espect i &5@'?8%/#%%%#@!%3 ‘?'&Jbe L!geil% in the order fromthe top
line to the '
[00121] = FIG. 8D shows PL spectra for Sample IV solution (line on the left),
Sample VIl solution (thin line), and a mixture of the two solutions at a ratio of

1:1 (thick line).

[00122] This figure illustrates the energy transfer behavior between blue
chromophore and green chromophore. In the particles formed from the mixture
of the two solutions, each particle had both blue chromophore and green
chromophore. When these particles were iradiated with a light of short
wavelength, both blue and green chromophores emitted light. However, as can
bee seen, most of the energy of the excited blue chromophore was transferred
to the green chromophore and the emission from the particles came mainly
from the green chromophores. This result demonstrates that it is possible to
selectively excite either the green chromophore (using light of long wavelength)

or both the blue and green chromophores.

[00123] Other features, benefits and advantages of the embodiments
described herein not expressly mentioned above can be understood from this
description and the drawings by those skilled in the art.
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line next to the bottomline in FIG 8C As can be seen, the em ssion
intensity decreases as the percentage of Sanple Il solution

i ncreases. [00118] FIG 8C illustrates that when two or nore types of
fluorescent particles are mxed in a solution at a certain m Xxing

ratio, t fl,uorescence of  the m xture solution is a sumof the '
i v oo iZalor s TERGnfnta bt Feb ishoB Rt BBV B LR Leen: ¢ he
i ntensi t i1cBfpdrhted uTeRshprefdfepdaal | y i ncreases with increasing

per cent age of Sanple |V solution (C6PF/ POSS-PEO particles). Wen the

per cent age of the C6PF/ POSS- PEO sanpl e was increased to 10%
eni ssi onl40128 csPrDeBkrsPED AN dbEbRg aBhpdimAnthariniedsd forte

i ntense C I -ed. 1 h 2 AS ansf er
from t nel“EoHR RO PSP Hirks i U RRR R gl 111 Cc
W t hout 2isdeptible toimangehddificatipas of forhmrartargement iof pagts cdetails addt hat

| ack of ener%\g transfer, has two reasons; (1) the particle sizes were
in the rai§ehPPEmiions IhedyRRtioNyFRtasr. il%msﬂvf%’otot ofHrasse! gy
transfer b - LRk t PF/ POSS- PEO

particl ersl{o\?\ig%%%lgg géﬁtsosag‘?%ﬁfl cgﬁg%ﬂ]ﬁgﬁgm%sfer. [00119] The
above results suggest that it is possible to adjust the fluorescence
spectra of the particl-es, not only their wavel ength ranges and
intensities but also their shapes. [00120] Anot her advantage of the

-m xed fluorescent particles is that when |light of different
excitation wavel engths is used to excite the m xed particles, the
particles may exhibit very different em ssion spectra. For exanple,
when a m xture contai ni ng C6PF/ PCSS- PEO and MEH- PPV/ PCSS- PEO
particles is excited at 390 nm both C6PF/ POSS- PEO and

VEH- PPV/ PCSS- PEO particles would emt |ight. However, when the
mxture is excited at 490 nm only MEH PPV/ POSS-PEO particles w |
emt light. [00121] . FIG 8D shows PL spectra for Sanple IV solution
(line on the left), Sanple VII solution (thin line), and a m xture
of the two solutions at a ratio of 1:1 (thick line).
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[00122] This figure illustrates the energy transfer behavi or between
bl ue chronmophore and green chronophore. In the particles formed from
the mxture of the tw solutions, each particle had both bl ue
chronophore and green chronophore. Wien these particles were
irradiated with a light of short wavel ength, both blue and green

chr omoph However, as can bee seen, nost of the
ener gy oW‘?‘ﬁE?gQ'ﬁ@@%ﬁe chrom)phore was transferred to the green
chrom)ph re an mSS|on from.t artjcles came mainly fromthe
green ch orﬂ)Wﬁg?r flyoreesggp pﬁ’é‘ﬁ@mﬁﬁ%’é@% hat it is possible to
sel ectively excite elther t he green chronophore (using |light of |ong
wavel engt h) aflubmseehhpolgmes canprigirepa hytdropnoplosegment)aa@3] O her
features, benefits and advantages of the enbodi nents described
herein not exan esphiphiitiickacde abpipeistgrhyeropiiile sagmets dieum t hi s
description and the drawi ngs by those skilled in the art. 26 [00124]
The contents BYdreRRAbIESeEMaNs said Bydraphiie S@Q@%ﬁé’fﬁa'd@mm@ Higt ed

embod! mont & a5 RaRY i it @ 2bPet ARG raBTheBE Segments

i mting. Theoitesd flubrsscenbpdlymentandaraid ammnm'plio iotedute being

nodi fications of form. arran nt of parts, details and order of
operati on. TheNPRGERWiFHone gf is intended to enconpass all such
nodi fication wthin its scope, as defined by the clains. 27 WHAT IS
CLAI MED | S: 1Wh¢{%§€'rd-%mPh@h&!‘cfm@@ﬁél@c@iﬁapﬁéﬁt@%ﬁ@d fﬁ@ﬁ%ﬁqeﬂ ng: a

anphi phi |1 ¢ neLae ndarioatont oA dRIART AR 2hE exflieed o,

segnent s, sai ekndgdsapdriclesaduidetrswatersai d anphi philic nol ecul e
bei ng entangled with one another, said hydrophobic segnents of said

f 1 uor escentrHa) &R ol ﬁ&bf&ﬁ@i?ﬂ%ﬂbrh'dr SIREE UhBer2l 88d fluorescent

polymer comprises at least one of arylene, heteroarylene, arylene vinylene,

heteroarylene vinylene, arylene ethylene, or heteroarylene ethylene.

3. The water-soluble fluorescent particle of claim 2, wherein said at least one
of arylene, heteroarylene, arylene vinylene, heteroarylene vinylene, arylene
ethylene, and heteroarylene ethylene is substituted.

4. The water-soluble fluorescent particle of claim 2, wherein said at least one
of arylene, heteroarylene, arylene vinyiene, heteroarylene vinylene, arylene

ethylene, and heteroarylene ethylene is an unsubstituted.

5. The water-soluble fluorescent particle of any one of claims 2 to 4, wherein
said arylene group has one or more of O, 8, N, Si, and P atoms.

6. The water-soluble fluorescent particle of any one of claims 2 to 5, wherein
said arylene group is bonded to another arylene group by a single bond, or
connected to another arylene group by a connecting group, said connecting
group being one of O, 8, Si, N, P, and substituted or non-substituted
alkylene.
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entangl ed with one another, wherein said anphiphilic nol ecule
encapsul ates said fluorescent polynmer and at | east sone of said
hydrophilic segnents are exposed to render said particle soluble in
water. 2. The water-soluble fluorescent particle of claim1, wherein
said flugrescent, po conprises.at least on f. aryl ene, .

et er oar 31 B WaRITRRIRETE FHGRERENT S SRV e TaigRhes Baprmsia
ethyl ene, eaidBlcregsém pilgmet BahpASes 8t ledBEoNEbEPhS)IehS ahfchyRhescent
particle of claim2, wherein said at | east one of arylene,

het er oar y| dererafgne spirpbifyipeanylenss indengfypeanylanes pyddwenar yl ene

wat or - ool ubt Bl BaeERg e BN G A bz, WkBfaieolie, | cas:
one of aryxadizolyedreg, ik kexy, atkdng allwingy, latkyithid) eligiraing, ene

vi nyl ene, arylene. ethylene, and heteroarylene ethylene is an
unsubst i t utdikylgming,arygrino.saMARING, AB1HRE BEHP FAnPYI¥Ng %Wetﬁfﬂﬂ"ﬂne

of cl ains i ' : of O,
S, N Si, éﬁ'%@&%ary%%feﬁé{é tﬁ'@%h&g’?ﬁe% g@ﬁ Hﬁf’gﬂl@ Ir’[]‘f;er?t B Ce !3 Ialgar ('lﬁ'tl e of
any one of hydeagen, halogen, cydves,aiitno, caabdnyrttioanke sgiptiopyl, andonded t o

anot her aryl ene group by a single bond, or connected to another
aryl ene gréﬁﬂﬂﬁygﬁﬂ¥gnnecting group, said connecting group being one

of 0, S, Si, N P, and substituted or non-substituted al kyl ene. 28 7.

The wat eg - SHeURhRrisoUMIEAGERIscBA! parfitR FHargBhePorclfim<d 3 Powhekdn 6.
wherein said fluorescent polyner conprises at |east one of

phenyl ene, seifl Bugrespent palymer epippeses oseior omirelof eoiisSene,

i nd fl L.yl ' i.dyl : b I .

 ndenocar beu R Ei: R aer R MIERE p e DR RS gy

al koxy, al kesyloxyal &phghyleabkytyidne); palvto,bafihael-flubietd<g |7adiyncand
arylam no, diarylanmi no, am no group conprising a heteroaryl group,
aryl et her Pohé2deoBhemyld Redli(3amethylbLbdl-peenylHet-eheayignevinyisbeer |

hydr ogen, hal ogen, cyano, nitro, carbony, thionyl, sul phonyl, and
9. The water-soluble fluorescent particle of any one of claims 1 to 8, wherein

said amphiphilic molecule comprises one or more of lipids and polymers.

10. The water-soluble fluorescent particle of any one of claims 1 to 9, wherein

said amphiphilic molecule comprises:

(a) a copolymer having a backbone, wherein said backbone comprises a
hydrophobic block; or

(b) a copolymer having a backbone and a graft segment attached to said

backbone, wherein

(i) said backbone comprises a hydrdphi[ic segment and said

graft segment comprises a hydrophobic segment, or

(i) said backbone comprises a hydrophobic segment and said

graft segment comprises a hydrophilic segment, or

(iiiy  each one of said backbone and said graft segment
- comprises both a hydrophilic segment and a hydrophobic
segment; or
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perfluoroal kyl. 8. The water-soluble fluorescent particle of any one
of claims 1 to 7, wherein said fluorescent polyner conprises one or
nore of poly(2,5- bisdinethyldecylsilyl)-1,4-phenyl ene vinyl ene;

pol y(2- net hoxy-5-2'-et hyl - hexyl oxy-1, 4- phenyl ene vi nyl ene);

pol y(9, 9-di hexxl -fl uorene; 2. 7-di yl); and . o

ol (2. (2 pntiiyi PubeTarat By it podising. s feirpphiic sopmens PEA A ny
ene)). 9. The waikosbi®kegimkeHpigescent particle of any one of clains
1 to 8 wherein 'said anphiphilic nolecule conprises one or nore of '
|'i pi ds and po ~drit i I r riicle of
any one of cl g?’)EH‘Zéantirg ,°%§F§.@ﬁ‘®h§§‘.@f§§(£’ﬁ§’bwﬁi rmtéa(?'glée
conprises: (a) awywopiohiesegmenhg a backbone, wherein said backbone
conprises a hydrophobic block; or (b) a copolyner having a backbone

and a gr af ITr%eﬁaw?lsoﬁﬁﬁléﬂhéfésbenﬁaéﬁclmw o8Ik 1 611D, RbFein

backbone conprises a hydrophilic segnent and sald graft segnent
conpri ses aiy ampbigiiicmesapuimcomorisés a)podystbylbaeldxtee(RE@pr i ses a
hydr ophobi G sngmerllt @nd said graft segnment conprises a hydrophilic
segent , orU{FT4RIEEEROWME ot sai d backbone and said graft segment
conprises both a hydrophilic segnent and a hydrophobic segnent; or

29 (c) a1bymey Warnchab®aLyreceapPpRtich oTtlginhy dreRbidin saigerment and a
hydr ophobi ¢ segment; or (d) a dendritic polynmer conprising a
hydr ophi | i duBeipnalizedralymenspimiesnne eeyren of palyhedrad wat er - sol ubl e

fl uorescent,  nakid : > b _ enej S @

o oo oS HahnsB ROt b o PR Sy g SED

funct i onal i(PE@-PIBREQ), polylactic-acid-PEO (PLA-PEQ), PEO-PLA-PEO, PEO-
polypropyleneoxide-PEQO (PEQ-PPO-PEOQ), polydimethylsiloxane-graft-PEO
(PDMS-graft-PEQ), and polystyrene-PEO (PS-PEO).

13, The water-soluble fluorescent particle of any one of claims 1 to 12, wherein
said amphiphilic molecule encapsulates a plurality of fluorescent polymers,
each one of said fluorescent polymers having a distinct fluorescence

response.

14. The water-soluble fluorescent particle of claim 13, wherein each one of said

fluorescent polymers has a distinct fluorescence emission spectrum.

15. The water-soluble fluorescent particle of claim 13 or claim 14, wherein each
one of said fluorescent polymers has a distinct fluorescence absorption

spectrum.

16. The water-soluble fluorescent particle of ény one of claims 1 to 15, having a

particle size between about 10 nanometers and about 10 micrometers.

17. The water-soluble fluorescent particle of any one of claims 1 to 16,

comprising a ligand for attaching said particle to a target.

18.The water-soluble fluorescent particle of claim 17, wherein said ligand

comprises at least one of a nucleotide, single-stranded DNA, double-
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12. The water-soluble fluorescent particle of claim1l, wherein said
PEO functionalized pol yner conprises one or nore of pol yhedral

ol i gosi | sesqui oxanes- PEO ( POSS- PEO), PEO pol yhydr oxybut yr at e- PEO
(PEO PHB- PEOQ), polyl actic-acid-PEO (PLA-PEO, PEO PLA-PEO PEO

oo B R0 R T Tl BRI 0,
f 1 uor escentprpriif,i &£ hermbnaih &ithoely, §lrétémor é@rﬂt@en‘!@ﬁ@ﬁitﬂpe,sgﬂ d

anphi philic nol ecul e encapsul ates a plurality of fluorescent
pol yners, TiElgic nidl indingi protaingr ewieawle, 7 gname RuRstrRjeLrdnst i nct

claim 15, anEIR BEREot iy SEaPRMin b LriorkBpGAERYe, AREA ' ©

di stinct flpodyssechadée.em ssion spectrum 15. The water-sol ubl e
fluorescent particle of claim13 or claim 14, wherein each ane of

said flu cent  pol rs has a distinct fluorescence absqrption,
spect r Lm0 e Wﬁ@‘?xﬁg{lﬁe Z'HP[ﬁﬂcé”? P%E%s‘?féﬂ%‘”bﬁpfﬁ 3 o, Whpreinca
claims 1 tqgdpt cﬁmﬁgs%t 1Rk bh 'o@a%é%chg,héﬁféen, gﬁgg@g@aﬁi@wmters

and about 10 "m cr ters. 17. The water-s ent particle
of any one of clainms 1 to 16, conprising a ligand for attaching said
particl e20 A Huergsgent proBe compriging:theswaighiselyle fuereseant pariiclecfanyf

claim17, rein_.sai iLgand conprises at |east one of a
nucl eot i de%%ﬁ%‘ﬁ%?%hgd DNA, doubl e- 30 stranded DNA,
si ngl e-stranded RNA, doubl e-stranded RNA, a peptide, a protein, a

hor mone, 2 THyfludredyentprobe eptiaim 280 caniprighiy a dlurality bd pateresoloblel ei ¢
acid binding protein, a nolecule, an enzyne substrate or an anal ogue
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pol ysaccharide. 19. The water-soluble fluorescent particle of claim
17 or cl QE.HFHBBHLfd/i'B@éﬁﬁtfabréﬁé df clafth 290 WHATBIh SR GHe 6EEF wWAsr-&iuBle
nol ecul e, a cell, an n organi sm -

fluorescent particles has a distinct fluorescence emission spectrum.

23.The fluorescent probe of claim 21 or claim 22, wherein each one of said
water-soluble fluorescent particles has a distinct fluorescence absorption

spectrum.

24. A solution comprising the water-soluble fluorescent particle of any one of

claims 1 to 19 dissolved in water.

25. The solution of claim 24, comprising a plurality of water-soluble fluorescent

particles, each having a distinct fluorescence response.

26.The soiL_Ition of claim 25, wherein each one of said water-soluble fluorescent

particles has a distinct fluorescence emission spectrum.

27.The solution of claim 24 or claim 25, wherein each one of said'water-soluble

fluorescent particles has a distinct fluorescence absorption spectrum.

28. A process for preparing the water-soluble fluorescent particle of any one of

claims 1 to 19, comprising:
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20. A fluorescent probe conprising the water-soluble fluorescent
particle of any one of clains 1 to 19. 21. The fluorescent probe of
claim 20, conprising a plurality of water-soluble fluorescent
particles, each having a distinct fluorescence response. 22. The

F Uor cocent  paRVRG e T, Sl RiAg b RoBRE PR S LGSR R ot r i ©
23. The fl uor gsiganir disseihedoh stlidiboivaat, ahd @bl amphiphiftemelstuRaedone
of said water-soluble fluorescent part icles has a distinct

fluorescence ahgevinRgisam scﬁ@&ﬂtffdﬂmsa%"nﬁdér%' tBtdlBW %Hﬁmbﬁéé?ﬂnf he
wat er - sol ubl e fl uorescent particle of any one of <clains 1 to 19
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f | uor escédddecprioseswaf elpie 28uwhepsin sajtbmédungt is gricpdred ki mixkag 8r cl ai m
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preparing td@m;w@irgj s&idlsablent Bht Preswesis f@aéémﬂ@r@éc@ﬂxpowmemnd
clainms 1 to 19, pri si n%&fl providing a m xture conprising a

sol vent, W&an@amﬂm me E‘ént pol ymer dissolved in said sol vent,
and sai d anphi philic nolecule; and renoving said solvent from said

mxture g 1d &‘Ucéﬁée o él%Hﬁ"Z@sﬁmgg%g §9|c¥’ﬁ’iﬁ&ur%gg \g?%%eﬂ% B{u‘ﬁodll <L:lchI'S'[

nmol ecul e o enta e pre
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sol vent an%oﬁﬂﬁ‘%ﬁgf@ bPeditsost dald AAPRPARBIMMRLYERIiIsSIded RWdter.
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31.The process of claim 28, wherein said mixture is prepared by mixing a first
solution, a second solution and an agueous quind, said first solution
comprising a precursor for said fluorescent polymer dissolved in said
solvent, said second solution comprising a precursor for said amphiphilic
molecule dissolved in another solvent, said aqueous liquid comprising

water.

32. The process of claim 29, wherein said solution is sonicated before said

solution is mixed with said aqueous liquid.

33.The process of any one of claims 28 to 32, wherein said solvent is an
organic solvent.

34.The process of claim 33, wherein said organic solvent comprises at least
one of tetrahydrofuran, chloroform, and dichloromethane.

35.The process of any one of claims 28 to 34, comprising stirring said mixture.

36.The process of any one of claims 28 fo 35, wherein said precursors

comprise said fluorescent polymer and said amphiphilic molecule.
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30. The process of claim?28, wherein said mxture is prepared by
mxing a first solution and a second solution, said first solution
conprising a precursor for said fluorescent polyner dissolved in
said solvent, said second solution conprising a precursor for sai d

anphi phi i i.ssal ve er The broces ai m 28,
ahoreln 84 HepEEHpE of 6y o 3 clemh 4t a6, e AP VR neia &
second sol luoessoant palynestus avsut 0.00H Ay, t6 @b@uf 95 9 of fHelot eight of
conprising a_precursor for said fluorescent polyner dissolved in said
sol vent, sd& ﬂ@@r@ﬁ@e@mqjym@haeéﬁprd@mﬁblp@"@rr@@écglﬁ for said
anphiphilic nmol ecul e di ssol ved in anot her sol vent, said aqueous
liquid c | f i ) | i.d
L5109 SSEILEbWhe WALRLoLPRe 0ARSRERRES ol Sl A i Pldir6 %
aqueous | i qupbbe33. The process of any one of clains 28 to 32,
wherein said solvent is an organic solvent. 34. The process of claim

33, wher sal or gani c v nt conpris | east .one of

ot r anyaporuRent henalRnsaRle BiresRam et and Snsof st 42 8s0r
any one of éb@b@o?gt ﬁa@s’?’éne 6PH§trebﬁhg9n§dglﬁd'd?ﬁit$é’éléﬂwg”b¥éH@b? 36.
The process of any one of clains , Wwherein sald precursors
conprise said fluorescent polyner and said anphiphilic nolecule. 32
37. The process of any one of clains 28 to 36, wherein the weight of
said fluorescent polymer is about 0.001 %to about 95 % of the total
wei ght of said fluorescent polymer and said anphiphilic nol ecul e.
38. Use of the water-soluble fluorescent particle of any one of
claims 1 to 19 as a probe. 39. Use of the water-soluble fluorescent
particle of any one of clains 1 to 19 as a probe for at |east one of
detecting, imaging, and tracking a target. 33 ,
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