1 Met hod of preparing nano-structured materl al (s) and uses thereof Field of
the invention The present invention relates to-fano- structured materials
and a nmethod of preparing the nano-structured nmatep resent

i nvention al so provi des uses of the prepared nano- \\mmmﬂmm‘“ terials.
Background of the invention The search for ultra - sensiLive fl uorescent
bi o- probes for anal ytical and bi ophysi cal appli ] active
(Bruchez M et al, 1998; van de Rijke et al, 2001). To date, the commonly
used fluorescent bio-probes are organic dyes, such as rhodam ne,

- fluorescein isothiocyanates (FITC), and cyani ne dyes (Cy3, Cy5 and Cy7).
More recently, sem conductor nanoparticles (quantum dots, QDs) have been
enpl oyed--as bi o-probes (Gerion D et al, 2001; Dubertret B et al, 2002).
These down- cogual 3y Grhrb bt qeﬁﬁr‘nrdlétr@tﬁréerlrﬂ%ﬁaﬁ?:énoou”e?es tHé?Ferofe”ergy

fl uorescent protom after apsor orng ar or visible
phot on. The main problem of these probes in bio-applications is the

aut of | uoFieslowfribe inveotie®) from t he anal ytes under UV and visible light. It
decreases the signal-to-noise ratio, limting the sensitivity. The use of

| nfrar EdTitcljé) of %%dn?llﬁYéfﬁloﬁoféY&@itBrh%Qé% gat?nﬁﬁ_%é'lsoﬁﬁ@ea iéth6d »:BfS able to

absorb an nore near-in phot ons wth | ower
ener gy t prepacng dise Mahbetiricturad mygtepialst dheipreséri nventinre alspeprovides i s a

prom sin ach to f autofl uorescence. This concept
was fi rsg gﬁpcgéﬁ%gg%?air ?ﬁgnég& Q%?P%P@?%mg& Conpared with the current
bi o- probes including organic dyes, fluorescent proteins and quantum dots,
t he advant # de: roved signal -to-noise ratio due to absence of

B AHge on of light scattering, the non-invasive 980 nm
NI R ex0|tat|on falls W|th| n the "water window' (a gap in the absorption
spectrunthé béagrehefdreuneesaritiventipbresesnt( 80prabe ford analytical( and200 nm) ) .
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al, 2001). To date, the commonly used fluorescent bio-probes are organic dyes,
such as rhodamine, fluorescein isothiocyanates (FITC), and cyanine dyes (Cy3,
Cy5 and ‘Cy7). More recently, semiconductor nanoparticles (quantum' dots,
QDs) have been employed as bio-probes (Gerion D et al, 2001; Dubertret B et
al, 2002). These down-conversion fluorescent bio-probes emit one lower energy
fluorescent photon after absorbing another higher energy UV or visible photon.
The main problem of these probes in bio-applications is the autofluorescence
(noise) from the analytes under UV and visible light. It decreases the signal-to-

noise ratio, limiting the sensitivity.

The use of infrared-to-visible up-conversion phosphors as bio-probe, which is
able to absorb and combine two or more near_—infrared (NIR) photons with lower
energy to produce a higher energy photon in the visible specirum, is a
promising approach to solve the problem of autofluorescence. This concept was
first disclosed in US Patent 5,674,698. Compared with the current bio-probes
including organic dyes, ﬂuoresceht proteins and quantum dots, the advantages
" include: improved signal-to-noise ratio due to absence of autofluorescence and
reduction of light scattering, the non-invasive 980 nm NIR excitation falls within
the “water window” (a gap in the absorption spectrum of tissue between

chromophores (<800 nm) and water (> 1200 nm)). In vivo |mag|ng can be easnly
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achi eved as a function of the strong tissue penetration ability of the NIR
Phot o- bl eachi ng can be greatly reduced because of the resistance to

phot o- bl eachi ng of these inorganic nanoparticles. Miltiple |abelling can

al so be achi eved by the fluorescent nanoparticles at various opti cal

wavel engt hs under the sane 980 nm NIR excitation. Currently, the
fabrication of up-conversion fluorescent inorganic nanoparticles suitable
as bio-probe remains as the key technol ogi cal issue. As bio-probes, the
targeted nol ecul es (such as proteing, oligonucleotides and ot her

bi onol ecules in cells or tissues) are in the range from several nanoneters
to tens of nanoneters. An optimal universal bio-probe therefore should be
small in size with narrow size distribution. It should yield high :
f Uores%ﬁﬂitev&fl Bg%'fgﬁ&)br@éﬂhwrbne%&@é BEnétPatinSALRLS i hife NHRDBRStbEt B et al,
2002) . e nost efficient 1 nfraréd-to-visible up-conversion phosphors are
Yb- Er obledshimgmandepgeatly vedichssbeatise £F theargsistamzertcspholathigachingnGdF4,  YF3,

LaF3, n | nhi b se G. ' 1994),
wher e flogﬁ?e% 3%%%5%’%@*&3’?%!%“‘%2%‘@%%%@@‘ga,“ ?/It%p %r%%g?%?yac s as the
sensi t i flaoresnentemaniapart{dies abvatibud optica] Wevelarigthsasintee tid sames@dht centre.
Under the ﬁﬁ% nm NI R excitation, they give off different colours of visible
up- convEYE NI eXeitdPRscence, depending on the different doping ions. Anong
them rare earth doped hexagonal phase NaYF4 is one of the nost efficient
mat er i alCurfentigr thenfabridationuef up-conmemsios fiuorestemtirorgaald namsseeticlesmer ci al |y

avai | abl e _phosphors are in bul k formusually prepared by high-tenperature
sol i d- stsélttgtt]\g@é Q-BrePe THHIAMNR) 2% H&@WP&"%@QS‘H%&?'?&Wxﬂﬂ@?ﬁ&?‘? cles,

whi ch sitaigetcin@eleslidsSautis by grbRin, etigémitiedtidet indeotieR bioisidcdgsove,
remai ns a big challenge. Several research groups have sought alternative

appr oac e scelif 0ot §inguRssi edin fee ygnge e sseieral napeetars Raffsaclicles for
bi-0- pr olesomEdd .“ﬂh%ﬁ;aiﬁ{al e¥9él-§5fbfb% BRARO 2RoHil- 5O YIS0z | uor escent
opted for det

particles have been ection of nucleic acid (van de R jke, F

et al, 2uthiparrom sizpatistibution. Heshoujsh wpldrhigh flueregcemiceffieieneaaind swisbsed in US
pat ent 039,894, Lb I ticles were, however, too |arge
for appl ec‘g?tl'eghe'g'gg%ﬁ%!)w%f%%%ﬁ%géytahéog?*”i ci ency of Y202S was | ess than

that of the hexagonal phase NaYF4 phosphors. Fabrication of snaller
parti cl ekhe mobteéffigentintrarerhtedvisible( prenyession Phespbdrs A@0B)-Er 8edr al ot her

researc roups fogused on the ey f d ngpop icles. In
W0 031 087368 e iRe oty s VR R\ HERPR R NBGH ey TFGERS

nanopar tGeF£and byysulphidexoliRe ¥5PsS (Basse G andtGraabnedier BCe 1084, wHetd A conpl ex
wi th sodi um fl uoride in agueou so(la#tio has &‘?e)n isclgsed (Y. GS et al,
2004) . rides, 2R Pysulpbide e Be BRRtS LBSBIHTL FER)oACE A TS Ret U285 £ and
Yb-Tm cogfipa@iiMHbrBaIAT(THY R8s A8 hdfedtebedntrdeptre( kirler the 8802l , 2004) .
The 15 nm nanoparticles were acquired by the reactiogn of rare earth N-(2-

- hydr oxyetnyNiR taxgitaliani ey naive apif | diferenti polaucs xafd¥isiie NR-conMaisiBR y et hy ! )
et hyl enegqj-am - 7 )ﬁp% diaatA i 200C
under d?@oi%%ﬁ%%sp ern(ejﬁd;érmipﬁ?é eclj|etnt ;/ \%\E‘% Agéﬂr[%et,ﬁe%gétéjr%gg%”ed a
| i qui dsodopbdslxagooal phess) NeXthdslohe of the m&hte%f@sjerﬁ oatexaly for: greesr

up- conver sj nano .cl e r f toduced
bt o- preit BeBEaRRELE PopERsE el boRinerdeny aufacts bREb IS
magni t udgrel msbulk fafmtisviatly Jrephied by higietempegrbase . sofittdiategleadtons. JH et al ,
2005, reported the, synthesis of hexagonal phase, NaYF4: Yb, Er ( Tm.
nanopar t EF'QS,th???ebB%gEIQSP P Ing? "&Bﬁ?ﬁ?‘ﬁg’t Wﬁﬂ?hSﬂW@Rﬁguﬂé)Fgﬁffyfi ciently
smal | f ofhet BROPrbBe betiteie nahtidHeP aBERS, femaifsBa ! isiy ORAIRMGEE SevéralGS and
Chow GV 2005, described the synthesis of LaF3:Yb, Er, LaF3:Yb, Ho and
LaF3: Yb, reseashaiaups bawe sgrgkl akernativenapriagchep ped synthesizeg dhe i ons as
bi o- prob L L{rdodartidhfe g MY ERRSH t a
t enper at ‘g&rné/eo Orgg@r%%ﬁ%ﬁpart?gr%i&c%&b?' e'ﬁgig!gﬁérg/ged I %orgaﬁgr-@ol utions
and f or nemdaped ¥ROpAremtonvarsiondfiuorgsdent parigdes mavel iReerx @doatadofor t he
nanopart j, cl i el di f (A e t_eMHnasi LT L.SLbl e range.
However, d?ctﬁgﬁfor'yﬁﬁ-ng'g%\llcera g{dghf%ﬁ Sgr‘g@{:eé?ﬁe&wa%’ n@c())t6 ﬂaﬁq .ﬁ%i%’ﬁw& }b&b

prepared using the method disclosed in US patent 6,039,884. Their synthesized




Accordingly, there is a need in this field of technique of inproved
fluorescent nano-structured materials. Summary of the invention The
present invention addresses the problens above, and in particul ar provides
a method for the preparation of nano-structured material (s). The
nano-structured material prepared fromthe nmethod of the present invention
may be used for applications such as in bio-inaging and bi o-detection of

bi onol ecul es. According to a first aspect, the present invention provides a
met hod of preparing at |east one naBo-structured material of fornula MLM2Xn
conprising the step of treating: at |east one conpound having the fornula
[CX3(CX2) n(CH2) nCOQ pM ; and at | east one conpound having the formul a

[ CX3(CX2) n( CH2) nl COQ) pM2; wherein each X is the same or different and is

sel ect egaftics® Wé%%@ﬂév@rort%bstdr@@ fof ‘a bé’lﬁlﬁﬂSas Bio-Srobes; ah@, thé P and As;
each n Is the sane or fferent and is : each mis the sarre or

di f f er egfficigngy; of Of2@a§h wf@sl ;l,e&sr]éh@antéabrofdfﬁer é}eéﬁgoraﬁid phasaq MaYhy

phosphors. Fabrication of smaller particles is being researched on (Corstjens P
et al. 2005). Several other research groups focused on the synthesis of doped
- NaYF4 nanoparticles. '

In WO 03/087259 the synthesis of 37 nm NaYF.Yb,Er up-conversion
nanoparticles, by the room-temperature reaction of rare earth-EDTA complex
with sodium fluoride in aqueous solution has been disclosed (Yi GS et al, 2004).
The synthesis and multicolour up-conversion emission of Yb-Er and Yb-Tm co-
doped NaYF4 nanoparticles has been reported (Heer S, et al, 2004). The 15 nm
nanoparticles were acquired by the reaction of rare earth N-(2-
hydroxyethyl)ethylenediamine salt, sodium alkoxide of N-(2-hydroxyethyl)
ethylenediamine and N-(2-hydroxyethyl)ethylenediamine filuoride at 200°C
under dry N2 atmosphere for 2 h. Recently, Wang et al, 2005, reported a liquid-

- solid-solution (LSS) method for the synthesis of NaYF4:Yb,Er up-conversion
nanoparticles. However, all of the above efforts produced cubic-phase
nanoparticles, with efficiency of at least one order of magnitude less than the |
desirable hexagonal phase. Although Zeng JH et al,- 2005, reported the
synthesis of hexagonal phase NaYF4:Yb,Er(Tm) nanoparticles, the bigger size
of approximately 50 nm was not sufficiently small for them to be used as bio-
.probes for smaller molecules.

Yi GS and Chow GM, 2005, described the synthesis of LaFs:Yb,Er, LaF3:Yb,Ho
and LaFs:Yb,Tm nanoparticles of size 5.4 nm having potential applications as
bio-probes, by reacting LaCls, YbCls, ErCla/HoCls/TmCl; and NaF at a
temperature of 72°C. The particles could be dispersed in organic solutions and
formed a transparent colloid. With the 980 nm NIR excitation, the nanoparticles
yielded different fluorescent emissions in the visible range. However, their up-
conversion fluorescent was not efficient. '



each ML is the sane or different and is selected fromthe group consisting
of: Li, Na, K Rb, Cs, Fr, Be, My, Ca, Sr, Ba, Ra and NH4; each M2 is the
sanme or different and is a netal ion. 5 According to a particul ar aspect,
the present invention provides a method for preparing at |east one
nano-structured material of formula M M2Xn: My conprising the step of
treating: at |east one conpound having the formula
[CX3(CX2)n(CH2),, COQ pM ; at | east one compound having the fornula
[CX3(CX2)n(CH2),,,CDOlBNQ; and at | gast one conpound having the fornula

[ CX3(CX2) n( CH2) nCOOLMy, wherein each My is the sane or different and is
sel ected fromthe group consisting of Sc Y, La, Ce, Pr, Nd, Pm Sm Eu,
Gd, Th, Dy, Ho, Er, Tm Yb and Lu;

Accordingly, there is a need in this field of technique of improved fluorescent

nano-structured materials.

Summary of the invention

~ The present invention addresses the problems above, and in pa_rticular provides
a method for the preparation of nano-structured material(s). The nano-
structured material prepared from the method of the present invention may be

used for applications such as in bio-imaging and bio-detection of biomolecules.

According to a first aspect, the present invention provides a method of
preparing at least one nano-structured material of formula M{MX, comprising

the step of freating:

- at least one compound ha\)ing the formula [CX3(CX2)n(CH2)mCOOMy;
and '

- atleastone compound'having the formula [CX3(CX2)n(CH2)m_COO]pM2;
wherein

each X is the same or different and is selected from the group consisting of:
halogens, O, S, Se, Te, N, P and As;

each n is the same or different and is 0<n<10;
each m is the same or different and is 0<m<10;
each p is the same or different and is 1<p<5;

each M, is the same or different and is selected from the group consisting of: Li,
Na, K, Rb, Cs, Fr, Be, Mg, Ca, Sr, Ba, Ra and NH;

each M, is the same or different and is a metal ion.



n, m p, X M and M2 are as defined above; and each q is the same or
different and is 010. According to a further aspect, the treating in the
met hod may be carried out in the presence of at |east one source of energy.
Any suitable source of energy may be used. For exanple, the source of
energy may be, but not limted to, any one of the follow ng: |ight source,
el ectric source, thermal source, magnetic source, or a conbination thereof.
In particular, the source of energy is a thermal source. The treating may
be carried out at a tenperature of 8p to about 1000C. For exanple, the
treating may be carried out at a tenperature of 200C - 400C. In particular,
the treating is carried out at a tenperature of 300C - 350C. Even nore in
particular, the treating is carried out at a tenperature of 330C. According

to anot Rekor aﬁ@%t a pdific §§‘d¥ct'tﬂ¥%?é$é}ﬂ |ﬁv&wdihe§o@.dé§té1ﬁsbtﬁéd pérepar i ng at

1 east one nan structureJerraterla of formul a n conprising the step of
treati npreparingast least componand-strudtuigd: Haatesahuefa fpm)@ecklbj\/h ) MCOOLMR,

in the ne source of energy, 6 wherein each Xis the
sane oreéﬁﬁﬁ r?és hdlfg'%?g ct ed fromthe group consisting of: hal ogens,

0, S, Se, Te, N P and As; each n is the same or different and is 0 n 10;
each mis t heatdaast ame etimpaundrhavingthe domnda [€Xa(6Xa)(GHREORIMior di f f er ent
and is 1:5 5; and each M2 is the sane or different andisanetal i on.

According to éﬂaéaesn@%{ngsuh@haa.ﬁ 8fib folifiaHESERNKo I EMEROTI PLOVI des a

met hod for prepari one ano structure erial 6T nul a
M2Xn: My conpramd ng the step of treating:

- atleast one compound having the formula [CX3(CXz)n(CH2)mCOO] Mg,
wherein

each M is the same or different and is selected from the group consisting of Sc,
Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu;

n, m, p, X, My and M; are as defined above; and
each g is the same. or different and is 0<q<10.

According to a further aspect, the treating in the method may be carried out in
the presence of at least one source of energy. Any suitable source of energy
may be Used. For example, the source of energy may be, but not limited to, any
one of the following: Iig'ht source, electric source, thermal source, magnetic
source, or a combination thereof. In particular, the source of energy is a thermal
source. The treating may be carried out at a temperature of up to about 1000°C.
For example, the treating may be carried out at a temperature of 200f’C - 400°C.
In particular, the treating is carried out at a temperature of 300°C - 350°C. Even

more in particular, the treating is carried out at a temperature of 330°C.

According to another aspect, the present invention provides a method of
preparing at least one nano-structured material of formula M2X, comprising the
step of treating at least one compound having the formula

[CX3(CX2)n(CH2)mCOOI M, in the presence of at least one source of energy,



at | east one conpound having the fornmula [ CX3(CX2)n(Cl-12)nC00] pM2; and

at | east one conpound having the fornula [ CX3(CX2) n( CH2) nCQ0l pMy; in the
presence of at [east one source of energy, wherein each My is the sanme or
different and is selected fromthe group consisting of Sc, Y, La, Ce, Pr,
Nd, Pm Sm Eu, &, Th, Dy, Ho, Er, Tm Yb and Lu; n, m p, X and M2 are as
defi ned above; and each q is the same or different and is Any suitable
source of energy may be used. For exanple, the source of energy may be, but
not limted to, any one of the follew ng: |ight source, electric source,
thermal source, magnetic source or a conbination thereof. In particular,
the source of energy i's a thermal source. The treating nmay be carried out
at a tenperature of up to about 1000C. For exanple, the treating may be
carfiedwh iyt at ‘a tenperature of 200C - 400C. In particular, the treating
is carried out at a tenperature of 300C - 350C. Even nore in particular,
the treating is carried out at a tenperaturF of 330C. M2, according to any
aspect @#ch g%lSpﬁh@s%ameim\fHﬁ@rﬁah?nmssl@ct% TR e IroyPrGORsEHRY &hd may be
sel ecte t Lsdiagg of . transition nmetal ions, inner
transitﬂgﬁbgg%éﬁg?%%g?ﬂ%ﬁgWZ?§%381 to Goup VI netal ions. In particular,
each M2 may be the sanme or different and may be Sc, Y, La, Ce, Pr, Nd, Pm
Sm Eu, eadh nipthergameior differentand®0sn<1@; The nano-structured material
according to any aspect of the present invention nmay be selected fromthe
group cqasp st : ' <KkMiid, RoM2F4, CsM2F4, BeM2FS,

Be( M2) 2880 %‘\3&&%%%( D gé’fg%égil\é/fzb%ﬂﬁ%m OF8, SrMRF5, Sr(M2)2F8,

BaLnF5, Ba(M)2F8M2F3, M2F3, M2Cl3, MBr3, M13, MFC Br, MOF, MCC

M2OBr, eRop ig kipe sarge ofiffesent anddh PSS ad defined above. In particul ar,
the nano-structured material is NaYF4, LiYF4, BaYF5, NalLaF4, LaF3, YF3, -

BaY2F8, (R4S Wie A3 or ERACARINR i5B Metl iopul ar, the nano-struct ur ed
material 1s YF4.

According to another particular aspect, the present invention provides a method
for preparing at least one nano-structured material of formula MyXn:Mq

compfising the step of treating:

- at least one compound having the formula [CX3(CXz2)n(CH2)mCOQO]Mo;
and o

- at least one compound having the formula [CX3(CXz)n(CH2)mCOQO],Mg;
in the presence of at least one source of energy, wherein

each My is the. same or different and is selected from the group consisting of Sc,
Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu;

n, m, p, X and M; are as defined above; and
-each q is the same or different and is 0<q<10.

Any suitable source of energy may be used. For example, the source of energy
may be, but not limited to, any one of the following: light source, electric source,
thermal source, magnetic source or a combination thereof. In particular, the
source of energy is a thérmal source. The treating may be carried out at a

temperature of up to about 1000°C. For example, the treating may be carried



The at | east one conpound of fornula [CX3(CX2), | (CH2) nmCO01pM may be .
selected fromthe group consisting of: CF3COONa and CF3COOL1. The at | east
one conpound of formula [ CX3(CX2)4CH2) nC001, M2 nay be selected fromthe
group consisting of: (CF3C00)3Y and (CF3C00)3La. For exanple, the at |east
one conpound of formula [ CX3(CX2)n(CH2) mCO01, My may be selected fromthe
group consisting of: (CF3C00)3Yb, (CF3C00)3Er, (CF3C00)3Tm and

(CF3C00) 31-10. The at | east one nano-structured material prepared accordi ng
to any nmethod of the present inventvon nay be selected fromthe group

consi sting of: NaM2F4: My, Li M2F4: My, KM2F4: My, RoM2F4: My, CsM2F4: My,
BeM2F5: My, Be( M) 2F8: My, MgM2F5: My, Mg(MR) 2F8: My, CaM2F5: My, Ca( M) 2F8: My,

SrMF5: My, Sr(M)2F8: My, BaM2F5: My, Ba(M)2F8: My, M2F3: My, M2C13: My,
M2Br 3: %ﬁhﬁa t %Wﬁf@ Br- 46o° C'V%ar%fﬂulal\@%:kreh(ﬂn MeeHFriedaut 4RCS: My,
(MZ)ZSCI\%/HMM%‘1 er elr%ueac M2 and are as defined abgove In particular,

each I\/ga|tsmphEatl$l3rﬂf I0°Qi-FI° GnEvarhmqrg i ppeticulat, thedreating igcatiedconsi st i ng

of : Yb, ticular, the at | east one nano-structured

materi aP ?t? "%qaﬁﬁﬂflz%d}@wq i s NaYF4: Yb, Er; NaYF4: Yb, Tm NaYF4: Yb, Ho:
Li YF4:Yb, Er; BaYF5:Yb, Er; NaLaF4:Yb, Er; or YC]_: Yb, Er. Even nore in

parti cuMar accondingateo a8y raspest of thensesert inwentignr-may ber thensame: b, Tm or

NaYF4: Y j t I I , n g in the
ot hod QUG G T f Bidktcd o nE AT cohiSndf b Baftiiod BEGLD | 0" 00
in the joresdnoer . transition aastal doms, paﬂ\darGroupnbme pBtcap ¥blmetdd loms b mi xture

t hereof. Any, suit. ol.ar . or Jon- ol vent may, se r exanpl e,
t he pol &A™ ?ﬁ'a\ye‘?ﬁ ?‘EM%"%@ b fhg sa an%fenstaxwarﬁgy bep?%qglq' al-Condt , but anol ,
pent anolNg, WW'EU‘@@W&D@W'EMS}W@DLU gl ycerol, propylene giycol,

pol yet hyl ene glycol, ethyl ‘acetate and a conbi nation thereof. The non-pol ar

| be ol eyl d di al kyl
oo dheapr i wal sl roGTIR o APy ashegt chmenretepl BRTiRT A e,
al kyl aq\h@y béllsléléﬂﬁéld fgth the bdupl d@HSlsﬂhg%NNéMQFJ Llwﬁaykw@maﬁmm ox. de,

hat e, al kane, "al kene ther, al ken

t | k h
cglngl ng[C? O?:Ehﬁﬁwdfs, Bed2)ak 8| MS%F@MQ BSPPM?FW%%( §'EN2 Br epar ed by
the met hé}ﬂv@f @(yéﬂ?s,t@a(mzz 8 t%tm,irrﬂ; . I\/f}@bp'i\ﬂ‘zB%‘tMélg'Vl@FFGIBF NE@Fhave a

structure romon | owi n hexagona cubi c, tetragonal,

r honbohddQEl, MsABrRrMa@Bi dMxSaowherdin eachi ba is @sadefined @ppv@aln on |
t her eof rp@rﬁ)c&lé)r(lg{%hgno {?@?tﬂl%@omard'rféﬂsuNWFﬁ?F aéa\ﬂf eRR &k, fir4n t he et hod

accordi spec esent 1 nv have a Iatt I ce

st r uct uNgFs BaGFg INAGAR bheG@?@LEyeuomsresnn mgﬁufuiarh#mglanmsirucuubed:
tetragonal , ﬂo dral, orthorhonbic, nmonoclinic, triclinic and a

conbi natMatgriahis 4 |n particular, the nano-structured material has a
hexagonal lattice structure. Even nore in particular, the nano-structured
mat er i al Thes abauag oo qohmmﬂlathﬂorn‘mda(e[@&(@(&)XgM@HQ)MWmey bérexagonal

hase NaYF4:.Yb, Tm he a onal a st ctured
Ir[:nt eri alseﬂﬁ‘%?fgfr@@ tg‘? qrﬂl)ép ?ﬂ%ﬁ%@ﬁﬁﬁ\gégﬂ Hﬁ&%&zg)ecg F taﬁé gseﬁt
i nvent i %hé@dhwﬁ&iﬁ%ﬁ@nﬁmal[@xgccnmcﬂb)ﬁm 2 fmw B@ séleétéd&rd:ﬁ@ﬂe nm For
exanple, 100 nm in particul parti cuI ar t he

nano- st rareupcensiFng:ef: ACFeREN% agd é@ﬂ%@@t)?:'—@ng °6|e|¥§ﬂ§‘||%ﬁ e@fdgast 5 25 nm
Even mor&,d SoRasdACH BfmulbTeXRCXSIEH, REOONE My Be stictledSiaf th nm

group consisting of: (CFsCOO)Yb, (CFsCOO)sEr, (CF3COO)sTm and
(CF3;COO);sHo. '

The at least one nano-structured material prepared according to any method of
the present invention may be selected from the group consisting of: NaMzF4:M,
LiMaF4:Mg, KMzF4aMg, RbMaFsM, CsMaFsiMg BeMaFs:Mg, Be(Mz)FsMg,
MgMzFsMg  Mg(Ma)Fe:Mg — CaMoFsMg,  Ca(MekFe:M;, — SrMpFs:My,
Sr(M2)2Fe:M,, BaMaFs:Mg, Ba(Mz)aFe:Mg, MaFa:Mg, M2Cla:Mg, MaBra:Mg, Mals:Mg,



The nano-structured material prepared by the method according to any aspect
of the present invention nmay be in the formof: nanoparticle(s), nanofilm
.or nmonolith. In particular, the at |east one nano-structured material may
be at | east one nanoparticle and the average di aneter of the nanoparticle
s 1000 nm For exanple, 100 nm in particular, less than 50 nm Even nore
In particular, the average dianeter of the nanoparticle is 10 nm The
nanoparticle(s) may conprise a core nanoparticle(s) or a core-shel
nanoparticle(s). According to a furgher aspect, the present invention

~ provides a nethod of preparing a nano-structured nmaterial as described

above, wherein the nanoparticle is in the formof a core nanoparticle, and
the method further conprises applying at |east one organic and/or inorganic

ater L ohFEISN REDF I, SpiSei s RBOBIE IMZSEARNTM  SERRDAiHdrEIe (<)

Accor di ng fer aspect, the present’ invention provides a
met hod eéctpiMepand My areramde@:edjabgveadnrm ylat, egchddsds thRegameo¥We, wherein

th ticl | &
nanopar STBTEntari, Keseidiin frorb e, Blqud, 60 IRURSOE . €, T 3R6 f9%n .
- mat er i apaftighirkr theagpleaetdons rtdme-smrcmred anafterial nf forowla NN M, is

i T ) i ed. cong.d | I, ti |
on Che. NaVEVRET: s AT rbIre By Hn o a oy B Ve TR e "
or gani ¢ \glgkl.- rerdravOPrY@Erl BO&AANbEe $eddrticmacr thal nadhetradtatdd nay

corrprlseamaterla of the fornula MlMZX & IVIZXan wherein each M,
M, X, maiedaligNaYEaxs, EdeN?XE&fYEb-BV@rW 13 the organic shell

mat erial may conprise at |east one polyner, a 10 surfactant or a lipid, or

a_conbi @@:Eh%d {4 Astther é@?e&utt{@hﬂlﬁn@& ¥BBfing MUhbanethbl aucotding tb may be
used fo e purposes of resent invention. The. inorgani Cgﬁgﬁ

mat er i alanyredspeshpk tr@eprﬁawmtnmvermw mey irevsarriedrpyipipsthe qyppeace

el V) S WSk JMEIEP PR ARUENGRor SERau (o) P, Bl nS

( M2) 2S3 nonoian soleant mnayzbe sisstieFenexamplediia pplansolyent mayshe wiatefd from t he
group caons Ho, FEr,

stin ,
Tm Yb &PRf hﬁﬂ L %{hBQOI ﬂ‘?ﬁ" a%ﬁgol §r% tan%l cﬁi on éreo?n%j,&cc)gr ing to a
further gaw@ecgl,ycénbe propilane gls/cmhqadlwmﬂeme uglyant e dthyhtametate asy @e nodified

by adding at |eas rfacta nor g erial, or a
m xt ur e GOREHRRYCN &‘ﬁ{ﬁcgu (o[-0 B{’}Pf 3?8 ‘%ﬂ? mé)y b%g'ﬁe% gcq?ﬁ%%%’%’m c
mat eri alo|gBYadie. élﬁﬁcbmlﬁérd%ﬂ%gﬁnﬂnetﬂfél@wahﬂﬁé aakenyyarhimee diaikenyl a (1)
R1IR3 RS - (CJI-l -(CzFI
amine, tnalkenyl amlne alkyl acid, alkenyl acid, trialkyl phosphine, trialkyl
phosphine oxide, trialkylphosphate, alkane, alkene, alkyl ether, alkenyl ether or

a combination thereof.

The at least one nano-structured material prepared by the method according to
any aspect of the present invention may have a structure selected from one of
the following: hexagonal, cubic, tetragonal, rhombohedral, orthorhombic,
monoclinic, triclinic and a combination thereof. For exampka, the nano-
structured material prepared from the method according to any aspect of the
present invention may have a lattice structure selected from the group
consisting of: hexagonal, cubic, tetragonal, rhombohedral, orthorhombic,
monoclinic, triclinic and a combination thereof. In particular, the nano-structured

" material has a hexagonal lattice structure. Even more in particular, the nano-
structured maferial is .hexagonal phase NaYF,, hexagonal phase NaYF4Yb,Er,
hexagonal phase NaYF4:Yb,Tm or hexagonal phase NaYF4:Yb,Ho.



R2R4 wherein each J is the sane or different, and 1 5.J5.9; each Kis the
sane or different, and 0 5. K 9; each s is the sanme or different, and 0 5 S
5 9; each Zis the sanme or different, and 1 .5.Z 9; each Wis the sane or
different, and 0 5 W5.9; each y is the sane or different, and 0 y 5 9;
(Formula 1) 11 each al, R2, R3, R4 and R5 is the sane or different, and is
I ndependently selected fromthe group consisting of: H, substituted or
unsubstituted G -C6 al kyl, substituted or unsubstituted Cl-C6 aryl, HS,
.COOH, NH2 and OH, each R6 is the sage or different, and is selected from
the group consisting of: COOH, NH2, OH, P=0 and P; with the proviso that s

+ y < 10. The surfactant may be hydrophilic, hydrophobic and/or
anphi phi lic. :

The nano-structured material prepared by the method according to any aspect
of the present invention may comprise at Ieést one dimension having size
<1000 nm. For example, <100 nm, in particular, less than 50 nm. in particular,
the nano—_structured material comprises at least one dimension of size <25 nm.

Even more in particular, the at least one dimension is of size <10 nm.

The nano-structured material prepared by the method according to any aspect |
of the present invention may be in the form of: nanoparticle(s), nanofi Im or
monolith. In’ partlcular the at least one nano-structured material may be at least
one nanoparticie and the average diameter of the nanopartlcle is- <1000 nm.
For example, <100 nm, in particular, less than 50 nm. Even more in particular,
the average diameter of the nanoparticle is <10 nm. The nanoparticle(s) may

comprise a core nanoparticle(s) or a core-shell nanoparticle(s).

According to a further aspect, the present invention provides a method of
preparing a nano-structured material as described above, wherein the
nanoparticlé is in the form of a core nanoparticle, and the method further
comprises applying at least one organic and/or inorganic material (shell) on the
core, to obtain a core-shell nanoparticle(s). According to another further aspect,
the present invention provides a method of preparing a nano-structured material
as described above, wherein the nanoparticle is in the form of a core
nanoparticle, and the nanoparticle further comprises at least one organic and/or
inorganic material (sheli) applied on the core, to o_btaih a core-shell
nanoparticle(s). The shell may be applied continuously or discontinuously on
the core. '

The shell of the core-shell nanoparticle may comprise an organic shell material
or an inorganic shell material. The shell may comprise a material of the formula
M1M2X;, or MyiMoX,:M,, wherein each My, My, X, n and M, are as defined above.

For example, the organic shell material may comprise at least one polymer, a



According to a further aspect, the present invention provides a nethod of
preparing a nano-structured material as described above, wherein a

bi onol ecul e is attached to the nano-structured material. The bionol ecul e -
may be any suitabl e bionolecule. For exanple, the bionolecule is selected
fromthe group consisting of: protein, nucleic acid, nucleosides,

nucl eoti des, DNA, hornone, anmino acid, peptide, peptidoninetic, RNA |Iipid,
al bum n, anti body, phospholipids, glycolipid, sterol, vitam ns,
neurotransmtter, carbohydrate, sugap, di saccharide, nonosacchari de,

ol i gopept-i de, ‘pol ypepti de, oligosaccharide, polysaccharide and a m xture
thereof. The present invention al so provides a nano-structured materi al
obt ai nabl e by the nmethod according to any aspect described above. According

to anot r ol i Vi Q. ed
R L s R L
above. Trdipidamay berusedidortiiemarposes| of ies presest iaveetiaigonal | attice structure
and may conprise at |east one dinension of < 50 rim In particular, the at-
| east o di i i C L af &k eul he present .
i nventi gﬁ-' ep‘rr%s égnsgeﬂarﬁ%? Hg?t rrﬁé tﬁé’ﬂ%?@r@gﬁ’ %sz g’r ngiﬁ/lﬁﬁ/lgl%ﬁ%’lvq; '

wher ei n G4V, BeloFr, Be)df8a Mgt s Ao MedF a ealaF saba(MbelT e iSiVehe

Bt | oast MRt AT o BBl i Ve Ve i VBF, RgEEfi Meor 0P <1 19

nano- st rysOCr, MLOBY LS, (Ms)89twherBdr edchElN, id thile3sarhe biodifferdretfedidyis, Tm I n -

particular, the at |east one dinensigQn |s. e n n nore in
parti cul%le,c’t?%g"oﬁh_m?- gRURGANSISHNGOF P aY Ii'%l(ﬁ%ggr]gg\{galén&hg%%a‘g: My. For
exanpl e, TN HMEr PN bRthd; §i0,;NadE42nd) . dra eombiadiich therdgh  The present
invention al'so provides an article of manufacture conprising any
nano-structured material described above, The article af- rranu{ acture may be

at | eastAesesdipg torfurthier aapagh the surigne g themano-stiuctyed,;matefipl may on¢ i cal

data st opQfRdifedihPaddiing @t |casEend sBfadight, ﬂbfd?pQ@HeYﬁhME anid MBfbria LED, a
LCD, a wear resistiance, a laser, optical anplifier, and/or a device for
bi o-i magdmg.mixture thereof. Any suitable surfactant, lipid, polymer, inorganic material

may be used. For example, the surfactant may have Formula (1):

R’ R?
R® — (CyHK)s~(CzHw)y— R® (Formula I)
Lol

wherein

each J is the same or different, and .1 stQ;
each K is the éame or different, and 0<K<9;
each s is the same or different, and 0<s<9;
each Z is.the same or different, and 1 5259;
each W is the same or different, and 0<W<9;

each y is the same or different, and 0<y<9;



Anot her aspect of the present invention is a kit conprising at |east one.
nano-structured material described above and at | east one bi onol ecul e. The
bi onol ecul e may be any suitabl e bionol ecul e. For exanple, the bionolecul e
may be selected fromthe group consisting of: protein, nucleic acid,

nucl eosi des, nucl eoti des, DNA, hornone, am no acid, peptide,

peptidom netic, RNA, lipid, albumn, antibody, phospholipids, glycolipid,
sterol, vitam ns, neurotransmtter, carbohydrate, sugar, disaccharide,
nmonosacchari de, oligopeptide, polyptbtide, oligosaccharide, polysaccharide
~and a m xture thereof. The present invention also provides a bio-inmaging
and/ or bio-detection systemconprising: - at |east one nano-structured

mat eri al prepared fromthe nmethod according to any aspect of the invention;
- at | eaath ®Rie A dRY| Rt und; R? istthé sante ondifierent cand i independently and - at

I'east one neans for delivery of.the source of excitati 0 system 13
The bi oftleEed ‘@0%9'%8’%05%'%& & dhondrstiite .°’FB'PSL§%O?§M%‘?%E&E &
bi onol egikyE siBYitiRISE BBUBSItiHeaT LOgagl, HB, COH, NH @ndOH;protei n, nucleic
~acid, nucleosides, nucleotides, DNA hornone, am no acid, peptide,

pepti dom netj c, . lipid. al bum antib hosphol i pi d lycol i pid,
sterol , e9fh gﬁ 1% §ﬁy§@m908rr g‘ﬁgfﬁ"?’t @?‘P ‘Sc%e‘ﬁ%%}ﬁggildé‘? gl,\e gf)fﬂ‘ﬁ’r ?‘P’tﬁ@@@g‘ﬁar i de, _
nonosac gmHIRH, OOHI PRORridde, pol ypeptide, ol igosaccharide, polysaccharide
and a m xture thereof. The source of excitation may be any suitabl e source.
For exanple, the.source of excitation is NNR The NIR may be at 980 nm The
means féi‘f"""dbf’iF’\r/‘?e\f'§)o tﬁﬁ'ey§c?i‘}rce of excitation to the system may be any

sui tabl e nmeans for delivery. For exanple, the nmeans for delivery may be

opt i cal ThelyipRctab descPRdrophilic hydtophoblt aralior amphiphiticnal | aser.

According to a further aspect, the present invention provides a method of
preparing a nano-structured material as described above, wherein a
biomolecule is attached to the nano-structured material. The biomolecule may -
be any suitable biomolecule. For example, the biomolecule is selected from the
group consisting of: protein, nucleic acid, nucleosides, nucleotides, DNA,
hormone, amino acid, peptide, peptidomimetic, RNA, lipid, albumin, antibody,
phospholipids, glycolipid, sterol, vifamins, neurotransmitter, carbohydrate,
sugar, disaccharide, monosaccharide, oligopeptide, polypeptide,
oligosaccharide, polysaccharide and a mixture thereof.

The present invention also provides a nano-structured material obtainable by

the method according to any aspect described above.

According. to another aspect, the present invention provides a nano-structured
material of formula M{MX,:M,, wherein My, Mz, X, n and M, are as defined
above. The nano-structured material may have a hexagonal lattice structure
“and may comprise at least one dimension of < 50 nm. In particular, the at least

one dimension is < 10 nm.

According to a particular aspect, the present invention provides a nano-
structured material of formula MyM2Xn:Mg, Wherein My, Mg, X, n and M, are as

defined above, and wherein the nano-structured material has a héxagonal



Anot her aspect of the present invention is a method of nodifying at | east
one hydrophobic structure to nake it hydrophilic, conprising applying at

| east one nodifier on the structure surface to nake a structure-nodifier
conpl ex, and wherein the nodifier is a surfactant, |ipid, polymer and/or
inorganic material. The structure may be the nano-structured material as
described above. Any suitable surfactant, |ipid, polyner and/or inorganic
materi.al may be used. The nethod nay conprise applying at |east one first
nmodi fier on the structure surface, a2d further a second hydrophilic

modi fier to make a structure-first nodifier-second nodifier conplex, and
wherein the first and/or second nodifier is-a surfactant, |ipid, polyner
and/or inorganic material. The nmethod may al'so conprise applylng at - | east

0”9 hy dngabd Etrﬁctaﬂar fc%ﬁ{;ﬁ&tng%l 164 orkl difeHEIBNtdT <TB AR vﬁwthétpﬁéﬁsﬁur fact ant
conpl ex. Brief description theflgures 14 Fi u Ié?\rwa?
i |1 ust r dbatdhe rnpzHirug R@eémﬁeaﬁds neh Lalte: ¥ Ehet-aFaYh b,Tm.
NaYF4: Y ti f
Bn %ﬁ?d;ﬁéérgﬂ}%%g&gpl?ﬁé biefiéiion Eggu ¢ Wfr} 6P<wvs . El/ér‘#?ﬁdré ihon o ((?)

poly acryll NaYF4 nanoparticles and
PEG- phoganiiduilari dbecn@wsmmnedvma&er(armp/ wwnnhmaetNeYEquFuF@ur e 4 shows

pspe: PERE Nyl 1 NETEr EB A N L B BT B E o . i gur e s

shows the TEM pictures of the hexagonal phase NaYF4:Yb, Er and NaYF4:Yb, Tm
- nanopar tTha p&seht inveagmi\ fai&oapriouideefar( ajtickoef (ﬂaﬁum}mﬂfemmnprﬂaﬂ)g RRD pattern

nanopal tTaocCRy B uteriat rspay Sbile ARRRTICR Bl Matlrmin@RalBEiAl) ™ T

fluores QQQQQJriél (ﬁﬂtblé dolifwindiea biephgaeaicephastar(de)l, A pticallaaka smmge( | i)
NaYF4: Yb, Tm na articles.

Th t at 980 NI Fi 7
Shovi. (58 BpdrolEbn i CATTIFG fa iy LoD P, & hEg PHECRul Mefiase
NaYF4: Yhelistated, Bidaded; oftichMamplfp 2arid/6l £8evice for bio-imaging.

Another aspect of the present invention is a kit comprising at least one nano-
structured material described above and at least one biomolecule. The
biomolecule may be any suitable biomolecule. For example, the biomolecule
may be selected from the group consisting of. protein, nucleic acid, nucleosides,
nucleotides, DNA, hormone, amino acid, peptide, peptidomimetic,'RNA, lipid,
albumin, antibody, 'phospholipids, glycolipid, sterol, vitamins, neurotransmitier,
carbohydrate, sugar, disaccharide, monosaccharide, oligopeptide, polypeptide,
oligosaccharide, polysaccharide and a mixture thereof. |

The present invention also provides a bio-imaging and/or bio-detection system .

comprising:

- at least one nano-structured material prepared from the method according

to any aspect of the invention;
- at least one biomolecule;
- at least one source of excitation; and

- at least one means for delivery of the source of excitation to the system.



Figure 8 shows (a) the TEM phot ographs of NaYF4:Yb, Er core, (D)

NaYF4: Yh, Er (Tm / NaYF4 core/shell, and (c) XRD pattern of the core,

core/ shell nanoparticles. Figure 9 shows (a) fluorescence spectra of core,
core/shell and PM coated core/shell NaYF4:Yb, Er and (b) NaYEl: Yb, Tm
nanoparticles. The excitation is 980 nm N R laser. 15 Figure 10 shows (a)
the fluorescence pictures of core, core/shell and PAA coated core/shell
NaYE4: Yb, Er and (b) NaYF4: Yb, Tnn nanoparticles. The excitation is 980 nm

NIR | aser. Figure 11 shows (a) the {BEM picture and (b) XRD pattern of L1YF4
nanoparticles. Figure 12 shows (a) the TEM picture and (c) SAED pattern of
BaYF5 nanoparticles. Figure 12 (b) shows the TEM picture of (a) at a
greater magnification. FigureS 13 shows (a) the TEM picture and (c) SAED

pat ter ot Mehilide N R’ e &y Sl Bidmbliouriower { bRkl piret ur e of (2)

at a greater magnl Icatron re 14 shows the XRD patterns of Li YF4,
BaYF5 ahibnieaiie meareselecteti deom Hieygnosp Tonsisting of sotain dusleieadid spectra of

Yb- Br Cgucqogslgesl‘ InYJFfléotEng FBN%\“%ONR&%: 4arni%80é@c§tﬁéat‘a§ peptidomimetic,
RNA, lipid, albumin, antibody, phospholipids, glycolipid, sterol, vitamins,

neurotransmitter, carbohydrate, sugar, disaccharide, monosaccharide,
oligopeptide, polypeptide, oligosaccharide, polysaccharide and a mixture
thereof.

The source of excitation may be any suitable source. For example, the source
of excitation is NIR. The NIR may be at 980 nm. The means for delivery of the
source of excitation to the system may be any suitable means for delivery. For
example, the 'means for delivery may be optical fibres, endoscopes, external
light and/or external laser. ' '

Another aspect of the present invention ié a method of modifying at least one
hydrophobic structure to make it hydrophilic, comprising applying at least one
modifier on the structure surface to make a structure-modifier complex, and -
wherein the modifier is a surfactant, lipid, polymer and/or inorganic material.
The structure may be the nano-structured material as described above. Any
suitable surfactant, lipid, polymer and/or inorganic material may be used. The
| method may comprise applying at least one first modifier on the structure
surface, and further a second hydrophilic modifier to make a structure-first
modifier-second modifier complex, and wherein the first and/or second modiﬁ'er
is a surfactant, lipid, polymer and/or inorganic material. The method may also
comprise applying at least one hydrophilic surfactant on the structure to make a

structure-surfactant complex.

Brief description of the figures

Figure 1 shows an illustration of (a) core nanoparticles and (b) core/shell

nanoparticles and films.



Figure 16 shows the TEM picture of LaF3 nanoparticles. Figure 17 shows the
TEM pi cture of YF3 nanoparticles. Figure 18 shows (a) the TEM picture of

t he NaYF4: 20%rb, 2%r nanoparticles, and (b) up-conversion fluorescence of
t he nanoparticles in hexane. The excitation is a 980 nm N R | aser with
power density of 1W Figure 19 shows the TEM picture of the NaYF4: Yb, Er
nanoparticles obtained in 1-octadecene with oi eyl am ne as surfactant, at
tenmperature of 300C for Ih. Figure 20 shows the TEM picture of the
NaYF4: Yb, Er nanoparticles prepared ign tetracosane with octadecaneam ne as
surfactant, at tenperature of 340C for 30mn. 16 Figure 21 shows the
NaYF4: Yb, Er thin filmon glass substrates. Under 980 nm NI R excitati on,
green em ssion (as shown by arrow) was observed. Figure 22 shows YCF: Yb, Er

thin fig \M@UE@ HLASH %W%Msgggﬁ ed(f“@grthg%rénéd\& Rop¥6id/atdlosrudt@dger ssi on

(as sho arrow was o igure 23 shows the size distribution of
the PM NaNFaTﬁ’b rGEmyNaNkYRanaparticletlaYF4 nanoparti-cl es, obtai ned fromthe

dynam c light scattering technique. Figure 24 shows XRD patterns of the
rl\lggggctzlg\@i) 2§r§ﬁéwga%§}0ﬂ%h}e§n‘{a|n8ﬁ anwe%ﬁﬁda&?lg% cubi c %%:332?6 peaks
mar ked NaMEA,,é(:thr(TmNNaYﬁe hanep@acheerandn(bthEﬁvmosw@ltp"ﬂ% earedcal cul at ed
hexagonﬁl Y&h%eErﬁm%a%zx nanoparticles.

Figure 4 shows the structure of three examples of lipids: (a) 18:0
mPEG2000PE, (b) DSPE-PEG(2000) carboxylic acid and (c) DSPE-PEG(2000)
Biotin.

Figure 5 shows the TEM pictures of the hexagonal phase NaYF4Yb,Er and
'NaYF4:Yb,Tr'n nanoparticles at a magnification of (a) 50K (b) 150K and, (¢) XRD
pattern and (d) SAED pattern of the hexagonal phase NaYF4Yb,Er and
NaYF4:Yb,Tm nanoparticles. | |

Figure 6 shows (a) the fluorescence spectra and (b) fluorescence picture of the
hexagonal phase (i) NaYF4Yb,Er and (ii) NaYF4:Yb,Tm nanoparticles. The
excitation is 980 nm NIR laser. '

Figure 7 shows (a) the TEM picture and (b) the XRD pattern of the cubic phase
NaYF.Yb,Er and NaYF4:Yb,Tm nanoparticles.

Figure 8 shows (a) the TEM photographs of NaYFsYb,Er core, (b)
NaYF4Yb,Er(Tm)/NaYF, core/shell, and (c) XRD pattern of the core, core/shell

nanoparticles.

Figure 9 shows (a) fluorescence spectra of core, core/shell and PAA coated
core/shell NaYF4Yb,Er and (b) NaYF4:Yb,Tm nanoparticles. The excitation is
980 nm NIR laser. '



Figure 25 shows (a) TEMinmage of NaYF4:Yb, Er .nanoparticles prepared in 2nl
oleic acid and 8 m ol eyl am ne solution at 330C for | h, and (b) shows the
XRD pattern of dom nant cubic phase (marked with asterisk) and hexagonal
phase. The line pattern in (b) is the cal cul ated hexagonal phase of NaYF4.
Det ai-l ed description of the invention Bibliographic references nentioned
in the present specification are for convenience listed in the formof a
list of references and added at the end of the exanples. The whol e content
of such bibliographic references isigerein incorporated by reference. The
present invention provides a nethod for preparing nano-structured materi al
of suitable size for use in applications such as bio-imgi ng and

bi o-detection. In order to obtain suitable sized nano-structured materi al,

it woul Fi%fl?e uﬁ?fsgb\gggayﬁgé rﬂla.'?rééz:%n% YoitBless bf %Fé!][é‘or@fshbﬁead%ﬁmt ruct ured

materi a epared an st ze distribution of the nano-structured
mat er i akoatednaorefehali e, Epuandn(bioNaY Fed et mf eeneparticles. elghpl e, the

nano- st ruct yred eri be used in the bio-inmaging and bi o-detection
of bi orrﬁ?“é'&%o@s'.sggé@m S"Fﬁ[ﬁé& a first aspect, the present invention

provi des a nethod of preparing at |east one nano-structured material of

f or nul a AiduvBXn 1c shpwi s (3)g theneTEMepicttira rand i (hy XRDxi pajlern aef |ld¥6: one
conmpound havi t he formula [ CX3(CX2) n(CH2) mMCOOLM ; and at | east one
corrpoun(ﬁ‘aHQWﬁgIelshe formul a [ CX3(CX2). (CH2), " COOLMR;

Figure 12 shows (a) the TEM picture and (c) SAED pattern of BaYFs
nanoparticles. Figure 12 (b) shows the TEM picture of (a) at a greater

magniﬁcaﬁon.

Figure' 13 shows (a) the TEM picture and (c) SAED pattern of NalaF,
nanoparticles. Figure 13 (b) shows the TEM picture of (a) at a greater

magnification.
Figure 14 shows the XRD patterns of LiYF4, BaYFs and NaLaF4 nanoparticles.

Figure 15 shows the fluorescence spectra of Yb-Er co-doped LiYF4, BaYFs and
NalLaF, nanoparticles.

Figure 16 shows the TEM picture of LaF3 nanoparticles.
Figure 17 shows the TEM picture of YF3 nanoparticles.

Figure 18 shows (a) the TEM picture of the NaYF4:20%Yb,2%Er nanoparticles,
and (b) up-conversion fluorescence of the nanoparticles in hexane. The

excitation is a 980 nm NIR laser with power density of 1W.

Figure 19 shows the TEM picture of the NaYF4:Yb,Er nanoparticles obtained in

1-octadecene with oleylamine as surfactant, at temperature of 300°C for 1h.

Figure 20 shows the TEM picture of the NaYF4:Yb,Er nanoparticles prepared in
tetracosane with octadecaneamine as surfactant, at temperature of 340°C for
- 30min.



wherein each X is the same or different and is sel ected fromthe group
consisting of: halogens, 0, S, Se, Te, N, P and As; each n is the sane or
different and is 05_n5_10; each mis the same or different and is 0l.c m
.10; each p is the same or different and is 1 p 5 each M is t he same or
different and is selected fromthe group consisting of: Li, Na, K Rb, Cs,
Fr, Be, My, Ca, Sr, Ba, Ra and NH4; each M2 is the same or different and is
a netal ion. In particular, the step of treating conprises reacting at

| east one conpound having the formdem [ CX3(CX2) n( CH2) nCOOLM and at | east
one conpound having the formula [ CX3(CX2) n(CH2) mCOOLM2. 18 According to a
further aspect, the present invention provides a nethod for preparing at

| east one nano-structured material of formula M MX,: My conprising the step

ffc Xg E ea idgj?%gg;gﬂp%%&@dﬂ%,ap in GRARSH Gds8 AubSatb cCUAGSMBERNM

NIR excitation, green emission (as shown by arrow) was observed.

Figure 22 shows YOF:Yb,Er thin film on glass substrates. Under 980 nm NIR

excitation, red emission (as shown by arrow) was observed.

Figure 23 shows the size distribution of the PAA polymer coated
NaYF.Yb,Er/NaYF, nanoparticles, obtained from the dynamic light scattering
~ technique.

Figure 24 shows XRD patterns of the NaYF4:20%Yb2%Er nanoparticles
synthesized at 300°C, 320°C and 330°C, respectively, in oleylamine for 1h. The
particles in cubic phase are peaks marked with asterisk. The line patiern in the

lower part is the calculated hexagonal phase of NaYF4.

Figure 25 shows (a) TEM image of NaYF4:Yb Er nanoparticles prepared in 2ml
olei_c acid and 8 ml oleylamine solution at 330°C for 1h, and (b) shows the XRD
pattern of dominant cubic phase (marked with asterisk) and hexagonal phase.

The line pattern in (b) is the calculated hexagonal phase of NaYF,.

Detailed description of the invention

Bibliographic references mentioned in the present specification are for
cohvenience listed in the form of a list of references and added at the end of the
examples. The whole content of such bibliographic references is herein
incorporated by reference.

The present invention provides a method for preparing nano-structured material
of suitable size for use in applications such as bio-imaging and bio-detection. In
order to obtain suitable sized nano-structured material, it would be useful to

control the crystal structure of the nano-structured material prepared and the



at | east one conpound having the fornmula [ CX3(CX2),, (CH2) nCOOLM2; and -
at | east one compound having the fornula [ CX3(CX2)"(CH2) m001pMy, wherein
each My is the sanme or different and is selected fromthe group consisting
of Sc, Y, La, Ce, Pr, Nd, Pm Sm Eu, Gd, Th, Dy, Ho, Er, Tm Yb and Lu; n,
m p, X. Ml and M2 are as defined above; and each q is the sane or T
different and is 0 g 10. In particular, the step of treating conprises
reacting at |east one conpound having the formula [ CX3(CX2)n( CH2) mCOJ pM ;
at | east one conpound having the fotmula [ CX3(CX2)n(CH2),,, COOLM2 and at
| east one conpound having the fornula [CX3(CX2),, (CH2) nCO01pMy. The
‘treating in the method accordi-ng to any aspect of the present invention may
be carried out in the presence of at |east one source of energy.
Accor di @&%ﬁthﬁﬁ idFESHAE nERY- s%h?.@xr&?n‘fa@ér% rﬁ@lahewas?z@d@mbhe&q el ding to
any aspect e Invention wherein the nethod conprises treating the
Eorrpoundbs grefertede Frok iex@mplen thwappﬁwﬁb@e@ﬁn%tsnale@gv kenesedb il &€ of ener gy.
or exa (£ i ght source, electric source,
t her rral ﬁ?%gﬁpgeﬁégg ?%tgé%ﬁp@re&gwggéu%%urce or a conbination thereof. The
at | east one source of energy may al so conprise mcrowave assisted heating,
XI R ast@ewlmgele agfirst Raspest,sthed presant nigventione prevides ry, msthody oheat i ng.
ccording to. a 0 ener is
thor ral PeeP g, Ateebtend hfls fitdd el 5 soffTh MG icio £ O
1000C. lthe piptoftrelating (mixing)r eating is carried out at a tenperature 200C -
:1(;09E even nore in par:ji cular, at a tenperature 300C - 350C. For exanpl e,

e treating is,carrie r Lo anot her
aspect, thé p?g f OPRVE |°(‘)Jﬁaph?a6'vn%§ @Wré%h@d(%ggzg?(epé Qﬂgb ' east one
nano-structureddmaterial of fornula M2XT, conprising the step of treating
(mxing) at |east one conpound having the fornula [CX3(CX2)r, (CH2) mCOOLM,

opt |1 t I t d i -
[ ?;x5?2§2>7 (bl ,stzfi‘iom?ﬁﬁwﬁﬁ%’@&%@a%%ﬂf%%@%’a&%%ek%: of energy,
wherein

each X is the same or different and is selected from the group consisting of:
halogens, O, S, Se, Te, N, P and As; '

each n is the same or different and is O <n<1 0;
each m is the same or different and is 0<m<10;
each p is the same or different and is 1<p<5;

each My is the same or different and is seiected from the group consisting of: Li,
Na, K, Rb, Cs, Fr, Be, Mg, Ca, Sr, Ba, Ra and NHy;

each M is the same or different and is a metal ion.

In particular, the step of treating comprises reacting at least one compound
having the formula [CXa(CXz)y(CH2)mCOOM1 and at least one compound
" having the formula [CX3(CXz)n(CH2)mCOOM.. |



wherein each X is the same or different and is selected fromthe group
consisting of: halogens, 0, S, Se, Te, N, P and As; each n is the same or
different and isn 10; each mis the sane or different and is 015 m 10;
each p is the sane or different and is 15; each M2 is the sane or different
and is a netal ion; and each My is as defined as bel ow. According to
another further aspect, the present invention provides a nmethod for
preparing at |east one nano-structured material of formula MXn: M

- conprising the step of treating (m+4g ng): at |east one conmpound having the

formul a [ CX3(CX2) n( CH2) nC001pM2; and 20 in the presence of at |east one
source of energy, wherein '
According- to a further aspect, the present invention provides a method for
preparing at least one. nano-structured material of formula MiM2XniMq

comprising the step of freating (_mixing):
- atleast one compound having the formula [CX3(CX2)n(CH2)mCOO]pM1;

- at least one compound having the formula [CX3(CX2)n(CH2)mCOO]pM_2;
and

- atleast one compound having the formula [CX3(CX2)n(CH2)mCOO]qu,
wherein

each M is the same or different and is selected from the group consisting of Sc,
Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu;

n, m, p, X, M; and M, are as defined above; and
each q is the same or different and is 0<q<10. -

in particular, the step of treating comprises reacting at least one compound
having the formula [CX3(CXz2)n(CH2)mCOOJpMy; at least one compound having
the formula [CX3(CXz)n(CH2)mCOO},M; and at least one'compound having the
-formula [CX3(CX2)n(CH2)mCOO]pMs. '

The treating in the method according to any aspect of the present invention may
be carried out in the presence of at least one source of energy. Accordingly, the
" method may also be referred to as a method according to any éspect of the
invention wherein the method comprises treating the compounds (or the mixing)
in the presence of at least one source of energy. For example, the source of
energy may be light source, electric source, thermal source, magnetic source,
heat source, or a combination thereof. The at least one source of energy may
_ also comprise microwave assisted heating, NIR assisted heating, IR assisted

heating, laser heating, X-ray heating. According to a particular aspect, the at



each Mci is the sane or different and is selected fromthe group consisting
of Sc, Y, La, Ce, Pr, Nd, Pm Sm Eu, Gd, Th, Dy, Ho, Er, Tm Yb and Lu; n,
m p, X, M and M are as defined above; and each q is the.sane or
different and is O In particular, the step of treating conprises reacting
at | east one conpound having the fornula [ CX3(CX2)n(CH2),, C001, M2 and at

| east one conpound having the fornula [ CX3(CX2) n( CH2) nCOO| pMy. Each M2,
according to any aspect of the present invention, may be the same or -
different, and may be any suitable qgtal ion. For exanple, each M2 may be
the sane or different and may be a transition metal ion, inner transition :
~netal ion, or any one of Goup | to Goup VI netal ion. In particular, each
M2 may be selected fromthe group consisting of: Sc, Y, La, Ce, Pr, Nd, Pm

o o 3 o bt el s Wl el e 608, decansliet sespect . the

. conprises t e steps as shown:
[ CX3( CX3) fehiifdrhiRi)eriu@O @il IOOPCX 3 cpmmﬂmz)thazt&m_rngwts carried out at a

[ OO 1 SE,SHEL 20808 2o cORUER Hh 8B in (RRIdLANE bl YtopBFaRire™ SOt €S-

350°C. For example, the treating is carried out at a temperature of 330°C.

According to another aspect, the present invention provides a method of
preparing at least one nano-structured material of formula M2X,, comprising the
step of treating (mixing) at least one compound having the formula
[CX3(CX2)n(CH2)mCOOJ Mz, optionally with at least one compound having the
formula [CXa(CX2)n(CH2)mCOO]M,, in the presence of at least one source of

energy,
wherein

each X is the same or different and is selected from the group consisting of:
halogens, O, S, Se, Te, N, P and As;

each n is the same or different and is 0<n<10;

each m is the same or different and is 0<m<10;

each p is the same or different and is 1 <p<5;

each M is the same or different and is a metal ioh; and
each My is as defined as below.

According to another further aspect, the present invention provides a method for
preparing at least one nano-structured material of formula MzX,:My comprising

the step of treating (mixing):

- at least one compound having the formula [CXa(CX2)n(CH2)mCOOMy;

and

- atleast one compound having the formula [CX3(CX2)n(CH2)mCOO]qu,



ML M2.

Mn 1IMXn: Mj nano-structured nmaterial Sol vent wherein each X -
may be the sane or different and refers to hal ogen, such as F, Cl

,. Br

and

each ML may be the sane or different and refers to ions which may be

selected fromthe group consisting of: NH4, Goup | and Goup Il

met al

i ons

such as Li, Na, K, Ro, Cs, Be, My, Ba, Ca, Sr; M2 to My each may be the

;Of

rare
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in the presence of at least one source of energy, wherein

each M is the same or different and is selected from the group co'nsisting of Sc,
Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu;

n, m, p, X, M and M are as defined above; and |
each q is the same or different and is 0<q<10.

In particular, the step of treating comprises reacting at least one compound
having the formula [CX3(CXz)n(CH2)mCOOJ M2 and at least one compound
having the formula [CX3(CX2)n(CH2)mCOO] M.

Each M,, according to any aspect of the present invention, may be the same or
different, and may be any suitable metal ion. For example, each M, may be the
same or different and may be a transition metal ion, inner transition metal ion, or
any one.of Group | to Group VI metal ion. in particular, each M. may be
selected from the group consisting of: Sg, Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd,
Tb, Dy, Ho, Er, Tm, Yb and Lu.

According to another aspect, the present invention proVides a method which

comprises the steps as shown:

[CX3(CX2)n1(CH2)mCOO M1 + Energy source

[CX3(CX2)n2{ CH2)m2COO, M2 - M1Ma. .. MpaMXq:Mq
+..erect [CX3(CX2)ng(CH2)mgCOO] Mg g nano-structured

+ Surfactant (optionally) Solvent material

wherein each X may be the same or different and refers to halogen, such as F,
Cl, Br and |; each M; may be the same or different and refers to ions which may

be selected from the group consisting of: NH4, Group | and Group Il metal ions

~ such as Li, Na, K, Rb, Cs, Be, Mg, Ba, Ca, Sr; M to M, each may be the same

_or different metal ion and may be selected from the group consisting: of rare

same or different nmetal ion and may be selected fromthe group consisting



21 earth netal ions such as Y, La, Ce Pr, Nd, Sm -Eu, G&d, Th, Dy, Ho, Er,
Tm Yb, and Lu. Further, 0.10, 10.10. The surfactant is optional in the

nmet hod descri bed. Any suitable surfactant, energy source and sol vent may be
used for the present invention, as will be described below. According to

- anot her aspect, the present invention also provides a nethod conprising the
following reaction: Heating in CF3COOML + CF3COOM2 +CF3COOMy + Surfact ant

M LVI2Fn:Nh Hi gh-boiling organic nano-structured material solvent

21

earth metal ions such as Y, La, Ce Pr, Nd, an, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb,
and Lu.

Further, 0<n<10, 0<m<10, 1<p<5, 0<q<10. The surfactant is optional in the
method described. Any suitable surfactant, energy source and solvent may be

used for the present invention, as will be described below.

According to another aspect, the present invention also provides a method

comprising the following reaction:

Heating in
CF;COOM; + CF;COOM; - .
+CF3COOM, + Surfactant = MMFp:Mq _
High-boiling organic nano-structured material

solvent

Ms, Mz, n and My may be as described above. For example, each M1 may be
the same or different and is selected from the group consisting of: Na, K, Ba, Li
and NH,4. each M2 may be the same or different and is selected from the group
consisting of: Y, La, Gd, Lu. Each My may be the same or different and is
selected from the group consisting of: Yb, Er, Ho, Tm and a combination
thereof, such as Yb-Er, Yb-Ho and Yb-Tm.

M, according to any aspect of the present invention may act as the dopant. A
dopant may be an impurity which is added to a compound in low concentrations
to alter some properties of the compound. For example, a dopant may be added
in a concentration ranging from one part in é thousand to one part in ten million.
It would be understood that a dopant does not alter the crystal structure of the
compound it is added to. For example, a dopant may be added to a nano-
structured material prepared according to the method of any aspect of the
present invention so that the nano-structured material can have additional or
enhanced properties. The propérties include, but are not limited to, optical

prqperties, magnetic properties, electrical properties and fluorescence.



M, M, n and My may be as descri bed above. For exanple, each ML may be the
sane or different and is selected fromthe group consisting of: Na, K, Ba,
Li and NH4. each M2 may be the sane or different and is selected fromthe
group consisting of: Y, La, Gd, Lu. Each My may be the sanme or different
and is selected fromthe group consisting of: Yb, Er, Ho, Tmand a

conbi nation thereof, such as Yb-Er, Yb-Ho and Yb-Tm My according to any
aspect of the present invention may act as the dopant. A dopant may be an
inmpurity which is added to a conpow®d in | ow.concentrations to alter sone
properties of the conpound. For exanple, a dopant may be added in a
concentration ranging fromone part in a thousand to one part in ten
mllion. It woul d be understood that a dopant does not alter the crystal

st r uct UpgcalingN o Cam@m&ldrt aspeo%delﬁéi hano-ERUctBIGI Phaterial dsBpaiedmay be
added to a nano-structured material prepared according to the nethod of any

aspect §¢quﬂlégp§@é|3%meth¢ﬂ/@ﬁ@mb?ﬁp§§t? i&e "B\fﬁf‘t'ﬁ&rF@nQrksﬁ'@tMn EWYHRAYEri al can
have adﬁl{ér’eeél%l e o‘?ﬂé‘i’l‘?’é&cqfiu&rege%fcre' F‘e?ers-%etl'@ %Prﬁéélbr‘?%f 'I@N Yeleypyout are not

limted properties, nmagnetic properties, trical "properties
and fl uwaseleegtheexcrml witboengrgy source. pthe ienarg Saelp‘écmaytbﬁe andiglt- st r uct ur ed

e o 25alfoRr Yeidh@ S00RH, Mehfal! 6,8 hlnblic WUASRE Shtifidrl1ven O

COI’TpI’I SF uorescence p’r orescence rePers to the

em ssi othepéofl Th8lightsaurge mayebeaalgébsteom ofeldHW, UV IRy gmb@urr XeayThe ener gy
ht - sour ce source, .magnetic

source be a |i td c sour.ce ma

sour ce gﬁgd gi‘&?ﬁf'n ?.Qﬁrﬁﬁyhlé’ﬁgﬂﬁngtﬁ' é-l he; ﬁﬂ‘(e‘%QFP {Pffys%cﬁt PLLS “one of
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wavel ength of the source may be shorter than the em ssion. For exanple, W
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source may al so referred to as the“excitation source. In particular, the
nano- st theexaitatomsourdealrs partinulbe the panedtrugturedmRteriplrecan ke gxgitase e tted

at visi e I 8 tation
source wét)ﬁ/ %ﬁ:{/ Jrﬁag{tlallr?{ so%egg éjm'ﬁ@éfg%evn&me f"’éq?%égﬁ’ w&%%oﬁﬁs used for
t he net leatitted @080 mum1 Eharaxcﬂaemmecs*.own‘.eh’rw e eslaser sowreata.rO8thpmbe sol i d or
- |1 qui d. Tﬁﬁ at | east one conmpound of formula [CX3(CX2), | (CH2) nCOOLM may be
sel ect edIRIB%f't he group consisting of: CF3COONa and CF3COOL1. The at | east
one conpound of formula [CX3(CX2),, (CH2)nCOJ p; M may be selected fromthe
group cqmei cdrhpourfs: uééﬂzmﬁéaﬂetaod dcchRiiiy S lany aEpechdf tmmtesen’e conpound

of formula [.CX3(CX2 (]300_ e se] ected from con tin
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of any aspect vention, it may be useful to control e paraneters

i nvol ve@ 3ﬁ>qcﬂféapr3é‘ﬂar%‘fa%ob'f the r@&n!ﬁaﬁ QB¢ uCEAPRHPG r CAI orFf'b'l‘a exanpl e,
the con @g@z&cm) 00 glvfz hﬁaWﬁé‘tééi&té& o tHe @rétms %qsisﬁng:adfrl ed out

may aff ano- t.ured " material prepared by the nethod
condl ti dGEs@@@)ﬂﬁcﬂﬂdﬂe(QHa@OQJ)Bka:eTbe ahdeagl ane/ mmawy%cnfv&ﬁmuged in the

met hod 3eGord NICHD), EWORRR by Obe [ feRbESESh tHYY G4 Lonskiing of:
(CF3CO0)sYb, (CFsCOO)ET, (CF:C00);Tm and (CF3CO0)sHo.

In order to achieve suitable nano-structured material prepared according to the
method of any aspect of the invention, it may be useful to control the
parameters involved in the preparation of the nano-structured material. For
example, the condition(s) at which the treating step of the method is carried out
may affect the nano-structured material prepared by the method. The conditions
may include the source of energy and/or any solvent used in the method

| according to any aspect of the present invention.



For the purposes of the present invention, a nano-structured material is
defi ned as ‘being one conprising constituents which has at | east one

di mrension in the nanoscal e. The nano-structured material prepared fromthe
met hod according to any aspect of the present invention may conprise at

| east one di nensi on having size 1000 nnn. For exanple, 100nm in
particular, 50nmand even nore in particular, |less than 50 nm Mre in
particul ar, the nano-structured material may conprise at |east one

di rension of size 25 nm and even m¥ e in particular the nano-structured
material may conprise at |east one dinension of size 10 nmor 5 nm
According to a particular aspect, the nano-structured material prepared
according to any nethod of the invention, may conprise one, two, three,
four, fFéletheﬁédf %e&ﬂﬁﬂe@é@erﬁ'xﬁ%ﬂﬁbﬁrﬁ ﬁéno-@ﬁﬁ&u@éd‘rﬁiﬁér@ﬂ iPdefiege 1000 nm
100 n Pess han '5 nm or nm_ According to a nore
part i cubambeirngpens comwsmgmtlﬁU&DWleh r’f’ﬂseﬁ‘tl |§ﬂStp¢l?$QH@a%ﬂ%'b5’r eng to

nmet hod of %%% i nvention, may conprise one, two, three, four, five, six or
even nofg" %ény on(s), each dinension of size less than 50 nm 25 nm 10
nmor 5 nm The dinension may refer to the average dianeter of the

nano- st fhet nammsimacterddamatatial preparadhdromn theemethash @caerdinadith @Yo any

aspect of t esent y. r L i fHece of at
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conprises trea ounds in t resence of .at st _one, source of
ener gy. MEgArt @%%ﬁ&%@s dUPt:@'%Eﬁ '%R%&@@'aﬁa eyEng ﬂﬁ‘{"t%ﬁ at%r@ ectric
source, ph E:Hl% r|§é>LtheastnBSé1Qiirh§n§@Mrdf%lzeh%@&@nm c&nd @even mombimat i on
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" assi st e@aﬁé‘éﬂqrﬁ@e nRPRsisistused matrial imay, ©9 tleagt AR OIMENSIINLEEr heat i ng,

X-ray hegld %o ARCHY di )8t AloRfvd {océ'lpéﬁlcﬁﬁé?%pecf hige AbnbRBGEURRE Source of
energy is thermal source. The treating K carried out at a tenperature
g
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di ssol vegcardi®d tdjméthcﬂilbﬂth@rm%ﬁmpma@mmrlﬁé omé;Stwlot ttheJ foun fvel uti on. The
at | east one solvent maybe a 5)0I ar oI vent [%gob ol vent,_or a
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used for r@h%mf Qi?t<'?Hﬁlnt'r'h@rhlm'éﬁéloﬁﬁﬁé@l‘&er l&%@@b&égé‘dlé&ﬁ&’er Ry be
sel ect eJ‘ romt group .consisting of: water, nethanol, ethanol, propyl

al cohol thbm!aantslrucﬁb@m matgrialhexanol , ketone, ethyl ene gI ycol , gI ycerol ,
propyl ene glycol, pol yet hyl ene egcoI ethyl acetate, esters and a

combi nat{yuy, %&ﬁ{&%ﬂfwe MO HcRR4iRG t& ahysa,sedm tReprebRChshtlonafiay he group

consisting o eyl arni ne, octadécene, oleic acid, alkyl am ne,. dialkyl
ani ne, the earkigd oat keﬁh;elprammt@ of @it éﬁastaﬁw sawiceof energy. w@ﬁgndlrwlﬂ Be al kyl
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conbi nat ine@ntiome wihadrein  the method comprlses treatmg the compounds in the
presence of at least one source of energy. For example, the source of energy
‘may be light source, electric source, thermal source, magnetic source, heat
. source, or a combination thereof. The at least one source of energy may also
comprise microwave assisted heating, NIR assisted heating, IR assisted
heating, laser heating, X-ray heating. According to a particular aspect, the at
least one source of energy is thermal source. The treating may be carried out at

a temperature up to 1000°C. In particular, the treating is carried out at a



The at 1east one solvent may be an organic solvent, inorganic solvent or a
m xture thereof. Exanples of organic solvent include.solvents which contain
carbon aton(s), such as acetone, alcohol, benzene, benzol, carbon

di sul phi de, carbon tetrachloride, chloroform ether, ethyl acetate,
furfural, gasoline, toluene, turpentine, xylene, xylol, octadecane,
.tetracosane, oleylamne or oleic acid. Inorganic solvents are solvents
whi ch do not contain carbon aton(s), such as water. The nano-structured
material prepared fromthe nethod acording to any aspect of the present
invention may be selected fromthe group consisting of: NaMF4, Li M2F4,
KM2F4, RbM2F4, CeM2F4, BeM2F5, Be(M2)2F8, MgMR2F5, 25 My(MR)2F8, CaM2F5,
Ca( M) 2F8, SrMeF5,, Sr(M)2F8, BalLnF5, Ba(M)2F8M2F3, M2F3, MCl 3, MBr3,

M2I 3, N?ecn%éiéturé%ﬁ c Viggbe Wé}Bfnoréfﬁr%aﬁi&dldrl\/Bt)QSénpéﬁtmmmoas def i ned

above. In particular, each M2 is the sane or di fferent and is selected from
the gr o8P0S examglepthe Heating lsm@rrlqdeoutmtatmpemwresﬂﬁ?s C.&d, Tb, Dy, Ho,
Er, Tm. .Yb and Lu. In particular, the nano-structured material is NaYF4,

L1YF4, %gﬁ@aﬁwh@ﬁé m&thGd 1ac¥e|§i1ngq‘%F§r!y e%ife%t & th ??esé‘\{%\/ém&ﬁ maw

parti cuI ar e nano-structur nat er i"al According to
parti cubarcaasgsbout intthe nﬂ%ﬁﬂm@wﬁﬂitlaa%d)ﬂﬁw@wf&l Sphephmay be ﬂﬁ'ﬂeh"e net hod

o oup. coueled AT BRgke R Bs EERG Wrs) 3 RkDRT ol IR BE, £ M o, Rﬁ
BeM2F5: Kiuid Be( dedb8 dvnpoMpliR Fésuliting é ) 2ie8: Ve, atCekBiF6nd/splveai M) 2F8:
VeBr 3 MR & ARET SVRteR N PABCRNRI RBa e tREGE Aty SERE v

(M2) _283 -pifar sehveneany RE-PoldR sonenemay bblusedrfer the pleééntatventione. | n
particular, each M is the sane or different and is selected fromthe group

Con=! S B9 i end oo b e e bop nsRoe B ., T

group  CQpstbs trhé@aRdl; emnoErproiSw arehdi0 butdhobapéntarolahexbhel, Rewdest ruct ur ed
material is NaYF4:Yb, Er, NaYF4: Yb, Tm NaYEd: vb, Ho, Li YF4: Yb, Er

BaYE5: Yigtimfene glycal-4ivasraty PfCLPé/I@eYB vep!, PelyethWene-glycel efhyhagstateyrs: vy Er

YCF: Yb, Y atfdhe e Tm GdF3 Yb, Tm YF3: Yb, Tm or YOF: Yb, Tm Even
nor e mgs{e %%Eél aérb et nang structured material is NaYF4: Yb, Er,

NaYF4: Yb, Tm or NaYF4 : Yb, Ho. The nano-structured nmateri al prrrgar ed fromthe
met hod adwornginplan sohenhsmayt ber selestest dfsemt e @iouPo FORsist

e uroﬁ’?ﬁ%ﬁ\%t %%afdgegﬁé "Geld! Q&Iﬁoﬁg\Pﬁéﬁﬁd@%@kw Qﬁﬂ?‘@%ﬁk vl é"rH#Pl'eC

t et ragona ral,” orthor nonoc triclinic and
combi natalkenyl hsmmgfdjallkenyparrtlme!:uhalkenyl laeninanalkylt acid;talkeny! aidetriatiy! pr epar ed

actt ce RERRARG: SR ARG RAR Wby Bhecrlfdy GG, ker®: T feve &

~ ether, alkenyl ether and a combination thereof.

The at least one solvent may be an organic solvent, inorganic solvent or a
mixture thereof. Examples of organic solvent include solvents which contain
carbon atom(s), such as acetone, alcohol, benzene, benzol, carbon disulphide,
carbon tetrachloride, chloroform, ether, ethyl acetate, furfural, gasoline, toluene,
: turpentine, xylene, xylol, octadecane, tetracosane, oleylamine or oleic acid.
Inorganic solvents are solvents which do not contain carbon atom(s), such as

water.

The nano-structured material prepared from-the method according to any
aspect of the present invention may be selected from the group consisting of:
NaM2F4, LiM2F4, KM2F4, RbM2F4, CSM2F4, BeMng, Be(M2)2F8, MgMst,



26 hexagonal , cubic, tetragonal, rhonbohedral, orthorhonbic, nonoclinic,
triclinic and a conbination thereof. It wll be understood that for the
pur poses of the present invention, the lattice structure of nano-structured
mat eri al describes the grouping of the material according to the axial
system Each lattice structure consists of a set of three axes in a
particul ar geonetrical arrangenent. The nano-structured material's lattice
structure may play a role in determining sone of its properties, such as
its electric properties and optical2groperties. In particular, the
nano-structured material has a hexagonal lattice structure. For exanple,
the nano-structured material may be hexagonal phase NaYF4. Even nore in
particular, the nano-structured material is hexagonal phase NaYF4:Yb, Er,

hexagonm'ggg@g e daNkE: ;(({rg q)(n 222F%r é’mf(}PQOB?(MZWF@S(Ba'Nﬁ?E4B¥WWsMQ?§

nano-str ed nmat er’ om th hod accordi ng to _any aspect

of the MQEseMiCIB nvighrsi Mnhan GIBFL MO MA@, dz0Bra MG ﬁﬂdl(Mzkaﬁp nanofi | m
| |
manopar Medhay BRGs HERRR Bbobd p 1ae.aar S8 BT B Sirh@or ierdit dta ©35 10

5 100 nmsdiébtedrfroﬂﬁthergmuﬂﬁommsﬂr@_oﬂ&cnmba (hemPn Ndpﬁ’m iS) Eu,,Gdhe aver age
di arrete th nopar (s s < 5 5 nm Mre
in parti Eubé(r l—Fo[,HZ-S 38& g la‘I)'Te pargifu ?ﬁg}"ﬁ r%‘[‘i“é‘l"&@g’}‘%é'a&tf nm The
nano- st Na&Fyr EN’FQHBQYF@W@@HanEE YEaCePnadynef YOR. Elea marofri | m may
have a thickness between 0.1 nmto 1 In particular, the.nanofilm

t hi ckneBartieulariibe NRRO-SHKEtUERd rf@é%"%'ﬂﬁaﬁn%ﬁ@ nm 400 nm 300 nm 200 nm 100
nm 50 nm 25 nm 20 nm 15 nm 10 nmor 5 nm The nanofil mmy be a single

l'ayer OpcBbfdingPota Fé‘ﬁt’@ulér agpstt e iine-aackurba yedtehél drbpar@armfm ke is the
same or different fromthe other |ayer. The nanofil ns éﬁ)!e ﬁ_repar ed by

deposi t majhed eceardiag tgsﬂ“ﬂga%hﬁﬂﬁ‘esﬂf@ﬁe@smm'ﬁ'%‘daﬁy R OBbat i ng. The

nanopar 151 SFEp Tl b NARLE R CEMEAE KRtk ﬁ.??%?fﬁ’f‘e;'s the

core. AG@sMEF4Mg BeMaFs:Mq, Be(Mz)zFa Mg, MgM2Fs:Mq, Mg(Mz2)oFs: Mq, CaM,Fs:M,
Ca(Mz)2Fs:Mq, SriVFs:Mg, Sr(Mz)2Fs:Mg, BaMaFs:Mg, Ba(Mz)aFs: Mq, M2F3:Mq,
M2Cls:Mg, MoBra:Mg, Mals:Mg, MoFCIBr:My, M20F:M,, MOCLEM,, MOBr:M,,
M20S:Mg, (M2)2S3:M,, wherein each Mz and each My are as defined above. in
particular, each M, is the same or different and is selected from the group
consisting of: Sc, Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb
and Lu, and each M is the samé or different and is selected from the group
consisting of: Yb, Er, Tm and Ho. In particular, the nano-structured material is
NaYF4+Yb,Er, NaYF4Yb,Tm, NaYF4sYb,Ho, LiYF4Yb,Er, BaYFsYb,Er,
NalaF4Yb,Er, LaFs:Yb,Er, CeFsYb,Er, GdF3:Yb,Er, YFs:Yb,Er, 'YOF:Yb,Er,
LaF3:Yb,Tm, CeFs:Yb,Tm, GdF3:Yb,Tm, YF3:Yb,Tm or YOF:Yb,Tm. Even more
in particular, the nano-structured material is NaYF4Yb,Er, NaYF4Yb,Tm or

NaYF4:Yb,Ho.

The nano-sfructured material prepared from the méthod according to any
aspect of the present invention may have a structure selected from the group
consisting of: hexagonal, cubic, tetragonal, rhombohedral, orthorhombic,
monoclinic, triclinic and a combination thereof. in particular, the nano-structured
material prepared from the method according to any aspect of the present

invention may have a lattice structure selected from the group consisting of:



illustration of the core nanoparticle and core-shell nanoparticle is shown
in Figures 1(a) and 1(b) respectively Figure 1(a) shows a core nanoparticle
with at | east one kind of surfactant on its surface. Figure 1(b) shows a

- core-shell nanoparticle with at | east one kind of surfactant on the shell.
Figure 2 shows a nano-structured material where the core and the shell are
of the sane material, NaYF4. For exanple, the nanoparticle may be a core
nanoparticle and the nanoparticle further conprises at | east one organic
and/or inorganic material (shell) applied on the core, to obtain a
core-shell nanoparticle(s). Accordingly, the nethod according to any aspect
of the present invention nmay conprise a further step of applying at |east
one organi ¢ and/or inorganic material (shell) on the core to obtain a

cor e- shebkagpPaitit, Ctbﬁéédnal%dmﬁﬁhe@ﬁ@ld oﬂh@ﬂ@mﬁl@,&hbﬁﬁapﬂd ttricliréc may
conprise an organi c _and/ or morganr c nmaterial E hell). The orgmr c and/ or

i nor ganiapdnacembinatioaberepf.ntywilh be; ypderstpodotha oﬂi@l purepses SRS i nuous! y
on the %ﬁ%ﬁﬁ%ﬂﬁﬁ}hﬁ&q%g htlFHbBh I\ﬁrﬁﬁ@lﬁﬁtureﬁhﬁaﬁeﬁﬁi YedtrbRSitRE has the

fornul a erein X, n and M, are as defined
above. rgmuparx@mprtbe materialhaddording deithe a¥gl systgmi Each lattiee sirartuse| ect ed

fromt he Qup n F F4,
BeMRF5, B erg g‘%\/g‘ﬁéﬁ%e %@?%Fé?ﬁ'glbg%é"%% E@BQ&E@EF@&% (MR) 2F8,
BaLnFb5, rﬁabbﬂm%’t_tﬂw hibtedsJattib@ Glra ctub® Brd; plbR a3roleVibFdat@minivig0sgmer OCl |

M2OBr 0B, 2B3, wherein ove. ln particular, each
M2 is t%&@é’ﬁép%f’e%lspf"eﬁgﬁﬁ‘ é‘?%%f B’°§8r‘éec?taé@?¢j‘l?ﬁr?'ﬁ838198w consi sting of:
Sc, Y, La, Ce, Pr, Nd, Pm Sm Eu, &, Tb, Dy, Ho, Er, Tm Yb and Lu.
Accor di ng phﬁro’mlmtfhernamr-sttrudmed maueeat hag adegagaral dat&d:eabﬂrumtatearﬁcml may
conprise at Ieat one%% rrer factanb alrpg {N?S ogt&matron

t her eof .SX@BIPIRXARJIA0- ” ey Pes BpXRQangT PRBSH gr 6B " consi sti ng
of : pol ¥aéper epe ;ﬂé?ﬁ&urarpoltryet héhe@ﬁuéﬂaﬁd RedteriEt hy | herade Y phiage (PMVA)
polyl actic acid (PLA) and a conbi natr on thereof. For the purposes of the

present NaXaYh.Eh, Aexaganett aphask | | NayEsi¥Ritmst 06d rexasensh wkesk is a
surface ent that 28 |owers the surface tension. The surfactant
may contaln %o?ﬁ%hydrophl | ic and hydrophobi ¢ conponents and nay be

sem -soluble in both organic and aqueous sol vents. For exanple, surfactants
tend t o Theimanapstivsaned Matsrigt iRsppares: fipwg the Juethad eagrerdiegntsr @Wd and ai r
with hy e fluid.
The |no?£%%?{g8fs q?ééé}t |rﬂ/ernp n%éyclgélrrg‘r thségfo%%mdg &%ﬁgﬁahgwmng NaM2F4,
L1M2F4, dfl\lﬁﬁdrplrtRbWBer,xamQ Rhe Mﬂﬂ,lct@@(dl\@)azéﬁal mayvibeESat MashvRNRFS,

vobr 2. wselipinf MEersl MERGR, B3 Bnaa S8 Food AR 1PCD

the same<e00 ¢in,f ershmard0 amsed @6trem, Erumnt'rher grsonim. rropamsuiangthef Sc, Y,
La, Ce, Pr

ZnS; or %V%%Qr%pl?&@?tﬁhg‘)t%&%\opaﬁtﬁge@%lT ra%% gﬁ?né‘%‘_uce'r Pg?n mioz

propertigs RIFOin pEHiORA0 K Hkkrhyé afhr@eebf k- naﬁepaﬂm lig.< tbanghel | may
‘make the nano-structured material nore hydrophlllc rophlllc or :

“anphiphilic. In artrc lar, . the n ctured al _may be made
hydr ophi T nARC rae’rur% mgigrial may ﬁﬁﬁ??ﬁ ﬁ'ﬁ Hﬁ'{‘maén s to
bi ool eCd\RSa thiEkheRS mééh 03 Addo NAm. "}ﬁ%ﬁiﬂuw EHe r?arfdﬁlrﬁ hisekesgeect , the

nano-structured material prepared fromthe net hod according to ?52)y aspect
of the pm@ydmthemq;mporaasetyanm Mg 486 MM c300 @ 208 M. THY 80k % e of. the

nano- St W 965Hn 24 B, 3b AR ey natiina) bershoRngysur f act ant,

- lipid, polymer, ‘i'norganic rr‘a m Xt ure er eof rface of
t he nanoesmmnplerlaylersaiaedr wherrwy dwhrrbderf |oédhemarmﬁfmerISCtbet s@mepeloperti es

onto the_ nano ur terr For..exa C

nano- st r SEPLHE é? yerbe BRROUES ngrrgf?ebFere?g R %Sét[’&? |
mat er i al me@sw@mamoue,subryaemmmatmgommmmgr.c In particular, ihe
nano- structured mat eri al rraybe made hydrophilic in order to better att ach

;gﬁonano i’slé ' %g}lgéarEjClng ell"l"la?l %;OFH%TIQIG Oggreecn%n%%aﬁrcf:eres) an&/ort %opes Sﬁé'“j DNA. The

nanoparticle(s). The shell may be the same or different material as the core. An



29 structured material may be made nore hydrophilic by surfactant(s) and/or
lipid(s). According to a particular aspect, the nano-structured materi al
may be surface nodified by any one of the foll ow ng ways: (a)
Surfactant/Ilipids nodification: Nano-structured material + surfactant(s)
nano-structured material- Surfactants conplex (b) Surfactant(s)/lipid(s)
repl acenent: Nano-structured material -Surfactant(1l) + Surfactant (2) -Nano-

structured material -surfactant(2) (c) Surfactant attached on the surfactant
on the nano-structure material surfzce

illustration of the core nanoparticle and core-shell nanoparticle is shown in
Figures 1(a) and 1(b) respectively Figure 1(a) shows a core nanoparticle with at
least one kind of surfactant on its surface. Figure 1(b) shows a core-shell
nanoparticle with at least one kind of surfactant on the shell. Figure 2 shows a
- nano-structured material where the core and the shell are of the same material,
NaYF4. For example, thle nanoparticle may be a core nanoparticle and the
nanoparticle further comprises at least one organic and/or inorganic material
(shell) applied on the core, to obtain a core-shell nanoparticle(s). Accordingly,
the method according to any aspect of the present invention may comprise a
further step of applying at least one organic and/or inorganic material (éhell) on
the core to obtain a core—éhell nanoparticle(s). | |

As mentioned above, the nanoparticle may comprise an organic and/or
inorganic material"_(shell). The organic and/or inorganic material (shell) may be
applied continuously or discontinuously on the core. According to a particular
aspect, the shell material has the formula M{M2X;, or M1M2X,:Mg, wherein My,
M, X, n and My are as defined above. For example, the shell material may '
comprise a materiél selected from the groUp consisting of: NaMjF4, LiMaF,,
KM2F4, RbMoF4, CsMyFs, BeMoFs, Be(Mg)F8, MgMaFs, Mg(M2)aFs, CaMaFs,
Ca(My)2Fs, SrMoFs, Sr(szng, BalLnFs5, Ba(Mg)oFsMaoF3, MoFs, MyCls, MaBrs,
Moals, MoFCIBr, MoOF, MoOCI, MoOBr, M08, (M2),S3, wherein M; is as defined
above. In particular, each M; is the same or different and is selected from the
group consisting of: Sc, Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Trri,
Yb and Lu. |

According to another particular aspect, the organic shell material may comprise
" at least one polymer, a surfactant, a lipid, or a combination thereof. For
example, the polymer may be selected from the group conéisting of: polystyrene
(PS), polyethylene (PE), polymethyl methacrylate (PMMA), polylactic acid (PLA)
and a combination thereof. For the purposes of the present invention, a

surfactant will be understood to be_.on which is a surface active agent that



Nanoparticles-Surfactant (1) + Surfactant (2) -?Nano-structured

material -Surfactant(1)-Surfactant(2) It will be understood that in the
above, surfactant and lipid my be used interchangeably. An illustration of
surface nodified nano-structured material is shown in Figure 3. The surface
of the nano-structured material may be nodified by at |east one lipid. The
lipid nmay be any suitable lipid. For exanple, the lipid may be
phosphol i pid, |ong-chain aliphatic hydrocarbon, lipid nultichain,

conmb- shaped |i pi d-pol ymer steroid, fallerene, polyaninoacid, native or
denatured protein, aromatic hydrocarbon or partially or conpletely
fluorinated lipid. In particular, the |lipid nay have the structure as shown
in Figure 4 (a), (b) and (c). 30 The surfactant according to any aspect of

the pre 'tﬁ'é/‘asﬂwaeé‘ BRI oheTh¥CHu9@Bia|n’c Qna)hiigﬁt‘éﬁhﬁbtrp h?d‘r%ﬁi‘llc afghi philic.
The surtact ant may have the follow ng fornul a;
( CJFI K) bydraphphig - ce@ponents and may be semi- soluble in both organlc and

aqueous solvents. For example, surfactants tend to clump up when in solution,

forming a surface between fluid and air with hydrophobic tails in the air and the

hydrophilic heads in the fluid.

The inorganic shell material may comprise any oné of the following: NaM2F4,

LiMoF4, KMoFa, RbMoFs, CsMoFs, BeMoFs, Be(M2)2F8, MgMaFs, Mg(Ma)oFe,

CaMzFs, Ca(M2)oFs, SrMaFs, Sr(Mz)Fs, BaLnFs, Ba(Mz)2FsMaFs, MoF;, MeCls,
M2Bra, Mals, MoFCIBr, MoOF, M2OCI, M2OBr, M20S, (MQ)QS;;, wherein each M;

| is the same or different and is selected from the group consisting of: Sc, Y, La,

Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu; SiO,; TiO; ZnS; or

a combination thereof. '

The shell material may confer certain properties onto the nano-structured
material. For example, the shell may make the nano-structured material more
hydrophilic, hydrophilic or amphiphilic. In parﬁcular, the nano-structured material
may be made hydrophilic in order to better attach the nano-structured materials

to biomolecules such as proteins and DNA.

According to a further aspect, the nano-structured material prepared from the
method according to any aspect of the present invention may have its. surface
modified. The surface of the nano-structured material may be modified by
adding at least one surfactant, lipid, polymer, inorganic material, or a mixture.
thereof. The surface of the nano-structured material may be modified to cohfer
certain properties onto the nano-structured material. For example, the 'surface
-of the nano-structured material may be modified to make the nano-structured
material more hydrophilic, hydrophilic or amphiphilic.' In particular, the nano-
structured material may be made hydrophilic in order to better attach the nano-

structured materials to biomolecules such as proteins and DNA. The nano-



R2R4 (Formula 1) wherein each J.is the sane or different, and9;, each Kis
the sane or different, and each s is the sanme or different, and 09; each Z
is the sane or different, and 19; each Wis the sanme or different, and O
1/1/ 9; each y is the sane or different, and 09; each Rl, R2, R3, R4 and RS
is the sane or different, and is independently selected fromthe group
consisting of: H, substituted or unsubstituted Cl1-C6 al kyl, substituted or
unsubstituted C1-C6 aryl, HS, COOH, NH2 and OH;

29

structured material may be made more hydrophilic by surfactant(s) and/or
lipid(s).

According to a particular aspect, the nano-structured material may be surface
modified by any one of the following ways: |

(a) Surfactant/lipids modification:

Nano-structured material + surfactant(s) ___, nano-structured material-

Surfactants complex
(b) Surfactant(s)/lipid(s) replacement:

Nano-structured material-Surfactant(1) + Surfactant (2) — Nano-

structured material-surfactant(2)
(c) Surfactant attached on the surfactant on the nano-structure material surface

Nanoparticles-Surfactant(1) + Surfactant (2) —> Nano-structured
material-Surfactant(1)-Surfactant(2)

It will be understood that in the above, surfactant and lipid may be used -
interchangeably. An illustration of surface modified nano-structured material is

shown in Figure 3.

The surface of the nano-structured material may be modified by at least one
lipid. The lipid may be any suitable lipid. For example, the lipid may be
phospholipid, long-chain aliphatic hydrocarbon, lipid multichain, comb-shaped '
lipid-polymer steroid, fullerene, polyaminoacid, native or denatured protein,
aromatic hydrocarbon, or partially or completely fluorinated lipid. in particular,

the lipid may have the structure as shown in Figure 4 (a), (b) and (c).

In particular, the surface is modified by at least one surfactant. The at least one

surfactant may be adsorbed onto the surface of the nano-structured material.



each R6 is the sanme or different, and is selected fromthe group consisting
of: COOH, NH2, OH, P=0 and P, with the proviso that s + y < 10. 31 As
used herein, the term"alkyl" refers to a straight or branched, nonoval ent,
saturated aliphatic chain of preferably 1 to 6 carbon atons, including

normal , iso, neo and tertiary. "A kyl" includes, but is not limted to,
met hyl, ethyl, propyl, isopropyl, butyl, iso-butyl, sec butyl, tert butyl,
—anyl, isoanyl, neoanyl, hexyl,.isohexyl, neohexyl, and the like; cycl oal kyl

group such as cycl opropyl, cyclobut3d, cyclopentyl, cyclohexyl and the

li ke, the cycloal kyl group may be substituted. The al kyl may be optionally
substituted with substituents selected fromthe group consisting of |ower
al kyl, | ower al koxy, |ower alkylsulfanyl, |ower alkylsulfenyl, |ower

al kyl Sulrhenyhachi. al%?angyto H C aBdeRt GTHRD RBLARNANEMtGHIRSSY et ed by

al kyl, carboxy, carbanoyl “opti onal substituted .by al kyl, am nosul f onyl
opt i onahygrophiie ihydragio 3P @DF{&PF afﬁpgfyhﬂjﬁy Tt |syrfa1=nayt Jodsthavet e by al koxy,
al kyl , ﬂﬁb@ﬁﬁi 'ﬁhkyl optionally substituted by al koxy, alkyl, or aryl,
nitro, cyano, iﬁa ogén, or | ower perfluoroalkyl mul tiple degrees of
substitution being allowed. Such an "alkyl" group may contain one or nore
0, S, S(0), or S(0)2, P, P(O) g0)2 atons. The term"aryl" refers to a
benzene ring or to an optiRnhal | R’substituted benzene ring systemfused to
one or nore optionally sub tltuqed benzene rings, optionally substituted
‘W th substituents sel gr@sip con | ower al kyl, | ower
al koxy, | ower al kyl sul e? mérw Ik@lsulfeﬁtﬁhhpgwgr aIkyIsquonyI 0XO0,
hydr oxy, mercapto, anino optiondl ly substituted by _al kyl, carboxy,
tetrazolyl, carbanoyl optibnallyl substituted by al kyl, aninosulfonyl
optionally substituted byfﬁlkylfiacyl aroyl, heteroaroyl, acyl oxy,

ar oyl oxy, heteroaroyl oxy, alkoxycarbonyl, sinony optionally substituted
by al koxy, alkyl, or aryl, silyl optionally substituted by al koxy, alkyl,
or aryl Whefeifo, cyano, hal ogen, or |ower perfluoroal kyl, multiple degrees
of substitution being allowed. Exanples of aryl include, but are not
limted dygn Jﬁ@&iyéamélopaﬁfé\‘ém aaphkhyle; furanyl, pyrrolyl, thiophenyl,
pyridinyl, indolyl, benzofuranyl benzothlophenyl qui nol i nyl ,

|squ|noI|n |n1dazol thlazolyl yrazi nyl , pyrinidinyl, purinyl and
pt eri di régch ﬁh@th%éamﬁKe*ﬂﬁ%E“WﬁBdPé#ﬁfglomer" refers to a group having

bet ween one to six carbon atons. Any suitable surfactant as described in
the Si grgachlsds ikds&mb dr Aeiteent28Rd 02@29; may - be used for the present
“invention. In partlcular t he surfactant used may be at |east one or a

m xture of the foll ow
Xt eachZ|s the same or dlfferent and1<Z<9

each W is the same or different, and 0<W<9;
each y is the same or different, and 0<y<9;

each R', R, R®, R* and R® is the same or different, and is independently
selected from .the group consisting of: H, substituted or unsubstituted C1-Ce
alkyl, substituted or unsubstituted C4-Cg aryl, HS, COOH, NH; and OH,;

each Rg is the same or different, and is selected from the group consisting of:
COOH, NH,, OH, P=0 and P;

with the proviso that s +y <10. -



(I')a.surfactant, conprising thiol and carboxylic acid functional groups,
sel ected from nercaptosucci nic acid, mercaptobenzoic acid, penicillamne,
mer capt opr opi oi nyl glycine, thioldiacetic acid, thiodipropionic acid, and
cysteine hydrochloride; (ii) a surfactant, conprising thiol and am ne
functional groups, selected from cysteine, nercaptoethylamne, thioguanine,
and thioacetamde; (iii) a surfactant, conprising thiol and hydroxyl
groups, selected from nmercaptoet hanol, thiodiethanol, thioglucose,

t hi ogl ycerol and cysteineOH, (iv) c¥steine; and/or (v) a peptide conprising
cysteine. For exanple, in the surfactant(s) of Formula (1), s + y has the
follow ng ranges: 1-9, 1-8, VT, 1-6, 1-5, 1-4, 1-3, 1-2, or 1. In
particular, s +vy is 1-4, preferably 1 or 2, and each of Rl, R2, R3, and

R4, i ndepengianhérbin, 'tﬁe REm PAIRGIE Réfefd td & dttaidfitrér branpieéd, Irﬂd)h@ralent

surfact ant (s) accordin 0 any aspect of the present vention y be
HSCH2 Cosatusaigd gliph a&egﬁpzfeiomfhra tynk te Pstarbae %@Hﬁalﬂ?rwgpeswgg of (V)

may be 00%%' Hbag%e@g@r" .ﬂ&magssaﬂw@ﬂs@hmmgwrﬁﬁﬁ ( SBM1Idopi®: 1) . SEQ ID

NO 1 re ers to lamnin fragnent. In partlcul ar, the surfactant

i's pol ygsnpmmd bMiV'd ispbutyktsegl huwl @w@ytyl 6a0Y\, R EReK) hexyl, -
A
ot ESERG, onaTistet nHOR o e, i AR G, su B, S5 BpERle Pt e

pr epar ed:yizlbbmyt hfycmp'ehtm egmlxmejayhgntﬂ dhad*eaﬁpmcycloélkylhgrqmpemmbe nventi on.
Therefore, the ho ccor i n spect, of, th ntion may
conpri Sesugsytgﬁdng'%esaﬂgﬁ g‘& Hong y§u€$tgﬂtﬁpev(’,’ﬁh guﬁgﬂy%@g hécq% ructured
mat er i alfronf g Qﬂo@aﬁlﬁoﬁ%lshﬂg laililbvtié? aliyl Aetved alkoxy,Heweralkysulfamt uordr mat er i al
by chem cal or ysi cal _conjugati on. mzalrosw t abl e bi onol ecul e be

r

attac hecﬁ"ﬁ)@‘s‘-tm%ylndﬁ‘de%t‘%"%?‘m"é‘dl n@A% X¥:o MEEGERIBI AMIPR ORY ecule is
sel ect eds(yf gmgd;%ﬁréw CRSdAL | B&bahoypréﬁt@na||y né{%ﬁh.ﬁeéicbyi alylc| eosi des,
es

nucl eot i hor none, am’'no aci d, i dom neti c, RNA i pi d

al buni n arannpswfmyl oplienabi cubstited Qvﬂl@ﬂd ﬁlyépxys@mally\ﬁut)aiﬁvm

neurotra t % r c de,

ol i gopep%lg §{¥| yg &P%ﬂﬂ @}t?onaﬁ %t}tgtgaaﬁ%gﬂ@(g pgza?ﬂanﬂﬁ@ m xt ure

t her eof . cybnopaatbgeml,lerrl,ommhq)duilunroalky,luhmlume stegeepﬂsaoi dlubﬁtltUIWnabﬂln@ody, DNA
or a co nat,i Qn ther O her bi onol ec hydr oxyl or
car boxyl @ Wpsumﬁe upEPL{? QYIC%WHHO s'ﬁ‘ﬂ%@t’ gﬁg‘;‘ogf@rg@gg Fged above

i ncl ude @) PEEPGESMEr ugs such as carboplatin, nedaplatin, JMI16,
nethotrexate and doxorubicin, as well as proteins and glycoprotelns such as

her cept I'Phe term "aryl" refers to a benzene ring or to an optionally substituted benzene
ring system fused to one or more optionally substituted benzene rings,
- optionally substituted with substituents selected from the group consisting of
lower alkyl, lower alkoxy, lower alkylsulfanyl, I'ower alkyisulfenyl, lower
~alkylsulfony!, oxo, hydroxy, mercapto, amino optionally substituted by alkyl,
carboxy, tetrazolyl, carbamoyl optionally substituted by alkyl, aminosulfonyl
optionally substituted by alkyl, acyl, aroyl, heteroaroyl, acyloxy, aroyloxy,
heteroaroyloxy, alkoxycarbonyl, silyloxy optionally substituted by alkoxy, élkyl,
or aryl, silyl optionally substituted by alkoxy, alkyl, or aryl, nitro, cyano, halogen,
or lower perfluoroalkyl, multiple degrees of substitution being allowed.
Examples of aryl include, but are not limited to, phenyl, biphenyl, naphthyl,
furanyl, pyrrolyl, thiophenyl, pyridinyl, indolyl, benzofuranyl, benzothiophenyi,
quinolinyl, isoquinolinyl, imidazolyl, fhiazolyl, pyrazinyl, pyrimidinyl, purinyl and

pteridinyl and the like.



Accordi ng to anot her aspect, the present invention provides a
nano-structured materi al obtai nable by any nethod descri bed above. The
nano-structured material may further conprise at |east one surfactant,

l'i pid and/ or polymer. A suitable bionolecule, as described -above, may be
attached to the nano-structured material. The nano-structured materi al
according to any aspect of the present invention nmay provide a fluorescent
dye that can be enbedded or m xed or coated w th another sem conductor -
matrix for the generation of electr8Zal current. For exanple, the
absorption of NIR, visible or UV light to generate electrical current in a
dye-sensitized solar cell. 34 According to yet another aspect, the present
i nvention provides a nano-structured material of forrmula M M2Xn: My, wherein

each of TMe.tefR oWBs” ré'fe?é‘ﬁ) Agriud RSvinte bétar@nadreMe shocktbvheksths. t he

nano-structured material has a hexagonal (lattice) structure and conprises
at | east one di nensj on size. 5 0 nm nm
5 10 nninyrsyitakie susfagiant P%GPé?r'qur%'é‘ tﬁ%%@@?ﬁ&%ﬂ‘iﬁ‘r%&“ﬁﬁ\' g(gﬂ"%%(?éri ses at

| east o AR eRMnvERtGRNA ipakicilar, theSsurfaRaRb UsédYiRiyibeOn provi des
a nano- @ﬁﬂ%ﬁ?i%m?néﬁéépl ae ofnv orlrru apﬁ/l ar_ My, wher ei nsl\/ll M2, X, n and

My are @lesst phedr apustere afHedloveNg: t he nano-structured naterial has a
hexagonal lattice structure, conprising at |east one -dinension of < 50 nm

with the fO\é' §9.%&1% td&%m&  $hibH Endr EQrbﬁ%lﬁi ia8ld gnclighallgFotipsh, Er,

LaF3: Yb rmre In particular, the nano- structured :
material is- rsebe&gidnalfFQﬂNasmemamsmlmcFora@ﬁanﬁﬂ@rcaﬂmﬁnzqvﬁ i 8ClaYF4: Yb, Er,

NaYF4: Yb, Ho s .cﬁ D, TercHfollBpR: r@!. : Ridigteftey Baye a

hexagonal %ructarerPa ea one | mensi oh of size
1000 nm 100 thiodipFopidiic aay, mwcystemé_l'@ﬁrauhionde nmornm In particular, the
nano-structured material conprises at |east one dinension of 10 nm

(ii) a surfactant, comprising thiol and amine functional groups, selected from

cysteine, mercaptoethylamine, thioguanine, and thioacetamide;

(i) a surfactant, comprising thiol and hydroxyl groups, selected from
mercaptoethanol, thiodiethanol, thioglucose, thioglycerol and cysteine-
OH;

(iv)  cysteine; and/or
(v) a peptide comprising cysteine.

For example, in the surfactant(s) of Formula (I), s + y has the following ranges:
1-9, 1-8, 1-7, 1-6, 1-5, 1-4, 1-3, 1-2, or 1. In particular, s +y is 1-4, preferably 1
or 2, and each of R', R?, R%, and R*, independently, is not present or is H. More
in particular, surfactant(s) according to any aspect of the present invention may
be HSCH,COOH and/or. HS(CH,)>COOH. The cysteine-containing peptide of
(v) may be a peptide of the following sequence: CDPGYIGSR (SEQ ID NO:1).
SEQ ID NO:1 refers to the 925-933 laminin fragment. In particular, the
surfactant is polyacrylic acid, polyethylene glycol 600 (HOOC-PEG-COOH), 11-

aminoundecanoic acid (AUA) or a mixture thereof.



The present invention also provides an article of manufacture conprising
the any nano-structured material as described above. For exanple, the
article of manufacture nay be at | east one of the follow ng: a display
device, a solar cell, an optical data storage, a bio-probe, a carrier for
drug delivery, a lanp, a LED, a LCD, a wear resistance, a |aser, optical
~anplifier, lowdensity IR imging, nercury-free fluorescent |anps, plasm
di spl ay panel (PDP) and/or a device for bio-imging. For exanple,
nano-structured material such as Ba§5, BaY2F8, LiYF4, NaM2F4 and MRF3,
wherein each M is the sane or different and is as descri bed above, " are
efficient hosts for near-infrared em ssion ions such as Nd3+, Er3+, Ho 3+
and Pr3+. Because the enissions fall in the tel ecomunication 35 wi ndows,
t he nan L a SSRs t fod N

tel ECOI’YTRYU(?lclsr(EJ]a I on%dfgg@%g ab%é%%{g&o%\l{m Nﬁ%%ﬁ gﬁé&hﬁg{:@ tH\(/(\é,hgréel n each M
is the stwsurad miatérial enepared fiom dke mthﬂécacgg&m topBY Aspect AbthE 1 ci ent

oot on, Do VEFTt heRfoR FRP OBy Acring M amagbot B MOHERRRL DY 2

ef fi ci emwgntion tﬂwecimpmsamrfmmérastep@ﬁ%ttashmg mhwmdwuieﬁtmmfd nanoerial s have

appllcatlos ich i rrercur fre e n a ma di spl ay
panel Q\g]me&?’éage{f Cﬁ“@ﬁ‘?‘ﬁ m%&&ﬁg *?%?Eﬁ’ n&f ﬁHﬁtﬂkﬁS, wher ei n.
each '\/Bma‘ieﬁél 04l ¢t ﬁﬁyercen&orqagaticm aomyoafmbmbnammmeamy be
nano-structured materials which areatl-wear G*E)%/ be u%d as_extrene

pr essur attaelkgd itQ dbeqnang-strygigied mat %‘EB“I‘ od: Oéa?xaéﬂ RiomplgsUlSe v our .
Accor di g, E%daqmetﬁeaémg cohdl1&ti ot'efhveﬁiﬁdléla REiQY irfifeogides!

conprising at |east oné& nano-struc ure mat eri al as descri bed above and at

| east omucisptides| BYNAI Bormrene, Apingl aeidi Beplide. Repldomipetica fRNAp{iBEe| ecul e.
For exa%ﬂ%pt BRGEHIRTD Sgﬂ)ﬂo"? pld dg?c%ﬁ%ﬁdsferr&”\/ft&ﬂ%ﬂblﬁr&%hﬁ&érng of :

protein el c acr’d, cl eoti des , hornone, am no acid,
pept i de cafbalytickie] sugarpdlsabdﬂsganueprmbnoaamharlde, ahgqmotlgre, mim@m@eh pi ds,

I l'i pi.d, st I . t 1t h
di Saccnliporacohafiie . ehiaredercq; Po8, apiraute Shpolodt et iBhBr Lo i ge.
pol ysaccbl’aﬁbldeuleaatttr@pfavmmr@ ahtits&iy, DNA dpar tombination ttherebf. (:(Dthleecul eis
streptavidin n angi on thereo

furt her bigspplecdles apith 2%3[ apyRe. s'&quQEﬁaﬂ‘t Cﬁ&"’&'sgfqur?éd hl?gvgouéhé i t may

al so COfH?{abﬁéd%%UHE&Qh& ﬁ@éé&weanawrﬁeluaacﬂrmtcdmaﬁardggsm ayery of the
excitation source as describ herein. In artl cul ar , t he exc tatl on SOUI’CG

is NI R cespeplatin, pﬂ@fﬂaRﬁFlrﬁrJM?h@ sRthetEexase %’?ﬂJrQ%OT@"P{P,RaFa¥V 8% 980 nm
The nea ?gcﬁ source may be optical fibres or
endosco?ogeﬂﬂ%%élygﬁo%est%}?g éreébﬁ}l{]magl ng and/ or bi o-detection. For

exanple, the kit may be used for |abelling a tissue sanple. Wen the tissue
36 is | swesording b mothes asaed. the neasent invieatien Pravides @H@nsr%%@mreﬂ nventi on,

and a s f t u holsnebdegt ed by

cancer, q#éfréﬁgg ob?%ﬁﬁéﬁlé‘ l})f'krl%s{rﬂ%t u%?tgésggghgg éb(ﬁlgl gg'ﬁ]n toher presence of

cancer . material may further comprise at least one surfactant lipid and/or polymer. A
suitable biomolecule, as described -above, may be attached to the nano-

structured material.

The nano-structured material according. to any aspect of the present invention
may provide a fluorescent dye that can be embedded or mixed or coated with
another semiconductor matrix for the generation of electrical current. For
example, the absorption of NIR, visible or UV light to generate electrical current

in a dye-sensitized solar cell.



Anot her aspect of the present invention is a bio-inmaging and/or

bi o-detection system conprising: - at |east one nano-structured nateri al
prepared fromthe nethod descri bed above; - at |east one bionolecule; - at
| east one source of excitation; and - at |east one neans for delivery of
the source of excitation to the system For exanple, the system may be used
for detecting cancer. In particular, a tissue sanple is labelled with the
nano-structured -material of the present invention. Wen a source of
excitation is provided, the tissue shich is affected by cancer, for
exanple, will emt fluorescence, indicating the presence of cancer. The
system nmay al so be used in the detection of specific viruses or

bi onnol ecul es in blood, for exanple, by detecting the fluorescence of the

nano- st | AHF&MHEF' By hﬁéth\éh%p@cts%@Cﬁr&bnenﬁwrﬁbhobrdmw @vindpg- The
- bi onol ecu e% be” any suitabl e bionplecule. For exa t he bi onol ecul e

i s sel estructufecomaterial Qf fnnmUJa)MsMan Mg, wherej eaeh af Nh:]&tzeMc, X@ng,n

nucl eosi_ges t
Pont | dofieas SRRR! bR, |ERE; whatefP e RBhGRERENed DERIdEE has o

sterol, hﬁxa@cgnahs(lamrm)rstrucmm&namd gompuriseb odly thast @nesdgmnslcm oficsitair i de, _
monosacchari-de 0 t oI RLide gas@ccha | ysacchari de
i LBFRRE £ 55 ofRcis B0 b S28 o o ph s e 1

and a miX e I"ecu ept avidin, an

ant i bodyarti¥arotheansurbirinabicdmatesiab ebmpriSes aheasbone diméngociof at i on may be
any suitable source. For exanple, the source of excitation may be a

m cr onave Mdurce, NI R source, IR source, |aser source, X-ray source or a
conbi nation thereof. In particular, the source nay be NIR source. In

par ti culigrpartibfaf\l fRes prasedt iiAvertioA8Provides a nano-structured material of
formula MiM2Xn:Mgy, wherein My, Mz, X, n and My are as defined above, and
wherein the nano-structured material has a hexagonal lattice structure,
comprising at least one dimension of < 50 nm, with the proviso that the nano-
structured material is not LaFs:Yb,Er, LaF3:Yb,Ho or LaF3:Yb,Tm. Even more in .
particular, the nano-structured material is hexagonal phase NaYF4M,. For
example, NaYF4:Mg is NaYF4:Yb,Er, NaYF4:Yb,Ho or NaYF4:Yb,Tm. The nano-
structured material may have a hexagonal (lattice) structure and comprise at
least one dimension of size <1000 nm, <100 nm, < 50 nm, < 50 nm, <25 nm,
<10 nm or <5 nm. In particular, the nano-structured material comprises at least

one dimension of < 10 nm.

The present invention also provides an article of manufacture comprising the
any nano-structured matérial as described above. For example, the article of
manufacture may be at least one of the following: a display device, a solar cell,
an optical data storage, a bio-probe, a carrier for drug delivery, a lamp, a LED, a
LCD, a wear resistance, a laser, optical amplifier, low density IR imaging,
mercury-free fluorescent lamps, plasma display panel (PDP) and/or a device for
bio-imaging: For example, nano-structured material such as BaYFs, BaY;Fs,
LiYF4, NaMoF4 and MyF3, wherein each M; is the same or different and is as
described above, are efficient hosts for near-infrared emission ions such as

Nd®*, Er¥*, Ho®* and Pr®*. Because the emissions fall in the telecommunication



Any suitable neans for delivery of the source of excitation to the system
may be used. For exanple, the nmeans for delivery may be selected fromthe
group consisting of: optical fibres, endoscopes, external |ight, external
| aser and a conbination thereof. The optical fibres may be inserted in a
needl e. The source of excitation may al so be delivered through the skin
surface. The present invention also provides a nano-structured materi al
prepared according to a nmethod as descri bed above for use as fluorescent
sensors. for bio-imging and/or dete8%ion of bionolecule(s). For exanple,

t he nano-structured material prepared may be used for |abelling cells or
ti ssues and to observe the inmage via a fluorescent mnicroscopy. The
nano-structured material may al so be used for |abelling bionol ecul es such
‘as prot %ﬁkfo\ﬁé‘Clhger‘ié?ﬁJ-étﬁgct&% Hat&faﬁ%ﬁﬁtbes Iugealas Spticatraagilerd myenti on

al so provides a nethod of nodifying the surface of a nano-structured

mat er | alteleeoramusicatiemange or nodify its properties. For exanple, the
surface nDdlflcatlon may be carried out by adding at |east one surfactant,

lipid, RoivHIER Ormﬁ' CNwzm; 'a?a'd MOE 5, wRersink 68k NS @0fthe Eafhe or

nano- struct ure erl a be the nano-structured nmaterial as descri bed
above o;dlféﬂwntoahférls r@m@leﬁne abeved argalsa the effigientsbestader syantuntat i on nay

2ur T ace e fHbspRof AR sol REH Fhard) VN Bhéioll alFs St flo [ P ace

modi f i cainmorenwwblrephe’ad:sf dihentakdl yiaatumy dffigidndyi s therefoieamang dhamphi | i c. The

pr esent i al so oyi des a nethod of nodifyin east e
hydrophot%lac/e :ér"ﬁgt %"“r?é‘ﬂ'@gl f"‘ﬂ?’dﬁ'ﬁp PY‘?capB%ﬁlppgi W@"’dei‘%‘% at | east
one nodirhérRUryofed orebesrtlianp andriasea tisphakearel SeDRYt ur e- nodi fi er conpl ex,
.and wherein the nodifier is a surfactant, lipid, 38 polyner and/or

0or 920 g JRbSEih aVEs AT 5! LB TN SEMEERS TR TS | L e

first mgidd 6F differdrit @ndltis et ditmed Wboas Careaishd-stiiidi@ledamaiesi@isdwiighr ophi | i ¢
nodi fier to nake a structure-first nodifier-second rmdlfler co

| ex,
wher ei n araeantrwear and/waY R& Ysad ASdeXYYPe | regswg, additivas; due it Bltgg"pol yner

and/ or 'tFIB&S@BéICaer?‘IUBFIb%ﬁng Kehavidirt abl e surfactant, |ipi d, pol ymer and/ or
i norgani c maleri a e used. For exanple, the surfact ants, |ipids,

pol yners and/or inorganic material described above maé&be used as the first
and/ or sheoordingntelanpther aspeels thenpresgniaingentianceroyidessh kit compRaingdthod nmay

corrpr ' Se\{eél&%xé NQard- ?ﬂrl?&ﬁfeoo Wﬁatg?ﬂr QQhﬂééd"lbéHr EBGYNndOt tiBSstSbhect ure to

make a structure-surtactant conple e present 1 nvention also provides a
met hod dbiomalegiley Tﬂwleebnbmm@edulmmayﬂw anylsgaeble@emlﬁcutecfmmgmm t he

nano- str ctur & i C a%@cﬁl ng of the
bi- onol e 'ﬁglgg&fg’ é S%llff g%'?@rﬁ ﬁe)n&%ﬂbaéo‘?\ls ec{f'o '(r?tlt)%ﬁ’l alfcgélfhe l R optical
properti ma:léﬂs1dd$e nbitiBotides i DNAchommones tamind taceij peptide,i @eptidbmimpefic,i cul ar,

t he nodu on ;S obtaj ned var e chain Ien t of the at Ieast one

sur f act ‘%@ antPi ‘il}etail?‘fﬂ"‘ﬁ n§ {'ﬁ/ﬂg nél?‘?ﬁ%ga IR &‘%9?&'9' bt SERg; igm

bi onol echdpbFansiiittene sufdongarai®di sugsr, naa@aséﬁarmbw eldoﬁbstatfchahde and/ or

i nproved efficiency of rel easing bionmplecule(s) fromthe surface nodified

~ nano- st r eligoperliferaPalvpaptide| pbw&agcwgqﬁb pplvgacceharidn. anck aunpde
-Modi T 1 CafplAty Of BQRICU%‘?O hed B|6?ﬁ &ﬁe TRisGebfvidih t Bn SHibagy, aNA bagi | itates

t he bi ndi ng of nct i ona such as bionol ecul €s. Suitabl e
sur f act acambinhatien thereof. dih ktgmup@rtr@acmm@laeoablﬂaﬁt Phe swyalastast @sct ur ed

t I I f
Tt or ac PERTPRIRLRES THERR nRHLSS colitfish MYRRIC SRUBAM BolidE'ditor
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and surfactant-particle interactions 39
fibres or endoscopes. The kit may be used in bio-imaging and/or bio-detection.

For example, the kit may be used for labelling a tissue sample. When the tissue



t hrough differences in the surfactant chain length. The alteration of
surfactant interactions to. control the binding intensity would be
applicable to systens surface functionalised with bionol ecul es.
Accordingly, the present invention provides a nethod of nodulating the

bi onol ecul e | oadi ng efficiency on the nano-structured material which has
been surface nodified by at | east one surfactant according to any

enbodi ment of the invention, conprising varying the chain Iength of the at
| east one surfactant adsorbed on t hgs nano-structured material. In
particular, the surfactant is at |east one surfactant or a mxture thereof
of the surfactant of Fornmula (1). In particular, the nethod is a nethod for
i ncreasing the bionolecul e |oading efficiency conprising varying the chain
| ength g,éb'éﬁe@ itfe & naR6-sticiupéd @ﬁ‘éteﬁ& S | Fé,%‘énﬁthw&tloﬁoah@aé the

bi onol ecu oadi ng ef PI cilency Is hig Né‘: ncr eased Even nore in =

parti culsaurcet ¢feexcitatiqotianprovidedt th%a@ﬁu% l@hjrlif affegied By aangeitfaf e t her eof
of the tan I i nvention provides a
. met hod %Jr?g%ul at?rﬁéﬂggﬁ%&%gcéf (Iilnl ﬁ@%&’f Jl%ége%ecogm tion of the
surface nodified nano-structured materi al Ilgand(s) ésenaors wth the
respect |Amtl'ras(aﬂweo’r 0B the prasentimventionds ar big-imaging and/enpivdetegtionce

nodi fi ed. aV| n liéaast one surfactant adsorbed onto the surface of the
nano- st FYEEUY ?rrési' ial. The nodul ation of the binding affinity and/or

bi ndi ng recogm tion of particular kind of bionolecule(s), that is, '
| i gand(s) ¢ stlemst ede handstructured masen acepared fromethenmsthost desstibed d mat eri al
accordi ng tg,any enbodi nent of the invention can be carried out, for

exanpl e, by B i ng the surfactant interaction. The nano- st r uct ur ed
material as described above may be' used as bi o-probes. Accordingly, the
expensi ve Tiat Bast asebiosydéanemay be replaced with a cheaper 980 nm

- sem conductor | aser systeminstead. The price of a multi-photon 40

- at least one source of excitation; and
- at least one means for delivery of the source of excitation to the system.

For example, the system may be used for detecting cancer. In particular, a
tissue sample is labelled with the nano-structured material of the present
invention. When a source of excitation is provided, the tissue which is affected
by cancer, for example, will emit fluorescence, indicating the presence of
cancer. The system may also be used in the detection of specific viruses or
"biomolecules in blood, for example, by detecting the fluorescence of the nano-

structured material when a source of excitation is provided.

The biomolecule may be any suitable biomolecule. For example, the
biomolecule is selected from the group consisﬁng of: protein, nucleic acid,
nucleosides, nucleotides, DNA, hormone, amino acid, peptide, peptidomimetic,
RNA, lipid, albumin, antibody, phospholipids, glycolipid, sterol,  vitamins,
neurotransmitter, carbohydrate, sugar, disaccharide, monosaccharide,
oligopeptide, polypeptide, oligosaccharide, polysaccharide and a mixture
thereof. In particular, the biomolecule is streptavidin,- an antibody, DNA or a

combination thereof.



m croscope may be conparable or even |ower than that of the traditional
confocal m croscope. Having now generally described the invention, the sane
will be nore readily understood through reference to the foll ow ng exanpl es
whi ch are provided by way of illustration, and are not intended to be
limting of the present invention. EXAMPLES Characterisation Techni ques
TEM i mages of the nano-structured materials were collected on a JEOL JEM
3010 transm ssion el ectron mcroscope. Powder X-ray diffraction spectra
were acquired with a D8 advance x-ray diffractoneter, with Cu.Ka radiation
at 1.5406 A. Size distribution and zeta-potentials of the nano-structured
materials were determ ned using a dynamc |ight scattering instrunent

- (Nano-ZS, Malvern Instrunents). Up-conversion fluorescence spectra were

obt ai neq*hggggﬁﬁéngs?ﬁéxdi@%ﬁwsé%n%pﬁmabler@u%e.(mrésd‘amdlfé,rmé)sdmr@ an

ext er nal m [aser diode (1W cContinuous wave with mfibre, Beijing
Vi asho Deekeitatiogyna@oby aomicrewas seurgei NIR sewicee!R gopicge lasgf SPWEeKenon | anp

in the t r. r I ~OREk: : [ Lnggcence node, -
W th gat ey, HENGE B e FORehRESh RGRCE patighish @b Sdlfey iy BLORECT e T
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bio-imaging and/or detection of biomolecule(s). For example, the nano-
structured material prepared may be used for labelling cells or tissues and to
observe the image via a fluorescent microscopy. The nano-structured material
may also be used for labelling biomolecules such-as_ proteins and detecting the

fluorescent signal.

The present invention also provides a method of modifying the surface of a
" nano-structured material to alter, change or modify its properties. For example,
the surface modification may be carried out by adding at least one surfactant,
Iipid, polymer, inorganic material, or va mixture thereof. The nano-structured
maferial may be the nano-structured material as described above or any other
nano-structured material. This surface modification may also be applied to any
compound, molecule, structure or material. The surface modification may be as
described above. For example, the surface modification may be used'for
making a hydrophobic material hydrophilic. The present invention also provides
a method of modifying at least one hydrophobic structure to make it hydrophilic,
comprising applying at least one modifier on the structure surface to- make a

structure-modifier complex, and wherein the modifier is a surfactant, lipid,



(CF3C00) 3Y + (CF3C00) 3Yb + (CF3C00) 3Erri nYF3 + YbF3 + Er F3ri nF3

NaYF4: Yb, Er (Tm) Figures 5a and 5b show TEM i mages of the NaYF4: 20%rb, 2%Er
nanoparticles. The well-dispersed particles suggest that the | ong chain

ol eyl am ne iigand on the crystal surface prevented aggregation. The average
di anmeter of the nanoparticles, obtained from neasuring 200 particles
randomy from5 TEM m crographs, was 10.5 nm with a standard derivation of
0.7 nm Figure 5c shows that these nanoparticles were in hexagonal phase.
The peak positions and intensities 38 these nanoparticles agreed well wth
cal cul at ed hexagonal NaYF4: Yb, Er nanoparticles (line pattern in the |ower
part of Figure 5c). There were two unknown small peaks at 20 - 64 and 73.
There was a residual anount of cubic phase as indicated by the dashed arrow
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P blomglecule(s) on the surface modified nano-structured material, and/or

improved efﬁmency of releasing biomolecule(s) from the surface modified nano-

structured material following light irradiation.

The surface modification of the nano-structured material with surfactants
facilitates the.binding of functional molecules, such as biomolecules. Suitable
surfactants have functionél groups reactive to both the nano-structured material
and desired biomolecules. The inorganic-organic surface interactions between
the surfactants and the nano-structured material may be used to modulate
(manipulate) the optical properties of the biomolecule delivery system in which
the nano-structured materiél is used. For the same number of functional groups
~on each surfactant, the reactivity and number of binding sites may be modified

by altering the surfactant intermolecular and surfactant-particle interactions



43 Exanple 1.2: Synthesis of cubic phase NaYF4: Yb, Er and NaYF4:Yb Tm
nanoparticles For the synthesis of cubic NaYF4:20%rb, 2%r and

NaYF4: 20%rb, 2%9'm nanoparticles, a mxture of 2 mmol CF3COONa, 0.78 mmol of
(CF3C00) 3Y, 0.2 mol of (CFB(I)O) 3Yb and 0.02 mmol of

(CF3C00) 3Er/ (CF3C00) 3Tm was di ssolved in 10 nl of 1-octadecene, W|th 2 nm
of oleic acid. The solution was passed through a 0.22 pmfilter (MI1lipore)
to renove any residue. Under vigorous stirring in a 50 m flask, the

m xture was heated to 300C in the pB®sence of argon for prot ecti on from
oxi dation. After 1 h, heating was stopped. The transparent reaction m xture
was allowed to cool to 80C before 20 ml of ethanol was added. The
nanoparticles were isolated by centrifuging. They were washed 3 tines with
hexane am@dugh tdiffgrenteéd th the-dupfacmd chaindengi. F'El‘i@vaﬁemynl‘@%uﬂeeiaﬁue The

average di ameter of the nanoparticles obtai was wi th narrow size
di st ri bifteaetions taneRmral thekingiag 7ntensity é(YP‘{ﬁf & &P ‘Eﬁ?'e( XRO5YSHLeR | t s showed

t hat th%%ﬁ‘aEé‘ﬂﬁ?ﬁBF\él?éeﬁ%Mp&émbféchfé% cubi c phase (see Figure 7b). The
up- conversi on orescence of the nanoparticles obtained was 7.5 tines

| ower than that of the hexagonal phase nanopartjcles described in Exanple
1.1 aboviecomdingly dhe Breswfnﬂfrv%t'%'? oproyigles anm%b%/%h@qdc%tm N Er/ NaYF4

and NaYg)j f@lf%wgﬁgﬂﬁa%e@ rﬁﬂf’e’snfﬁ-sfrﬁ@uﬁﬂ‘hm‘e‘ﬂa‘f whichRxapess!

NaYF4: 2 29%dm core nanoparticles, a mxture of 0.5
mol CF3odaska maliflebbymbleast o mtamrﬁ\accgrd)ag teveny @mt\oeimemto;fsh% and 0. 005

nmol of 0 3 i 5 Yd Al and

passed t"ﬁ] éﬂ ng{dé' 95 @?‘%a V%'flkfﬁ%gre?dtpgn?telﬁo%teggﬁ : resfégﬁe Under
vi gor ousadsbrberd dsrgtheha\cﬂﬁrudturédmenalhe m xture was heated to 340C in the
presence of ar gon protection to produce core nanoparticies. After 30 m' n

ohor I oo s Geafit Epe SRS b PEP e LuBBRaRAKER i ek BTRBCS) 1 1
of (CF3@ﬁlh3téritbf pbeyllafiine was sl owl y added into the reaction. The
reaction was allowed to continue for another 30 mn. The reaction m xture

was al | qn parti culgP c“'le V@\oﬁ%rao%gtﬁgﬂgﬂ’ ﬁl Féaeslr?&q\&%%tmcﬂécuﬁ&%gdl% lution.

efficiency comprising varying the chain length of the at least one surfactant as

described above, so that the biomolecule loading efficiency is higher
' (increased). Even more in particular, the surfactant is at least one surfactant or

a mixture thereof of the surfactant of Formula .

Further, the present invention provides a method of modulating binding affinity
and/or 'binding recognition of the surface modified nano-structured material
ligand(s) (sensors) with the respective receptor(s). The nano-structured material
may be surface modified having at least one surfactant adsorbed onto the
surface of the nano-structured material. The modulation of the binding affinity
and/or binding recognition of particular kind of bic;molecule(s), that is, ligand(s)
(sensors) loaded on the surface modified nano-structured material according to
any embodiment of the invention can be carried out, for example, by altering the

surfactant interaction.

The nano-structured material as described above may be used as bio-probes.
Accordingly, the expensive Ti-Sa laser system may. be replaced with a cheaper

980 nm semiconductor laser system instead. The price of a multi-photon



The average di aneter of the core nanoparticles obtained was 8.5 nmwth a
standard derivation of 0.8 nm (Figure 8a). The dianeter of the core-shel
(CS) nanoparticles was 11.11 :5nmas shown in Figure 8b. X-ray diffraction
(XRD) results showed that these nanoparticles were in hexagonal phase (see
Figure 8c). The fluorescent intensity of the core-shell nanoparticles was
‘much stronger than the core nanoparticles, as shown in Figures 9(a), 9(b),
10(a) and 10(b). In particular, the fluorescent intensity was 7.4 tines
stronger for NaYF4:Yb, Er and 29.6 tddes for NaYF4:Yb, Tm Examle 1.4:
Synthesis of LiYF4 nano articles 0.5 mml of CF3000Li and 0.5 mmol of
(CF3C00) 3Y were dissolved in 10 m of ol eyl am ne, passed through a 0.22 pm
filter (MIlipore) to renmove any residue. Under vigorous stirring in a 50
n f|aSlﬁnichs§oFé by & Coptpanatsic a6ideden Tibwes Ghah i tAat \Whhd etedditibriap 1 ef | ux
(-343C) under the protection of dry argon gas. After 1 h, heating was

st opped.confrcal BURIPSePeri xt ure was al l owed to cool down to 80C before 20 m
of ethanol was added. The nanoparticles were isolated by centrifuge, rinsed
wi th et hanghg ndMdgbhaaiy desstbedMhet in0bntidif tht e alil bel msrd Asddilpn r honbus
shape, w th equal “side ‘edge Ienqth of 49.34.5 nm |ong axial |ength of

90. 96. 1 undesstaod ypugh efgrencerigithe dellowing examplgs whish&re iprevyided 8Bt ai ned
fromme i narti ¢ I i ; ; angl e
betmeenqé.ebﬁﬂﬁégﬁﬁg’%@gé§§mgém%ggg;$ﬁ%gh@ﬁo é?ﬁﬁ%%gﬁiagyggﬁon'irned to be
cuboi d shape. The Li YF4 nanoparticies were in tetragonal phase as shown in
Figure 11(a) with each particle as a single crystal (Figure 11(b)). 45
Examle 1.5: S nthesis .of BaYF5 nano articles Precursor of Ba(acac)2 and
(CF3C00) B¥aNigd i rst dissolved in oleic acid in a separate vial (0.25
mrol / ml)S—and passed through a 0.22 pmfilter (MIIlipore) to renove any of
the residues. For the synthesis of BaYF5 nanoparticles, 2 nml of Ba(acac)?2
and 2 miChara : ic solution were introduced into 6 m of

oct adecene. Under vigorous stirring in a 50 m flask, the m xture was

heat ed t?Eﬁpﬂ%dégd&rthh%rﬂtﬁm@drberrnstferiglrsywégegeawéd offd geoL Jemheat i ng

~was stopped. The reaction mxture was allowed to cool down to .80C before 20

m of etBRibiranmissigneiection:micinssane: iRovsier weray diisraion sRepira Ve f uge,
LSS BT O SR GR308, P agFige O3 avecaen o of e
nanopar t AcSize distribution| andezetagoharitiajsh af the nppositrsiciuredy materidls avereFi gur e
14). Exagétlegm%\ég : usSmS tzgl edsyin%m?c]; Ii'g\;lﬁ{‘ as'c__;g'ttgr"f‘nngo il"i‘srt}drﬁclar?ts(Nano-ZS, Malvern
|  Instruments). Up-conversion fluorescence spectra were obtained on a L S-55
luminescence spectrometer (Perkin-Elmer) with an external 980 nm laser diode
(1W, continuous wave with 1 m fibre, Beijing Viasho Technology Co.) as the
excitation source in place of the xenon lamp in the spectrometer. The
spectrometer operated at the bioluminescence mode, with gate time 1 ms,
delay' time 1 ms, cycle 20 ms and flash count 1. For comparison, colloidal
solutions of core, core-sh_éll in chloroform, and core-shell-polymer in water with

the same concentration were used.

Example 1: Synthesis of nanoparticles (core or core/shell structure)

Example 1.1: Synthesis of hexagonal phase NaYF,:Yb,Er and NaYF.Yb,Tm
nanoparticles '



-1 mmol of CF3000Na and 0.5 mmol of (CF3C00) 3La were dissolved in 10 m of
ol eyl am ne, passed through a 0.22pmfilter (MIlipore) to renove any

resi due. Under vigorous stirring in a 50 m flask, 0.5 nm of CF3000H was
added. The solution was heated to reflux (- 345C) under the protection of
dry argon gas. After 1 h, heating was stopped. The reaction m xture was
allowed to cool down to 80C before 20 ml of ethanol was added. The
nanoparticles were isolated by centrifuge, washed three tines w th hexane,
and another 3 tines with de-ionized4hater to renove any NaF residue. The
aver age di aneter of the NaLaF4 nanoparticles was 8.81.2 nm XRD results
confirnmed that the NaLaF4 nanoparticles were real hexagonal phase crystals
(Figure 13 and Figure 14). 46 The synthesis procedure was the sane as that
used t o Horehaisgnthesiesfchdxhybdal RaYiFo2e0Y bI2ShBE-dnd Nedffara0%Ye2%Texcept t hat
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prepared 1I'S shown 1 n gure Exam s hesi s of LaF3 nano
arti cl esmiktureola® heatdd3 @ B308Cainntie preseote eaf angohOfam profectior ffani ne, and

~passed through a_0.22 pmfilter (MIllipare), to renove any..r esi . Under
vi gor ouso"é‘fqt%f‘i %efﬁ By .?f"tfﬂg Y'es 9p3q‘?e0@8? H??Wrﬁgsyﬂ@ﬁ%hd %agqérgﬁfl ux (-
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stopped. The reaction mxture was allowed to cool down to 80C_before 20 ml

of et harrddegato thedeixtureneTheanaparartieles weier isolates Byeceeniifugivg: Mhe¥ge, and
washed t i 1 T, od i

nanopar t‘P%'%g‘gé%%t%Z? %&gm\g? . nﬁm%%éﬁ%gﬁﬂ?geggﬁ? |é? %aéér{’t Ear![e ﬁi’?ﬁg LaF3
nanopar tare NaF vesidue. T hetschemenofdhareartiab evashagyiollewss) . Exanple 1. 9:
Synthesis of YF3 nano articles 1 mmol of (CF3C00) 3Y was dissolved in 10 n
of ol eyl am ne, and passed through a 0.22 pmfilter (MIIlipore) to renove-
any residue. Under vigorous stirring in a 50 ml flask, 0.5 m of CF3COCH
was added. The solution was heated to reflux (- 345C) under the protection
of dry argon gas. After 1 h, H&afOfNavas stopped® ThNafeacti on m xture was

all owed to cool down to 80C N

(CFsCOO)sY + (CFsCOO);Yb + (CFsCOO)ENTM ——» YFs + YbF + ErFa/TmFy

'

NaYF,Yb,Er(Tm) -

Figures 5a and 5b show TEM images of the NaYF4:20%Yb 2%Er nanoparticles.
The wel‘l-dis.persed particles s'uggest that the long chain oleylamine ligand on
the crystal surface prevented aggregation.' The average diameter of the
n_anoparticl'es, obtained from measuring 200 particles randomly from 5 TEM
micrographs, was 10.5 nm, with a standard derivation of +0.7 nm. Figure 5¢
shows that these nanoparticles were in hexagonal phase. The peak positions
and intensities of these nanoparticles agreed well with calculated hexagonal
NaYF4:Yb,Er nanobarticles (line pattern in the lower part of Figure 5c). There
" were two unknown small peaks at 26 ~ 64° and 73°. There was a residual

amount of cubic phase as indicated by the dashed arrow in Figure 5c.



47 before 20 m of ethanol was added. The nanoparticles were isolated by
centrifuge, and washed three tines with hexane. The average di ameter of the
YF3 nanoparticles obtained was 8.7 nm XRD results confirmed that the YF3
nanoparticles were in the tetragonal phase (Figure 17). Exanple 1.10:

Synt hesi s of NaYF4: 20%rb, 2%r nanoparticles in tetracosane wth

trioctvl phosphine (TOP) as surfactant Synthesis of NaYF4: 20%vb, 2%er
nanoparticles was perforned according to the foll ow ng steps: A
Preparation of (CF3C00)3Y, (CF3000)&b, (CF3000)3Er and CF3COONa A rare
earth chloride solution containing 0.78 mmol of YCI 3, 0.2 mvol of YbCl 3 and
0.02 mmol of ErC3 was mxed with 2 mM 25% anmoni um hydr oxi de sol uti on.
White precipitates of rare earth hydroxide were then formed. They were

separ at gbriiné®WitH thE TEN Tesiles v panielesl weigresniiinidd de-beosingtel wat er .
The precipitates
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for e Teacti
phase NaYF4 nanoparticles.

Figure 6a shows the room-temperature up-conversion fluorescence spectra of |
the NaYFa 20%Yb2%Er and NaYF420%Yb2%Tm nanopartlcles For
NaYF4:20%Yb 2%Er nanopartlcles under 980 nm NIR excitation (contlnuous
wave, CW), there were three emission peaks at 522.5, 541.5 and 655.5 nm,
which were assigned to *Hii2 10 *hsi2 , *San to “lsm and “Fgp to *l4sp transitions
of erbium, respectively (GS Yi et al, 2004). For NaYF420%Yb2%Tm
nanoparticles, the blue emission band at 450.5 and 475 nm corresponded to the
transitions from'Gy to *Hs and "G4 to *Hg of thulium, respectively (GS Yi and GM
Chow, 2005). A strong n'ear infrared emission at 801.5 nm was attributed to the
transiton from 'Gs to °Hs (S Heer et al, 2003). As-synthesized
NaYF4:20%Yb2%Er and NaYF4:20%YDb2%Tm nanoparticles were easily
dispersed in organic solvents like hexane and formed a transparent colloidal
solution. Figure 6b (i) and (i) show the NaYF420%Yb2%Er and
NaYF420%Yb 2%Tm nanoparticles colloidal solution (0.1 wt.-%) respective'ly

| under 980 nm NIR excitation (CW). The laser power for excitation was 1W with
a power density < 0.1 W/mm?2. The bands of light in Figure 6b(i) refer to the
522.5 nm and 541.5 nm emission of the NaYF4:20%Yb 2%Er nanoparticles,
while the bands of light in Figure 6b(ii) corresponds to the 450.5 nm and 475 nm
emission of the NaYF4:20%Yb 2%Tm nanoparticles, respectively.



48 the m xture was allowed to cool down to around 70C before adding 20 n
of hexane to dissolve tetracosane. NaYF4: 20%rb, 2cYoEr nanoparticles were
coll ected by centrifugation. The product was washed several tinmes with
hexane and a white powder obtained was left to dry in open air at room
tenperature overnight. The reaction can be illustrated as: CF3COONa +
(CF3000) 3Y + (CF3000)3Yb + (CF3C00)3Er + Trioctyl phosphi ne 360C for 30m n

43

Example 1.2: Synthesis of cubic phase NaYF,Yb.Er and NaYF4:Yb;Tm
nanoparticles

For the synthesis of cubic NaYF4:20%Yb2%Er and NaYF4;:20%Yb2%Tm
nanoparticles, a mixture of 2 mmol CF3COONa, 0.78 mmol of (CF3CO0)3Y, 0.2
mmol of (CFsCOO0):Yb and 0.02 mmol of (CF3COO)3Er/(CF3CO0)sTm was
dissolved in 10 ml of 1-octadecene, with 2 ml of oléic acid. The solution was
passed through a 0.22 ym filter (Millipore) to remove any residue. Under
vigorous stirring in a 50 mil flask, the mixiure was heatéd to 300°C in the
presence of argon for protection from oxidation. After 1 h, heating was stopped.
The transparent reaction mixture was allowed to cool to 80°C before 20 ml of -
ethanol was added. The nanoparticles were isolated by centrifuging. They were
washed 3 times with hexane and 3 times with de-ionized water to remove any
NaF residue. |

The average diameter of the nanoparticles obtained was 22 nm, with narrow
size distribution, as shown in Figure 7a. X-ray diffraction (XRD) results showed
that these nanoparticles were in the cubic phase (see Figure 7b). The up-
conversion fluorescence of the nanoparticies obtained was 7.5 times lower than

that of the hexagonal phase nanoparticles described in Example 1.1 above.

Example 1.3: Synthesis of core and core/shell NaYF..Yb.Er/NaYF, and
NaYF.Yb,Tm/NaYF. nanoparticles '

For the synthesis of hexagonal NaYF4:20%Yb2%Er and NaYF4:20%Yb 2%Tm
core nanoparticles, a mixture of 0.5 mmol CF3COONa, 0.195 mmol of
(CF3COO)3Y,' 0.05 mmol of (CFsCOO);Yb and 0.006 mmol of
(CF3COO):Er/(CF3CO0);sTm was dissolved in 5 ml oleylamine, and passed
through a 0.22 pm filter. (Millipore) to remove any residue. Under \iigdrous
stirring in a 25 ml flask, the mixture was heated to 340°C in the presence of
argon protection to produce core nanoparticies. After 30 min, 0.5 ml of the core

nanoparticle product was taken out for reference. 1 ml shell precursor solution



NaYF4: Yb, Er In Tetracosanenanoparticles Figure 18(a) shows the TEM
pi cture of the NaYF4: Yb, Er nanoparticl es obtained and Figure 18(b) shows

t he up-conversion fluorescence of the nanoparticles in hexane. The
excitation was with NIR | aser source at 980 nmw th a power density of 1W
Aver age size of the nanoparticles was 11 nmw th narrow size distribution.
Most of the nanoparticles were in the hexagonal phase. Exanple 1.11:

Synt hesi s of NaYF4: 20%rb 2% r nanoarticles in tetracosane with ol eyl am ne
as surfactant 6.4 g. tetracosane was4heated to 300C under argon protection.
0.5 mmol of (CF3000)3Y, (CF3C00)3Yb, (CF3C00)3Er and CF3COONa in 2 m of
ol eyl am ne was quickly injected into it through a 5 m syringe. After 1 h
of reaction, the mxture was allowed to cool down to aroUnd 70C before
addi ng 2@ndiniAg bDexanmol cofdiCFRCIOMNA ebnd.c0.25n enmbla \YF4 (CRIMO RXETN

nanoparticles were cqll ect .centrifugatign. Th roduct was .washed

sever al AeYRBING Wﬁsré'i‘%mea&d‘?d})h% t&ﬁi’?@%\dﬁ}e Eﬁﬁcﬁ?ﬁé’&amgo‘f"%$tt°t odry in
open ali Ir_go?&iBﬁQ‘PéF ARIRET 38 HiIe THEFHEBA mikiuge s llodeaws dobeddwivtei cture of
t he NaYF4: Yb, Er nanoparticl es obtained. The average particle size was 9 nm

Mbst of repm tempesaiueg andkepiiasatoedsoletian.i n t he cubi ¢ phase.

The average diameter of the core nanoparticles obtained was 8.5 nm with a
standard derivation of +0.8 nm (Figure 8a). The diameter of the core-shell (CS)
nanoparticles was 11.1+1.5nm as shown in Figure 8b. X-ray diffraction (XRD)
results showed that these nanoparticles were in hexagonal phase (see Figure
8c). The fluorescent intensity-of the core-shell nanoparticles was much stronger
than the core nanopatrticles, as shown in Figures 9(a), 9(b), 10(a) and 10(b). In

~ particular, the fluorescent intensity was 7.4 times stronger for NaYF4:Yb,Er and
29.6 times for NaYF4:Yb,Tm.

Example 1.4: Synthesis of LiYF4 nanoparticles

0.5 mmol of CF3sCOOLi and 0.5 mmol of (CFz;COO)sY were dissolved in 10 mi
of oleylamine, passed through a 0.22 um filter (Millipore) to remove any residue.
Under vigorous stirring in a 50 ml flask, 0.5 ml of CF;COOH was added. The
solution was heated to reflux (~343°C) under the protection of dry argon.gas_.
After 1 h, heating was stopped. The reaction mixture was allowed to cool down
to 80°C before 20 ml of ethanol was added. The nanoparticles were isolated by

centrifuge, rinsed with ethanol, and then stored.

Most of the LiYF4 particles took on rhombus shape, with equal side edge length
of 49.3+4.5 nm, long axial length of 90.9+6.1 hm and short axial length of
51.4+3.3 nm, respectively (obtained from measuring 50 particles from 5 TEM
micrographs). The obtuse angle between the two side edges was 130°. The
nanoparticles were confirmed to be cuboid shape. The LiYF4 nanoparticies
were in tetragonal phase as shown in Figure 11(a) with each particle as a single
crystal (Figure 11(b)).



49 Examle 1.12: S nthesis of NaYF4: 20%rb 2/ 0Er nano articles in
tetracosane with octadecaneam ne as surfactant 6.4 g tetracosane was
heated to 340C under argon protection. 0.5 mmol of (CF3C00)3Y, (CF3C00)3Yb,
(CF3C00) 3Er and CF3COONa in 2 m of octadecaneam ne was added in. After 1 h
reaction, the m xture was allowed to cool down to around 70C before addi ng
20 M of hexane to dissolve tetracosane. NaYF4: 20%rb, 2% Er nanoparti cl es
were col l ected by centrifugation. The product was washed several tines with
hexane and the white powder obtaine#Swas left to dry in open air at room
tenperature overnight. Figure 20 is the TEM picture of the NaYF4: Yb, Er
nanoparticl es obtai ned. Mdst of the nanoparticles were agglonerated and.
were in the hexagonal - phase. Exanple 2: Synthesis of thin filnms Examle

2. 1: S maeule 10 Vatiesisvdf BaYRsamobatticlesi t h el | ow f | uor escent emi ssion

For the synthesis of NaYF4: 20%rb, 2%r thin film a mxture of 1 mol

(crscooyserireat ShPemsberta e ok YA e s o aBs g o

0. 22 pmgephis via0.LEraM)/)p ahd Pagsedithrougts adup2 i éligr @illips@) twvas di pped
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Phe gl ademe ey fdhe epEEHSRS IS STNERE & BA EroBaIPaIPey MO 500G for |
10 min Eﬁﬁ@éé}i Bnd bqnl\@fY(Eﬁé@‘t@tj}\Bi#&%rcl é&iﬂxtrbri‘\ivbmhinffeadj@a iﬁfﬁ PV Was

observe en’excited with 980 nm N aser as shown by the arrow in Figure
21. Examstadezepe. Ypdemdgpuststiningrn:ay0 mh flasknthe mixtyietwasherted|Bor escent

ol CRAFONIICRS B PROPlch Of al digga e Al " efind Bl ot oo 02
mrol  of THeFRERHYE Mixtwes was siiowee do coolbiavemts 8@ befere:2) rairef at Ipassed
through 2.0, 2801 fel AforMididd RBFSiolated B RYSirRlbe, Wikhfigftnred imBESCur SOF

was
with ethanol, and stored. -

The average diameter of the BaYFg nanoparticles was 6.7+0.5 nm. XRD resuits
confirmed that the BaYFs nanoparticles were real tetragonal phase crystals
(Figure 12 and Figure 14).

Example 1.6: Synthesis of NalL.aF4 nanoparticles

1 mmol of CF3COONa and 0.5 mmol of (CF3COO) sLa were dissolved in 10 ml
of oleylamine, passed through a 0.22um filter (Millipore) to remove any residue.
Under vigorous stirring in a 50 mi flask, 0.5 ml of CFsCOOH was added. The
solution was heated to reflux (~ 345°C) under the protection of dry argon gas.

~ After 1 h, heating was stopped. The reaction mixture was allowed to cool down
to 80°C before 20 ml of ethanol was added. The nanbparticles were isolated by
centrifuge, washed three times with hexane, and another 3 times'with de-
ionized water to remove any NaF residue. |

The average diameter of the NalLaF; nanoparticles was 8.8+1.2 nm. XRD.
results confirmed that the NalaF, nanoparticles were real hexagonal phase

crystals (Figure 13 and Figure 14).

Example 1.7: Synthesis of 20%Yb. 3%Er co-doped LiYF,4, BaYFs and NalLaF,
nanoparticles




50 di pped onto a glass substrate. A spin-coater was used to spread the
precursors on the gl ass substrate. After drying, it was sintered in an oven
at 500C under argon protection for 10mn to get the NaYF4: 20%vb, 29%m t hi n
film Blue em ssion was observed when excited with 980 nm NI R | aser (result
not shown). Example 2.3: Synthesis of YOF: Yb,Er thin filmwth red
fluorescent em ssion For the synthesis of YOF: 20%rb, 2%r thin film a

m xture of 0.78 mml of (CF3C00)3Y, 0.2 mmol of (CF3C00)3Yb and 0.02 mnol
of (CF3000) 3Er was di ssol ved in but4hol and water, and then passed through
a 0.22pmfilter (MIIlipore) to renove any residue. The precursor was di pped
onto a glass substrate. A spin-coater was used to spread the precursors on
the gl-ass substrate. After drying, it was sintered in an oven at 500C under
ar gon praeeyhihesisfprocddire wasothgaiameas WaF usédat pRipeire unboped LiYiF, Red

b ted with 980 by th
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usin Solzb?&CFﬁeod)gb nat @%S%@ @‘ocb}aE’FﬂuﬁQP@fu/a%"@edt as hd rard eartponder

m xture o 2 mmol  of
- (CFSCI)O)SQWEaH@tQPCbe HEHO @fS"QQiF:?eG(PFS p ( é@g%@b&s@a thRtYninegisa ek
subst raﬁy&;}: E;&‘\gﬁs éF%rﬁBN g‘Lﬁ #Hd P8¢ ;?éctﬁ&gCFé‘)PfhelévﬁtﬁbéQoﬂeé pddie

NaYF4: 2 t green uores ence was observed when excited
with a 98faFm 18R (CEsQOC()emLRQ%Wd’tsCQQ)mMp anBx2¥WplE-SOQpht Mkl of

wat er - sol ubl r | t hods of
Exanpl e "F %@eggﬁ?%g%é Sﬁ‘.',rsg ggg b?dh(??%rof)ug 3QZ(ar?tz'a%eerl]s'errg.'d|B Qt@I g§ of the
nanopar tThel fsorbyceticel spartax oh dhg aopbd mapactohes prepared |atsl'ummmnt by a

vvat er S?J@Jubrlee nol ecul e. Two net hods are described in the exanpl es bel ow. .

Example 1.8: Synthesis of LaF3; nanoparticles

1 mmol of (CF3COO) sLa was dissolved in 10 ml of oleylamine, and passed
through a 0.22 pm filter (Millipo're) to remove any residue. Undér vigorous
étirring in a 50 ml flask, the solution was heated to reflux (~ 345°C) under the
protection of dry argon gas. After 1 h, heating was stopped. The reaction
mixture was allowed to cool down to 80°C before 20 ml of ethénol was added.
The nanoparticles were isolated by centrifuge, and washed three times with

hexane.

The average diameter of the LaF; nanoparticles obtained was 4.3 nm. XRD
results confirmed that the LaFs nanoparticles were in the hexagonal phase
(Figure 16).

' Example 1.9: Synthesis of YFs nanoparticles

_ 1'mmol of (CF3COO0) 3Y was dissolved in 10 ml of oleylamine, and passed
through a 0.22 pm filter (Millipore) to remove any residue. Under vigorous
stirring in a 50 ml flask, 0.5 ml of CF3COOH was added. The solution was
heated to reflux (~ 345°C) under the protection of dry argon gas. After 1 h,
heating was stopped. The reaction mixture was allowed to cool down to 80°C



Examle 3.1: S nthesis of water soluble NaYF4:Yb Er and NaYEl:Yb Tm
nanoparticles by surface exchange The As-synthesized hydrophobic
NaYF4: Yb, Er and NaYF4: Yb, Tm nanoparticles with ol eyl am ne surfactant or
shell on their surface as described in Exanple 1.3, were nodified to have a
hydrophilic surface by replacing oleyam ne on the particles' surface with a
bi pol ar regent, polyethylene glycol 600 (HOOC- PEGCOCH). 10 ng of the

. prepared nanoparticles in 1 m hexane and 10 ng of the ligand to be
exchanged in 1 m of ethanol were m%ed and vortexed for 48 h. After
surface exchange, the nanoparticles remained as a clear colloid in

dei oni'zed water, w thout any noticeable settling or precipitation after two
weeks. Examsle 3.2: 'S nthesis water soluble NaYF4:Yb Er and NaYF4:Yb Tm
nanopar pefor€ 200 ¥is bf fethgndt xwhgngédedl NEhé\snariopatticist Weteogblied by

NaYF4: Yb, Erég nanoparélcles wer e, téansforned into hydrophlllc

nanoparP?'&tF' epgnd wisshed Hyee Kimes with B8Xale- on t he nanoparticles' surface
with a bipolar surfactant, 11-am noundecanoic acid (AUA). The nodification

of the TREORRIAGS RANEIBE ORahE YRS nhosHESEs YbteinbHamaish AXRD boi | i ng
0.1 nol /L NaOH. The product, after surfactant exchange, was clear and

st abl e EQAUMS; %}flrmﬁdd@abﬁhgeﬁmppww@ﬁ.we'@um dhe Efgepnd Bhase synt hesi s
wat er EQP,I AA (poly acrylic acid) coated NaYF4:Yb Er and NaYF4:Yb Tm
nano ar es 100 pl each of the ‘core and core-shell (CS) nanoparticles
stock sol utlons as descrlbed in Exa pl e 1 3 were taken into two centrlfuge _
tubes. EXa 4.1 pifn 6 AlaYiFa] 2090 i 1anopatticlesdinytetrasasane ygat i on.
The sup nanopartl cles were rinsed twice with
et hano ol %86“ Hihe RSP 2 i ormed. A second solution of 50ng PAA
(poly acryl ic acid) I mer in_ 2mlL chl orof ormwas then added. The

chl or of &ynthests of| lap2iblrcnanopatiislasmes padormed aeaarding e di ssol ved
in 5m ? W h or vvater resulting in 52 an optically clear solution.
The obt ained fhanbparticles had the structure as shown in Figure 3(a). The
di anmeter of the PAA coat ed nanoparticies was obtained via a dynam cs |ight
scatteriflg t Besnarafion usif ng(GE8HAlYc (CHEEOSMath, er (GipGPRsFIne#nd ( Nano- ZS

from Mal vern H.N‘%nt s). The dianeter of the obtai ned nanoparticles were
30. 25. 24 nm (FPgure

A rare earth chloride solution containing 0.78 mmol of YCls, 0.2 mmol of YbCls
and 0.02 mmol of ErCl; was mixed with 2 ml 25% ammonium hydroxide
solution. White precipitates of rare earth hydroxide were then formed. They
were separated by centrifugation, washed several times with de-ionized water.
The precipitates were then mixed with 1 mmol (0.106 g) sodium carbonate
(NaxCO3) and dissolved completely in 2 ml trifluoroacetic acid (CF3COOH).
After drying at 80°C for 24 h, a mixture of (CFsCOO)sY, (CF3COO)sYb,
(CF3COO):Er and CF3COONa was obtained.

B) The mixture of (CFsCOO)sY, (CFsCOO)sYb, (CFsCOO)Er and
CF3;COONa was dissolved in 4 ml of trioctylphosphine (TOP).

C) In a typical procedure for the synthesis of NaYF4:20%Yb,2%Er
nanoparficles,' 6.4 g tetracosane was heated 1o 385°C under argon protection. 2
ml (0.5 mmol) of the solution obtained in step B was quickly injected into it
through a 5 ml syringe. A sudden decrease of temperature to 340°C occurred.

Heating was restored to 360°C and maintained for 30 min. After the reaction,



~Examile 3.4: S nthesis water soluble PEG hos holi id coated NaYF4:Yb Er
and NaYF4: Yb, Tm nanoparti cl es

1, 2- Di st ear oyl -sn-d ycer o- 3- Phosphoet hanol am ne- N- [ Met hoxy( Pol yet hyl ene
gl ycol )-2000] (Ammonium Salt), also called 18:0 PEG? PE, may be used as a
surface coating to nake the nanoparticles of the present invention water
soluble. Its structure is as seen in Figure 4a. 100 pL of NaYF4: Yb, Er and
NaYF4: Yb, Tm core-shel |l nanoparticles as described in Exanple 1.3, were
precipitated with ethanol and dri ed*&inder vacuum The nanoparticles were
then suspended in 2 nL chloroformwi th 20 ng of phospholipids. After
conpl ete evaporation of the chloroform the residue was heated at 80C and 1
m. of water was added to obtain an optically clear suspension containing
PEG PE thiecmidttee wss ralowetlits cook gewsitoraround 0@ defieretadsiimg wOnmtef | es and

t hose cpntai ni,ng panoparticle th o/ S re r V, W th
centrif S)é?rfeont.o sesoﬁfecet%ﬁr %os%gﬁt a@ﬁ?ﬁg%éﬁgﬁﬁcﬁ@ﬂ%ﬁﬁ% ‘g'grp%l let while
t he enptylietted by esnsifugatidnSTise protiutt whsavashedrseybeah timesswith begarded and t he

nanoparti his can be .il]lustrated

i ¢l esmicelle re re-suspended-i.n wat er..
e obanang &Ml dowder iined s B8 oyl ey e oL SodmI EMBEERos ho | 1 o
coat ed Baefyhhydb Er and NaYF :Yb Tmnano articles with functional rou s such
as -COOH and - Biotin 53 The procedure is simlar to that described in
Exanpl e_3.4, except that a m xture of 18:0 PE&Q PE and PEGPE carboxylic
acid (ofrhSirS?‘Ftl?,"‘%“_ba‘fﬁﬁHﬁ)"atﬁﬁésused, i nstead of single 18:0 PEGQ PE. Their
structures are as shown in Figures 4a and 4b respectively. Exanple 4:.

Conj ugatio Fo(f: BiN%rLD(IC 8 with fl uorescent nanopart i cles For the nethods
under Exag%%%%o ?%e+§§‘d 5 )Erl ( CS)etrafmsgamni cl ﬁ%y?%@iE?ed by the net hod
Tho hiHg€d- g Jartic

in Exanpl g

in Tetracosane nanoparticles

Figufe 18(a) shows the TEM picture of the NaYF4:Yb,Er nanoparticles obtained
| and Figure .18(b) shows the up-conversion fluorescence of the nanoparticles in
hexane. The excitation was with NIR laser source ét 980 nm with a power
density of 1W. Average size of the nanoparticles was 11 nm with narrow size

distribution. Most of the nanoparticles were in the hexagonal phase.

| Example 1.11: Synthesis of NaYF4:20%Yb.2%Er nanoparticles in_{etracosane

with oleylamine as surfactant

6.4 g tetracosane was heated to 300°C under argon protection. 0.5 mmol of
(CF3CO0)sY, (CF;COO)Yb, (CF3COO)3Er and CF3;COONa in 2 ml of
oleylaminé was quickly injected into it through a 5 ml syringe. Aﬁer 1 h of
reaction, the mixture was allowed to cool down to around 70°C before adding
20 ml of hexane to dissolve tetracosane. NaYF4:20%Yb,2%Er nanoparticles
were collected by centrifugation. The product was washed several times with
hexane and the white powder obtained ‘was left to dry in open air at room
temperature overnight. Figure 19 shows the TEM picture of the NaYF:Yb,Er
nanoparticies obtained. The average particle size was 9 nm. Most of the
nanoparticles obtained were in the cubic phase.



Exam sle 4.1: Con u ation of NaYF :Yb Er and NaYF4:Yb, Tm nanoparticies with"
streptavidin Conjugation of PAA coated nanoparticles (with carboxylic acid
group) with streptavidin was obtained by EDC (1-ethyl-3-(3-dinethyl an no :
propyl ) car bodi i m de) - medi at ed coupling. The CS nanoparticles were dissol ved
in 10 mM sodi um phosphate, pH 7.4. 10 ng streptavidin was added to the
nanoparticles suspension followed by 10 ng EDC per mlliliter of the
nanoparticl e/ streptavidin m xture. The carbodiim de was made sol ubl e using
a vortex mxer and allowed to react4%or 2 h at roomtenperature. The
conjugate was then purified by gel filtration using a colum of Sephadex

G 75. Exanple 4.2: Coniupation of NaYF4:Yb, Er and NaYF4:Yb, Tm nanoparticl es
with antibody Conjugation of nanoparticle-m ceI les (with car boxyl i c groups

on t henfxainble duit: [Ryethaesis op blal&4:26th Y5294 : z

obt ai ni ng, P. oated nanoparticles. A carboxyl - PEG DSPE was i-ncorporated in
the CS ﬁ@h&g&%—@%@—ﬁﬁﬁi@@@iratlon It was then activated with

wat er - sol ubl e carbodiimde (EDC) in the presence of
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patter n§ngﬁret2®exsl‘h¥FlZEMQﬂ6tbr92bDﬂEe NaYin\ébiﬁrojmpaytmetsesbtamm Most 1 h

reaction_ gt 300C, 3 0C and 330C respectively, At % of the

nanoparf’?( %a’maét' & YREP ?’Béﬁﬁ%‘ignﬁ8’8&%@?‘?&%&%8%?'r?§‘%§%eri sk) with the

remai ni ng i n hexagonal phase. At 320C, the intensity of hexagonal phase

si gni f | Gxaimplei 2 Syarthesis ofithddfliMs nearly all the nanoparticles were in the

hexagonal phase. Corresponding sharp up-conversion fluorescence enhancement

was obse vedléq,i cra5| ng ) ] r;gnpcles The
HFFA=th O at ed hexagonal

i ne pat#=€
phase ofentigsibd.

For the synthesis of NaYF420%Yb2%Er thin film, a mixture of 1 mmol
CF3COONa, 0.78 mmol of (CF3COO)sY, 0.2 mmol of (CF3COO);Yb and 0.02
mmol of (CF3COOQ);Er was dissolved in butanol and water, and then passed
through a 0.22 pm filter (Millipore) to remove any residue. The precursor was
dipped onto a glass: substrate. A spin-coater was used to spread the precursors
on the glass substrate. After drying, it was sintered in an oven at 500°C for 10
min to obtain the NaYF4:20%Yb 2%Er thin film. Yellow emission was observed

when excited with 980 nm NIR laser as shown by the arrow in Figure 21.

Example 2.2: Synthesis of NaYF,:Yb,Tm thin film with blue fluorescent emission

For the synthesis of NaYF420%Yb2%Tm thin film, a mixture of 1 mmol
CF;COONa, 0.78 mmol of (CFsCO0)3Y, 0.2 mmol of (CF3CO0);Yb and 0.02
mmol of (CF3CO0);Tm was dissolved in butanol and water, and then passed

through a 0.22um filter (Millipore) to remove any residue. The precursor was



Exanpl e 6: Effect of solvent O eylanne, simltaneously as |igand and
solvent, was critical in controlling the formation and size of hexagonal
phase NaYF4 nanoparticl es. Hexagonal NaYFa nanoparticles, as the major
phase, were synthesized with 10 m of ol eyl am ne. However, when a m xture
of -8 mM oleylamne and 2 ml oleic acid was used as |igand/sol vent at 330C
for 1 h, nono-di spersed NaYF4: 20%rb, 2% r nanoparticles with a smaller size
of 8 nmwere obtained. However, nost of particles were in the cubic phase,
as shown in Figure 25 (a) and (b). %h the 55 absence of ol eyl am ne, when 2
m of oleic acid was used as ligand and 8 mM non-chel ati ng 1-oct adecene as
sol vent, only cubic NaYF4: Yb, Er nanoparticles with nuch |arger size (- 28
nm were synthesized (Figure 7 (a) and (b)). The fluorescence efficiency of
t hese | dtpg»ed ohtd b glddseubsifateEA mmcpateriwdsa:secbtpmdnead ﬂ'@dpl@@ﬂrs@rswas still
7.5 tines | er n,t of hex ona art icles § ntial _

t her mal Oarji @iqs§ #ﬁﬁ? 2&&59(3@693' A4S GiRtg nn@”(%ﬁ? ﬁggé Slhset of a
phase t begbn fpr&acﬁan 3H0Gonmensi Gétethe NMJZM‘XB@%’IQ\SHI’]&S fitrh. Bwenatl on of
hexagonal " phase. such phase tr;nm tion r\gar@ obser ved for recursors

in ol ei €MHgSIeN W@?§@§§%’P9N"heﬁ‘ with 980r g NIR laiger fresul @tﬁb%’[ﬂﬁver si on
fluorescent nanoparticles, in particular, hexagonal phase NaYF4: 20%rb, 2%Er

and NaYiEganipidrd 32 6 MineBisf YOR B Hrakif fhm WIS RIEMSdrb st @migBidd | - precursors
CF3C00) 3Tm i n

ol eyl am_ne at 330C. . Th ize was, 10. W t h -a_narrow
si zg di $OF ithetsypthests Fﬁnég%‘%gg’rf% ﬁBT‘ Jﬁ.merﬂ Quxyre \Bgson.g%g%m%ﬂf by dopi ng
wi th Er ef.doo JWW%M&S?W(C%WD)@NB"EWDX)Z%%M (BB0COW)IEaSkas poi nter.
These smallii nanopartl cles were easi| y di spersed in organi c sol vents

pr oduci igsalvedains patanel ansl Wateralansbithan diassehethigyiahosy 8:22H8h elior escence
|t enst Yinifiorb] o BXRAEN ANy resgne Thé ! srolliRer el ifiBeAbRG hogasder cubi c

nanopar I'n particular scence intensity far exceeded t hat
of As- s;subbteaieza"d spirbcaath YWat vbedrto( Spread) thearpmrrsmrel en thaaglasequired

b t L, i
o anetosbetu ARTOEG T ABOSRIRY, b0 aRT UG ot BT RRR AradiiBor
bﬁ exﬁl qircbtedtlcfroforam?hd mctatgelrtheytcff QG%\Wt Er mnp‘ametﬂiddoemmsmswamdl ng bul k
osphor r red usi . ot her me up- conver.si on
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em ssi opopeak of the nanoparticles was smaller by one order of nagnitude.
The decrease of up-conversion fluorescence have 56

Example 2.4: Synthesis of NaYF,4:Yb,Er thin film without using solvent

For the synthesis of NaYF4:20%Yb,2%Er thin film, a. powder mixture of 1 mmol
CF3COONa, 0.78 mmol of (CF3C0OO)3Y, 0.2 mmol of (CF;COO);Yb and 0.02
mmol of (CF3COO)3Ef was pressed onto a glass substrate. It was sintered in an
oven at 500°C for 10min to get the NaYF4:20%Yb,2%Er film. Bright green
fluorescence was observed when excited with a 980 nm NIR laser (result not

shown).
Example 3: Synthesis of water-soluble nanoparticles

The nanoparticles obtained by the methods of Example 1 may be made water-
soluble through surface modification of the nanoparticles by surface exchange
of, replacement of or attachment by a water soluble molecule. Two methods are

described in the examples below.



been reported and studied previously for Y202S: Yb, Er up-conversion
phosphors (XY Chen et al, 2003). Wen the size of the Y202S: Yb, Er phosphors
decreased to 30 nm the up-conversion efficiency was reduced to be about
22% of their bulk counterparts. Wien the size decreased from30 nmto 2 nm
the efficiency rapidly reduced. The decrease in fluorescence efficiency was
attributed to the lack of |ow frequency phonon nodes and restricted
excitation mgration in nano- phosphors The reduction of up-conversion

fl uorescence was also attributed todSthe organic ligand on the surface t hat
guenched the ions for fluorescence (S Heer et al, 2004; S Heer et al,
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particles’ surface with a bipolar redent, polyethylene glycol 600 (HOOC-PEG-

COOH). 10 mg of the prepared nanoparticles in 1 ml hexane and 10 mg of the
ligand to be exchanged in 1 ml of ethanol were mixed and vortexed for 48 h.
After surface exchahge, the nanoparticles remained as a clear colloid in

deionized water, without any noticeable settling or precipitation after two weeks.

Exampie 3.2: ' Synthesis water soluble NaYF.Yb.Er and' NaYF.Yb,Tm

nanoparticles by surface exchange

The As-prepared hydrophobic NaYF4Yb,Er(Tm) nanoparticles were

transformed into hydrophilic nanoparticies by replacing the oleylamine on the

nanoparticles’ surface with a bipolar surfactant, 11-aminoundecanoic acid

(AUA). The modification of 'the nanoparticles was achieved by dispersing them

with AUA in boiling 0.1 mol/L. NaOH. The product, after surfactant exchange
~ was clear and stable colloidal in deionized water or Tris buffer.

Example 3.3: Synthesis water soluble PAA (poly acrvlic acid) éoated
NaYF.:Yb.Er and NaYF4:Yb,Tm nanoparticles '

100 pl each of the core and core-shell (CS) nanoparticles stock solutions as
described in Example 1.3 were taken into two centrifuge tubes. The core and
CS nanoparticles were precipitated by centrifugation. The supernatant was
discarded, and the nanoparticles were rinsed twice with ethanol, dispersed in 4
mi of chloroformed. A second solution of 50mg PAA (poly acrylic acid) polymer
in 2ml chloroform was then added. The chloroform was slowly evaporated via

vacuum, and the residue was dissolved in 5ml of ethanol .or water, resulting in
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hexagonal phase NaYF4: Yb, Er pho_sphors of controlled size and norphol ogy.

Advancethikdiametdr sof lthe PAR-cbb2Ed (hanOparticies was obtained via a dynamics

light scattering technique using a dynamic light scattering instrument (Nano-ZS

from Malvern Instruments). The diameter of the obtained nanoparticles were
30.2+5.24 nm (Figure 23).

Example 3.4: Synthesis water soluble PEG-phospholipid coated NaYF4:Yb,Er
and NaYF..Yb,Tm nanoparticies

1 ,2-Distearoyl-sn-Gchero-3—Phosphoethanolamine—N-[Methoxy(Polyethylene
glycol)-2000] (Ammonium Salt), also called 18:0 PEG2 PE, may be used as a
surface  coating to make the nanoparticles of the present invention water

soluble. Its structure is as seen in Figure 4a.

100 pL of NaYF4Yb,Er and NaYF4:Yb,Tm core-shell nanoparticles as
described in Example 1.3, were precipitated with ethanol and dried under
vacuum. The nanoparticies were then suspended in 2 mL.chloroform with 20
mg of phospholipids. After complete evaporation of the chloroform, the residue
was heated at 80°C and 1 mL of water was added to obtain an optically clear
suspension containing PEG-PE micelles.

" Since this suspension contained both empty micelles and those containing
nanoparticles, the empty micelles were remoVed with cenirifugation. The
micelles containing nanoparticles formed a pellet while the empty micelles
stayed suspended. The supernatant was discarded and the nanoparticies-

micelles were re-suspended in water. This can be illustrated as seen in Figure
3.

Example 3.5: Synthesis water soluble PEG-phospholipid coated NaYF4:_Yb,Er
and NaYF..Yb,Tm nanoparticles with functional groups such as —COOH and -

Biotin



59 Clainms 1. A nethod of preparing at |east one nano-structured material of
formula MLM2Xn conprising the step of treating: at |east one conpound
havi ng .the forrula [ CX3(CX2)n(CH2) mCOQ pM ; and - at | east one conpound
havi ng the fornula [ CX3(CX2),, (CH2) nCO0] pM2; wherein each X is the sane or
different and is selected fromthe group consisting of: halogens, 0, S, Se,
Te, N, P and As; each nis the sane or different and is 0 .10; each mis
the sane or different and is 0.5 m10; each p is the sane or different and
is 15; each ML is the sanme or diffé&nt and is selected fromthe group
consisting of: Li, Na, K, Rb, Cs, Fr, Be, My, Ca, Sr, Ba, Ra and NH4; each
M2 is the same or different and is a metal .ion. 2. The nethod according to
“claim1, wherein M is selected fromthe group consisting of: Sc, Y, La,
Ce, Pr, Thel prétedusnis sinilarda thatojesoyibedidn ERamplend.4vexceptithal .a mixture —

of 18:0 PEG2 PE and PEG2PE carboxyiic acid (or biotin, or amino) was used,
instead of single 18:0 PEG2 PE. Their structures are as shown in Figures 4a

and 4b respectively.
Example 4: Conjugation of biomolecules with fluorescent nanoparticles

For the methods under Example 4, the core-shell (CS) nanoparticles obtained

by the method in Example 1.3 were used.

Example 4.1: Conjugation of NaYF4:Yb.Er and NaYF4:Yb,Tm nanoparticles with
streptavidin

Conjugatioh of PAA coated nanoparticle.s (with.carboxylic acid group) with
streptavidin  was .obtained by EDC  (1-ethyl-3-(3-dimethylamino
propyl)carbodiimidé)—mediated coupling. The CS nanoparticles were dissolved
in 10 mM sodium phosphate, pH 7.4. 10 mg streptavidin was added to the
nanbparticles suspension - followed by 10 mg EDC per milliliter of the
nanoparticle/streptavidin mixture. The carbodiimide was rﬁade soluble using a
vortex mixer and allowed to react for 2 h at room temperature. The co'njugate

was then purified by gel filtration using a column of Sephadex G-75.

Example 4.2: Conjugation of NaYF..Yb.Er and NaYF.:Yb,Tm nanoparticles with
antibody '

Conjugation of nanoparticle-micelles (with carboxylic groups on them) with.
antibody was performed using a method similar to that for obtaining PAA-coated
nanoparticles. A carboxyl-PEG-DSPE was incorporated in the CS nanoparticies
during preparation. It was then activated with water-soluble carbodiimide (EDC)
in the presence of N-hydroxysulfosuccinimide in mildly acidic pH, and the
desired antibody added in mildly alkaline HEPES buffer.



3. The nethod according to claim1 or claim2, wherein the nmethod is for
preparing at | east one nano-structured material of formula MLM2Xn: My
~conprising the step of treating: 60 - at |east one conmpound having the
formul a [ CX3(CX2) 4CH2) nCO013M2; and at | east one conpound having the
formula [ CX3(CX2n( CH2) mCOQ] pMy, wherein each My is the sanme or different
and is selected fromthe group consisting of Sc, Y, La, Ce, Pr, Nd, Pm Sm
Eu, &d, Tbh, Dy, Ho, Er, Tm Yb and Lu; n, m p, X, ML and-M2 are as defined
inclaiml or claim?2; and each q i the sane or different and is 010. 4.
The nethod according to any one of the preceding clainms, wherein M is

sel ected fromthe group consisting of: transition netal ions, inner :
transition nmetal ions, and Goup | to Goup VI netal ions. 5. The nethod
accor di Egampledp: Coajunatiomef Ma¥EeYibiiEr andNay F,Yhdimeinanobarticlesaitng is
~carried t in the presence of at |east one source of energy. 6. The nethod
accordi Q%o claim5, wherein the source of energy is selected fromat -

| east one of the followi ng: |ight source, electric source, thermal source
and magdhjuyationrofeCS nanoparticle-micelles with DNA was obtained by replacing

20% of the mPEG-2000 PE with an amino PEG-PE. DNA contains a disulfide
group at the 5' end. This disulfide bonds were cleaved with dithiothreitol (DTT)
and the oligonucleotide was purified of excess DTT. The DNA was then coupled

to the QD-micelle using Sulfosuccinimidyl 4-(N-maleimidomethyl)cyclohexane-
1-carboxylate. '

Example 5: Effect of temperature

The reaction temperature plays an important role in the synthesis of hexagonal
phase NaYF; nanoparticles. Figure 24 shows the XRD patterns of the
NaYF4:20%Yb 2%Er nanoparticles synthesized in a 1 h reaction at 300°C,
320°C and 330°C, respectively. At 300°C, 80% of the nanoparticles were in the
cubic phase (peaks marked with asterisk) with the remaining in hexagonal
phase. At 320°C, the intensity of hexagonal phase significantly increased. At
330°C, nearly all the nanoparticles were in the hexagonal phase. Corresponding
sharp up-conversion fluorescence enhancement was observed with increasing
temperature in synthesis of nanoparticles. The line pattern in the lower part of
Figure 24 shows the calculated hexagonal phase of NaYF,.

Example 6: Effect of solvent

Oleylamine, simﬁltaneously as ligand and solvent, was critical in controlling the
formation and size of hexagonal phase NaYF,4 nanoparticles. Hexagonal NaYF,
nanoparticles, as the major phase, were synthesized with 10 ml of oleylamine.
Howéver, when a mixture of 8 ml oleylamine and 2 ml oleic acid was used as
ligand/solvent at 330°C for 1 h, mono-dispersed NaYF4:20%Yb2%Er
nanoparticles with a smaller size of 8 nm were obtained. However, most of

particles were in the cubic phase, as shown in Figure 25 (a) and (b). In the



7. Thé nethod according to at |east one of the preceding clains, wherein
the treating is carried out at a tenperature up to 1000C. 8. The net hod
according to any one of the preceding clains, wherein the treating is
carried out at a tenperature of 200C - 400C. 9. The nethod according to
claim8, wherein the treating is carried out at a tenperature of 300C -
350C. 10. The nethod according to claim8 or claim9, wherein the treating
is carried out at a tenperature of 330C. 61 11. The method according to
claimany one of the preceding clai%s, wherein the treating is carried out -
in the presence of at |east one polar or non-polar solvent, or a mxture

t hereof. 12. The net hod according to claim 11, wherein the polar solvent is
selected fromthe group consisting of: water, nethanol, ethanol, propyl

al cohol absericanafl oleylanﬂmmlvherhémhof pleleticideyas Usgd eseliggndcand 8ghlycer ol ,
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ol eic acid, alkyl am.ne, di amé/ amne, trial am ne, al kenyl am ne,
di al kenylHorggesnce tQﬁ'%l?'R‘é/ny‘?f e Jargek yFubli Na AREAT] ”é‘EPHamPlteﬁal kyl

Phosphi QbG8 kY 130801980 Wel® ol 7 tirhéd ke ASRNERE of2hianap! kene.

al kyl eny accor |ng to any one of the
pr ecedl mgncpbartmies wlifferentialt ﬁmrmah«analyslscbﬂrtbel pretarsoss in soleyghmineed from t he
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fromthe group consi sting of: Y, La, Ce, Pr, Nd, Pm Sm Eu, G&d, Tb,
Dy, Ho, obpervegdfonthe preryrgors in olelc acid.

Discussion

In summary, infrared-to-visible up-conversion fluorescent nanoparticles, in
particular, hexagonal phase NaYF420%Yb2%Er and NaYF4:20%Yb2%Tm
~were synthesized by decomposition of multi-precursors of CF3;COONa,
(CF3C00)3Y, (CF3C00)3Yb and (CF;COO)3Er / (CF3COQO)3Tm in oleylamine at
330°C. The average particle size was 10.5 nm with a narrow size distribution of
+0.7 nm. Green or blue emission was observed by doping with Er or Tm,
respectively, even with only a 5 mW, 980 nm laser pointer. These small
nanoparticles were easily dispersed in organic solvents producing a transparent .
colloidal solution. The up-conversion fluorescence intensity of the hexagonall
nanoparticles was high compared to other cubic nanoparticles. In particular, the
fluorescence intensity far exceeded that of As-synthesized cubic NaYF;;:Yb,Er
(37 nm) nanoparticles that required subsequent high temperature annealing to
achieve the hexagonal phase transformation (GS Yi et al, 2004). These features

of the nanoparticles may be exploited for application as bio-probes.

Compared to corresponding bulk phosphors (prepared using hydrothermal
method), the up-conversion fluorescence output as determined by the
integrated intensity pf the emission peak of the nanoparticles was smaller by

one order of magnitude. The decrease of up-conversion fluorescence have



15. The nethod according to claim 14, wherein the nano-structured materi al
is NaYF4. 16. The nethod according to any one of clains 3 to 15, wherein the
nano-structured material is selected fromthe group consisting. of:

NaM2F4: My, Li M2F4: My, KMRF4: My, RbM2F4: My, CsM2F4: My, BeM2F5: My,

Be(M2) 2F8: My, MJMRE5: My, Mg(MR) 2F8: My, CaM2F5: My, Ca( M) 2F8: My, Sr M2F5: My,
Sr (M) 2F8: My, BaM2F5: My, Ba( M) 2F8: My, wherein each M2 is the sane or
different and is selected fromthe group consisting of: Sc, Y, La, Ce, Pr,
Nd, 62 Pm Sm Eu, Gd, Th, Dy, Ho,°&r, Tm .Yb and Lu, and each My is the
same or different and is selected fromthe group consisting of: Yb, Er, Tm
and Ho. 17. The nmethod according to claim 16, wherein the nano-structured
material is NaYF4:Yb, Er, NaYF4:Yb, Tm or NaYF4: Yb, Ho. 18. The net hod '
accor di hgenhoeporiedand studidtepreviovslyifonY #0251, Erwipecenversior phosphasist one

conmpoun f for nul 3{(n6:X2 m gr oup
consi st ?%8% % g\&f@?&%ﬁg %9%E§h§%®g%pégﬁag % any one

of the po @t)eﬁkhnﬂwechmd@savendmf efficienbe wats ﬂeelaséd Qoé)ecabqnmﬂﬂ%crff their mul a

( GraCo0) oo SRHINTBRTEONNSD NS ZEer I Rt A ACeP e 08 45 *BRERGY cl ai ms 3
to 19, whsiHR redlib&d.athd @86tea@BEn mwaﬁc@feﬁfcwnwlmé ehAhEEsa )io (th2) NMCOO pMy
is selected fromthe group consistin (CF3C00) 3Yb, (CF3C00) 3Er, :

( CF3000)l3dnefdaw frearsagy pheren mpd e?ﬁégmtﬁ%d@%@ MEIgratiomip RAe-of t he
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sel ecte m the group consi . hexagonal , cubic, tetragonal,
r hombohdble alrganie digand @mbthe, subacsct ahmlencheobthawIQﬂSaf@d fiworaseaneafPon

thereol oer et al, 2004; S Heer et al, 2003)



22. The nmethod according to claim 21, wherein the nano-structured nateri al
has a hexagonal structure. 23. The nethod according to any one of the
precedi ng clai ns, wherein the nano-structured material conprises at |east
one di mension of size < 50 nm 63 25. The nethod according to any one of

t he preceding clains, wherein the nano-structured material conprises at

| east one dinmension of size 10 nm 26.The nmethod according to any one of

t he preceding clains, wherein the nano-structured material conprises at .

| east one di nensi on of size 5 hm 2P/The met hod ‘according to any one of the
precedi ng cl ai ns, wherein the nano-structured material is in the formof:
nanoparticl e(s), nanofilmor nonolith. 28. The nethod according to claim27,
wherein the nanoparticle(s) conprise core nanoparticl e(s) and/or core-shel
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29. The nethod according to claim27 or claim28, wherein the nanoparticle
isinthe formof a core nanoparticle, and the nethod further conprises
appl ying at | east one organic and/or inorganic naterial (shell) on the
core, to obtain a core-shell nanoparticle(s). 30.The nmethod according to
claim27 or claim 28, wherein the nanoparticle is in the formof a core
nanoparticle, and the nanoparticle further conprises at |east one organic
and/ or -inorganic material (shell) %ggéied on the core, to obtain a _
core-shell nanoparticle(s). 31. The thod according to claim?29 or claim
30, wherein the shell material has the formula MLM2Xn or M M2Xn: My, wherein
"ML, M2, X, n and My are as defined in any one of clains 1 to 3. 32. The

met hod according to claim?29 or claim30, wherein the organic shel

mat er i a¥i, GoBpLiskE., at all xghesisn Eharacigneationgang Biplagicalmpplieatigniof Blze; or a
combi nabbAfbillNerbbrystafifle RAYELPD EFIhafBARLiRle ib-EanvekAilTPRdsphiier €i n the
at | east one po ynﬁy I's selected fromthe group consisting of: pol ystyrene
(PS), pUPV%#ﬁ@Véﬂé“@ﬁé¥?6§@P9hethyl met hacryl ate (PMVA) and pol yl actic acid
(PLA). 34. The nethod according to any one of clainms 29 to 31, wherein the
i nor gangeng M), SRUET LiaZ. HCONRA | ROS  arliaM VD)., LSykBfedis MM ’dpcomeldiért, CsM2F4,

BeM2F5,  Be( M2) 2F8, MPFS a GaMRES, | Ca( 2F8 r MF5, . Sr (M) 2F8, .

BaLnF5, '“Bﬁ%ﬁf%%%ﬁfz ¥39WE?%%§&N3%2¥FF%W%3?“WE%ES %@Eﬂtﬁﬂ"?dsﬁbz&:?“‘i\/zm , |

M20Br, MosholddyPAA&EBcedWaterdals 18,1M912128 200 sanme or different and is

selected fromthe group consisting of: Sc, Y, La, Ce, Pr, Nd, Pm Sm Eu,

&d, Tb, Dy, Ho, Er, Tm Yb and Lu; Si02; Ti02; ZnS; or a conbination

t hereof. 35. The nethod according to any one of clains 28 to 34, wherein

‘the shell is applied continuously or discontinuously on the core. 36. The

met hod according to any one of the preceding clains, wherein the at |east

- one nano-structured material is at |east one nanoparticle and the average
di aneter of the nanoparticle(s) is < 50 nm



37. The nethod according to any one of the preceding clains, wherein the at

| east one nano-structured material is at | east one nanoparticle and the
average di aneter of the nanoparticle(s) is 10 nm 38.The method accordi ng
to any one of the preceding clains, wherein the nano-structured material is
hexagonal phase NaYF4. 39. The nethod according to any one of the preceding
clai ns, wherein the nano-structured material is hexagonal phase _ '
NaYF4: Yb, Er, - hexagonal phase NaYF4:Yb, Tm or hexagonal phase NaYF4: Yb, Ho.

65 40. The nethod according to any dte of the preceding clains, wherein the
surface of the nano-structured material is nodified by adding at |east one
surfactant, lipid, polyner, inorganic material, or a mxture thereof. '
41. The met hod according to any one of the preceding.clains, wherein the

sur f aceCl@imshe nano-structured material is nodified by adding at |east one
surfactant. 42. The nethod according to claim4l, wherein the at |east one

surfact anty hasnbar S predatihg &t RA§Boht nano-structured material of formula
MiMoX,, comprising the step of treating:

- at least one compound having the formula [CX3(CXz2)n(CH2)mCOO],M;;
and

- atleast one compound having the formula [C)(a(CXQ)n(CHg)mCOO]pMzﬁ
wherein

each X is the same or different and is selected from the group consisting of:
halogens, O, S, Se,, Te, N, P and As;

each n is the same or different and is 0<n<10;
each m is the same or different and is 0<m<10;
each p is the same or different and is 1<p<5;

each My is the same or different and is selected from the group consisting
of: Li, Na, K, Rb, Cs, Fr, Be, Mg, Ca, Sr, Ba, Ra and NH;;

each M2 is the same or different and is a metal ion.

- 2. The method according to claim 1, wherein M, is selected from the group -
consisting of: Sc, Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb
and Lu.

3. The method according to claim 1_Or claim 2, wherein the method is for
preparing at least one nano-structured material of formula MiM2Xn:Mq

comprising the step of treating:

-  atleast one compound having the formula [CX3(CX2)n(CH2)mCOO]My;



R5 - (CJFIk)s-(CzFlwy- R6 R2R4 (Formula 1) wherein each J is the sanme or
different, and 19; each Kis the sane or different, and 09; . each s is the
~sanme or different, and 09; each Z is the sane or different, and 19; each W

is the same or different, and O .1. A/ 9; each y is the sane or different,
and 0 y <9; :

60
- at least one compound having the formula [CX3(CX2)n(CH2)mCOO],Mz;

and

- at least one compound haVing the formula [CX3(CX2)n(CH2)mCOO]M,,
- wherein ' ' )

~ each M, is the same or different and ié selected from the group consisting of
Sc, Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu; '

n, m, p, X, My and M, are as defined in claim 1 or claim 2; and
each q is the same or different and is'0$qs10.

4. The method according to any one of the preceding claims, wherein M is
selected from the group consisting of: transition metal ions, inner transition

metal ions, and Group | to Group VI metal ions.

5. The method according to any one of the preceding claims, wherein the

treating is carried out in the presence of at least one source of energy.

6. The method according to claim 5, wherein the source of energy is selected

from at least one of the following: light source, electric source, thermal
source and magnetic source.

7. The method according to at least one of the preceding claims, wherein the
treating is carried out at a temperature up to 1000°C.

8. The method according to any one of the preceding claims, wherein the
{reating is carried out at a temperature of 200°C - 400°C.

9. The method according to claim 8, wherein the treating is carried out at a
temperature of 300°C - 350°C. |

10.The method according to claim 8 or claim 9, wherein the treating is carried

out at a temperature of 330°C.



each al, R2, R3, R4 and R5 is the sanme or different, and is independently
selected fromthe group consisting of: 11, substituted or unsubstituted

C -C6 al kyl, substituted or unsubstituted C1-C6 aryl, HS, COOH, NH2 and OH
66 each R6 is the same or different, and is selected fromthe group
consisting of: COOH, NH2, OH, P=0 and P; with the proviso that s + y < 10.
43. The nmet hod according to claim4l or claim42, wherein the surfactant is
hydr ophi | i ¢, hydrophobi c and/ or anpgiphilic. 44. The met hod accordi ng to. any
one .of the preceding clains, wherei 1a bi onol ecule is attached to the
nano-structured material. 45. The nethod according to claim44, wherein the
bi.onol ecul e is sel ected fromthe group consisting of: protein, nucleic

aci d, nucl eosi des, nucl eotides, DNA, hornone, amno acid, pep tlde .

pept i donl héhe metMaccpqrgnns to glaimrany, ongnef the dyecasting plabns. mﬂwemdh%m i pid,
sterol, vijamns E§H|e8tc§lﬂn§1nlhtet feseh& gﬁ@fqﬁaéteoné ¥ ddhéﬁg)ﬂé"f‘” de,
nnnosaccharlc |gopep I de ypept| I gosacchari de, polysaccharide
and a m xt aol&emtheramxtumthereafno structured material obtainable by the

met hod according to any one of clains 1 to 45. 47. A nano-structured

mat eri al | 05 o 3,
wherein ﬁ?rh%%o s?r%%mm%wna ep{jciifl %%réalﬂhtggap onar'gltlgltqﬂt ?’ce strgcture and
conpri ses #&bnl dhestgrome atinsistiag oof: okater, zmemaﬁblmethand hptapy! @aohioko t hat the

nano-struc u[ %gl ngérﬁanal h|e§<ap\8It Il‘e ('):r?e Ygth)EI ene gI::c)’:ol bglvgerg ,%r%ﬁ?le?(‘é m

glycol; polyethylene glycol, ethyl acetate and a combination thereof.

13. The method according to claim 11, wherein the non-polar solvent is selected
from the group consisting of: oleylamine, octadecene,  oleic acid, alkyl
amine, dialkyl amine, trialkyl amine, alkenyl amine, dialkenyl amine,
trialkenyl amine, alkyl acid, alkenyl acid, triélkyl phosphine, trialkyl

. phosphine oxide, trialkylphosphate, alkane, alkene, alkyl ether, alkenyl

ether.

14. The method according to any one of the preceding claims, wherein the
nano-structured material is selected from the group consisting of: NaMzFa,
LiMoF4, KMoF4, RbMoF,, CsMaF4, BeMaFs, Be(M2)2F8, MgMzFs, Mg(M:)2Fs,
CaMyFs, Ca(Mg).Fs, SrMzFs, Sr(Mz)Fs, BalnFs, Ba(Mz).FeMaFs, wherein
each M, is the same or different and is selected from the group consisting of:
Sc, Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu.

15.The method according to claim 14, wherein the nano-structured material is
NaYF.. "

16.The method according to any one of claims 3 to 15, wherein the nano-
structured material is selected from the group consisting of: NaMzF4:Mq,
LiMoF4:Mg, KM2F4:Mq, RbMzF4Mg, CsMaFs:Mg, BeMaFs:M,, Be(Mz)oFs:Ma,
MgMoFs:Mg,  Mg(Mz)oFg:Mg, CaMaFs:iMg,  Ca(M2)Fe:Mg,  SrMaFs:Mg,
Sr(Mo)aFs:Mq, BaMaoFs:Mg, Ba(My)2Fs:Mg, Wherein each M is the same or
different and is selected from the group consisting of: Sc, Y, La, Ce, Pr, Nd,



48. The nano-structured material according to claim47, wherein the at

| east one dinension is of sizel0 nm 67 50. The nano-structured materi al
-according to any one of clainms 47 to 49, wherein the nano-structured
"material is hexagonal phase NaYF4: My. 51. The nano-structured materi al
according to claimb50, wherein NaYF4: My i s NaYF4: Yb, Er, NaYF4: Yb, Ho or
NaYF4: Yb, Tm 52. An article of nmanufacture conprising the nano-structured
mat eri al ‘according to any one of clains 46 to 51. 53.The article of ,
manuf acture according to claimb52, @ferein the article of manufacture is at
| east one of the follow ng: a display device, a solar cell, an optical data
storage, a bio-probe, a carrier for drug delivery, a lanp, a LED, a LCD, a
wear resistance, a |aser, optical anplifier, and/or a device for '
bi oi magi ngPm58mA Bui, Gdc dhpPy siHagEatTn.eés andhu, artheach Mgds theeghmeaoer i al

55 The w1 ie@RY afip iscied i dfup Lo RERE of SRERR BB S0 S0 11 om

~ the group consisting of: protein, nucleic acid, nucleosides, nucleotides,
DNA, horli7ofies naetiotb aeekrdingde ptlaide 16 pepereaiv theveane-stridtared materjal 8 bumi n,

Car bonyer NEVPERR e NATE BT bR Yo ot 0. 01 gopept i de,

pol ypepti de, oligosaccharide, polysaccharide and a m xture thereof. 56.A
bi o- i magisnpheuntstbod biccerdirigeiot amyn osg sifethre qoepedisg ctEims, wherein the at

least one compound of formula [CX3(CX2)n(CH2)mCOO],M is selected from
the group consisting of: CF3COONa and CF;COOL..

- 19.The method according to any one of the preceding claims, wherein the at
least one compound of formula [CX3(CXz2)x(CH2)mCOO],M: is selected from
the group consisting of: (CF3COQO)s;Y and (CF:COO)sLa.

20.The method according to any one of claims 3 to 19, wherein the at least one
compound of formula [CX3(CXz)n(CH2)mCOO]My is selected from the group
consisting of: (CF3COO);Yb, (CF3COO)3Er, (CFsCO0);Tm and
(CFsCOO)gHo. "

21.The method according to any one of the preceding claims, wherein the
nano-structured material has a structure selected from the group consisting
of: hexagonal, cubic, tetragonal, rhombohedral, orthorhombic, monoclinic,

triclinic and a combination thereof.

22.The method according to claim 21, wherein the nano-structured material has

. a hexagonal structure. .

23.The method according to any one of the preceding claims, wherein the

nano-structured material comprises at least one dimension of size < 50 nm.

24.The method according to any one of the preceding claims, wherein the

nano-structured material comprises at least one dimension of size < 25 nm.



- at least one nano-structured material prepared fromthe nethod according
to any one of claims 1 to 45; - at |east one bionolecule; - at |east one
- source of excitation; and 68 - at |east one nmeans for delivery of the
source of excitation to the system 57. The system according to clai m 56,
wherein the bionolecule is selected fromthe group consisting of: protein,
nucl ei ¢ acid, nucl eosides, nucleotides, DNA, hornone, am no acid, peptide,
peptidomi-netic, RNA, |ipid, album'n6 ant i body, phospholipids, glycolipid,
sterol, vitam ns, neurotransmtter, %arbohydrate; sugar, disaccharide,
nonosacchari de, oligopeptide, polypeptide, oligosaccharide, polysaccharide
and a m xture thereof. 58. The system according to claimb56 or claim57,
wherein the source of excitation is NIR 59. The system according to claim
58, whePl8&ithe teethpek gcsorting do aiy ose. of THhe Bipsedindaclainsli whered dhg one of
clains 56 ' : dﬁﬁa (el | : : excitation
to the- sys’ﬁ%n‘%slaguegg‘lagﬁ%ﬁh%fcom esgéﬁé%%?égﬁgﬁ?ﬁ%ﬁ §f§l§%l§tr ?g;’; fibres,

endoscopes, external |ight and external |aser.
26.The method according to any one of the preceding claims, wherein the

nano-structured material comprises at ieast one dimension of size < 5 nm.

27.The method according to any one of the preceding claims, wherein the
nano-structured material is in the form of: nanoparticle(s), nanofilm or
monolith.

28.The method according to claim 27, wherein the nanoparticle(s) comprise

core nanoparticle(s) and/or core-shell nanopérticle(s).

29. The method according to claim 27 or claim 28, wherein the nanoparticle is in
the form of a core nanoparticle, and the method further comprises applying
at least one organic and/or inorganic material (shell) on the core, to obtain a
core-shell nanoparticle(s).

- 30.The method according to claim 27 or claim 28, wherein the nanoparticle is in
the form of a core nanoparticle, and the nanoparticle further comprises at
least one organic and/or inorganic material (shell) applied on the core, to
obtain a core-shell nanoparticle(s).

31.The method according to claim 29 or claim 30, wherein the shell material
has the formula _M1M2Xn or MiM2Xn:Mq, wherein My, Mz, X, n and My are as

defined in any one of claims 1 to 3.

-32.The method according to claim 29 or claim 30, wherein the organic shell
material comprises at least one polymer, a surfactant or a lipid, or a
combination thereof.



61. A nethod of nodifying at |east oné'hydrophobic structure to nake it
hydr ophilic, conprising applying at | east one nodifier on the structure

surface to make a structure-nodifier conplex,

sur f act
accordi

the structure surface, and further a second hydrophilic nmodifier to make a
structure-first nodifier-second nodifier conplex,

ant, lipid, polymer and/or inorganic material. 62. The net hod
ng to claim®61l, conprising applying at |east one first nodifier on

and wherein the nodifier is

and wherein the first -

and/ or second nodifier is a surfact&ht, Ii pi d, polyner and/or jnorganic

material. 63. The nethod according to claim®61 or claim62, conprising

| east one hydrophilic surfactant on the structure to nmake a

Fg)_l ex. 69 64.The method according to any one of
inghdo salaitne Bdr avhieseinhlbenaln lpast onet Rolymends er i al

one. nano- <190y A e o Siyeitebbrd boiychd IO BoREUBIGRARER

appl yi ng at
structure-surfactant co

cl ai.ne
accordi

8. the essthoezaso

at
f

| east

treating apolymatityl nrethawylpey(RPMWAY and polyactioacid @LALX3( CX2) n( CH2) nCOQ| pM2
presence of at |east one source of energy, wherein -each X is the

227 L Vo SRR o PRS00 . T Pl 557

in the

- sane or

shell material comprises: NaMaF 4, LiMoF 4, KMaoF 4, RbMaF 4, CsMaF 4, BeMyFs,
Be(M2)2F8, MgMaFs, Mg(Mz)oFs, CaMFs, Ca(Mz)Fs, SrMzFs, Sr(M2)qFs,
BaLnFs, Ba(Mz)2FsM2F3, MaF3, MaCls, M2Brs, Mals, M2FCIBr, M,OF, M,OCl,
M.OBr, MoOS, (M2).S3s, wherein each M, is the same or different and is
selected from the group consisting of: Sc, Y, La, Ce, Pr, Nd, Pm, Sm, Eu,
Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu; SiOz; TiOy; ZnS; or a combination

thereof.

35.The method according to any one of claims 28 to 34, wherein the shell is

applied continuously or discontinuously on the core.

- 36.The method according to any one of the preceding claims, wherein the at

least one nano-structured material is at least one nanoparticle and the

average diameter of the nanoparticle(s) is < 50 nm.

37.The method according to any one of the preceding claims, wherein the at
least one nano-structured material is- at least one nanoparticle and the

average diameter of the nanoparticle(s) is < 10 nm.

38.The method according to any one of the preceding claims, wherein the

nano-structured material is hexagonal phase NaYF,.

39.The method according to any one of the preceding claims, wherein the
nano-structured material is hexagonal phase NaYF4:Yb,Er, hexagonal phase
NaYF4:Yb,Tm or hexagonal phase NaYF4:Yb,Ho.

a



each mis the sane or different and is O m10; each p is the sane or.
different and is5; and each M2 is the sanme or different and is a netal ion.
66. The net hod according to claim®65, wherein each M is the sane or
~different and is selected fromthe group consisting of: Sc, Y, La, Ce, Pr,
~Nd, Pm Sm Eu, G, Tbh, Dy, Ho, Er, -Tm Yb and Lu. 67. The met hod accordi ng
to claim65.or claim66, wherein the nethod is for preparing at |east one
nano-structured rmaterial of fornmula M2Xn: My conprising the step of
treating: at |east one conpound havfthg the formula [ CX3( CX2) n( CH2) mCOO pMe;
‘and at | east one conpound having the fornula [ CX3(CX2)n(CH2) nCOQ| pMy;
in the presence of at |east one source of energy and wheréin 70 each My is
the sane or different and is selected fromthe group consisting of Sc, Y,
La, Ce, 40rTheNmetirod aBcprdiitg tedanyTone D, theiopreBedingnglaivis, anbenein the m p, X
and M ar % cgggf'dﬂg%%-ﬁl'ﬁtﬁpeg%g{erigll i mogﬁlede@fgdginbsattlggsts&q@ or.

di fferent
surfactant, lipid, polymer, inorganic material, or a mixture thereof.

41.The method according to any one of the preceding claims, wherein the

surface of the nano-structured material is modified by adding at least one
surfactant.

42.The method according to claim 41, wherein the at least one surfactant has

Formula (I):
R R
R® — (CyHK)s-(CzHw)y - R° (Formula )
Lok
wherein

each J is the same or different, and 1 sJéQ;
each K is the same or different, and 0<K<9; .
each s is the same or different, and OSSSQ;
each Z is the same or different, and 1 sZsQ;

| each W is the same or different, and 0<W<9;
each y is the same or different, and 0<y<9; |

each R', R%, R?, R* and R® is the same or different, and is independently
selected from the group consisting of: H, substituted or unsubstituted C4-Cg
alkyl, substituted or unsubstituted C4-Cs aryl, HS, COOH, NH2 and OH;



68. The met hod according to any one of clains 65 to 67, wherein each M2 is
the sane or different - and is selected fromthe group consisting of:
transition nmetal ions, inner transition nmetal ions, and Goup | to Goup VI
nmetal ions. 69. The nethod according to any one of clains 65 to 68, wherein
the at | east one source of energy is selected fromat |east one of the
follow ng: |ight source, electric source, thermal source and magnetic
source. 70. The nethod according to_any one of clains 65 to 69, wherein the
treating is carried out at a tenperQ?ure up to 1000C. 71. The net hod
according to claim70, wherein the treating is carried out at a tenperature
of 200C - 400C. 72. The nethod according to claim 71, wherein the treating
is carried out at a tenmperature of 300C - 350C. 73. The method according to-
claim 72, ®AehBers theesameariditierest, aadris sglesiad Homathesgfpup sonsisting 330C.  74.

The net hodoﬁw@qié@g%t?hflpa_io@@p. one of clains 65 to 73, wherein the

treating is carri n the presence of at |east one polar or non-polar
solvent, or a mixture thereof. 71 butanol, pentanol, hexanol, ketone,

et hyl ene gWtbdhe pepvissetnet s +af 5391 ene gl ycol , pol yet hyl ené gl ycol , et hyl
acetate and a conbi nation thereof.

43.The method according to claim 41 or claim 42, wherein the surfactant is

hydrophilic, hydrophobic and/or amphiphilic.

44.The method according to any one of the preceding claims, wherein a

biomolecule is attached to the nano-structured material.

45.The method according to claim 44, wherein the biomolecule is selected from
the group consisting of: prdtein, nucleic acid, nucleosides, nucleotides, DNA,
hormone, amino acid, peptide, peptidomimetic, RNA, lipid, albumin,
anﬁbody, phospholipids, glycolipid, sterol, vitamins, neurotransmitter,
carbohydrate, sugar, disaccharide, monosaccharide,  oligopeptide,

polypeptide, oligosaccharide, polysaccharide and a mixture thereof.

- 46.A nano-structured material obtainable by the method according to any one -
of claims 1 to 45.

47.A nano-structured material of formula M1M2X,:Mg as defined in any one of
claims 1 to 3, wherein the nano-structured material has a hexagonal lattice
structure and comprises at least one dimension of size < 50 nm, with the
proviso that the nano-structured material is not LaF3:Yb,Er, LaFs:Yb,Ho or
LaF3:Yb,Tm. '

48.The nano-structured material accordin_g to claim 47, wherein the at least one

dimension is'of size < 10 nm.

49, The nano-structured material according to claim 48, wherein the at least one

dimension is of size < 5 nm.



76. The met hod according to claim 74, wherein the non-polar solvent is

sel ected fromthe group consisting of: ol eylanine, octadecene, oleic acid,
al kyl am ne, dialkyl amne, trialkyl am ne, al kenyl am ne, dial kenyl am ne,
.trialkenyl am ne', alkyl acid, alkenyl acid, trialkyl  phosphine, trialkyl
phosphi ne oxi de, trlalkylphosphate -al kane, al kene, al kyl ether, alkenyl

et her and a -conbination thereof. 77.The nethod according to any one of
clains 65 to 76, wherein the nano-structured nmaterial is selected fromthe
group consi'sting of: MF3, MC 3, MBr3, M13, MFC Br, MOF, MOCI, MOBr,
M20S, (M)2S3, wherein each M2 is the sane or different and is sel ected
fromthe group consisting of: Sc, Y, La, Ce, Pr, Nd, Pm Sm Eu, G, Tb,
Dy, Ho, Er, Tm Yb and Lu. 78. The nmethod according to claim77, wherein

t he nane Stieu pano-ettuotired imdterial baéd@dingeted anEddi®s of FSaiors ¥OFto 49, The net hod

- di f 67t whe , ict ur ed
mator | ol ARERIE AT TSSHPRRRS B i Rer AP TR Par N, \ECL3: M,

. MeBr3: My, M213:My, MFCIBr: My, I\/QCF Mj, MPOCI: My, MROBr: My, M2OB: My,
(M) 2335Whé/\/ﬁ§h@-lsfruetaﬁéd Watérialt dssosding torclalinf 5@ aheraimNa¥Fgd) éct ed from

the group r, Nd, Pm Sm Eu, &, Tb, Dy, Ho,
Er, Tm Ytﬁ%ﬂé %Ertngﬂ M$b1*i° grellfl%gfgﬁb ﬁ%mthe -group consi sting of: Yb,
Er, Tmand Ho. 80. The nmethod according to claim79, wherein the

nano- st ppcAn bRkIdTet Bahafactuve YelnpYiing' the Inahd-stiactured Gedtsrialtadcordingl F3: Yb, Er,
YF3: Yb, Er, YOF: Yb, TmlaILaFS Yb, Trn, CeF3:Yb, Tm GJF3:Yb, Tm or YF3: Yb, Tm

to any one 'of claims 46 to 51.
53.The article of manufacture according to claim 52, wherein the article of
manufacture is at least one of the following: a display device, a solar cell, an
optical data storage, a bio-probe, a carrier for drug delivery, a lamp, a LED,
-a LCD, a wear resistance, a laser, optical amplifier, and/or a device for bio-

imaging.

54.A kit comprising at least one nano-structured material according to any one

of claims 46 to 51 and at least one biomolecule.

55.The kit accordihg to claim 54, wherein the biorholecule is selected from the
group consisti'ng of: protein, nucleic acid, nucleosides, nucleotides, DNA,
hormone, amino acid, peptide, peptidomimetic, RNA, lipid, albumin,
antibody, phospholipids, glycolipid, sterol, vitamins, neurotransmitter,

- carbohydrate, sugar, disaccharide, monosaccharide, oligopeptide,

polypeptide, oligosaccharide, polysaccharide and a mixture thereof.
56. A bio-imaging and/or bio-detection system comprising:

- at least one nano-structured material prepared from the method according

to any one of claims 1 to 45;
- at least one biomolecule;

- at least one source of excitation; and



72 81. The method according to any one of clainms 65 to 80, wherein the at

| east one conpound of formula [CX3(CX2)n(CH2) nCOOL. M2 is selected fromthe
group consisting of: (CF3C00)3Y and (CF3C00)3La. 82. The nethod according
to any one of clains 67 to 81, wherein the at |east .one conpound of fornula
[ CX3(CX2) n(CH2) nCOJ pMy i s sel ected fromthe group consisting of:

(CF3C00) 3Yb  and (CF3C00) 3Er. 83. The nethod according to any one of clains
65 to 82, wherein the nano-structured material has a structure sel ected
fromthe group consisting of: hexag@ﬁal , cubic, tetragonal, rhonbohedral,
orthorhonbic, monoclinic, triclinic and a conbi nation thereof. 84.The

met hod according to any one of clains 65 to 83, wherein the nano-structured
mat erial conprises at | east one dinmension of size < 50 nm 85. The net hod
~accordi ng t et leagt onemsansfer dalivey afdhgsoursraf exeitation tadne syatelict ur ed

mat erial corrprl ses at |east one dinmension of size 25 nm 86. The net hod.

accor di Bg +Re eyéieﬁﬂécc%Fdiﬁ % BBirfi 6t Whﬁ?em‘fﬁ%ﬁ%‘nﬁblé&ﬁe RABQe b YRS ed

mat er i aI conprises at |eaSt one di rension Sl ze nm 87. The net hod
accor di ng the grayp caesistingcofapreseio hucleig @cidihuclepaideacnucientidest PN ur ed

material ig,ifhdde hiid" Qdia, NGEHIRE! L h&tRloMimellE"N BRINAM Mid T8l
antibody, phospholipids, glycolipid, sterol, vitamins, neurotransmitter,
carbohydraté; sugar, disaccharide, monosaccharide, oligopeptide,

polypeptide, oligosaccharide, polysaccharide and a mixture thereof.

58.The system according to claim 56 or claim 57, wherein the source of

excitation is NIR.
59.The system according to claim 58, wherein the NIR is at 980 nm.

60.The system according to any one of claims 56 to 59, wherein the means for
delivery of the source of excitation to the system is selected from the group

consisting of: optical fibres, endoscopes, external light and external laser.

61.A method of modifying at least one hydrophobic structure to make it
hydrophilic, comprising applying at least one modifier on the structure
surface to make a structure-modifier complex, and wherein the modifier is a

surfactant, lipid, polymer and/or inorganic material. .

~ 62.The method according to claim 61, comprising applying at least one first
modifier on the structure surface, and further a second hydrophilic_: modifier
to make a structure-first modifier-second modifier complex, and wherein the
first and/or second modifier is a surfactant, lipid, polymer and/or inorganic

material.

63.The method according to claim 61 or claim 62, comprising applying at least
one hydrophilic surfactant on the structure to make a structure-surfactant
complex. -



88. The method according to claim87, wherein the nanoparticle(s) conprise
core nanoparticle(s) and/or core-shell nanoparticle(s). 89.The nethod
according to claim87 or claim88, wherein the nanoparticle is in the form
of a core nanoparticle, and the nethod further conprises applying at |east
one organi c -and/or inorganic material (shell) on the core, to obtain a

- core-shell nanoparticle(s). 73 90.The nethod according to claim87 or

cl ai m 88, wherein the nanoparticle i.s in the formof a core nanoparticle,
and the nanoparticle further conpri®es at |east one organic and/-or
inorganic material (shell) applied on the core, to obtain a core-shell
‘nanoparticle(s).: 91 . The net hod according to any one of clains 88 to 90,
~wherein the shell material has the formula MIM2Xn or M M2Xn: My, wherein M,
M2, X, 644ie rvgthedeacesrdirg tonaty one afslaiorsee6bio §38,avimareih the sBuctureisai ns 65 to
67. 92. The_nethod, according to_claim or, cl ai.m 90 jerein the organic-.
shel | mat SP? 5?”%'5%?&5%@"@?erlazﬁgﬁorgwgqgﬁwr?ti‘re,Of?%@?ﬁyﬁéﬁt or a lipid, or
a conbi nation thereof. 93. The nethod according to claim92, wherein the at
| east 0885.Halejet of prepating btlkdadtr ame hireo-giroctprezbmsaiesial offfoahulagdbXist yr ene

(PS), polyethyl|lene, (P I t hyl, nmet hacrylate (PM MA) . an olyl actic

aci d (PLA)C.O"@}ﬁ!SﬂQe“}?eg?Ba&;*E%%F‘Qi %tg'eﬁat s HH’°HP8cﬂaé(fr|9)s“‘§9P°1"§'“ . wherein
t he inor QE[G'D(%‘%@Q%I(C OpM, GBI Ire Ssrice st st bh&/BbdrceldfiinérgyROM2F4,
CsM2F4, BeM2Fb, Be( M2)2F8, MgMRF5, My( MR) 2F8, CaMRF5, Ca(M2)2F5, SrMRF5,
Sr(M) 2F8, .BaLpF5, Sa(M2)2F8MRF3, M2F3, M2C13, M2Br3, M2l3, MRFCIBr, MROF,
MO, MeOMieTeilpos, (MR) 2S3, wherein each M2 is the same or different and
is selected fromthe group consisting of: Sc, VY, La, Ce, Pr, Nd, Pm Sm

Eﬁ, Gd% Tg%ao;?srllx idthe Sdme Eﬁ‘dﬁfg_kemlaﬁdlisl'se@cfbﬁ frt?rhﬁlﬁe _g%é%@fsiaiglglmf\b,\% nation )
t her eof . . The met hod according to any one of clains to 94, erein the
shell is M‘I’Q%’Q)%'%ﬁuiﬁs&yb(ﬂ%dﬁ%conti nuously on the core.

each n is the same or different and is 0<n<10;
each m is the same or different and is 0<m<10;
each p is the same or different and is 1< p<5; and
each Mz' is the same or djfferent and is a metal ion.

66. The method according fo claim 65, wherein each M, is the same or different
and is selected from the group consisting of: Sc, Y, La, Ce, Pr, Nd, Pm, Sm,
Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu.

67.The method accbrding to claim 65 or claim 66, wherein the method is for
preparing at least one nano-structured material of formula M2Xn:Mq

comprising the step of treating:

- - at least one compound having the formula [CX3(CXz)n(CH2)mCOOMy;
and

- at least one compound having the formula [CX3(CX2)n(CH2)mCOO]Mq;

in the presence of at least one source of energy and wherein



96. The nethod according to any one of clainms 65 to 95, wherein the at

| east one nano-structured material is at |east one nanoparticle and the
average di aneter of the nanoparticle(s) is <50 nm 74 97. The met hod
‘according to any one of clainms 65 to 96, wherein the at |east one
nano-structured material is at |east one nanoparticle and the average

di aneter of the nanoparticle(s) is 10 nm 98. The nethod according to any
one of clains 65 to 97, wherein the_surface of the nano-structured material "’
is nodified by adding at |east one g@rfactant, |ipid, polyner, inorganic
material, or - a mxture thereof. 99. The nmethod according to any one of
claims 65 to 98, wherein-the surface of the nano-structured naterial is
nmodi fi ed by -addi:ng at | east.oné. surfactant. 100. The nethod according to
-cl ai m 99,  ehah W is tHeesame bedifierant @andus selectad fram she-grauplcongisfing RER3 |

Sc, Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu;
n, m, p, X and Mz are as defined in claim 65 or claim 66;
each q is the same or different and is 0<q<10.

68. The method according to any one of claims 65 to 67, wherein each M, is the
same or different and is selected from the group consisting of: transition

metal ions, inner transition metal ions, and Group | to Group VI metal ions.

69. The method according to any one of claims 65 to 68, wherein the at least
one source of energy is selected from at least one of the following: light

source, electric source, thermal source and magnetic source.

70.The method according fo any one of claims 65 to 69, wherein the treating is
carried out at a temperature up to 1000°C.

71.The method according to claim 70, wherein the treating is carried out at a
temperature of 200°C - 400°C. '

72.The method according to claim 71, wherein the treating is carried out at a
temperature of 300°C - 350°C.

73.The method according to claim 72, wherein the treating is carried out at a
temperature of 330°C. '

~ 74.The method according to claim any one of claims 65 to 73, wherein the
treating is carried out in the presence of at least one polar or non-polar

solvent, or a mixture thereof.

75.The method according to claim 74, wherein the polar solvent is selected

from the group consisting of: water, methanol, ethanol, propyl alcohol,



R5 - (CJFIK)ACZFIWYyY - R6 | R2R4 wherein each J is the same or different,
and 1 each Kis the sane or different, and 09; each s is the sane or

di fferent,

and 05.. 9; each Z is the sane or different, and 15Z 9;

each W

is the same or different, and 0 <W<9; each y is the sane or different, and-
05 9; (Formula ) 75

76.

71

butanol, pentariol, hexanol, ketoné, ethylene glycol,_ giycerol, propylen_e'-'

glycol, polyethylene glycol, ethyl acetate and a combination thereof.

The method according to claim 74, wherein the non-polar solvent is selected
from the group consisting of: oleylamine, octadecene, oleic acid, alkyl

amine, dialkyl amine, trialkyl amine, alkenyl amine, dialkenyl amine,

trialkenyl amine, alkyl acid, alkenyl acid, trialkyl phosphine, trialkyl

phosphine oxide, trlalkylphosphate alkane alkene, aIkyI ether, alkeny! ether

- and a combination thereof

77.

78.
. Lan, CeF3, GdF3, YF3 or YOF.

79.

80.

The method according to any one of claims 65 to 76, wherein the nano-
structured material is selected from the group consisting of: MaF3;, MoCls,
MaBr3, Mals, MoFCIBr, MoOF, MOCI, M2OBr, M20S, (M):S3, wherein each
M is the same or different and is selected from the group consisting of: Sc,
Y, La, Ce, Pr, Nd, Pnﬁ, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu.

The method according to claim 77, wherein the nano-structured material is

The method according to any one of claims 67 to 78, wherein the nano-
structured material is selected from the group consisting of: MzF3:Mg,
M2Clz:Mg, M2Brs:Mg, Mals:Mg, MaFCIBr:Mg, M2OF:M,, MoOCLEM,, M2OBr:M,,
M20S:Mg, (M2),Ss:M,, wherein each M; is the same or different and is
selected from the group consisting of: Sc, Y, La, Ce, Pr, Nd, Pm, Sm, Eu,
Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu, and M, is selected from the group
consisting of: Yb, Er, Tm and Ho. |

The_ method according fo claim 79, whereih the nano-structured material is
YOF:Yb,Er, LaF3:Yb,Er, CeFs:Yb,Er, GdFs:Yb,Er, YFsYb,Er, YOF:Yb,Tm,
LaF3:Yb, T, CeF3:Yb,Tm, GdFs:Yb,Tm or YFs:Yb,Tm.



each Rl, R2; R3, R4 and R5 is the sane or different, and is independently
sel ected fromthe group consisting of: H, substituted or unsubstituted
Cl-C6 al kyl, substituted or unsubstituted C1-C6 aryl, HS, COOH, NH2 and OH
each R6 is the same or different, and is selected fromthe group consisting
of : COOH, NH2, OH, P=0 and P; with the proviso that s + y < 10. 101. The
nmet hod according to claim99 or claim100, wherein the surfactant is

hydr ophi | i ¢, hydrophobi c and/ or anphiphilic. 102. The method according to
any one of clains 65 to 101, whereif2a bionolecule is attached to the
nano-structured material. 103. The nethod according to claim 102, wherein
the bionolecule is selected fromthe group consisting of: protein, nucleic
aci d, nucl eosi des, nucl eotides, DNA, hornone, am no acid, peptide,

pept i dosi TR metHddAacdarging, toadrbuaone of eldimb@dyto phowhémin thedat leglsy/col i pi d,

sterol, vitam ns, neurptransm h .sugar

di sacchar i ¥¥, %HB%%&#H@&W ja Jﬁ%@ﬁ%ﬁ?‘?@ém%@@%dh%ﬁec"%‘f OBy Neehar i de,
pol ysacchadrbgs camsistihg dfX (CF L OORYesid (CFAEO@);pano-structured materi al

obt ai nabl e by the method according to any one of clainms 65 to 103. 105. An

ticle qf f onprising th - d 1 i di ng t
ol ai m 162 TROBEHRL BRI TIBEA0 ARG Ch SIS Gletebb bi HGSTEN I PHISAE. wher oi
the articlghedboriBOuicef fornilg [EXIC85(CPRROTOLIE i§ Yelated@ond tiill spl ay

device, a solar cell, an O%é cal data storage, _a bio-probe, a carrier for
drug del i vaPyp cansisiing ofa(GiESORQ)AYeEndGls&ORPkEl:st ance, a I aser, optical
“anplifier, and/or a device for bioinmging.

83.The method according to any one of claims 65 to 82, wherein the nano-

structured material has a structure selected from the group consisting of:
hexagonal, cubic, tetragonal, rhombohedral, orthorhombic, monoclinic,

friclinic and a combination thereof.

84.The method according to any one of claims 65 to 83, wherein the nano-

structured material comprises at least one dimension of size < 50 nm.

85.The method according to any one of claims 65 to 84, wherein the nano-

structured material comprises at least one dimension of size < 25 nm.

86.The method. according to any one of claims 65 to 85, wherein the nano-

structured material comprises at least one dimension of size < 10 nm.

87.The method according io any one of claims 65 to 86, wherein the nano-

structured material is in the form of: nanoparticle(s), nanofilm or monolith.

88.The method according to claim 87, wherein the nanoparticle(s) comprise

core nanoparticle(s) and/or core-shell nanoparticle(s).

| 89.The method according to claim 87 or claim 88, wherein the nanopatrticie is in
the form of a core nanoparticle, and the method further comprises applying
at least one organic and/or inorganic material (shell) on the core, to obtain a
core-shell nanoparticle(s).



76 107. A kit conprising at |east one nano-structured material according to
claim 104 and at | east one bionolecule. 108. The kit according to claim
107, wherein the bionolecule is selected fromthe group consisting of:
protein, nucleic acid, nucleosides, nucleotides, DNA hornone, am no acid,
peptide, peptidomnetic,. RNA |ipid, albumn, antibody, phospholipids,
glycolipid, sterol, vitam ns, neurotransmtter, carbohydrate, sugar,

di sacchari de, nronosacchari de, ol i gope gide, pol ypepti de, oligosacchari de,

pol ysaccharide and a m xture thereoP. 109. A bi o-imagi ng and/ or

"bi o-detection systemconprising: - at |east one nano-structured mat eri al
. prepared fromthe nethod accordi ng to any one of clains 65 to 103; - at :
| east one bi onol ecul e; - | east__one source of excitation,; nd - at | east

one mear®d-Toe "l?é*ﬂ‘?d/é‘?%?r@f‘gtt‘h@aé‘&Wc‘éf Jaim88, wherebhthenaneeadi

the form of a core nanoparticle, and the nanoparticle further comprlses at
least one orgamc:-and/or inorganic material (shell) applied on the core, to

obtain a core-shell nanoparticle(s).

91.The method according to any one of claims 88 to 90, wherein the shell
material has the formula M;M2X, or M1M2X,:M,, wherein My, Mz, X, n and Mq
are as defined in any one of claims 1 to 3 or claims 65 to 67.

92.The method according to claim 89 or claim 90, wherein the organic shell
material comprises at least one polymer, a surfactant or a lipid, or a

combination thereof.

93.The method according to claim 92, wherein the at least one polymer is
selected from the group consisting of: polystyrene (PS), polyethylene (PE),
polymethyl methacrylate (PMMA) and polylactic acid (PLA).

94.The rﬁethod according to any one of claims 89 to 91, wherein the inorgahic_
“shell material comprises: NaMaF 4, LiMaF4, KMaF4, RbMaF4, CsMaF 4, BeMzFs,

' Be(Mp):F8, MgMaFs, Mg(M):Fs, CaMzFs, Ca(Mz)Fs, SrMaFs, Sr(Mp)Fe,
BalLnFs, Ba(Mz)FsMaF3, MoF3, MaoCls, MaBrs, Mols, MFCIBr, MoOF, MxOCI,
M.OBr, M20S, (M2).S3, wherein each M; is the same or different and is
selected from the group consisting of:'Sc, Y, La, Ce, Pr, Nd, Pm, Sm, Eu,
Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu; SiOy; TiO;; ZnS; or a combination

thereof.

95.The method according to any one of claims 88 to 94, wherein the shell is

applied continuously or discontinuously on the core.

96.The method according to any one of claims 65 to 95, wherein the at least
one nano-structured material is at least one nanoparticle and the average

diameter of the nanopatrticle(s) is < 50 nm.



110.  The system according to claim 109, wherein the bionolecule is selected
fromthe group consisting of: protein, nucleic acid, nucleosides,

nucl eoti des, DNA, hornone, am no acid, peptide, peptidom netic, RNA, I|ipid,
al bum n, anti body, phospholipids, glycolipid, sterol, vitamns,
neurotransmtter, carbohydrate, sugar, disaccharide, nonosacchari de,

ol i gopepti de, pol ypeptide, oligosaccharide, polysaccharide and a m xture
thereof. 111. The system according tg claim 109 or claim 110, wherein the
source of excitation is NIR 112. TH& system according to claim111,

-~ wherein the NNRis at 980 nm 77 113. The system according to any one of

clains 109 to 112, wherein the neans for delivery of the source of .
excitation to the systemis selected fromthe group consistin on: opti cal
ﬁEE?lJ

. g .
fibres, ¥ndbedoplbed asgekdingfo RNy eneapfdclaimeppdp 96aydereindbergt STI NG

anor st ucPe e BABRALLY iR RARORRRCIAT el BN P Al e

diameter of the nanoparticle(s) is < 10 nm.

98.The method according to any one of claims 65 to 97, wherein the surface of
the nano-structured material is modified by adding at least one surfactant,

lipid, polymer, inorganic material, or a mixture thereof.

99.The method according to any one of claims 65 to 98, wherein the surface of

the nano-structured material is modified by adding at least one surfactant.

100. The method according to claim 99, wherein the at least one surfactant
has Formula (l):

R’ R®
RS — (CyHK)s=(CzHw)y — R® (Formula 1)
Lol

wherein

each J is the same or different, and 1<J<9;
each K is the same or different, and 0<K<9;
each s is the #ame or different, and 05539;'
each Z is the same or diﬁérent, and 1 <Z<L9;
each W is the same or different, and 0<W<9;

each y is the same or different, and 0<y<9;
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each R, R?, R% R* and R® is the same or different, and is independently
selected from the group consisting of: H, substituted or unsubstituted C+-Cs
alkyl, substituted or_unsubstituted C4-Cg aryl, HS, COOH, NH, and OH;

each Rg is the same or different, and is selected from the group consisting
of: COOH, NH,, OH, P=0 and P;

with the proviso that s +y < 10.

101. The method according to claim 99 or claim 100, wherein the surfactant is

hydrbphilic, hydrophobic and/or amphiphilic.

102. The method according to any one of claims 65 to 101, wherein a
biomolecule is attached to the nano-structured material. '

103. The method according to claim 102, wherein the biomolecule is selected
from the group consisting of: protein, nucleic acid, nucleosides, nucleotidés,
DNA, hormone, amino acid, peptide, peptidomimetic, RNA, Iipid~, albumin,
antibody, phospholipids, glycolipid, sterol, vitamins, neurotransmitter,
carbohydrate, sugar, disaccharide, monosaccharide, oligopeptide,
polypeptide, oligosaccharidé, polyséccharide and a mixture thereof.

104. A nano-structured material obtainable by the method according to any
one of claims 65 to 103.

- 105. An article of manufacture comprising the nano-structured m_ater'iall

according to claim 104.

106. The article of manufacture according to claim 105, wherein the article of
manufacture is at least one of the following: a display device, a solar cell, an
optical data stofage, a bio-probe, a carrier for drug delivery, a lamp, a LED,
a LCD, a wear resistance, a laser, optical amplifier, and/or a device for bio-

imaging.



Page 1

76

107. A kit comprising at least one nanb-structur_ed material according to clai'm
104 and at least one biomolecule. |

108. The kit according to claim 107, wherein the biomolecule is selected from
the group consisting of: protein, nucleic acid, nucleosides, nucleotides,. DNA,
hormone, amino acid, peptide, peptidomimetic, RNA, lipid, albumin,
antibody, phospholipids, glycolipid, sterol, vitamins, neurotransmitter,
‘carbohydrate, sugar, disaccharide, monosaccharide, oligopeptide,

polypeptide, oligosaccharide, polysaccharide and a mixture thereof.
109. A bio-imaging and/or bio-detection system comprising:

- at least one nano-structured material prepared from the method according
" to any one of claims 65 to 103;

- at least one biomolecule;
- at least one source of excitation; and
- at least one means for delivery of the source of excitation to the system.

110. The system according to claim 109, wherein the biomolecule is selected
from the group consisting of: protein, nucleic acid, nucleosides, nucleotides,
DNA, hormone, amino acid, peptide, peptidomimetic, RNA, lipid, albumin,
antibody, phospholipids, giycolipid, sterol, vitamins, neurotransmitter,
carbohydrate, sugar, disaccharide, monos‘acchaﬂde, 'oligopeptide,-

polypeptide, oligosaccharide, polysaccharide and a mixture thereof.

111. The system according to claim 109 or claim 110, wherein the source of
-excitation is NIR.

112. The system according to claim 111, wherein the NIR is at 980 nm.



7

113. The system according to any one of claims 109 to 112, wherein the
means for delivery of the source of excitation to the system is selected from
the group consisting of: optical fibres, endoscopes, external light and

external laser.
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