|  PLANTS COLOURED W TH NANOCRYSTALS FI ELD OF THE | NVENTI ON [ 0001]
The present invention refers to a plant conprising at |east one type
of nanocrystal 5 through which the plant emts a specific colour or
several col ours when exposed to light pf a certain wavelength. In
anot her aspect the present invention refers to a nethod of coloring
the outer surface oPLANTSROLPURED WIHAE NANGCGRYRET ALSa
nanocrystal. The present invention also refers to a nethod of
coloring the tissue of a plant with at | east one type of a
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20 [0003]  The remarkable luminescent properties of quantum dots arise from quantum size
confinement, which occurs when metal and semiconductor core particles are smaller than
their excitation Bohr radii, about 1 to 5 nm. (Alivisatos, Science, 271, 933-37, 1996;
Alivisatos, J. Phys. Chem. 100, 13226-39, 1996; Brus, Appl Phys., A53, 465-74, 1991,
Wilson et al., Science, 262, 1242-46, 1993.)

25 [0004] Among the most studied semiconductor nanocrystal materials have been the
chalcogenide II-VI materials and III-V materials. The primary reason for the interest in these
semiconductor nanocrystal materials is their size-tunable photoluminescence emission
spanning the whole visible spectrum.

[0005] Considering the aforementioned, it is desired to find further applications for

30  nanocrystals.



when considered in conjunction with the non-limting exanples and the
acconpanyi ng draw ngs, in which: 5 [0007] Fig. 1 shows an orchid,
namel y Dendrobi um Wiite Fairy which was dip coated in a solution
conpri sing CdZnSe nanocrystals. The picture shows the orchid under a

W lanp with an excitation at 302/ 345 nm The flower of the orchid
appears in orange aftSRIGFFpBERGRIBTIONOETHE RRAWINGGSed to its
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[0010]  Fig. 4a shows a multicoloured Derndrobium White Fairy after uptake of fluorescein
and CdZnSe nanocrystals. The orange colour of the nanocrystals is visible in Figure 4a in the
ovary region and slightly in the base of petals and sepals while the leave veins appear green

25  in the fluorescence light of fluorescein. Fig. 4b shows a transverse cross section of stem. Fig.
4b shows a real colour image which was based on 32 channels / 32 color range. The 6 gray
dots (better seen in Figure 4c) surrounding the centre of the cut stem appear green in the
fluorescence light of fluorescein while the surrounding part appears orange due to the light
emissition from the CdZnSe nanocrystals. Fig. 4c¢ shows the same section of the stem but

30  using a filter only showing the light emitted by fluorescein (c) while Fig. 4D shows only the
light emitted by CdZnSe nanocrystals.



at | east one type of nanocrystal (quantumdot). Plants conprising or

i ncorporating sem conductor nanocrystal materials emt light of a

speci fic wavel ength depending on the 5 nanocryst al s (quant um dot s)

used for colouring the plants. [0012] sThe term "plant” includes those

or gani sm whose cells conprise in addition to a cell nucleus (wth
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| ant whi ch develops at |east at a certain stage of its life

a fl OWE{BO& f | otidistab bants Febpreds @fsilk; artificial silk, made for example of rayon,

mercerized cotton, polyester or blends of these materials or biend of rayon and silk; polymer
25  modified silk, such as collagen modified silk; polymer modified cotton, such as mercerizated

cotton; or a plain polymer, such as nylon, a polyamide or a polyester.

[0015] A plant comprises several organs which can develop in great number outwardly.

Such organs include roots, leaves and flowers. In one aspect of the present invention, the

nanocrystals are comprised or incorporated in an aerial part of the plant, meaning a part of the
30  plant lying above the earth in which the plant is growing, such as stem, branches, flower and

leave. In one example this aerial part refers to the flower(s) or the leave(s) of the plant.

[0016] In one example, the plant of the present invention is a flowering plant, i.e. a plant

which develops at least at a certain stage of its life a flower or florescence. The phrase



"flowering plants" refers in general to any of the nore than 250, 000
speci es of angiosperns (division Magnoliophyta) having roots, stens,
| eaves, and wel | -devel oped conductive tissues (xylem and phl oen).
They are often differentiated from gymnosperns by their production of
seeds within a closed chanber (the ovary) within the flower, but this
di st i nciflogiering plasts” gty genefae by amuof the eordithens 3Bx000f spacigs Qﬁp@iﬂrﬂpem
conpos nonocot.s ave

parts iRt MReRe SR pAMRERGUS R S ahand RGeSt % Foues
usual | YxylefrodfdsiidéenPRTakY le df%!nﬂﬁffbr@nﬂidl&i keav@mmnRpsishsythbid @koddction of
canmbi um Dicots have f| ower ggrts in_ fours or fives, conducting

st r andsseadsr e @ dored chyppaidie ovar axithiethedlovwsathus s Histinetion ipagiedways
and 5a th’l’ém'cu{nﬂﬁ @g@%nnﬁg@q%%nﬁfw nc%i}q?c%@d oFI&/aS aggé%g ts and dicots.

habrt Sl ze, accou nmor e t

gr ow ngvlomcmr/seinewecﬁmdr parts in thredsy edangreAndoadedtingastrandd BVeRE istegh, pdnaﬁisﬁally
have adapted to al nbost every habitat. Mst reproduce sexual |y by

seeds \ATMINeHEPERLEL vaITS B dhe lepyesdand ihgws lask gasranbiviat Digos havedlonter parts in
1 fl
a e Sor Q0 k%lndr;a J%rﬁrbagﬁy%énggﬁ ih Qecyﬂﬁgéregtne{ O“‘f‘am gapar% tBhe Jeaves,
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fam |y apfl armﬂmwaeFlolwdngm@mmieﬁect aprigtmatac daersﬂmad habigedne and forﬂ:ﬁ they

y i nt haceae, ace | am aceae, including, e.qg.,. the genus
2 B R bt S e A (RAGS oing' Phegantin ity | inc hulonp betise.
ger NNi FG6REingd Mahty fﬁhﬂgada%t& to aliSst 408Yab BT %’sﬂ@broﬁ%@ﬁ%@lﬁjby seeds via
i ncl udi ng, the genus petunia; Iiliaceae, including, e.qg t he

genus th%rmep@ﬂz?ﬂrﬁemda@te@eOfgﬂmdhajdirmg%@t i all ﬂh‘eelgenus pri rrul a and

cycl a na r i ol.aceae e ceae n di
e.g., mmm‘genﬁs aa%g%céso?t ?B%F?talgg lon ﬁ]ﬁ @%Vgen%pfﬂtéliﬁﬁflﬂ%cbug ! ot
t he geﬂiiﬁzte’ﬂntohplémtu Frong the BBERL of tds@éddel lﬁbﬂirax%elceaet&@hﬁﬁéﬁéé hydran eaceae,
r hododendr.on (|nclud|ng azeal eas) ; t heaceae, includ |n?

aggwi)ga asteraceae

gendls dwAeinitipgeas: bRgRagAn laBreceas,i msludiign g 2 o the genuse
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dahl i a,gegminan; sm?anapﬂﬂunicmdlrtg,l leign, the igkyus prtiria;dilceas, Hchudiggreler e gedls
gl oxi ni a, hihiscus, |iad, cyclanen, anthurre azal ea,
bougai n¥iH% &4 ac@%qré‘f‘q ? ng’[%@’lg}f} EPRES PR aya"gfcyﬁlra&ﬁ’da’é%@eﬁ?idmﬂﬂ@ée

the subbgmiayedl Gl 8akdin E%'éje'}ﬁé O%é{lrggehlb\é%ﬁ'é | bR iGRCeae, araceae,

Cypri pedi ol deae, ‘and Apost asi ol dea€
CyBoi penmmihdg,aegr ribé ugtess aﬁthunemarqmlceqeae hmchldlr@se £y drel gexdlsemedodendron

Mexi pedi e Phr 1.pedi eae, Sel eni pe i eae. The subfam |

o1 dondPO g PHIFTHeSCr e, dRAHRE, b (e Sip e Bt His eadadnacese,
Cal ypsQﬁ‘{ﬁ@deeY%)ttﬁé beRaRRgaitPRepgyNeae, Epi dendreae, Epipogi eae,
Gastrodi eae axi eae hbottreae Podochi | aeae, Tropidi eae and

Xer or ¢ HiDQﬂeﬂgie e egamphasrrho;/pimt ineindas| butdenet limiged igeosest orchisig Amplrangea,
the S“%Q&I‘néh}’ bgéom g\rr]énldgra %aﬁﬂg g\élaarHlum pe %unla tulip, lily, primrose, viola, gerbera,

25  gloxinia, hibiscus, bromeliad, cyclamen, anthurie, azalea, bougainvillea or camellia.
[0019] The family of orchidaceae includes the subfamily of Orchidoideae,
Epidendroideae, Vanilloideae, Cypripedioideae, and Apostasioideae. The subfamily of
Cypripedioideae includes, for example, the tribes Cypripedicae, Mexipedicae,
Phragmipedieae, and Selenipedieae. The subfamily of Epidendroideae includes, for example,
30  the tribes Arethuseae, Calypsoeae, Cryptarrheneae, Coelogyneae, Epidendreae, Epipogieae,
Gastrodieae, Malaxideae, Neottieae, Podochilacae, Tropidieae and Xerorchideae. The

subfamily of Vanilloideae includes, for example, the subfamily of Pogoniinae and Vanilleae.



5 The subfamly of O chidoideae includes, for exanple, the tribes

Di cerat ostel eae, Codonorchi deae, Cranichi deae, D seae, Diurideae and
Orchi deae. [0020] The tribe Podichileae of the subfamly

Epi dendr oi deae i ncludes, for exanple, §he subtribe Dendrobiinae

whi ch includes for exanple the genera Cadetia, Dendrobium 5

Di pl ocaltheoubfamibpi efe faichidpidend clachides.i dorarmkaPptaidthe dribgorDisramstetsac,
on of the, orchi lant.s, . Dendr qbi Waite Falry used in an exanple
of ¢ e ioBBRAdtAE e pR BAGE i Sgd b aetir b um [ 0021] The

types qboz@nocThestridk PodfBtedenofithe sIbRESHLEH MRS IR i6aA0dés) Eridamle, the
consi st of sem conducting matter or. a magnetic oxide, including in

t er nar yPublribg; Bieadrobijaaes ydiicte includes for euemplef gher igerera Thedesiny J3ensrohsgm,
o . } 5 _
oo or IPREAYBRELE LR ERGSH R R pI AR, Tl e IRRA bt L orchia

col our ipigntof Dedkoplan®hitaFairpithaeddn ahekamplea gt preset ir@@nticn Bel6ds@o the
earth netal dot%eg, nmet al oxide of the chemcal fornula McA12O4: Re or
OO

15 Med/AFRuchs? P a binary nanocrystal of the chemical fornmula MA
or MG a f; i Joruk :
[0071] 2 TiRf 9pEY quﬁd?l%EIf)fgéISa‘lllsea in ttﬂ@ngegﬁméff@etnﬁéﬂ c llr?clﬁﬁe'\é%gbo%x[s% of

MLAB or M M2G, or a quaternary nanocry chem c rmu
MLMR AB;semteemdietingl matiet dwPa ofaghéte bxider inclutlieygniartgrmamnd og hizther systams, e.g. a
nanqQcrystal s. are independently.a 20 netal, such as .0 fromGo

10 Sapd Ferfitay, Bip GPUSSen @foligsa mAnocsysiph odBagiumy 4gis)  qan e dupghle by
and B apmpositieRendeniizd r om each other an el enent, such as from G oup
VI or Goup V of the PSE, and wherein Me of the rare earth netal
doped rEPA] oxihget deant onedhpmied nangerysinhugst doGmlowsingmft tiBaplantaad igudeebut
of the LaLs earth et al doped netal oxide is at |east one el enent
that cdn iclu €, Tb, Dy, Nd, Eu or Tm [0023] Rare earth netal

doped net ala gxiedegtameetinayped metdiCodnt eMtheatiRnliedCfdrbRth MeAJOLRE! or
for exanple in US 6,264, 855, JP HO- 143, 463, JP 2543852, JP 2697733,
JP15697688 MegHirgRoome54.  JP 2929162, In brief, rare earth netal

doped et aly i 45335 e, AR ARSAEARESBDGY B 2 e vt e

resi stant an repared, Tor e an acid treatnment of
a | um nous gpiegrenhancasysal sf tetchagicabdoemnial M1 M2tahord¥l 1 ABastM DM@ Oaet di C
conpod n_d thi gugtgrgeﬂ’y%gnocrystal of the chemical formula M1IMZ2AB,;
wherein M1 and M2 of the binary, ternary and quaternary nanocrystals are independently a
20  metal, such as one from Group II, Group III, Group IV or Group VIII of the PSE; and, if
present, A and B are independent from each other an element, such as from Group VI or
Group V of the PSE; and
wherein Me of the rare earth metal doped metal oxide can include, for example Ca, Sr or Ba;
and
25  Re of the rare earth metal doped metal oxide is at least one element that can include, Tb, Dy,
Nd, Eu or Tm.
[0023] Rare earth metal doped metal oxides are known in the art and are described in
detail for example in US 6,264,855, JP H9-143,463, JP 2543852, JP 2697733, JP 2697688,
JP H10-273654, JP 2929162. In brief, rare earth metal doped metal oxides as the one
30  described above can be water resistant and can be prepared, for example, by an acid treatment

of a luminous pigment, as a starting material, with at least one acidic compound which can be

an acid or acid generating compound under the condition of pH of not more than 3, and



an acid or acid generating conpound under the condition of pH of not
nore than 3, and 6 subsequently by an al kaline treatnent with at

| east one al kali ne conpound which can be an alkalis or alkali
generating conmpound under the conditign of pH 4-9. [0024] A |um nous
pi gment as an OnljwﬁCt of an acid treatnment can be of any type if it is
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el ement[0024) anlirhinots pllgﬁlehﬁaﬁarﬁa}bj&&t cflaanent tréfmbet daprdbfiayngie if it is a

particularly restricted, but it is enough in 0.0001 to 30% by
vve| ght Jugpops Ptﬂwné%hwlawb ap oxidegnatiyg,cHyPTIHEE ghleastong element, suthhes Mgt Gp,
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e gener al for mil &
Me4Al14685 nketall cletnbnts Aropmuhiat, oﬂ\iﬁleaare—da’ethwgmaﬂt tanisk BayedaischdRepaeticutdnley

rare earth tal . doped net xi d ast one el ene t such_ as
Th, Dyreﬁqacfg%@%ﬁh STeRoUghn ﬁ&?@i a{e&?% Yd‘fei <fF 1apne examnie Qg toy 10% by
doped rwélgrltraéh@eet% the 102 S&Idupesk thd 1EhEkd pi %% US 6, 264, 855. [0025]
Exanpl es bi nary nanocrystal of the che cal for mula MAor M O

ar e kndimnIpiqs fohbimanous pigments titdledd conmpduads aﬁthb@eaemhfcminutar MeAbGp:Rd gr
I | V, VILI. or .15 .G ou f th eri odi ¢
b ARy In PSR YiE Ay BTG Tialt FENBE Of CPAESre et et
ACCOV dideged Metah@xideMs hUBAE ohY Sle@iibnt E‘uﬁ:h%r"ﬂ‘tﬁigpm P HHOURSThe manufacture
(traditional systemin brackets) are group roup 12 (group |

gr oupb|P§ sycirigigpeartiymetalglopad metal Ogidesis desgribed rﬂé)d?ial? e, g gv'd oo a5p.
S ] P st
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Mn. Suitable examples of elements of group VIII are (group 8 of the new IUPAC system) Fe,
Co, Ni, and Ir. In one example of the present invention Pb and Cd are excluded from being
25  used for the manufacture of a binary nanocrystal.
[0026]  Generally, M1, or where applicable each of M1 and M2, may for instance be of the
Group II, such as Cd, Zn, Mg, Sr, Ca, or Ba, of the Group III, such as Al, Ga, and In, of the
Group IV, such as Pb, Sn, of the Group VI, such as Mn or of the Group VIII, such as Fe, Co,
Nior Ir.
30 [0027] A in the above formula can be a chalcogen or a pnictogen, i.e. an element of Group
VI or Group V of the PSE according to the historic IUPAC nomenclature or of group 16 or
group 15 according to the new IUPAC nomenclature. A reaction mixture for the manufacture

of such a binary nanocrystal can include in this case a metal precursor containing the metal



VI or Goup V of the PSE according to the historic | UPAC nonencl ature
or of group 16 or group 15 according to the new | UPAC nonencl at ure.
A reaction mxture for the manufacture of such a binary nanocrystal
can include in this case a netal precursor containing the netal 7

M, as well as the elenent A. A netal precursor can include a salt,
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[0031] Some studies have shown that improved luminescence of nanocrystals can be
achieved by capping a size-tunable lower bandgap core particle with a higher band gap
25  inorganic materials shell. For example, CdSe quantum dots passivated with a ZnS layer are
strongly luminescence at room temperature, and their emission wavelength can be tuned from
blue to red by changing the particle size. Moreover, the ZnS capping layer passivates surface
nonradiative recombination sites and leads to greater stability of the nanocrystal (quantum
dot). (Dabbousi et al., J. Phys. Chem. B101, 9463-75, 1997. Kortan, et al., J. Am. Chem. Soc.
30 112,1327-1332, 1990.)
[0032] A ternary nanocrystal can be of the general formula MIM2A. M1 and M2 in this
formula can independently be a metal of Group II, Group III, Group IV, Group VII or Group
VIII of the PSE. A can be an element from Group VI or V of PSE. In other examples, a



dot). (Dabbousi et al., J. Phys. Chem 13101, 9463-75, 1997. Kortan,
et al., J. Am Chem Soc. 30 112, 1327-1332, 1990.) [0032] A ternary
nanocrystal can be of the general formula MLIMRA. M and M2 in this
formul a can independently be a netal of Goup Il, Goup Ill, Goup
IV, Goup VI or Goup VIII of the PSE. A can be an el enment from
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SnPbS, @wrb3EII ofiibie BaPh¥end B dandndependeantlybgmplebeneant 0&Grapnépy Group VI of

nanocry@é%g of general formula M AB can include a nanocrystal of
formul a %‘eS, CdSeTe, CdSTe, ZnSeS, ZnSeTe, ZnSTe , SnSeS, SnSeTe,

SnSTe, [BO5RS, 1HoSEfRe axathpRRSTIRa thinhtis himichystal TXRMBPEeASral ffodmileMaMZA
nanocrystal of formula M MO can include a nanocrystal of the 20

gerér alingldenbuh argnmas dmaitedd foha sgnayanapesrysteleel fgreReZnCdasOdmS, CdZnSe,
Sr Fe204; Z%ﬂFe $I|ﬁ%2E Cﬂﬁ‘? - VhE l.a . thi j.t
is no?:abdd at %a ls)(S)’ e rgg’%lgsent ﬁg%@ﬂ%gﬁ%ig? aa%W%E%ﬁ% Srtgtlall ?/f
serve igenédal dethnad iMyABhean artudehahatidwegalnad famyddsaCaSed, eCd3eden@dpTe,
neani ng_ that they include three different el enents. Accardi ngl from
the 1 HISESeRIAE 1o INT RSB ARTSFRE: MINBE PoScoRERELs G FbStlar fHusiptive
t he st qichi r h_j
Some. oxAmpRAT ¥ (EnargondiorRaP of shils MRS ot Hiladc o HnpAOHE of e
Cd26Te genevhFard®™a NMhe2s®oiseth ondhbe ferofest MgFadho ciaFsi@), Sibaj@,, bBnFe,0,,
NiFe;04, CoFe;04, and MnFe,04. In this context it is noted that also the representations

MIM2A, M1AB, and M1M20 merely serve in illustrating the fact that these nanocrystals are
ternary, meaning that they include three different elements. Accordingly, from the
representation M1IM2A, M1AB and M1MZ20 no conclusion in terms of the stoichiometry of

25  the nanocrystal can be drawn, even though in some examples by coincidence, for example in
embodiments of CdZnSe, CdSeTe or MgFe,0,, the stoichiometry of the nanocrystal could be
rather accurately read into the general formula. Hence, the above general formulas MIM2A,
MI1AB, and M1M20 also include for instance nanocrystals of the stoichiometry M1;.,M2A
(for example Cd;.x,Zn,Se), M1,M2 A (for example, Zn,Cd;Se), or M1,A;B;.,(for example

30 CdSeySiy), MIcA By (for example CdSe;.,S,) or M1,,M2,0 (for example, or Mg, Fe,Q)
or M1,M2,.,0 (for example, Fe,Mn,.4O).



rat her accurately read into the general formula. Hence, the above
general fornmulas M MA, MLAB, and MLM2O al so include for instance
nanocrystals of the stoichionmetry ML1. M2xA (for exanple

Cdj _x, ZnSe), MLxM2, xA (for exanple, ZyxCdl_xSe), or MLxAyBj _y(for
exanpl e 30 CdSeySi _y), MixAi _yBy (for exanple CdSej_ySy) or Mj_xMxO
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shell as 'described in - pending PCT application PCT/ SG /000290_
" Pr oced$) of ofcuyrallay siuct peufior examiste LSrpatent T30 Ai7h) nigcluding alloy -gradient

Nanocrystal |i Conmmposi,t nd nocrystallin i bt al
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conprising_a _netal precursor containing the netal M, the elenent A
and a s6pIbsfan expending SICT erplwiion SCRO08/80@R90 "Process Of Forming A

Cadmium And Selenium Containing Nanocrystalline Composite And Nanocrystalline
Composite Obtained Therefrom".
[0038] Those nanocrystals can be manufactured by using a method comprising:
25 (i) forming a homogenous reaction mixture comprising a metal precursor containing the
metal M1, the element A, and a non-polar solvent of low boiling point, and
(1) bringing the homogenous reaction mixture under elevated pressure to an elevated
temperature suitable for forming a nanocrystal,
[0039]  In this method the non-polar solvent of low boiling point has a boiling point of less
30 than about 100 °C or 80 °C at atmospheric pressure (1013 mbar). Examples of such solvents
include, but are not limited to hexane, chloroform, toluene, benzene, heptane, cyclohexane,
dichloromethane, pyridine, carbon tetrachloride, carbon disulfide, dioxane, diethyl ether,

diisopropylether, and tetrahydrofuran and mixtures thereof.



(ii) bringing the honpbgenous reaction m xture under el evated pressure
to an elevated tenperature suitable for formng a nanocrystal.

[0039] In this nethod the non-polar solvent of |ow boiling point has
a boiling point of less 30 than aboutpl00 C or 80 C at atnospheric
pressure (1013 nbar). Exanples of such solvents include, but are not
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f or nanocoyfet arhtel sd'-PﬁHi11t32@Ethelbhndcajs'ta]m WO 00/ 17655 di scl oses

nanocry |.s that a e rendered oI ubl e_by the use of
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agent attaches to the nanocrystal via the hydrophobic group, whereas the hydrophilic group,
such as a carboxylic acid or methacrylic acid, provides for water solubility. In a further PCT
application (WO 02/073155) water soluble semiconductor nanocrystals are described in
25  which various molecules such as trioctylphosphine oxide hydroxamates, derivatives of
hydroxamic acid or multidentate complexing agents such as ethylenediamine are directly
attached to the surface of a nanocrystal to render them water-soluble. These nanocrystals can
then be linked to a protein via EDC. In another approach, the PCT application WO 00/58731
discloses nanocrystals which are used for the analysis of blood cell populations and in which
30 amino-derived polysaccharides having a molecular weight from about 3,000 to about
3,000,000 are linked to the nanocrystals.
[0045]  US Patent 6,699,723 discloses the use of silane-based compounds as linking agent

to facilitate the attachment of biomolecules such as biotin and streptavidin to luminescent
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used, the covalent bond is formed between the surface of the homogenous core and the

capping reagent. The capping reagent can be either of substantially hydrophilic or
25  substantially hydrophobic nature, depending, for example, on the hydrophobicity (or
hydrophily) of the inner cavity of the host molecule. In this respect it is noted that within the
meaning of term "(substantially) hydrophobic molecule" is also a molecule that in addition to
hydrophobic parts can also comprise hydrophilic parts as long as these hydrophilic parts do
not interfere with the formation of the host guest complex by the hydrophobic parts of the
30 molecule (i.e. capping reagent) with a host molecule having a hydrophobic internal cavity.
Likewise, the term "(substantially) hydrophilic molecule" include a molecule that in addition

to hydrophilic parts can comprise hydrophobic parts as long as these hydrophobic parts do
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[0051] In some examples, compounds such as CH3(CH3),CH,SH,
CH;3;0(CH,CH,0),CH,SH, HSCH,CH,;CH2(SH)(CH,),CHs3, CH3(CH,),CHaNHa,
CH;0O(CH,CH;0),CH,NH;; P((CH;),CH3);, O=P((CH,),CH;);, wherein n is an integer
25 30 =6 are used as capping agent. In other embodiments n is an integer 30 =n =8.
[0052] In this regard it is noted that examples of capping reagents that provide more
hydrophobic or substantially hydrophobic properties include, but are not limited to,
1-mercapto-6-phenyl hexane acid (HS-(CHj)s-Ph), 1,16-dimercapto-hexadecane (HS-
(CH31)16-SH), 18-mercapto-octadecylamine (HS-(CHj)13-NHz), trioctylphosphine, or 6-
30  mercapto-hexane (HS-(CH;)s-CHjy).
[0053] Exemplary capping reagents that provide more hydrophobic or substantially
hydrophilic properties include, but are not limited to, 6-mercapto-hexanoic acid (HS-(CH;)s-
COOH), 16-mercapto-hexadeconic acid (HS-(CH;)16-COOH), 18-mercapto-octadecylamine



CH3Q( CH2CH20) " CH2SH, HSCH2CH2CH2( SH) (CH2) " CH3, CH3( CH2) " CH2NH2,

CH3Q( CH2CH20) " CH2NH2; P((CH2)"CH3) 3, O=P((CH2)"CH3)3, wherein n is an
integer 25 30 are used as capping agent. In other enbodinents nis
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cyclic polyamine which may only be water soluble to a limited extent, for example,
5,5,7,12,14,14-hexamethyl-1,4,8,1 1 -tetraazacyclotetradecane(Megcylcam) and to modify it
with substituents that provide polar groups such as carboxylate or sulfonate groups. Other

25  examples of macrocyclic amines that can be used as host molecule are the compounds
described in Odashima, K., Journal of Inclusion phenomena and molecular recognition in
chemistry, 1998, 32, 165.

[0057] Examples of suitable calixarenes include 4-fer¢-Butylcalix[4]arenetetraacetic acid
tetraethyl ester, tetragalactosylcalixarene as described in Dondoni et al, Chem. Eur, J. 3,

30 1774, 1997, tetragalactosylcalixarene (Davis, AP. et al., Angew. Chem. Int. Edit., 1999, 38,
2979.) octaaminoamide resorcin[4]-arenes (Kazakov, EK. et al., Eur. J. Org. Chem., 2004,
3323.), 4-sulphonic calyx[n]-arenes (Yang, W.Z., J. Pharm. Pharmacology, 2004, 56, 703.),
sulfonated thiacalix[4 or 6]-arene (Kunsasgi-Mate S., Tetrahedron Letters, 2004, 45, 1387),



guest nol ecul es (for exanple, hydrophilic capping agents). It is also
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[0061] In one example, the nanocrystal comprises a carbohydrate as host molecule. This
carbohydrate host molecule may be, but is not limited to, an oligosaccharide, starch or a
cyclodextrin molecule (cf. Davis and Wareham, Angew. Chem. Int. Edit. 38, 2979-2996,
25 1999).
[0062] In some examples, in which the host molecule is an oligosaccharide, this
ohgosaccharide may comprise between 2, for example 6, and 20 monomer units in the main
chain. These oligomers may be straight or branched chained. Examples of suitable
oligosaccharides include, are not limited to 1,3-(dimethylene)benzenediyl-6,6'-0-(2,2'-
30  oxydiethyl)-bis-(2,3,4-tri-O-acetyl-8-D-galactopyranoside),  1,3-(dimethylene)benzenediyl-
6,6'-0-(2,2"-oxydiethyl)-bis-(2,3,4-tri-O-methyl-B-D-galactopyranoside) Shizuma et al, J.
Org. Chem. 2002, 67, 4795), cyclotrikis-(1,2,3,4,5,6)-[c-D-glucopyranosyl)-(1,2,3,4)-a-D-
glucopyranosyl], (Cescutti et al, Carbohydrate Research, 2000, 329, 647),



pol yam do am ne dendrinmers, poly aryl ether dendriners, polylysine
dendrinmers, 20 carbohydrate dendriners and silicon dendriners
(reviewed in Boas and Heegard, Chem Soc. Rev. 33, 43-63, 2004, for
exanpl e). [0061] In one exanple, the panocrystal conprises a

car bohydrate as host nolecule. This carbohydrate host nol ecul e may
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having at least one coupling group. In addition, a polymer forming a second layer and having

Trimethyl-

at least one coupling moiety is covalently coupled to the at least one coupling group of the
capping reagent.
25 [0067] In one example, the polymer comprising at least one coupling moiety that is

reactive towards the coupling group of the capping reagent has the formula:

A

where J is a coupling moiety that is reactive towards the at least one coupling group of the
capping reagent, and m is an integer of at least 1.
30 [0068] To illustrate this example, if for instance the first layer has amino-terminated

groups, the polymer forming the second layer can have carboxyl groups for covalently



hydr ophobi ¢ nature. In case a pure netal nanocrystal or a honpbgenous
ternary or quaternary nanocrystal is used, the sane reaction can be
carried out to prepare such a nanocrystal. Exanples for the
preparation of such water soluble nanggrystals are provided in
Exanple 3. 20 [0066] 2. In another exanple, the at |east one
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polymerized with amno groups in the first layer. [0070] In another
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termnating group the polynmer can have one or both K and groups

for covar exmeleui| thfhérqm@yrpr e bethpysrrgyF-cmgeamino-terminated surface, the second
layer polymer may have only one of or both amino- and carboxyl- groups, respectively, for

20 covalent coupling with the carboxyl groups and amino groups of the first layer. It is sufficient
that some of the coupling moieties are covalently coupled to the coupling groups, and it is not
necessary for the coupling moieties to be present in exact stoichiometric ratio as the coupling
groups.

[0072] In yet another example, the polymer comprises at least three coupling moieties that

25  are reactive towards the at least one coupling group of the capping reagent. In this example,

the polymer may have the formula:

30  wherein J, K and L are coupling moieties, said J, K and L are the same or different, and each

of m, n and p is an integer of at least 1. In a further embodiment, the polymer can have 3 or
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t r 20bl eskhyopolefirerylate),a polyédethgnd omtipeiyaeb-selium  acrylate),  poly(t-butyl

methacrylate-b-ethylene oxide), poly(methyl methacrylate-b-sodium methacrylate), and

poly(methyl methacrylate-b-N,N-dimethyl acrylamide).

[0076] The coupling moiety J in the polymer of formula (III) can comprise any suitable

functional group that is reactive towards the coupling group present in the capping reagent.
25  The hydrophilic moiety K can comprise any functional group that accords a predominantly

hydrophilic character to the polymer, thereby enabling the polymer to be water soluble.

Examples of functional groups which are suitable include carboxyl, amino, hydroxyl, amide,

ester, anhydride and aldehyde moieties, for example.

[0077] In one example, the polymer is selected from the group consisting of a polyamine,
30  apolyacetyl acid, or a polyol. The molecular weight of the polymer may range from less than

about 500 (about 400) to more than about 1,000,000. In one of these embodiments, the

molecular weight range may be between about 600 to about 1,400,000, and more preferably



the polyner for formng the second |ayer. Specific exanples include
poly(acrylic acid-b 20 nethyl nethacrylate), poly(nethyl
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25 [0082] In this formula, X represents a terminal group that has affinity for the surface of
the nanocrystal, or nanocrystal core as it is sometimes called. X may be selected from S, N, P,
or O=P. Specific examples of the moiety Hn-X- may include any one of the following: H-S-,
O=P-, and H2N-, for example. Ra is a moiety comprising at least 2 main chain carbon atoms,
and thus possesses hydrophobic character. If Ra is predominantly hydrophobic in character,

30 e.g a hydrocarbon, it then provides a hydrophobic region separating moiety Z from the



sel ected from am no, hydroxyl, carbonyl, carboxyl, nitrile, nitro,

i socyanate, epoxide, anhydride and halide groups. 20 [0081] The
cappi ng reagent can conprise two coupling groups spaced apart froma
termnal group by a hydrophobic regiogg as illustrated in the
followi ng general forrmula: H X-RaYkHn' Zm 25 [0082] In this
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aryl moieties.

[0084] The term "alkyl" as used herein refers to a branched or unbranched, straight-

chained or cyclic saturated hydrocarbon group, generally comprising 2 to 50 carbon atoms,

25  such as methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, t-butyl, octyl, decyl, tetradecyl,

hexadecyl, eicosyl, tetracosyl, as well as cycloalkyl groups such as cyclopentyl, cyclohexyl,

for instance. The term "alkenyl" as used herein refers to a branched or unbranched

hydrocarbon group generally comprising 2 to 50 carbon atoms and containing at least one

double bond, typically containing one to six double bonds, more typically one or two double

30  bonds, e.g. ethenyl, n-propenyl, n-butenyl, octenyl, decenyl, as well as cycloalkenyl groups,

such as cyclopentenyl, cyclohexenyl, for instance. The term "alkoxy" as used herein refers to

a substituent -O-R wherein R is alkyl as defined above. The term "aryl" as used herein, and

unless otherwise specified, refers to an aromatic moiety containing one or more aromatic



20 conprises 2 to 50 main chain atons. Z nmay conpri se one or nore

am de or ester |inkages. Exanples of suitable noieties which can be
used for Ra include al kyl, al kenyl, al koxy and aryl noieties. [0084]
The term"al kyl" as used herein refersgto a branched or unbranched,
straight- chained or cyclic saturated hydrocarbon group, generally
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o 18t hytructgies 3y follois yI and  pentyl, cyclopentyl, cyclohexyl,
cyclo octyl, ethoxy, propoxy, butoxy, benzyl pmnine, 10 pyridine,
i m dazol e, noieties. [0086f°I'n another exapple, the at least two
coupling groups of th ppi ng reagent /may be hono-bi functional or
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5 [0087] Exemplary capping reagents in which the coating reagent is hetero-bifunctional,

i.e. 2 different coupling groups are present, include, but is not limited to
COOH

\

/\/N
HS
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cooH, and

10

NHz

1

HS

{
J

OH

[0088] In another example, the capping reagent couples with the coating reagent via

polymerizable unsaturated groups, such as C=C double bonds, via any free radical



5 [0087] Exenplary capping reagents in which the coating reagent is
het ero-bifunctional, i.e. 2 different coupling groups are present,

I nclude, but is not limted to COOH HS NHL COOH ~ /N HS/ \OH NHz
INHS/ v "COON, and 10 NH2 /N HS vy)-\OH [0088] In another

exanpl e, the capping reagent couples wth the coating reagent via

pol ymerpobandrizations ateghanisg Ypegifipssxagpbds dsuc-Gpingteegdntmhibs]ude; but ang/not

cappi nd b dger g of Bish iR e B poBE gl TR A BT eree) fHistab -
et hyl nRiteRgr fhicHcetate? - DALBARYIBURhY] (HdacdtaRt 2Remblih&hethanethibE) and $-2-

2- butenyl thioacetate, S-3-nethylbutenyl thioacetate,
2- qui ndlvinedinempthibibiagetateand S-2- qui nol i nemet hyl t hi oacetate. 5

[ 0089] se f er-sal I '
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coat i ngs feagenby kheapling ofat o selletilae wgpuamiting refigent dpaimg waeagenble

A coupling agent nay be optionally used to activate the coupli ngte the
@

gr oups FE8Rt the FapRBSTapEinhgAr €GERE 229 eMay D5 FRilgnalie Heedatr agt
coatin ' | i ot i . )
ot By R, LG BT R i s

act i vatheammgh e domphng araicted moay be alldear seguentelly, i.¢.hbe coatiigngpagaade added

mi)iobe a%gp %ge acstljva ul)rE %Qse %ggrl %ar%leg no%t;vgl%erllna}nf\]fgly? (t)ﬁJ lcci)art]i%g%%z?gnént may be added
simultaneously along with the coupling agent.
[0090] The determination of an appropriate coupling agent is within the knowledge of the
person of average skill in the art. One example of a suitable coupling reagent is 1-ethyl-3-[3-
dimethylaminopropyl] carbodiimide (EDC) wused in combination with sulfo-N-
15  hydroxysuccinimide (NHS). Other types of coupling reagents may be used, including, but not
limited to, imides and azoles. Some examples of imides which can be used are carbodiimides,
succinimides and pthalimides. Some explicit examples of imides include 1-ethyl-3-[3-
dimethylaminopropyl]  carbodiimide (EDC), sulfo-N-hydroxysuccinimide, N,N’-
Dicyclohexylcarbodiimide (DCC), N,N’-dicyclohexyl carbodiimide, N-(3-
20  dimethylaminopropyl)-N’-ethylcarbodiimide, used in connection with N-hydroxysuccinimide
or any other activation molecule.
[0091] The coating reagent which is used for forming the second layer of the water-
soluble shell may comprise one or more suitable coupling moieties that has coupling moieties
which will react with activated coupling groups on the capping reagent. Typically, suitable
25  coating reagents have at least 2 coupling moieties, i.e. in some examples, there are 2, 3 or 4
functional groups, for example, that are reactive towards the activated coupling groups of the
capping reagent. When at least two coupling moieties of the coating reagent are reacted with
the capping reagent, the coating reagent becomes covalently coupled (“cross-linked”) to the
capping reagent via the formation of, for example, ester or amide linkages, thereby forming a
30  water soluble shell that surrounds the nanocrystal core.
[0092]  The term ‘low molecular weight coating reagent’ as used to form the second layer
of the water-soluble shell includes non-polymeric (‘small’) molecules. The molecular weight

of the coating reagent can be low or high, depending on the type of groups present in the



[ 0090] The determ nation of an appropriate coupling agent is within

t he know edge of the person of average skill in the art. One exanple
of a suitable coupling reagent is 1l-ethyl-3-[3- dinethylam nopropyl ]
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(Z')

(T R+G ~Hpy

T is a moiety for adjusting solubility,

wherein

Rc is a moiety comprising at least 3 main chain carbon atoms,
30  Gisselected from N, or C,

Z’ is a copolymerisable moiety,



10 Daltons, for exanple. The ternms "coupling"” and "coval ent coupling”
refer generally to any type of reaction which joins two nol ecul es
together to formone single, bigger entity, such as the coupling of
an acid and an al cohol to forman esteg, or the coupling of an acid
and an amne to forman am de. Accordingly, any reaction that can
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reagent an coat1 ng reagen 0ssess Tuanctl
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o 10 haaiptesisfse 20 g SOl ARG el RinoRESetal s SEIE 1t caious
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sat i sf ysthydraxal mes,r@dmwa genps,gfarteny| mm, spibrate gotups) ﬁlcsplaaw groups,
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mor e pl’s&éle ey ahlﬁlahe 8 atonitic I dfibibof A Nfaegrdeiinordiedi®ne defivative), or any
preferred enbodi nent, Rc conprises between 3 to 12 nmain chain carbon
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nmoi ety
through the 1ncorporat10n of hydrophilic moieties after the coating reagent has been

copolymerised with the capping reagent. The moiety Z’ is a copolymerisable moiety that has
functional groups that can copolymerise with the coupling moiety on the capping reagent.

20  Suitable functional groups include, but are not limited to, -NH,, -COOH or —OH, -Br,
-C=C-, for example. Z° may additionally comprise an aliphatic or cyclic carbon chain,
preferably with at least 2 main chain carbon atoms.
[0095] In one example, T may be derived from a cyclodextrin molecule. Cyclodextrin
molecules have a large number of hydroxyl groups which improves water solubility of the

25  resulting copolymer, and can also conjugate casily to biomolecules for biological labeling
purposes. Examples of suitable cyclodextrins that are suitable include w-cyclodextrin,
B-cyclodextrin,  y-cyclodextrin, Dimethyl-a-cyclodexirin,  Trimethyl-a-cyclodextrin,
Dimethyl-p-cyclodextrin, Trimethyl-B-cyclodextrin, Dimethyl-y-cyclodextrin, and
Trimethyl-y-cyclodextrin.

30 [0096] In yet another example, the coating reagent is a water soluble molecule selected
from amino acids, preferably diamino acids or dicarboxylic amino acids. Specific examples

of diamino-acids that are presently contemplated include 2,4-diaminobutyric acid,



pol ar/ hydrophilic functional group for adjusting the solubility of

t he nanocrystal in the environnent in which it is placed.
Accordingly, it may inpart hydrophilic, or hydrophobic 10
characteristics to the shell, thus albowi ng the nanocrystal to be
soluble in an aqueous environnent as well as a non-aqueous

envi r oRpkAtamifopregricdt aeid ed 2fT-dismpuipentageio woisl, suokme aslyrey mvosBicarboxylic

gr oups, rphaoxyl gr.ou ar banyl oups,. sul f gnat roups,. . sphat e
o oubs 2o TR Pl et BB Rted B 88 Hene™ PsBR Lo P A R s SR RO RE Ry B2
may al seidepdhrdsepwid.c, such as any aliphatic or aromatic
hydrocarbon (e.g. fatty acid or benzene derivative), or any 15 other
or gani d0¥bilet yntoffer examples.oihgisratingreagend is ajwaterr wpdieble madesuig selepted from
nangcr .S densol ubl e in an aqueous environnent. Where T is
hydrgopﬁlz%@]g}lﬁlg@%%%gg so be nodified through the incorporation of
hydrophilic nmoieties after the coa}iGhiglsrealjdnt has been

copol ynerised with the capping redgent. The noiety Z' is a

copol yner i sadhlemdiEiy—tHat)hasN_functi onal groups that can
copolynmerise with the coupling nonety on the capping reagent. 20

Sui tabl e functional groups include, (@Gbub—ar®Hnot linmted to, -NH2,
-COOH or -OH, -Br, -C=C, for exanpte,),-Z—0o0H addi tionally conprise

an aliphatic or cyclic carbon chaif, preferably with at least 2 nain
chai n car bonHgt-ers00€0095EH))r—on€ exanple, T nmay be derived froma
cycl odextrin nol ecul e. Cycl odextr nol ecul es have a | arge nunber of

hydr oxyl groups which inproves wat exciepl-sbidodgy of the 25 resulting
copol yner, and can al so conjugate easily to bi dnol ecul es for
bi ol ogi cal | abeling purposes. Exanﬁél%ﬁg( of \gui tabl e cyclodextrins that

are suitable include a-cycl odextryn, -§':”cyél odextrin,

y-cycl odext rdg__Dhethyl g cyclygdextrin, Trimethyl -a-cycl odextrin,
D net hyl - (3-cycl odextri rgl zllri metNyl - (3-cycl odextrin,

D net hyl -y-cycl odextrin, and Tri ,tp%l_gq\@écl odextrin. 30 [0096] In
yet anot her exanple, the coating (]5 g ht_is‘a water soluble nolecul e
selected fromam no acids, pre & y—'((ﬁoé?ﬁ no aci ds or dicarboxylic
am no aci Sp,%rj{afi C ,&ﬁe)mpl ﬁ’f/()f di am no-acids that are presently
cont enpl at In de 274%di amgobutyric acid, 25

2, 3-di am noproprionic acid or \S\Z'gzl am r& tanoic acid, to name only
a léw. Dicarboxylic acids that F&)Eont Wat ed in the present

Ton
invention include but are not |imted to aspartic acid and glutamc
aci d. [oo9hgreinCBinheycladestiin, akd the coating reagent is a water

sol ubl e nol ecul e selected from 5 the group consisting of. (CH2)3-NH2

o
| COOH

Csz—-———O—C\C /\/
csz—-——momc/ \/\
L'

COOH
15

[0098]  In another example in which the capping reagent comprises unsaturated group (e.g.
C=C double bonds), suitable coating reagents that may be used for coupling include dienes
and tri-enes such as 1,4-butadiene, 1,5-pentadiene, and 1,6-hexadiene.

20 [0099] A method for the manufacture of one of the above mentioned water soluble
nanocrystals (item 2) is described for example in WO 2006/118543 and WO 2006/118542.



H3C- OOC- (CH2)-N / \ (CH2) 3-NH2 /(CH2) 3-COON H3C- OCOC- (CH2) - N

\(CH2) 3-000H /(CH2)3-NH2 CD- OOC-(CH2)-N (CH2)3-NH2 [/ (CH2) 3-000H
CD-O0C-(CH2)-N 10 (CH2) 3-000H wherein CDis cyclodextrin, and O 11
COON C2H5-0-Q C CZH5_O O COON 155(0098] In another exanple in
whi ch the cappi ng reagent conprises unsaturated group (e.g. C=C
doubl e Jsorris¥amples ferbibe oaatfaategrerdagpshtwatehsalublaynabepargedes fugr described in
coupl i H‘%ﬁfi ngl g(gg ﬁi enes and tri-enes such as 1, 4-butadi ene,

1, 5- pe HPehe %\ d 1, 6- hexadi ene. 20 [0099] A nethod for the

manuf aqoor@)of AeiBerof optiea abovedtAiRNtwadEe holdler na@lckk8s NANAGENBIR! f
(item2) is described for exanple in W 2006/ 118543 and WO _

2006/ 1 BG2968/0ep6. dhangostysiaby despbadainthisepplication inghede emtheir surface

sol ybl e . ) ' | R and 5. [00100]

Another’ b apr o E ot AR b B B 2 ebor e i n
PCT/ SGZ0087100 03 =GmpHighinapelgmystal te dekefullbathd genehil Sorampd (\oat i on

I ncl ude on their surface 5 via non-covalent or covalent interaction
an anphi philic polyner. [00101] The anphiphilic polymer can be of the
foll owi ng general formula (V): O

10 (V)

[00102] In this formula each of m, o and p is an independently selected integer from 0 to
about 400, including from 1 to about 400 or about 2 to about 400, such as about 0 to about
400, about 0 to about 350, about 0 to about 300, about 3 to about 300, about 0 to about 250,
15 about 0 to about 200, about 2 to about 200, about 0 to about 150, about 2 to about 150, about
0 to about 200, about 1 to about 200, about 3 to about 100, about 2 to about 100, about 0 to
about 100, about 3 to about 50, about 2 to about 50, about 1 to about 50 or about 0 to about
50. As further illustrations, m may in some examples be selected in the range from about 5 to
about 50, such as about 10 to about 45 including about 10 to about 43, whereas p may for
20  instance be selected in the range from about 3 to about 40, such as about 3 to about 35 or
about 4 to about 30, and p may for example be selected in the range from 0 to about 30, such
as from 0 to about 25 or from 0 to about 20. The sum of m + o + p is selected in the range
from about 10 to about 10000, including about 10 to about 8000, about 10 to about 6000,
about 10 to about 5000, about 10 to about 4000, about 10 to about 2000, about 10 to about
25 1000, about 10 to about 750, about 10 to about 600, about 10 to about 400, about 10 to about
250, about 10 to about 150, about 10 to about 100, about 15 to about 150, about 20 to about
150, about 15 to about 100, or about 20 to about 100. In some examples each of m, o and p is
an independently selected integer from about 2 to about 300, including from about 3 to about
300, about 3 to about 250, about 3 to about 200, about 3 to about 150 or about 2 to about 200,



O10 (V) OOOMO R 20 R3P[00102] INnthis formula each of m o
and p is an independently selected integer fromO to about 400,
including from1l to about 400 or about 2 to about 400, such as about
O to about 400, about O to about 350p7about 0 to about 300, about 3
to about 300, about O to about 250, 15 about O to about 200, about 2
to abombmzto’i)to @boutO(D aboutabouboab )0, abouit3 12 aboutaifh abouk 20tp ahben A0, aboutd
about t bout out 3 bout 100, ahout, 2 to
about Togbodefifir Sobb2 18 one U i 0 (BeP 250tk SagtecBan frcrapgs from
about ﬁgout@@%oht 40, ﬁﬁﬁl&ﬁngsﬂo&rab@@tollﬂtobe@t AOHbm BGut AStof ABOEII0, from

illustrations, g%)ln sonme exanpl es be selected in the range from
about mbey IOab@b@u 0, §ganabest h%mboyo%(b fegyoehouy 50 tmequ{zﬂ@, Ty about ©
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about 30, such as omO to about 25 or fromO to about 20. The sum
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about LBoito about 100, or about 20 to about 100. In sone exanpl es
each of m o and p is an independently selected integer from about 2
to aonOOHIB(]) R’nis| thelifingg alipbaticatnoiety 8edcobebebive, 80, a adatuthadn bb aladao Bt to

250, ab t o, about 20 about t o about or about 2 ou
200, 5700 b?g)u‘far%mt %‘O%&Bg 0§ o ta%t}?te@atoalsaﬁéaSetftf@wawatse% ﬁt%aabthe
80, ab%‘ﬂ& LPZNt @) ,@étan%OSL 31399%@ ecbﬁ’d gﬁﬂrhttlc%m%{ @&9 edzaﬁoneaQPtH% 11419111
and th m+ o + p) is se ecte the range from abou to

abdat 4B@p dirmbbud? hyahcudB0akdwn adnt endbdotabd@0t0 fatavatabheuThd Bettioatoms

about 350, from about 10 to about 300, frontabout 10 to about 250,
f r om aBEritelected GomRband SoBhe sscond alihigtic sasety &° A3 arcopalymerisablg gpBRitlt is

10 to f ,
100, f raovisjos? e BEMAARA 1 AR i BP el BN oo atafiel th any
about 6n¢1mdlag)mmdoﬁﬂ orfier -onaherethodn thenformhef BlonksofTh(sm above gepdrall Binddla
I n anot her. e the sumof (m+ o + p) is 48. The ratio of p/ (m
+ 0) YR ‘égggﬁggﬁnpﬁﬂfgt range from O to about 25, such as fromO
to about 20, fromO to about 15, fromO to about 12, fromO to about
10, fromO to about 8, frgm about 10 § to about 6, to about 4, to
about 3 or to about 2. In|oge exanpleijthe ratio of p/ (m+ 0) is
about 1. -

20 >

-

o units of: and p units of: o

are present in the polymer. Such a polymer may therefore encompass any sequence of these
25  units. As an illustrative example a respective sequence may include the following

arrangement of units:



[00103] R2 is the first aliphatic noiety described above, with a main
chain of about 3 to about 20 carbon atons and 0 to about 3

het eroatons. The heteroatons are selected fromthe group N, 0, S, Se
and Si. R3 is the second aliphatic nohety described above, with a
mai n 15 chain of about 3 to about 80 carbon atons and O to about 40
het eroatons. The heteroatons are selected from N and 0. The second

aliphatic nbiety R3 hasya copol yneri sghle group. I4~is understgod
that the indiyvidual units$ indicated i he above fprnula may be
arranged in any, incluin andom offdenN# rather|} ha n the flerm
of bl ocks. |Thds, yabeve-genet a Qr Ul g B NE def| hes” that +1 ynits
of : ZOOOouts- andun sf R2a are pfeseqt ijn the
pol ymer. SycHJa \pel maqD o Ther.ef 618 |elldOnhpasy ddy| LLGoepce’ 00|t hese
25 units. As an M Ilstrative &afbl e~4 respect equenée @Qay -

i nclude the fol | owi g arrangenent of units: BSzp Op OToz O OR3

O OsR 5 [00104] An anphiphilic polynmer may be prepared by the process
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It isinter alia avai |l abl e under t'he nanes BM 30 bersorbTM
SA 7200@smmdrcially mwal@ﬂe anly(Feitdmie-jlt-maleic anhydride) of Chemical Abstracts No.

26426-80-2, also termed isobutylene-maleic acid anhydride copolymer. It is inter alia
15 available under the names BM 30AE20, Fibersorb™ SA 7200H, IB 6, KI Gel and Isobam®.
It is also available from e.g. Sigma-Aldrich (St. Louis, MO, USA) or SinoChemexper Company
{Shanghai, PRC}. The maleic anhydride polymer may also be poly(ethylene-alt-maleic
anhydride) of Chemical Abstracts No. 106973-21-1, also termed ethylene-maleic anhydride

alternating copolymer. It is for example available from Rutherford Chemicals (Bayonne, NI)

20  under product code 27109P, as well as under the names ZeMac® E 400 or ZeMac® E 60. In the
above described formula (V) n may be any integer from about 10 to about 10000, such as about
10 to about 5000, about 10 to about 2000, about 10 to about 1000, about 20 to about 1000,
about 10 to about 800, about 20 to about 800, such as about 10 to about 400. In one example
n is 32. The above examples of maleic anhydride polymers are not to be considered as being
25  limiting but every available maleic anhydride polymer (and also those yet to be
synthesized), in particular a maleic anhydride polymer which may be prepared according to
standard procedures as known in the art are suitable to be used. Respective maleic anhydride
polymers may for instance be formed following the procedures described in US patents
3846383 and 6316554. A general standard procedure used in the art is also summarized in the
30  abstract of Frank, H.P., Makromolekulare Chemie (1968) 114, 113-121 and involves the free-



It is also available frome.g. Sigma-Aldrich (St. Louis, MO USA) or
Si noChenexper Conpany (Shanghai, PRC). The nal ei ¢ anhydri de pol yner
may al so be pol y(ethylene-alt-nmaleic anhydride) of Chem cal

Abstracts No. 106973-21-1, also ternedgethyl ene-maleic anhydride
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chai n. ighotdimitéto, an amino group, a hydroxyl group, a thiol group, a selenol group, a halogen
group, an ether group, a thioether group or the like. The monofunctional compound has an

25  alkyl chain of about 2 to about 20 carbon atoms, such as about 3 to about 20 carbon atoms,
including about 5 to about 20 carbon atoms, about 5 to about 15 carbon atoms, about 7 to

about 20 carbon atoms, such as 2, 3,4, 5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20

carbon atoms. Further, the monofunctional compound has O to about 2 heteroatoms, such as

one heteroatom. The heteroatoms may for instance be N, O, S, Se or Si. Examples of

30 monofunctional compounds may be, but are not limited to, alkylamines, wherein the alkyl
group is as defined above. In one embodiment the alkylamin may be n-propylamine, n-butyl-

amine, n-pentylamine, n-hexylamine, n-octylamine or n-dodecylamine.
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[ 00109] The at |east bifunctional conpound has an al kyl chain of
abadt 3o eeow o dnete8Brtorng abowt Zatoairent 40 dterditnms ofboabd tn at®ut 30 hftepatone or

car bon bout .3 to. about. 60 carbo t , boyt. 3.to u
30 car BT 5027 Pt TToMeb uont »gb Selr ban Saforie 101 abdut 238 1
to about, 69 xarbore, as509%,.27008 13080, 26 03RbNLILS 6% Gar borsgaondl, 49for 43
about 10 to about 40
heteroatoms, such as N or O.
[00110] In the process of forming an amphiphilic polymer as described above the reaction
25  Dbetween the maleic anhydride polymers of formula (V) (supra), the monofunctional
compound and the at least bifunctional compound may be carried out in the presence of a
base. Generally, any base suitable for the intended purpose may be used. In one embodiment the
base is a nucleophilic base. A nucleophilic base is a base having basic properties as
well as nucleophilic properties. [lustrative examples include, but are not limited to, lithium
30  diisopropylamide, lithium tetramethylpiperidide, diisopropylethyl amine (Hiinig’s base), 1,5-
diazabicyclo[4.3.0]-non-5-ene, 1,8-diazabicyclo[5.4.0Jundec-7-¢ene, a

bis(trimethylsilyl)amide, a hexamethyldisilazane or bismesitylmagnesium.



carbon atons, of about 3 to about 20 carbon atons or about 3 to about
10 carbon atons, such as 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14,

15, 16, 17, 18, 19, 20, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34,
35, 36, 37, 38, 39, 40, 41, 42, 43 or3f#4 carbon atons. Further, the
at | east bifunctional conpound has O to about 45 heteroatons,

i ncl udi[Agl1d]t dwirguthe4mroperss exfolatming, arl a@Phipbilizbpelymé) thpicdhoateasion of

about 2 to,about 40 teroato t 2 to 0 het er atons or
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t he presence of a, base. Cenerally, any base suitable for the

i nt endd@clpips B B0ty f%’éleei%n th%m@ﬁefuéﬁwal FERpoundas lkses the ggoup COO-,
nucl eopRith Ingg. aaée 11991%8 L'\ﬁhel?@ﬁ% %su SR8\ hlegféceﬂdee SiSde is formed

properties as as nuc eophilic pro I es. ustrat ve exa
| ncl udepndbtite aﬁxet mitphhtiia:ri ety oaccbrdidglymidudes i Qomcmmdsalfmd&,d Ifrdnim than
é anet h er|d|de dj i sopropyl et hyl am ne (Hunig's base), 1, 5-
abﬂ@?%ﬁ@} OéaG?HWBH“ -ene, 1,8-diazabicyclo[5.4.0]undec-7-ene, a

b' s(tripgiiny! si ldok@Mndgis ﬁgﬂ%’?ﬁéﬁh hyhdp Rl WARANE s@ondary amide is formed the
blsne5|tylnagne5|un1 31 During the process of "form ng an

anphi pHirkt @hphﬂtlynmmetx yfpa}c adllgoy n@plm@a@tw onoigfy femtrdd fiode the qupefaictiohd

mal ei ¢ _anh oI nmer. results in t f tion of an a e or an
Dot or CSP0Hd BFLRG? WPEhy B iforh Mo e ETRAC R o WA 65 48° oot
i ncl udeﬁalﬁiaengrmh@hmc higrp dhdtr @BNHES 2 HRGiIefyUREe® TPdm GRERO WG bifubtioAdl
al kyl chain, well as at | east one 5 heteroatom which is the

red ectcpmeom% ﬁh%lf be gensadared agecend divhghiodpiets Apgosdinghyeamaliphalic moiety
formed tlﬁe[tqgalﬁ&ﬁ b%?ﬁg In%%f% %(ﬁﬂ‘%gsﬁ%m%?%({iﬁn@%ﬂﬁe pyﬂgd Eﬂ?{i g’i‘nme‘cy formed

al i phatic noret orne

monof urfkink ehakt bammb;tﬁmbnaﬁam&irﬂlpoamdtsmu g:reoamsﬂéi@d a bﬁ@cﬁ&& seabn@tiphatic
I n enbodi.ments where the group is CON a secondary amde is forned
and t hé&qiFst al i phatic noiety accordingly includes 2 noieties forned

fromt
Fegar d TR o ARG Dt G Shhide PG bleht i gne
al 2phator ¢womn@toyunviiynad | componoductewth eneot évy af astedfuhcigonal bempounds (see

roncfunct Lonsh HSSTEAC 200 ore. el oLy for e L om A he 2L St

that i Reledte méhdTRIredtNedse hidctdramebiBodd. 14898 keditf 41 BEbLRNR acid group is

formed, which typically provides a negative charge in solution. Additionally, a number of

anhydride groups do not undergo a reaction. These anhydride groups are generally being

25  hydrolysed in the course of the process of the invention, thereby providing further carboxylic

acid groups. Those skilled in the art will appreciate that the process of the invention of

forming an amphiphilic polymer does not require the use of any coupling agents such as
cross-linkers.

[00114] While it has been previously shown that poly(isobutylene-alt-maleic anhydride) is

30 capable of undergoing a reaction with an aliphatic amine (abstract of Japanese patent

application JP 57016004, Fernandez-Arguelles, M.T., et al., Nano Letters (2008) 7, 9, 2613-

2617), it has been found that furthermore bi-, tri- and higher functionalized compounds can

be used as additional reactants in a one-pot synthesis. It is generally possible to control the



15 conpound shall be considered a second aliphatic noiety.

Accordingly an aliphatic noiety that includes both a noiety forned

fromthe nonofunctional conpound and a noiety formed fromthe at

| east bifunctional conpound shall be ggnsidered a branched second

al i phatic noiety. [00113] Further, each anhydride group of the

mal ei ¢ reavhpurdodditioos ymeuchay mapaat thal the bReor Rghar fimeonabinad compowmniais
Qo two at. | east bifunctional c see
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compound. As a result a carboxyllc acid group is formed, whi
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acid groups. Those skilled in the art will appreciate that the .
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reaction wth an aliphatic am ne (abstract of Japanese patent
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Letters é 7, 9, 2613- 2617), it has been found that furthernore
bi -, tapdic alrﬁvghg}e oppRIesahlf %alpdﬁﬁﬂpéﬁﬂd%d%%?na toymingd @ ipfgrnal C=C or
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reaction, thereby formng only one link to the hydrocar backbone

of t he (d&ryheer -GRéhafonexamplanct i onal groups of the bi- or hlgher

t' |.i d bse ava or Cco and
cr 855 RGisho TreSoPTgesRIE ehE i dhs ety & L RGisirg it B Hafiv or
t he hy(ﬂlﬁ@@tal'ébsﬁ i fRaetkiAn obolrde [RRRAhPIBE biherePBk WaRdtiofRY ero8hd ¥reRBE 8dme,
si de groups and side chains having an al kyl chain of about” 3 to about’

80 car iese dpenvienalgroeps thyt apaat alm/qdetﬁéﬁf@é%ﬂ?sth% aladsie aeld fanbyﬁrrdemémer
the si 911? Pflct%gﬂbhFez M&Iﬂ%aﬂilc?[gag?ll ﬁ%?n%atlcgl Sr%ge’f.?s }aléff at()) \I/ngte%mg

copol ymer group rou r OX

group @emipdj whit afe tvetlrinoain mrthbw ﬂdill&ﬂ 1nCt?E€aﬁr 1SQV@ilﬁlﬂﬁdor ﬁd-ﬂﬁ)ltls &Snofional
termnal group 10 CH=CH2, a term nal group -C=CH, an internal
- AT iPs ot ARSIV PERPle.CaxdroxyAgroups dmad'ab%mép&éﬁsﬂeby gmisopropylidenc

CoRoL YRS SO WRURTStol o8y LB ksl Bl G

gem nalgrdvgX9r that dsfaref ap longer shielded are available for a coupling-, crosslinking or

copolymerisation reaction. For example, the isopropylidene protecting group shielding a

hydroxyl group may be removed by acid treatment. Those skilled in the art will furthermore

25  be aware that such protecting groups may have to be introduced well in advance during the
synthesis of the respective at least bifunctional compound.

[00116] Examples for the manufacture of such amphiphilic polymers and nanocrystals

coated with them are described in PCT/SG2008/000356. Some examples are also listed in

Example 6. Other amphiphilic nanocrystals which can be used in the present invention are

30  described for example in the article of Fernandez-Argiielles, M.T., Yakovlev, A., et al. (2007,

Nano Lett., vol.7, no.9, pp.2613) and Cheng-An, J.L., Ralph, A., et al. (2008, small, vol.4,

no.3, pp.334). The amphiphilic nanocrystals described by Cheng-An, J.L., Ralph, A, et al.



i nstance of the general structure -GCH=CH or GC=C- with G being N,
0, or a group - CH=CH or -C=C-, for exanple. 15 [00115] The

copol yneri sabl e group nmaybe the sanme or different fromremaining
groups of the at |east bifunctional ggnpound. In exanples where the
functional groups are the sanme, those functional groups that are not

alh! O}I\Igd’é@ ;baﬁreéa@t avoly{ntabedc ﬁal!ueiridehb?dcbanhylﬂﬁctien p@layﬁeqtion/r:awhb@nhydﬁde
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in the fof intercfagtaivitalthe hi/@bophadic eutFadtahi ¢dyep 0a the QarbpatiRte sdac8NAnother
illustrative exanpl e, hydroxyl groups may be protected by an
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group shi el di roxyl .group nmay be renoved bMCi d treatnent.

ing.a. hy R i
Those 4RI al?lacﬁwﬁma ppe Ghaips (ofdsqyiinipg) to vpplydashhbans (palylisehwyiene-alr-
r ot ectj,.ng : i g,nge? urin
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nanqcr al coated with themare described in PCT/ SG2008/ 000356.

Sold o1 508, Bubirudl 1and: BS bl rie Gromo et Hn MEMT A i the
nanocr }fﬁfﬁﬁlfpﬁoﬂm'c%fk SO G118 SRthpoSed G2 REKBRNST 409 QL ADRINAR1-30-glycero-3-
describéd for exanple in the article of Fernandez-Arguelles, .
Yakov| edhosphogthanolamineitgazthoxpgmiyethaiane, glyesl)-2000h@ngd , 60fp of 8 23yipalmdtoyl-
Cheng- An, ,J. L. | ph,. A al.. .{2008,..small . vol..4,. .3

op. 392y Meapfcross-oPuOending. Phe Rico ef oiadl R intrabfordinghiee oy the nano-
Ral ph, pArticl&tandlmais@in kigE consiash @ﬁbimypmhybfmé@b@fmmzhd@hs Rpedbangte
Reaction of a fraction of the anhydride rings with al kylam nes | eads
t o lfhe 10 s¢lhilizg fhegrnediEstily dr ophobi ¢ si de chains that are needed for
interc 0N AM L.C .

nanopa ?tﬁ‘lé 82 s%%lg%&tem Eé{ %tgg 8 I?tafgft?{%lfnl?%%ﬁp hlgL g’xhrﬁélhd‘?é]aépﬁ%a% % psolymer
used t anicelhk{dmatdn anirothgansthodrol Pubkest tind hisecolasgdesbat rdbhctlvm the direct

anphi phil i.c nanqcrystal s descrj bed by Fernandez-Arquelles, MT.,
Yakov| &@ating ,O?eﬁleam?m%ﬁ% i Wi o3m iIBhP‘iﬁWEle’&olfi‘ﬂﬁﬁPlphﬂiccrf‘HF)é modified

chai ne (Snie bl HepRyRRLRCY Wil IBr et JICLARRORIE, IR REREQRNG

maP@i c showg dv caie TORGHprotectaicnanoarystalstand salubiitte itltkenanb ogystalsfin tweger (Wu, X,
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the hydrophobic core mcelle cont'gosed of a"mxture o
1, 2- di peraried oyl the pHglgnsadent dateractions of

They found that in biological buffers the interaction between the polymer coated

¢ coated nanocrystals with lipid membranes.

25 nanocrystal and the membrane can be controlled by the pH of the buffer. In the work of Gao
et al. high molecular mass amphiphilic ABC triblock copolymers consisting of a
polybutylacrylate part (hydrophobic), polyethylacrylate part (hydrophobic), and
polymethacrylic acid part (hydrophilic), were used to directly encapsulate QDs {Gao X, et
al., Nat. Biotechnol. (2004) 22, 969).

30 [00119] A different class of polymers used to transfer hydrophobic QDs directly into water
is poly(maleic anhydride alt-1-tetradecene) (Pellegrino, T., et al., Nano Lett. (2004) 4, 703; Yu,
W.W., et al,, J. Am. Chem. Soc. (2007) 129, 2871). The stability of the polymer shell was

increased by addition of the bis(6-aminohexyl)amine crosslinker.



phosphoet hanol am ne- N- [ met hoxy( pol yet hyl ene gl ycol )-2000] and 60% of
1, 2-di pal mtoyl - sn-glycero-3-phosphocholine. The mcelles provided a
hydr ophobi ¢ interface for the nano- particles and maintain high
colloidal stability. The presence of PEG |layer was a prerequisite 15
to solubilize the nanocrystal. [00118] O her authors reported about
furt her[0pB¥3i dnladditien tevthectandorysiet theqilgnten the probgnenventivrc edrl @so comprise

f ti in th t hod of Dubertret .and.hi | L but rath
on t he iorEEYS Ay SSHTS bR Aoemples APee (IRaRPGEs FIChRie Pt aonddipitcd
Aphi phé | ilBydrédyeyhmamili (blae 6106t Y@l Ng O7-Hy@Riieehal-Rhrbb@Wic  acid;

mol ecul ar wei ght pol yacrylic acids were successfully 20 shown to coat
TOPO- privttbetyeaumais tHyas ealps. weh as diNehetceumpandaasets gaidaiyening dyes, sych

Wiz X al. . t .0 n .21, N t.h is, .L. .
(Vg Xan Sty (DB ol B3N EL 3, MRLRSRHGpe )
Langnuiamif@aaria 2blud 30K)), shich B aginedyoulnieiaa FdiMgreén ddrk coldd), dugh as 5-
have reported on the pH dependent interactions of the coated
nanocr yAPAPTHPTERCEE (- HANDh BIGHELIOr STRBYS ARRA TS0} F057 60800, 514,

buf f er s;sbhesd ndser aghi suy tbqf)%"g? d4he 666! 70 %E%{ﬂ%ldb?%%&ﬁ@iﬁé@;r gﬂ@

t he nenbrane ‘can be contro by the’p f 'the bufter
of Gao nuetberl 23Hi-gh5SMfligltup@en nadw);aRfpN fhiokophoABQight i drkac keolor), such as

otf et IO Sl ot g SRUTFCaFI andd TG | rGENGE! yiePPRoci dligar 13
(hydr opftain@ihylrAEdfnite Sdisb @il AREd LMoRAE ARTRIRE véderAhrtn (PEJ (vellow
(2 Z gp glﬁﬁﬁdlfferent %?gss

al., Nat. Biofechnol. 004) 22, 969). 30 [0011
of pol ywabry ubexdst Rad alfsHiHeShyPbdhobCaSQDNodi ri@864419imt olovmger colla);

pol y(mal ei ¢c._anhydr | |t - ene Pel.l i o t al.

Rano. | a0ty BRuHeD) Wndabing (FALQGERS Ttk fhish’ BeaB8-domoimie: ooy
129, 28H) GolJrE;GOIS dlbbhydo¥yRin (AP POfrydeslophl hant@snlyl NEELARLEnd¥xample,
addition of the bis(6-am nohexyl)am ne crosslinker, 34 [00120] In
addpPt i dioresceindan hersickspd eaflupropherieaphicl pan hempradswith aingyeaystesecalfigure
also c rise an organic dye, such as a fluorophore. Exanples for a
fl uorophore include, but are not limted to Hydroxycoumarin (blue
col or) ,[061xih a1 Frghlyidrdysanulkarindude, dar 3awy linttedco d;cgrmmmw @@%m@sr 470
(blue color), such as 7-Methoxycoumari n-4-acetic aci d;. cyani ne dyes,
such 5 cqEwPeyls sopansob-cgrlsas %léhqey?nmn%maﬁcs!a&yaﬁil%%ﬂeqs) ,

| ndodi I : : ] iR :
T nd O RER SRRt A DRI i Dy Bl o B o e

Ca2Boxyldmiepmpdeing soéh &ANKturdbEatalefdt wor tymucthname ciibtek and-htuiesst 306 type of
405, 430, 488, 500, 514, 532, 546, 555, 568, 594, 610, 633, 647,
660, 686°4%0%%nd 750; Fluorescein (FITC CAS nunmber: 2321-07-5)

(l'ight [g628) aRlaRGther 49p&ctf the QrRRRAK Cerktioh FBferso@EMBO4 OF toloSHE B phit with
at least one type of a nanocrystal, comprising:
providing a solution comprising at least one type of nanocrystal dissolved therein;

25 . contacting the plant with said solution.
f00124] In the above method of the present invention first the nanocrystal is provided in a
suitable solvent or mixtures of such solvents, i.e. the solution is a mixture of a solvent and at
least one type of nanocrystal, wherein the nanocrystal is dissolved in the solvent.
[00125] Suitable in this respect means that the nanocrystal should be soluble in the

30 respective solvent. Examples of such solvents are, but not limited to, aprotic solvents and/or
non-polar solvents, such as an aprotic non-polar solvent. The latter may include, but is not
limited to a mineral oil, hexane, heptane, cyclohexane, benzene, toluene, pyridine,

dichloromethane, chloroform, carbon tetrachloride, carbon disulfide, dioxane, diethyl ether,



10 6-carboxy-2',4,4',5 ,7,7 -hexachl orof |l uorescein; TRITC (yell ow
color), such as Tetranethylrhodam ne 6-isot hi ocyanate chl ori de
(6-TRITC; R-phycoerythri n (PE) (yellow color); Texas Red
(C31H29S2N206C11; CAS No.: 82354-19-6}5(orange color);
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[ 00126] I n anot her exa rotic solvent i's used
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di geocingthyd-ifttdazelic heaafliotdplagphaté, thig(pef@iiub®ethal)irEthotoRogitate, trihexyl-

solvent. The nol ecul es of such solvents can donate
(tetradecyl)phosphonium, N"-ethyl-N,N,N'N'-tetramethylguanidinium, 1-butyl-1-methyl pyr-

rolidinium tris(pentafluoroethyl) trifluorophosphate, 1-butyl-1-methyl pyrrolidinium bis(tri-
fluoromethylsulfonyl) imide, 1-butyl-3-methyl imidazolium hexafluorophosphate, 1-ethyl-3-
methylimidazolium  bis(trifluoromethylsulfonyl)imide and 1-n-butyl-3-methylimidazolium.
25  Examples of polar aprotic solvent include, but are not limited to, methyl ethyl ketone, methyl
isobutyl ketone, acetone, cyclohexanone, ethyl acetate, isobutyl isobutyrate, ethylene glycol
diacetate, dimethylform-amide, acetonitrile, N,N-dimethyl acetamide, nitromethane, acetoni-
trile, N-methylpyrrolidone, and dimethylsulfoxide.
[00128] In one example, the solvent is a solvent with a high boiling point. Examples of
30  such solvents include 1-octadecene or 9-octadecene. Their boiling point is above 250°C.
Other examples include, but are not limited to Dowtherm A which is a eutectic mixture of
two very stable compounds, biphenyl (Ci2H;o) and diphenyl oxide (Ci3H;00) with a boiling
point of 275.1°C, or polychlorinated biphenyls of the general formula Ci,HoCly, such as



an H+ (proton). Exanples for polar protic solvents include, but are
not limted to, water, nethanol, ethanol, butyl alcohol, tert.-butyl
al cohol , phenol, cycl ohexanol, formc acid, acetic 10 acid,
dinethylarsinic acid [(CH3)2AsQ(OH) ], 3gni | i ne,

N, N-di net hyl -formanm de, N, N- diisopropyl ethyl am ne, or chl orophenol.
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di phenyl oxide (C12H100) with a boiling “point of 275.1C, or
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easily m xed or dissolved in an agueous solution. Such an aqueous

sol ut i dakep plaggiat apuehslywses ratpkam exgmply of a plaaheologd biydmmesting the quhgfem
ﬁ;;ocf fg’itg%lagfglc%%glaﬂ&{ﬂ Rﬁgﬁ E;g%azl?c{ %{)tf{f)eg'ft vs.}ithea ngtyo 'iyospaq Cl’p isl?dwn in Figure 2. In
25  another example, a mi,xture of a nanocrystal together with a fluorophore has been dissolved in
an organic dye. Afterwards, the cut stem of the plant has been immersed in this solution and
after uptake into the plant, the plant showed was multicoloured (see, e.g. Figure 4a).
[00133] In another aspect of the present invention an aerial part or the whole plant has been
contacted with the solution comprising at least one type of nanocrystal or a mixture of a
30  nanocrystal with an organic dye which have been dissolved in a suitable solvent.
[00134] Contacting of the plant with this solution can take place by dipping or spraying the

solution over an aerial part of the plant or the whole plant. Figure 1 shows an example of an

orchid, namely Dendrobium White Fairy, which has been dip coated with the solution. The



di ssolved in a suitable solvent, such as a hydrophobic or anphiphilic
sol vent, which can be taken up by the plant via the roots or a cut
stem Besides octadecene which was used in one of the Exanples
described herein (see Exanple 1), othe# hydrophobic solvents can be
used to. Exanples include plant oils, such as soy oil, rape oil, sun
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[ 00135] The concentration of the at |east one type of nanocrystal is

bet weerdOGI38lit Theomyentpn has been described broadly and generically herein. Each of the
narrower species and subgeneric groupings falling within the generic disclosure also form

25  part of the invention. This includes the generic description of the invention with a proviso or

negative limitation removing any subject matter from the genus, regardless of whether or not
the excised material is specifically recited herein.
[00139] Other embodiments are within the following claims and non- limiting examples. In
addition, where features or aspects of the invention are described in terms of Markush groups,

30 those skilled in the art will recognize that the invention is also thereby described in terms of

any individual member or subgroup of members of the Markush group.



1 mol/| or between about 0.01 to | mmol /| or between about 0.1 to
0.5 mmol/I. The 5 concentration of the organic dye that can be used
isin the range of 0.001-1.0 nol/L or between about 0.01 to 1 mmol /|
or between about 0.1 to 0.5 mol/|. [QQ136] The plant of the present
i nvention can appear in the colour conferred by the uptake or
contacting with the at | east one BXeMILERnocrystal when being

expose i of . a ertain el ength. This can.be in the visible
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the uptake time for a colouring agent, such as different types of nanocrystals or another

organic dye or mixtures of both. In one example, a mixture of CdZnSe nanocrystals and

fluorescein has been used. A short uptake time of the solution in which both colouring agents
25  are comprised will result in fluorescein colouring the veins while the CdZnSe nanocrystals

colour the ovary region, base and periphery of the petals and sepals.

[00144] Root uptake of emissive quantum dots and dyes sequentially

[00145] Taking a step further, the sequential uptake utilizing CdZnSe nanocrystals

dissolved in octadecene and an aqueous fluorescein dye is demonstrated. The sequential
30 uptake of the nanocrystals and the organic dye can result in multicolor modification. 4 hours

uptake of nanocrystals via the cut stem was followed by 15 minutes uptake of fluorescein into

the flower (also via the cut stem). The result was a combined fluorescein-nanocrystal



nmet hods are attractive as conpared to genetic nodifications due to
the facile techniques. 5 Surface adsorption/uptake of em ssive
nanocrystals by dip coating an orchid, such as Dendrobium Wite Fairy
in a solution of CdZnSe nanocrystals genonstrated highly em ssive
flower under UV excitation 302/345 nmexcitation (Figure 1). [00141]
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In general, it can also be said that colouring of a plant can be
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water before wiped dry with KimWipes cleansing tissue. Images under UV then captured
using digital camera Sony Cybershot DSC-T1.

25 [00149] For confocal imaging, sections of the stems were carefully sliced using surgical
blades. Individual sections of the sliced stem were then carefully transferred onto a
microscope glass coverslip. Imaging was carried out with the sample placed facing the
objective using Nikon Clsi Laser Scanning Confocal Microscope equipped with spectral
imaging and fluorescent probe un-mixing.

30 [00150] Manufacture of CdZnSe nanocrystals was carried out as follows
[00151] WNanocrystals were manufacture using liquid oleic acid and liquid octadecene for

preparing luminescent or magnetic nanocrystals. The procedure for the preparation of

luminescent nanocrystals as an example is given below: 1.0-mmol cadmium oxide, 0.5-mmol



[ 00146] Transverse cross-sections of the stemcorresponding to the
upt ake descri bed above were observed under confocal m croscope
(Figure 4b). In addition to standard confocal 5 inaging, spectral
confocal inmages were utilized to confiyymthe presence of CdZnSe
nanocrystal s (quantum dots) and fluorescein. Ensuring no crosstalk
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46960) in water. In case a 20 visible colouring of the whole plant is
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ol €lc aolwintaudh ks bpxiade fac stachgeene for preparing | um nescent or

" medBRRRTnatd Srtkess of TPty apanfre dhs Z1GE Dl o 1. 0- o
cadm umuexizge, 0.9 mendIO 4 0.3 mmol CAO were dissolved in 2.4 mmol oleic acid at 320 °C
to form a clear homogeneous solution. After it was cooled down to 60 °C, 2.4 mL Se solution
(1 M TOP-Se solution) and 5 g hexadecylamine (HDA) together with 2 g
25  trioctylphosphineoxide {TOPO) and 20 mL hexane were added; then it was transferred to the
100mL Parr reactor 4950 and purged with N, gas. The mixture was quickly heated to 320 °C
under stirring and maintained at the same temperature for 30 mins to 3 h. The reaction was
stopped by removing the heat and cooling down. The obtained nanocrystals were purified by
a simple centrifugation/dispersion process, i.e. the precipitated nanocrystals can be collected
30  and dried or the precipitated products can be re-dissolved in an organic solvent such as hexane
for storage.

[00158] 2.3 Synthesis of ternary quantum dots MgFe,04



zinc oxide, 3.1-mmol seleniumwere |oaded into a flask containing
3.1-mmol oleic acid and 10-m, octadecene foll owed by degassing and
heating to 300 Cwth stirring, until a clear solution fornmed. The
reaction was renmmined for 30 mn, theyfeactant is cooled down
naturally to roomtenperature. The obtai ned nanocrystals can be used
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L Par rg {s‘?ﬁﬁ%&.r 4950 and purged with N2 gas. The m xture was quickly

heated to 320 C under stirring and nmaintai ned at the sane

t enper 400Y@]f a4 SmﬁlliesmbfaﬁlFe}'ﬁenmmmmls was then stopped by sinply
product was pur,jfied
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dissolved in an organic solvent such as hexane for storage purpose.
[00162] 3.1 Preparation of TOPO Capped (CdSe)-ZnS nanocrystals (Quantum Dots, QD)
[00163] Troctylphosphine (TOP)/Trioctylphosphine oxide (TOPO) capped CdSe
nanocrystals were prepared as follows. TOPO (30 g) was placed in a flask and dried under
25  vacuum (~ 1 Torr) at 180°C for 1 hour. The flask was then filled with nitrogen and heated to
350°C. In an inert atmosphere drybox the following injection solution was prepared: CdMe,
(200 ml), 1 M TOPSe solution (4.0 ml), and TOP (16 ml). The injection solution was
thoroughly mixed, loaded into a syringe, and removed from the drybox.
[00164] The heat was removed from the reaction and the reaction mixture was transferred
30  into vigorously stirring TOPO with a single continuous injection. Heating was resorted to the
reaction flask and the temperature was gradually raised to 260-280°C. After the reaction, the
reaction flask was allowed to cool to ~ 60°C, and 20 ml! of butanol were added to prevent

solidification of the TOPO. Addition of large excess of methanol causes the particles to



41 [00159] 0.4 mmol rmagnesi um carbonate and 0.4 muol ferrous acetate
were dissolved in 3.0Ompl oleic acid at 320 Cto forma clear
honogeneous sol ution. After it was cooled down to 60 C, 5 ¢

ol eyl ami ne and 20nL hexane were addedy,then it was transferred to the
100nmL Parr reactor 4950 and purged with N2 gas. The m xture was

qui ckl yldeedtted Tho fBROul@eSvamshprragad fromnthe ssnpernetanit bqué dyatentrifegaimne the

tenperature for 30 minutes to 3 h. The reaction ) topped b )
rembvi NGRS RLATET.N R QRRIREIaBh vaIAFy &F OGRS peiTigu f Rrodige ax optically
preci pidat eslutighi,oduct s were either collected and dried or

re-di ssolved in an organi c solvent such as hexane for storage.
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of TOPO Capped %CdSe)-ZnS nanocrystals (Quantum Dots, QD) [00163]

Tr itéct Womdepwithe-¢ybmextri oct yl phosphi ne oxi de (TOPO) capped CdSe
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rai sed rb80v¢60e 220 Gyclbi:8find BletSRE THRRo obBighed nanocrystals that had formed a host

guest complex with cyclodextrins via TOP/TOPO were stored in solid state. They can easily

be transferred into water by dissolving them in water by means of ultrasonic treatment. The

25 nanocrystals which are protected by the host/guest complex were found to be stable in the
solid state for a relatively long time.

[00168] The formation of the water soluble y-CD modified quantum dots by formation of a

host guest complex could be followed optically. When adding y-cyclodextrin to a chloroform

solution containing TOP/TOPO-capped CdSe/ZnS core shell nanocrystals, the formed

30 nanocrystals migrated from the organic chloroform phase to the aqueous solution. The

formation of y-CD muodified quantum dots was also confirmed by 'H-NMR, FT-IR

spectroscopy and XRD measurement (data not shown). Transmission electron microscopy

(TEM) and fluorescence images show that the quantum dots having formed host guest



reaction flask was allowed to cool to - 60C, and 20 ml of butanol
were added to prevent solidification of the TOPO Addition of |arge
excess of nethanol causes the particles to 42 flocculate. The
floccul ate was separated fromthe supggnatant |iquid by
centrifugation; the resulting powder can be dispersed in a variety
of or ganinplexet watlht w-cydogexértiuemahigh phorpadlisyersed| maticlsn | lubiobeen] MO #@Shat
A flask, c Lning 5 of TOPO was heated.to.190C under vacuum for .
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3.1 havyj pghBudydnerheRifn&aRRbRGew th TOP/ TOPO were dissol ved into
200 | of a m xture of chloroforn hexane (1:1). About 0.5 g of y-

cycl 0déf@16%h dnkiPreperatiom ot Watera$olgldk MNanoerystels evitluGeupled Palyswiruini ameafs
20 M dejoni zed water. The m xture was refluxed for about 8 hour
until &°¢F8Udy solution fornmed. A rotary 20 evaporator was used to
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groups on the capping reagent, and stirred at room temperature for 30 mins.

[00171] The reaction mixture was first stirred at 0 °C for 4 hours and then left to react at

room temperature overnight. The obtained solution was dialyzed overnight and stored after
25  degassing with nitrogen. Further purification was carried out by first washing the reaction

solution with ether twice and centrifugation of the acidic (pH adjusted to about 4-5) polymer

coated nanocrystal solution. The collected nanorystals were then re-dissolved into water by

adjustment of the pH value (to 7-8).

[00172] The physical-chemical properties of the polymer shell nanocrystals of the
30 invention were compared to those of (CdSe)-ZnS core shell nanocrystals capped with only

mercaptopropionic acid (MCA) or aminoethanethol (AET) as follows: To an aqueous

solution of the nanocrystals, H,O, was added in a final concentration of 0.15 mol/l and the

chemical behaviour followed photospectroscopially. For the nanocrystals that were coated



30 nanocrystals mgrated fromthe organi c chl orof orm phase to the
aqueous solution. The formation of y-CD nodified quantum dots was

al so confirnmed by 'H NWR, FT-IR spectroscopy and XRD neasur enent
(data not shown). Transmi ssion electrgp nmcroscopy (TEM and

fl uorescence i mages show t hat the quantum dots having fornmed host
guest 4®ly @@thpMég"esnrvM“ﬁ cyucw@nmfeth@ mianodrpytats hvayrurrnnwtdhysmc&@h and the
particles Se/ or

Panocr yerar e aReeBR g Alle 1Y mipblE e HESRELL IR STl chonprrvials wie
of the shgsficaayphay sﬁaﬁﬁ&gwmd:hbmowbﬂﬁhndm@mch BecuFuaRalyf 1661y
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physi ol ogi cal itjons), and.even show satisfying stability in
aqueousiSs Vﬁ@ﬂ%ﬁﬂg’F r5along o*ﬁWa?wsspeio ﬁtm%anmrawamés%mdaﬁlawpw@r@ was
r espectdpyeloniddanvmraldat pcﬂoﬁ# LA el f%?tge!ltex%))m thﬁf%L e &J@ﬁl@qgﬁﬁ%%slar e
core shell nanocrystals 10 after having forne ost guest conpl ex
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sol.ution heat 50C. 00169 Pre on of V\ate Sol ubl.e
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coat ed st Xesl ot ast@mem%a@wb@@p@?l&ﬁcs ﬁélutt% Apding@tdn Hots were dried
Afterwards, 15 TOPO coated quantum dots were dissolved in

chl or ofbsiefly veitto Agowi gan apd Itleﬂng@swﬂfwdnntmanhyémuﬁd@ﬂﬁylfo th@lsoiunhe, excess of
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col |l ected hy centrifugation, Then the am no capped quantum dots were
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reaction so utla v¥h ht et her twice and centrifugation of the acidic
(pH adj’ds¥aa" odt" #*%) pol yner coated nanocrystal sol ution. The

col | ectjggl mn@wi@hﬁnw@ bEWRES ol@16 NafSdryaals HhQC8d-EIkBY Shell in aqueous
solution

[00176] TOPO coated quantum dots are manufactured as described under 2.1. The (CdSe)-

25  ZnS core shell nanocrystals thus formed were dissolved in chloroform with large excess of

the 3-mercaptopropionic acid with a few drops of pyridine. The mixtures were subjected to

ultrasonication for about 2 hours and were kept stirred at room temperature overnight. The

formed precipitate was collected by centrifugation and washed with acetone to remove the

excess of the acid. The residue was briefly dried with a stream of argon. The resultant

30 nanocrystals, coated with molecules of carboxylic acid forming the first layer

covering/surrounding the nanocrystal core, were then dissolved in water or buffer solution.

The nanocrystals in aqueous solution were centrifuged once more, filtered through a 0.2 um

filter, degassed with argon and stored at 25°C before use.



adj ustment of the pH value (to 7-8). [00172] The physical -chem cal
properties of the polynmer shell nanocrystals of the 30 invention
were conpared to those of (CdSe)-ZnS core shell nanocrystals capped
with only nercaptopropionic acid (MCA) or am noethanethol (AET) as
follows: To an aqueous solution of the nanocrystals, H2O2 was added
in a filA817dorfentthat famatién 00ﬁ5th¢oldr¢sselhﬁtiltgweintecfaem ead Bxéisaqﬁieutiy the
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stirring. After the entire polyeth ngnlmne sol ution was added, th

redéti MpMm@mﬁmm dempgratureslonanaherer bawrs. el hewselutiog h’tanccntmfwgyplto mgn@:re

t he poI I to the cap ent hen, the DWF
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then 2@ O@I’%?mmdoﬂtﬁhh@d WahRhm EME téﬁﬁ‘ralﬁuﬁé fphﬁﬁt—:éi% &fgaﬁlbesomhy BBk action.
coat ed quanfum dots was carried out by washing with ether tw ce.

[ 00175]Afker1ther repeticat (formasfonvat éhe SuissrbhsinNlaintectays taafl scomlehtly coupling the

dot's: ar8 Manrpaet s ZEMERRY i inl, o0 Y Do) V80 s TR e

Is hebl rsameﬁyﬁa]{saéﬁrat:ﬁea Switt EMBH adkedte t¢lesSadh ViRdpo1pmeR kil QBhtwint fots with
arge excess o
J ester surface from the organic solvent. The organic solvents thus obtained were combined and

dried, and then removed by rotary evaporator and dissolved in ethanol and 0.1 N NaOH for
hydrolysis of the ester bond and formation of the water soluble nanocrystals. The solution
was kept constantly stirred at room temperature for 4 hours, and then neutralized. The
25  obtained clear solution was centrifuged to remove any trace amounts of solid and stored in
aqueous solution at room temperature after degassing.
[00179] The physical-chemical properties of the obtained cross-linked water soluble shelled
nanocrystals of the invention were compared to those of (CdSe)-ZnS core shell nanocrystals
with were capped only with mercaptopropionic acid (MCA) or aminoethanethol (AET) as
30 follows: To an aqueous solution of the nanocrystals, HyO, was added in a final concentration
of 0.15 mol/l and the chemical behaviour followed photospectroscopially. For the
nanocrystals that were coated only with MCA or AET oxidation of the nanocrystals was

immediately detected and the nanocrystals precipitated within 30 minutes. In contrast, the



the 3-nercaptopropionic acid with a few drops of pyridine. The

m xtures were subjected to ultrasonication for about 2 hours and
were kept stirred at roomtenperature overnight. The forned
precipitate was collected by centrifugation and washed with acetone
to renmove the excess of the acid. The residue was briefly dried with
a streahelidd apgenystalheofr wulitvantionB Gvana nognifisindllys moco atabte wigtinst chemical
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coati ngd®¥%E®PEnt that is conprised in the second |ayer to the first
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and 0.1 N for " hydrolysis of the ester bond and formati on of the
wat er <ot 0Hi3, anssorefsatabem tThperspireiférod) minutes under nitrogen protection . The

solution was added slowly to the nanocrystal solution for covalent coupling with the coating
25  agent. After stirring the resulting solution for 2 hours at room temperature, the DMF solvent
was evaporated under reduced pressure by using a rotavapor system. The obtained slurry was
dissolved in 5 ml of water and then 5 ml of 1 M EtONa/EtOH solution was added and stirred
at room temperature for another 2 hours to form the solvent-exposed water soluble bonds in
the second layer. The resulting solution was washed twice (5 ml x 2) with ether to remove
30 any trace of the additives or un-reacted starting materials. It was then neutralized with 0.1 N
HCI aqueous solution for storage. Further purification was carried out by centrifugation of the
polymer-coated nanocrystals in acidic solution and re-dissolving the nanocrystals in water by

adjustment of the pH value of the solution.



was kept constantly stirred at roomtenperature for 4 hours, and then
neutralized. The 25 obtained clear solution was centrifuged to renove
any trace anounts of solid and stored in aqueous solution at room
tenperature after degassing. [00179] Fhe physical -chemi cal properties
of the obtained cross-linked water soluble shelled nanocrystals of

t he i n\@bt859n Gk rMandagarced amphiphdgpadymé€dSe) - ZnS core shel |

or o HOBCIRnd e ey BE TS GoRbioPtidene kAR, DBTE 16 RElmes okl

nanocr ysyel,sthe H@@%ct\f\@esaﬂﬁﬂefmwwe@byImEAcgnﬁm)t\xz@fteIaqaed ghd %ell%lﬁfﬁale/ Was
and the chenlcal behavi our foll owed phot ospectroscopially. For

nanocr ysitrell $oit héah inei0e° @ Qaftecbvapdrytion bHCMOA; die ﬁEt'En@b(wdﬁBms@andbﬁ Ih h.&ter
nanocrystals was inmmediately detected and the nanocrystals

pr e6i piwigt snalhickpisn BMNaPHudwsrd tha cadkyhs grouphen 4k pelyeler ddckbone. After
nanocrystals of were significantl re.stabl ai_nst
Chon carabyRidthet BRGACRIBER A aF grspiSRln %R b fiPrred <BHRt her
experi menh fe@adays"Phe SH1GMHY aﬁ%ﬂﬁal@zaﬂioﬁ/'t@ml satit i NYes @ddeseduent
ei ther (CdSe)-2znS core shell nanocrystals capped with MCA only or to

shel | e¢vapraiodegsted] &itbf pradecisnvidiet mely(ls@biéylnmalé@mé@a ﬁﬁwdadgf)smf:ts
preci pi %8&%’ a%ﬁb{c‘% i 1{%19%%@‘1? ﬁﬁ‘bﬁ%h ald: ng SOF&? a{‘%o 'o‘&nd‘%&f‘%hé’ 3t st

of the Frhvent Fe"int
addot i oﬁﬁménmﬁmmpnunar(ﬁelhal& $e0orsl @mhgonemdnt effect on their
stabilitﬁgﬁﬁ0018l Slnllarl , the photochem cal stability of the

shel | edV cripsthy) gl M&lga%e@lp@%ﬁqth%laﬁﬁ {ormatipmad R iSeesofh arpaiphilic
toth I
% | oIS ERRESIATEt K8 Bt it A0 B RS0 an b

wer e f quindndre preci pintlessed r byn piadtignl mbcuytamme 48 hpaly@sobhgieesltiheleic

shel | ed papo S 0 he .invention were stable for 4 days. The
quoreé@g % %f%#?&“%%§r§5§o found to be stable for a long tine.
[0G382] SAuqRseparation of Water-Sol ubl e Nanocrystals with

Cr oss- Li nke ell in organic 15 solution [00183] TOPO capped
nanocrystals were prepared in accordance with Exanple 4.1 and

di ssol ved|in chl orof orm i .>s anount of

pent ane- ( et hyl thiol) iam i tion of [the first

| ayer. Th ixfure was | S ] ight. Formed
precipita en |washed with

nmet hanol , obtai ned nanocrystal s
wer e diss in @ 10! ther flask,
pent ane- 3/3- di eChylO car hoxyl i 5tdi car dxyDi c acid (as

[00188] Reaction of poly(isobutylene-alt-maleic anhydride 6000 with octylamine (0.05g,

20 0.4 mmol) resulted with crystalline product 1 (0.86 g, 59 %). IH-NMR (400MHz, D;0) &:
3.25-2.90 (m, 9 H), 2.59 (bs, 39 H), 2.08 (bs 39 H), 1.95 - 1.35 (m, 81 H), 1.34 (bs, 62 H),
1.13 — 0.65 (m, 238 H). Target composition: carboxylic 97%, octyl amide 3%; observed:
carboxylic 96 %, octyl amide 4%.



coating agent conprised in the second | ayer) was dissolved in DV
with 5 equiv. of EDC and NHS, and stirred at roomtenperature for 20
m nut es under nitrogen protection . The solution was added slowy to
the nanocrystal solution for coval ent4 Foupling with the coating 25
agent. After stirring the resulting solution for 2 hours at room
tenperature, the DWF solvent was evaporated under reduced pressure
by usi avapor system The obtained slurry was dissolved in 5
m  of ag¥§%é§%d then 5 m of 1 M EtONa/EtOH solution was added and
stirred at roormptenperature 2 hours to formthe-

sol vent - exposed |{wat er sol ubl e the seg¢ond Iayer The)

resul ting soluti Y

30 any trace of_]
was then neutral
Further purifica
pol yner - coat ed 1
nanocrystals in'water

- anot her
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i o€ renove
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ing the
ol uti on.
[ 00186] To the
solution of |g poly(isobutylene-alt-nmaleic anhydri ™. 300 niL of
dry CHC13 the respective amne followed by D PEA (1 nL) were added
and t hd0od &Qt] u rlﬁam ofgtdly(rsetiutiytane-b-rhalere 260ydEideATO08 witveny rmtried . 161g,
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47 5[ 00185] 6.1 Nhnufacture of anphiphilic
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dlalyzed st water for a few The sol.ution after .
sttpgpylic 89
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reggl teg M&ﬁgmﬁa@gp¢g$b1 3poly(|sobutylene al t-mal ei ¢ anhydri de)
reacts spontaneously Wt igh yield with both the nonofuncti onal

conpound and the at |east 10 bifunctional conpound (here the second
conmponent). [P0187] In the T dl | owi ng exenpljary data on thelformation
of a series o nphj philic jgolynmers of intlerest 1:5 are provided.
Foll ow ng the| fo oi ng protqcol i phi S were

synt hesi sed ing n-agtly t-mal eic
anhydri de) at| diffefent\nolar OO0 0O
OHNO- _O0 [0pP1 Reac oiaf @ ©|anhydri de
6000 with octyl am n@ (@ 05q, | 2 Ogﬁ rystalline
product 1 (0.86 g, 59 % . 1H NMR (400

[00190] Reaction of poly(isobutylene-alt-maleic anhydride
15 3.2 mmol) resulted with crystalline product 3 (1.06g, 63 %). lH-NMR (400 MHz, D,0) &:
3.28 - 2.85 (m, 47 H), 2.60 (bs, 37 H), 2.41 — 1.60 (m, 81 H), 1.47 (bs, 68 H), 1.24 (bs, 253
H), 1.12 - 0.75 (m, 286 H). Target composition: carboxylic 75%, octyl amide 25%; observed:

carboxylic 75%, octyl amide 25%.
Polymer 4
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3.25 -
(m 81

2.90 (m 9 H), 2.59 (bs, 39 H, 2.08 (bs 39 H, 1.95 - 1.35
H, 1.34 (bs, 62 H, 1.13 - 0.65 (m 238 H). Target

conposition: carboxylic 97% octyl am de 3% observed: carboxylic 96
% octyl amde 4% 48 Polymer 2 0 O @O OHNOOO OO 5 [00189]
Reaction of poly(isobutylene-alt-naleic anhydride 6000 with

tyl 0. I
?8' g7a3fb@§94(]0 Iiécﬂon o%pgllgfgﬁ}gyléﬁ%t }@%1 ﬁ@cﬁ‘irﬁ%bgg \iﬂﬁﬁoggﬂa&ﬁ% &02%4 g,
(bs, 38.Hmmol) 4@sulteti with ¢nyptalli®e pyduct 423. gsSS%J.GIH-I‘NMR (460 Midz,7D,0) &:
23 e c. 9 t
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060 am n resulted w crystalline
proéuctyobger(qfd%ﬁmghg% ﬂ’fPFYNW%oAMt, D20) 6: 3 %8 - 2 85 (m 47
H, 2.60 (bs, 37 H, 2.41 - 1.60 (m 81 H), 1.47 (bs, 68 H), 1.24
(bs, 253 E Tg f e%% 12 - 0.75 (m 286 H). Target conposition: carboxylic

75% oct

25% observed: carboxylic 75% octyl am de 25%

Polymer 4 20 OO0 OOO 00 OHNO- 0 49 [00191] Reaction of

pol y(i sobutyl ene-alt-mal ei c_

hydri de 6000_w-th octyl am ne_(0.84 g,

6.5 nmmol) reSJIted with crystlalline product| 4 (1.63g, 88% ) 1H NWR
b

(400 MHz, D20 . 485 {m 72 H), 2.60 34 H), 12.40 -
1.65 (m 73 H¢, > 24 (bs, [3j79 1 12_~10.65 (m
317 H). Targe. -e~50-% ) % 5
observed: car ] de\g % O0O00 O
OOHNO O O )
O HN JdL O O
10

15

20
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[00192] 6.2 Synthesis of nanocrystal (quantum dots (QD) / polymer assemblies

[00193] 2 mg of purified QDs were dissolved in THF (2 mL) and 0.5 mL of 1.4 mM
polymer solution was added followed by 5 mL of water. The mixture was concentrated with a
rotary evaporator to 1 mL. Turbid water suspension was filtered trough a 0.8 um filter and the
filter was washed with 5 mL of pure water. The supernatant was filtered again according to
the same procedure through a hydrophilic filter (0.2 pm) resulting in a clear QDs water
solution. Excess of water can be removed with a rotary evaporator to reach desirable
concentration.

[00194] The above described polymers 1-5 were used to transfer nanocrystals into water.
Based on the absorption of QD/polymer assemblies it is estimated that from 10 to 80% of
dots is passing the suspension procedure. This yield is however ‘Strongly dependent on
polymer used and even more dependent on the purity of the QDs (excess of hydrophobic
ligands lead to formation of aggregates). The suspending efficiency of polymers 1-5 was
subsequently tested. Starting with the same initial amount of QDs in THF, the same
concentration of polymers 1-5 in water has been applied, but different concentrations of QDs
in water (calculated from optical absorption) were obtained. The final concentration of QDs
in water depends on the ability of a given polymer to suspend QDs in water. It is found that

polymer with higher number of n-octyl groups attached to the polymer backbone is more



10 [00192] 6.2 Synthesis of nanocrystal (quantumdots (QD) / polyner
assenblies [00193] 2 ng of purified Qs were dissolved in THE (2 nl)
and 0.5 nL of 1.4 mM polyner solution was added foll owed by 5 nL of
water. The m xture was concentrated wghh a 15 rotary evaporator to 1

m.. Turbid water suspension was filtered trough a 0.8 mfilter and
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[00197] 6.3 Example 4: NIPAM quantum dots copolymerization
[00198] Polymerization is carried by direct mixing of acrylic monomer and QDs coated
with polymer in water or by dosing one of the ingredient to the solution of another in
25  presence of appropriate initiator. Depending on the polymer used and reaction conditions (for
example temperature, initiator, concentration of ingredients) different size of microspheres
with different number of embedded QDs covalently attached to the polymer chains are
possible to obtain.
[00199] Representative polymerization procedure:
30  [00200] In the 50 mL three neck flask NIPAM (0.0503 g), solution of QDs (8 mg) coated
with acrylic ester polymer - ammonium salt form and 20 mL of water was deoxidized by 15

times vacuum / argon evacuation. Temperature was increased to 70 °C and initiator K,S,0g



unchanged. [00195] 6.2.1 Nanocrystal coating 15 [00196] Covering

hydr ophobi ¢ nanocrystal (quantumdots (QD)) (for exanple TOPO coated
CdSe/ ZnS Quantum Dots) is carried out by suspending themin THE and
subsequent addition of aqueous polyngj solution. Rermoving of THE by
evaporation results with stable colloidal solutions of polyner

coat ed (Q93h? erirDAt sl ThélOgswas addpds Gubsdquerslareutdre af, croﬂsﬁakm'dkaIBemM

and display long-termoptical and colloidal stabilit i.s noted
that t B0 é%gﬁgd?ﬁ%%&%@%@nngew&%ﬂ HyO brescised wathisufS atn amer dosing
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coated w th polymer in water or by dosing one of the ingredient to
t he 5solsalution 06ﬁulm19méﬁlcias of P I Mslmnaciag &Dsamm@ptamﬂe initiator.
Dependi used .and condl tions (for exanple
terrperzip@r lf?CP %?p(ﬂggﬁ%?ﬂoﬁla qg?ic% gredl ents) different size

of mcr omﬁz@r qsommﬁﬂandm {sf @fed bynaddem sffiniigke gaedk SO, O}QVﬁh@f‘Edlﬁ’tlon of
attached to the polynmer chains are possible to obtain. [00199]

Repr eselotsatdatee wioh pyobmeziathlo rarrmhi;nmﬂi:mpcéymaﬂ [Jigg &0 0f tHencrufe remOtior mixture
three neck f.lask N PAM . 0503 , i_on,of 8 ) Qat ed
i adEs dh S o AE 200 SRR L P BRI S5 edReh GoRent of

wagodeqypgi zed by 15 tinmes vacuum/ argon evacuation. Tenperature

was increased to 70 C and initiator KZS208 51 (0.0319 g in | nL of
H20) MQO%B&edRemmwuepolywemamﬂmc@r&:rossl i nker MBAAM (0.0285
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centrifuged to renove bigger particles. a result, water 5 solution
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crude reaction mxture reésults in water-processabl e and suspendabl e
sol i d petymehigh condeniratiomrafiQigs-hi gh content of 10 QDs. [00203]

Repr 65?862?&55 Ve Rfilgrgeerrrllu &E)I!I Bcr;'l re%(z:aeuon and copolymerization of QDs

[00206] Polymeric material bearing coated QDs (such as described in Examples 5.1 to 5.2)

20  with polymerizable functions (such as described in Example 5.3) is used for self
polymerization and copolymerization with other water soluble monomers in reversed
microemulsion process. Microsphere with controllable diameters in the range between 400
nm and 10 ym are obtained. The microspheres are luminescent over an extended period of
time.

25 [00207] Representative polymerization procedure of microemulsion polymerization:
[00208] Argon was passed through solution of sorbitan monooleate (Span 80, 0.23 g) in 10
mL of parafin oil for 1 h. Water solution 1 mL in volume, containing NIPAM (0.15 g, 1.32
mmol), N,N’ methylenebisacrylamide (0.013 g, 0.06 mmol), 8 mg of QDs and 10 mg of
polymers (liken in 1.3.2) were added to oil phase and argon bubbling was continued for next

30  lh. Emulsion was sonicated for 1 min in 40 °C and then was shaken for 1h in rt. with
laboratory vortex shaker. Stable homogeneous emulsion was casted onto a Petri dish and

irradiated with UV lamp under nitrogen-ventilated crosslinker device for 4 h at a temperature



[00204] In 50nL flask solution of QDs (8 ng) coated with acrylic

am de polyner - sodium salt formand 20 nL of water was deoxidi zed
by 15 tinmes vacuum / argon evacuation. Tenperature was increased to
70 C and initiator K2S2G8 (0.0319 g ig 1 nL of H2O was 15 added.
Tenperature of the reaction was naintained for 6 h. Purification was
carri edetweendd aziry]sil§°(@ Sthdk Butrseqizndgeleft Ruthohti datdigivnr égull6eld ini the inert
wat er solub p ricn earln hi gh concentrati on, of .
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[ 00206]cellﬁﬁlﬁ)’g§ﬁ6h %xﬁﬁﬁ&r&h@l an@es%[)!sé&geﬁ%&gra%slﬁlﬁ? Giep@and %@fﬁﬁﬁfgﬁﬁoﬂ With
Examples 5.1 to 5. 2) pol'ynmeri zabl e functions (such

descri bederi n Exanple 5.3) is used for self polynerlzatlon and

copol ynmeri zation with other water sol uble nononmers in reversed

m croenul sion process. Mcrosphere with controll able dianeters in the
range between 400 nmand 10 m are obtained. The m crospheres are

| um nescent over an extended period of tine. 25 [00207]

Represent ative pol ynmeri zati on procedure of m croemul sion

pol ymeri zation: [00208] Argon was passed through sol ution of
sorbitan nonool eate (Span 80, 0.23 g) in 10 nL of parafin oil for 1
h. Water solution 1 nL in volune, containing NIPAM (0.15 g, 1.32
nmol ), N, N nethyl enebi sacryl am de (0.013 g, 0.06 nmmol), 8 ng of (QDs
and 10 ng of polyners (liken in 1.3.2) were added to oil phase and
argon bubbling was continued for next 30 | h. Enmul sion was sonicated
for 1 mnin 40 C and then was shaken for Ilh inr.t. with |aboratory
vortex shaker. Stable honbgeneous emnul sion was casted onto a Petri
dish and irradiated with UV | anp under nitrogen-ventil ated
crosslinker device for 4 h at a tenperature 52 between 5 and 15C and
subsequently left without irradiation for 16 h in the inert

at nosphere. Purification of PNIPAM | atex was carried out by severa
washi ng steps and centrifugation with hexane, and subsequently
several washing steps and centrifugation with water. 53 Wat is
clainmed is 1. A plant conprising at |east one type of nanocrystal. 5
2. The plant according to claim1, wherein the at | east one type of
nanocrystal is selected fromthe group of types of nanocrystals
consi sting of



a rare earth netal doped netal oxide of the chem cal fornula

McAl 204: Re or Me4A11425: R, 10 a binary nanocrystal of the chem cal
formula MA or MO a ternary nanocrystal of the chem cal formula

M M2A or M AB or MIM2O, and a quatergary nanocrystal of the chem cal
formula M M2AB; wherein M and M2 of the binary, ternary and

guat ernary nanocrystals are 15 independently a netal selected from
one of ouio ll., cClsr_oup 11, Goup IV and Goup WVIII of the PSE, and,
i f presenttSAlAMMdE 5o i ndependent from each other an el enent
selected from Goup VI or Goup V of the PSE; and wherein Me of the
rare earth netal doped netal oxide is selected fromthe group

consi stli ng df pleat cosprising dBdecastont tepe Wenagpenybtel.rare earth metal doped
netal oxide is at |east one el enent selected fromthe group
consisiting of Tb, Dy, Nd, Eu and Tm 3. The plant according to claim
1 or 22 wherRiepldnbcabdihgastladne, #ideinQhe AABAEbNSEBE od8@HCryRAl is selected
conprise cadmum (Cd). 25 4. The plant according to any of clains 1
to 3, wher eiffPm fie goun efdypesoi @angmsEstds consiiBe st al s i s water
soluble. 5. The pl.ant i [Jn 4 i [

is attached to t%@g§U??§§g&g4&ﬂgﬁ9?%%q%£%%%§@@?%$§?ﬂ§%@ﬁ éggﬁ%%?%gn%
cappi ng reagent fMheds;,0,4RSt guest conplex with a water soluble

I ARt R
oDl 9 PSSk a S| o Bk Ry Ay e g
a hydrophobi ¢ endnédg group. 10 7. The plant according to claimb5,
wherein the at era qsugéeyrpalry? n%lc%?syall %f ih% cﬁencnocgpt%lflnqgla MI1M2AB;
wherein M1 and M2 of the binary, ternary and quaternary nanocrystals are
15 imdependently a metal selected from one of Group II, Group 111, Group I'V and Group
VIII of the PSE; and, if present, A and B are independent from each other an element
selected from Group VI or Group V of the PSE; and
wherein Me of the rare earth metal doped metal oxide is selected from the group
consisting of Ca, St and Ba; and
20 Re of the rare earth metal doped metal oxide is at least one element selected from the

group consisiting of Tb, Dy, Nd, Eu and Tm.

3. The plant according to claim 1 or 2, wherein the at least one type of nanocrystal does

not comprise cadmium (Cd).

25
4. The plant according to any of claims 1 to 3, wherein the at least one type of
nanocrystals is water soluble.
5. The plant according to claim 4, wherein a capping reagent is attached to the surface of
30 the nanocrystals, and wherein the capping reagent forms a host guest complex with a

water soluble molecule.



cont ai ni ng sol vent exposed pol ar groups. 8. The plant according to
claim7, wherein the water soluble nolecule is selected from the
group consisting of carbohydrates, cyclic polyam nes, cyclic

pepti des, calixarenes, 15 crown etherg and dendrimers. 9. The pl ant
according to claim4, wherein the at |east one nanocrystal conprises:
a cappithg r ekipeplentrcerdingtoaglaiat Aewhersin the cgppihgseagent isipolecule having the
nanocr yst al SfoIrﬁﬁlgj ng a first |ayer, the capping reagent having at

| east two coupling group; 20 a | ow nol ecul ar wei ght coating reagent
form ng a second | ayerHa@0y-paving at | east two coupling noieties
covalently coupled wth the coating reagent; and at |east one water
sol ubl e grodbhqfﬁfl conferring water solubility to the second | ayer.

10. sThe pl ang j i rein~he at | east one
nangcrystal r%éﬁfb%ﬁégiépgfé’ggé%‘g‘%%?ﬁ%’ %g@ﬁ?%mh is attached to the
surface of tdieanamegarystmalsoormng a first |ayer, the capping
reagent havi at | east .one coupling group; a polynmer formng a
second Iayer‘Pg‘rﬁmﬁ‘éﬁW Lol 3 atllé%%ﬁ’f%en@a’éldgﬂni%bmw ty covalently
coupled to t@%ﬁydkﬁgﬁgi%gi@%%ﬂ_ng group of the capping reagent. 30
11. The plant according to clTaim9 or 10, wherein the capping reagent
is nmolecule having the formula: 55 Hn-X-Ra.Yk Hn, Zm wherein X is

a termnal oup selected framsS,_. N, P, gr O=P is i et

o1 Shng. P el acsSiin oL i, . Aetsin Hieoaret saue rudledled: & gomparnd
N, C -COO ,coffaimi entéxpSsed poRE Sfovipgonpri sing a polar functi onal
group, Kk is O or 1, mis an integer ?romlto 3, nis an integer
fromO to 3, and 10 n' is an integer fromO to 2, wherein n' is

sel ected to t;g?t];r%y é?r%w\lggtloec'?&%[ Z,e\gﬂérri%nr{ﬁég %ﬁte?fspﬁgleflélp%{ﬁgig ls%géted from

according to'c rein e poly as
wher ei n the group consisting of carbohydrates, cyclic polyamines, cyclic peptides, calixarenes,
15 crown ethers and dendrimers.
9. The plant according to claim 4, wherein the at least one nanocrystal comprises:

a capping reagent which is attached to the surface of the nanocrystals forming a first
layer, the capping reagent having at least two coupling group;

20 a low molecular weight coating reagent forming a second layer and having at least
two coupling moieties covalently coupled with the coating reagent; and

at least one water soluble group for conferring water solubility to the second layer.

10. The plant according to claim 4, wherein the at least one nanocrystal comprises:
25 a capping reagent which is attached to the surface of the nanocrystals forming a first
layer, the capping reagent having at least one coupling group;
a polymer forming a second layer and having at least one coupling moiety covalently

coupled to the at least one coupling group of the capping reagent.

36 11.  The plant according to claim 9 or 10, wherein the capping reagent is molecule having

the formula:



J is a coupling noiety that is reactive towards the at |east one
coupling group of the capping reagent, and mis an integer of at

|l east 1. 20 13. The plant according to claim9, wherein the | ow

mol ecul ar wei ght coating reagent congsised in the second |ayer
conprises a water soluble nol ecul e having the general formnula:

(Z)m  (T-R4-- G Hn. wherein 25 THjsXaRydrpbhilic moiety, Rc is a
noi ety conprising at |least 2 main chain &aﬁmn atons, G is selected
fromN, Por C or Si 56 Z is a couplingl noiety, mis2or3, nis 1
or 2, and n" is 0 or 1, wherein n' is selegted to satisfy the val ence
requirenent of G 5 14. The plant according to claim4, wherein at

| east one ofwhd@nat | east one type of nanocrystal conprises on its
surface via non-coval ent or covalent interaction an anphiphilic

pol ymer of t’hés ajieraimal gioup selpeied fromG, NoFovOOPM O Op R2 o R3 P 15
wher ei n each, of 0. and p.1s [ endent | v sel ected integer from
about 3 to ;%aolﬁta%%gg Cgﬁld)% AT rag?er?St%@%snu%%%)fcaﬁoﬂ a(gorgs,p is selected in
t hesrange froig hetdd fikdkn N (RbOOD-, A00BRO-R2 is a first aliphatic
noiety with a main chain of about of about 3 to about 20 carbon 20
atoms and 0 4 1§ adBeGty @NHESER RO Msugetiat QuProm the group N, 0, S,
Se and Si, q{}go(ﬁ’é is a second aliphatic noiety with a main chain of
about 3 to about 80 carbon atons and O to about 40 heteroatons

sel ect ed fr amidmaintegd from 1 to 3,

n is an integer from 0 to 3, and

10 n’ is an integer from 0 to 2, wherein n’ is selected to satisfy the valence requirement

of Y.

12. The plant according to claim 10, wherein the polymer has the formula:

A

J

15 wherein
J is a coupling moiety that is reactive towards the at least one coupling group of the
capping reagent, and

m is an integer of at least 1.

20 13.  The plant according to claim 9, wherein the low molecular weight coating reagent

comprised in the second layer comprises a water soluble molecule having the general

formula:
(|Z')m-
(T—Re}—G—Hy
wherein
25 T is a hydrophilic moiety,

Rc is a moiety comprising at least 2 main chain carbon atoms,

G is selected from N, P or C, or Si



wherein R3 has a copol yneri sabl e group. 25 15. The plant according to

any of clains 1 to 14, wherein the nanocrystal
of the outer surface of the plant. 1

aerial part or

al |

is conpr

ised on an
6. The pl ant

according to claim 15, wherein the naggcrystals are conprised in an
30 17. The plant according to claim15 or

aeri al

part of the )
16, wher ei n 4’Hea gewnlaieg PRAEY. of the plant is a flower

pl ant .

a

nd/ or a | eave

of the plant..igz0 %8. The plant according to any of clains 1 to 15 or
17, wherein the plrant is an artificial plant, which is nmade of at

| east one paligmeir 29endaper or a netal
af orementioned material s,

or a_dried

f oi
pl ant .

or a m xture
5 19. The p

of the
| ant. accordi ng

to any of clfisonltwhergn nyfferelacipditn satpsilathe valenge raapReper@r 6 ant .
20. sThe plant according to claim19, wherein the plant
consisting of plants fromthe fam |y rosaceae,

hydr angdacedihe planthbacactiag to Mhily4dr ehgeac easasthyac ofitiaaetast one type of

fromthe group

begoni aceae,

| am aceae;

ast

eraceae,

ger anl aceae,

liliaceae, pPRPTYHRISUNPRTFEIHEE VTGS o MEREOVYEE N FY

mal vaceae,
nyct agi naceae.

is selected fromthe group of plants
hydr angea, hyaci nt

or ¢hi ds,
peﬁﬁnia, tulipp,
bronel i ad, cygcl

22. The plant| ac

fromthe sub

aﬁ{ﬁhﬁiﬁ@

lily,

Cypri pedi oi depe)

of clains 1t

prim

her-

15
begoni a, |1
vi ol a, g8

@pnprisi.pg2

claim 19, whe
nsi sting of _
ender, dahli &

sol anacead

is selected

interaction an
H

§19Rer &1 BE BARralShinnAgeae, theaceae, and
e plant according to

rein the plant
roses,

, gerani um

2, hi bi scus,
and canel |1 a.
is selected

| ected from

an organic e.

Vani | | oi deae,
Ming to any
25 24. The

pl ant according to claim 23, wherein the organic dye is a

f 1 dér ophor e.

dye is sel ggtre 18

such as azo conmpoun

e

& AP an

| ycopene,

25. The plant according to claim 23, wherein the organic

SRR 81Ty AP

ocyani ns;

fl uor escei A0@mad Wwheiefrethe BumdFm + o + p is selected in the range from about 10 to about

10000,

R2 is a first aliphatic moiety with a main chain of about of about 3 to about 20 carbon

atoms and 0 to about 3 heteroatoms selected from the group N, O, S, Se and Si, and

R3 is a second aliphatic moiety with a main chain of about 3 to about 80 carbon atoms

and 0 to about 40 heteroatoms selected from N and O,

wherein R3 has a copolymerisable group.

an aerial part or all of the outer surface of the plant.

part of the plant.

20
25 15
16.
30
17.

and/or a leave of the plant.

The plant according to any of claims 1 to 14, wherein the nanocrystal is comprised on

The plant according to claim 15, wherein the nanocrystals are comprised in an aerial

The plant according to claim 15 or 16, wherein the aerial part of the plant is a flower



26. A nethod of coloring a plant with at |east one type of a
nanocrystal, conmprising: providing a solution conprising at |east
one type of nanocrystal dissolved therein; 58 contacting the plant
with said solution. 27. The nethod acgprding to claim 26, conprising:
i mrersing the roots of the plant in the solution or cutting a stem of
the plant 5 and imersing the end of the cut stemin the solution.
28. Theg gnet r.di t i r cont a
aeri al elf)gart hlglr% @%@%\%ﬁ%@%gﬁﬁfﬁ %ﬁaﬁi%% hetgrs% Jfjrt |—}(;%Vheﬁ5n3l§e C]ﬁt ol taﬁto ial
accor di ng t gplaitawhicR8s matie behnlehdi@ne @olyaedriod Gapagrd sesl ibpei Nghigtore of
spraying the solution over an aerial part of the plant or the whole
plant. 30. theappmdonstHagrals, QQ?QﬂQ%H#ﬁ“ZG or 27, wherein the at
| eagt one type of nanocrystal is a nanocrystal as defined in any of
clarms 1 to 14 or a mxture of a nanocrystal and 15 an organic dye
as defil®ed iTheahgntatcordiagmsaBBoftadaizis.1 t818, whereimethé pintis adtoheniggiptanany
of clains 26 to 30, wherein the solution conprises a suitable
solvent or m xture of solvents in which the at | east one type of
nanocrygt al 1r pdhS a@lo¥@tg ©0ciditn 10N SvHEBGROH: GAGRT f Bedi HoR @?1@%1
wherein the solvent Is an aprotic solvent and/or a non-polar solven P
or a protic condisteng 0f3$11anT9nefrmat ol faunlofr dosagedsp bydriangcdlsaepwharkidaceae,
thﬁ non- polq{ sol vent cted romt he éﬂ? roup con5|st|n aof
0r ol o7 W the Byt biahiasese. oBRydieae” eSpliErE:  Befatacen,

pyri di ne, dls@mhwe@arﬁﬁhmge ;ﬁbﬁlﬁlﬁ&fa@r Gﬂag%éli@r\ué}ﬁ&é’aécﬁééﬁéh&&ae ChR&dkae,
di sul fide, dioxane, dlethyl ether, 1-octadecene, 9-octadecene,

di i sopr opy| &remeliaceach gragers, glispeede, theperepianginyetamaceaeet r ahydr of ur an
and m xtures of the aforenentioned solvents. 30 34. The net hod
according to any of clains 26 to 33, wherein the concentration of the

at | eadt orhetpype acdordiagoseclyit &, W&rﬁﬁ&ﬁhﬁﬂﬁnt&b@&léctéﬁ £0dh the grbup®lf blants
59 35. The nethod accordlng to any of cla to 34, wherein the
sollti on f urPREFINEHIpIcsseshigh mfﬁgﬁaa% ha%nthaleegomelar@t%diah%cﬁewmﬂ@l

to claim35 ’pe%?ar %lﬂ) tii*l")‘? p?fr&%g'é QA(QX érl§er§l éll)ﬁﬁf Bh)?srcﬁs bromeliad, cyclamen,

anthurie, azalea, bougainvillea, and camellia.

22.  The plant according to claim 20, wherein an orchid is selected from the subfamily of
20 the familiy of orchidaceae selected from the group consisting of Orchidoideae,

Epidendroideae, Vanilloideae, Cypripedioideae, and Apostasioideae.
23.  The plant according to any of claims 1 to 22, further comprising an organic dye.
25 24.  The plant according to claim 23, wherein the organic dye is a fluorophore.

25.  The plant according to claim 23, wherein the organic dye is selected from the group
consisting of ink, a chromophore, such as azo compounds, lycopene, S-carotene, and
anthocyanins; fluorescein and luciferin.

30

26. A method of coloring a plant with at least one type of a nanocrystal, comprising:

providing a solution comprising at least one type of nanocrystal dissolved

therein;



5 37. The nethod according to claim35, wherein the organic dye is
selected fromthe group consisting of ink, a chronophore, such as
azo conpounds, |ycopene, 0O-carotene, and anthocyanins; fluorescein
and luciferin. 10 38. The nethod accogrging to claim31l, wherein the
solvent is a solvent having a high boiling point. 39. The nethod
according td cIaHWmBBPn&ﬂ@ﬂﬁﬁﬁ“ﬂ%@aﬁdmhéﬁ@ is sel ected fromthe group
consi sting of 1-octadecene and 9-octadecene. 15 40. Use of a
nanocrystal as defined in any of clains | to 14 or a m xture of a
nanocr 25t al Tlendethod adcgeding todyleing36,defmiprieidgi n any of clainms 23 to 25
for colouring a plant. 41. The use according to claim40, wherein an
aerial part of*tHEmRArsAE thesrogts fitheglant QDthEZSOluFHB of SBHtIRE Fottem g theoplant

cl aism 41, uher of ukhenARihalnoRAl b s EPLoNTEhINGRAtacting a plant

a solution conprisin e nanocrysta |sso in a suitable
sol vent. 43. The use according to claim42, wherein the contacting

i ncl ud % i S|qﬁ %he r ots ﬁ the plant in the solution or
cutting a stethBfe @xBT togleim PEPHEEhe end of the cut stemin
the solution. #4..ofhetmssm ARPHatk BBk Yol Sh1FARith WRREREBn t he
contacting conprises dipping or spraying the solution over an aeri al

part of the plant or the whole plant. 30

10 29 The method according to claim 28, wherein the contacting comprises dipping or

spraying the solution over an aerial part of the plant or the whole plant.

30.  The method according to claims 26 or 27, wherein the at least one type of nanocrystal
is a nanocrystal as defined in any of claims 1 to 14 or a mixture of a nanocrystal and

15 an organic dye as defined in any of claims 23 to 25.

31. The method according to any of claims 26 to 30, wherein the solution comprises a

suitable solvent or mixture of solvents in which the at least one type of nanocrystal is

dissolved.
20
32. The method according to claim 31, wherein the solvent is an aprotic solvent and/or a
non-polar solvent or a protic solvent.
33. The method according to claim 32, wherein the non-polar solvent is selected from the
25 group consisting of mineral oil, hexane, heptane, cyclohexane, benzene, toluene,

pyridine, dichloromethane, chloroform, carbon tetrachloride, carbon disulfide,
dioxane, diethyl ether, 1-octadecene, 9-octadecene, diisopropylether, ethylene glycol

monobutyl ether, tetrahydrofuran and mixtures of the aforementioned solvents.

30 34,  The method according to any of claims 26 to 33, wherein the concentration of the at

least one type of nanocrystal is between about 0.001 to 1 mol/l.
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59
The method according to any of claims 26 to 34, wherein the solution further

comprises an organic dye,

The method according to claim 35, wherein the organic dye is a fluorophore.

The method according to claim 35, wherein the organic dye is selected from the group
consisting of ink, a chromophore, such as azo compounds, lycopene, 3-carotene, and

anthocyanins; fluorescein and luciferin.

The method according to claim 31, wherein the solvent is a solvent having a high

boiling point.

The method according to claim 38, wherein the solvent is selected from the group

consisting of 1-octadecene and 9-octadecene.

Use of a nanocrystal as defined in any of claims 1 to 14 or a mixture of a nanocrystal

and an organic dye as defined in any of claims 23 to 25 for colouring a plant.

The use according to claim 40, wherein an aerial part of the plant is coloured.

The use according to claim 41, wherein the aerial part is coloured by contacting a

plant with a solution comprising the nanocrystal dissolved in a suitable solvent.

The use according to claim 42, wherein the contacting includes immersing the roots of
the plant in the solution or cutting a stem of the plant and immersing the end of the cut

stem in the solution.

The use according to claim 43, wherein the contacting comprises dipping or spraying

the solution over an aerial part of the plant or the whole plant.



