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[0004] Semiconductor nanoparticles, typically nanocrystals, that confine the motion of
conduction band electrons, valence band holes, or excitons (in all three spatial directions) can
20  serve as “droplets” of electric charge and are termed quantum dots. Quantum dots can be as
small as 2 to 10 nanometers, with self-assembled quantum dots typically ranging between 10

and 50 nanomeiters in size.

[0005] Quantum dots have attracted interest for various uses, including electronics,

ah

fluorescence imaging and optical coding. They are of particular importance for optical
25  applications due to their theoretically high quantum yield. In electronic applications they have

been proven to_operate like a single-electron transistor and show the Coulomb blockade effect.

[0006] Water-soluble quantum dots with high quantum yield have been one of the focuses in
fluorescent label based biological research. The earliest available quantum dots for this
purpose were prepared from quantum dots with a semiconductor core and an organic ligand
30  shell (CdSe was the representative). One used thioglycolic acid complying with a complicated
ligand exchange process in the presence of different stabilizing agents, or made use of
hydrophobic-hydrophobic interaction to coat the as-prepared oil-scluble quantum dots with
amphiphilic molecules/polymers, or encapsulated quantum dots with a silica shell, to realize

water-solubilisation. Regardless of the complexity of these approaches, the quantum yield of
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The process further includes thereafter allowing the reaction mixture to cool. The process also

includes isolating the Cd and Se containing nanocrystalline composite.

{0011} In another embodiment of the first aspect the Cd and Se containing nanocrystalline



30 The process al so includes heating the reaction mxture for a
sufficient erlod of time at a tenperature that is suitable for
f or mi ng th'@p 04P28438c cont ai ni ng nanocrystal | i ne conposFEESG2PR000290
process further includes thereafter al | owi ng the reaction mxture to

cool. Th Q:oﬂ:?@ﬁﬁﬁ% caﬂngaseu R kg emerBOCAt MNSe btbA O ignad eftmefDoR @owp [Wof the
nanocr yst al

aspect  t HeoFcat h&h B%E%P%gk%éﬂ%ﬁfa%%fsgﬁg £ tﬁ‘g%ggﬁng}tthg o ahn% éé R his

2009/ 02043 63evket? @&&M&&cﬁds@m@@a bfitabRBBeACh gﬂuﬁdﬁ%fﬂ{&ﬂ@ﬁm Cd or
Cd, M Se and A. Mis _an_elenent of group 12 of the PSE, o han

Cd. A is and eresHisps apd of Mhps agpegisor rqﬁéﬁw’éﬁ & Prapesp | egéédnvaqw the
this enbodiyBhtnd éi@mﬂ{t%e?ﬁe broetdd ARS hdidEs a@dlhg\Aazoslw goﬂmoﬁ Bp hy@Rg Adind
solution of the element Cd or a Cd precursor,

pr ecur sorSe Wethegolutionra Fraetion maxtyreok f@angda djhg dégceaﬂ érrﬂvgr tUES’htq% heajing the
sol ution rg%ﬁoﬁ %ﬂetfRIS df-i[ gﬁnpﬁé?ﬁg%? tlﬁlleﬁpa {eﬂ‘fizje%ﬁé t3f i sBdafe £° fireng the
sol ution y addi ng to the solution"a reaction mxture IS
fornmed. Tk apd Sseowitfiving hmnomstaladegomeamen dhe Huogesn derihon mgludes riberpafier
a suffici e t t le f

Form ng. gy tieqation g obE MRS LS ol ot SER fip O and 5o
procéds foontaiméng nanotnysteline hempasitter all owi ng the reaction mxture to
cool . The grocess al so includes isolating the Cd and Se 10Qcontai nin

nanocr ystl8912l la aasthso smbedinfepbebthe fistaasptct dre EAisediSeetontagrng prnopiypiahine
g?pect t hem ngés@erxgic &s@afo@tﬂy A GRNOE eSha Al A8 af QRS 6?&? PomRs eSE

the ele e and A. Ais an el enent of group t he PSE

her t hathey thaadO s’@d Spning thisserehodsernirEietrredsss pedesiHrnme)ip gsuityle salyegt 2
in a suitghlg, 5?{h\é%ﬂ=§m&t e |0E'E'Garbr95urstop g'ﬁlcﬁffﬁﬂﬁfe séi¥efd 'is ;ﬁ l&gt £§é?xﬁh'1'i5§ﬂﬁme

Typically the solvent 1s at |east essen am ne
Furt h®r, TraseFpithrsethe Hroessy includge dfiding to thew@h&@ndm @Wﬁ*‘eS@lM?ws‘é also

The procesgudsSAdingd Was S‘EflﬂioﬁgB?‘ ahi@ink [Aearxﬁoéél{d ﬂl@ soﬁﬁo@g%zﬁﬂorﬁnﬁﬂgre is

Se to the solution”a reaction mxture is forned process further

i ncl udes fhrzadi A§e precepsefistheoinchidss heating dhe @a@wmfmewﬁtforp@ pyfSeicw pepioget
at a tenpghalid ?erﬁﬂ@iuﬂesthilﬁk aRe FRM fofnh T OCH NBd @ @RGind: nanocrystalline
cont ai ni ng nanocrﬁst alline conposite. The process further includés

t her eaf t ePm@psitpThe Prasessyfagher laﬁumwlemaéief allewisg therieactivg grigiesty @pkdhe
I ncl ygles gré&ksaéigmcm@s il a S8 d500 58 Lo ARinD ARRCE VBRI oRBosite.

conposi t 00131 In a rel ated second aspect the present invention
provi des [a0¥B] O@aes selaﬂ‘edfseédﬂdn@pactnma@ésyﬁt amlvertiont frevidesTp qBbdes0 Bf Ghrmiie a

f Cd, e d D) Cd, . Se, A o A M
o erment RbaRIE Crsieforiansinsgior e BF (NG Mcse, M CE e MR B e
group 16 mfis ilhélehi&it ofighaip R2hemhOP S dth&etharl 0. Aisamedandonof gdqsl&dﬂha@SE

| h |
D oceas” i thirc dad Seal Hgernow s Sars, e & WOl ] Fagtemeal g 2

fornps i OrCchpre%uﬁaﬂOeryﬁﬁoaédsl s @wrmiaslaﬁangamongieasocbmpdm tlempntofe. (k) the

Cd, M S | di :
or a pr e gt‘%ér“é’b‘f“k’*ﬁﬁ% ﬁ’g? ﬁa&fpcg?ﬁsgog%ﬁg‘ﬁff §@§ﬁf¥ﬁg@'°¥%%¢ M,
conposi t es&a\wtng p?odéﬂsrfﬂ@@liﬁdlﬁﬂbs addding) MCdr aaﬁscu%sorqhexe@f) [©dhe MrmSton Af a

the process al sq..i ncl udes addj ng A. By. addi respectl
conpoundSEReFTYHAliug (BRI Hagimgrh EmPeStoR;of st B o S P&y A, the

the proc q&&elsmwﬁﬁmdbﬁaddmgm B¢ add@ag meeaspetwetwm B@r[dsao ﬂiéfsf)lv@hﬁnieactlon
period of tine é} rature that is suitabl or formng
and 3 cORkEIe ilsné’nﬁa % 419 PrREcss irKer Peatingdhe reaghiqnpixigg &

m xture fhepbdedfr iime! 40e SehSFMite that\ad Shitdoly Eﬁi‘dfdnlﬂnighﬂler@@-%ﬂ% contamlng
m xture. The process further_includes thereafter allow n&e
5 TEMPYiRS cypter

react i on HPREHYEIRG copppsiterfleaipg (s Eeaghiah Mixurufter dug
and Se CopiRddlinnle PARAGK }iﬁitﬁl'é ITHE pRReRNBARdrtifeluddd@hereafter allowing the reaction

2009/ 020436PCT/ SG2008/ 000290 4
mixture to cool. The process also includes isolating the Cd and Se containing nanocrystalline
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35  composite.



[ 0014] The nanocrystal obtained by a process of the invention is a
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[0020] Fig. 3 depicts a possible explanation on an effect that prevents dislocation of the shell
of a nanocrystalline composite according to the invention at high thickness: A lattice mismatch
may be the cause of a phase separation (left part of Fig. 3). Partially alloying at the interface of
25  core and shell may occur (T control). A mantle may thus be figured as serving as a layer of

glue between core and shell.

[0021] Fig. 4 depicts the expected progress of the reaction as a dynamic, controlled reaction.
The core is formed in-situ and since a one-step operation is performed, there is no need of

successive and alternate injection.

30  [0022] Fig. 5 depicts the progress of the formation of two room-light excitable quantum dots
with a molar ratio of Zn:Cd in the starting materials as: (A) 9:1; (B) 1:1, shown by the time
course of photolumninescence spectra. The curves labelled “1” show the wavelengths (left
ordinate), and the curves labelled “2” show the full width at half maximum of the spectra

(right ordinate).
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Fig. 12 d&éﬂ?ttbﬂzerthwini“égrmﬂ@rﬂé&@ binerspeststsspstiviitges of room | i ght
exci tabl e A, Cd + Zn + . Se lcted strugcture
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25  [0030] Fig. 13 depicts transmission electron microscope images of 4-component room-light
excitable nanocrystals being composed of Zn + Cd + Se + 8. The two images (A) and (B) are

in different magnifications.

[0031] Fig. 14 depicts X-ray diffraction patterns of room-light excitable quantum dots,
composed of Cd + Se + S (predicted structure CdSe/CdSe,S;.,/CdS). The dashed curve is
30  measured from the product with a higher S/Se ratio.

[0032] As can be taken from these appended figures, nanocrystals can be formed using the
process of the present invention. As an example, a nanocrystal obtained by the process of the

present invention may be used in an illuminant, an amplifier, in a biological sensor or for
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being composed of the elements Cd, Se and A is formed. However, it is also within the scope
30  of the present invention that also all other processes described herein are carried ouf in an
essentially amine free solvent. Accordingly, in some embodiments the solvent used is at least
substantially void of amines, i.e. amine-free. The term “amine” is used herein it its regular
meaning to refer to compounds having at least one primary, secondary or tertiary amine group

(compound of the general formula (RiR;R3N with Ry, R3, and R; being hydrogen or an alkyl
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certain minimum width (e.g. thickness) of the core or the shell, or where it is desired to react

30  the respective metal as far as possible, e.g. in order to at least substantially convert the

respective metal into a component of a nanocrystal formed.

[0044] Forming a solution of Cd or a Cd precursor, and, where applicable of the metal M or a
precursor of the metal M includes adding the respective metal components (Cd or Cd precursor,
M or M precursor) to a suitable solvent. In some embodiments forming a solution of Cd or a

35  Cd precursor, and, where applicable of the metal M or a precursor of metal M further includes
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may be determined using standard techniques available in the art. The progress of the reaction

may for example be monitored by detecting the photoluminescence as illustrated in Fig. 5. The
25  reaction may be carried out for any desired period of time, ranging from milliseconds to a
plurality of hours, including a few minutes, e.g. 2 or 5 minutes, about 10 to about 15 minutes,
to about 30 minutes or to about 45 minutes. Where desired, the reaction is carried out in an
inert atmosphere, i.e. in the presence of gases that are not reactive, or at least not reactive to a
detectable extent, with regard to the reagents and solvents used. Examples of a reactive inert

30  atmosphere are nitrogen or a noble gas such as argon or helium.

[0052] Typically the reaction mixture is allowed to cool once the selected time period of
heating the reaction mixture is passed. The formed Cd and Se containing nanocrystalline

composite may then be isolated.

[0053] The process of the invention can conveniently be used to prepare nanocrystals, including
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aci ds andaicpiggdy small core, relative to the shell, can be fonned Without wishing to be bound by

theory there are indications that a mantle is formed between the core and the shell (Fig. 2). This

mantle layer can serve as a laftice parameter transition “glue” layer, and reduce the lattice

( mismatch problem which is common for conventional core-shell quantum dots. It is assumed
° 25  that a core-shell structure is initially formed and that the formation of the thin mantle layer
occurs during annealing of the nanocrystals. Presumably a thin alloy layer is formed, which

matches both the core and the shell materials in lattice parameters.

[0055] Nanocrystals can be formed using the process of the invention in which the shell is of
larger thickness than the mantle. As an illustrative example, the core of a nanocrystal formed
30 by the process of the invention may be of a width (e.g. diameter) below 10 nm, including
below 5 nm or below 3 nm, while the entire nanocrystal may be of a width (e.g. diameter) in
the range from about 2 to about 50 nm, such as from about 5 to about 20 nm, about 6 to about
15 nm, e.g. about 7 nm, about § nm, about 9 nm, about 10 nm, about 11 nm or about 12 nm.
Different sizes of cores and shells can further be formed by varying the ratio of the metals

35  used, e.g. the ratio of cadmium and the metal M such as zinc, and/or by varying the ratio of
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pur pése. sul em cal synt hesi s has been di scl osed
in US paamwh hjgbkt mltpmneabﬁltﬂtﬂwl@ma‘see et 5 Keonme Yeb oo frededek, T., J Am.

| i ght -di 25 es%c](gé%ﬁtelaglsfr??ﬁqgoﬁgbl onol ecul e, in particular of a

nucl ei ¢ acrd UV-1linking or |ight dependent

S' -depr OL(ﬁ?ﬁ' ] @3 er%&%ﬁ@é 84 a l:h%@%lm%@udﬂﬁs%ﬁﬁﬁﬁnﬁyﬁ@é ii:mﬁsed

bi ndi ng |n|t{ r a selected target nolec be imo- bilised
on the nmw@@ﬂy@ isd Gepipspaclivermpesuleasuglh 2 }WP‘&%‘?‘M@'E‘@%I@G . €8 a

oli Fl cﬂ? %@ab&e (inkR@ dédbélgm@né)eﬁﬁ%ﬁlbvﬁam&bés Iﬁﬁ(\(geﬁe phosphorus-,
coval ent {/ to the surface of nanocrystals vja
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i nvention t  ecul e having a_sel'ected bj ndi affinity

used to fmamplﬁswh Hpr%aﬁ% clipinsa The fBmpidisaion speace |ay alse éﬂ%u‘% a polymer

(bi funct Hﬂpﬁ’ll: d+§ DL LRSI &R eR8mple by way of graﬁm It may for example include
et hyl - ggam nocar bodi i m de, N-(3-anm hopropyl

3- e apﬁmc@mn pRsdhat gllwqu@mcgm}q:nt pitachment ot ¥ gqopjé);ﬁgule for example a molecule
3- mer caploR dﬁp&' g)rc;télh tlﬂl%f&%cs h&l@ %%16( tarb dabenaviak lo¥ bhy Woﬁrblralﬁon thereof.

pyl - mal ei m {ri net hoxysi propyl - hydrazij de nay be used.
Prior toExsagles ofa wispéstive Eanciienal E@"lﬁ(y@ﬂﬂ . P T notflmited e, anppanino group, an
nanocrys | AGinRbnat
mor capt oepE Bbupp Rl dca iyl GRS al WEFUIRS) sltofn® Xl Ronate
whi ch' cassterhemimeidplestyra syt hafiseatreenokidecaupiitidige.d phosplieramigityeead a diazo-
bi nd:J’d"ng gﬁrt ner via |linking agents.

[0064] Examples of an affinity tag include, but are not limited to biotin, dinitrophenol or
digoxigenin, oligohistidine, polyhistidine, an immunoglobulin domain, maltose-binding
protein, glutathione-S-transferase (GST), calmodulin binding peptide (CBP), FLAG’-peptide,
the T7 epitope (Ala-Ser-Met-Thr-Gly-Gly-Gln-Gln-Met-Gly), maltose binding protein (MBP),
35  the HSV epitope of the sequence Gln-Pro-Glu-Leu-Ala-Pro-Glu-Asp-Pro-Glu-Asp of herpes



[0069] In order that the invention nay be readily understood and put
into practical effect, 30particul ar enbodi nents wll now be described
by way of PIOAOPURP G ng non-limting exal Ies EXEMPLARYCERBHSF IR S
OF THE | NVENTI ON General [0070] A coll oi wet chem stry approach

was uni veiggtkt yirh@ kgboproteinn, fiel Heﬁmagglgtlﬁxe(lml) Gsﬁl.topeV@ the sequence Tyr-Pro-Tyr-
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assi vate energetic surface o e qua tumdotsis oleiC
aC| d or §Dmaa|Str0wcfdnplﬁhema§5p0@pametbquwmm eordamgntylapgnenivgipns. Either
di sper Seq_t].%]ghcqpnnt F(Er tf% ff!x?&teﬁemét Qmﬁ'l%nﬁﬁ%ﬂgg?be EIFH %é)ﬂcoqart%m@i@gﬂe while
t ol uene err bl'e counterparts are ‘avalila i f surface
| i gahl exbhengéning bmémg pagner dadufstrecenomebiylapimonirio phepcuiiét Hanl peneetively)
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cent ri f ugathémmohisitangofithe hlcn;lmlmuttf Gongtionalised é‘ﬁﬂ?lsmﬁsshongi forp gpld eurface
or phosphat e huf n, .0
Casel Canelh gl iplaf 18 0 st SPAY Aldvaledlonst GR TRABMIsation of a protin
cati on- proanwlgragfenac@ﬂmathsla(ramguum@@i@(&mn%i@et AL 2Ararfehemn fe@ (2QTDIR,
and 4 3 %ﬁ, 21-120. Al these coupl es have been successfully
t est €d) r} 8 fent ratios (depending on the desired em ssion

wavel engt [0066}- BurtheP DR Jraa H;hrfgqnaogg&ﬁ&mewq}eaﬂm;m@m&@ a{gbsa@e&nde
firstly reacted wth oleic acid in forma uniform 25 sol utjon

of an ol etodigepaptidesibiatin: dinitrlgphenely digwdeendhis amatabehelater (e plso hglew)- Asan
cases), QIlﬁsrtllaﬁWi )Q;é?ﬂﬂé pbi‘égﬁec&ﬂ;g?ﬂetzﬁ%ﬁfa{& Nl adte {yﬁn@fﬂﬂmﬁi’ét @thyl@h@mﬂhe-

. 9., was 1'njected errperature was mai nf ai ned

i nut es, tﬁé&ﬁ@@@ @qmé (FOTPr cihalsme Ghysob dEMEFTE I &Eﬁif%ndlﬁr&@ea?m@wéapem-
to cool daug;t A)emoﬁﬁﬁé(%ﬁomehamgwc&er@g@ caiearrmrnanaé\éaemcﬁdemtrm
suggest that t e | uor'escence em ssion ‘can nel t uned

changi ng lt,lréwﬁamophenph@eﬁmwﬂh@f ﬁatqﬁéﬁm’ﬁ? o'X‘f"rdd (BOP B et éTdP’BFfEaPtq'Mm‘

ec)égg})lzﬁi @%@ @g}(?@a&% ?@&p@@%}’h@mé ma?rl%q%gc?zdr IBe[a&eés)(where the target molecule is a

metal ion. As an example, EDTA forms a complex with most monovalent, divalent, trivalent
and tefravalent metal ions, such as e.g. silver (Agt), calcium (Ca?"), manganese (Mn2?),
30 copper (Cu2*), iron (Fe?*), cobalt (Co3*) and zirconium (Zr#*), while BAPTA is specific for
Ca?*, In some embodiments a respective metal chelator in a complex with a respective metal
ion or metal ions defines the linking moiety. Such a complex is for example a receptor molecule
for a peptide of a defined sequence, which may also be included in a protein. As an illustrative
example, a standard method used in the art is the formation of a complex between an oligo-

35  histidine tag and copper (Cu2*), nickel (Ni2*), cobalt (Co?*), or zine (Zn2*) ions, which are



1. 0.064 g Cadmium Oxide (CdO, 0.5 nmmol) 2. 0.041 g Zinc Oxide (ZnO
0.5 mmol) 20436PCT/ S&008/ 000290 22 3. 1.28

(A 4.0 %ré\%ﬁﬁgﬁég adecyl et hyljgene (CDE) 5. 1%1‘@19%10&0&%0
Sel eniumin TOP (TCP/Se 1 2 mmol ) [0073] Materials 1-4 were pl aced
in a 50 presantpddw mrsokof the shelaternitsibettiacatic oid TAbnet er 5 sensor

After de assmg/purgl ng wi.ith nitrogen gas for 3 tines, the mx

was heat BQ67loASEE of wiremavadin mpavh§r nsience bs eprlayedaioginapptilisees émtmylatcd
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m xture, and the reaction was runni ng 0 mnutes (fromthe

start ofJ.Bhet dlnpdaat Chay, (2664)01653 918%@%@@@@9%@%1@%9@@#&@? bipsalesple

Shi ning B d ok AR AT b AR AT GESER] Singtance va
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;n;ﬁ: %pEagO?v%tFpm%%{{ h‘%ﬂ?@f’é}(’% %K'& H{u%&aegdve Qxa%p?eo ﬂ[;d‘ synq}geesias OF G nuclelc ac1ds or

10 oligonucleotides on selected surface areas (so called “solid phase” synthesis) may be camed

out using electrochemical reactions using electrodes. An electrochemical deblocking step as
described by Egeland & Southern (Nucleic Acids Research (2005) 33, 14, el25) may for
instance be employed for this purpose. A suitable electrochemical synthesis has also been
disclosed in US patent application US 2006/0275927. In some embodiments light-directed
15  synthesis of a biomolecule, in particular of a nucleic acid molecule, including UV-linking or

light dependent 5’-deprotection, may be carried out.

[0068] The molecule that has a binding affinity for a selected target molecule may be immo-
bilised on the nanocrystals by any means. As an illustrative example, an oligo- or polypeptide,
including a respective moiety, may be covalently linked to the surface of nanocrystals via a
20  thio-ether-bond, for example by using o functionalized thiols. Any suitable molecule that is
capable of linking a nanocrystal of the invention to a molecule having a selected binding affinity
may be used to immobilise the same on a nanocrystal. For instance a (bifunctional) linking
agent such as ethyl-3-dimethylaminocarbodiimide, N-(3-aminopropyl) 3-mercapto-benzamide,
3-aminopropyl-trimethoxysilane, 3-mercaptopropyl-trimethoxysilane, 3-(frimethoxysilyl) pro-
25  pyl-maleimide, or 3-(trimethoxysilyl) propyl-hydrazide may be used. Prior to reaction with the
linking agent, the surface of the nanocrystals can be modified, for example by treatment with
glacial mercaptoacetic acid, in order to generate free mercaptoacetic groups which can then

employed for covalently coupling with an analyte binding partner via linking agents.

[0069} In order that the invention may be readily understood and put into practical effect,

30  particular embodiments will now be described by way of the folowing non-limiting examples.

EXEMPLARY EMBODIMENTS OF THE INVENTION

General

[0070} A colloidal wet chemistry approach was universally taken in the following examples.



sensor. After degassing/purging with nitrogen gas for 3 tines, the
m xture was heated to 300 20 Cwth stirring, until a clear and
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20 Preparation of 3-component CdSe/CdMSefMSe (cf. Fig. 2)

[0072] In this approach two cation-providing materials (e.g., CdO and ZnQ, CdAc; and

ZnAc;, CdCO; and ZnCO3e2 Zn(OH),*H,0. All these couples have been successfully tested)

- in different ratios (depending on the desired emission wavelength, e.g., more Zn leads to
g shorter wavelength emission) are firstly reacted with oleic acid in ODE to form a uniform
25  solution of an oleate salt mixture. At elevated temperature (300 °C in most cases), a trioctyl-
phosphine (TOP) solution of a VIA non-metal element (e.g., TOP/S¢) was injected. Temperature

was maintained for 30 minutes, before the heater was removed and the solution was allowed to

cool down to room temperature whilst vigorous stirring. Many tests suggest that the fluorescence

emission can be finely tuned by simply changing the ratio of the starting cation-providing

30  materials. Two examples are given below:
Example 1: Preparation of CdSe/Zn,Cd,.,Se/ZnSe (Zn:Cd:Se = 1:1:2)
Materials:

1. 0.064 g Cadmium Oxide (CdO, 0.5 mmol)
2. 0.041 g Zinc Oxide {ZnO, 0.5 mmol)



obt ai ned. Exanpl e 4: Preparation of CdSe/ CdS"Sel .x/CdS (Cd: S: Se
= 1: 0. 09: lals: 1. 0.128 g Cadm um Oxi de (Cd
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in a 50 nL three-ngck fI%qung@mglemﬁgﬁegdjgggorreter 25 sensor.
After degassing/purging with nitrogéen tinmes, the mxture

was heated to 300 & withldml FM@ieﬂm;qTQP&T%%’ﬁe,aln%mE&Doun ess

solution forned. A mixture of 4 and 5 was then swiftly injected into
t he hot t t t f
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firstly fegaed RdmMeinpehré. Shitiighright ﬁaah‘;uhmﬁlarommmmw tamp) Gled otginad.
an ol eate salt mxture. At elevated tenperature (300 Cin nost

casgﬁl al 2 Texéuﬁ‘f’%&fg %E@%AS%% eg ?)ez?lg?l raéti?%&%bdége)ndl ng on

the em ssion wavel ength desired, e.g. nore sulfur |eads to shorter
wavel engt hMabarsads: on) was i nj ect ed The reaction tenperature was

mai nt ai ned for 30 mnutes, before the heater was renoved and the

sol ution was al | owkd @ 3ededdmiaw®xide (Cd6Pilempeb at ure whil st vi gor ous
stirring. A few test ﬁr‘ﬁgﬁ%ﬁé O;da@gjzﬂ@ dé‘nh&oq se room|ight excitable

quantum dots can sti repare hough t e 10tuni ng of the
fl udbfescence emi ssorl- 3@&@&@%@&9& ddtmmolan exanple is given

bel ow Exangl qzﬁﬂLlf’r@pﬁe@nétﬁy]em((ﬁﬁ)SeyZm xSi.y (Cd:Zn: S: Se =
1:1:0.2:1.8) Materlal
1. 2 mL IM Selemum in TOP (TOP/Se, 1.2 mmol)

[0074] Materials 1-4 were placed in a 50 mL three-neck flask equipped with thermometer
sensor. After degassing/purging with nitrogen gas for 3 times, the mixture was heated to 300
20  °C with stirring, until a clear and colorless solution formed. 5 was then swiftly injected tnto
the hot reaction mixture, and the reaction was lefi running for 30 minutes (from the start of the
injection), before the heater was removed. The reaction mixture was further stirred until it
reaches room temperature. Light yellow-green quantum dots (with no UV lamp) were

obtained.

25 Preparation of 3-component CdSe/CdSeA/CdA (cf. Fig. 2)

[0075] In this approach a IIB cation-providing material (e.g., CdO, CdAc; and CdCO;) is firstly
reacted with oleic acid in ODE to form an cadmium oleate solution. At elevated temperature
(300 °C in most cases), a mixture of two TOP solutions of anion-providing materials (e.g.,
TOP/S and TOP/Se) in a different ratio (depending on the emission wavelength desired, e.g.,
30  more sulfur leads to shorter wavelength emission) was injected. The reaction temperature was
maintained for 30 minutes, before the heater was removed and the solution was allowed to
cool down to room temperature whilst vigorous stirring. A few tests suggest that the fluorescence

emission can be finely tuned by simply changing the ratio of the anion-providing materals.

gt



1. 0.013 g Cadmium Oxide (CdO, 0.1 nunol) 2 0.073 g Zinc Oxide (ZnO
0.9 nunol)_153. 1.28 nL Aeic Acid (OA, 4.0 mmol) 4. 12 nL

1- Oct adecyPOIVEABE(ODE) 5. 0.6 nL 1M Syl fur in TOP ( TEPHER00§00§250
unnol) 6. 0.6 M., 1M Seleniumin TOP ( / Se, 0.6 nunol) [0079]

Mat er i al spyly kale af @¢@thdiswa 50 mL three-neck flask equi pped with
thernoneter 20 sensor. After degassing/purging with nitrogen gas for

3 tines, the m xture S, heat.ed t it b ] i cl ear
and col orl ess so#’ﬁatmlpéérll@%r@%%t.’Onﬁf%dég@:rdg’so@f'x@dgh(gé‘E‘Sg%sl'p%ghd'% iftly
injected into the hot reaction mxture, and the reaction was |eft
runni ng forM8talShutes (fromthe start of the injection), before the
heat er was renoved., Th action m.xtur s further stirred until it
reach®s room t enperkat u&é£§é‘c‘%ﬂ’§8ﬂ€bﬁwﬁt@ﬁ(§gﬂ% ts (wWith no W
25| anp) wer e obtai red. 1.8 hilyOnRge A€4{OW 4.0 ndnalpnponent room | i ght
exci tabl e quantum dpts.[ 008 Thi s, experi was to test if the
core-mant | e-shel | ?ﬁodiwgﬁ%&aﬁyﬁ} ena&@ﬁ?ﬁ,m dots undergo an
al | oyi ng process i f4.t heys atlel Mcadfadin TOR(TOH/ 8¢, didSnhingl) hi gh
tenperature. Al loying hi.g erat 1 indi cati on of
the | ayered struct uglje ?%gﬂg‘ Mnfei%uﬁl uf@) mdé/ﬁgg}é%n%%guant um dot s.
For this two different strategies are applied. In Exanple 6 we sinply
repl gge tihere) Mat&Rdy dindeienlasal e 50 GOE twkd-heckt BasR nghipgete withttherometer
hi gher boiling f&\gi nt, .1-Eicosene, and hold al| other materi a}%s .

@nc hangedensphé\iicg degasype/ e negotii rifragengas £ud tiuss: hy miyiure wis hepred to 300°C
1 nut es, @Afoktinghd, A¥EIth A¥arAatehbRHedsRE1URGO BiGEd. VPmb:Aurd®P 4466 5 ems fitth saifily
couple of hours. In the WD 2009/020436PCT1S&0081000290 25 second
test, shdvifctphintthehotaeactignmixfuregandtheyepgtian #arlstiaryipnior 30 pumgesErombe
sol vent st Gark Rfechl; bIbR: e BELWAQLSoWA! Bhd dekdtioh nRERPAELFrBEr 3RS
centigrade, and followed by healing at 340 degrees faor 1 hour to a
coupl® ofunkib ifr epached sigapn fopmelatury Vgél}‘?weﬁfr‘ suadumygats dWith mpelV oyt were
Exanpl e Z:bF’am:d& but not from Exanple 6. S5Exanple 6: Preparation of
CdSe/ ZnxCel | Se/ ZnSe in 1-Eicosene (Zn:Cd:Se = 1:1:2). An

Example 4: Preparation of CdSe/CdS,Se,../CdS (Cd:S:Se = 1:0.09:0.81)

Materials:
1. 0.128 g Cadmium Oxide (CdO, 1.0 mmol)
20 2. 1.28 mL Oleic Acid (OA, 4.0 mmol)
3. 12 mL 1-Octadecylethylene (ODE)
{,_ 4. 0.09 mL 1M Sulfur in TOP (TOP/Se, 0.45 mmol)
Y 5. 0.81 mL 1M Selenium in TOP (TOP/Se, 0.45 mmol)

[0077] Materials 1-3 were placed in a 50 mL three-neck flask equipped with thermometer
25  sensor. After degassing/purging with nitrogen gas for 3 times, the mixture was heated to 300 °C
with stirring, until a clear and colourless solution formed. A mixture of 4 and 5 was then swiftly
injected into the hot reaction mixture, and the reaction was left running for 30 minutes (from
the start of the injection), before the heater was removed. The reaction mixture was further
stirred until it reaches room temperature, Orange-colour quantum dots (with no UV lamp)

30 were obtained.
Preparation of 4-component Cd/Se/M/A {(complex structure assumed)

[0078] In this approach two cation-providing materials (e.g., CdO and ZnO, CdAc; and
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was seen Veayelepath depirgdn e 8t BATSSULPT i orfre e eleneth gmastonE v an U ssEd- Ehe

After thees®iaf tdRPeritBRP@LsahsinRine8Tor B0 Himiteto Gefdte B8 Bedteri wds rblolédSand the
not hi ng ot her than sone slight deconposition (possibly fromthe

sol vent ) SseBéiRn piag@lowerhte qophdawmhip 5opse: temaeratigrauhilst VigoEous SHE g Actsw tests
was cool edof Qe fA0M MBS Rk Kot excitable quaX¥@APASs éan SNERAERbieA tRéugh th
CdSe/ an%gF%. Se%ZnSe in TODQIE%A@({%?: C‘ad{i Se = 1. S:'L: a2n) An | SE{I | oyi nuggh ©
t est 1&/at duping of the fluregpgrcepnussinn ia aritkeamplictad Arpemmplai piven belowpa1 ¢
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Materials:
0.013 g Cadmium Oxide (CdO, 0.1 mmol)
0.073 g Zinc Oxide (ZnO, 0.9 mmol)
1.28 mL Oleic Acid (OA, 4.0 mmol)
12 mL 1-Octadecylethylene (ODE)
0.6 mL 1M Sulfur in TOP {(TOP/Se, 0.6 mmol)
0.6 mL 1M Selenium in TOP (TOP/Se, 0.6 mmol)

15

S

[0079] Materials -4 were placed in a 50 ml three-neck flask equipped with thermometer
20  sensor. After degassing/purging with nitrogen gas for 3 times, the mixture was heated to 300
°C with stirring, until a clear and colorless solution formed. A mixture of 5 and 6 was then
swifily injected into the hot reaction mixture, and the reaction was left running for 30 minutes
(from the start of the injection), before the heater was removed. The reaction mixture was
further stirred until it reaches room temperature. Orange-colour quantum dots (with no UV

25  lamp) were obtained.

Alloying test with 3-component room-light excitable quantum dots

[0080] This experiment was to test if the core-mantle-shell room-light excitable quantum dots
undergo an alloying process if they are heated to a sufficiently high temperature. Alloying at
high temperature will be an indication of the layered structure (core-mantle-shell) of these
30  quantum dots. For this two different strategies are applied. In Example 6 we simply replace the
non-coordinating solvent ODE with its analogue with a higher boiling point, 1-Eicosene, and
hold all other materials unchanged. The reaction was conducted at 300 centigrade for 30

minutes, and followed by heating the product up to 380 degree for a couple of hours. In the
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al I oyi ng pr ocess.aubg)ﬁ)gaéml e 8: Preparation of CdSe/zZnxCd,, Se/ ZnSe in
TOPQ HDA (Zn: Cd: Se = 1:10). An alloying test Materials: 1. 0.013 g

Cadm um OXi GfteiadO Olmml) 2. 0.073 g Zinc Oxide (ZnO 0.9 mol)
153. 1.12 g Stearic Acid (OA, 4.0 mol) 4. 7.70 g TOPO (20 nmol ) 5.

4.80 g HDA (20 nunoj)06}54%@3dmmhwx§@(e;ﬂougshﬂnaj§]3 (TOP/ Se, 1.2 mmol)
[0083 Materials 1- hr ee- neck flask equi pped

wi t h1€ her nonet er 20% s@r’f’éilng‘Wr éﬁdeg@:}%\ ’ﬁﬂ?o urging with nitrogen gas

for 3 tines, the mxtuns aeeldeatRAONQ43GAmEYW th stirring, until a

clear and col orl ess sggutl g% formed. Cooling down the reaction
xture to room tenp '@54Wd 5 are then added to the reaction
lask. After anot hes. dy2ahE 1M Sdagaasn TQPATOHSeg 1 Rintrholpi t r ogen gas,

t he mxture was then heated to 300 Cwith stirring. At 300 C 6 was

t hen svmf injected into the ho ction mxt t he reac
voe" 1 o't 08T (eSS T st Al 1 PG 4 ok ATl e HERAR ots BBETAR 30
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al l oyi ng process. Gowh kinetics 30 00841 | n . order to understand

more on (8 THIBINE FProP iutes drem i it of Hhe nigtiomit Th R Eraliiyfis then raised to

340 °C for half an hour, and no obvious colour change was observed. No color change was seen
20  even if the temperature was increased to 360 °C and 380 °C. After the reaction temperature
was maintained at 380 °C for 10 hrs, nothing other than some slight decomposition {possibly
from the solvent) took place. The reaction mixture showed a red-color when it was cooled to

room temperature.

Example 7: Preparation of CdSe/Zn,Cd,.xSe/ZnSe in TOPO/HDA (Zn:Cd:Se = 1:1:2). An
25 alloying test

Materials:

0.064 g Cadmium Oxide (CdO, 0.5 mmaol)

0.041 g Zinc Oxide (ZnO, 0.5 mmol)

1.12 g Stearic Acid (OA, 4.0 mmol)

7.70 g TOPO (20 mmol)

4.80 g HDA (20 mmol)

1.2 mL 1M Selenium in TOP (TOP/Se, 1.2 mmol)

30

SN

[0082] Materials 1-3 were placed in a 50 mL three-neck flask equipped with thermometer



get further evidence on the proposed structure, two exanples are
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mol ) 202. l\qlgggls.g Zinc xide (ZnO, 0.9 mmol) 3. 1.28 nL Aeic Acid
(OA 4.0 mol)y =

0.013 g Cadmivm Oxide (CdO, 0.1 mmol)

0.073 g Zinc Oxide (ZnO, 0.9 mmol)

1.12 g Stearic Acid (OA, 4.0 mmol)

7.70 g TOPO (20 mmol)

4.80 g HDA (20 mmol)

1.2 mL 1M Seleniwm in TOP (TOP/Se, 1.2 mmol)

15
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[0083] Materials 1-3 were placed in a 50 mL three-neck flask equipped with thermometer
20  sensor. After degassing/purging with nitrogen gas for 3 times, the mixfure was heated to 300

°C with stirring, until a clear and colorless solution formed. Cooling down the reaction

mixture to room temperature, 4 and 5 are then added to the reaction flask. After another cycle
of degassing/purging with nitrogen gas, the mixture was then heated to 300 °C with stirring. At
300 °C 6 was then swiftly injected into the hot reaction mixture, and the reaction was left
25  running for 30 minutes (from the start of the injection). 2 mL of the crude product {green-color)
was taken, before the reaction temperature was raised to 340 °C for 4 hours. The final reaction
mixture showed a blue color when it was cooled to room temperature, indicating a change at

340 °C which possibly was an alloying process.
Growth kinetics

30 [0084] In order to understand more on the growth of the core-mantle-shell quantum dots and
get further evidence on the proposed structure, two examples are given in which two different
sets of the recipes are taken. The solutions of the aliquots from the reaction mixture at

different reaction period were measured by UV-visible and photoluminescence spectroscopy.
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oleic acid. Example 10: Preparation of CdSe/Zn,Cd,Se/ZnSe (Zn:Cd:Se = 9:1:10)

Materials:

0.013 g Cadmium Oxide (CdO, 0.1 mmol)

0.073 g Zinc Oxide (Zn0O, 0.9 mmol)

1.28 mL Oleic Acid (OA, 4.0 mmol)

12 mL 1-Octadecylethylene (ODE)

1.2 mL 1M Selenium in TOP (TOP/Se, 1.2 mmol)

20

ok W

[0086] Materials 1-4 were placed in a 50 mL three-neck flask equipped with thermormeter
25  sensor. After degassing/purging with nitrogen gas for 3 times, the mixture was heated to 300
°C with stirring, until a clear and colorless solution formed. 5 was then swiftly injected into
the hot reaction mixture, and aliquots of the reaction mixture was taken at the 5™, 20™, 40
second and 4‘h, 8™ 16%, 32™ and 128" min, respectively, and quenched with cold n-hexane
solution immediately. UV-visible and photo-luminescence spectra are taken from the diluted n-

30  hexane solution of these samples. The results are shown below.

Comparison of stearic acid and oleic acid

[0087] Stearic acid with a lower cost can be an alternative for oleic acid {especially for mass

industrial production), if such replacement does not compromise the quality of the prepared
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the WD 2009/ 0204368PCT13&3308¢ 600100, 29 mmplcti on), before the heater
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reaches room tenperature. I ni Ng bl -red quantumdots (wth no W
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sensor. After degassing/purging with nitrogen gas for 3 times, the mixture was heated to 300

°C with stirring, until a clear and colourless solution formed. 5 was then swiftly injected into

the hot reaction mixture, and the reaction was left running for 30 minutes (from the start of the

15  injection), before the heater was removed. The reaction mixture was further stirred until it
reaches room temperature. Room-light excitable quantum dots are obtained, indicating that

stearic acid is indeed a qualified alternative for oleic acid.

Preparation at ambient condition without degassing/purging with Ny gas -

[0089] One further test is to see if air or moisture has any pronounced effect on the
20  preparation of the quantum dots, i.e. if the degassing/purging with nitrogen is a necessity. This is

also a test needed for mass production, if cost of preparation is considered.
Example 12 Preparation of CdSe/Zn,Cd,,Se/ZnSe (Zn:Cd:Se = 1:1:2) - No nitrogen purge

Materials:

25 0.064 g Cadmium Oxide (CdO, 0.5 mmol)
0.041 g Zinc Oxide (ZnO, 0.5 mmol)

1.28 mL Oleic Acid (OA, 4.0 mmol)

12 mL 1-Octadecylethylene (ODE)

1.2 mL 1M Selenium in TOP (TOP/Se, 1.2 mmol)

hAE ol S

30  [0090] Materials 1 -4 were placed in a 50 mL three-neck flask equipped with thermometer sensor.
Without degassing/purging with nitrogen, the mixture was heated to 300 °C with stirring.
After ~10 min, a clear and colorless solution formed. 5 was then swiftly injected into the hot

reaction mixture, and the reaction was left running for 30 minutes (from the start of the
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4. 120mL l-Octadecylethylene (ODE)
5. 60 mL IM Selenium in TOP (TOP/Se, 60 mmol)

[0092] Materials 1-5 were placed in a 500 mL three-neck flask equipped with a condenser on
a water-splitter. The use of a device or method that is capable of removing water from the
20  system is highly recommended, since the water generated in the reaction may cause explosive
boiting or related phenomenon when droplets fall back into the hot reaction mixture. It is
noted that such explosive boiling can be avoided if zinc and cadmium oleate are prepared in
advance. The mixture was heated to boiling with stirring, and left running at boiling point for
30 minutes, before it was cooled down to room temperature naturally with stimming. Bright red
25  quantum dots were obtained. In spite of not dissolving the oxides before the reaction starts, the
experiment shows that the scale-up reaction works. The product yield, including the ligand

shell weight, is ~8.0 gram.
Ligand exchange reaction

[0093] The ligand shell of the as-prepared quantum dots, the oleate, can be converted to shell
30  with desired functional groups via ligand exchange reaction. Crude quantum dots may be
directly used for ligand exchange reaction if the resulting quantum dots are insoluble in non-

water solvents, e.g., chloroform. In this case all impurities can be simply washed away from
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possess bett g optical properties. A detailed conparison bet ween t he

two appr eengifgation esplotime; TheTewited pellepen be dvrﬂglwg?eﬁea I WRiREPR B} pfter.
Fl uorescence [0098] As described above, a novel feature of the
guantum dots prepared in this invent2orRésalts oom | i ght excitable

fluorescence, i.e. the quantum dots display a fluorescent color in
the abse 6 Pin s SIRXE 5drad i'a@tﬁlts' thIEHAL fr ¥ WeCtests ChiRivefed ipaes, ik to
on a nu r of such quantumdots by a digital canera in weak room

light isin$miRh thenpxpn@smmpnqa} BiPPFIEFY ey the gHAntum oty Jithjaypovel core-mantle-
30cofrentatd QbR the zinc salt decreases steadily with the total
concentration of zinc and cadm um ol eate bei ng a constant. By this

t he phot ol um nescence eni ssion V\?Y%‘I 1%
2009/ 020436PCT/ SG2008/ 000290 31 “* e °°mPa"’s°“
{0097] Compared to the conventional method for the preparation of core-shell quantum dots, a

process according to the present invention is much simpler and the products possess better

optical properties. A detailed comparison between the two approaches is shown in Table I.
25 2.2 Visible Light Excitable Fluorescence

[0098] As described above, a novel feature of the quantum dots prepared in this invention is
room-light excitable fluorescence, i.e. the quantum dots display a fluorescent color in the
absence of a formal excitation light source. One of images taken on a number of such quantum
dots by a digital camera in weak room light is shown in Fig. 6A. From left to right, the initial
30  concentration of the zinc salt decreases steadily with the total concentration of zinc and

cadmium oleate being a constant. By this the photoluminescence emission wavelength



gradually red-shifts fromyell owgreen to near infra-red. This m ght
be due to with a |lower zinc salt concentration the formati on of the
ZnSe shel | WaMIYQOB6 a | ater stage (smaller reaction raP€lSGIAG/R290
allows for the growh of CdSe to a Iate?’lstage (a larger size) thus

causi ng g]ardﬁﬂ f%fshﬂs%eﬂ SeBW-SPdeR Mo WRMEINBRGED ThiBidht HOGRS ‘E&'Qﬂ@tﬁ a lower
seens nmu K for the'two Sanples to 5 the right in Fig

There mi give splé congentrasion shesforpation efithe ZpSe shell sarisiag aéarerestagf)(milﬁl@r reaction
em ssion, gthfcgqﬁ;Bas ffartge ggwrth QRlCaSuR 2 IR Bbedl ?ar%arl:%ﬁey 1S eausrrrg dha-

near |nfrar , and our vi sual sors are not
sensi t i vehifign thecsuissien ebvelrpgs Theﬂumhmenceas@emr purlweaken iy thﬂ:wsaarples to

el oS A SRS afatep Rl ) bl SRR i
not fl uomese;lemgths fmr theomghit |tvghtsample$ a@gﬁr}ch@ﬂmer to b/ nbsanpfrarsd éﬁﬁﬂmhedd 6819

to excite he e uan U dot s S i
(B o€ e e YRR SRR e ot SRt o RERORRES aE ) TR Bl bl RR0s
bri ght neeweraﬂerﬁblvusﬂge dight Mghélervm]n trangeNgivingng poiondaserablnrrmt}m Wadkhcolor, in

it UG L B R
0 TR Sk BI DED SerE Y ce

absor pt i enmediatelyr eeebeﬁbgre&B):lﬁmr thyeeapqmn;ﬂaqbnrthe tlefe sid¢- evesi dlow a saturated

ti t t t.h
B R o AL R RSB VBB e R
quant um dmtoﬁptioﬁr(aiebng]mbﬁ:enﬁatﬁm)V\Thealn@vﬁlﬁ-absﬁrpgon i, alsona Why ﬁwtdncmhblmg the

L U ol ST SR oSSR sPICHABHR B SERRSRT pRe

rangisng highroofh&irsion oluipds.r i m f or the conventi onal quantum dots are
either | ower or disappeared for the, roomlight excitable quantum

dots. Aneiiag] TROISN Vidbdpiord HQMrEiHdcondes Sledriabhpgahat fif Bt UBDEGHRL & h‘t@@rptlon
peak of the roomlight excitable quantumdots ljies at, a Sl%:fghtl

| onger waRssta it grapeE dpignoktpingd ﬂ’ﬁa@le BFOGCRS: A6SoFARG 10 dhe, presfi ginvention are

i ndi cati Qgmpared®) tklere cffts@fh'é o dntionaMab&diuh HoRehh @ adpiass aloaa%e%@rmg 7,
of 25i rrproved cr¥sta qua ity (especially the quantum dots surf

2.3 Tuna#ht hich betheqyaser dog .w érrrylsrrmtlrﬁehp@!‘reﬂereqcr%ép%qrarw Wgthe*r

mat efy al §ydoPrfldd widBorhlaideDE SR FarRbh. SRiosd myeéngﬁ@tﬁbn%s@ b to 450 nm for -
room|ight excitable quantum dots can be sinply tuned var%k‘@‘g%xCItable

rati o of theneonyentionplgnantine Apty age jeitherHawpy @pé‘ﬁ%ﬁ’?ﬁﬁd rf%aféeufeffrﬂ
hol di ng @lncth B6k. A SA%drBRrRALA RBHENS. Mﬂﬁﬁﬁﬂlgﬁ@s-t absBfptioa bédk afth&%&nhgm

in the reaction ranges. 30 from1;19 to 9:1, leading to an _em

wavel engekcitsblexquangig daig diss yat=a edighibmlongse ‘V%’&l?f‘gt@np‘?%“or“eﬂ?aﬁd T t?rFlethe

W th smalhy@eNsdl bA8S ildicaing Cithafk Gocemet QARIER iRl édDBs aicbnded@ence of
Feaction condition and the operations in the reaction are carefully

r epedt ed impioyest eyvelmseliydepesially e aranpm dots sufec®)-oom | i ght exci tabi e
guantum dots are shown in Fig. 8. WD 2009/ 020436PCT/ SG2008/ 000290 32
[0102] One can Spg, diigh %%?éeﬂ@é arbHBe AP Y Bf BRYARGAL nldlErials

em ssi on peak “for 8

e em ssr on pea S gettl g narrower
at short ths. At the em X-56 nm t. ul |
Fhe hal 1 Tnatfife Adetenes Smsney taydierefito e fooRatert gl dippant bl ool
better tRplRRihel Vyevasigg theks@ntof rﬂzé’@tbﬁmgﬁiﬁﬁéﬁﬂduﬁmefp@éparaﬁbﬁ Tesd}iod Mile

el emental analysis on the roomlight excitable ané[#in dots via
| nduct i véplding all other reaction parameters unchanged e ratid o n in the reaction ranges

30  from 1:19to 9:1, leading to an emission wavelength of A = 528 nm to A = 689 nm. The reaction is
reproducible with small deviations in the emission wavelength position, if the reaction condition
and the operations in the reaction are carefully repeated. Fluorescence spectra from some of

the room-light excitable quantum dots are shown in Fig. 8.



Coupl ed Pl asma Mass Spectronetry (PSB, Singapore) shows that the
conposition of the resultant quantum dots are al nost as sa what
was i nput PR WIS ting materials (Zn/.Cd, wWw 2.84/ gcggsczoosmooz%
corresponding to a nolar ratio of 0.91: for a starting ratio of 1:1;

ww 4. 4192150ne Sé?tgee&@&rtﬁktﬂ& {he ténedblk aFavElafgth o@theBexﬁ@slan pedk far AL >160
starting ratlo of which is very 10 dlffe g}mv\ha Was, <o
r epor t ediiipthg I%V‘Qﬁ‘u&“ﬁk HrBeitng NHTRIRE ~hshoglsT Ry e eqssion) of A
Chem Sogy, ROBM wikidpat (ROBAT rr%xmﬁiﬂ?ﬂﬂ thﬁpeéﬂ'um ishs sﬁﬁll aglgfmn Safich id ®eder
125, 13539) The em ssion peaks of the roomlight excitable quantum
dots ar ethian apyedse- smgmmw@wgtrtfgspffart hey are conpared to those

al | oy quant um dots wi tEraSI m. | ar OSII ?Bi S _suggest

cor e>shel§103} Fhfc elgpgniph anglps 080 @ch &8{‘%1 ey Sdglfislnductlvely

prepar edchgsled Plasria AMEr Sﬁb@frmﬁ&ttﬁ%!’m $ifgapory) shows thae -thdh ebpsditidic bl i
[01041 In order to further prove the Cogat mant| e-shel| structure

sim|ar reseleamt @‘F?él“’(f’éintSS&anBﬁ a3 sgIyle G What Wy ARt ythe staping mafeusls (Zngrd,
intri- WI y b4/9f3959&&é&?oﬂﬂﬁ & Q-EEBQ) ratif dfEI PRI ESHENGRr@fg ratio of 1:1; wiw:

n- hexade am ne ( HDA easy for all oyi process) wth dlfferent

Zn/ Cd rat4446/0 &Sesqmswnﬂetgyto ﬁ?@o@ E@t@dﬁ\e%%bg héra ttwpgngﬁ“ﬁrftfc% whighds very

pl P 2GR Uit frbhewt.-ﬁ%&és' Q@remﬁ ey éf‘&%ﬁtuﬂ?@&t?ﬂreb@ra@&p(x 2fh g A8l K@ Dim.
the tenperature for 10

ours t'er the core-mantl e-shell "quant um
dots f or Ghen.afoc30003C. 1250 858% dg gwns, ftttﬁé:t Jt fhe. é?ls?fe-@qveﬁpﬂ?rml@ét 43539). The

uant um i ]‘)ﬁ_‘!
? he conblglﬁzt)laS g’é&gﬁ(@%&qﬂ?ﬁ%‘%s&gﬁg ﬁ\\%ﬁﬁﬂ csl?t%n%{:k‘airn rg{rlr(gilr?tl éégf st%';3 ﬂglgf
mat eri al titeyate mma@dﬁ@tmewmym@meﬂ@és Winth ﬁn‘ltlhfecoﬁm‘i’émp@a'ﬁﬁ BeSpsq ‘%ﬁie'

roomlig t t simlar

wavel eng%ell%ﬁé%%%ﬁgeé%nﬂﬁgﬁ eﬁ%?et(gj%s are ch br%ader (see
broken lines in Fig. 10; different colours denote two recipes with
diffiérent ratios of st-AFurtherayidencs fer coreppantierhgllsructire,  quant um
dots with simlar structure formed, though this solvent conbination

i s not g@Md4F hnrortid:réotfmmmmwedhe mreﬂ@ﬂeﬂhﬁﬂrﬁmﬁmﬂweﬁtﬁh@ns (cf. Section
t enper at o e 0] '8 23)1

for 1 hoﬁr?to a PH&&&%%I ﬁE;CQSE%? ?rqn%gg‘ &% rct}yrgaks oﬁﬁgﬁé&me
em ssi onofpbetadecytimene(HRA) (egsyshi &ltﬂemlgmmct’«ﬁew dtffeeqﬂt Takiy FOFPEGtively-
a Ak of §0; Q) Q:l@n(osagﬁgﬁtg g&fa%?soﬂﬂés cgoé\}eq if { ﬂl@?éacfiﬁh El’inﬁnre]t@s HRdd 1580
em ssi on spec ra were nar r hese new spectra

r esedtbl e °Clhodkepoft the kepyperatiam tﬂmﬁoctwe aftphie pm—remlﬁtsbﬂbauaeemb é‘t’té fosmed at

20007 0207 TbRer oo D88360 ug B Ba R ok e bty gfod toma
cor e- mansfabiligésel | structure is pI’OVI ded by the kinetics of thelr
preparatlon reactions. Gven i Q]l&? 5 are two, ex

di f f er end0}08} Pain ghe cRmbinatied Mﬁgif B4, ves (lee%ttvts ng%r alquﬁ of starting
hi gher i pigtdrls, M@%@Q&bﬁ&aﬂf«: ht¥ewhh ke §eﬁ‘:|16 fea&tl’tﬁ‘l $eiiod, eneligltadngitdble

at the beginning o e reaction_are spall 5A PL- 3’ﬁ Q“S h
Desptt e Hh@haﬂsi@?sﬁ’ﬂﬂbﬁnﬁ‘s‘@t‘s atmilaravelenglh f%e pled.ithongh Jhe PeAks ke mye
a size Cedy QéF{Q&UBrBlQentlﬁae@'ih BiY $6 Rffereft coRREs diibteftivh r@peshaat diffgrent ratios
i nduces a blue-shift in the em ssion which is understood as the

al | oyi ng opsigtrs materialshel hlwegr‘«%t% ghab Auanise AW iEhSEtlaT BEAE forgpedy, though
formati ony;0fc Re lﬁn%tﬁ)}‘teirs AR AsdoBUr 3hé PRph@tioR A Sush ZRaMhinN dSBOAL Ghe
em ssi on wave engt | oyi ng process, however, is 1nvisible if
the i ni t itempecasuravasriaereeed 49 320 SE andiket ststhe seme femgerasire fig hibebgle a fow
| o (F 1) r

the 10t ¢ s 8 Sectf T, The SakC Y o ARy tfs Liapalicuy hiRIA0NS | salt”
concent r atavelengtihevitd 8et’e @if 0519k nirs (see cgesponding 59lid dinesmin &ig iy wnd &8
some ki ng ?ssuoﬁ%i:éétrggﬂé?é %ﬁﬁi Xi‘?dv%a o0 WResk Bvo hBE sP&:ﬂ%trE.ﬁHb‘fE‘thQJe of alloy
al ternative catfons or 0 t

replace the existing counterparts.
quantum dots. The two counterparts before the alloying process thus possess a core -mantle-

shell structure.

e



[0107] More evidence for the core-mantle-shell structure is the X-ray
diffraction (XRD) patterns of the roomlight excitable quantum dots.
Cor e- mant | ¥ogheV020486ant um dots with different starti ng PEl/S6RIPG00258
(19:1 to 1:9) were purified and preparedas thin drop-casting 25
films ongShkl tﬁgﬁﬁ] . d)iﬁ{)(h :
t hese qugﬁp @m 0 eg %%?éﬁ%ﬁgmg t'q{c;)ré:et élrlg% \?\na%j% t 0%% %émg%d 'u%ﬂs‘{éﬁée{ﬁﬁégé“
( bot t on) pepatatiomreasidnen Gienduditg. narddwve examples withFdifferent rafiog 08 heGiasting

can see that. wit.h S I |at: ti .nar . i ff i
for o1 ncinairial GEeRor 8. Pl bt il AEGRAd B Bl At e BESK ores
posi t i onforgedpiathe begithming bbthe réaotiorc ard sinaii(Fig b A dLeAB2hm)( DePete the adsorption

bot t qrmps uant um dots. , The roontlight excitabl.e guantum.dot

prep redoé &?egfﬂcss HBFE e §W8v??‘ﬁ%{°sgﬁlée 6%’??88?'?#51“% g?ﬂafnz%rflghgﬁro 33 it 50
and the pngHér Heald@s induoes a Mlud-dieft dhfthe @niission whiak 3s jundérstbod ab nhe alloying
bet ween the two., As the t of ZnSe .in the roomlight excitable
quant um BOEES iahéﬁeé%@ﬁfgcegqaf%@f@ Z(‘é‘c’y i?aé‘g’p%ﬂ B}?Er]{@”:[l%}o&rf’% iaﬁﬁq’")élﬁé@’ef d thas
shel | thj Gkia88s toret g Hifhl Sagks emiphiwiRiensthi The silefid| ptotess, Magheer, is
angul ar positions. The Wirtzite WD 2009/ 020436PCT/ SG2008 00029&,34

st r ut ucr wvsible Hethe ipiaheanerritiien PEgBRSRks isinme s of hamBiuds ower (iie Y-
CdSg gqu aﬁ‘fxﬁg‘ 63 G ggosb-gﬁl'y%u% AR AR, 8RGn & Hethr@n CUSe Sf fiFfefont size

first which deci the crystal structure an he ZnSe fol | ow the
same at offenloeneiacisalh concentaiianithe €Ate qom vizes largerd Hlloyfarpating reguires some
shel | s. ] e RdEPORY HOlcatiorR - -anions t
iSe/ ms%@é%%fggﬁg %ﬂgﬁ i gﬂtﬁléﬁsgs?‘{r%@gé{nﬁ%ﬁb ‘ﬂgﬂi‘?éé"?“s hared by S and
Se, the siplasatthoexistng isavrjergartstikhepreadtiont ismperapise aaplied haug,smawy sEcesd dhe
strong p i thei : : 18N
onger VT DRt O3 TRTERe AR SBmed s RlahpCAle ! coRLNBHAT RS iPer than
CdS)15 asthshofuthd £dBe guantim ddts dermedoatdewethaine Gals cauesnBrtiqnofmgiting geint of
(to defi r . a res :
i ste, PRgciffy $hPped KRGl oMLY splltn (ROURSE 1ielesld Rakit B is
nmodi fi casynteticeppreeiinbs seeh fomliptinvaases indbe. fhisl thatgegasHess Thw noghy, ge reaction
| i gand exch ] i i id d :
pose bi | s e 28 Kl f a3 Pacenel ph @Rl a e, iR ffum vied
cor e- manwith-astektivelyt ragrowufull, widieatnisak mrerimem GSVEM)Y exdepon forethe quality of
band;edge_em ssjiQn with low intensity) will be - 480 nmu. This sinply
con'(tjzroadi g‘faélmrﬁ?hgt he experinent results, in which the products

prepared can have em ssi egks above 6 riom .Lon vel engt h

eni ssi on al so excl udei‘gt}ﬁg) 2’?&%?’833%”&'"’8%%* ef%'tﬁ%q%eq ' %Ogst he

emtting core, which is nost likely in _the blue |ight wavel_%gagt,h

range. AlQ107hMsge fexidence, Mirnthe t @re-maniewell diushug fsfhe Karay fiferion (XRD)

centers bﬁ%ernbse oP R4 lﬂ&&xﬁ-hghﬁ eXB@blePyRRaR Yot idoke-EdSs-shtfli Glantun doRRewith
resence of the sulfur ormed a Zinc Blende structure with a )

cor emant Hifesen starting goiCériatios €19%a® }:8)ware pified (pad prepared s himedrap-castins

quanisum gghsed §i(36®%uﬁé&a%é%xexmameﬁafea@ﬁtsl Thd RRD fHiteis OF thokSgudnfunt B&is

solution injected I'nto the flask. As the anmpunt of sul fur

20i ncr eagwsshowhdogsitlier ity these ofecarmiusi pelenidey(bettgme pndypige pelenidy ganfugn dots

(red bro ‘38)ihi e dn Fig. 14). [0110] If transm ssion electronic

m cr oscope |mag€'s'are taken fromthe quantumdots, it is found that

all the 98] B4 secIR4ZNBE SRAM hdrgdRtpatitotdr AR EFMRNOE houkd Hrirelenide
dot-shape. An exanple is given in_Fig. 12A. The rmnodl_spertilty of

these quéfnSentonerost)iayasat dofuléq Brhjgher A PPHHEOTSSOMPARNA Y S for cadmium
fluoype Scﬁé‘l&ﬁd@;@é@, BBHARALS) g@ﬁ\ﬁﬁn'dﬁts!:‘l‘ﬂe rdom-Tight eSeitl fus dots prepared
CdS, the nanocrystals obtained are nore or lesS a rod structure with

a | ow aspethis inyeition sheusthe same 2ytteras(Wpailh stryrtyrEand g anger gasitions pofe
of such ?ﬂ*g?ﬁoéfgéna?cs ﬁl}&pfr‘e bBiweeh Gh@tRs AQ thdGmbinlt & 2ASE il Mnd Rem-light

energy o aces of the nanocrystals during the reaction.
excitable quantum dots increases gradually (corresponding to an increase in the shell

thickness), the diffraction patterns shift steadily to higher angular positions. The Wurtzite



30 amount of sulfur, the XRD pattern is no |onger pure Zinc BI ende (a
shoul der peak at -30 degree for the red broken line of Fi )

Toget her WPRIPHEMSd- shape it inplies %ﬁ{]at a nore comBCTESeAs 04t h
mechani smis involved i.n the formation the CdSe/ CdSe"Si _x/ CdS

nanocr yst@htere b® #Hebd qiiturh d6ts kEMbRAAP BVENEonARDRANAFEbSCABE gRatas dots,
fromthe reaction of twp catians

2009/ 0204 BisPar beupdrigperbbrsase 41155 ﬁarezﬁpzyﬂvgﬁ whichgecidrsshe cryaal stepgpyre and

Se2), 1t heneHaBeoiiw ﬁlefshrﬁ%m' oHeRRBEH {6 Enabld thala@t%tueduﬂl) ki H@WRRLHERN
Cd/ Zn and S/'Se is used. Fig. 13 shows images of such product at

di f f er en{o108pRof 3-Cerhpaeht cwddﬁsamwm@mm astgelg. I(Dctﬂt/(?d'o‘e;;ﬂn /Qdsesth Cd

crystals_still show strang fI 011 The i

di Scu s BAPBIeSOPIERN BRIFHpieR oY Sife GobenBHtion i da@?&%’?‘?‘%&tﬂfﬂﬁr@
shoul d ngtf e eaRSaHok Yrdn@ ﬁk@Kﬁuﬂnﬁ&sc@r&eaﬁKﬁ@Wr edgie reeyital tsha&midwﬁ no longer
docunent is part of the state of the art or is c gener al

know edg&urite (%r@u%fﬂ@dﬁﬁ)s by fheZime BRlendsfcomyagp g&sﬁaiﬁws §RvER in pg. 14. If

ref erencgpd forld eHat C%@tduEFcI yon&Oﬁrs@dté d@ﬁﬁaol% Rysh typk f@@gﬂawtmddnw Heb-shell
docunent were specifically a i ndi vidual 'y i ndicat ed

i ncor por atreturp gxisesf Breshdbwil] bﬁ@éﬁe high nmﬂzwle.t@ SunfAgs nn@éifaa@@@ﬁm@&y for
b | )
roaq) y ang-9ansiissih 'Ylﬁﬁfw@s‘tﬂ a:ﬁfé%&;{aﬁ% e Wilf ﬂﬂ@%lgr e laci Qﬂ &gﬁ) S%clﬁt{@ the

subgeneric groupings f gener| scr form

part of pbssibilityedftaiCibe shell. Mmmumdé@ds tveas degreare in the sorerpentiershell strpnsure,
mat tor 1 P pHatRiRo cRlenf O 3hd fane ik Al LATRGrR A 13 DA P
mat er i al This sspldmcbntadmtymtbcthet egetmpensiresults,0n MiiciThe prcrduetntpremred can have
absence P SgPH FEESCIERE Rod B Ll Byt Bl b ot B EEind Bk of e
specls i c&dByBedi as:tlmsmnitﬂmgrceret;] whidhuis mdsb tikely amheehlug h@ﬂwchmgﬂl range. All
LoD %ty RO M S B SrPR eoe mg rovn
expr essi suﬂs Cefpl \olylem 1helneeprnsehawa° the enlfirs Gotmad atZBnmﬁleoﬂe gmsture ptithon core-

d f d '
tor e andheadds e, 3o DLk 0 BulrBleEld And Bkl U5 i PHfbione
shown anehiachhsges luemeaatlczﬁf Sj& tni thn soluﬂlmr isEctedbntd the flask. Agthegmicsetioftsakur
var I%z nr%gcé{s?'scﬁlﬁ gofl?rs u%%%t S ) 1 %E%\%} ngﬂla.tr gg%lt?& 2 d%ﬁok%ﬁ?ﬁé ﬂlVﬁEtM?n

cl ai je

i nvent i O;bon O;f @H&&g@w%@&&em nalem%&%q L Jr@‘ilaldeﬁ‘ R ciuaHﬂaﬁ{‘dots it is

exam nat or egmﬁy@g1 exanpl es an t he appended cl ai ns.
it shoul dousd theiadrtbe 6d8c/Cadm-detZndegermtighpexciiaie nanepsistalsone ﬂgt-shape ‘An

speci fically ég flss %Jhgﬁe;ﬁ Ry %Wﬂ{eaﬁ%n&ﬂgﬁ ﬁﬁe&nglaﬁﬁtrﬂ QBa! is satlsefz(stjctory,

f eat ures, tion a vari ation 25 i nventi ons enbodi
therein hexositingdfos dheosregwnigyprdseence swission m&sﬂwt’lno@ &igs Bi Foredd3oCdSeeS:/

d
o 1" CaB e WAL RAL Db ARSnBR b MBI Aol AR ieRy BPRINHSERA: fuoRfss

I's 1 nvention. tion, where ea_t
aspect s dfanta),eaa shvnfntm big. 42B. H@sﬁ;rmﬁm quugleammt@pwlmapecmml)gnewato the

L hoo e lteihob o iCerldy o didrerk SHRMR 3 Snd Riocky B MR A Realord EBYever,

t her eby descri I'vi dua r ou
nenber s @ér dahecriitals ouigha @nrmuﬁﬂendm Ghaemsgy dor dHCT, B@@@@Sﬁ@@b@@@uﬁe

What is cla CeSs of i;

nanocr ys PaR PR e irgbL e R RS s dal B e M S it

Se, ithe ampomtrofsdudfiut,i the XRD pardnt és h@ﬂomenﬁuxa ZinoBdside €a shoulder peak at ~30
degree for the red broken line of Fig. 14). Together with the rod-shape it implies that a more

complicated growth mechanism is involved in the formation of the CdSe/CdSe,S,../CdS

nanocrystals.

[0111) For the four-component nanocrystals, prepared from the reaction of two cations (ca*



5structure in that it is non-honogenous, wherein Mis an el enent of
group 12 of the PSE other than Cd, the process conprising: i

form ng i n"2 ¥828He sol vent a sol utlo:g of the el enent P%HSS?OO’&(’J@?O
precursor, and of M or a precursor the 8 wi t hout renovi ng oxygen,
wher ei n taﬁtez:s%jb thbmmsz'mdse’e), the shépel If aflowers lobserid, Hol cetaiarratio

T oact ] onORMAEDGOPar S SI 1R PR, R [ baYS EPREGD! Shciodid ittt

sui t abl e nfaghific@idte.With Adisakbted Mg@%&%tﬂﬁ‘l FHeBgcriaso slyshoal strbmefluorescence.
conposite and then allowi ng the reaction mxture to cool, 15(iv)

i sol at i ngo1RE The! liatite Se disendsiinnbhg previosty §hlﬂishemdoammn03m ttldis @peddfication
conposite uct ure, rei.n the t ans the | e
Sbebne SHouhnSh At e ¢8 A anow pergnt e dhe B5gept ek G eyt
alnd Set C@fgg@ Ayt 109 1@@6ﬁﬁfoﬁ3éeﬁﬁﬂal ReowIedgo iif ienladimieﬂg Ii‘dthﬁipﬁ%&ﬁreﬁ?ciﬁcoﬁ?ﬂated
el ement s e natlocrysta I ne_conpos e of a
conposi t Bewgty hwﬁfp@nvfh i isir envirets thoA) POR9gEnaLY e M‘QS?P? opdneg, were

el ement gfecHcAlP addinBividiiaty PdkeaRidhe be Iddfhofated W efeferics. an el enent of
group 16 of the PSE ot her ¥han 0 and Se, 'the process conpri sing:

25(1) foipiBpThe nﬁfeﬁtibntﬁhl@ fbeexﬁaﬁs@iﬁmi bRodaB) aHdl geRerddally RereRl. BBEVYS thishaowar
Cd precursor, and of M, precursor _t hereof, vmthout re Vi ng

oxygkh, SPRE1<E 90 (SHRECaBTiS, GrAEPings &ling vthigethe generic qisclosyes 43 fogm Qg g of the

sol uti onjdagi&l afNincied g‘éneﬁ&@éseﬁpwn%ﬂ the MhveRtibre dGthi ©OProlisd b hegative
J4.i1) heating the reaction mxture for a sufficient period of tine at
At enper HmiiaBors GFmeENg any subject matter from the genus, regardless of whether or not the

excised material is specifically recited herein.

[0114] The invention illustratively described herein may suitably be practiced in the absence
15 of any element or elements, limitation or limitations, not specifically disclosed herein. Thus,

vk B <4

for example, the terms “comprising”, “including,” containing”, etc. shall be read expansively
and without limitation. Additionally, the terms and expressions employed herein have been

used as terms of description and not of limitation, and there is no intention in the use of such

terms and expressions of excluding any equivalents of the features shown and described or

20  portions thereof, but it is recognised that various modifications are possible within the scope of

the invention claimed. Additional objects, advantages, and features of this invention will

become apparent to those skilled in the art upon examination of the foregoing examples and the

appended claims. Thus, it should be understood that although the present invention is specifically

[H disclosed by exemplary embodiments and optional features, modification and variation of the
25  inventions embodied therein herein disclosed may be resorted to by those skilled in the art, and

that such modifications and variations are considered to be within the scope of this invention. In

addition, where features or aspects of the invention are described in terms of Markush groups,

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

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



30for. formng the Cd and Se contai ni ng nanocrystalline conposit & Cl{§G2008/000290
then allowing the reaction mixture to cool, Arended Sheet iygg 113Hovember 2009
(iv) isolating the Cd and Se contai ni ng ggnocrystal | i ne conposite of

a conposite structure, wherein the term“amne free" nmeans the

conpl et eNeb@anAs Afr UTATIVO8/ 000 he sol vent. The process of clains
1 or 2, wherein formng the solution of the elenent Cd, or a Cd

precursor, and of M or a precursor thereof, conprises adding said
conponent&at istcipimedid: t abl e sol vent and heating the same. The process
of claim3, wherein the solvent is heated to a tenperature from about

100 1C 10 3DOMLrAQ {FronftoB0%PR Ol kPR RG. & AR 32, SORL BLAL Noses

nanocrystal I'i he conposit e~bei ng conpose

A, the nanoarfylsd elbineme Giovpasd Se, hehiighcofst-AliksRBHsitebsihg YEL Bifpdsite
that it is non- horr,‘%ggnqus, wherein Ais an elenent of group 16 of the

PSE ot her t RAHCHSRdhaidt 1spRa-HereeEerasconprising (i) forming in a

sui tabl e sol . utLon_ of- t he n or .a precursor,
-wherein the \go %/nelﬁﬁsloén ghllgﬁlg Gf gkp \%ffﬁﬁ%#sﬂm%%{ygen, (ii)

addi ng to t hie pRkcedsicomptibRgel ement Se and A, thereby formng a.
reaction mxture, (iii) heating the reaction mxture for a sufficient
period of ti r® faimiagtieApeitzleiscdvent h salbtien bﬁmefemlnlmnn@dtoher(]}‘a%remﬁiso%%nd of
cont ai ni ng nan stalline conpgsite and then allow ng the reaction,
mi xture tg cooﬁ,&r’ %’é%QITeOWBI %P%Bgé@t}tﬁ’f“ ViR SOX SRR Eheheln dhgrolgnt l§amine
~sol gpion of theged ement Cd or a Cd precursor, conprises adding the

é@'l' ment Cd or the Cd precursor, into a suitable solvent and heating
t'he sane. (i1) adding to the solution the element Se, thereby forming a reaction mixture,

(iii) heating the reaction mixture for a sufficient period of time at a temperature suitable
for forming the Cd and Se containing nanocrystalline composite and then allowing
the reaction mixture to cool,

15 (iv) isolating the Cd and Se containing nanocrystalline composite of a composite
structure, |

wherein the term “amine free” means the complete absence of an amine from the

solvent.

2. A process of forming a Cd and Se containing nanocrystalline composite being composed
20 of the elements Cd, M, Se, and A, the nariocrystalline composite being of a composite
Lo structure in that it is non-homo genous, | |
wherein M is an element of group 12 of the PSE other than Cd, and A-is an element of
group 16 of the PSE other than O and Se,
the process comprising:
25 1 fqrrning 1n a suitable solvent a solution of the element Cd or a Cd precursor, and of
| M, or a precursor thereof, without removing oxygen, wherein the solvent is amine
free, ) |
(if) adding to the solution the element Se and A, thereby forming a reaction mixture,
(iif) heating the reaction mixture for a sufficient period of time at a temperature suitable
30 | for forming the Cd and Se containing nanocrystalline composite and then allowing

the reaction mixture to cool,
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7. The process of claim6, wherein the solvent is heated to a PCT/SG2008/0060290
tenperature from about 100 C to about 400 C. 308. The procRs&ivld @ November 2009
one of clains 1 -7, wherein the elenent Se is added by injection. ‘
Anended Sheet LPEA/AU 38 9. The process36f claimany one of clains 1

- 8, wher ei n(ivhisoklisgrértCSed Se adedaing amaiystalldd cohifsPE OELEENRsit@ny

one of clainms 2 - 9, wherein A and the elenent Se are added toget her.

11. A process of ST ng a Cd and Se contai ni ng nanocrystalline

conposi te hayirpg: i1 f . (h e,
A Bnd (o) CfPeNPEERRPSEho et mPRE ol ol Rbodibe 3P s i PR
PSE ot her thsoivédd, A is an element of group 16 of the PSE other than
0 and Se, the nanocrystalline conposite being of a conposite
structure _in that it is non-honpgenous, the process conprising: 10(i)
addi Ag i nBo Bhasproeess pEclgmnsy ber 2,twherein dorring the solutian 68 therebaruens 64, or a Cd

w thout re ' , erein the, solvent is ami.ne f.ree, addin

the el enent iéeaglso(r%z(%/ﬁ&}hg}rﬂ@ retf onor A %ﬁ:S?}P%%eaﬁﬁlﬂ% sqid GpygReReats itto a
having a conguitebleisoNemfantakatih thbsar®e, or (c¢) Cd, M Se, A adding M
or a precursor thereof, and, in the formati on of a nanocrystalline
conposite having a conposition of (b) Cd, 15Se, A or (c) Cd, M Se,

A, addi.ng4A Theawpedsy of deimi Bgwhereinabe saventiisdieated to Gitéhpdretatd fagm beutd 00 °C
sufficient pcer'hoﬁ;l@éobinne the reaction mxture at a tenperature

sui tabl e for9P8PH e Cd and Se contai ni ng nanocrystal | ine
conposite, wherein heating further conprises renoving water forned in

r(Lﬁ“é 1peact ko nArBréEeléE & fo%gné ahgg agé gg‘c’:\ﬁozﬁ%ﬂ}n%enaggg&gtl i?le %ﬁ%gsrit% b'%l%gcool '

composed of the elements Cd, Se and A, the nanocrystalline composite being of a

composite structure in that it is non-homogenous,
wherein A is an element of group 16 of the PSE other than O and Se,
the process comprising:
15 (i) forming in a suitable solvent a solution of the element Cd or a Cd precursor, wherein
the solvent is amine free, without removing oxygen,
(i1) adding to the solution the element Se and A, thereby forming a reaction mixturé,
(iii) heating the reaction mixture for a sufficient period of time at a temperafure suitable

fc_)r forming the Cd and Se containing nanocrystalline composite and then allowing

/\20 the reaction mixture to cool,
\ (iv) isolating the Cd and Se containing nanocrystalline composite of a composite
structure,

wherein the term “amine free” means the complete absence of an amine from the

solvent.

25 6. The process.of claim 5, wherein forming the solution of the element Cd or a Cd
precursor, comprises adding the element Cd or the Cd precursor, into a suitable solvent

and heating the same.

7. Thc? process of claim 6, wherein the solvent is heated to a temperature from about 100 °C
to about 400 °C.

30 8. The process of any one of claims 1 - 7, wherein the element Se is added by injection.
Amended Sheet
IPEA/AU



20(iii) isolating the Cd and Se containi ng nanocrystalline conpB&IY®G:2008/000290
of* a conposite structure, wherein the term"am ne free" neRaziveddl November 2009
conpl ete absence of an amne fromthe solvent. 12. The process of any

one of claims 1 - 11, wherein the sol vent8 conprises a coordinating

conpound. 92513he Fiogegsrodckds anf oanyf drimsdf - & |vetiensin The-eldent Wh éy &ided tdpédly.

cadm um precursor is fow ed froman inorgani c cadm um conpound. 14.

The process of claim 13, wherein the inorganic cadm um conpound is a
cadnt um 8% dERTRTOES P BGAH o cladmst ot wheren A and theelenppnd Sgapradsisd grgether.

any one of claims 1 - 14, wherein the precursor of Mis fornmed from

an 30i nogganj r I, . fIEAN-AU 39 16, The
process (i)? c%if%%&%#g%néﬁine | n{)b?’gagrﬁgg %%%Or?%u eo‘fonf\ﬂols’ie havieg s
oxi de or an ¢ongrogihofoRE af (a3 alif M, S&,1b) THeSPAQ6as &) @d, anBeone of
claime 1 - 4 and 6 - 16 in the formation ofa nanocrystalline

conpésite havh%gi_nd\dgwp@lgmn@fmupoﬁeofdhe PaE O&t;ﬂm(geM or (;:%1 cd, M
: , or the

orecur sor+ neret S ofdiutn b ot RSEPRREndl @ ¥4l o, the

predefined n@k ndcidst A cogﬁbrosﬁé b%g%gf §8('ﬂ'&%<85§tc:s tul%rin%gfft% S8 of M

bei ng selected i n thhe range from ut 1: to about
homogenous,

the process comprising:
R 10 (i) adding into a suitable solvent the element Cd or a Cd precursor, without removing
: oxygen, wherein the solvent is amine free,
‘adding the element Se, in the formation of a nanocrystalline composite having a
composition of (a) Cd, M, Se, or (c) Cd, M, Se, A, adding M, or a precursor thereof,
and, in the formation of a nanocrystalline composite having a composition of (b) Cd,
15 Se, A, or (¢) Cd, M, Se, A, adding A, thereby forming a reaction mixture,

(i1) heating for a sufficient period of time the reaction mixture at a temperamré suitable
for forming the Cd and Se containing nanocrystalline composite, wherein heating
further comprises removing water formed in the reaction mixture, and then allowing
the reaction mixture to cool,

20 (iii} isolating the Cd and Se containing nanocrystalline composite of a composite

— structure,

‘wherein the term “amine free” means the complete absence of an amine from the solvent.

12.  The process of any one of claims 1 - 11, wherein the solvent comprises a coordinating

compound.

25  13. Theprocess of any one of claims 1 - 12, wherein the cadmium precursor is formed from

an inorganic cadmium compound..

14. The process of claim 13, wherein the inorganic cadmium compound is a cadmium oxide

or an inorganic cadmium salt.

15. The process of any one of claims 1 - 14, wherein the precursor of M is formed from an

30 inorganic compound thereof.
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- The process of claim 17, wherein the predefined nolar ratio of @GT/8G2008/00029¢
Cd: precursor : M .or precursor of M.is selected in the rangcéivéd1 November 2009

about 1 :10 to about 10:1, The process of any one of clainms 2- 18 in

the formati on of a nanocrystalline conpogPte having a conposition of

(b) Cd, 86, Aheproctss)ofCimMS, Bberes, thekierginic ompEnder M & dised dfddor an
predefined mplar ratio qtlhe predefined nolar ratio of A: Se being
selected in CRESTEHEERLS4ti 0 from about 1:100 to about 100:1. The
process of claim19, wherein A and Se are used in a ratio from about

1:10 to qb.outrh%)gr‘o%essmnpBfegsga?ﬁs)laﬁzyaxw- o gghqgir;&gmé]gggg? pSE e

(i) Cd or the recursor an Se arée us

rati o, the predpdsitaddvinglaaompatition of omf ofCa) COrMCTSe, i eHUIS M, Se, REwherein @
bei ng sel ect (ﬁﬂ in t%ﬁ range fraom_about 1:100 to about 100: 1. The
process of cl-8i thBa CAMRTECR aad (B} M Rethegresuesen thesrof, angsean apsedsfea

in a nolar rat.\ ' ; JThe prqeess of an

one of cl ai rrglto !Lag-r %ﬂogﬁﬂdeaﬂg;@%@?n%? ﬁlﬁgaﬁ&n@g,ﬁg@ Ogre%ur%%nﬁchi;g{%U{sioBéfM
conposi t e habéingsedeatehindhé tdnga fiofn {apt Cd,00M abeatanof{r) Cd, M Se, A,
wherein M or the precursor thereof; and Se are used in a predefined
molar ratio, the predefined nolar ratio of M or Mprecursor : Se

bei ng selldct e piecessof elatigd 7f whereiapbepredefig@ molantatintof CAQoCd Fiveursor : M,

process of clai e f .o, the precursor. thereof, and Se are
used in a ra{nﬁggg(}%garlﬁoa oéstge%:c% l?g"e %‘6%"1‘)’&%:&%9“14@839 g@é’é%g any one
of claims 1 -24, wherein Mis the element Zn. Anended Sheet |PEAJAU
40020. The. PTREESSes8of Y oWF Mimehai 1%in Ihe fofRatidi6f ShdhofrybtiAB_gbosite
one of clai - ,

tthe el enents S and Te. 27. The process of any
wher ei n heat hav§na heomipeséiianarf (bl &d. e Aavr &) CniygrSas Ay eheneint Alh®Sé are used in

form ng the nt.ai njng_napocrystal line copposite conprises
heating the %gg |(§3§%r1n&>%1{1a§8’ ‘{118%1:}3%?@%#@%8 Faéloﬂgtpv\eggg?ﬁ%s‘?lf% njegyrange
C. 528. The pratiodssn aboutllai®0 B abothi@pein the reaction mxture is
heated to a tenperature between 200 C and 400 C. 29. The process of
~any one of clainms 1 -28, wherein the nanocrystalline conposite is a

cor e- shel¥-edThareessy of gleim { Sovherin Hrwtdssrcokedine wrie fovin gt isl 0to-about
29, (wherein {f1g reaction is carried out in an inert

" 21. The process of ariy one of claims 1 - 20, wherein (i) Cd or the Cd precursor and (i1) Se
are used in a predefined molar ratio, the predefined molar ratio of of Cd, or Cd precursor

: Se being selected in the range from about 1:100 to about 100:1.

( } 22. The process of claim 21, wherein Cd or the Cd precursor, and Se are used in a molar

20 ratio from about 1:15 to about 15:1.

23. The process of any one of claims 1 - 4 and 6 - 22 in the formation of a nanocrystalline
composite having a composition of (a) Cd, M, Se or (c) Cd, M, Se, A, wherein M, or the
precursor thereof, and Se are used in a predefined molar ratio, the predefined molar ratio

of M, or M precursor : Se being selected in the range from about 1:100 to about 100:1.

25 24. The process of claim 23, wherein M, or the precursor thereof, and Se are uséd in a ratio

from about 1:10 to about 10:1.

25. The process of any one of claims 1 - 24, wherein M is the-element Zn.
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10at nosphere. 31. The process of any one of clains 1 - 30, furtRET/SG2008/000290
cohprising adding a surfactant. 32. .The process of clai m 3Rece ¥ Hi November 2009
the surfactant is selected fromthe group consisting of an organic

carboxylic acid, an organic phosphate, aﬁoorganlc phosphoni ¢ acid and

M xt ur es 26hef BoProtssdf amhenpebdass lof25 kdieraiiBA i9pndaf theklenens S adfeng

the reaction mxture further conprises adding a surfactant, wherein

t he surf t is a or anrc carboxylic acid, thereby aIIovm ng the

formatiof © PERGRS GHGA PR O LR | It b Tein heating theaisection n@lﬁ@lre ata
f t f
or mation of e e%mcgrsuﬁérﬁé rdr@&nﬁﬁg&%& Ead YL iifing AR SAIRH: Alngofhe

Cd, M Se, or ormati o

car boxylic- aeinepreaes hedting 0B reattive pixdare $6 a tfmedratinm E38yeentis O €Crand 400 °C.
solution is formed of a precursor of the elenent Cd, and, in the
formgti on_of_a nanocrystalline corrposrte havi ng a conposition of (a)

cd, 588 of NqRIpeRsy Ot flaimg 7, hergin thy Tegrtion prdwigiskeateddp anpmpgreiues hetween
form ng the %@jd@ ospri ses adding the surfactant. 35. The process
of clainms 32 - V\jrherel n the organic carboxylic acid is sel ected
fromthe 25gr oup consr sting of stearic acid (octadecanoic acid),

lauric, 2¢i dTheprdidssacbtly dloZkRodingdac-289waRRELLHa Ghidory s?alHHéjgglﬁfbgit&s a core-

aci d, I|noIe|c acid, ((Z,2)-9, 12-octadécadi enoi ¢ acid onic
acid ((all- Z%hege‘%ﬂ?{@%ﬁ’iﬁél cosatetraenoic acid), |inelaidic acid
((E,B)-9;12- octadecadi enoic acid), nyristoleic acid (9-tetradecenoic
acid), p m ol ei c ac heet ] PEA/ AU 41

Iaé‘%adece hacl?rafess ﬁ;?ﬁﬂé‘i‘l}e Of}éar"ai S(t g’t% gg@‘i‘?&h@fi geagtipRyis capindiAut incandaery
(hengdecanmﬁma?fg}a y-honol i nol enic acid

((Z,2Z,2)-8,11, 14-ei cosatrienoic acid) and m xtures thereof 36. A Cd
and. Se contai ni ng nanocrystalline conposite having a conposition of
one of (3). Che tvpceSe of fuiy) or@hf cBams A, - 3antlirthey cdTaprisihe SRling suthetagi.n M
is an el enent of group.12 of the 5PSE other than Cd, and A is an

el ement © o 16 o£ t he gs‘ghot her than O and Se, wherein the
nanocr yst I rB%Fr“rbB flewn 3§ whergin amapsiaciast sseleied fom i greiprronsiging of

nanoct yst al | e £AIBRSbid iddhn Br Oé}f‘mé&%%? arérrcg%ﬂt QoA acld als®

non- honogenous, "t he nanocrystal |ne C Iteé y the
process of eml;m@%thereoa aims 1 - 35.

15 33. The process of claim 31 or 32, wherein forming the reaction mixture further comprises
adding a surfactant, wherein the surfactant is a organic carboxylic acid, thereby allowing
the formation of a cadmium salt of the carboxylic acid, and in the formation ofa

™ nanocrystalline composite having a composition of (a) Cd, M, Sé, or (c) Cd, M, Se, A, of
— M, the formation of a salt of the carboxylic acid and M.

20 34. The process of claim 33, wherein a solution is formed of a precursor of the element Cd,
and_, in the formation of a nanocrystalline composite having a composition of (a) Cd, M,
Se, or (¢) Cd, M, Se, A, of M, of a precursor. of M, wherein forming the solution

comprises adding the surfactant.

35. 'The process of claims 32 - 34, wherein the organic carboxylic acid is selected from the
| 25 group consisting of stearic acid (octadecanoic acid), lauric, acid, oleic acid ([Z]-octadec-
9-enoic acid), n-undecanoic acid, linoleic acid, ((Z,Z)-9,12-octadecadienoic acid),
arachidonic acid ((all-Z)-5,8,11,14-eicosatetraenoic acid), linelaidic acid ((E,E)-9;12-
octadecadienoic acid), myristoleic acid (9-tetradecenoic acid), palmitoleic acid (cis-9-
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37. The nanocrystalline conposite of claim36, wherein the PCT/SG2008/000290
ndnocrystalline conposite is a 10core-shel |l ed nanocryst al R&ggivedhkNovember 2009
nanocrystalline conposite of clains 36 o1 37, conjugated to a

mol ecul e having binding affinity for a gi'ven analyte. 39. The

nanocr yst al |1ek&lcsenpio e e morisie asiféteiglegpnaagacify p@inpm i thexadesamic acid),

plastic bea ano St al ording to cIa
B6oer 5701 m twomotinofiiic P (#3270 13 RGN ER AL BP Hn ik Qe
| PEA/ AU
36. A Cdand Se containing nanocrystalline composite having a composition of one of (a) Cd,

M, Se, (b) Cd, Se, A, and (c) Cd, M, Se, A, wherein M is an element of group 12 of the
5 PSE other than Cd, and A is an element of group 16 of the PSE other than O and Se,

wherein the nanocrystalline composite is of a coinposite structure, wherein the

nanocrystalline composite is of a composite structure in that it is non-homogenous, the

nanocrystalline composite being obtainable by the process of any one of claims 1 - 35.

37. The nanocrystalline composite of claim 36, wherein the nanocrystalline composite is a

ey 10 core-shelled nanocrystal.

{
38. The nanocrystalline composite of claims 36 or 37, conjugated to a molecule having

binding affinity for a given analyte.
39. The nanocrystalline composite of claims 36 or 37, incorporated into a plastic bead.
40. The use of a nanocrystal according to claims 36 or 37 in the manufacture of an
15 illuminant,
C
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