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PROCESS OF FORM NG A CADM UM AND SELENI UM CONTAI NI NG
NANOCRYSTALLI NE COVMPCSI TE AND NANOCRSTALLI NE COVPCSI TE
WEBDANEES THEREFROM [ 0001] Thi s applicati on nak@ESG2008/000290

reference to and clainms the Henefit of priority of an
application for "Visible Light Excitable Nanocrystals
aRROEERS BF FORMENGI A A DMEEM ANDR: SEM?N!J@\isQO FAINING

2007 with the United S e
NAROCHVSFAL pﬁ@ﬁ&émgﬁ@@feﬁ@h%@?% FlEiRE tomposire
60/ 541, 179. The cowy ﬁﬁéﬂﬁ pcation filed on
August 06, 2007 is |ncorpora erei n by reference

for all purposes, including an incorporation of any

[0001§! BYE B p1R%atiOR rlak & refdiéncdes ahid Bthin®the @Eﬁdﬂfﬁ)f@hoﬂfyaw an@plication
not contained herein and referred to in Rule 20 &%d A ¢
on Augus

for “WisiblebighCExcisahle Nanecrygalrang Methgdsopf Prepaniner Therm
06, 26-6]7808"&{1%%9 (S‘féutcﬁ“s%& pzﬂer{tein@tﬁg‘detn@aﬂ@ gl e tﬁéref(ﬁ[}miﬁ%ned serial

cont al ni ng nanocrysta I ne conposit
numbled) 60)’3]11 17D rﬁmmootm&mfpaldt appliesgioni fled an viugbstlgn é@mofs incorporated

at di I
hereu? E(} gcfg{eﬂlgcg Odl aéfgéur&?slﬁg,gi%elygmggaflaﬁg r?&laﬁgré %?}%&L glte{n%ngor u%art of the
descrqﬂbhvﬁhﬁns by paliggsnhct coatbex] Hdieinany, refooretirtash Rager20s5(a) of the
in netic reso magi n t d
PCT, PP@B?‘%%@H{“{ éﬁgpﬁ%ﬁ%&’ﬂol ogy gsolrrg?nghcfosgl taics, nano
o001 98En P £ s S BphHE Boha e comaining
nanodigtgitiny sérépssitet hat confine the notion of conduct ion

band el ectrons, val ence band holes, or excitons (in
(000 lnommeen@mamt@ﬂ%dﬁn%c widneange oh applicasions inGiudipE §tgs as coloring

agentége % n“? gttdldlog §Fcanﬂ@o% cgtrngfl f ,eE[s %n%ﬂ@?lg.\%n@gﬂgé thg/lpothermlc cancer
therapy,tdmn&ad;tfa@stsemhheghm{manwmnd@tmaglyg,l wmaghsticr mdgﬂn@rescent tags in

bet 10 50 '
oA T BT e S e R iR
[OOOJJB%:%%IPR ogo eCM eiléeasf éb@?ﬁl@é?@ S&V%Eﬁ@g'tﬁhg %%ne t e motlon of

r i nportance
condtioh ®ahd ampiromvalcn& Iehnd Hotest breéxcitbimeOn el ithme Ispatial ghrectlonS) can

crveh AL b e R e BB BN LD L ri B can e
smallt dsaN&) 3 ﬁﬁnoﬁi@er&h@iﬂh téleassembriatyvahwekaste tafiéaigtranging between 10
0006] Water-sol ubl e quantum dots with high quantum
and 5pinap@mef§isan BE&n one of the focuses in fluorescent
bi. ol og The.earl | est

10003 8iFc Ssaritui tibeacd R CER o opu PGSR WeS. prladine, glectronics

ﬂuorésrc@{BeQHﬁdgﬁﬁ)g"naﬂ@t Sptital ho@ngel’rhepradeuaifopamaﬂa amploreamce for optical
gani c Ilq%and shel | S the rflargjr:esent at i

appliCHOnE4uela B HPESIPLY BiSPuEanEl eidg ThFerapic applichtions they have

been gﬁ%h kS aseste ik a%gfeiéleé}fmx&rﬁ%@ﬁﬁ Sfd stbw B CuBsRPBRcRide effect.
Ifferent stabilizing agents, or made use of

[OOOQYWaQEQQﬁbR:' dQuadtuap BeRivetH RigR lqasitumnyitld Haeabedrhene of the focuses in
as-p le@gared oi | -sol ubl e quant um dots w nphi phi

ﬂuor%‘@P@c gls Pss yhiglagicab ressarclp JOF of28ksh l?é{ﬁ‘tl@i? ’gt“Wi fiﬁts for this

purp«?sesvlrérc GRepaht from! quah&l B8R with a semiconductor core and an organic ligand

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-soluble 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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wat er - sol ubi | i sati on. Regardl ess of the conplexity of

t hese approaches, the quantumyield ofthe resulting
waeeanemseot s was | ow. This, on one hand, was B¢ESG2008/000290

i nheritance of the | ow quant un yi el d of the CdSe

um g SwaPlh {;' one d, KJAE‘Q & utlfper]tte?l%e of the low
3Ssiva ed sem con or ‘surfacte, e emtting
quanﬂﬁmt}edsld othihehCiSe ea&#dmmﬂmmalg&d otuthiengthtth harpj’ abass, to the poorly

further .l owers t nt u eld. Allo an dot s
passikd SEURoTCRAT EHHT Po Tl TR BRter MO B g1y damatsd during the

proc<~5’s€a‘r ﬁﬁﬂﬁr I$weéks Rh® RQuSkfunnyieRE eX1to30hbHdinkn Sivtd Bive hipll iﬂantum yield;
h the i ntroductl on o%q the core-shell structure

howqy@am%ﬁ@@l@ubfycea}a@m@blan in yaterisehyhilisptigier  of
assivating sem -conducting terials between the )
1000 Vit HRF ngélusmp ohabs .ca%ﬂl”ﬂa%}cturﬁ r GyERER) d3ts by adding an

addltiﬁxﬁpﬁyéyopfaasts%tlﬂgl 3&hEBrdatisngd ﬁla%ﬁﬁtﬂerééﬁp%@\é%Qtt{n e%re and the
H nes, Quyot - Si onnest. J. Phys. Chem 1996,

hgandegyer,ah@t)pm% tpoeRsity aftthequantum dofisis. gf@ﬂé’nﬁnPBOYLGEMM A Hines, & P.

55 1, 509, 8, l, 68,40 DR 55 94 om0

101 }946)3:estehg[ ettdhegeAmoCéem h&dd 1911 9NTW6t 1H-18). MeapWhﬂc;, the water-

solutgfsatlgn %A({ﬁ%g L ne%gsgreg%ﬁgugratggxl g(i%%fg%mgb anﬁg? gegﬂ?tmg products
are 1@& ﬁagﬂe (§cmﬁnaea1 ZOQ% ChoR. Sdc43903 J12|$, 11486 SDeR. Laest,onabt al., Science
21, 4 Earatlon of

20035300 GBI A K qltisnebret b bl tacho 8s 25 G0 HiE pregpation of core:shell

quanRin® R8s aab Wo BAEGc Bldhd: f('lfﬁx‘ebé}ﬁtl&{ aﬁ@ﬁﬁqﬁdﬁﬁﬁﬁ Bt fualubldots with
high quality; (2) coating the core-quantum dots using

high gralyg@nevasinglthe corergeantummietsarsinerasrorgansnasallie agqné and : another VIA

sourc?n@r eaz:otrr%:)] f?l\{s\f} aa %&c&ﬁ% ¥ %gﬂa %gﬁ)tlp\ﬂ ﬁqliéagﬁon (SILAR)

growild SfateguRen), etTdie 129& smlpeq) The Q?Fbstpp e!pﬂreﬂpmparamm is crucial on the

crucial .on t ofth final
aualify OF il peefiss: Bmyedrr v it SFeeu e o A i, BRHEN Rgppeciany i
1arge|afmduafgﬁ)raawmreqémwdyducts are desired). [0008] It is
therefore an object of the present invention to

[0008) frvis diterefore i objeorr ofpthe pessentt inaentaNto hﬁovade d rhahddompeocess that

nanocrystal line conposite, i.n partjc
can HEGHIR D Biad s SBU0E combesi Pkt S aeapartisle th gygreomes at
least 8%iRk F HRALEVd Eiptaihdd @ficultRe09] In one aspect the
present invention provides a process of formng a Cd
[0009nth Sae cpéci the TEesean adeysdmiprovidescomposst of fofifih@) a IGd and Se
one enbodi gt of the first aspect the Cd and Se

COntHYAL ARG HAMOIIRYUS | i ne conposite is corrposed of

h I
(0018 g Ee'ﬁeégng{th%“ R fe e B T Sa T i e hoerystaine

compUsRE 65 Sorhpuskd A€ shef elemiemy Gd) M, sid SalVds salela@nént f group 12 of the

PSE Smolleg:ﬂlla%n feletfggsoq%lll{eqqurgtggf e %EHCS%C%CPr ecyog%gt{%g)sa sultzIble solvent a

solutidﬂl%ﬂﬂ@%le%‘i’éi‘x‘t 0 &r0 CASreQirstr] A 6101, D AMERBEurseR - thereof. Further, the

ere&ga reaction mxture is formed. The process_ al so
procgspdnalertes adiagite ghet sedutiondhe element e Jrhergbyra rgadfipmfmigitergtis formed.

The PI% E&dalg(f H{c'h@s %te%t?rga fHIPRE & 1?11)&5'1%t fo%sd sﬁHﬁ{ ?x? nlger{o(ar of time at a

contalnlng nanocrysta
tempenye $hlat as sulitablepfoo dewsng thet Gérand 5el Q(Ddtammg] eammgfysealline composite.

The lgrlolg%\émflrflghetr E‘r?cl&c? ?}gereal}ter aff(t)vlvjlrn% tfu? re%gtcl)on m;mﬁere% 585 The process also

the resul? 1’1%/ q%

includes isolating the Cd and Se containing nanocrystalline composite.

[0011] In another embodiment of the first aspect the Cd and Se containing nanocrystalline
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i ncludes isolating the Cd and Se contai ni ng
nanocrystalline conposite. [0011] In another

werodearent of the first aspect the Cd and Se PCT/SG2008/000290
cont ai n| ng nanocrystal | i necon?posn teis conposed of the

comp i eropge st HEPEEA 0,0 S Bo & SRR in QppCiffridp 12 of e
PSE @thet kanPCH. atiban élaamtQagduds (bfhtht:mSE erﬂwdhanet)t aridh§e. In this
process i ncl udes formng in a ls%éfd Ogl e sol vent

embREA B PEFes el S fETRITE N & PuiLabie SQIY e Aselion gh theglement Cd or

aCd I\flre&ﬁsofi1 AHIEFUIS BF a (pR&IARE thelrédt! Péther! 18 pPRP6RSEARIudes adding to the
includes adding to the solution the el enent Se. The

solutjpndbe slsment e.i Thel nreiesss algeliinriudes pddingeh tothatspletion gy adding A and

se (g Uitk oSl AR P! BRERECARAL ik Scaing th

reactiopanixiwe fori wﬂuﬁﬁ@erﬁthenad sfifihicai @ mmmatumihaths Suxt@)lfafor éorming the
t erature that is itable f. orm

Cd ng Al Aoy Sdlfing REmBoriBh ArRcPiots' ffibEE ifMfcSthereatier

allowikg thereatfiéd wfletird hecedf The mbiwiang inbRideeaoldtiang the Cd and Se
m xture to cool. The process also includes isolating

Cont%lﬁégwoéﬁﬁtaﬁé“wpéﬁs ¥¢-ng nanocrystalline conposn te

oo PRI GOSN SRSl bS5 SR Bt

com;ﬁ)@ﬁ@%&%ﬂqﬁ@ed bethe RiRAtsSCL B e and Andisfan derméntad gﬁb@m&’ﬂéf the PSE
group 16 of the PSE ot her than, O anpd Se In

otherethr%a Fdnve- dh éhlb eeedinenh the pracest Giehide forniag é‘b?ts‘la\'&?bée solvent a

solut®l of e elemSR! tlf b2PCATprddiRof |T§lﬁfcﬁﬁy Bt BlveRt 5%t least essentially amine
precursor. Typically the solvent 1s at |east

free. disthen it pypcessi inelufleseeddimg fq Huer soletian theodement; e | Thgarrocess also
| T
AL R 15 A O DASLELCTRISe S5 U Sson mixr

formedh drlféepmoess Ifert]wlmcluders leating tha ma_ctmrxtruxtera ﬁ)rfaosufﬁdcnt perlod of
ime 5 BPREETe AL FrebCHYS55piht o8 St AN manocrysaing
compoR@ EThRpiocest fdther $nchudek alidreatlep allbwing the rédetioi>thigtue Secool. The

cont ai n| n ocrystalli 0si te. The process .
procesg AISAERCIYtS 1SolbE e 4 AR S¢ ot lawgﬁ’gn?mst'f‘@amfaﬂosﬂe
[()Ol?l‘I tur% 2 CO% Thec ho eeSS al 9 f] uoqr? T S’oroact Y\Yf forming a
hi edelghe &ond R the PRaRdc W%?éﬂ”l PR CErip 8STEE. g
nanofiySABYf the campesitibe df swcof da)ashed; S¢, T(B) QdeSem, and (c) Cd, M, Se, A.

M is gh SRS BEB0R £ G TGP N ehe oy g;i 3 el AU 78 of the PE

otherstﬁan 8 ardnsk. ([ht prébesdMncioRles Addidg irfio arbuﬁhlﬁgﬁalﬁveﬂfthg %Iéblﬁ:nt Cdora
2 of the PSE other than Cd. Ais an el ement of group

Cd precuesffort fhbe popcest plie RlideDddiag Sato e sPlventcths elément Se. In the

formhtrftﬁl (5%';['1:%1pr gtgrht?ggﬂre Qt)ﬁ’lﬁ@mﬁalﬂatvﬁ@ aeco?x%o\éﬁﬂ)tn &fg&) @, %’ES@ offk) Cd, M,

e process al so includes addin
Se, A,nthc prheess alspeincludae addisgevit osa. pnenurtscbrethremorﬁam th¢ gmatlon of a
e S Sht (€%=)
nanoe%nt?lmn¥ oﬁlpogllpe h%ﬁ%g c%v?rﬁ)gg{f%krbq (ﬁ) %‘a?.%geéé 510 chgéd, I@I, Se, A, the
procésalsu dﬁﬂu(&dcildd@gm Ryr adaligg %uemctl\td’mmaﬂfundd to thheolvent a reaction

mlxnargr r‘rgt | %ﬂoﬁu%kfer noc e%t%glclu gse ga l(ng) &aeack/? gtuﬂe f(}rﬁl sufficient
periodr 6€ @it a §0tehfp@}atlde3th@td£b @@taﬁle Ryr fddhiimg thé1€d and Se containing
respective conpounds tqQ the solvent a reactl O?Hm xture

nanopySiRBirfoEPMEHE hEFanen BepFeaERRTs MRS BN aF NG FRoving water

formb& A tHeQRadHontiHixurk OTheBproésk i faHE& inf8AésOMeRhfiéd MRWAAg fhe reaction
tenperature that is swtablefor formng the Cd and Se
mixtergrie &P¢li e process also includes isolating the Cd and Se containing nanocrystalline

composite.
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nanocrystalline conposite. Heating the reaction
m xture further includes renoving water forned in the

WO 2@e02@6 m xt ure. The process further incl udeBCT/SG2008/000290
thereafter allowi ng the reactdon mxture to cool. The

[0014@ ?}?eﬁf’no% dé{%l oﬁ‘tﬁlnlé(q %z a|p§‘8J:e§§ bi'fe Jf@e Gpagsn éﬁ%oesue in that it is non-

al ni ng nanocryst I ne conposite
homoganas! Ltsttypicalcxbﬁlmdnﬁehtbﬂlealapomﬁsbs obretslhellednvent ion is
a conposite in that it is nonhonbgenous. In typical
[0014nimodi thizd taspedt ghe ammtlystralatqs stocar(al ghé|Seeepntdipmgspanoarystalline

comp((’)gl&hl'lrhdln%g eCStr%%l Cnr1e gérﬁ?ﬁ? : neh%g a c%ln@)? fioh %’g} %nggf (acﬂ%dsi/l Se, (b) Cd,
Se, Apamtb@) Tdf M ISeyk. dldspo B]eh&nh@&graup: d)IrpﬁEhetPiS@nothér tbareCdfand A is an

(a) &d, M_Se, (b vy S8, A Se..,A M o
elemqnd " ofneraPR onpf gre Bﬁgdu(ﬁhirzﬂ’afl QrPdoSE B 8?34%*?5%‘? composite s
obtalﬁ’dbqje %dlﬁlﬁgo&laﬁl% By £proésedbeotinglto tHedirRr tiRd feebnd Bct

O and he nanocrystalline composite is obtainab
[0016] Nkl aifbufd a@lbﬁcah tlf&edvenhysn alsprrelates so theane df aganaeryshed obtamed by one
first or the. second ect 0 In a fourth aspect
of the hoVE RIASAISEH I TF GKNP “e%fﬁr%ﬁf‘ﬁ‘é‘l%e of a nanocryst al

d b t he
oo flakfs ik S beber T RN PEGTIRR% ot Bplod ggscrition when
considéredl iDéorp@iction withdhe s¢conthaiyihy dfa@ﬁﬁg@ ircehich: t he

detai |l ed description when considered in conjunction
[0018})i Fig. 1 Ashaws sulpmatycally tie simichys of 4 coreigiaitum [d0O g} CEB¢.CdS, CdTe,

ZnS, (;§§S hg\AEe %’%gsggée@%kj éﬁ-g‘eg %ﬁg Ct A ehgr%ﬁt?cé'l Olr!,ﬁ%qtuant 10f a core-

shell 4o4aturgtdet, efd. ©dSE/BnShOdE:/Z163) (EImHZhSIele}c Fie 161 S‘Imatsubhbmﬁtlcally the

sl s st G S el ocaTinck #3 e s

[001@ Egt&urggplgtfinﬁ%d‘gl l M ég%%%té%r&(sgaﬁ in COX%FB% ]naE:rlai( oBtamed herein
whickleph &k Sdemhﬁﬂaislwﬂdﬂoyr}ataﬂqmmﬁoahﬁltlﬂe conrastld-ghell structure. In

mat eri al obt ai ned herein ich can b scribed as a
one ehodpg thy Maawu‘h o o CamEePd Of ST Svirgs BE nifntle may be
compdbéd!6t @ﬂznsé Bn® R MHENQHLYBE lofnpBscdOFfEZNY Th QhothBs E@Béd&ment the
be conposed of CdSe, whereas the nmantle may be

core @ayrfRssadanse bogpmaesedrnd (idse. whide themgntisanaydifsosmeses of CdSeS and

th SBav bd ghregodi ment the core may for instance
eﬂéﬂ anpogﬁﬁ&;g CdSe, while the nantle may be conposed

[002@f Figd §Ql§pi%fkda b&rsibi@lplandByn be af REBaSRS paéveﬁdsshslbm&a]of the shell

picts a possible explanation on an effe
of a rtang@rygp]émg §PRPeNite|aseddingto e inMentionat plggfthlgkness A lattlce mismatch

t iyl t
may m&%ﬁlﬁs%tcﬁ | %ﬁgess;éﬁﬁﬁﬁﬁﬂé {1@& ?gﬁ %f gingna tg%: P‘alﬁalil? a'llB ﬁgtat 218 S1’1éterface of
core aifd shqblhas)e osapd T aontypl) ( Aahantlsanay dfus Ftaegﬁgussd apgarying|asya layer of

interface of core and shell may occur
gue?qmg%% éd&%ﬁnantle may thus be figured as serving

[OOZQSF% Ef ctsOthe Yk pRtISIUBREs SOhHE r@d&ﬁoﬁf Beh layndRR2ddntfol@d reaction.

the expected progress of the reactlon as a
The eye awfm'medomsrt@lanédmceaic@m%ﬁep Pheraton & pafarmedethere is no need of

mwu?ﬁvgh&ydﬂggméxp%noﬁ one-step operation is perforned,

IS No ne successive and alternate
[0022]”17&9"5'&391&5 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 photoluminescence 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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[0022] Fig. 5 depicts the progress of the formation of
two room|ight excitable quantumdots with a nol ar

WO 200002086 Zn: Cd in the starting materials as: P&)/SQ2008/000290
(B) 1:1, shown by the time course of photol uni nescence

o0 P e Yy B LA R A DGR o s

accmfduig towhelinkerstionh At melmxmtnumm 1nt\h®k3pemtlight;(B’: itlghquantum dots under
I nat 023 icts a to on rooml i ght
UVi 1@9( P’l‘%ﬁ‘ibé‘ga‘fﬁf% g‘fsg Oéglfeg TG Hﬁ pr ocess according

[0024]05#? 9 dlglr)]l\clzf rtg{/obs,é‘lhlle éﬂgtcg%t ql(’l)ﬁeﬂ t g {rﬂedm B- rggit 2.0 ablre q%m tum dots (thin
solid bmb}‘lalﬁi?&ﬁﬁeﬁthﬁnaf quskure otshehickabioken as. Af)iorptﬁ(ﬁﬂé?ﬂt}le former in the

d |cts UV-vi si bl e spectra of one of the
V’S‘bﬁdtﬂlﬁ ﬁ;ﬁ ngth Fangs i wWeakGhint um dots (t h| n solid line)

10025 gt BB oA Eru RSP FRecin TP e Pt pribte Cd + zn + se

comptei€lqengtf 4@ IErons 1 ak &ight [tRO2bloufi 6f tie di@piiat the quantum dots
phot ol um nescence spectra of sone room|ight excitable
decreeﬁpsﬁezﬁl % vath thg ﬁ@b@é}%h&}a&fr@m AWStran tq:?%%ﬁ‘fpef t to
t he zinc._i uan dot

ht .th t
1002 B 4888 Rt Graclghtintems fust SR P OGN g7 g ppmocrysaline

comp'_bgﬁlvﬁ Thdterif Etauzﬁ{ﬁhm[(ﬁ)@? &f thé gomPodadPr Cds+ nr a)Se (predicted structure
diffraction patter or different roomlig

CdSeéQMﬂahS@Zﬂﬁ% dhe sumbers 3RoYSRRSH éigvtwnﬁf&tté? zmca molar ratios in the
startlfxg fg %PH@pr@féar&tlﬁﬁl SORPeSILd erﬂdlgg tlarfim toRE The topmost and the
redi ct structure CdSezZCdxZn xSe 2nSe The nunbers
bottogimnse deaete the RI2 pattemas for phwe Zhe@dd fdSe nualatuinoi@tﬂ, respegively.
starting materials for the preparation of the

[002YoFige skoisbowy Phatohurimesssnee smesirat o Apyn-lightl expigable quantum dots
© lid 1
eGP TOREY 0% 3y 366 L16ro0 L) BByt o
formegrhdtyo lhcmmgesluae SEBE SPOUT- hgltoéxmt@blm nuzgmmed@st t@blsefliciently higher
temp'gruﬁlgt u'ﬂldOt erlatrl 19 reijn/t@ (1)r-1l5 %3 (eg;ta uhg o 6%91[% 1gl(lb(§roé<? For the quantum
dots #ith lﬂmihbly(“h e)airutmgthtdke(“sa)rme rsp@jﬂﬂal negﬂsﬁcueedyl tabl e
gquantum dots to sufficiently higher tenperatures. The
[0028joFig: 11 depicts fpolynzm/qGantiim ddﬁehﬁirbirthirr@lmse(tm-éight ¢xitdbl¢ quantum
W th the thin ("1") or the

dots ’t“rﬂ"g&{mﬁ i ?eﬁaﬁ%"’%@éﬁ%nef vd 6%‘8???}‘“|gh [OO|28] Fig 11
[OOZ%EE%% g%&f@eﬁélﬁﬂg%ﬁdﬂneggﬁén h%l@f&sgo;}e irﬂ?%/ 6}51‘100#11 -light excitable

excl uantumdots i'n
quantuet dais.rq1i Gd &)2n +et(predetedvitaictpe OdSeCdpgn; . ,[me) MgCd + Se + S

redp b FRcfie CERERRTEIR A um dot's. A 01 & zn 3 ge
[0036]pgleg?| Std%glcft {ﬁéilcsinlr‘f%sc n%?&%%gi%@%ggf .ﬁf%ﬁé%féntsﬁ)om-light

excitbblg nadodrydeqds being compesed odiZant €detc8e orb. fihetwe dmpges (A) and (B) are
: d'i%ﬁ f‘fg S off conponent roomlight excitable

n ARG dpaest LY ng conposed of Zn + Cd + Se + S. The
[003#}&3}% ;?Iggg‘inétﬁ )SX B¢ 250‘%%“ b5 pa dl feLI Iq kght excitable quantum dots,
compdiséd bACHI Briepatst gredicted strOCtlIfel CgMCdSqStl qmidS)quTheltdasmed curve is

dot.s, . : .
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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conposed of Cd + Se + S (predicted structure

CdSeZCdSexS . xZCdS). The dashed curve is neasured from
w0 b@opr@sauct with a higher SZSe ratio. [0032] PSI/8@008€00290

taken fromthese appended fi gures, nanocrystals can be

f.th
compgﬁltlg;% gﬁ%lpéis ggfhﬁré” ?@%ﬁzllgrggiagf ﬁggeggl-r&t%rﬁlmln gc%:eggcg su@'?‘ as a lamp,
a lightt lefitping Siedtle, & Méendibad) anflyordighons €fdr instante id therdeteativn oﬁtumors) a

b Sebhe oG GREEE o SRS o e
can b€ H%J&Et'e@ qua&':tﬁfg el f&spracésﬁ PRranRters fthe prockssi dTdhe invention. One

' aser "di ode, a fluorophore (for instance in
such ehbodieteat of dre iventianpiss nanpcrystal dhatermisy White dightitAgeordingly, the

s LSS T R0 165 A4 DEBRS 8 o roces
of thd vemicdc ASap de askeh drysthe rillustratipe figess, thé respective wavelength range,
e 8 D ST EARAAE Bl B BT it
clemddi &5 RNiddedY gietresdtion! thfle,r tBE 3bR8nt Gsell) eheUdiSpedéing agent used, and the
nanocrystal obt ai nabl e or obtained by the process of

amounhefdlﬁﬁﬁémgw?nt%deéan be taken by the illustrative
he res |nc udi.n

10033185 S TP Y50 R 8 P B PR B ) PP L iy The solven

may 88 ot BEcIi &R bsidiiaindtsoMehC fudhhg eberrhiol, Al sma”dehhosphine or a
the reaction tinme, the solvent used, the dispersing

phosphirmexide eWherathe saleens for Ren-cpordinapiag §91H@nta§én?ct%&mebe a surface-
bll’ldll‘lg Hgﬁld QN a8 Yt demﬁ |b¥ %Qé THRY SP cttSRE, in%oﬁﬁ%nﬂfoﬂﬁﬁ@rﬁs include

e present |nvent e sol vent ray be or
an etherairiaieamsing,oickliam an |aﬂg/l@mlnv onta digkhlagne Igmay alsei by or include an

10n1c31(51|u{6}frI ﬂ.{cﬁ aga aﬁ'ﬁ)%%murﬁ? onrlc ?ql? ﬁoﬁP nQee ?xgééécﬂglent\é\v}ﬁé 901%1& is a weak

coor ven
coorddgdtiag aoBRAL. [Amay rafsaoﬁﬂudkd nﬁng-cb(brgﬂradng umlnpamnoﬂ @ich aaanchlkane or

an a“?‘%@ Iogg%gﬁ%@f%gﬁlnégkﬁgtﬁ?ﬁt%émh?ﬁgﬁ gb nf’;\?n ne or
N

with Qfﬁbﬂdigriﬁﬁlﬁtsabbhe ab&ltveoted, 9 5a °@eako cOpalsiveatbong220 °C, above about
vent. |t _may alsg ip élud non-.coo

250 Qnponettd Lottt D0 &5 ieinDEF HOBIRHeng ol Sp gpbodiments a

comb?x?a%‘bg'(ff%()lvréﬁt SARRANRBRLS ssl&bd, ashith itas aQﬁ)‘iM{%ﬁﬁﬁDﬁU(ﬁ@ .the highest
[0034] The solvent used in the process of t

selecied \tempgrgrure duripgpithcapiogess ofi tha lbeﬁnFlpﬁ de€o fq;e;}wsol\@'n% cadmium or a
cadm%x% \I%gf?lgglgrbdt) 'glgeoagérrur ARRY & é}pﬂﬂ 1@1 b%ﬁ&?gglve;lﬁ %xgmples ofa

above a out 50 0C,~ abou
suitaElbetiter 3QMude, but arbawe limitedtto,35octdethen (S ARN® 9 2ndntidecyl ether

(eSO kRSl VIR EARNED il PSR Wikeons o
4542t5mR)e T Blutdx§-dddedang (€ AS-NG. cyczesssm‘) mdpeyluonmammmem 32357-84-
0 obghisiess e RS, 8, T UM Copoudl TGS o v

90-3)PBARIpRS @fa uitibld ARlR 1@&1@1@5 ‘blﬁcérél 4Rt lidktedatos lfh%mo 9 octadecene
limted to, dioctylether (CA . 629-82-3),

(oleybantine) (CAMBNNo! 1229%58), dgamino- ﬁnwée@yp (eprfeo. (2@&%18 RB 8) 1-amino-7-

T

No oéthegurd ZASnNg: 14326859383, 1- %;noe%hy;btadt@‘d@&:@ﬂAS}NmeiS%n-l1-2, CAS-
No o% &z-%megg%g%}?—%% "1 gnqglo% RE-HR2 e?@qug %§§3—88-1), 1-amino-9-
eicosene (CAS-No. 133805-08-0), 1-amino-9,12-octadecadiene (CAS-No. 13330-00-2), 1-
amino-8,11-heptadecadiene (CAS-No. 141903-90-4), 1-amino-13-docosene (CAS-No. 26398-
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90-3). Exanples of a suitable am ne include, but are
not limted to, 1-am no-9-octadecene (ol eyl am ne)

W@ @ASONa36 112- 90- 3), 1- ami no- 4- nonadecene ( CASPEISG2008/000290
25728-99-8), |-am no-7- hexadecene (CAS-No.

O

(CASLNani6nacBohSpt Nd@oelnée((eﬁASyleocti&&Eﬂ-a -ahiin@, (dioASMNonint) (CAS-No.

o1 G s TR s i LA SRR pr2 7 ocs
dienylARBRRCAB:10. 63467AG2 Y- 9, 12- oct adecadi ene ( CAS- No.
13330-00-2), 1- ami no-8,I1-heptadecadi ene (CAS- No.
[0035]4©9Q>3c81ﬂ éunds |tha&ﬁ’ﬁd?0;elﬁcld&t§21ﬂﬁ¢lﬁ@oﬂx@ﬁ5rd&h4de but are not limited to, an
26398- 95- g N- 9- oct adecenyl ropaned
alkylpgraryl Bhsmsgme,m Rhospipe pxirle o allpneh %l anik éxg\sesnscﬂve compounds
may @Jcﬁﬁi% lgl?l Ealaln’\!iilﬁylocf‘rt %\}gﬁgl%ﬂ;l;é sYll:h 35 Ql%H@éif%ﬁﬂel hex@fédyfamine, octa-
(di ol eyl an1ne) 65- 68-2),
decylaingife2 e dt tsalm\reewyt yatml rthat(c@momds Wit 3ucls dorg) chaim goieties are not

requ1%d§%x§%0ﬁéss%’f¥h gk ﬁ{léht?cm ﬂﬁlsé)rg\%n&%m %40(% %ﬁkeﬁ)ﬂ include, but

are noollivdtetl tontidodecend lQCAsr-No rndag-4 1|-4m tletdtradeceren(@A&3No 1020-36-1), 1-

el RS UA B BB JER R T A P T Pndcene (s

No. nbausm)alleidos@fe (@M N&rasps;7- @umtﬁae&ad@@»&sam m@374 74-0), 9-hexa-
hexadecyl am ne octade%¥lan1ne

coserteot(ASNeat | 308rloth sl dnictradesadiang b%salfa@:llg%ﬁ%ﬁ? 85 1d/eoctadeca-

dlemﬁﬁ AS-RBU F586-9305)! ﬁﬁsﬂat%e&amgfes toRGn RIGAE e dRUENEE QS NO 124-18-
ustrative ex kene include, but are

5), umdsrane (@ASNotld 20 ﬂrldﬁdmﬂ@n@e(@%]‘llo 6295045, hf)xadecane (CAS-No 544-

7630 gbGhLS 9%@5? Ixﬁofﬁ??se %‘? i,ggogﬁgﬁl ]C(}iésm hg?qg)eggﬁ@)tg%cane (CAS-

No 629-608443ditiastreive €ASmpPles oﬂdﬁhc&ﬁhlﬁ): are]mectylyﬁes;ﬁnr(@ﬁﬁ)dt\yiphosphme tri
3452-07-1), t et.radecene S;No,10374-7

(€odes 3 bt AR R el 53 P pyne a1 e Hoptphepghine oxide,

tris (4 %2 HRyl3 %ﬁ&ﬂ)hﬂ'}% -oXideQ indlpHefiyesd @AEE-&ith &R 91beAAS)Nshosphine oxide.
13560- 93- I'llustrative exanpl es of an al kane are

[0036§eﬁﬁ9&né @ﬁﬁo&%eh%oﬂ&e Prbcesd I’iﬂ&ﬁéll’hﬁ/e(‘l%SﬂND sdl¥aq- 1ﬂc1udes both an

4), tridecane (CAS No 629-50-5), hexadecane (CAS-No
alkers gt . amyne. Jhe Afkengnand Bagmige 393 he pagsentyisyary, Fatio, such as for

1nstaﬁ&°1‘§'tﬁ\praﬁée20%oga l(ﬂf‘ﬁ (J/@}tb%@@&qndeNm P 29vPR-dbbut 1:10 (v/v) or

lustrative exa es of I ne are
about 6zlo(owl tprabephi: ﬁfﬁxvm Iosany¢ pmb@Smentas the rsprG@ITol@éleP% both an alkyl
t Rl
phos 89 ?F'ageﬁrkjl %‘k&gfu&@naé&om i ?Iﬁg ?)213 {H%ez;rﬂ?ﬁ'eqﬁay also be

presqnhmsqliyl ratio,Guclday foandtgnbe nytlhb irange of about 100 1 (v/v) to about 1:100 (v/v),

4, 6-1 t h [)-ph hi i d 36] |
sbout (L ZiboPRint 10 5P L HabpPoe Loy P R FRH o < e
PR e iR S
any #48iné.OThis l’!ﬁﬁl%ﬁtﬁ:ulldi? thd€ase do0th e Proceboint whHidh ahahuéryétallme composite
about 1:100 (v/v), 10:1 ﬁJV) to aBOﬁt 1:10. g %
bem%mosgd of t}\?/e%mqqss QBo%ﬁ 4 i3 ggrg)e ngyﬁelt is als within the scope

of thE EH?&@hPﬁN’Eﬁlc;nhﬁla{S sy et othE}Cf)ﬂégé‘s§e§3@éanﬁé'H Rék¥l are carried out in an
phosphi ne or an aryl phosphine and an am ne. The

essensially pmlmﬁefr%eblt/m Apdondinglyy insjosts debqskimertnthg splyemy used is at least

oG P BT THETER e O, SRS 8yt o s

mearaipit refier 1@ cgrupaynds haahg at leﬁst:bn(: \phm)ary,(secaimdauty dr:t&rtiary amine group
(comi)glln}/d) of the general formula (R;R,R;3N with R, R,, and R3 being hydrogen or an alkyl
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[0037] It is noted that the process of the present
i nvention can be carried out in the absence of any
W@ea00@20436hi s is in particular the case for theP@r/eGHE®8/000290
in which a nanocrystalline c&nposite being conposed of
A d .
grour (G SR o B B B 2edsP STRC nidRRHA 5, Cd pf £ used in the
presedt! inoeration. @hfseneqms mhm a6 fsswnileﬂuer sdopel ofi dhrecpraseat enveation dut the term
n an entiall mnefre sol ven

“amitafregyrhs JastbBTRLHA AHES COPPRITE itk Eitls OF EREfuM With a metal

in theSRRARIH b4 koftabRI dh@fonaAR1sRPS(i) Of the nRthdils-dk rédited Hafe. Thus, in line
term"amne" is used herein it its regular, nmeaning to

with thefdefinitigndberfrstm daninaficsgalse indadss te ﬁ)éclbqlq Wed gpactlon mixture used
r

hereu‘?%ﬁg@a t¥z(1)t3fr(r)8]§ ﬁBttﬁF%@%hﬁ%Qp%ﬁh%r %%ac%z%m;ﬁgﬁ%é QE g}(ﬂlﬁ 12 of the PSE

such iusy@d Olfjestrative amambk:y lofj sealnreadtivie amiamilheg falifwighin \ﬁhﬂj&lfllﬁéon of the

cem 3B RS T B S R 3F B Pof 1 s

such € dpéecyianiing lwxedmﬂytamme/ esttadenylamate, tdiectylamnine; anitriectylamine. In

) free" as used refers to an ne Go o d that is
line vitihe RO Tierfeap aeiIpot SPRRAILY e ol 3 G RETeIB A SQUpent refers to
the us¥f ofAintuhisdTlaBofRhtthhtdd Adt sin®icahily aféct tketofi FlROSnEML. This term
recited here. Thus, inline with the definition the
thus ineludes' thericpmplerestbsengegindjthe Pregense of tiages| Qi auping for example about
0.01 ‘%,ed%‘c‘iﬁﬂ (ﬁp%maﬁ)(&.g rO% ‘95 @lsjoul?(fr"/e' zﬁ)oﬁ{? %paﬂguttﬁ%t atfdAes oGt about 5% (in
ave t re wth’a of group
relatiaf totthe td?ﬁ@oémnhoﬁ&xe @sled sdvamS)t Aacordmgé/x@mptm s@ferd Lowhlch can also

be a 1{18 Cte.iogﬁilﬁegei:r? %@g&&?hg{eg h'g Vgghatrr]ﬁlge)tlplg%%gfe}n {hmae (If tﬁpSrocess of
the inBhti&S ikvwibicH @@@uﬁhﬂbﬂa&éd@ﬂon@i‘nxaﬁylas geﬁm@isheremclb paa)ared, is, or
dodec(il am ne, decyl anm n

d \
s dopeae ey S RleC L o G Ok ade ML Al N o A an

111ust1%99é’ @xathPR, i€sRh dnbb&idfntse 8 SRMdodtdidatione1@dnt,a8.gUa€ thlkene (an
herein for a solvent refers to the use of anpbunts of a

oleﬁna ofughras {tegtadeeyletbyleny, ghiosiadegenylgthylanecdl -aigpserco( kfcosene), doco-
t r d
e, LSRG POk AR AL LSRR, 1.
hexammhydphe 2arheuhty1 &eﬂwllﬂ@tmmbmbﬂer& 2,3%- trabeihylhept&n%lylab@Lﬁ-ethyldeca-
ey Pt esie- SR TR LIS a5 byiocraccs
meth 6K &l ln@?%éﬁyik%ﬁ:tmbﬂnethlyl‘éﬁﬂﬁ I@Vhlm&hﬂa]?emy&exdnk’-:camethylene octa-
m xture o ifferent solvents other than
decarpBMENERIIPFAEFAIEY 61 TAE bprisdasd SBlvephi PGB ABH: higgragent such

asasﬁﬁh&&}lt%z@pgmd@@ or a reaction mxture as defined
herein is prepared, is, or is dom nated and gover ned,

[0038)YTRers 2Rt gehbrat erﬂb&ﬁﬁx@ﬁtsfof @Eﬁrﬁﬂg aui t'h@ pﬁ&ﬁMﬁHe ir@ntion, albeit
an illustrative exanple, in suc

combingHorsomddanerificaans e yathin the sigll of Hleaﬂk!%];f’ﬁé‘“(sa’f‘r Ia (thet firgh embodiment
n I

o s, B AEEN o N e koL s o

solvemebrgaa oslyentdor mlme&sau@oad A hytleé akove. To the solution thereby formed

one oz Wg)[ h@(qllc e'gia ﬁgqt E%Apﬁaﬁ% tﬂ% bUt d embho(?ixmerﬁ‘att tﬂxlrﬁagl’ or metals, or the

respeétivé, fredursor), nld eep toa h®d hhzllledi@ns Greedddyd dethanedphgtiverse]vent without

7-methyl tetrad
prev1e,us§_ry12e fqﬂ'rw%ge ﬁry}ae&ai @gtegrl@}elggchﬁg %Enrt]))(/)llprnegx(ﬁagaenct rJtseta sx lb% IElg’scribed as a

“one ?otli‘eagﬂl&?"t Iy k1a¢ kadaa arioduh&ia may be desired to remove water from the
10- di net hyl - 7- et hyl hexadecanet ene,

systewc while dhersednjion ref m@cwwtaﬁﬁ@ pRIYPAsite gt garogess of the

1nven?1811vg 0 me%l Ou\f\hkg’gogagéﬁﬁg @ilpgv&g%tpr%p trié of ignitions and/or

fac
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[0038] There are two general enbodi nents of carrying
out the process of the invention, albeit conbinations
waeahneddd i cations are within the skill of thePGkEG2008000290

artisan. In the first enbodi fent a solution of the

net al ls. Qqr [ [ .
expldfES o o {8 Reion8lof bl oERBREN, RemGF 1AL (i be Blfied out using
any Knowhuiegpeofive Gitandatdd metlsodsi st th afpawie. chtmidtiye Fepkxdmyle, the water

t hereby .,formed one or two, chal cogens are added. ,l.n the )
can R LSV ednbh #F 8 Wﬂé"“ﬁ%‘t 92eyer PPag‘anV,Va‘S‘r‘SP?ﬁt@r' Aitemagvely or 1
additloS RRtdaddVef RERE UoRRY (FhysicaANfhefhdls Quck WO condéagen Sindf wibsequent

added to the respective solvent without previous]

separpiipthpiige avargsitbat is firied i theprpse ot thsitaaction ol RAseibieg remove the
watet w&e@ﬁéﬁ rpeﬁ:tigg%,g&ﬂ bedaaforwitR A eRUant SRhdsWiciuth dxide. Provided
this second enbodinent It may be desired to renove
the desatcant daesmot in¢erfeys watin th rdaetierhét ¢apdetindndest intethei martien mixture.
nanocryst al.line _conposite in.th r f.the .
Othefi58 b gt e ThE PR A0 T rOERET fixplrCang, gt with the
evapfragivewhtet.ne ri sk of ignitions and/ orexpl osions due to
side reactions of water generated. Renoval of water
[0039)a0Onb eneCAuBédEidl theprodedshig caimyiukn Qatmiuas pagthewsed, for example, in the
(st andard) nethods used in.organi.c chem stry. For. )
form ARG, MRS I fPTBLOF riByBIIBPERITY. & S usBiEcursor is
genefaRYESARM Yok A cAdMAIE Eorfipdunidt R fronfblefiehl tAGRhiMmOthat i8 provided and

addi tion, instead of using (only) physical_ nethods .
added tocthe s vensriyshesdmiyn camowo@eﬁqéﬁemedé@é &rb¢ issalyediipghe selected

solvetPh& thaf! %t of s%ﬂﬁ&érﬁqgad.ti@ht&n@r e %Agﬁdtfbﬁl JtendfoRAkstaP Nt ndy in some
I's possible to renove the water by chem cal réaction

embasliroénta de rdesiced tnselédtn eadduumi gampougddhatals afad ceértam reactivity, e.g.
oxi de. .Provided, the dessi cant t ] r |

mod e ae TP EC RIS o B RinglEf B B rro bR s8héxbn process.

Suchnrekttidrema Pfdragxaimpis, bd dirdd ifthe pricessan cleieploac etta scale that exceeds

the t)&%gl gfqtt{)]@ s&é?,g Ir?x?s@gggéiatu tﬁ}% égﬁgpggt?(ﬁé @\cqut}tfeplor: aE)Z)ut tens or hundreds
of litRisOFRE %aﬁrﬁitﬁ@@mnrdﬁﬁncﬁﬂﬁ?'i fUMeX@Nple deUffthordadic EaddMEsalt such as
in the formof elemental cadmumor in formof a

cadmiwy eripRn e aad cadpiunnchlgtifte drhefad g spmipurh @y Al be an organic

i TSP, SOHTLTLE SN ! GBSl i, o s

embcglgdlents mcadmipoueenpand e usedgbiattdidiers deom e oxfiagisclovmguid i.e. which

. he sel ected sol.vent, and th i fficie . .

s nof 35 oFROR {0 G iy Shartd Lhfith jde or a cadmiom

hydrdxideS Dleeertheteosliherespsctive cdéaivhechnigpuaé neytbeadissablet uml be converted

.. conmpound ihat is of a certain rea t'vi& . €.0. . .

into 4 GafEpIUmSalt SHER P, YPOTEERIE B Aol RIRNE FRBingg sobgon of the

cadmiig cHEPAMASRsRlctiV g, hBARAB eMbOgiaRsts iRtiGde BigdgRd tHeolvent to an
may for exanple be desired if the process is carried

elevagag teaperatuse ob Bert diaolving eedmivpher thyfadmium gpepguedyhe temperature

of théGitfon h&Y bd %\'ﬁaﬁxgm Su as&?&rc%ﬁ% & s&gﬁ@cp@k‘l‘g)e?atﬁﬂe.t re or

about tens o ndreds Itres. The cadm um conpound

[004(@2’&‘% %dnﬁﬁﬁ??éc%rs%?is d’(%%ﬁﬂmﬁl G%&a&lmciy%&ﬁkﬁaﬁg $Bm@Smbodiments

m um car bonate an m um chloride. The cadm um
howeyvermddian dfromythal exdmvemagr eadgainine comperndnprovidsdufed qagrygig out the
pos b e AT, SR, i, e mbodiments
cadmé@iipectnckor $ atsegathibabdivnt esmpdundmiasohaiogasfisnch a cadmium organic

conpound, i.e. which is not a anj c. conpound. Such
compRURR, FIUAE HEECh s B 0 KERE s RO SIBIBY OREARIEHIRqURd may be

obtained by or having its inorganic counterparts reacting with a long chain organic acid,
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hydr oxi de. Neverthel ess the respective cadm um

conpound may be di ssolved and be converted into a
w@awsemBssal t such as an inorgani ¢ or organi ¢ BEI/8GE98@00290

bel ow). Forming a solution ofl0t he cadnmi um conpound,

Jespectivel in so enbodi nent.s_i ncl LI RAl
posspfiE R pieis, Tt PGS Ba SR FAPERI ald Seblp Al Wmpounas
may bk 8@ty fdieh §‘(ﬂ§b’ﬂ: ﬁfgaﬁfcl saheincthe ﬁélH(ged: solpasnkbur tilhestrative examples of

tenperature of the solution . be changed,. such, as. )

a suifaplyy saRing Lagmip é@muﬁéﬁﬁ%ﬁg&%&u@ 0{‘@@4861(1%1*}1@ Eif¥idsy cadmium
carbdRaRGEHED),) Iafd BhERium &Megﬂ‘ﬂggﬁmﬁﬁ%ﬁtivm&{blw otganic compounds
some enbadi nents however différ fromthe cadm um or

that mapied fmmed dpongithepeastivn ers dranie s3lisysuply apeadmina qipase ardcadmium
i . . ! . _

sar i S ol ol THE T S0 BRoL ) WAL caamiu st Upon

addingnar0 bganiccacidhsinihuas a0 oygavivdcarfoxybik wicidywioéh sutyipically a long chain

cadm um.organi ¢ co nd be formed.in the solvent
organiS GEFYOTHE it e RGO e oGP OB el (T en also be
obtaiféd PyAWisE&lvingScallid@ing aRide) & biiaaicPedhfuheak tsuttfasibddmidm salt of an

| ong chain organic acid, possibly, in the presence of
organihearbey Wisreid, msytedormedor gani ¢ and organi ¢ cadni um

conmpounds may be used to form sol ubl e organi . salf{s in
1004K] i st egard dhesBIOGER O] IRy enton Ry Ao el iinga %?Peésmg agent,
g S4alh€(s8d ALS LB s aE di € nal Qe R aWBLRAAHARN ligand f
©& cadniun1Sydrodeeﬁycadniﬂﬁ%%g?%%ﬁate&(gdccsf, and o e ?r
a metghointhe metd$ bsadde theqroresy of thelipwantigni The dspeppngagest may also assist
. [ i C f '
o oA B, FSTROURIS5 U e, LR LBeb My b it 0 e
solventbkforera sshemnalf eadrhinns one cadrbiodi coempaintihie forathdi atthe same time or

ecursar is an inorgapic c jum sal.t. Upon .addin n .
thereBf i Hiectiperin taenl e Ao B GEARL T By B afiiiifh i cadmium
compofind, hi6 hhy/békn! foRfedCinathe répeaivieGobanh Typichlty @eidispetsing agent is

the solution of the inorganic cadm um salt mhic? can
adde‘élb§@r%é“1%‘éfa‘i>rn$ée%‘§mdﬁ%es%PQ/ PRGWatfi GAMBRYRSLhergef, are added. The
tisp BRI AL D, RO QU ME! g Fydop conining
groupse day dutthelagsrax &y inftandeeel yoed 95 itemdispgrsiag ggeitnEhe gerfactant may
. addi r , .
or 2 B LSRR SR, RSB oPotha® AUYHAGL Ak RRAFRnic
an orgmac dulfiatic acidldr ganiktdrothaeofe{lhistrative drmmpitsadfssuitgledd organic carbo-

. the, prpcess of the.invention.. The, di spersi ng agent . .
o PR SR e bR TR P e OB bR Py i, ot
acid ([Ep@l:tadecm@n@ib%aﬁo,&i-ﬁgde@m& atiay lihaleirAdRY] ((AZ)-H&2-octadecadienoic

~_solvent before a solution of cadm um or ﬁ_c dm um
acid) grishidamic 3cad (linek>.8 dil - Iffacasairagnoie agi).t fefadie (g (EB)-9.12-

. i i . _ . d . '_ _
b GUPEIG) A ARETCID S 0D AU, S 11 OMensiec
noic agd)reyristictakisl (tessadecaniiceacid) paatitic Figi(Beyadgcanpis acid) and y-homo-
. di.spens) t,4 e e ' .
e B SRAT8 AR 14 PRSI FRUDBANEr G0 SHGUHT an rnic

“phospiuaidacsdeos examnme)dantludeiayfiboyplionad aciibsndoteiradechpadsphonic acid. It

roups, . whi ch may be dragen cont aini ng. . A
s GBSl B Al atows
the uSRYf octhBEceht bf Acb13ait (VBYWIW!, & Pei@DCedRRwaThem i Ed. (2002) 41,
carboxylic acid, an organi c phosphate, an organic

13, 23A%9Bhbnie thechvathesin o fsninanadiyTielnisuriagings Brveabsen,chapa to affect
the ciegf% g%fxph&&éyiéﬁth@hhﬁ’o%r)%mrﬁ%d eZhRLIG AR LE, ALBARISCLer. (2005) 59,

2706-2709). In embodiments where a solution of the metal or metals, or the respective precursor(s),

are being formed in a suitable solvent the surfactant may in some embodiments be added
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xylic acid include, but are not limted to, stearic
acid (octadecanoic acid), lauric, acid, oleic acid
W@ ppras@dec- 9- enoi ¢ aci d), n-undecanoi ¢ aci dPCT/SG2008/000290
linoleic acid, ((Z 2) -9, 12-ockladecadi enoi ¢ aci d),
| donj | [ -
togetﬁ‘ d;\'x 0 eioﬁe oa}g ?%1(3 %t%} arEf.’aég btﬂféés%ggt \%gjzgélg%oréﬁg I'Hg bfibodiments
wherathle ahjetal ﬁymle&tspd)rahcreapncdve( lﬁ'ectlmdl(a)j enceomd @ twe chblcogens are brought in
pal njtol ei c aci ci s-9- h dece ic acid i stic
contdE g are e BaRm A PafT S St} ReRdb Sl be added
togetAér with 8 Gn@al e Mitd19 @A @B t@g@tﬁéldmth the one or two chalcogens.
((Z,2,2)-8,11,14-eicosatrienoic acid). Exanples of
[0042]t hﬂiforrﬁd.bﬂlﬁlﬁﬂhﬁéﬁts a fiatheo hgauh M oph preplveo ther@of W usédo The precursor of

oo ST e e PR L PE o tr fom semen

metaPRS ThY ?&Féﬂﬁk c@ln@bﬁnda@ﬂ dlethéntslaRahbl i8 pedvidddafdr tarsying out the process
nanocrystals and all ows the usage of octadecene as

of thesigy ensigp apdraddag {g the &olp@ﬁgAn»qnetanun@@m ppgd th@d:an be dissolved

in thé &984dd &iv ng'afhe%ﬁgtgl' &)%Yﬁ'&l d 'yt 0 e)?eiﬁ@l@ 88 lafd n‘P(f 8{1@ fletal salt such
nanocr yst S surfactant's ave been own to af eCt t he

as a capshate aror phlohdg ywroi otgenianeompoysd 4¢.8. palt) nwgh (aBhasuacetate or an

acetyg%tg%atﬁelﬁli suchye glrbgﬁgx’?esngﬁe&bere (b%g'gg’ %1}] Zeﬁ rrl\I/eI g’ﬁ%‘f Zﬁgés%?c'noe precursors

are usdd 4 sodutioasifdoth cadmuraounsadrbiim pecersteamig itios metil Mhowa precursor
sui t abl e solve éﬁthe urf ctant

of MsfsicHe RS m6e bl 2o PGS tahle of gre chemical

elemBiﬁE @cc@fdlﬁ@t(ﬁ{h‘é nef IUJI"IQC rs9a§mcgtdu9 IPB %@bﬂr&ﬂl’g(ta dhe CAS system and
nents where the netal or rretas

the o.lcb&lé%@. sygtepy odhsr dbarsd. e msiad Mrmméorclﬁa%eg% éngre precursor

there@f< Q*Hg bBbovesafdREAaingWhd PRUGrsGY VG PAPPII¥s Frfdktis @lﬂltﬁldi@t"o&he metal M.
tion, the surfactant may for exanple be ad

For @@g@dm@f Zyi ecmpowed ek jasgan frerganis ane/sh, mge:cm?eﬁarmltarﬁ or zinc
chlorﬁcﬂeoxoé}ﬁ r%'émtc‘%)r} lsﬁglggpf‘mc [agqutg]or {heSR laggfgﬂz% %%}tb% used. The
a further nmeta or a precursor t ereo used
comppued urag @also bk atzdive dxide dreninatgtdadxidd.i s gener aI ly forned
froma conpound of the nmetal Mor fromel enental netal

[0043h Wiheee fwa pertels a5 mefdh BLAsHISoRs AF atseht ap Fdoypm; and zinc or oxides
[

therer gYé t‘&f&dr(l}Etglrs/pcr‘f'@]l:‘ie.&s)sé('rﬂn g YE ug&ﬁn 9151? Ql@§h§eg2—%té% n*t@ad'nﬂl‘lﬁrgr tdlcadmium

precujrsedlnd st metah Mber diespreduren 0|f ™ ey foe linstanee be @B@ﬁgmta molar ratio in

the r?ngtea }D?ngl,@gygosawa];%bh ?oé%qglr()s é t?hq%laui pcfb@aemoﬁt 50:1 to about

I:SO,QibgatﬁZ(X:l toapat A0 abogt 15 & itd )b(mmthSasbomn l&deb abmltdrl(habout 5:1to

IR S DT S R RN T p—

precui§rtint GRe SHetdd M for @R plebiifs 4 o fAMCI8 @BbWM : Pr Bszdthﬁd)ém‘&ﬂﬂmeﬁt a slight
the nmetal M. or a precursor of Mis forned. The

molaf gXcgps @ CAHBINM §Pr ity RGRIrIY) by the Wéetﬁé\%(%it%mieaweggf VIR éfersa may

be u&cleThGRh SBHRTRRES thaf ?&rﬂétﬂﬁhetl% &rh?lo?&i’v\xjhblpeﬁcéﬁgn%mto ensure a
group IIBaccording to the CAS system and

certainRA@NYpswisithy (g [bicka¢sahoithe Cmeorrtm shellyorsperegi is desired to react

the Heﬂw%&‘i\gac ﬁlepa? a%nfaQ ras d%glgfeur I t&ﬁ%re RI at Té?igt Q\%Ya%tﬁ? @onvert the

rec rsor applies nutatis nuta

respectve imetatmmah canﬁmnt eﬁampioerysal Rwmednpound such as an
inorganic zinc salt, e.g. zinc carbonate or zinc

[0044;]h Fomiidg a solutiam of Cgaxnia&¢pmcuts@1, and; dtereaspplicaie af teanetal M or a

premgfog (S)f @16 rggtellt I%IICm(gl ga%tglengglﬁ% rc:es%ecyf’g %et Th&f%%%fs%s% orxn@ﬁ precursor,

M ort MQpre®irédrp tooi suieibd saivede.uh$ofme @ﬂ&)dltﬁﬁds fa@ming Eadlmmmmf Cdora

and zinc, or oxi
Cd precursor, and, where appﬁlcable of the metal M or a precursor of metal M further includes
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thereof, the two netal s/precursors may be used in any
desired ratio. Cadm um or the cadm um precursor and

Wa b@onead M or the precursor of Mmay for i nsPErB&2008000290
used in a nolar ratio in thelﬂange from about 500:1 to

ro I BB 3OS S P B R o

tempéibl@idé fréinldboun POV tdQibdut 4)5()313@,u§uc]1 'ad @bowrtKOUIC o dbdud 400 °C, about
out 1:5 or Hlgout 2: 1. to abo

100 G P AN G RO (o o eitang s ahob AP T o ahoptagp °C, about

150 °@nd abift 3@§t°@| aduP P00 NE tPERBYEEPPC 6f abdut 35@BOW abbul 300 7C.
sone enbodi ment, a slight nolar excess of cadni um (or

[0045]t &s RHRE UbSRY In §di’né &fibstiinehts M (¥ prbéess P BeUfrdedtipn @rsolutlon of the
vi ce versa may be used. Such a sI%ght excess may

metalj qygnetple.coriBe ERpFcye ATeRABPES); is foEmerbis 4 BHtabls seheth émé one or two
chalc?%erélggheﬁﬁ it Mgﬁnﬁ?légsglﬂtﬁhcjfﬂ@éﬂcd%n(sh BreG9pi€alfyf added in a

' or where esired to react
solventw@mdltmmebmyaetolmt flasome epbedintsings a @Ogdlnatm&ﬁOél@\m sushase.g a

thiol, . aﬁ]t %Igglseé 88 %ﬁéant k)c? é la%rt]lgﬁtgy %thl@e ftﬁgﬁg%ﬁ%péglﬁﬁﬁénylphosphme
tnphdﬁ@f;ﬂipﬁ;@m&) Sojrl alphasphoie Gddoie. g, ﬁi}bcmllﬂmsplam oxsied mp/may]@hosphme

.. applj.c t he, net al rec
o2 Shab g e Sigdf 9o, ot SRRl LS bt it
dissoRed Gl tHY 1REPECERS solMn(s). 'Vh BHRE WhHotménts Qhét‘dlttvabih&lcogens are added
solvent. I'n sone enbodi nents for glutlon 0
both ghalgoggnsp may b8 opddegn dnclifhisge 5&3}?(8 aBl én%fsafiife F%ﬁ In some

embowhﬂént?wﬂ&%ci%ﬁ %ﬁﬁlc@éeng‘?ﬂ'eaédd% bt é’]ﬁfco bos! HEE B ﬁx‘b"vﬁﬂ:& it&bther in a

tenperature of the solvent. The solvent may fo
comrexargol enbe Iib rmgqntemhwdane@ﬁpwhaqeu WO f ehdeogspytarg oa@*etdo the two

chalcﬁgegﬁ ém? égd P§%ge{1;y g@dﬂﬁg%f{tﬁ é%g%ﬁ %(% {J‘ g%'%légg 3s§lut1%?§’ Wic. formed

uﬁng&hemﬁnﬂﬁmw&ﬁto about 300 C, about 150 C to about 300
C, about 200 C to about 300 C or about 250 0C to about
[0046d 0Bhacchglomes(s) mdarn added b fam syitablsnior dhemnerasionof g nanocrystal.

Typlctan§ tﬁ){ gl{l:a?gb%eﬂ(fs Lsha?e | YR RO fRm S il E18ReRbl &ﬁﬁ;o@@lt @jne chalcogen

e respective precursor(s), formed
that 1snumdsm| tlh ndodimhangn of tlaﬂopromss oof thnolmam@bgersglear@l In some

dded to th I
e 4 RPN AR ST 128, SHRIBR0SRC by b oy
elemﬁﬂ)lofegbup 16 «fothe peribdidi tabletaf the chemdiah aleimegtss@taceding to the new

IUPA(CI!:J g)fgéegrts ygerﬂ&bggth aﬁc‘é)rélpg it &klae;'%: %ﬁ§§%ﬁ"|%ho pgrgl?pe\&ﬁ'agéording to the old
JUPAIC ky3@dny) prh@stplh dRygdnr ArﬂhﬂeyﬁxmhMpme)of@mtammﬂ&pmmare sulphur,

oxide trioctyl phosphi ne oxi

and (iR T Sl pER DR e A4 s ByehiabiSRienh bt fop instance a

I¢ { B Al C C
phosfa Gl 4 ATRASFHRLLIER, £ S 8P bR spune (CAS

No. léﬁbbeﬁﬁ,rtusz -bensylphespbing KEASIYe h02d r&-dkl et h%.’(lnhosphme (CAS No.

al\c i il
s1osS RSl e 8 404 sy 0305
5), trﬂlaapldﬂﬁep}bsﬂﬂmecms: dgeds! 1By 1 ber pipbenyligwspluge(GAB Ncn 603-35-0).

N B o R PEBL Gt one ot

chalcB8ARS @t ryught idi ddn€dce MithoSt PRSMRIsHN &mﬁh@ pemstiabrslution, the same
sol utions etc., fornmed using the sane solvent. [0046]

dmk?&%‘@ﬁ&ﬂ@ﬁ@éﬁ@s) is/are added in a formsuitable for

t he generat| r
[0047] Whgere two cha?cogens are use(i) y Q’ Sétel%luum and sulfur, the two chalcogens may be
used in any desired ratio. Selenium and the chalcogen A may for instance be used in a molar

ratio in the range from about 500:1 to about 1:500, about 100:1 to about 1:100, about 50:1 to
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Typically the chal cogen(s) is/are added in the form of
the el emental chal cogen. One chal cogen that is used in
wa@koverdadei nents of the process of the inventiPeCI/E62008/000290

sel enium I n sone enbodi nentsl3an additi onal chal cogen

sides seleniumis used. LS C e a
o FEhIRRCH R348 T3 LSS TSR 8ot 110, s
5:1 t& Atk ¢$II oAraibei.”ne:nléI 30 Aleag orzﬂ il g)lh@eﬁlh@dlﬁ&mdthpﬁﬁo&)fﬁeeﬁd A is about
roup according to the CAS s m a VI
I:1. lgéb@rragaﬁa theomplag r35jog bepysse cagst Bt %Wgé And selenium
used Zi’l'i‘zﬁ!/ siedvatd Hé'nselgé't@mah Qesifdd. T H{J§ 3&94: %&Maﬁ@gﬁr@d of @d recursor and
"phur, and tellurium The chal cogen(s be ad
selenmm may feinstaptecbessslegtedtin gk rheargng omrﬂbpam%i) lato about 1 500, about
100: 1%@%@%[‘%)0 But 56:1 1805k AN ABAR ZP& Tt 48, Mbut 15:1 to about

et nony phosp
1:15,1abofl 1 0:6- 16) about i1:10; hbgit\d: phmabblmtnES((ﬁiﬁEEBohb2 1 to about 1:2. In some

emb 71%31#5 gl?ﬁ ggﬁah%{?tﬂl%e&? é{éhos @%EOIS %O{}P 1: 14{1',6%“? ?e’m%%dlment the

combifidtioR- dfodadhmiwh Ofahihe e thésARe D MQ§3 &s&ﬁ is &juimolar amounts relative to
trl-l-nafhthyl phosphi ne (CAS No 341 1-48-1)

or
selenfym, gkt ph s pheiem (tegediauavigote pthey clement @ﬁ‘ﬁ%?dgfﬁ’é?]tlg of the PSE.
In a W& EhGodiBER a08lidRe tRbIS eQées;I, Qﬁ theSebMe to cadmium, or to the
precursor(s), and one or two chal cogens afe brought in
comb@mmit amequnpof h@ﬂmxumm theisthgr grovniladSE elemant may be pend, for example
N [
to ens rg |t§%q§% )< er:cgqugemégl) is Eg&pgeg?lgﬁg%}ﬁd 191 ﬁZh)lr%/&&r 81; {lll\é’q?ventlon For
111ustf2it|1&b pogeRss irtsyymbrtianee teferthatntie dedarrratio IbatWe(en tizetvenchahoogens can

and the chal.cogen, A nay for .i nstance .a
be usid o 3 ERRERRE G OF A TBOUY~ 885 TG54 aggie: for purpose of
111ustﬂat1590a caRptditelfi0hd foromad 0dBe/EnlOd,,Sa7ast, $ T dlaid2hekd used in an
about 20:1 to about 1:20, about 15:1 to about
equlmolals ratign élit) them 2t gathgsothick) maptle HyeRrs (this sagfle may ;hgve some
hom gn&goiﬂ?)y Syﬂe RO h,dd, Se)la%d%%ﬁle{am gl'léﬁﬁﬁe éshﬁustrated in Fig.

tio o A s about 1:1. In this regard

2 maydieaformerd. | Alterhasivistie nf €ddnil Jm or used ic adndlamrapip e,ocfdr @ ¢at the molar
ratio ﬁxﬁ&lg cﬁ!tﬂ% néelijlg}t(ya ?g rgg E@Y(e% f&%@ﬁts t}%g a r?i ehgﬁ {rhzrg Irnﬁg%% ﬁ?ﬁ&&g of Zn,Cd,.
Se aeh enhaimhitagnSoshellns tstcsebn Kl Tt Gatmier] Withouttwishing to be bound

by thgfigatt 8 LRy o iioh Imsceel! £ Hbatiekes 186! rcisatier sprnel Laserznse

nano&Wuls. -Thgc}easéh%f tHi5 ‘idcree@Ridknebs 15 thaldet to19 nlolhOexcess of Zn
about 1:10, about 5:1 to about 1:5 or about 2;1

comppsgifp G, 916k i RO lHBOHICRENTStioh 8t et S oredfop phish most of the
cd is@‘gﬁ&b%%ﬂa RO §t16 offRe '%rg]thﬂq mbi]e0 %1&%99 EVERNot bBRetectable by

' ation o m um and the othér netal” Mis used
mmbmsﬂeqﬁhwblar anDunts relative to selenium or relative

sel enium together with the other el ement of the
1004§jr Bugome gmbadigemspvhare a; sqlyiom of thepdalngnmetals, grj thp respective

LH;QJ XGRS @k sbhof AEhCRARE $@h@a@6mé{m it thtef& 1 It

pree n%? mount of ‘cadntum and the ot her egr omlJ ga acogen(s)

may éir@mpler’m;br@@hm fed tenmrat@mn#cpt@d moth@rralugeefr@mabomtrﬂé)o °C to about
d ect [ I t d

400 Cfe ﬁf e tl)%u\q/el | ?nto OSt ffﬂ Sefter |a§@& 135?; ngte SJB%PP%{F eésfrom about

200 oIltEll@tzalbmi\teét[)Oh’té] érohhﬁhout P80 ttmabound 5(D°Gb et ﬁnmrabbhte3(10vﬁﬁ? to about 350

o | cogens can be used in order .to influence the
C. i P areen e (TR OB PR v die SHREM BERRGr ps} together with
sulphRH TR g Burim, | Afdetai #Torn? sGRAAIO Fort theOferfeh@iohOs Mkl Mnocrystal. As

CdSe/ Zn xCdi -xSe/ZnSe, if Cd and Zn are uysed jn an
mentioned above, for this purpose, the chalcogen can be dissolved in a solvent such as TOP.

[0049] Where the chalcogen(s) is/are added to a solution of one or two metals, this addition
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equi nolar ratio (1:1) then a rather thick mantle
structure (this mantl e nay have sone honogenous all oy
W@ 9pe/ozusact ure ZnxCdi -xSe) and a rather thi nPGHEGL008/000290
ZnSe as illustrated in Flg d4may be forned.
n.a no

may By o§irigd ot By fespneche RfIcB o), 0 oG v Fo sdple on the

scale Wlaﬁ&ltkﬁptmwmta) syirih@8 néay Rk igkanclbe us@hfdr &his purpose. In some
structure O ZnxCd - xSe and a _rather thick ZnSe sh

[
embogiments @sl"%né& é’EF‘Y Re pised to 1njeet they chalcogep(Eh Jit SAfpes Fmgdiments the
chalch genl?@ @)Hﬁ}Q Ty sorhé eﬁlﬁo&lﬁ{eh%\{ﬁéjcﬁﬂ@fgeﬁ@e&e%H@éd separately.

han i n regul ar core-sh

In somarwdm;ignqits theﬂhelcpeqﬂs)narﬁ eddediogethar Byasding the chaleegen(s) to the
e

oo BB RASES7 PO B oA g sove

in sofifeoembbdimientsoisdth ahe trhetalCdr insetaleaot e respectivee precursor(s), and the

fornation of the ve ntle
chalcpgenteh e dirceios soffetyt osh Ttinea sofubhagt te REGHlE) Thereby he
react®ARAHPRERISMYMIEH thde SRAbBHInRMtOf the nmetal or netals,

or the respective precursor(s), is forned, the

[0056§ OlnUtHeOprob@Y dfUiht haverionh@atesktoal @neuddi ﬂﬁﬁhélhﬁeated It may for
chal cogen(s). It may for exanple be bro

g u to
examplehschrapglit ¢0 3 qraperatiire selacked 1p Shigangs @ﬂ’i‘lai’%eﬁtt 1090& te gbgut 400 °C,
from% At 56Gg t&abblt 3 2eO L mlIuP 56 € abidut 5&9 QGrorh raBGﬁt 150 °C to
out C to about 300 OC, from about 200 C to about
about44IID) €, ffomoahaab 30 °QC 50 alyt #60 86 oflem3Boute Or°G todbpabI®: °C or from
to At r
aboutt %(2) SF to a ?&%503@& thle erﬁ%d&rgrtll ve ong)%};z{t!Yrg Stfé(g g{%g{]egﬂt ﬁé?.e. sulphur or
seleniini h1ssadlld|ad1u1|i aoforineslitableufor ths @ddﬁdon nfa haroorystalt Tt eespective

f i :
ey e Qo i e B PSS SS Bh e PRI e syt
phos;shnsesqu@ N& a7§pbyf/mt tﬁuzcﬁbn@spm?hméow% Wberlaazln@ﬁ 6), tri-n-

s) is/are added to a solution of one or

heptstoapone (GRS Nadl HbiH): e chry PBESROE GoAS e od]igT3-4), trinn-
butylglﬁﬁpﬁlg@g g@\n@s-«f)@ i 8&93}1 @BerpYun%c(@A% Né 263L5ABP/t8-1-naphthyl-

e of abou low, a syringe may
phosgilone (G753 Mn3éd1 bd83 edtrmbﬁnxlph®plpu¢ b@)&% NoI G93sTn@).
enbodi ments a punp nay be used to inject the
[005dhZEhe aepstips )mixkyre sioniecatadh i ardimee peried dhafl Bogtheisnt to allow the
r
formétao/ a((f‘othgg,? a?xdas%géogl E‘gﬁ‘g&gitgppg g+rﬁ§é%%e i‘geen%es dreﬁgenod of time
may bdéetemnadhebysiing sthndard te&tinilqdest zugﬂhlﬁe in thyartadtle popgrdse of the reaction

T OIRERIEX DT O e T

react®ROHSy bé RagREBE FHOSMyEEsiIRd tpbhbdtdf&lrﬂ@trahglﬁg fromt ahmseconds to a
or the respective precursor(s), and the chalig en(

pluralifyeo fguese BN & fPe FENHES, I8 9 o TIPS a2yt ) f,APQKt 15 minutes,
to abl)ﬁ‘tej(gﬁﬁﬁltéssar to 1 AMBLERY nliRGtes. eWﬁEx‘leésﬁréd(ttHé featGorl R ¢¥Bkd out in an
Int e enbodi nents. [0050] In the process of the
inert atmasphére.e hetheeamen@nofng@scwlet 4rg npyreppfdve, peaitleapt npg reactive to a
[ ex e
ot G SRR o5 o AREL R 6 v
atmosgpherd aré_ﬁﬁro@eﬁ 0r ahaohlt ghOfick as hrgomoahdmm 150 0C to about
300 C, fromabout 150 C to about 400 C, from about 200
[OOSI]CTymcailgothb 488108 Gnixturents adblowted 26 0coGl boceabivusel @56l @merperiod of

heatnll % ﬁlbee ?%?ﬁ‘%‘b %}qgtél?eeltlsg Pr%%g(y ATI?cis Q%Tneg%% ﬁ %ere (g)n%gitnin\éenanocrystalline

composite may then be isolated.

[0053] The process of the invention can conveniently be used to prepare nanocrystals, including



10

15

20

25

30

35

selenium is added in a formsuitable for the

generation of a nanocrystal. The respective el enent
woreapolozo4aclded i n any suitable solvent such as P@F/SG2008/000290

i nstance a phosphine, e.g. trb-n-octyl phosphi ne (CAS

... No. . .4731-53-7 I = N-nony.

igh G Bndyn G, I g epRe Els AL B ERS R AR e oods known

in thd At é'uch@syd.glhﬂﬁ@iﬁddan(mﬂ)@/osmﬁﬁﬁ t713 -idyentors surprisingly found that

. tri-nbutyl phosphine (CAS No 998-40-3

using;the pipcpgl (g}p §anhé C?QR@lmaix@%rgstg ragvjer than a homogenous alloy is

formdd” TygicAIRPN MR RASRIN 08 i EhSshied L is adkBméd 1Rt the difference in the
trip enyI phosphi ne (‘CAS No 603-35-0). [0051] The

dynamisgeaction rai¢ farihecdre: and sheethell-grategialy Gausqsdhe foamatina ofjthis ComPOSIte

I t

s SR Sl PRI TGRS S8 58 depncing on

the sqaﬂmgcxdateﬁal‘smsed theyndnecrysthbinaicosgosisd olpfaimed otz ohethod according to

o BB Ta Po FE A BB  SRP lBons

the f&hﬂb@ﬂeﬂﬂ&xﬁl%ﬁsﬁglmcﬁ)@dSeL(thls; se/Msm (g) gldSE/dCd'[f}gSeAx/CdA and (3)
reaction may he carried qut apy desired per

Cdx/36yM1-x/ A thepssfirmiias xdsemneug Bom Geuh 2pet fm aBout 0001 o

abouth@'99§ floff laHSNG.0R hexwolt YL Sr fRord-abduD. s td1aBbite8.95. In some
about’ 10 to about 15 m nutes, to about 30 m nutes or

embogdimegit it may bei areungs0.Shethe @irdi schematioally rrsasenied rstjusture y is any
valuecf%ntl IOetg 1O %‘Scﬂ Iy I%‘m' a@S{nto 661 Sﬁi&‘é{ 8’999 fr‘om'a‘BoEtr@?l gosatlbout 0.99 or

ence’o re not reacftive, or at
from abdmt rleatt aboat O@Salmmmmnthndﬁnam gnmhay bé adouné §r dn thes structure the

: e _reagents ol.ve eactiv
ratio bV T POAPNEPEeGT Ui PRYST B e et P E Rl fom abou
100: 128oG®Bu O : 1b(elfr¢1mab{nm5)21] toTabpuc ) 1|0yortf’ﬁﬁnrabalﬁ1t5 Do abodt Ut £ In some

is allowed. to cool qgnce t felected time period of
embodungnththerplio plgymaybeproungdrlel i s passed The formed Cd
e. cont ai ni. ng nanocrystalli oste

1005 le oG B e P e S AEe! B OR W BT T conversion
of thE QBN ﬁBﬁs'eXtrbxﬁell}}'S@ﬁy With RERPEdbe flastesdelsd mtemsity being retamed The

i ncl udin ht emtting quantumdots. In this regar
inveryqrs Fgiep fesapdicatans A EF 8 e BoGEit ol BB RS HIS with

partidully3drhall 8816 reBitive 18 thdGRA! ekl fRm¥® RARGLORAREZS. to RSound by

invéntors surprisingly found that using the procéss of
theory Her¢ areandicaiions thabapwsile & faamescheywec the geneand tthﬁasrlileﬁ (Fig. 2). This

mantfg:ol eg'e&%usselr\aél Léj ¥ llclt%’lcé ﬁ{iﬁqﬁﬁ{; der-q?'a%'sﬁ’ %l’ll ll?e ’flg§t 1an thd reﬁiuce the lattice

nan crystal is core-s sune
mismdichfpeotdammewhich uheorﬂlymmfmrccmeaﬁtqnahcqratsbelf guantume dotsr -1s assumed

and t eII nmat.er.i ca mati on
that o) BPRPRCR GR YR HEA Wt R I o hg B Rt laver
occuYdutiAg AnMedlingi cfathé aaﬁoosysw@%eshhﬁblyd@ pendilleg lofer tid formed, which
starting materials used the nanocrystalline conposite

matc}éﬂétbﬁﬂh@é cpie andias st Rl HgCe P?‘I"‘}@eﬁ‘ﬁ/ent i on nay

e one f t he I t t .
10053 SN Ent vty ¢57 e BERER SHME G PSS PGPS THRD Syiulhe shell is of
largef tlﬁcl&(%%%%gg the Mb1eSAs Mﬁmlus(tl%}w@@ﬁﬁﬁ | theXeoREd¥a ﬁz@d)@rystal formed

Cdx /Sey/M _XIAI v . In't ese fornulas x

by thgryfocess 0é the grventiqromay @u@iﬁa 24dthr (8 sivsngten) oo 18 nm, including
belov@?% gb@gt g 6$hﬂgq)lg%elgrr9 glaﬂcﬁ:r Pﬂlﬁtla S5 Pwidth L dlameter) in

about In son¥ errbo I ments x may
the rage firocth ghdmt 21t abdweg SOhiny, uste hefremi abair §/tqoab@slea@ em, about 6 to about

struc I s.any, val romOto suB
15 nep ot o Fo 15 o Mol B Sty g B poout 12 nm.
Diffen®9iz6§ of cores and shells can further be formed by varying the ratlo of the metals

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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fromabout 0.5 to about 0.95. In sone enbodi nents y

may be around 0.5. In this structure the ratio of x:y
woreopolom4ady desired value. It may for exanpl e PEr/SG2008/000290

selected in the range fromabdut 100:1 to about 1:100,

selenubn? Thd ?1% %colng ‘chalkd mage%ﬁ%g(tl s?lch%s &rﬁ% lﬂ fg#ft 5:1to

n-so odi nmen e ra 0] may be
r qund [ ngac
(005§ AR ndred inl BR°Togall B IR LorhARAL UARBATAN %*f‘&med without the
requicenane fof isepuraitlyt foemipgafirtstiancdrt andesubsaquentyy ﬁasyng\natslhell Rather, the
reasonabl e fl. u res ence, i ntﬁ nsi. t bei n r et ai

comiCR D6 ARG Fahrit RET O WAL BT PREE JSPHG g (e invention.

AccobdifgI§S Guadhurh it WY tere-shall @etipteiealsh bé Fdinied via a “one-injection”
parficularly small core_ relative.to the shell, can be

apprqash rthet. oRfgrs Hbe OPRPEHIRGTaro(epey Bed iREXp§nSI ¥R gPgsst predection of such
cun 4T BT R o B0 2, R LT DS s composic
e.g. gewbelhzé atrmcammlrcmapwarlataet gport heatiigt iseeh thgt me"hdnaggenous alloy is

yee 1 he | att | 0
fom%(g &R% Clatl%% AR alfg]ré%e:ragg%cﬁe(ﬁ{g 34&3 ﬁm got sfS the, invgntion. As
notedstswsEttledeaho@ysals dorsied dccaidingab uheeprosess of theahilgntlon are in typical

embqulg%g?tg ﬂgg?qs{:f‘gl?g (égqah%goqm ii?(ﬂ)éol;%lftl g’g‘? t§!§n|( @'ug%e adgressex as quantum
dots. H"y?&ﬁﬂﬁ Be¥e Buadth ddtd Mored¥veh $n WRAKTBSbm WhCWitAGtCMg additional
~both the core and the shell materials in |attice
excitpizgnasasresr 4. dsged Gpoasrace gaision warelepeatiy of hetr guanfign dots can be
selecféaeoap&(l)&: aoc.fonreE}tﬁ)h 'dﬂl\éex‘aﬁb QFf tlllerm\éﬁlscﬁkeﬁ he Fstlﬂglr!md 8f @fdmium and
ar dger kness he mant an ITlustrative
the neotanidl Bl,chtah eZlIUD('See @fg 51gl ahpand/et by Vﬁmr_rmdlebytlo lo€ selenium and the
secorg{ cgwgctoger? Ilsgt&h g %ﬂﬁ\hg{r‘l Or{as}ﬁéﬁ?, of a wdth (e.g.

I'ncl™u ng bel ow 5 nm or bel ow 3

[OOSﬂrenAgnan%crgstal e e(%)ﬁgstllﬁe . an jé ﬁllooﬁ]g%)éicp({q‘d]glgttgtﬁégblq{’%}lth including
a phmmtyshlerhofae g rinmhalfait ob atxcarabmwﬂf dzﬂseﬂmpad&edmotﬁ thay be used for
t 15 nm e. about nm about bout
form gt ReHT GmHfine AEA0ESTIoR] Of ARBIENEE foch 25 Al Py iy andor for
fomﬁigzaq%h@gmqgﬁgae@m shells can further be forned by
varying the ratio of the netals used, e.g. the ratio

[0058Hf Tﬁacb'fbékﬂ‘s asyd thhenvertish Mas URIRthas iddlnda Iﬁﬁ&ir%’talb)post -processing.
the rati o of sel eni um and the second chal coge

yi ng
Althwédthe sr@eﬁcra%talts etped, By dhe upgsauet thoamsption are 8ﬁaﬁr§w at least
essedtﬁll%rg)k at feﬁg%ﬁrqo§t %nddﬁ%eﬁ@ nﬂPQ@élFeﬁ @89 a)t/‘et;e%erfo%ned to narrow the
wi t hout the requirement of separa form ng
size-distribution tfor exmrde embsw@@m §r afsaffrfrwigeaelrgh éluph tQOmlqees e.g. size-
e .nanoer s n. M u
seleci RIRRTo. aBERAH KROGh, (o2 ol TRftel in® e bt e Sl of he
nanocpyatal may disd de altérhd a‘ocmxlsmnemmatedst ructure can be for rred
via a "one-injection" approach that offers the
[0059)p posdmnerhpodiments el garmedystah éxptba plura)ty ﬂﬂ&s@ﬂ) fathedthyahe process
of thi: érfvséll{%l}h ucl%gtgfé? ig ghn(i_l%nu e [g/dﬁmggmg taﬁantétly H%{;tgg t:ggal molecule,
such GRILmSdebrig@tlsms h Mkt Waktidl€ MBpéBideNs peptold) Qﬂplb&aﬁ | gucleic acid, a
such that no honogenous alloy is forned upon r eheﬁt i ng

peptifgrscolassaichandss perplyeediegingn @Ofg@ewpmal@e%lg 8 S¥Rigic Polymer, a

small g%ﬂ&hﬁﬁecui%%r%%ﬁg above, these nanocrystals forned
ording to the process of the invention are in

[0066]3’ Phé ¥me "itﬁi%‘ijél@%@ﬁismt)ie@ﬁ’l%eﬁg eRtd ARt AFak!8 iy nucleic acid in any
emtting I1ght and can thus be addressed as quantum
possible configuration, such as single stranded, double stranded or a combination thereof.

Nucleic acids include for instance DNA molecules (e.g., cDNA or genomic DNA), RNA
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dots. Typically these quantum dots fluoresce even in
weak room light w thout any additional excitation

WG op02043A desired fl uorescence em ssion wavel BCys¢2008/000290
t hese quantun1dots can be selldcted by selecting a

moleglgésg @Cé)ﬁo IR 651?%1](5&91& f {hga NS ?]NR%\IA' ggrgeéat%d gsm% Hﬁclé(ﬁ de%alogues

or usi)g nacieit cmnd)yhermstyy rgckedenuckti¢ acidf meletens omam,danmproteln nucleic
such .as tellur.ium or

acidsRoes, (PRSI ST RN S ioet Bl R hyRtt BRgha may be

smglélﬁﬁ&ﬁlﬂil@grainﬂed hf thapresnt AiethoduElthisinRentéonpypically, byt not necessarily,
t her eof in the formof an arrays of degsel

an Rh4eREA lablt%mo%ﬁéylebwﬂhgedls%r&fc& ?ﬁ%c 20l G DR fig (MRYA, CRNA,
synm’éﬁé fmggrr?@ﬁo@fc mcmﬁkaéﬁu&% hpRS, 3 chlgchym@ﬁb? QAR and RNA,
[ ayer and/ or for forn1ng I'i ght em’tting devi ce.
ohgop@@e‘;g]des'hag: prrespsstiveofuctaneadich gy tfudirermaye ¢agtaimapn-natural nucleotide
sJELUHTRTGRENSS T 0 HLGPEBRAIE: o0hL PRUARIEHR e e aci
moleaule nggrverisdlatyd, anrickeals br peifedt The hycleic aeitl halaatle alagdatinstance be
di sper erfo

ST AT NN R —

sourder@SabY mamnfliad sach 83 MuriEa $l00d) senfdC Br tigobIMTHpURR]eiCadd may also
sizesel ective precipitation, are well known to those

be sygibiesipec eign by Hhe tHester methodsof yzesingan utemalss) S’M gythessy
al so be altered, for instance coqate %$
[006 Hi¥isay istestids analaghse s kapwh gpd 1rg s wied ip t‘&‘/‘cﬂ’ﬁe?‘g& gnd oligo-
nuclefoﬂﬂégefi’seﬁnyF E@ulﬁfn%%sasnﬁfocﬁﬁ?&llhr{y@dﬁﬂ)d&ﬁe 0% RO WVeRGort. A Bucleotide
nol ecule with binding affinity for a selected target
analogpe éscumus]eotide koriginingr medidicalagn aifpr mstaneq die base; pugap or ghosphate
mowﬁgso Ncgﬁi:’lcaglﬁﬂg tH% g%sgg?] t?' df?&lﬂde &tﬁ?ﬁsaccﬁmﬁﬁk gmcﬁhﬁcatlons of A, C,
G, and r'TdUgdlrﬁfeoenltrpthJd)@yranldthaeetsL wthﬂsymmll, 5-al, shryad))tanthm -9-yl, and 2-
or a _.drug. e ter C .
aminggfim: Gy L2 P & ool 0P o PYamupial Ry P R Blfer nucteotide
analogQédsdrve anymiPassli bises. CaniNdrgil lbaﬁdsQﬁcludéJ Ghnta?@}sﬂoltfghxﬁi 5-nitroindole.

Ui I o B SR i B8 Ltons oten o

be co(n‘ﬂ)lﬁed witPr Slanfd Q¥ Sar WY ficAIINTOUBCAS! 88 irfsBinbe 2'-O-methoxyethyl,
NA) , anal ogues of the DNA or RNA gener at ed usi ng

e.g. tp a@hle‘éﬁurﬂ@wamap@g@ﬁe%wb s u@rqqgedrﬂmlf@q gabibityd chemi stry,
| ocked nucl eic acid nol ecul es and protein
006y 41 rapéide enaysbersf sytheic eraim)or lﬁsrlmeé rirqang payrabgoysge by methods

well- ({}%Fniﬂ:th%rartsﬂﬂg I?ﬁﬁl'rzﬁ sBhicg! g?%?mg%a@ﬁn S&812€ hBan, blood, semen,

e stran the pre met hod of the
or tijsuo.eAt p@ﬁldbyplozhaimg/ a pelypeptidenmelesfonrinstgnceabe Rimhesized using an

autorrl:l)zli}léd ngn&%%l(ﬁ:@m hes{%gr lfﬁl?s(?ratlgﬁ&;aar{zgl%% %!fg; %&1@%@ %n antibody, a

fragnsqnlﬂt theteb€ ddMAa @ralapmieymerblﬂdln@l\l@admdleRI\Wh antlbody-like functions.

l.i gonucl e t|d A res ect e. nucl nmay . .
ExaniRiFs HaFr8 OB it oo RAPER T & T Bt e 4 e TBosingle-chain
Fv fr@@ﬂérﬁg (éaﬁéj deedict Qnélibd@ésf(MHdTey R ag aDrFEBS @b@l(wglm 409, 437-441),

nbodi ment's the nucleic acid no

decabogegsdSne. Bnft @b derrnat ofpfmmmp@azcafn@ezmm%@q;)ﬁéwf&—%) and other
domdIR 8t dfes y%ﬁﬁ ep§1t %&ﬁls%oz‘e o?t(960§)r oM@, Bgd- 149@)' An example

source cl’oni ng or tractiv
of a Ipydseindé¢epas ibomdingl e levadeu wath antlbody-hke functlons 1s a mutein based on a

polypeptide of the lipocalin family (WO 03/029462, Beste et al., Proc. Natl. Acad. Sci. U.S.A.
(1999) 96, 1898-1903). Lipocalins, such as the bilin binding protein, the human neutrophil

gelatinase-associated lipocalin, human Apolipoprotein D or glycodelin, posses natural ligand-
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source may be mammal i an, such as human, bl ood, senen,
or tissue. The nucleic acid nmay al so be synt hesi zed,
W@2@9/020436 he triester method or by using an auPORBGEES/000290
DNA syntheS|zer [0061] Many 18ucl eot i de analogues are
and c

cl.e .
bindifi 143 o 688 06 2T Bl PPy & STHARLIPYLPal S rgions known as
haptefi® HXasipled Ifothdieroteitrtédue fbmd%glmblldbﬁtels cée theasoaglled IgEubadles (see

nucl eoti de containin | ation at fo tan
e.g. 19W@agggé)at%ga§pllcaépngwgggﬁ%t iDEQtEis b aﬁf[jopltggta[ ydn scaffold

(Mosﬁh U]@ bage F%'te% Kcieﬂ@é gﬂ)‘@ﬂ@g ug a] 43300148y 1B} RBYstatline scaffold (e.g.
fications of A, TAJ, different urine or

1nterquom riiatking eapiplisaion thHQ4m4&thp pgogqms described in Skerra, J. Mol.
Recog]rxzp W? 1'3”1'697' Y§7’ A%W%cgns @éﬂ'aﬂ&q §hg AVinY Jbases @%%ﬁ)nﬁiﬁl so called

~purin€ or non-pyrimdine nucleotide
A-domaink et(hhu decuanad mg—ugs slénmﬂtxpis domaies sal sevesbsell surface receptors

1SRG L ST SR e, gt hom

domaﬁﬁd)tfhdﬁldﬁﬁlﬁ'ﬁﬁe&ﬁlh@dntzhﬁfﬂﬁee Bpe thiwedad be aiditgesedfot amuadglobulin-
onmbi ned with for exanple a sugar nodification,

like hym;lp,g o targgts (Gidl Jhe e&oD eﬂ&“@)@@f‘wfll pzrgO@ in leotechnology (2006)

17, 6?3:6% V?et%'e&ﬁf‘s H&?&%rﬁdrﬁ%éﬂ&ﬁ‘bcﬁ% hﬁ‘[ﬁﬁ@ﬁ&%@trﬁﬁ’éﬂceﬁ%otem likewise
stabi'lity. [00 Egptl e nmay be of synthetic origin

contagy lgopaiegioas lli rao@ntaoen tim slomagy thae cay beeangingered for desired binding

(ibid.}. ﬁ%l&g%légﬂ ghfbg% rr(%tae%}? ﬁ%z?l?its dz{rglohggw Qﬁ?/ﬂ%‘( S(%rges th% t differ from

peptl(llﬁphltﬂﬁ the mﬁeu@angisacqmmhgtp@m itiebeamidy rfigogannsitteen dlearbthe o carbon

T TR TR T T BT i —————

a mu@mhl éri &ﬂqiérmaalﬁlﬁt@rgﬁﬁﬂﬁeﬂnld% get ean®vwnpoUeianddasladek, T., J. Am.
lecule with anti body-I|ike functions.

Che@%?@ggfw(]ﬁ@édéﬁ?hant) anti body fragnments are Fab

ragments, Fv fragnent Iggle chain vfra

1006310 Yortas ARNPHES A GRS TOfRt Bich 3 an SR (ag may be used
to 1m5§)%§1§-eetth% r@gpoe%ﬁ')/e Mecu‘ﬂgﬂ&fbﬂl&i 1ink# a{ﬂ@@k)efn 8515636%015cule e.g a

et al., Journal of |nmunol ogi cal thods 07) 318
hydreggrbonbagadd (mplwérngd eﬁmwnahtmﬁswlasthqtrmdudeﬁ rytrog@r, phosphorus-,

sulphﬁ% car &Fnﬁzﬁa pr ot ggg&iohalggg'ggogpg Tor al'?mm%ﬁdthé}_g% As illustrative

I haceou ng nol ecule w
examah:t ﬂtecsdgpcted lSBrfﬁWImBY mmlsudes far instamierbebagted woith, & brush-like polymer,

for e)%grlg%fg%&p{hi %16 rtogl(a;tf sha am %allan[P bgl‘rfm}ilox ﬁj\fsoe%ﬁég %gggﬁclg%e a polymer

that id&&fes hY2Bh-like meﬁlké isr, exathle swhnef friafting. hinmdi fogexample include

ﬁlnctq%;’l%t@gé}rﬁs ll;ﬁa?g]llﬂqgg)a ﬁ}foq%ld%lrag hl l eerlggtl &31%}%@8@1818 f)hexampqe amolecule
such ROSSEoteIRt Amakleld SaAdRbIBEIIBTa PolREcdhBAde GRAnheombination thereof.
nodifi ed so that they bind to sel ected snall protein

Exampisgi efrisrernestive Bchenstl grip ipglade | bug agrnobdimdted to, an amino group, an
Ssté! i £al Iph
IO S4FSSADLE o, A LS50 LHRAE, AU g
ester, M@/ iBBEY O3ter, prsdybhaisiebaxseplomde taneazardine, iarphosplidramylite and a diazo-
alkan%l\/bsaw L.K., et al., Protein Science (2004) 13, 6,
435-1448) or crystal line scaffol d (e.g. internation

[0064ﬁ aﬁ%ﬁ&lasp 81" gaak‘}gl?lpy %C%é&??lél? ﬁ%&%t 1‘%1? {e?G{;Slilggﬁ Cﬁl'nﬁl%%henol or

digoxAgtact brigohxit&ﬁrteanﬁ@lyhleﬁdlaad aﬂV immosoglémiliverdonmant aialtose- bmdmg

e S ot RSB uBh DAL B RO et

the T9 eglt@e @l1a- SexBMeWPﬂr Bil mﬁmmmﬂwéﬂ@l@ﬁ)mzﬁﬁ)se binding protein (MBP)
6-1561). Adnectins, derived from
the HSV epitope of the sequence GIn-Pro-Glu-Leu-Ala- Pro Glu-Asp-Pro-Glu-Asp of herpes
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domai n of human fibronectin, contain three | oops that
can be engi neered for i mmunoglobulinlike binding to

wo 20090283 G 11, D.S. & Dame, N K, Current QOoPCIi/66G2008000290
Bi ot echnol ogy (2006) 17, 653-158). Tetranectins,

P N S——
Asp VﬂCFfomﬂ)UI\ﬁLMIaI hat“nBan epitopergitieeimdription He®r E:eldyc of the sequence

bi ndi n whi ch can_ act, a te
Glu—@lnglawgeu-a? é%htg@?%?iw)or@w&ﬁgﬂ&c Igotide T Prh att gligopucteotide
tag ﬁﬁ?tfoijQEsthﬁbet Bat udelCtoS hYBridib@ith s 1ﬁﬁr§mﬁl‘f4€8dolﬁ%nﬁlbﬁotlde with a

am de nitrogen rather than the a carbon atom toid
comrdﬂeexttw ssavdnger Adhghermxamplepba élakélg apigto tshay antlbody, a fragment

theregp(grl nea{'%{%fql ?é}ﬁ% ﬁf}dl@q?fégﬁls I&?ﬁ]:aélﬁle)g%p ﬁ%ﬁﬁ@ﬁ@s‘iﬁé also agove)
o35y gl R P25, A oS BIE rins

compler with asmcwrbasnlaA athibititilistaagaaregyche compdurtdcthat includes glycoluril

unis PBRYY 2 bl SERGE oS B PYE 0GBl vt an
forméldatgldéd Anacpityiiatil, QCBIB)) ket écludes ni g’l?&dldlelSumts typically has two
ni trogen-, phosphorus-, sulp rben-, halo en

portalsswith PREF YErade gﬁrberaé BrHPS Vﬁ&ﬁ?ﬁeaﬂe h&aRony! euRsy cucurbiturils can

bind '1J)ﬂsu§{d' RloleéBles R Thlefost. LA ars AL REhEF: SktnhFE QuBiPdrS1t[7]ur11 (CB[7]) can
i ncl ude, for instance be coated with, a brush

fonnwoatsqmerconfptnx with figrrecengmethylammondyng er @ﬁmmylamn@mum ions. Either

the C{lénug? ﬁgldrﬁ %& %Efegﬁrcg%%eﬂEEﬁXm S?igmjl ?1%& %g%g?rcp}féﬁlt%g%é\%@agéule, while

the rgnahinigivinding parter {og. fenraqubmelhylahumeuﬁmrmtcuanhit[7@mrdups)ectively)

a I low faor,th ent of . )
can i e i el ot S ing e BT ie i the sy them lead
to andinithiédiBdatiod ®f thaBibocale. aumioyismahm[nqi @nids baui to a gold surface
conmbi nation thereof. Exanples of a respective

via alkgaethiclpas hayo iy AanSRIBComEhowe} 10 FRSe | AnnirPBgbifigatiognof a protein

carryp Q@erﬂfceh@metﬁﬁaﬁh%%M%ngf(H%n APl JIAAUBReR. Soc. (2007) 129,
car boxyl group, an ester, an anﬁydrlde a sul phonat e,

‘H70&H§m)phonate ester, an imdo ester, a silyl hallde an

an a2|r|d|ne a . phos hor ani di t e a
[0066j; Eﬂﬁ%ﬁrl@éﬁéplef obshpkipg awm%sn degputzpre nef Wltftdat@ an oligosaccharide,
an 015 5%115{% bidHh, ﬂﬁﬁro?ﬁéno’l 'd%&x@ ntlrpalhi @Heﬂwl cRi1i¥ot (FPh&MBlow). As an
goxi geni n, I dine, pol yhistidine, an
1llustrammmzxgﬂnpmj Iaumsmtmq metakghelatos whdlﬁrﬁghmr@ﬂ@iﬂnne ethylenediamine-

tetraa%e{’l % aat fc]i F%g}:.ﬁ) {{@@éﬁ e'rgg%?l Q %tﬁlc %W%H}IT'AQ '21 Ml%tmammepent-

aacetﬁoﬁhcﬁd @ﬁPNﬁtNMbwGaybo@ymeﬁEyﬂg@cmeMblse @all¢d nimmlotriesetic acid, NTA),

BRI NG WA SRR NC T N

panol) @fxﬂl@ﬁ}iﬁ)m PYrphirfeUsr Ietnyes fiay MeQised bh c§§é§ vh%i’@g@ tdigenindlecule is a
HA) epitope of the sequence Tyr - Pr o-

meta ¥glanmxgmale ERIA Jgrans a ¢oanpley @ntherﬁpstt dﬁ@o&ale{lﬁ divalent, trivalent
and %‘ir@@%&ﬁt' IBE'!&P rﬂorfsagfléﬂ' ad e’y %119& (1{? ); S@:ﬂé‘iﬁﬂlc €Ca2+) manganese (Mn27),

Ser-d u-

COPpeﬂ ‘i(@xgﬁ)sl (!21106(517132(3L ;Y Mg]t (@m}f‘h aml z_)tcpgmnu@réﬁat W@ée lBePgPWay specific for
ca* i g eRBEEmage s Eph B el Shiifiet § £ oI Qi Bdpective meta
ion of ketd ﬁfnsebéﬁmm tBe Hﬁklﬁg hioliﬁ(y ISgche Iceﬂnyleles ﬁm emmlblb aagceptor molecule

o e R L Bl SEEBE5,SHRSAS TSRl Gy s

exanfplé, Lh@tﬁﬁfard?mmd%s@a in tHekdrn tH@ E&hiétlbﬁ o aCde@ipl® bétlviebn an oligo-
or ‘a noiety capahle of form
histidine tag and copper (Cu?™), nickel (N12+) cobalt (Co?™%), or zinc (Zn2*) ions, which are
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conplex with a cucurbituril. A cucurbituril is a
macr ocycl i c conpound that includes glycoluril units,

wo yppozl4Bey sel f-assenbl ed froman aci d cat al yzec/SG2008/000290
condensati on react| on of gly@® uril and formal dehyde.

preseplecci% %balnts bR elﬁto(' gﬁ“&%ace{ p?(t.ld \&Aﬂ?ﬁydes n glycoluril

‘pol ar ureido
A b SR RO HOTY A o
nuclefs a@d, o1 hwﬁdtrxﬁtomanmganmhfﬂayem adfrgold pdyurd bmpraa[ed](Shwmker-Parry,

1. AR RSt o e SR SR B omotecu

may ®edocdlIBf H@;S‘(ﬁﬁ@cmi‘é Byb mﬁhﬂgnelﬁtﬁoaﬁbnﬁbilaﬁﬂf@dsobpy,afor instance via
bi onol ecul ile the remal nlg bi ndi ng partn

pyrroiq;salpgsweﬁléﬁ%éqqpmm(ﬁ gk otine bo it il [Efgaioppalysis (20‘55) 17, 495). In
other 80 GRORHhdn¥ S iy %arﬁgﬁl Q@ m&ﬁoﬁcﬁl%ll? & hﬁ@ie&‘%fdaﬂﬁ blomolecule may
ntacti ng ecu e wth the surface will the
be ditesty slyothamsedmtm e $L§‘éﬂcc off thf lmmbtbusa.tmﬂ ety| fer example usmg photo-
Functi onal i sed [ t.S..bQu C
R s S e L B R
ohgoﬂllit:ld:dmieb bhlsslat:ﬂe(b Rudiceaarpdsafse icall@ntsolid phase” synthesis) may be carried
ferr ce | ammpni um uni,t ng, ., et al.,,. J .
out g cical 1CaGRS LS, el?ﬂf%)ée%&flectwgléwcahﬁlﬂ&lfmg step as
descrived i) ﬁgeraﬁd & IS0t (WAL YAdidhC RusbarcHOE008) 83104, e125) may for
limtedto an oligosaccharide, an_ oligopeptide
mstalmeoltq AmpHiyed (P Bt ABIPOSEi Ay sRitahle |ekcgﬁ%wamﬁ%tsamthws has also been
l:at | bl \iSht-
i GRS 819 sl EREP R ho0d5y 000, LY SHASLINBUBIAE | B
synthemhy)f erbecinaletulet ot ragtaciariof aamiclei¢ BOTANoleeulpyinelnding UV-linking or

Gl
light g?P}e/ePﬁWé téi%&%gﬁf‘%%‘g ﬁ%baea‘“f:ag ‘f‘@“&cu d (DTPA),
[0064}' bl Siecufeqﬁ has xa&gkry?%nn& fgialiigle&@i ltaﬁget molecule may be immo-

ri ace 1 C ac
biliseld, o?,l-tbe ﬁém)caﬁtaﬂlzobil emgomyarst Aane ilNysitative &kampde, ranadigd+ ar polypeptide,

o AT e SLTEL 201 BROBATCL G028 SRk v«

thio- éﬂi’ér%hefdr%x@mﬁﬁ:t@ uélﬂglm fimcAtnAdsadEtiBls. KBY Auitdblértnodecule that is
ex with nost nonoval ent, divalent, trivalent_ and

capalﬂ@gF Linkapmnanestyatal piothe Invepiéen teq reolgeule havjag a pedgersd binding affinity
C
may ?élugéctjm 1([1‘[?@3‘(?' ilise féﬂg;@ Z(ﬁlga gll%?%cg%s:tzblmﬁ(gg ?fsg_a%&‘ %"()nﬁn'ld'ti%ﬁal) linking
agentBABH As c@ylsbdunﬁhzlammoc@émdumldenNs(dn@n@nm@ayldéﬁnsrcapto -benzamide,
LAl &hsl
s RS BB BB SRR AR, Bty o
pyl-niakéigtide, oS8 rinretbauypil @) propyl- bydre:?ﬂderpiay ba usat @piooto reaction with the

nol ecule fo ti de of defi ned..se nce,
linkiigeeat. SbF BETach oF DirebmpH o325 60 e TioHEror FIAALY bY pament with
glacifXA8RhRoactis ladiid &t drd¥id @ehdise drdeNméregptasdetit ?T(Blhﬁ which can then
formation of a conplex bet ween an ollgohlstl ne tag

empl@YﬂSll f@bw@ienclmszuglmgrwm@r ar(alhrt )n nkgomnﬁrr g agents.

Zn2+) jons, which epr ns of t
(006§ atigr T chs PRI B6Y Rﬂ%mm?‘é)@eg]wmta%a%wal effect,

partiildreRiaU s WRYndwbe H&%hﬁ&?@ %y SMHeq¥BEW NG non-limiting examples.
I mobilise a biotinylated nucleic acid, or a biotin

cont ai ni ng nonol ayer of gold rm be e
( Shumak e EXEMPLARY EMBO&INHI?NT %ﬂﬁWM) 76,
918). As yet another illustrative exanpl e, the
bi onol ecul e may be | ocal | ycelepalsi t ed, e.g. by scanning
el ectrochem cal m croscopy, for instance via
[0070] A colloidal wet chemistry approach was universally taken in the following examples.



10

15

20

25

30

pyrrol e-ol i gonucl eotide patterns (e.g. Fortin, E , et

al ., Electroanalysis (2005) 17, 495). In other
wepivosrent s, in particul ar where the bi onol ecRCESGH08000290

nucl ei c aC| d, the bionol ecul éllmay be directly

f ace ni t
T”'”T%B'E Pg @q?}t ??’ ﬁﬁb G4ct "‘Xq/aﬁ ﬁhl%ennn}?@ a('gt6? vtda%@ &> mAlexadecyl-
amin@(99 %)}J$Idcﬂiﬁb¢/eﬂhe€(Kmﬁ;| 9%}, NeEisysehb &80 $o)pfoleiciakidi (90 %), cadmium

acid r ol igonucl eotides. o cted urface S
carboy (Q3PPEeh o et b f‘?‘?eLQ% oty BEC e LR, %, zine
acetafésd99?)9e‘%zc§lﬂﬁ§; %Wd@ﬁ'(%’ SO0ty P sal&ling @b@%ésﬁthS 9987%) were all
el ectroc

em cal debl ocki ng step as descri bed
produetpetfardrich; Sedmien ex{de(0P 889; %&ofrw me@eoapé ﬁtrf%{i?wgés USA, and
the bgsAfc zﬁk %ﬁ)b Hgtéll{l%qhgﬂélﬁ@%?gcﬁ H@}F% regs7|”§) §néass, fg m Lancaster

Chenh%sn Adli itensaded arelfBm At dnth \aplpAiRegademf RuBity.
2006/ 0275927. In sone enbodi nents |ight-directed '
[007Y yFiehgsintumflota apé prephred uh @ nonrwaterr wolsnt aithdfiglabeiliog pout, e.g. 1-

cndfef P St BBk P R G 05 s o

metalBMre&is) @dltdumls@ d&o@csginmlllo&,gb 8f lZn{(Dc}j x Sey %Iaca&d/@ctswcm (cf. Fig.
target nolecul e may be i se t he .

2, A ﬁa%?{é‘ﬁwpap%tab?le%‘ﬁﬂ)t g (IS Asfle&ﬁteﬂawé%%a? By &4SxSfprbin case of

three-@Bmﬁl)hte@ quituRUND PR ASHE comPhtaiel Hiksaf B1RDRPOhénee quantum dots are
moi ety, may be covalently linked to the surface o

prepareskfoliewiog alsimijqraparoagh. dhe cormingasats vsest toeo)aaﬁmt@thwnglﬂy energetic

iQl

SR VR L AP LG ot

readiliyrdispetsed in hon-wateplselyete, sualy amgemns,sihhubﬁmmmmhiohg:ne Their water-

ot e RS A SRt B APB Wy by sty

m1x1@ﬁ8ho§-hkﬁﬂﬂer&ﬁ1aﬁﬁ1hy ot s6lufiBh hpfb&meﬂ @hmrdiﬁ)dhldmtdeene in which most

3-nerc zam d

am nopr.o
th10153ar5,§plh1g p B]th |Qfetpﬁl6)§9§l§1 a ng, centrlﬁlgatlon washing with chloro-

form, 3ml%é GQBE@MgQHWaIérrOE Bﬁ&é@ﬁw%ﬁa@e saldre( t i met hoxysilyl)
propyl - nal € mide, or 3-(trinethoxysilyl)

propyl - ipidpAgicida dTBYconfpdneatl CABEACAMSEMSEEL.IFKE. 2)i t h
the linking agent, the surface of the nanocrystals can

[oomelnﬁﬂﬁid bpsdac awo e;zsﬁmpﬁwb&ng neabAEet(e\,t OdQl @&kl 2hO, CdAc, and
ner capt oacetic acid n order to generate free

ZnAdqrek 4a1 oab L0147 SRS Ch Alhihesdepianiians Beer giccessfully tested)
in dlﬁ&\éﬂ{ &@ﬁg}k Yd&RRldgéh Md Besd anabsée “Qwe@hgﬁeeagr tA6fe Zn leads to

I Nng agent's. [0069] In order that i nvention
shortq:rawa\tﬁéengéadmwlomhde& Srstlyoreactell puth ¢lpicoacyd arx ORFto form a uniform

solutlgn 0\?21}1 o&ega & ta'ltclilflt))i rrg\?\n}{? gf%xgo{%@ :iénné{g{%l%ben@}?gﬁgl 1g§f§&srt 'cgs%g), a trioctyl-
phosﬂﬁm\éoﬁm MMSoﬂﬁler:HEldﬂﬂ\iEﬂ&'@ Aoz a)awaasl inje6@d Ofemperature

A.coll wet ¢ st approach was u al. |
was rRigHReR o RTINS BB e TP R B g allowed to
cool doWeRo rO@emperatufe vﬂﬁtsy{llgﬁm.ﬁ piHiAe M¥hERsté ?@Qt tBAHe fluorescence

n- hexadecyl am ne (99 % - oct adecene ( ODE,
emissjorEc#b be dmelyotyneg yoffl@ipb/ gle’qngm(gg@\e%no Ohdbe gth-r(mg cation-providing

matelg/§£ Wé)&n{ﬁ% a??g %Ssﬁaﬂm um acetate hydrate (99.99+

zinc o zinc acetate (99.99 %,

sul f UExa%g}é‘??f Pl(egé’fat?&l o@c E@d‘?rﬂé/’miej&g aPsh = £9.

% were products of r i'ch;” Cadm um oxi de ('99. 99
% was a product of Strem Chem cals USA, and
Materials:

1. 0.064 g Cadmium Oxide (CdO, 0.5 mmol)
2. 0.041 g Zinc Oxide (ZnO, 0.5 mmol)
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t he basic zinc carbonate nonohydrate (ZnCGO3*2Zn(OH) 2

20 97 %9 was from Lancaster Chemcals. Al solvents
wais@d/odss from Aldrich with AR-grade of purityPCT/8GZ0$/000290

The quantum dots are prepared2in a non-water sol vent

wi th high boi ki , ecene. In

general9 theylzggnslg?slagAscﬁ cjt\ul4|rO & Se/ CdVse/ Mse

(cf. Fig. 2; Wil &Od@eﬂﬂﬁféb'leebé@@ﬁﬁ and CdMse

denot escan al |
CdSe/ CdSeA/ Cd % %%\%Selel%gﬁl ﬁdl*opgr@@@ s Tl
el enment, and CdSeA denot es an alloy, e.g., CdSx Sei. x

[0073) Mitefi@ls 4 -Pfwdrd pRRed MMRAOTERL ehtadrhedk ﬂ@ikSeqlﬁ[EpeﬁDWﬂh thermometer
cogl icated ones if 4-conp onenetrguantum dots are

sensoprAfberrdegassuiy REIRG VEthsitOBe & JHRES, TfemEdpi Wy heated to 300

°C wﬁ? %H{[{ﬁ‘l VAR 4 CleRPRRT MAb Fest @Sluhbﬁ’ B NS IA! thén §Wfftl?91%ected into
e guantumdots is oleic acid or stearic acid.

the hcaseq@nep arintire andh therreahtion veasdeft sunaing,fod 36 punetesi(fram the start of the

e AR R eVER s, BB TSR AP GV TGt

reachéd roarrstlefnfpataﬁxré.l Shawidg briglitarad) quzmtmmemm (vathomndVdamg) Wyre obtained.
sinmply m xi ng the non-water quantum dots sol ution

(pref e St ot l's

e s gl el

centrifugation, washing with chloro form and
Maeerdiss per si ng in wat er or phosphate buffered saline.

Preparati on of 3-conponent CdSe/ CdMsSe/ Mse (cf. Fig. 2)
[0072] 1.n Qo3 Gahnmﬁc@xﬁiw()Cd@tﬂ)d)mnmok)vi ding materials

(e.qg., g nAc CdCO and ZnC3 2
Zn( OH) gd% %%I?lctq?c@eﬁ%gy ’e8M90 e been successfully
t est ed) 3i n.28 i @lentAda{0As4.0depehdi ng on the desired
em ssi on ve th, e g. n leads to shorter
wavel enét Yﬁéﬂ*gs %ﬁgecglre%y}qqgg{)ﬁﬁr eacted with oleic
aci d i n5.0DR2 ind. MdiSeleaiuwumif DTOM(TOPI(Rd, 612 mfmoBn ol eat e

salt m xture. At elevated tenperature (300 C in nost
cases), a tri oc:ﬁi/l phosphl ne (TCP) solytion of a VIA

[0074] Matggialy) -4 wsse aceg iy a ggj:e-ﬁgé( ﬂiaﬁke%qu&ped w1|th thermometer
sensoﬂeﬂﬁ’@tr &%ﬁérsﬁg‘f@%gﬂg'\ﬂhﬁhﬂ% ex{ Qis P 3y %?e mB&flrQrv?astﬁbﬁted to 300
eater ved and s6l ution was al | owed

°C wibolirigusntion Floomsnceenbenicss splsianiforedy ﬁg\mSotbsn swifily injected into
the h(?t:{]!aa{crtll ngmea ) %n& & :]1c§1%ggx¢a%t effé ptﬁ{mx%;ﬁy 0 ﬁgﬁ&%g the start of the

$SPONEan- 68 ngi n
injectioa), Befofe thiecheatea mtais rrgmoadzd Orhepreasticohi mix tnmt was flrther ‘ﬁmed until it

T I M TN T .

obtaifkd064 g Cadmi um Oxi de (CdO, 0.5 mmol) 2. 0.041 g Zinc
i de (ZnO 0.5 nmol) 3. 128m_(]eic Acid (OA 4.0

Seben breRermlsiionh Usioad U thdag i
[007§h Ing 1§ﬁgpr56ﬁ;bq ﬂp cgtlc?n-growdmg matenaln eC ) é&(? %EA%Q gxllcp 83803) 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 matenals (e.g.,
TOP/S and TOP/Se) in a different ratio (depending on the emission wavelength desired, e.g.,
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 materials.
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sensor. After degassing/purging with nitrogen gas for
3 times, the mxture was heated to 300 C with

w@ 0002038 until a clear and col orl ess sol uti oPCT/8G2008/000290
5 vvas then swftly injected i23to the hot reaction
mxt and &‘Fﬁ) reaction was left running for 30

Two gx E%arfﬂ"(?ﬁt &'start of the injection), before the

heater was renmoved. The reaction m xture was further
st i r Eramplat3: IPréparatioa ot €l Se/uiS), S pitESaCdr & Se Shi:Aidngd).45)
bright-red quantumdots (with no UV | anp) were

MRt ded. Exanpl e 2: Preparation of CdSe/ ZnxCdi
-xSel ZnSe (Zn: Cd:Se = 9:1:10) Materials: 1. 0.013 g
Cadm Uml()('()dQS(gCéQimﬁmilOmétd@ 18989 Zinc Oxi de
(ZnGQ, 9 mol ) echC|d20A 4.0 mol)
4. 12 R 1138 abddpicaAdg(@Ae4Pammpls. 1.2 nL 1M
Sel eni u) i N2 TP (GRS letichoTOBE) [0074] Material s

1-4 were placed in a hree-neck flask equi pped

with t hér mO-Er Bl 1M sylfpr indfQR(TQRSEsA MR gi ng with

ni troges gassd ML, 13\4tsler@ﬁﬁlmtrhpom(t<©ws% 9as niiggphed to

300 Cwith stirring, until a clear and col orl ess

solution fornmed. 5 was then swiftly injected into the
[0076]dMatedalst 1-B rwer'e yilaged, inan §0 trhe three-meclo lﬂavlasqllliplbetd with thermometer

sensqrr;lxgér? (ﬂig%%)s{n g]ﬁng l(')%l fg%ei%‘gngats &%rsf {irgl%\}lg%mg T¢ was heated to 300°C
with 5@k @itil Bickdabl hid wtﬁﬁrlédd lsbl€ibn $drivied €A miRturé of 4 ahd 868 $hen swiftly
roomtenperature. ght yel |l ow green guantu

injecieginta wowaptmlangﬁeanéﬁt%teﬁewn vesdgfhruan) 0535 minutes (from the
start g‘f ﬁ:lg 'ﬂg@vﬂﬁﬁ b, Hefore/tidiRedr GR réfbved e re')a):U{(uQ hiRturd Wad firher stirred

a’HB cati on- providing material (e.g., CdO
unnl@d/n@azhedmocmcr@apena@r«t | Y silow-grasa cquaditum detso( itk nec Y jamp) were
obtai to forman cadm um ol eate solution. At elevated
enperature (300 Cin nost cases), a mxture of two
TOP sol utions of anion-providing materials
TOP/ Evemele FOPYeBEIPR OACHRY/CEP SR /pgs.(gdz(sdéeper{d? 48 06H)
the em ssion wavel ength desired, e.g., nore sulfur
Magertids:t o shorter wavel ength em Ssi on) was i nj ect ed.
The reaction tenEerature was mai nt ai ned for 30

m nut es - bek B8 EpdmivanPaide(qdOr bAvwma and t he

sol uti on wasy@hi QR A&d‘%@@' 4@%(); 0 room tenperature
whi | st vigorous stirri n%ﬁh%@ ew test s suggest that the

f | uor esdend@ mhilsQ@¢tadecy ef(Ok¥)y tuned by sinply

changi ng t hegod AL M @fulfhhﬁl POP @fop/fs%w) g5 Rnol)
materi als. Two exanpl es are given bel ow, Exanp

Pr epar afi o %km@d@éls@%}é%l‘- WE&@OE’@? @4§énm°1)
1:0.45:0.45) Materials: 1. 0.128 g Cadm um Oxi de (CdQ,

[00771]' Q/Ia?grrl%lls) 1-23 w]érezglag!a'd 91 aISB Aﬁltgre(e neck Ahag)k rg(q;?lpz)ed with thermometer

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)

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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3. 12 nL 1-Cctadecyl ethylene (ODE) 4. 0.45 nL 1M

Sul fur in TOP (TOP/Se, 0.45 mmol) 5. 0.45 nL I M
w@ei0enr4se i n TOP (TOP/ Se, 0.45 mmol) [0076] MaREr/BGLH8/000290

1-3 were placed in a 50 nL ti¥ee-neck flask equi pped

2nn oA Gl SRR S STEESE AP e s

emissiGi Q@ve\!lfeﬁéf‘ih Sd. g [ FloR@ ZnUBdds|to 3h6H&ak aviéhgBObiRfski®S § are firstly reacted
solution tormed. A mxture of 4 and 5 was then sw ftl

with ojgieeeiddini AP thBrmoe YnHaER| sShtignxelui Olegifdsalmixture. At elevated
tempergﬁl?é '(33(?) V’ﬁslnl bt Edégﬂ) Qgrgfx%re%}" ﬁif&‘tﬁ@ﬁ s61LfioRY 5P &nion-providing

e injectl efore t heat er was
matemzdsm(\e@d, TORES ramlctTQiMSﬂ‘n ut 1 @liffersntf mattdwe(demndmgedn the emission

wavegqﬁlght ([lﬁ%ra gé: I}ﬁéjr{:[egﬂ{n Itﬁ%?%p%rs% Her wave %@W %@%@(was fnéected The

reactidn tElhppAnAE wWal nedintaihBe/ o S) Sﬁ]wﬁeé Gﬂsﬁ)réﬁhle Beabe was removed and the

solutl%ngwq%?a&())ve% to %/géle | arl % r@fl)ei %m%é?a(%&cﬂg{nb e%{%(ul)sdgné%% few tests
suggé'ﬂ— tli]a‘(t ¥ tad esskl bRV QX&IQQE) qﬁ’antlﬁn @tshdan! MIISBY prepared, though the

OP/ Se, 0.45 mmol) 5. I M Sel eniumin TOP
tuning vmyesblorecm@emswr{l@ew«} cmrlecrareéh Anpxamplerie Siyen felgw:
in a 50 nL three-neck flask equi pped with thernoneter

SeNSOkxanfpié 81 PrepHASST MO ASEFnNGS W (d:2n.51egen 1gas: If§Hr
3 times, the mxture was heated to 300 Cwith
Muitdérfald:ng, until a clear and col ourl ess sol ution
formed. A mxture of 4 and 5 was then swiftly injected
into the. h@OlB@ﬁadmimnnOxtdar(édOaﬂdl mnel)r eacti on was

| eft rugni or.30 f e start of the
i nj ect i rbg%féf%%lgctq?éé]%@t ég) S{/vas trlem)ved The
reacti oA. mle&mE@lesAmd(@A; 49tmmpBd until it reaches

roomte e %E %%@eggl%g}y enelfbtlﬁc‘}am umdots (with no
’ t

WV | anmp eparation of 4-conponent
Cd/ Se/ MSA (()c@m;m M St fouot TOR (808 (Heef) th@O8] In this

appr oac t rovi rd a . g., CdO and

o e o B, f/_@ge i 18R TBRSE Q%Zﬁﬁ‘&a)z 2O in

di ffer ent ratl os (depending on the desired em ssion
[0079’]I€I\deﬂeﬁﬁllgtlh4 we@. placedria 250 mBdhreeamesih dlatle equippe] eithtthermometer

sns§ AT b RGeS, Bhel Sy S o 00

°C whth sﬁheygatlﬁql h IdaehAd LbRrie0DIEEidnfoimed. AahikEjre ol 5 and 6 was then
m xture of two TOP sol utions of anion-providing

swifthyginieeted |iato the bot reqt@op quiztige, -pgb/tlg‘eljeaetrpnawgﬁ lpﬁép@ﬁ@g for 30 minutes
(fronf fifel Qark SERESD &Qloﬁ c G $8hteN WARYELENG e §eAdtRH  mixture was

e.g. nore su to shorter wavel ength em ssion)
furthevagtiried] wntil étdreadties ro@adﬁmpﬁawﬁﬁémagﬁmelomguam'umtdﬂtSh ewith no UV

lampgwere (g)otamn&t es, before the heater was renpved and the

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
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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solution was allowed to cool down to roomtenperature
whil st vigorous stirring. A few tests suggest that in

W@ hiog/o2e3e roonmt | i ght excitable quantum dots cRE@I/SG2008/000290
be prepared, though the tunir of the fluorescence

secorglrenpgivlsgn 1S a@pleﬁ?%&r ?qt ‘gﬂPQAﬁ@ gﬁtﬂﬁ_tl | Veg as the solvent

instedd6f GDESTHE q-uaﬂtuﬂn 8otd W@}ird\@tlﬁépaﬁlkcﬁ at 300 Ehrﬁ)@i’ad@ and followed by
Cadm um Oxide (CdO, 0.1 0.073 Zinc Oxjd

heatll(lglquQ) dogrgerofor Bhoyr tpga ﬁEuRh: é’if doygs; aespgﬁwe]qy @\lmg}g) process was
obser.ved %J%Ela%feaﬂeﬁﬁ%é %%Dm%t% E%ﬁle% .6 mL I M Sul fur

L IMSeIenlumln TOP
(T(P/ 0079]. Materials 1-4 wer
Pamate fiPremiraiaasy K«Jdedi?/%fbgé"dn\h OB IR 11112, An

sensoalloyiig st degassi ng/ purging with nitrogen gas for
3 tines, the mxture was heated to 300 Cwth
Mstéridld:ng, until a clear and col orl ess solution forned.
A mxture of 5 and 6 was then swiftly injected into

t he hot 1r 68064 @CadiniinuOxjdeg(CdO; S mmabt i on was | eft

runni ng he art of the
i nj ect i 8n)60%1e$zlfr{§%’ﬂ§ E}&Q’rﬁ§ % em)ved The
reacti o@. ni.X3 mieOlwasAtidr(ORAcH. Osrhmoi)ed until 1t reaches
roomtenperat ure Orange col our quantumdots (with no
v | arrpfr{‘pvéflgﬁolﬁpﬁf’%éla Al'l oying test with 3-conponent
room | i ghti.2xdi 1siBctemurarit TOPAFTOP/$€080mmbh) s :
experiment was to test if the core-mantle-shell
roomlight excitable quantum dots undergo an all oyi ng
[008 Y, Matesialsili4 {hisyprepmarmehiognelt i ap eyensat P Spatigrads) d‘f?fe placed in a 50

mL tﬁr%glﬁgékaﬁégkeeg%lé{ple@Wnﬂgh&{nom&é? sLROP &4 fadr e Basdink/puBBn@With nitrogen

i ndi cation l'ayered structure
gas fordrtenemitiid mixthes Wis béatedhos 80¢) @nwitimsding, urdl a cleag and colorless

solutlg\l\%gdl fdf g fﬂl 2\%(&% { re:arllt sﬁ%ﬁﬁilggér %dqg !dﬁg g%t Or}e%élﬁi%%?%@l{lﬁ@he reaction

was fuhfing fat B@u&nmi tfr(ﬁn hhegitent offdhd infegtipo). The témpdratosan then raised to
o other materials unchan d. Th ctl on

340 Fofor B hin RO S B0 RS HoIP s S B SHoeryef N ES1ok fifhee was seen

even 1P{H6Q%9ex*abhr@ Qb '1ﬁk9e5s€&3 t®Be0luCtand BIOCB IR dtape ‘E@cﬁ@ﬂi téinperature
coupl e of hours. In thesecond test, shown jn Exanp

was pirtanedzat PEBCHM 10dHDi nedting Athes thegéamasshghtedegawemlon (possibly
from tﬂec‘ %(gg&tpfoogg% Tjﬂﬁe ét?ﬁdjmngﬁxtesshWE@ afrkd-3bloy \A@l%ﬁ Rew&dcooled to

ent ol  owed by heating at
roomdegpaeturéor 1 hour to a coupl e of hours, respectlvely.
Al | oyi ng process was observed in both Exarrpl e 7 and 8,

Ex%délemﬁ)ré 9&?‘0%@'5@/2@ ,CEX8BPhSe & TEPOPADAL z%rt&fse =1:1:2). An
Se/ ZnSe in 1-Ei cosene (Zn. Cd.

1: 1.2 oying test Material s:

Materials:

0.064 g Cadmium Oxide (CdO, 0.5 mmol)

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)

A A S

[0082] Materials 1-3 were placed in a 50 mL three-neck flask equipped with thermometer
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1. 0.064 g Cadmium Oxide (CdO, 0.5 nmol) 2. 0.041 ¢

Zinc xide (ZnO 0.5 mmmol) 3. 1.28 nL Aeic Acid (OA
wa2@emaBy 4. 12 nlL 1-Eicosene 5. 1.2 nlL | M SePE&nsanog/n0290

TOP (TOP/Se, 1.2 mmol) [0081]26Vvaterials 1-4 (4 is

re-warned.to nelt in an oven at 70.centjgrade) wer
sensdy & BEQIGHIS S BoTanE Hith BREER B 10 BEGT el R as heated to 300
°C wifhe EHivRINg! ﬁﬁtllsﬁrkﬂ@fr anff &(ﬁbrléb@gﬂﬁil&i(ﬁhgfdiﬂfew 0BoMhg Ialown the reaction
nitrogen gas for 3 tines, the m xture was heated t

mixtggdo LR tmpsratpte; fgnd rare theg addediio thegeactipn .ﬂia%l% s‘\ﬁer another cycle
of deg%eh‘lgy&ﬂp% ﬁgm Q11tro%em§aé’v?ﬁeern¥xlﬁﬁg vdkidnl NealeBit& 80 € WAtOstirring. At

ction ure and the reaction was runni ng
300 @16 88s thenuvaly fm@md fngo sheahot wshctidremiixtjieec aid the, reF¢ton was left

runmgﬁgg %1%{}1%63 l@ro o a{a?t Sﬁﬁje 1n?ec§é9)og IIlEr gﬁ‘é h’gﬁ@ gFoo(fﬁct (red-color)

fange Was observe

was t@hﬁﬂ@éfo!ﬁ&e&é%oﬁ\lﬁﬂperﬁmtmai aigedtatdd eCvias] ihmnt @he ¢adal reaction
) t01:;>60 0C and 380“%@ After tt{ reaction te Wﬁure

mixtyre showed,2 greqagolor wisp fevaggooley oM IBPRETAYT G dRliFating A change at

340 “€ONEicE bbBibly das aBRSYihg focéRossi bly from the sol vent)
t ook place. The reaction m xture showed a red-col or

g BreP RO ok S o 80 S SRS s 21100 An

Cd. Sealloyingtesty  An alloying test Materials: 1. 0.064 g
dmlum Xxide (CdO 0.5 nmol) 2. 0.041 g Zinc Oxide
0.5 mmol) 3. 1.12 g Stearic Acid (OA 4.0 nmol)

4.770gT D(20mm|)6
PR LIC HEXY Gﬁﬁ“f‘ﬁ“@éﬁ?(@é&gé o) hol ) [0082]
Mat eri aks A0B g\E[@(thﬁ@h(])rO%mﬁxﬁbl)rL t hree-neck fl ask
equi ppe her e fter

degassi ggﬂp&?ég ﬁ?‘tﬁ’r%gélﬁn% s for 3 times, the
m xture4vva's7(hg31(ﬁﬁ)(2b)rﬁﬁﬁl)c Wth stirring, unti I a

cl ear and ol uty on fornmed. Cooling down the
reactio nffg‘{’é?gif‘zz‘?%‘%}%%‘ enper ature, 4 and 5 are then
added t 6. t h2 mle bkl Sadenidrhas FOPATION/Sgridt merolcycl e of
degassi ng/ purging with nit rogen gas, the m xture was

heated to 300 t,. 300 C 6
(00831 AR 4 WK deced 4108 hehirgtiork etk SAURPSA i, thermometer

sens&nﬂﬂtepﬁeg'a%ﬂé/t)&&‘glﬁﬁltﬁ ﬁft?o%éh! 8¢ B ¥ Gmes GhéhiixuRswhs hewed to 300
he start of the injection nL of the crude pr oduct

°C withe gtigino pptilva scleaskand, C@@ﬂ@?sesotl‘ﬁ@nr Eameflo fophing dominyths reaction
mixtyf 3 E@dn‘? & O;\sl\e%fﬁr%o4%d f5%re @heﬁ Wged tU 'f?le fr&f48bn tAf@é? another cycle
m Xture s a green col or en It was coo
of degassimglparging aithmitrogen gas altd mixtere ovvathgn heated to 300 °C w1th stirring. At
300 °C 6 was then swiftly injected into the hot reaction mixture, and the reaction was left
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

[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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340 OC which possibly was an all oying process. Exanple
8: Preparation of CdSe/ZnxCdl-xSe/ ZnSe i n TOPQ HDA

W@ Zw/od3ce = 9:1:10). An alloying test MateriBCHESG208/000290
0.01 3 g Cadmi um Oxide (CdO, 20.1 nmmol ) 2. 0.073 g Zlnc

Oxi de Cc
mol ) E# iR oprapaféif@?é%d%ﬁ‘.%%&s% Zfﬁfﬁs%oé rm6|)
6. 1.2 nL 1M Sel eniumin TOP (TOP/ Se, 1.2 mmol) [0083]
Matarialg:al s 1-3 were placed in a 50 nL three-neck flask
equi pped with thernoneter sensor. After

degassi hg/Grg ﬁgdmmmomder(gg@n%agmpbr 3 tinmes, the
m Xt ur e, Wag, egfzﬁ]q RIS OM fbhotf i rring, unti | a

cl ear and co ess sol ution forned. Cooling down the

react i oA ni-3d mLOleis AgdPAeMP<nBmOlre, 4 and 5 are then
added tg tl'lemfﬁaé&b@& felﬂgggne @‘]jga)r anot her cycle of

degassi ng/ pu;& g% ni'tro as, the mxture was
t hen hedt eld2 @e@mﬂmmg |r(fr $Se: A2 3owloC 6 was
then swiftly injected into the hot reaction m xture,

oonfoge AR LR DS S Sy PAOTRERL ik BRSE fmomer

sensoﬁQAﬁ@xndé‘g@bsﬁ@/pM@ﬁlgt\ﬂﬂﬁeﬁ}tro@eﬁ gaefdritetimeq ahd Mixture was heated to 300
nperature was rai sed to 340 C for 4 hours. The

°C wB AR THLE ke SHbGRIEIEESBPLoR PR aias {henagittly ected into

the thot\%h&ﬂ)ntrﬁlxm@rﬁrfdedm%t@to%ﬁe rehHCRINE WasGRIRMOR tRd 1840, 31 4%
al | o&ﬂgl ng process. Growmh

0S S
5 1708t %@‘P[Zég,s&q 6a@,dr2é}e|anql S4Qinaent, sespaetivieby, ang guenehed with cold n-
hexa c}:f’ttlono{nng‘ngc? at% ﬂlg aﬁﬁ]g) té’ éjcgh&ogp%cﬁ‘ﬁ] qregﬁﬁcen from the
UPt her” evi enc on t e prop structure,

dilutezixahirans salngogoftbese samplascThd sesulth dré eloevt be:leWs of the

reci pes are taken. The solutions of the aliquots from

t he nt |

meas e B B P (g St - 1) ©

Nfa)%%@roscopy Exanpl e 9: Preparat| on of CdSe/ ZnxCdi

ZnSe (Zn: Cd:Se = 1:1:2) Materials: 1. 0.064 g

Cadm um 2. 0. 04 Zinc Oxide
(zno, 0ls égd‘?m&mkg’ W@Q’QIW(? (OA, 4.0 nmol)
g I12 m., lomgmmﬂﬁﬂéwylrﬂme)s(mﬁm)s 1.2 m IM
el eni u TOP[ S . [0085] Materials
1-4 wer plln%\ éW‘CaA%‘g @é’taﬁlrlggl eck flask equi pped
W t h t her mmLdrOctadecylethylene (ODE)

5. 1.2 mL IM Selenium in TOP (TOP/Se, 1.2 mmol)

[0086] 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
°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", 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-

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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sensor. After degassing/purging with nitrogen gas for
3 times, the mxture was heated to 300 C with

w@ 0002038 until a clear and col orl ess sol uti oPCT/8G2008/000290
5 was then swiftly injected i28t0 the hot reaction

quant{xm ;heat %bfL l\“llvozfl%zo fpg{}? 4{ %Crtg]%lﬁgerﬁn twuoﬁli%@é to any apparent
differéfefin thébfinhl qaﬁithwm &@0produd20t h and 240th min,
respect ively, and quenched with cold nhexane sol ution

n v ce t
x4 AP O e B S WSS ot R esliric acd
sanples. The results are shown bel ow. Exanpl e 10:
Matesighst at i on of CdSe/ ZnxCdi - xSe/ ZnSe (Zn. Cd.Se =
9: 1: 10) Materials: 1. 0.01 3 Cadm um Oxi de (CdO, 0.1
mol ) 21 @Qﬁ#@@a@wal@mdaécéén@n@nel)mn 3. 1.28 nL

deic A@l @({ Zﬁc@ﬂm@djnodfo%gg 1- Cct adecyl et hyl ene
( CDE) IMSeleniumin TOP (TOP/Se, 1.2 mol)

[ 0086] %tleﬁéﬁ?aﬂcﬁ‘qﬂeﬁ%pﬂ%@é‘&)) n a 50 nL three-neck

flask eguipRgd 1vd&ihddd ggﬂmt(@qﬂgensor After
degassin as faor 3 tinmes, the

g/ pu [
e o el selcmame EORT RPae | modunty | &
clear and col orless solution fornmed. 5 was then

[00881I f t ; %1&' n# ev%:etﬁee %lac% D tah§0 t}{rgg-%ékopa%'e di'%}%d R@ tt?}ermometer

reaction” m Xtureé was
sensoﬂQ&fﬂer d%@hstsn@;mgﬂgamm ﬁﬁﬂogexﬁgdm fot Btthnes’,’» ﬂtd‘lmuaumé viRtdated to 300

°C withy st pmngf]gq ﬁnae gzgy aé]fi %%né IH}OQV\%Q was thlgrei‘ )é\?v?i%y injected into
the hdt&dchioh HITkRES GRAGR: SRR WasaER rdrﬁulﬁ@ﬂfoﬁ BOmihies rdr tigoktart of the
nhexane sol ution of these sanples, The results are

injectitipeibrel e, heaisapvasi remavest Hreemartionsmidusenas fufher sl until it
reach[:ﬁO DR te%@é?ﬁt?o loth- Yi’gﬁthexglt%lﬂ\é\%aﬁtgﬁlt d6@rO8bthed, indicating that

ternati ol el c”acl especially for nass
stearit addss mdedd pawadifict iabernative fog alekr el acenent does not
conprom se the quality of the preparedquantum dots.

The gﬁlse a dﬁ%&%"ﬁt%ﬁb{eﬂt édd?ﬂtigppﬁv]jthbﬁt &%.siiﬁ?)ﬁﬁi?gﬂ@ With Ny gas

woul 0 any apparent erence in

[0089%3%@ %fr&%gtt Et)r(%guog%gee 3H: @dmgéstﬁrreeg%r agl)ll O}ﬁgp(ﬁgxced effect on the

prepa%t%ﬁ lolf ﬁle&fﬁh&uﬁﬁl(ﬁé’ i@l if the HegddsidBputhifd th Hitto@sh ther ieCeklty. This is
2. 0.041 (% Zlnc Oxide (ZnO .0.5 nmol) 3.

also qte%eesdestfeamaés prefertionaif castof prpptatign isicpngidered:
1- OCct adecyl ethylene (ODE) 5. 1.2 nL IM Seleniumin TOP

ExdmifPl Serepiratiola® CHSEAARE],  Maraste elsCA-5 nerie2)pNe eitrogen purge
a 50 nL three-neck flask equi pped with thernoneter

Materials:

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)

AR

[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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sensor. After degassing/purging with nitrogen gas for
3 times, the mxture was heated to 300 C with
w@ 00002038 until a clear and col ourl ess sol ut i BEI/SG2008/000290
formed. 5 was then swiftly i@Pected into the hot
i G b o e L RN b BRr S it i
reachBEfoRdhEtelrperangal ﬁﬁmﬁ@%m@ﬁtﬂi‘w Qldantmihﬁidt@@ﬁth SNUM Dinip) G/ere obtained,
was further stirred until reaches room tenperatu

indicatgignthpy B15t qusniim QBFSecaﬁu'ﬁ?ﬂ Bﬁwddfé‘ﬁ%y RFPAE & Hakyent Condltlon in the
t [ is indeed a qualified
preseh{bddfﬁﬁ{gltllrb\%&u %ro%frgﬁg ng%f&gfed Preparation at ambient
condition w thout degassi ng/ purgil ng with N2 gas [0089]
One further test is to sedcale-upitestor npjsture has any
pronounced effect on the preparation of the quantum
[0091JOWith the Guccefs 6ﬁﬁreﬂﬁ@@qhm¢mlﬂog§ hgopc'rt air rsysttcqum thes pmsence of
ecessit This is 0 test need for
natur) 5600 rbpistora S dbindisn s apieremofron etis SR tgrgst is extended to
prodd\:eé %rfébvegrﬁiﬂs Br Qﬁkﬂft@hld% iffa Suekhe batax Gebr-tkiSed denheup Lt is conducted,
é No nitrogen purge Materials: 1. 0.064
asshwm%@mlak?’ glojedo, 0.5 nmmol) 2. 0.041 g Zinc Oxide
(ZnO, 0.5 mmmol) 3. 1.28 nL Aeic Acid (OA, 4.0 mmol)
4 Exdidpidl] 31SENE-RP pepapiiion lof 0ASE/DNQd,3Se/En8e (An:CWSe = 1:1:2)
Sel enl umin TOP ?TOD/ 1.2 mmol ) [0090] Materials
re placed in a 50nLthree neck flask equi pped
I\/I]at%ﬁl‘ﬁ?her nonet er sensor. Wthout degassi ng/ purging

W th nlﬁr%ﬁ%(ﬁg}%m&w&cﬁ@sﬁ% g to 300 Cwth

stirring cl éar and’col orl ess
sol uti of f2oMhedincsxide (AR 5gwinpb)| y injected into the

hot reagt '&q%%"diéwAemd ‘fqrom : hffction was |eft

runni ng for m nut es he start of

t hei nj edt ilgAyL b&@?@cylﬁﬁl}’l@ﬁt(@i)%s renoved. The
reactiog rgoshHn®r YREniLH! &SP E’P(DP/’S%%O%HJI it reaches

room tenperature. Shining bright-red quant'um dots
(with no WV | anp) were obtained, indicating that the
[0092] W et als A3 s/etpplacddsin akﬁ)OdhLemteh-yleci{ ﬁﬁ)sfkl’c&piimtedaviﬁi ®o¢ndenser on

condi ti on in the presence of Il of air and
a waig Rt o NesE Bf BeTEEer FEgend T i PRE < ogmeding Valer from the

systefi€ Bghi et caimaEh#en, dpics tlienwﬂﬁﬁgexﬁhfte(ﬁﬂl&h@ P@a@tl@n MA@ cause explosive
presence of natural air and isture) hundr eds of

boiling p1 relztednppersumanon oxbenogdioplety &”eé@cku @t%%teeh‘aef&a%tt?n mixture. It is
notedgﬁlgfjé{ﬁcﬁ A ploSiVe g)()ﬁfﬁ‘g &Qh RUARLdM i Qitn§ a'nﬂ cgdxﬁiu'ﬁg bfaRadre Brepared in

a scal e- test is conducted as shown in
advarieeaing mlmarebedasdwateaxarbpilmglxsnh Sitring, mpi leftepaning abbeibing point for

30 mglu%ﬁ/ gr}xe'gd%w&gng@(e(gg \%%2@%%@? m%:mture%)atd}@lif&/ el stcirrm]g‘ Bright red

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
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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2. 2.04 g Zinc Oxide (ZnO, 25 mmol) 3. 64 nL Aeic
Acid (OA, 200 mmol ) 4. 120 nlL 1-CQct adecyl et hyl ene

W@ aBp2@36 60 nL | M Sel eniumin TOP (TOP/ Se, 60PeTHEG3008/000290
[0092] Materials 1-5 were pl &0ed in a 500 nL

t hr ee- eckfla th ac enser a. . '
the piodeis_ p1ihe tasF Thot R RAGEORODls B SE DS RRURLAPS foetajngd aferthe
ligan& %ﬁéljﬁihge of plirefidavioN ®fWad Ghiantiird ot R rfetedsei. IAS gbreddll ptocedure is as

recomended, since the water generated in the reaction

fOUOWﬁlﬂS ‘cause expl osive boiling or related phenonenon vvhen

lets fall back into the hot ction X )
10094150 Bl therbde gleantum dotgapduct %Pfrqeagn éa- gﬁ bisos a’e%cqnfﬂfugatlon

tube. 4 % aas‘ﬂgrt%gt@klﬂ Qmagﬁm@ihﬁn(ﬂr@ B@déﬂd FuAh@WNRRER lé_zi@ to a cloudy
m Xt ure was ed to boiling wth stirring, 5

solutionnwhich mesmilqrumﬁetp@iuth@ botmm@@ the wbe after m@ﬁleaﬁlqn %alé)OOO rpm
Q dﬁxﬂg e
for lg tnl?lpﬁtl%% toﬁ) %) 890'}5] %ng%n? g,[ %ﬁf V\g{eZ\kf% § Eﬂre&as reipeated with the
pelletsqp Itﬁeebcmf)rrn @he desahtmg\plehg ih He Zﬂg(rmiestﬁeefdmpersbdlm ¢hd@rofarmrfor ligand
hstarts t he e rlrrlent E‘E}OWS that the scal e-up
exchang reactipn Wbtlhlf STHANGT WA yi el d, | ncI udi ng the
el | nd exe
o0 el e i B Yy L FFLS0REs, An enamot
giverdidané oMot Sis thdﬂprepinﬁﬁdirﬁof Wﬂﬁr—k{ﬂul@le n@é)l(IHE Chrmma&hbddantum dots. In

s LSS oL GONRS e LRI XD ool

acid téxgé’s@dan?diﬁlﬂaﬁgﬁldéﬁ aﬁiﬁbxoﬁha'kfng% lﬂ% EQ84dd bBnSHLaANbEY. dOteF a 5-min
are 1 nsoluble in nonwater sol vents, e. chl oroform

sonicpting, {ihesproduet ialcplleaipiby crnusfugatiomat KGO0 pmafos ety Removing
the uﬁg«%}”&oﬁ‘&let% %ﬁhﬁ%ﬁ th'éfFI ellbf WAREd %hl(‘;#g?orpl‘/ 9&99%9 Bh& collected via
Uant ots Is retal ne t he
centrifuggaiod eectctian, gﬁw rasydted ipkilg abn be dwécttyhdispposedtin matkwtos PBS buffer.
necessary. A general procedure is as foll ow ngs:
[0094] 0.5 nL of the crude q dot product is
| oaded in 2 nL of tol ueneezl'nkg%lggrnri fugation tube.
a short vortexin t hanol | s added.
100943 I ihis o ore s oo e aHSls G S0gy Iy €5 Gadsitedifire 3, and try to
interfFbV@® OMRinddEhtiQl f% kg fﬁﬁﬁttﬁ’é”f‘tll@intﬁlhaidtzﬂ Rethad hevel core-mantle-
centrifugation at O 00 rpmfor 10 mi nutes. The top

shell gispafgicon i s then decanted, and the whol e process
repeated with the pellet at the bottom The resulting
pellet in the 2nd runziisGédiem @nfpftisead i n chl orof orm
for |igand exchange reacti on with thiols or their

[009ﬁh étgﬁ%g%ﬁtg%%g%\{ ?réal IE]rge:?l%nogd fg)l%( {rirjg &)rr]gpea’&ﬁleo%cot#cgfe ;h%ﬁ qgantum dots, a

procds#) abdvedihgltb alié Peeserst ihbiention 6P amichi implek anﬂtthds -ps(ﬂiuublpbssess better
-COOH ¢t er at. egfcguant um_dot s. {{n a centr

opticgl TPt AT BRARROMHEBAR RANER BRRSPARD 3D R GhpER in Table 1

0.5 nmL of thioglycolic acid (excess annunt) i s added.
After shaki ng, 212Misibié Light Exbitssledudresietiye After a
5-m n sonicating, the product is collected by

[009!9]6&3t Elelzschgeacf htg)orlfeag n%gegqgatﬁl%rgtit% q1§armnﬂ%o?ssprem \{ljl Bs 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
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
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the upper colorless solution, the pellet is washed by
chloroform 2 tinmes, and collected via centrifugation

w@awb/oi4se. The resulted pellet can be direct|BCT/SG2008/000290
di spersed in water or PBS buf¥ler. 2. Results [0096] In

gradl%ﬁiﬁzﬁggéﬁ %n%&%v%—%r%%ﬂ&gs%} frg}‘aiakﬁ eFﬁl{S&{Hg{lEEC due tto with a lower

zinc ﬁlt%éélﬁl&tl@ﬁ)thecﬁhn@tﬁ(ﬁpﬁf thie @nSkrshel blafts gua [Htérrﬁtagét (Smaller reaction
a novel core-nmantl eshell structure

rate), cv@rrﬁlaalil%ﬁ fqrdbo glovdl ph4:dSe o @ latse S‘é&‘h(?eﬁfgeb ﬁ%ee)eﬁé&s [8ping a red-

shift inthe E&%s%ﬁw g@i TRE ﬂGQfe@ce%B@ bdenfiURRIHARRAARE for tﬁe two samples to
process accor to the resent i nvention i s nmuch

the rlghtntplFeg Qadelteln%nwlﬁ dedwe rp@s@geﬁzr sueh aeisuabdifieegnce: 1) the emission

r
o 5 1 L S SO B i 47 a5
nm), Em‘bﬁxahlsual [sénsorseare ant eenfilive 8 thise daselengiby 29 Ater,absorption bands
o e PSS e AT LB T B o,
whlcﬁ BIe v AL st S 88 sBrifeld SPnaY thy kbdie hesesttscelif fodni-lighe

absence of a fornmal excitation Iight source. One of
[0099& @RS Uakraﬁquia svitgHed en t@fex&t&ihew.lq&mnuﬁm dotss stb()ngiﬂuorescence is

ital capera in wea rooml | in Fi
lmqufagﬂw wer E rGRhiThe ﬁge‘i ﬁi"f‘P fﬁi}? \A{AFO?]VCBf gﬂ’f’e a saturated
brighfle8Cre3dhblifles Bﬁgﬁte\%hx% @xﬁf{hhg ﬁ‘iﬁfbﬁhﬂ%hﬁ hi@tcgiantum yield and low self-

concentration o nc _and cadm um ol eate bein

absorpbms(eadngh Byncenfirafianpel igh oo bel Frabrosrtemcis adsei %k% ﬁactor enabling the
[
oo 47 OBISHARHE Lo gl RO PRI i o
high ealcenteioasolutiahs.on t he formati on of the ZnSe shel |
starts at a later stage (smaller reaction rate), which
[Olﬂtﬁ]l"ﬂ'lfé\’\ﬁ)vsf Qﬁs&ﬁ%ng QW8 H?:Eorggss%letaﬂ%aafp?&teﬂtr ifSthRJEVsible absorption
ger si ze) thus causing a reds in the em ssion
Spectmao lquprfum, dqtseotitainedt dyclincrrosess mscordite (e e Presgit npention are
comptayga t8 qmle%% sbile tcgﬁveﬁl'ug&h ugntlﬁ t?'%n &h‘?ﬁ;ﬁe TQ levnba%ove in Fig. 7
tWO reasons for suc (% erence:
in whach bethamanmueiangnipiesflave tviagy snmglht phmlumrrqstm;e ap@ctra while their
ch closer to t ear . nf 667 I, & , :
absorfte ot realised R eBfBliil TRFE B Ak % REZATL 450 om for
the coaxatiengtduantud) ddkeiré ethaolopler on dhmppl&rabfmrthalrd)omhght excitable
vi sible |1 ght wavel e

auanrsdah AT HeSeBIAER D01 B T AR o cabRorp e Brsk fidyfoom-ligh

excitible RRBRE AlotsTeS  att DEYiphBE MoRGdr (MalElEMAE efsition than that of the
roofr‘?%l ght. [0099] Chcegﬁ %V Qé IS sﬁtched on to

convw@mleoneﬁeg@w@m&taus%w Stod fftaﬁg whiqhois dsbigydeas @ consequence of
1mpr+\fe£?? s éghyhtzg%ﬁ&gﬂ}gtheq][@mm%@ Qirggesanpl es on the

ow a saturated brightness resenbling
a bright-white emtting, indicating a high quantum
yi 2Bdandld Mvereslehabsianaiiation(iathdigiv efche startiag nortdrials
The | ow sel f-absorption is also a key factor enabling

[OIOfCIh?}er ﬁ’tﬁ)%éc PRlenfi¥dGod @Q&&e;‘%‘i@@?ﬂe%oﬁ@higﬁheﬁ%ﬁ% qui@0in dots can be

erent rom convent i ona quant um dots 1 n hi g
smpkyoﬁuoe;hby ataiyomg el ratip owfsthe o) mFtesalsow the prappration reaction while

holdlgg 5ai)l ot erbree% po?lspacrlu% ers ur%ﬂgl?ée%nt’[hé fratﬁ(;1 6f W@’d 19H meereactlon ranges

from 1:19 to 9 1 leadmg 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.
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spectra of quantum dots obtained by the process
according to the present invention are conpared to
w0 b@9©2@B6 sone conventi onal quantum dots. An eREIRGE08/800290
shown above in Fig. 7, in whB2h both quantum dot
npl es have S|n1 hotolun1ne ence. spectr
10102] ZRcc5bf K et e bR S pTRAEIE T P SRisTBR A for a2 >160
nm, tHOEHEsPAPEtK (Ap&tNg nﬁﬁm&ﬁ%amﬁ Wavkéhetin onthd beission of A~560
conventional guantum dots are either |owe

nim thei 9 syt ng BT EHETRE 1 P RPeCURE 18I BAY A r O R cbigh is betier
thamﬁg%&e heﬁ%sﬁt\a@tdo@@r LR Sy, 7 is that the first

sorption pea e room|ight excitable quantum
[0103?i qte éléﬁém@lt aﬁ‘a1§§1é Dt thé J0RROBEht e PhBIRI§inRAS | dotPWia Inductively
hat of the conventional ones, indicating a
Coup@dali’lasna s}ﬂ@ﬁ@ksmqtremetrmm’&ﬁ |S§1g@ﬁq>r|eh\$b@1waéhaé the composition of the
! RRGh@draterials (Zn/Cd,
e SRTRSIUATIR S RN Sttty 38R g
W/W: B, 831/5'38| edrresponding hearlablao rgtfo pH®.Hthifer agtarengrati of 1:1; w/w:

L e R R B R L
differbit fyéh i@ wab@epgorded dn @floy hﬁaxﬁﬁmrdoltmgrepm'aemn (aXthcmgt beal., J Am.

preparation_reacti whi | e hol er, a
Chemg pangy 42 émgﬁ%? ngZhof‘lge et ’I‘g ‘%‘? %%7’? thg ﬁé 13539). The
emissidiPpdakodf rtl?é‘ﬂﬁ)‘ﬁl fi r@xlaltﬂtﬁe {gQarfumldots Qﬂ:dllnrlﬁué}ploﬁh@er wavelengths if
em ssi on wavel en =528 nmto | = 689 nm. The

they are gemparad tcsthOé?ﬁlgwmamu@ dats Wit RmilarRomPesTIgRS T i Syggests a core-
n .
vl G, HEUGHENGHLER: Yoo lpenantaer,
carefully repeated. Fluorescence spectra from sone of
t he r oom |3-4lFurthet ievidenee fgr spresmantie-shell Sruefyfp i n
Fig. 8.[0102] One can see that besides the tuneable
[0104)aN @R b Hurther tpli‘@leeﬂhb gsteananteadhefl ctruiure; ttfilarueactivhe (cf. Section

3.4) \gé?gzg' (?01-5% eaklAk‘: t I 4 t?l?r-got\él\? {)hqistgbi?lg orﬂgc%(%r(TpL}’Q) in the presence
of n- H@xﬁ’&é&yﬁﬁnﬁé’@{mﬁwea%f A Oprotds) witiegifferdiit Z8/Gibratid@tdpectively.
run, which is better than ang%core shel

tum
In 1-Eigessne aplloBAEdEodas (AkFORIBE} CYFLH e FRERteN MRtHIe EFcgHRd to 380
o hR MiahélD ™ @b formed at
R o L St
300 °Chdis stpgaststithe thoegreshell-onandé qednsum dets| nossess @usﬂmqmgood thermal
ofs are al nost as same as what was input in the
fﬁrtlng materials (Zn/Cd, ww 2.84/5. 38,
[01053 Qvhé&r R gbﬁgmtag?x@ otfof @WI@AOWQJ ufedLwith fsRhil# amount of starting
tarting ratio o .85, corresponding
matemzds aatrthé apme acmper@tfurcg ags withf the samet rgaqqqquqr@p, goayp-li ght excitable
ch is very.di
auantti e S5 mlsFoNT by sy GhEEnant B e ol FRE piks are much
broadér (sémbr(ﬂeﬁl’hneSm:Fng 00;3diffeieht c@6&9 denote fmo mq;lpatw@h dgfferent ratios
J, Am e . 200 125, 13539 The..em ssi.on
of s BB BSTAEheT S SRR Nt AREPTLS it CHELOT & NP opped: though
this §0MGent | @RMRativAVE! mggdzﬁ tdr thBeprepdraticioGpauelsl q’u@nﬁlhﬂﬂets As the
all oy quantum dots with simlar conpositio

temperglygR $tas ipcreased dnery §t Fckept &t fr S%temsmnvrpgjﬁ{ 1 hour to a few
hours‘:"(%(f’I $ bR MaMeuﬁeaﬂg’()? tHY @rﬁﬁ&@ﬁi &% drdmtiEdRt dh@ffed to the shorter

dence for core-mantl e-shel ructure [0104] In
waveinngﬁr with & uxX lo€r80pi ¢ amt lﬁ@ec@fr@smxﬁlﬂngeS@ lipes in Fig. 10) and the
struct

emission specHa eré !grrgaél)‘?%ax{'&gg& aoQﬂ*? ”I(h%ge tvx%ex‘fé\if Q&ara resemble those of alloy

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

Stabllé

shell structure.
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3.4) were conducted in 1-Eicosene, or in tri-n-octyl
phosphi ne oxide (TOPO in the presence of

waovenzdacyl am ne (HDA) (easy for alloying proR€ESEG2008/000290
with different Zn/Cd rati o, r3éspectivel y. In

10 S SRR KB RSG5 PRl o e

prepatdiRnt reaGRMA GIven iR Fid &5 Beufws efdngiled With dlfferent ratlos of the starting
core-mant| e-shel | quantum dots for neddgnqli%oo

matergaly gRaption 3nR Wikl a dieher dnidip) congaptratiog Rfrhe Anfotalls The case cores
- i L
PSR IETERY 008 LASHINER! SAL LS BAGRE e tsrion
of the kimtsalts sproientthotorstguews trgarmeeqqrr@swndmg toran egisgion of ~580 nm.
rurt SRR 5o D 16, BRTSFF i BE kRl gp e aosing
proceSs i thaintevéacelof n:ngh aad ZnSb,tlaadmgito thh dorgatioh e f pemimledayer and thus
ch br oader. S broken. lines . in Fig. 1ﬂ' di fferent .
a smaljr GArs SirnBii TRECT SRinies wevelenkth f pe Alloyig yacesp however, is
mvm%teairf 1A ifTB41 &dohdrtoatior PF ZirtUABE$S 6nd Brder @ ﬂﬁfgﬂmlcﬂ:olosver (Fig. 5B).
th simlar structure forned, though this solven

This t§c)’|¢ﬁi prabatdy dpe tibe diffsendedn thaaeliing paim bEYPenCdSg <9If1 different size
(for I%HQ%H%aggéozlcerﬁﬁmBg zhrfée @?%eﬁ%(g% g{zg rlégﬁf?goe'rrﬁ Wlﬁ%ﬁf?lqrtx%tﬁ)g%&)ulres some
kind hburedtingcprocBSeorhicn aBowts fortthe ppeetkaéloofoftahf@n@nwsgams or anions to
ctra drammati cal hifted t 0 I t
repla?/ﬁp GBI, PO r%bsy f}% wagtion co?erIrtl seg%tﬁ n‘gd)(:flé3 grﬁe\{g Elgg lceed the
meltih@ p&ing of He)CdBechuche f@mﬁﬁt hiphep emicrsalt wan@ngamn anle is lower than
twg new spectra.resenbl e.

dd . T
that gl g1t AFIRIOHSS TR, Holou Gty P QBRI Gicg (HGUing point of

nano@VytY | RRBreR§RCie IReit BiYE HRLSHES SmAl&P! Phd Ridid @sbRbling feature of this
structure.[0106] Further evidence for the

synthetég eppreash] & sepe fiomshatiyeases B Fig: Drivihatiesgatsess Rew poorly the reaction
t r e

sl BELEASLHA) oF A FERBRFLARE S G KR i G s

with strelatively nemoerfull sid{iSachalbmagingim (FWHMa ahcrgtheon for the quality of
[ m‘ﬁf)éal concentration of the zinc salts the CdSe cores

quantpigy at the beginning of the reaction are small

(Fig. 5A, PL=532n Despite the adsorptlon of the
zinc sal t -3XRD patterns ft%bl"é’"g'thWse’f%taQ eqquantum dots
corresponding to an em ssion of -580 nm Further

[010 ) edbiengvidabectes the loremahilé-thelln stidugure nis sthe oX-rawidiffracgon (XRD)

patc RS BT B e 2 S T B0 ot i

dlffeﬂeﬂﬁ/ﬁﬁrtlﬂgckrﬂﬁﬂﬁratﬂ)ssgg|l| R 1:.0Phers purefiod add §1|&9£1’é& fas thin drop-casting
ssi on wavel engt The al | oyi n%gpr QCess,

i S
flmsj o F1GH 09D ulysraten don RRD: BFasBEHREHR HAE oD @Pttezmﬁ\é\?g‘ﬁﬁ‘{ quantum dots
are sﬁ(ﬁnxpfb% @%ﬂ@?thqgomaaﬁi%n kQ¥Fite (Bdtidm)Rl- mJ(!"ée?edl@e quantum dots
very probably due to the difference in the nel
(top) poFigt 9bet ween CdSe of different size (for | ower 2| nc
salt concentration the CdSe core size is |arger
[01084) Qrsycancesrthat withracsuallee latticsrarameter the drfﬁpfticwgpea plgginc selenide
(ZnS%,\’q{J Iﬁ(ﬁ% é@a\@%ﬁ g%tsstl{égatr e%%l‘ Etgédl(ﬁg)ogifuoﬁé E&flﬂzﬁ{dg t6 those for cadmium
selentdm(mdsB pimttommd’dn)ewaaann idots. Ebﬂpmrmﬂltgheewppbheemahterredots prepared

o TSR 1 TELLbOBR Pl O 3 D Gt o o

diffrdchah pehkd st GdSe betasénthelols. Aorthe dindtunt @mnszau fic the room-light

salt concentration (nelting point of
excitable quantum dots increases gradually (corresponding to an increase in the shell

thickness), the diffraction patterns shift steadily to higher angular positions. The Wurtzite
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nanocrystals decreases if their size becones smaller).
The nore interesting feature of this synthetic
wapproaabe as seen fromboth cases in Fig. 5, PGI/SGz008/000290

regardl ess how poorly the read ion started, the
r ts al rive t a wel | -defined prad

strutl.gf{ gchefe guan &H‘em ¢ 15*?%’1 %o%tl %’W?rh stguc?t&e éo:tl it(g}iéeyquantum dots.

This Ba{ b@\dh(fdﬂétbod/\béﬁahse%dm&emmrﬁm (vEMhM:mdés thiei crgstdl @fructure and
for the quality of quantum dots, terns for

the Znge fllomgthe saime a&oab%erk&%}m(tﬂﬁrablesthf l?vi NeDEnd o ag shells.

the core hell structure is t
(0109 oSSBTy ST BB Gis Eéﬁ%}%%ﬁ A with Cd
belnglﬂﬂérébﬁhmdﬂ%b&lescﬂfafbdm ht Sé1ehd mﬁiéﬁﬁﬁ wordas&. The broducts prepared
ferent starti Zn/Cdratlos(lg t019) wer
in thfﬁuﬁqsﬁlségwaﬁtpnﬁrﬁ*ﬁg? lupringscange.nheiy eysT.chsir | Grystal; Ftﬁ‘ﬁmﬁﬁ is no longer
Wurt%té {c@m@??tﬁi@%ﬁ%uf fHe {Ende o%'ﬁﬁ $or Ad, 8 own,in t%:1g 14. If

erns o quant um dot s e shown toget her wt
one hdidﬁs&ladeS auniaieu florse fie i(Wedefinottho aiystah dynei for gsevtbhiané a core-shell

uant.um dot Fi 9. Q e._c
T A O
wateif-§lubilisiBiod eT leniotiast (igageex dhapgoowith tiqogintaliv ol @et teets)aéxcludes the

hi_gher. angul osi tions aring to.those for
possiBRo L mCaBr AP Mprate: THod sorauaﬁﬁﬁﬂr%rmagﬂeﬁfél structure,
the nfaR Mk élilsiG@xEaR e BUHRNAEEHRSsTorPW RR 3R thtbkityirgll be ~ 480 nm.
i nvention show the sanme patterns (Wirzite structure)

This simeply lsentzadigis @ithgbe expesiens resuliie iaiviaehnthe ropdysésaprgpared can have
e

emit el bl B YEE ok g AR e Ol ne of

Cdsxgela,dasathle;err(lumgrcmgomldclmgs tostakkdlnan deslue rlughhwasﬂehgth range. All

s EPRER, b5t R LB R00 PR S L aF b oty
still CH@@ eviaclanh uie prebdhce oF edsudfur hformed & Zlﬁdirmlmldﬁtstrueﬁlw ®ith a core-
antum dots. Thi.s can be undf st ood becaus

mant%d@gﬂgg}lggrq: gr‘fﬁlsf opg@ tlwt]t BRescRee ffhe gy r3|d0ts 1s also tuneable

via cRidge§ Itihe ratflof @/Se%'ﬂﬁ% JofltlofhebRd $RORhAAMNK As the amount of sulfur
orientation (to enable the lattice match) and grow a

mcres:ﬁ:e,l the dlffr@qwg]peaﬂ@r shaft ébhﬁbﬁ@ﬂgul@awt@usémd@ﬂ(@dmlu ﬁig 14).
CdSe/ CdSe xSi -x/ CdS, with Cd being the

l01lQJohﬁrmaS@w@@néée%qaneral%e}sC@eaﬁaagé arg ke fraga i Augngum dots, it is

found hﬁ? a% %%EB%/@H%HC@éZHﬁ@W 2 ghiextclthtie 9§1§&r§s@9¥vare dot-shape. An

strong ot ol um nescence, however, their crystal
exanple wcgmee insFigo124ndbe mwmzsp@réltycﬂnﬂmﬁ: qeantun Siofs ieatisfactory,

accoxlugmg%lor 1c anlc?g %gleﬂéor n g C s518? ?%:ar%](sfaslﬁf) W Fq}?ﬁ: oé 3§e 11%‘09 Cd% é/gdSexS 1x/

CdS,othy ah@dcrysygie obtained ram/\ltﬂm)e antksa aaod atrsdtetel wih raLloWLHspect ratio (less
than gﬁlragg %wﬁgrg F ?ghjg# %e f(g‘gléigelil gflsWhhf %I}?soltr%p}ccr s%gpe mam(?y related to the

diffedRt& i &Rl dabidyl Sradifferent Tees bﬂﬂiésﬁanbbxg@tﬁri ®ifinlpaRgeedttibhl However,
t hi ogl ycolic acid (per tests) excludes the possibility

for n@nocay@sev@m inc Risnde sancture; theqenergs farradl € srefages s be quite
s1m11%1‘1D r\xﬁnémgtnh& an dlllt 18 ekp1ainthé amg&ﬁ)ﬂ?@éfowm MIB?ed94OWith the increased

éxcept edge em ssion wth-low intensity)
amownt loif sbEur; t8XRInpaffémsis giontohgercome Zank Blendei(a whoﬁéer peak at ~30

degr EE%%%gg’f%%%gl \ Sdf Pll V}g E%%atther Vpligﬁlé%é\g sez{p%pf"{rﬁglie%qgat a more
com;ﬂfﬂa&&l @owel Sﬁbcﬁmkmds&nt/hl@e@xn sthe foemdtfont be the CdSe/CdSexSI-x/CdS

nanocrystals.

[0111] For the four-component nanocrystals, prepared from the reaction of two cations (Cd*
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CdScSei-x s the emtting core, which is nost likely in
the blue |ight wavel ength range. Al these facts point

W@ 009fz0480ncl usi on that the em ssion centers i PCT/B&2008/000290
products are nost probably st35I| CdSe, which, in the

o 530 B e (5 B A T RO i ri

betwédie Cd/ Zi9 ra@d c8/Seeis ofiselih @i g uBB tshowsl dirtages odll smoh tprodadi| & different
via changes in the ratio of S/Se in the salution

magnjfiaieRse H‘gﬂh‘i dlampgter frges than Y %éheéﬁﬁi}’ﬁia?soslt‘ﬁ§ﬁ?w gfrong fluorescence.
increases, the diffraction. ft o hi gher .. : .

[0112] 1 hringogs B}Sﬁ‘n‘%‘“’Pr a e W i lwd F‘#‘tf“mfg‘) in fhjg spgeification

shoullifnot hadks%y betakeh as bh Qekribvﬂk@geﬁﬁzﬁpﬂﬁt tHEBBREmMeASs K &T the state
fromthe quantumdots, it is found that all the

of th@@swmxm}mm@emrgekmwﬁdgq gHt desumens listef 4o deseby dpgorporated

hereu?rbS{ %?Jrer?&alﬁetheMnﬁ leafl o\ég aé Rf @i& 1nl'li?\/f(\5t'lua]_|?i%cument were
nmonodi spersity of t qua t ots Is satisfactory,

speciﬁmlywmtinmgvfdually hﬂlqamdrtowe iﬂcocpoeaic@hz ecfereinesi on peaks
shown in Fig. 8 For CdSe/ CdSexSi -x/ CdS, the

[0113) élﬁmdnyemiah shaSJbeemi desdimdd)rmdﬂ)eam génegsally heseinsEaahotfithenarrower

spec1?;§ zénd %L?llggr\{veﬁ?:: 8?‘8%? %aéﬁ %Fvltil e%en% Fh%%llogurghalso Rrm part of the

invenfiBh NTlis ligdladedctht @ehdife dhsﬁﬁﬁtﬁc&ﬂﬁﬁtﬂeﬁnbhﬂloﬁn@ftlgyi @bviso or negative
different faces of the napocrystals dun

limitgtigR e NG B SUISCt BN AT (P ( SHGS e SRt ot the

exciséd fdfelidl &8s é@ﬁca&lﬁQE&%dfh@felﬁl | 6 surfaces should be
quite S|n1 ich is not sufficient to explain the

[011AMTHRAhV Qo 19{19%%1%1 MREG B8 heroith iﬁhytéﬂﬁablFleeQﬂwfied in the absence
amount of sul %e XRD pattern is no_| onger F
of anyjelnastt o @Lfn(eat% ilwmaaen Op@aktaapnsrslet éleegrfgéﬂy disclased h@r&m Thus,
f ot eRe, !
o SRR Rkt IO i e B gl
and wutimit \lmitatlnnt Aédrftlona’rat tlonteohs tahé e@g@e&@@ﬁg@ioyﬁd tigsin have been

I
used ﬂsa OC r %lgﬁcglpn% ot Ooq;hrrr(l)ﬂtjaet‘ltoHeyr%de%lg{g) Q %%QPte{lt\}\%n in the use of such

termsCaid aqﬁes(sﬁﬁig'bﬁnﬂchﬂﬂg)anw dqivialentsaof ﬂﬁsfeétﬁﬂesmhdwﬁeﬁd)described or
.the shape of . a flower .is observe if a certai ti
portiosaUEErL o i ESAETSPEE YOG O ion g REYRDIF A b e scope of
the iRfenfibi t1Afed! Uﬁﬂdﬁﬂ)nﬂ' bijedte nidvﬁﬁtﬁ@ésf it fe@fos W this @nvention will
di aneter | arger than Zd ran, these crystals still show
becorge appagert e osa ghabiedein theart pponeranyinaion oy ﬂzf—'rf%ﬁg%\gseéa@ﬁles and the
11
opeg B L gL ATt ot sl
dlsclqse& ibgvdxenigkams anbodintents rad chptionad featies, paedifiodtionrandstagiation of the

invenﬁ%g%?@h&ﬁécﬁ rg{eigghe%giél (ge er acl:)glr%gsg)r g g(gg%those ski ed in the art, and

that st€f goeificationd ahd @htiatdnk afeer‘o)mﬂﬁéd & be withipabescops of ﬂhls invention. In
.each_indjvidual docu wer e spec |caII and
additiopqyhsrg 3%&%8 PhEPESP gg&ﬂdﬂﬁélﬂ%&&%?%‘?eé‘ Pggrms of Markush groups,
thosers‘f(flf‘erdeiﬂctﬁe aft%ﬁ%]scd@ﬁ%e'tHMQH& iRRnHGS iPASN tHERDS deb@sbed in terms of
broadl y and generlcally herein. Each of the narrower
any indieidnelgnembersulsyestern of members aftheMpkpsyeraphi n t he
generic disclosure also formpart of the invention.
Thi s includes the generic description of the invention
Wth a proviso or negative limtation renoving any
subject matter fromthe genus, regardl ess of whether

or not the excised material is specifically recited
her ei n.



10

15

20

25

30

[0114] The invention illustratively described herein
may suitably be practiced in the absence of any

web@aerudor el enents, limtation or |imtati onBCT/8G2008/000290

specifically disclosed herei 6 Thus, for exanple, the
.terms "conprising”, "including," containing", etc.

Claimy, 5| | be read expansively and without |imtation.

Additionally, the terns and expressi ons enpl oyed

Whath?E{%hHed"i@:Ve been used as terns of description and not
0

1.

Imtation, and there is no intention in the use of

such terns and expressions of excluding. any . .
dgpriogess ehfarming 2 R apd e gPriginiggnogrystalins Cpmpajtedieing composed

L f it is recognised that various
ﬁgg}efe?églg nﬁ%ﬁé’qgf%ndg%ési ble within the scope of the
iwhéadi VP13 a6ilefdniedd of Sddp t12 ofitHe RBE ethtsthamddant ages, and
features of this invention will becone apparent to
theoprecesk compasingi t he art upon exam nation of the

OGP BBE A SR ESo o TuF R 1F Ceeft Bard Ppredubsor, and of

I nveNIt bioNpresurSiieRéredcal |y di scl osed by exenplary
enbodi manlt)s and optional features, nodification and
véniadding o thie splution thecgieentSeetiigtshly derming p s¢agtipe puxtyre,

I.s¢l osed, may be resorted tao.by fhos killed. in the )
3D et AgecRi O Pt & SE TRt BT P i G gPgratire sutable
consfofiffRshd e 0 afd t9Ri Bntalifin S £AREryafallind HipdYie dridenallowing
addi ti on, ere features or aspects of the invention
ar e tHesaciigyeiyturetteco®, of Mar kush groups, those

Kiil.l ed.in t i1l i hat the.]j ti
Y saeEBinetes E5 m0e Sbr it Trpey el e caliorisat vi dual
menber or subgroup of nenbers of the Markush
?%E{%Eesgo@ ifd(%ni%%bdiaﬁd Sk 2bABfhidSnanderybtalinee8iPosite being composed

mng a Se contai ni ng nanocrystalline
of tepad¢tmentb €idnyl, Senpuksad of the el ements Cd, M and

Se, wherein i s an el enent. of 0 2 of the, PSE

Sivesin Shimalemen 6l gRuBd2eT dBhstk PR 5. F AT fgment of

s KA e BOE VRRE tanTohi sgn of the el enent G or
precursor, and of M or a precursor thereof, (ii)

alskdprogess compmesisgl ut i on t he el enent Se, thereby formng
a reaction mxture, (iii) heati the reaction mxture
£ &0 Tarmipg n & patablesihient it o e elgmep G phg fyd@recursor, and of

sui tbhe, hRbuk@thtlegr,t he Cd and Se contai ning
nanocfystalline conposite and then allow ng the

r @hatlding torihetsuhution thecddement(Sevandiss shaehynfprming «Ogactivo idxture,
cont ai ni ng nanqgcrystalljne conposite 2. A process of .
f(ar)meﬁtglgat%eaeaah@l ERXHESHORA Ak 1epbpRstodyad tizg 3t gdemperature suitable

co nplﬁ? fo@ﬁg&eﬂh@ @d%wgfaﬁfiné RgnoehRBeoffhosé a1§}:-‘tgesrixE allowing

and rern Mis an enent of "‘group 12 of the
ot hethe tdaanorCohixtaredo 8ools an el ement of group 16 of the
PSE ot her th%gar?d%nd Se

(1v) isolating the e containing nanocrystalline composite.
The process of claims 1 or 2, wherein forming the solution of the element Cd, or a Cd
precursor, and of M, or a precursor thereof, comprises adding said components into a

suitable solvent and heating the same.

The process of claim 3, wherein the solvent is heated to a temperature from about 100 °C

to about 400 °C.
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the process conprising: (i) formng in a suitable
solvent a solution of the elenent Cd or a Cd

wee@one®ads, and of M or a precursor thereof, ¥¢1/5G2008/000290

5.

10.

11.

12.

~conprising: (i

adding to the solution the eB&nent Se and A, thereby
fOPRIces oF 6@AGE b @l MdSeloftaidihg hindie@tdlng: dongposk@béih@n
m xture for a sufficient period of tine at a
cempesed Ofi the demendpCd, SeomdfAyr ni ng the Cd and Se

cont ai ni.n noc talljne.composite and~th al | owi ng
Eerb At o ARRRA st | €S PO PRRUAF BT Seme. oo
Mdraess Othaidihg!d nanocrystal line conposite. 3. The
process of clains 1 or 2, wherein formng the solution

ofi) fdrming srvesvitatid solyenta Wintpnedihsdementr(cd of a €4 pegcugsor, wherein
precursor thereof, conprises di ng said conponents

i nt SNGSEYFE aso"}t_ie %?%W{lﬁﬁ’a‘"f? f¥ng the sane. 4. The

p('iiZ%&(ﬁﬁ &f thelsahuflb B the WiGh &t R e lhE AS Pher&t fohﬁin%eaq%&qioh?niﬁture,
tenperature fromabout 100 C to about 400 0C. 5. A

[0 bestmgahe feactiomgixauredorsashfeientoreriaid if tigie at a temperature suitable

nanocrystal |l | ne conpposite. being co sed of the .
ol erfgntosming thed A S8 copipiayg FMRCHAIAL e oBRGSHE g9 then allowing
gr oY Act®n hp@uibR-cqhiher than O and Se, the process

I sl ') formng in a suitable solvent a
£1v) isolaving e €& endeSenmnainitg nanoayallipe ecopste, wher ei n
the solvent is at |least essentially amne free, (ii)

adding to the solution the elenent Se_and A, thgreby
flbe riasgsspickamt, sherafogmane the solptipr af the glemrat Ldoe 2 iCeh

P%?éﬁféfne cf)ﬁgri?es.%ﬁfi'fnrkg%eeaém?@réd)gr Ak cd ﬂf@cu%oa,aigteo a suitable solvent

nper ature suitable for rmng the 'Cd an
anhhenting tige sagreocr yst al | i ne conposite and then all ow ng
the reaction m xture to cool, (iv) isolating the Cd
and Se cont ai ni ng _nanocrystalline conposite. 6. The o
Ahe prasessyit clgim;onmdherepnbesplyentds mﬁﬁ@f forfsteripeLatyrg frogt about 100 °C
1({@00%&@6@5@' Cd or a Cd precursor, conprises adding the
el ement Cd or the Cd precursor, into a suitable
sol vent and heating the sane. 7. The process of claim
Ghe pheesi of ahhens of sleifds 1 s4,headred thosodvdne ispe i @btirssertiabynfree of
about 100 C to about 400 C. 8. The process of any one
8P aims 1 - 4, wherein the solvent is at |east
essentially free of amnes. 9. The process of any one

. Icﬁnlje gléot%%ag(;gﬁofjafg Oﬁq'ﬂié\agl%l - S,hf@?e?%:iﬁ W@élerﬁgnti £ i@gg&gllg?ﬁﬁ)gction.

roces almany one o
1 - 9, wherein the elenment Se is added rapidly.
The process of claim any one of claims 1 - 9, wherein the element Se is added rapidly.

The process of any one of claims 2 - 10, wherein A and the element Se are added

together.

A process of forming a Cd and 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 PSE other than Cd,

A is an element of group 16 of the PSE other than O and Se,

the process comprising:

(i) adding into a suitable solvent the element Cd or a Cd precursor, adding the element

Se, in the formation of a nanocrystalline composite having a composition of (a) Cd,
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11. The process of any one of clains 2 - 10, wherein A
and the elenent Se are added together. 12. A process

w@Roopo2@Beg a Cd and Se contai ni ng nanocr yst al PCT8G2008/000290

13.

14.

15.

16.

17.

18.

19.

20.

conposite having a conpositi oi® of one of (a) Cd, M

Se, M, I8, &) €&, MASe,axchdding Mdor d\pre&esorAherbef, elixd) ilMHeSformation of
an el enment of group 12 of the PSE other than

an ép@f?@mstaélﬂneg@@w%h@fmg p EOTPRESitiTHR (b) ﬁSﬂS?DAar‘i’B (%d M, Se,
t he,p nto a suitable
sol Oé%‘?ﬁtig &)I%Fgr%\(a/ gsréa%\ctl%gmﬁgtggéur sor, adding the
i Aedting $6x, a suffitiost fepiodwf tinre thé reactﬁtﬁimbdtmtaah keénmygerature suitable
co 05|te havi ng a conposition Maﬁ Cd, M Se, or '((ix) .
qvl oxsang the Gliande santyping napesgytaline ¢ppasye, Whergin heating
a CorT'pOSI n onéeg&n?%v)lﬁ% g@f %P?Jrﬁ%ﬁ?r&)rﬂe?gacﬁeﬂ'BQﬂu}@ aHé‘Yﬁe‘ﬂgﬂlowmg
addthegeaktionh hextmbgtofcoohi ng a reaction mxture, (ii)
heating for a sufficient period of tinme the reaction
M‘S)t‘ftﬂlf’gm&tth%ctié%éls soupwing panggyetalline CP%‘PH?‘FFg the Cd
and Se containing nanocrystalline conposite, wherein
tl S
I:Ig% @c%rsg (ﬁl{ a S)r 8%?@3541? E lﬁe\P?éfEnghé/\?h\zé’n} E(ZIBFHQS arbot)pﬁnatmg
reoitiputied.t o cool , (iii) isolating the Cd and Se
contai ni ng nanocrystal |l ine conposite. 13. The process
of any one of clains 1 - 12, wherein the sol vent
ddeprocsasofanyooe of glaimn g -  rivesieia the crdmywg pEeeiEs és formed from
%gxn&n%lgca(ﬁh? cund3: Wherein the cadm um
Fecuprsor or ne fur om an inorgani c cadni um
corrpound 15. The process of claim 14, wherein the
ITHRpIsRECo LB 4T WEHRFRR tHedndrgadic CadiiiudtapARd ¢ a 3simium oxide
i norganic cadmumsalt. 16. The process of any one of
@ ah gRprganic aRimiymesali n t he precursor of Mis forned
from an |norgan| c corrpound thereof 17. The process of

d
;@[e goc&% %ts/\h e:o%g%f tc %rg%x?ﬁ@ Or%guri% fxﬁ $fotmed from an

pﬁ&gﬁﬁsc@ﬁp@mﬂtﬁmopf cI a| rrB 1- 4and 6 - 17 in the
formati on of a nanocrystalline conposite having a

conposi tion of one of (a) Cd, M Se, or (c) Cd, M Se,

Arhe\m@qees of c(lau)n & wherein Hs idergpnie compound effld ig o metaljoxigie or an
recug [ thereof, are used in a predefined nol ar

I)g?rg 1° e ?Edeflned nolar ratio of Cd, or Cd

precur sor M or precursor of Mbeing selected in the

rﬂl‘é%oéeﬁ@d% ?Q)Wé o¥cla#fl®1t 2 286Ut 75Rbhe formatich oanocrystallme
process of claim 18, wherein the predefined nol ar

rcemipositsf hagthg morn]@spmc,quggpf (a)/Cd, M, Se, or (c) Cd, M, Se, A, wherein (i)

Cd, or the Cd precursor, and (ii) M, or the precursor thereof, are used in a predefined
molar ratio, the predefined molar ratio of Cd, or Cd precursor : M, or precursor of M

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

The process of claim 18, wherein the predefined molar ratio of Cd, or Cd precursor : M,

or precursor of M is selected in the range from about 1:10 to about 10:1.

The process of any one of claims 2 - 19 in the formation of a nanocrystalline composite
having a composition of (b) Cd, Se, A, or (c) Cd, M, Se, A, wherein A and Se are used in
a predefined molar ratio, the predefined molar ratio of A : Se being selected in the range

a ratio from about 1:100 to about 100:1.
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21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

or precursor of Mis selected in the range from about
1: 10 to about 10: 1. 20. The process of any one of

W@L@9MB0426 - 19 in the formati on of a nanocrysteCT/BGE08/000290

conposite having a conpositi 3@ of (b) Cd, Se, A or

(The pfsbes\df chim 20, whbRICAMnA Sante wRda & rétﬁﬁlﬁfom Abéut 1:10 to about
predeflned nmol ar ratio, the predefined nolar ratio of
A0:1.Se being selected in the range a ratio from about

1. 100 to about 100 : 1.21. The process of claim 20,

erein A and Se are. used n.a ra fr out 1:
H5€ aEisies iy pne obSISel b7 bouBig o TSR PrEpapR Ny Se
aredked WML pRUBIKdd m&dr Akio! the F%eﬁﬁ&ﬁﬂbﬁ@ Fatid of 0d) ofS€d precursor
are used in a predefined mo rati o, the predefined

w5t heingaeleetedin be range fam aepus e b togbout 189" bei ng
selected in the range fromabout 1. 100 to about 100 :

23. The ocess.of .cl.ai m,2 wher ei n or the, Cd

6 ticamOF SAi o warE CR AT Ik G MSFuser and 3 Fre gRrL B potar

bidkPtrdnl $800UL 1 rabous;1 The process of any one of
clains 1 - and 6 - 23 in the formation of a
nanocrystalllne conmposite having a conposition of (a)
The phceSeofany o ofdaindg 1 S and\p - B en dierfolvhation of heanocrystalline

precur.sqr thereof, and efin

RO RS g A RE g RO R drare o 45 G Ay Migpein M, or the

?F&ﬁf%?ﬂfereof 20 8e1aRgusee i€ & bR efifled M6laF ?dﬂﬁ)ethﬁarp@éﬂeﬁki@cuinolar ratio
100 to about 100: 1. 25. The process of claim2

whdt e M mecarsor Hie hpirgselestad injtks wage frammpbgat ki @0 twé’@ut 100:1.
in aratio fromabout 1:10 to about 10 1. 26 The

g’ﬁxg %Eq?:?ass%;f c?@%x onegelﬁrb@ggﬁ‘lgfprgwoa Hber%q;f I’&aé\/l € are Ese'?l in a ratio

28m YRk €10 tdabsutqpe. of the elenments S and Te. 28. The
process of any one of clains 1 - 27, wherein heating

the reaction mxture at a tenperature suitable for

fThe provgss dfengonanfici@enscbn2 3iwhengn Midtbe gletrght Zme

conposite conprises heating the reaction nixture to a

t enperature betwe 4Q0 C 29. roce

dhe grogess Sany phe PRI 2EaETOn AnseraPE e Raies snb Te.

a tenperature bet ween 200 0C and 400 C. 30. The
%?(?c%ssoéf aﬁp%ng 0f clgf‘msC ab'y@vﬁlerem %gathng}ﬁé ge'a[?ti&hﬁixture ata

nanocrystalline conposite I’s a cores e

et ity smitabld for fohmingtic€d andBe amtaining mhoalysthliige tomposite

30, wherein the reaction is carried out in a rt o
seRpSRdFuins it oy biogr e B3¢ 4na 400 °C.
further conprising adding a surfactant. 33. The
?gra'(?c% dso(ﬁf Glif {?é Iere e GLditibh ‘fmﬁL&FJ REEABA td Stemperature between

rom-t group consisting ofan organic
aaoaemmamooaeid, an organi ¢ phosphate, an organic
phosphoni ¢ acid and m xtures thereof. 34. The process
of claim32 or wher ei n forn1n9hthe reaction
rhhe PIecEss @frany one egﬁl}gm%lesw whereln e nanocrystalline composite is a core-

shelled nanocrystal.

The process of any one of claims 1 - 30, wherein the reaction is carried out in an inert

atmosphere.
The process of any one of claims 1 - 31, further comprising adding a surfactant.

The process of claim 32, wherein the surfactant is selected from the group consisting of
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34.

3s.

36.

37.

38.

39.

40.

41,

addi ng a surfactant, wherein the surfactant is a
organi ¢ carboxylic acid, thereby allow ng the

wo eooamrd4ec of a cadmi um salt of the carboxyl i cPEEBG2008/000290

and in the formation of a nad@crystalline conposite
Eﬁ%tgﬁ&&&ﬁfﬂ?ﬂ& béit O4h d¥barfi@phdsphatd) anSsrgarit phésphbsic abld and
Se, A of the formation of a salt of the carboxylic
a@mr%ﬁblermf 35. The process of claim 34, wherein a
solution is formsd of a precursor of the el enent Cd,

).
e ST S Pl PR LB T B Sompries
§8d1n€a sﬁlffacMmt OlhéeBE WirfuRtandfs aMrgihie Eabox i dtid) herdls allowing
sol ution conprises addin t%the sur?act ant. 36. The

redfommatiasrof @l cardmaurs 3alt ofihe coexdicncidhand inytsifermation of a

SRR ife Aftiibel:2 nAETLEHLIAM S8 PLOMR SECRTLRCAM, e, A, of

canor e ac aurrc,

ol.ehé€ fasiation b3 satcdfabecarb&ydioacid andiM) , n- undecanoi ¢
acid, linoleic acid, ((Z 2)-9,12-oct adecadi enoic
acid), arachidonic acid (éal l-2)-5,8,I
The @I(mes,ﬂdsf@ﬂ%mr-’é‘e mdiereing sadytion is rﬁ@mﬁdcnf@ naegugsor of the element Cd,

9 12-.. 0ct t [
o e e ARRGH SERE o e MRV S @rlouPh o o) Ca. 1
IsexadereamMeSaA,tf M,offai péduesoaot M (vtmtdlﬂdhmaﬂgt}m solution
acid), palmtic acid (hexadecanoic acid),
gmﬁeﬁfﬂ&aﬁéllﬂéﬁhf‘c%@mnt(z Z,7)-8,1 1, 14-ei cosatrienoic
aC| d) and mixtures thereof. 37. A Cd and Se contai ni ng

(r:cgc\é%apafJ Hlﬂxg 3§02 ?E;)@E%Igmgﬁé{ b%gn ¢ gﬁ%’;&?ﬁ%&@ﬁ s%%c&'aﬁrom the
\gi’tﬁipﬁtioﬁmbﬂmgSof&Ebaﬁlceﬁﬁl’(bctﬂdecgﬂi(ﬁu Acidp, lafrict had RﬁEc(ablklE{[Z] octadec-

than Cd, and A is an el enent of 16 of .th
Srangic ackinn-endaranaig aCIfihléﬂrﬁ%.lﬁ 6@ﬁy§¥~§$ h%oﬁté‘i’r‘“ﬁéglie{“é‘c acid),

Qﬁfggﬁo%gta@idrtgg 2)-8% f10fs- E@s%?eﬁ%eﬂglc a4ay), @iﬂ@laﬁfxc Ql@g@E)]Q,IZ-

ocrysta I|ne conposite of claim 37,
whiadeiadienbie ansi)ooyysolaiclacidg ¢ emptesencac agdn palmltolelc acid (cis-9-

ore-shell ed nanocr stal. 39. The nano t al

BHBEPIE SHOCTARS S praigeandyg b At b oe fivadssrapic 2cid),
Rah\bhﬂﬂmgleﬂfi' o8 @A N-8Y1 0 @felcasahx@d?c ada) aﬂdemu&&es fHekeof.

anocrystal line con‘posnte of clains 37 or 38,

incorporated into a plastic bead. 41. The use of a
ma0oeand St edntaiam@mdhagydtalline ao'mpbsﬁa havin@8 compbsitton of one of (a) Cd,
manufacture of an i|llunmn

M, Se, (b) Cd, Se, A, and (c) CH g‘e A, 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

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

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

core-shelled nanocrystal.

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

binding affinity for a given analyte.
The nanocrystalline composite of claims 37 or 38, incorporated into a plastic bead.

The use of a nanocrystal according to claims 37 or 38 in the manufacture of an

illuminant.



