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BACKGROUND OF THE INVENTION

[0003] Semiconductor nanocrystals have made a significant impact on many technological

15  areas including optics, optoelectronic, photoluminescence, electroluminescent devices,
biological labelling and diagnostics, and so on. These semiconductor nanocrystals
nanocrystals are known for the unique properties they possess as a result of both their size and
their high surface area.

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

spanning the whole visible spectrum.

[0005] Other nanocrystal materials being studied are the magnetic materials which have
found their way into medical use as contrast media for magnetic resonance imaging, hyperthermic

25  treatment of malignant cells, and drug delivery.

[0006] There have been increasing interests in developing methods of synthesizing the
nanocrystals, in particular II-VI and ITI-V nanocrystals, which have well-defined shapes, sizes
and high \crystallinity. Monodisperse nanocrystals with a narrow particle size distribution are
an important property of the nanocrystals in various applications because quantum effect is

30  dependent upon their size.
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A can be an element of Group VI or Group V of the PSE. The method includes forming a
homogenous reaction mixture. This homogenous reaction mixture includes a metal precursor

25 that contains the metal M1. The homogenous reaction mixture also includes the element A.
Further, the homogenous reaction mixture also includes a non-polar solvent of low boiling
point. The method further includes bringing the homogenous reaction mixture under elevated

pressure to an elevated temperature that is suitable for forming a nanocrystal.

[0012] According to another aspect, the present invention provides a method of forming a
30  binary nanocrystal of the general formula M1O. In this general formula M1 can be a metal of
Group II, Group III, Group I, V Group VII or Group VIII of the PSE. O is oxygen. The
method includes forming a homogenous reaction mixture. This homogenous reaction mixture

includes a metal precursor. The metal precursor contains the metal M1 and an oxygen donor.
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30  mixture includes a non-polar solvent of low boiling point. The method also includes bringing
the homogenous reaction mixture under elevated pressure to an elevated temperature that is

suitable for forming a nanocrystal.

[0016] In yet another aspect, the present invention relates to a method of forming a
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[0021] Figure 5a shows a TEM image of ternary nanocrystals of the formula ZnCdSe. The
nanocrystals are nanorods of the composition Zng»,Cdg 75 Se, formed from a reaction mixture
of Zn/Cd oleate, in a ratio of about 1:1, the about four fold amount of Se in trioctyl phosphine
(TOP) solution, as well as trioctyl phosphine (TOPO), hexadecylamine (HAD), and hexane as
25  the solvent. The mixture was reacted at about 320 °C for about 3.5 hours at elevated pressure.
Figure 5b shows a TEM image of temary nanocrystals of ZnCdSe, prepared from a reaction
mixture of Zn/Cd oleate, in a ratio of about 1:1, the about four fold amount of Se in TOP, as
well as TOPO, HAD, and hexane as the solvent, reacted at about 320 °C for about 3.5 hours
without TOPO at 1 atm pressure. The TEM images of 5a and 5b show that the nanocrystals
30  prepared at elevated pressure are nanorods while the nanocrystals prepared without hexane at
I atm pressure are nanodots. These results indicate that high pressure favours anisotropic

growth of nanocrystals.
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15  via solvothermal method at 180 °C for 20 minutes. The x axis represents the wavelength in nm

and the y axis represents the PL intensity.

[0027] Figure 11a shows a graph illustrating a PL spectrum of ternary ZnCdSe nanocrystal
prepared under pressure in a ratio of Zinc : Cadmium of about 1:1 with TOPO reacted for
about 1 hour. Figure 11b shows a graph illustrating a PL spectrum of ternary ZnCdSe nanocrystal
20  prepared under pressure in a ratio of Zinc : Cadmium of about 1:1 without TOPO reacted for
about 2 hours. The x axis represents the wavelength in nm and the y axis represents the PL

intensity.

DETAILED DESCRIPTION OF THE INVENTION

25 [0028] The present invention relates to method of preparing one or more nanocrystals. A
corresponding nanocrystal may include or consist of semiconducting matter or a magnetic
oxide, including in ternary or higher systems e.g. a metal ferrite,. Where the nanocrystal is a

quantum dot, its emission may be tunable by composition and/or size.

[0029] The present invention is based on the surprising finding that non-polar solvents of low
30  boiling point can be conveniently used in a homogenous phase in a solvothermal process to
form nanocrystals. The nanocrystals, which can be obtained at relatively high temperatures, i.e.
in a temperature range comparable to conventional methods of forming nanocrystals, are

highly crystalline. High quality binary, ternary and quatemary quantum dots and magnetic
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makes the process difficult to carlfgé out in a largé scale
f

ot her ar daPut i"éﬁﬁ?!t%‘:lh@%ﬂb"@e% W&rk88r med to circunvent these
di ff | b. | | voi h t h -
611 ol gy Dy oV At Bl TS, (58 AP, g o

et &0, Anydasthehallisg Bﬁhlcmemodﬁeuseﬁvm g(eéﬂﬁ@ﬁ)ln&ﬂe C@ﬁ&ﬂmynﬁlesm it refers to
Thirurruru 1, A ul] .. Mater. i, 007 179- 182

o T PRt sfevetet pRS G apT Ehi B s AP e P R A el e ShEor
term 20 ‘waysd laot:zhawta’t"he ten afsctleasthtmtmgafubmlly sefersite c@&ﬁﬁ@gmf eldvatteh pressure
cont ext of é esi.s {ee erfuétoc ndltlos of elgglté( sureab
typi cal | f24PLE F°e€/‘5‘t’"‘é%ii BREREFIE PRI H08 Japvents AFFRIdi. t‘-?r“SS% ove
cat al yst jts E&eng pmm t@ﬁaﬂgﬁﬁt&t evlosgé negséll that sﬁlsp‘wﬂs mgacaumgaﬁmtslp@mmes‘ In the
el ev ted ress and. cﬂa | so el evate ture, 1.nvolvin

Sol SR e g Otiog, AL a1 Prcise 3t A s Y B P TRYSA IR conventional

typi cal I )zleh@es&ﬂelﬂ&@dv@ﬁﬁﬁth‘é%@@dlchtm& cSiRRIab pltkdife PdALOEENEL cell, a Tuttle
pressures. In thhe 25 cont ext  of 1'She inventi on el evat ed}é\g essuri,eento
any degr e@e HEAARMPTeAPRI R YTy SBNR RISPIRAF! HatiPBBan.&tn exRmBlmbs fosed

the art, o r@&weetl@@%nnypesmeer@e&mle c@m&h@twlscetduabte a static
Tuttle type atch react Qr or an autocl ave. Suitable %Elessurl zed

r eact or s Pressere of vl ioafys| 18° plan.cf ¥k 682 pydiakaye meayi bsreepergted diysmerus ofa diamond

Par r3gf y pgnwy\éélf QutitSlich %Pés@ur‘é? BtAHY 6 héan Y uiRPhS cay DR ilCmBHBES bf fhe
of up to 106 atrn,--400 GPa and above may be generated by means

of a di amyﬁahcan Ilamtqai gebadimenipe method @rcopdiag tuthe present ipxention ipegmied out at
required,} QeGaES %ﬁlﬁ:@jﬁ' e inNfie gg' Bl ool 1Seo BYEY00U (4 Aerh Y BUR i in thg range

enbodi nents a me accor to the present |nvent|on is car
from about 20 atm to about 200 atm, from about 10 atm to about 200 atm, from about 35 atm
to about 150 atm or from about 50 atm to about 100 atm. Above a certain temperature and

35  pressure the solvent becomes a supercritical fluid that exhibits high viscosity and easily



35pressure the solvent becones a supercritical fluid that exhibits
hi gh viscosity and easily WD 20091045177PCT/ S&008/ 000381 7

di ssol ves whensdasl7conpounds, whi ch under anbi ent condi PCTURG208%i@MBE1
only low solubility. [0032] Conducting the reaction under el evated
pressure, for exanple in a pressuri zed Yeactor allows the use of a

non- pol aghs[sglvgs cfh%%a? %mﬁdﬁg Ove rgaéllaql%\@’cggdlhe r‘gg_‘ggglorﬁ ¥ by 10W Yo ﬁl%llﬁan

be heate enper y an-increase

aut ogeno l[@i]ﬁl e €%Hc[1ﬁ;t1fz § ¢l feddiign %ﬁdr@[@vﬁt@@btdﬂﬁlre TfheedaMpBNnQ Sressurized reactor
surprisin ound that this allows the feaction to be carried out at

high te maﬁwar theeusgtofiniempHarg B-2c Ryarehobion soliem s lgwiheilingceging @hich can be
obt ai ned peyedtoM feﬁllp@ﬂﬂup%(ﬁfe i8 VMR pinehy b ks ilf‘ﬁltﬁ&h&ﬁsspreslsﬁ}e%kultmg

illustrative exa om)genous reaction m xture can

trans¥ er rf@al b@hag s FRferinyasiet @jrrpramglp frugd dhagihinalinws tbg mc@tasto optsariod out
m xture ﬁ‘ﬁ@gt \Mﬁcﬁrllu %ﬁélﬁge Lgﬂﬁ?& Lﬁaﬁée"%‘taqghdnabén @slrzﬁfncﬂepolar

referred as t e reaction erat ur 10 to - 450
el evat ed splrvenys of ¢dow bhidingipeinis. dn rpayillpptralive oxamplel the domogenous sgactjon mixture

resting and, b, AkRG464 phi? r n%oggﬁﬂ n'ghr‘]l?éd {vﬁﬁlﬁﬁm ert Fésg he ikl : ng% {/wated to

measur abl'e degree. 1Tn sone e e i's accor
exposed o chivated tempeygtureaivhigh curytal sosusferred kangs thEacactibn nparapsg~i200 °C

e, S8 489 e TS B R 4O RSP Rl P

I ncl udi ngffs¢ted to mgintain gt lemaMthtremt ofrmeasgrablbSegoei In and mbodlments the
rolling, ke ng ang nbr natd ons . .I.her eof The reaction.te

can bo rdiAo Re PR PR AT Buting Bt Sl FRFla ARl JRF b bhibose
nanacr ystedyshe képt erdet flew Chinhidhire magfthustie keptaiatiregqnenttoln eorrtmaous motiaa Mhis

t hen bestop d.b si npl ehea andcoorn down. .The . .
1l pr tcrtcimstind BB, ieSE " Selain. "Bl o3P 4 Rt D iine
process. sbiifitstionptating, nsHahmg andgesmbihdiahs dheredfo Thbereadtovateapefates &um ebe
e si onmRaT g dgego Se? e 67 Rins8eal, hEREREhitgREpn

than t Ee réxotidn, fige eadtivh cﬁfr tHeR de Sippad iy siﬁiﬁlif féﬁleelfngltl‘id)hdiehlﬁll\t)ooﬂhg down. The
at nosphe ssure, The.react. o m Xt or .instanc

b ougnt - TS toget ftibe PraEE RN Hatblk (s PEIR QTR REoR3S b oty this
C,b Sucgogégca:ﬁbﬂut 6159 & ?:Iéeg eRPaLd pﬂ&@ujrg gséﬂ)m& rei&ﬂ)ncmtag bgbﬁwﬁed‘lﬁﬂ goreaéctlon
abou t o abqut ut t : .

o bout SRS Tt SO Aty BehBone 9S0e N it Cos 0B bishepan the
350 C. [ @e3iag ﬂalﬂtt &ethe donent AVEN{seE S1sbobelslvy hahtmidd hdtﬁ;epmsufwrrmo;leaéuon
solvents with w boi | i gg ,E)?HI nt can suhstanti al | duc

post - tre&%lﬁ%‘ﬁe(m@r OF IRSIATCE 8F PONERY B8V h‘&é‘tS‘F‘E?faé‘{ﬁg H‘grf@ Frefagbout
found by sphec] rh\éﬁra.e gaut 5hat o raaﬁluezoogcnadwﬁrom(achabdumbmett %oﬁtuﬁl}t%
dots, at elevated pressures can w_modul atj on of rmrg{hdé a%outmo °Cto

certain ﬁa%éls%ga?@“r Q¢ |t?1§bquﬁ 3ﬂ‘? g‘l:r 2R L% %t 19 shops3

ani sp3 r ogh&ut 350 br Moud 25 AT ¥5dbahs350[4¢034] 1 n addition, anpng the
suitable solvents with a | ow boiling point (see below solvents of

much | om&ﬂﬂiﬁébsFur&ree, the anvenlire fdmlﬁrthatnﬂmglst lo6 sen-polav solventwiviith a léw g:loih'ng

boi i ng poi cordr S orm panqQcryst.al s, can

o ani 113t sor SRRt Fedies s RS vPnEenL PRI RO P Rl fpsS Himiingly

i nvent i obeerpfoihd by Iti&r inyeritors |that gpeoduciak aapropghtads, iinshuding quantum dots, at elevated
pressures can allow modulation of morphologies of certain nanocrystals resulting in high

-1

30  crystallinity and anisotropic growth of nanocrystals.

[0034] In addition, among the suitable solvents with a low boiling point {see below) solvents
of much lower cost are available than among those solvents with a high boiling point.
Accordingly the costs of forming nanocrystals can be significantly reduced by employing the

methods of the present invention, particularly in large scale production.



WO 2009/ 045177PCT/ SG2008/ 000381 8 [ 0035] Dependi ng on the reaction
conditions used, the nethods of the present invention enconpass
enbodi mentwoabosf@sming a binary, a tertiary and a quat ePCTHSF2008/006381
nanocrystal. Were a binary nanocrystal is forned, this nanocrystal
may in some enbodi ments be of the gener® fornmula MA M in this

f | f.Goup H G 1L, G V VIL 5 .
or G oup P ePERLAHeP L i G oet st e ot Bodeey echioh gmption
the tradi dnb@ﬁpéss bdPAGmeHS of Fﬁnnﬁtg:@bldhﬂ?ga teptidrip@nd) emdt&iﬂéﬁ} Ey6drestalt Wahere a

correspond r tradl nal te in. br acket are 2/
group 12 eganr Stalér Sqrgle o Iny 7} Jay §p aaeef Egrw the gsneral
7 (group fihila NﬁA Mbhﬁth%ﬁ@ﬁﬂl@@aﬁe &fnetaPof Gro%EQI (@6&1}'111 Laop 1V h@mﬁﬁwrr
| UPAC_ system as well as (group 2 of the new I UPAC Séste

My, SF, O GCrang VéaH of &y, Pestonlic %x@sﬁrb P‘é@learenedl’éﬁbworang tor the tigHibigpal T§PAC
of the ney stbﬁpﬁgc&&l%? %Tlhe/ﬂew @*A@Qﬁtén’i‘ therUﬁ'eﬁﬂohHﬁg r@édp‘é‘?trﬁﬁﬁéﬂ% @y?sté?ﬁ in
a suitablé elenent o roup are égrou he "new | UPAC

Pb and Srbragkgtsj preggqup |8Vfélpe1>36(ﬁﬂ“é 1pf grgup éﬁt(ﬁamell& erreﬁt14&grogpé gmurp 7

is (gr qug%ﬁlg NQuib LR S%f?r&? II%pfbt @U ﬁbcl)ﬁhg W@ﬁgéystem) Cd, Zn,

el ement s p VITI are (grodp Rew 1 UPA syste
Ni , and s, wells[m(gm]p Tofidhanewy TUPAG systehrMa: PorCapfand, Baa Sudabje exdmples of

I
aCCO %rk}% A1 E%t(gr%qpl ns?gﬁcﬂe&@ﬁ‘*@ @%sté\‘la AP erﬁ""ﬁ.f?cf glugﬁr}& 1'118%5&@%%&1&
|vg Sr @d,a smltaEa clepfent hEg@upUW dre grospidA oefstheﬁrhf;w (HdPAé}rﬂjrsﬂem) Rbf andHen. An

G oup IV C

G oup Vi Ilpus & u“é an%Iliﬁ w%l?tamg%em% %IPF ghéy]lfﬁ?gr Oﬂ? he a o’\‘/"(é)’J th'&rr% Is<yaStem)
can be a Mhahdtaplerxamplas pfeleheageaf gionp VIHmre(geompr ofithe Gew UPPAT dykteon) Fe,
G oup V q,% Tﬁue R E according to the historic | UPAC nonencl ature or of
group 16 1k d ™15 accordi ng to the new | UPAC nonencl ature. The

homogenoygose} aeieh@an X e Srhittdnlstesndrdcss@ha bR BNt thdd R invention,
precursor containing the netal M, as well as the elenent A A netal

pr ecur sorMasor yéese amllaawc oash 06 M laanddYidi may fos instance beabiie GranieH: sush as €4,
a conpoung, Mé‘on O% N9 B3 Sk Gr&g?frz I%Eﬁ’hsdﬁ dapﬁm‘fﬁ{ BPﬁa%Q%BB@V”S}cﬁ'as Pb,

in the forrat 25 nanocr | Ast ance

i nor gani &ng ef e ﬁomavﬂmaheamor@ﬁﬁ@r@am <YI csugh agle, &oeNacelr. a
stearate n .ol eate f th res ondi n tal. Where two
el o 180 i Bt fhav duimila ci B hAESRE I A TRoHR b7 6 e i Gzoup
thergef, ¥ihe Gip rmbﬂﬂﬁ/mgdwﬁmrgsmrw hb;@oritSR!PA(D néyndl@iel & bfIgddip0l 6 or

10038] Generally, in the format] a na ocry a|l according to a
met hod of€"¢Ye 17 AFEREI8HO 189 note! @% fsrreLeﬂa%ﬁ&P%aﬁcaon {Hgture

el ement Bn&adbsbrﬁ guerﬂeﬂeaatﬂﬁh{sya &e&aﬂcﬁre@trwr c@ﬁeuﬁng/theo;fnerahmPSE weueb the
as of S, Se, 0, or Goup V of the PSE, such as P, As.

sone enb@éﬁmﬁaﬁr“s A mstad Perrer%?r 28 ussd/ip any methadeaceording teakr B’@S‘?ﬁt é%‘GW%IIS a
in a suitghly @uﬁplxﬂrﬁﬂﬁmgﬁf Qe tﬁ)ﬁ'ﬁi‘gvlﬁésoﬁiedﬁﬁrdsﬁblﬁf@eﬁw{ap if GhéNféBfition of a
reacti on m xture sone enbodi nent s, t he net al precursor can
be aZ2¥ret aanefrysalelt nradrfore;ea#meée an YT ariD(cas § TATPPIITE)SCAD 0BA0F08 @1 2n acetate,

a stearate or an oleate) salt of the corresponding metal. Where two metals or metal precursors

are used, e.g. cadmium and zinc or oxides thereof, the two metals/precursors may be used in

any desired ratio.

[0038] Generally, in the formation of a nanocrystal according to a method of the invention,
30  the element A and, where applicable, the element B can be independently selected of Group

VI of the PSE, such as of S, Se, Te, O, or Group V of the PSE, such as P, Bi or As. In some

embodiments the element A and/or the element B can be dissolved in a suitable solvent before

being provided in order to form the reaction mixture.

[0039] In some embodiments, the metal precursor can be a metal oleate, for example,



9 cadm um ol eate, cadm um zinc ol eate, |ead ol eate, manganese ol eate,
magnesi um ol eate, cadm um | ead ol eate, magnesium ferrous ol eate,
manganese wennmissigf eat e, cal cium ferrous. ol eate, zi nc PET/SGBS/000381
ol eate, strontiumferrous oleate, cobalt ferrous ol eate, or nickel
ferrous oleate. As an illustrative exanpl e, in enbodi nents where a

quaternar nanocrystal .is forne e, netal precursor can be

f or med bﬁ lgeopf?%/ SR, PiS ‘g?at‘?rgf"%dq olgten HNEBIESH 9 end%qﬂwumrplgaﬁe
organi ¢ &drflumf REd bIh%ieaE\%%n@imﬁ fE808 Q1 @t ) MRarRhn 3B Ferrod GoléAle, alaRitim FolPous
C, such as about 100 to out 400C. The netal precursor. can then_ be

m xed wi Pleats) sngderousaelgate) grpeHumpeners ¢lpaenebali dempusseipatentr mekel degrous
boi I'i ng pRLRL As hﬁlnﬂfs&ﬁﬁvé &a}@!émﬁ BepORIBUE DACKS L%?éiﬁdr?rﬁaﬁ@ sl s £ Ried,

an illustrative exanple hom)genous reaction m xture orne

a terper atqmeafrmmwsomaebe mm@é bg dissolginguthe yatsf mqﬁafé\&benﬁ h@nmdenm@&nély
the metai, E#iﬁé%d J‘gr {ngtra?%dat %ftexﬁpéét&%%&‘ aﬁ&ﬂ*@@'&@& 500 4, heh J%E‘about 100

cool ed down ore a e reaction m xture. ere d terna
nanocr y s tedbogtild 45 Thi Mgl pMEMBoT @in thdNROnixed ith rvl;ment Aendeteadent B and the

Bna Ve 1 PERRR A, SPoNd Rt 4 8ot bR PR il

The net akn plﬂtstram\&oexanme tthe moinegmouedemmmnattamamt foﬁnahdt z&dmnpetz&ure from

oL, B30 b P A Bl L 2 R B o

for rred atentpetaurpeit adayriee Eoodedd ddvmubef2f 4dding @libeireaéorCmixte. WMiesd a ternary

Gl aront ReneRyPa) ghanl May B ¢ 1 (4005 RPRL i mBFLp(Heuap con ikewise

cont ai ni B¢ férird st diksoMing @ik dafts of REtAME abeMpiﬂaeplmByntgﬂ msal b’ﬂgﬂﬂc acid at

20 salt of t met al i organic acid at 1

met al pré‘wﬁéﬁ? tq ﬁh@lﬁ%%@ﬁﬁg mreaepaeebewa gioelmrMﬁ%d/or
el enBnt  HemBfk B WP/ tBE nSRhMBNdol Rt bﬂwmylthﬂmlﬁowfonh &hd REdH0A mixture.
honpgenous reaction mxture. In an illustrative exanpl e, the reaction

m xture i8S FEIPYRBMEYUrS TRAYHOE ingianee.be %WF%B%E%‘@F@%B‘E&W 0 °€.to phrut

netal pregerShfe MBN pricutitk TofiHa Qe high MmpPfuqRdyesk Rl cﬁ)%slrﬁfetf&@ eIement A
tenperature before add‘lédneg to formthe reaction m xture. 25[0041

ot her endesHorlmant BHsp bi nary nanocrystal is formed, the

nanocrys of the gener.al .fornul,g. M. n.t

oo et Lo Kt Brochis RRRE e sy e btet P e B A5 =
of tAde PSHE ¢fathe mtabMal) in donorgardd addiad HihHhtos4 IOHE. Thermopeal uscurseathtis &nmed
m xture formed in C ont.ai ning ,the,netalk,. M, ..
The. et al® b e 80 carBBed haf A i § A L Brbporb o L BE g boiting
30[ 0042] pdinbiorfamy a manmgegmm at¢actibn ogexterealn shnﬂlusti-emvb/bﬁample,phe ecictiyn @mixture
nmet hod of hep ent_inv 1O X of .the formula

Gase.* catdoMiedllt S3Rberb RO o SRR B e Blordy bR af i e
nanocrys bmbod)'nfneagehe cedled @r sl catelVi€énpremarbeforasdbngliorfgr theaeantivh adxtofe.
the 2pt)jresent I nvention _can for exanpl.e be of the fornulas CJdO PbO,

CoOl00# Ko, Ingither spyboginanty whers athinary panoceyskib isfprppdithe panocrystal may be
r epr esenbhk %&é}&%ﬁﬂﬂa M. oW ﬁlusolﬁhﬁulh lcluvﬁé 5 fled) 3G 1 h@ﬁ;up 111, Group

nartocrystals are binary, meanin hat hey conprise two el enents.

The repr BSdtonp iVdhor Grparpbal eﬁs@? s@a@s Inoecembagingnts gschomogenous

does not RS adltineY forRLd SRGMest 4 nehll Pr&dM QIRLAMIMREg HREnRANAAT Y $h hibtal
(even though it can in the case of CdSe or CdO, to recite only two

exanpl es?fe%rﬁ"fdn%}’oal$%@f3’@é@§n Pedese ﬂ?%qT&‘Ffsb@‘PWl he stoichionetry MR

l(:];gr examﬁ] I\Q%Zgary ygx?o?’rjgsta? of generm fe trmﬁ‘la %Qﬁﬁ). prepareyanoyéla ge od W present
invention may for example be of the formula CdSe, CdTe, CdS, PbSe, PbTe, PbS, SnSe, ZnS,
ZnSe, or ZnTe. A binary nanocrystal of general formula M10O prepared according to a method
of the present ihvention can for example be of the formulas CdO, PbO, MnO, CoO, ZnO, or
FeO. In this context it is noted that the representation M1A and M1O should only illustrate

35  that this nanocrystals are binary, meaning that they comprise two elements. The representation



5[ 0043] A ternary nanocrystal formed according to a nethod of the
present invention may in sone enbodi nents be of the general formula
MLMRA. M wpaowB431m17t his formul a can i ndependentl|ly be aroB$Gioesidoo3st
Goup Il, Goup Ill, Goup IV, Goup VII or Goup VIII of the PSE. A
can be an eI errent from Group VI or V of IBSE. In ot her enbodi nents a

ternary | ,for d acc ng to od of t rese
vent | olayAHa R daed HE ReRErriD skt Be moighomity. gh Ty stals (even
formul a blibo nietcaxi i theGeagel Ii)f IAdSe GF ATHD, | th Irecifar @ilp tvy eciples)Vbit z@io includes

Goup VIII of t B depen | enen

G oup V dta“%%‘rﬁ?qs of thrsipomey Stk UB SXRmie S OBt SEmRe 1 9o, or

nanocr ystMiOf (@rerampledei@l)ng to a nmethod of the present invention my

be of the general forrmula MLM20. ML and M2 can be independently a

met al 5 of [@9434p Al ternacy nanociystal fo@ned pedoxdingooumettiol of theGpresapt Mventianf may in

method oforkceibiBidhe B of hFoRRG_ RRGR! VaMA, 9 TR, DOPE B el con

be of | ayedependehtiybe tarmetalsuf(ﬂtroap Ik Gmrupalll;,r@dobp §Vy G réll o®IGrbit leolﬁﬁte
exdup p

honmogeno : of unifo i oR, O ual or st ess

Vary ! ng. ST e 8 e o G e St of ek FmbdsieeS s iR e

to a met kegtdforhitd apeR8@ptto b Mveidd @ﬂlhérpbesexg 1ﬁtﬁbﬂﬁoﬁﬁﬁ9®b@|ﬂi§gdﬁgrgpgomula
above can e

ot a e”er@%%‘) ca i ghis ol BF SuRCiPior GreARHovB AllcBRip Y rows V1 or
t he PSE. G'to%%vr@of&re PIE apSRAS B4 MdBRnashtS R enfdnt &F O¥dup\W OF GEEPUPI of

of the P Those skilled. in the art wll appreciate that al so

t er nary 3bRiPeE dn vetanpthehembndinent 2 temaymapecritialiforned agearfing t@e astheded the
to the i nyapld 19%nﬁ5§nta¥@e%@tﬂey eﬁéraﬂoﬁhulﬁ%fﬁﬁﬁ‘ Mﬂ an 344 eln be 1ndef'penden|tlg a

[I'lustrative exanples of a ternarﬁnanocr sta of the genera
M MZA | mestalé Growp BuGrawpdlinGrovpi v, Geeppt BII caCtrelrmHII%ﬁm&SrB/Q ialoxpgen. A

formy Q}%@no ??s%ﬂ ﬁ%@&ﬁdmﬁgg%ﬁ@fﬁ? m§€z? Eb%qnafﬁg?fsﬁtpa%&%cmre It

11 ust rat I ve-exa terna nanocr énera
MLAB t hatmayefyr lbstaﬂ@rbneﬂlaum gna:turatshddascaf ootdfréle]l smmmre,(m iti mayl hedwnwgenous,

f | SeS . Cd Te. 7ZnsSeS, 7 T ZnSTe ,
SnSes, ” S qBini R THmB Ry GR35 et eti Y or SRR vab TR Pme BT v ool s
of a ter rr@cmz NANRaFerS Fhardbryb @l et MMRing B miEiba BE At REORYertiSh Ay

a nethod of the Invention al'so include a nanocrystal of gener al

fornul a M AERoemkesimenis be pkihe gpnera 50%#@@&42@%2@&@@@0% and M2 can
ZnFegpa, obihaador 6RE ﬁ%ﬂ‘&}ro i, \BoBr 9¢ Ghﬂlpt\hfé%r @W’WII lof ﬂleSPgﬁ)t&'Qnd B

that al so the representations NMIMA MAB merely serve in
i || ust rat:&mgldmdmtbtbetaqmlemmgé%wpo%royﬁramvhoﬁthté‘ﬁﬁaﬁqscw&éﬁqd ixgthe art

Rt e S Ry P RSEA Epe

MLMRO noacmnhhgrtnﬂ)nmvnnﬂmrmtyq)fcaﬂhefh@bmuifomm;t ry of the nanocrystal

can be drawn, even though in some enbodi ments by coinci dence, for
exanpl e i10p4shn Birstitivesxamplesiof issrmanymmmparystal afjire peneral formula MIM2A include,

st oi ghi opRt m ok 1i nli't%d re@ra%ﬁw ﬁdnoaa%ﬂopﬁnharab %cag& ltf&ttgl rfdz@@éi ddme

the general fornula. Hence, the above general fornul'as
and er\/rz@nab%cSnPBSt, e §u%b1teoillusmttwemnbs pbe teyrmn@ogfystahef general fonnula

stoichio (JsB;
01 €10 8 Al DS i3 s 5o
M zAt nyCd(SE&rCanCéS'mfd g’mlScS' %Sea"e ESFex \Vol2S( SoBeTex Sn?’fce PbSeS PbSeTe,
, Fex0 0 Fe"NMm . 0). 46], |
exanpl os "BF FRSKia0BRTRYS <RARGRS SLe drss MnevaR Porrria NN R iy be
30  formed using a method of the invention also include a nanocrystal of the general formula
MIM2,04 such as the ferrites MgFe;O4, CaFe;0y, StFey0y4, ZnFey0y, NiFeyOy, CoFey0y,
and MnFe,0y. In this context it is noted that also the representations M1M2A, M1AB, and
MI1M20 merely serve in illustrating the fact that these nanocrystals are ternary, meaning that
they include three different elements. Accordingly, from the representation MIM2A, M1AB




10 may be fornmed using a nethod of the invention include a
nanocrystal of CdZnSeS, CdZnSeTe, CdzZnSTe, CdHgSeS, CdHgSeTe,
CdHgSTe, Hy@n@e®B451FyZnSeTe and HgZnSTe. I n this cont extpPCT/SERosI@LE
that also the representation M MAB, should only illustrate that
this nanocrystals are quaternary, neani by that they corrprr se four
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IS under \/ eLy i 0 J:
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than e.g. an insoluble suspension or emulsion. The reaction mixture may also be of a

temporarily stable or metastable phase, as long as during a selected period of time for forming



20 corresponding netal. Acetate, form ate, propionate or

acetyl acetonate are exanples of suitable carboxylic acids. For the
sake of cowplzewemsiss it is noted that in the case of a PEr/bGE29$/#00381
acid that has no further functional groug the noiety -000- or COCH
may often be taken to represent the oxy n donor rather than the

where = AORDSH YR APt bl YT She R RO R o s By K e
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used. The surfactant may for instance be an organic carboxyhc acid, an organic phosphate, an

organic phosphonic acid, an organic phosphine oxide, an organic amine or a mixture thereof.

35 A suitable organic carboxylic acid may for example have about 8 to about 18 main chain



30 may have from about 2 to about 18 mmin chain atons, e.g. main
chain carbon atons. As a further exanple, the surfactant can be an
al kyl am meothatifias from about 3 to about 30 main chai PCESEBS/000353.
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2009/ 045177PCT/ SG2008/ 000381
limted to, hexadecylamine, oleylamine, octadecylamine, bis (2-ethylhexyl) amine, octylamine,
dioctylamine, trioctylamine, dodecylamine/ laurylamine, didodecylamine tridodecylamine,

35  hexadecylamine, dioctadecylamine, and trioctadecylamine.



15 heteroatons. Alicyclic cycloal kenyl noieties that are unsaturated
cyclic hydrocarbons contain generally about three to about eight ring
car bon at owe,z0d9ms1i@xanpl e five or six ring carbon atonspCrlycioesbdezny|
radicals typically have a double bond in the respective ring system
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cyclic hydrocarbon moiety may, unless otherwise stated, be of any length and contain any

30  number of non-aromatic cyclic and chain elements. Typically, the hydrocarbon {main) chain
includes 3, 4, 5, 6, 7 or 8 main chain atoms in one cycle. Examples of such moieties include,

but are not limited to, cyclopentyl, cyclohexyl, cycloheptyl, or cyclooctyl. Both the cyclic
hydrocarbon moiety and, if present, any cyclic and chain substituents may furthermore contain

heteroatoms, as for instance N, O, S, Se or Si, or a carbon atom may be replaced by these
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formed m xture to cool down. The final product can be purified
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accordlng to th I nvention my i ncl ude 1 sol ating one or nore
nanozy ysi@dsy} f Thee@tal salt of M1 and / or M2 can for instance be an organic or an inorganic salt

of the metal M1 of Group IV, Group VII, Group VIII, or Group II or Group III of the PSE.

[0058] The inorganic salt of the metal M1 and /or M2 may for example be an oxide, a
carbonate, a sulfate or a nitrate. The organic salt of the metal M1 or M2 may be an acetate or
the salt of the metal M1 or the metal M2 and a carboxylic acid, for example a long chain

30  organic carbonic acid with about 5 to about 24 main chain carbon atoms {supra).

{0059] The reaction may be carried out for any desired period of time, ranging from
milliseconds to a plurality of hours. Where desired, the reaction is carried out in an inert
atmosphere, i.e. in the presence of gases that are not reactive, or at least not reactive to a

detectable extent, with regard to the reagents and solvents used. Examples of a reactive inert



[ 0063] The nethod of the invention may further include nanocrystal
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diethyl ether (b.p. 34.6 °C), ethyl vinyl ether (b.p. 35 °C), diisopropylether (b.p. 68 °C), and
25  tetrahydrofuran (b.p. 81 °C).

[0062] Once the reaction is complete or has reached a desired state, any further progress of
the reaction can then be stopped by simply removing the heat and allowing the formed mixture
to cool down. The final product can be purified by a simple centrifugation / dispersion process.
After centrifugation, the precipitated products can be collected and dried to obtain a powder.
30  Altemnatively, the precipitated products can be re-dissolved in an organic solvent such as hexane
again for storage purpose. The latter process may also be termed dispersion. Accordingly, a method

according to the invention may include isolating one or more nanocrystals formed.

[0063] The method of the invention may further include nanocrystal post-processing.
Although the nanocrystals obfained by the method of the invention are generally at least



addi tion, where features or aspects of the invention are described in
terms of Marlcush groups, 30those skilled in the art will recognize
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skilled in the art, and that such modifications and variations are considered to be within the

scope of this invention.

f0067] The invention has been described broadly and generically herein. Each of the
narrower species and subgeneric groupings falling within the generic disclosure also form part
25  of the invention. This includes the generic description of the invention with a proviso or
negative limitation removing any subject matter from the genus, regardless of whether or not

the excised material is specifically recited herein.

[0068] Other embodiments are within the following claims and non-limiting examples. In
addition, where features or aspects of the invention are described in terms of Markush groups,
30  those skilled in the art will recognize that the invention is also thereby described in terms of

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

EXAMPLES

Example 1: Synthesis of CdSe quantum dots



25spectra of CdTe QDs. Exanple 3: Synthesis of Binary netal oxide ZnO
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Bi nary mépantumyyield e companesto fhe QDapreppied i OBEp sihpyedn ordentogemaps the high
cobajd CcaLRRBHomt I FéciyiRsion heiRhy BécdrAed om, which leads to a great decrease in the

quantum yield of the QDs prepared.

Example 2: Synthesis of CdTe quantum dots

In a typical reaction, 3 mmol (384 mg) CdO was dissolved in 12 mmol (3.84 ml) oleic acid at

260 °C to form a homogeneous solution. After cooling down to room temperature, 30 ml
20  hexane and 3 ml 1M TOP-Te solution were added into the solution. The solution was degassed

by bubbling N into the solution for 15 minutes. It is subsequently transferred to Parr 4590

reactor, and quickly heated to 180 °C under vigorous stirring. The solution was maintained at

this temperature for a duration which can range from 20 minutes to 60 min, and aliquots were

taken out for photoluminescence (PL) monitoring. Fig. 10 depicts a graph illustrating PL
25  spectra of CdTe QDs.

Example 3: Synthesis of Binary metal oxide ZnQO

[0070] In a typical exp_eriment, 3.0 mmol ZnO was dissolved in 7.5 mmol oleic acid at
260 °C to form a clear solution. After it was cooled/down to room temperature, {8 ml hexane
and 6 mmol oleylamine were added, then it was transferred to 100 mL Parr reactor 4950 and .
30  purged with N, gas. The mixture was quickly heated to 320 °C under stirring and maintained
at the same temperature for 30 minutes. The reaction was then stopped by simply removing

the heat and cooling down. The final product was purified by a simple centrifugation dispersion



mmol oleic acid at 200 Cto forma clear solution. After it was

cool ed down to roomtenperature, 20 nL hexane and 2 nL ol eyl am ne

wer e addedWorh@n+45i77 was transferred to 100 nL Parr reack@r/sdas0ooasd
purged with N2 gas. The m xture was qui ckly heated to 300 C under
stirring and mai ntai ned at the sanme te &rature for 1 h. The reaction
was t hen pécepped thO pbgcilﬁiamﬂlmnmmmﬂk ngp béleolteeati and diried air ibe gedwolvedlinean

final product fi b i.on/ di sper si on
process, GFEaQic %I& F‘é%‘ e‘i‘ f‘%”dﬁ’ﬁ tF'gg‘nLhB %éﬁ‘f‘%ﬁ n%Wl’E‘c'ial oxide
t her eby %%;@ieﬂ'ﬂ?gh@sd?wﬂ%?ﬁmlxﬁéﬂxbd of @B iM¥entidy: di ssol ved in an organic

sol vent such as hexane for storage. Fig. 4 shows a TEMimage of the

bi nary s of Ternary quantum dots
ZnCdSe gg‘{’%m%hdﬁmgﬂ W%ﬁgﬁl%n@ .3 mol ZnO and 0.3 mmol

i.n eic,acid at 3 t rma,.cl ear, .
romotinc AT Ol E ich me&fﬂﬂ £ S Pt AR SR igeofRh in 7.5
sol uti on nfrholVbiEfPacke a6 @0OICOR) fand a Soldhr hekEdR C X faTitwad Ehid ldegat leebom
with 2 g trioctyl phosphi neoxi de (TOPO) and 20 nL hexane were added;

then it \Aﬁgpqrataws @ michexere acbm: W‘Wﬁﬂe (EQ4) Bieresigod.dhen ib wrag dgnsferred
h N2
Wi t 0 TP AR HealbP 4YRParl it oy BPRE BALTHE thistefl Grad MMy BEALA 1o

and rra|nta|ne sane te ture mns to

reaction *Gandst sippagl am;lmafamlwdﬁgt iﬂlhesalkmmlmziumdbt BOgniduies. TiEk@action was
obt ed nan ch al s re oy gk'o ECT/ SGZOJBlg/gO:Q%ld ? Fed
puri f1 ed R A i"ép"é"r" 8190 iPTEUct yas purttie

precipit &ya(illﬂpllfaeﬁtﬁﬁgaﬁ&ﬂ@xqﬁbrﬁ& prokctCiles theqietifatedchroduct B be collected and
preci pitated products gan be re-dissolved in an organlc sol vent such

as hexand&Tif$pr ¥icap B ge-digiolveddn ag Esagict iy entENech Anbrans foricmss: Pieshiowa 2

by the salppthgl-mbilhPaeasoMid Mmexane. Anot her experiment was
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in an or gaﬁhﬁ.lga@dn/diﬁ;ﬁerﬁm Ibrocess, i.e. the precipitated product can be collected and dried,
thereby obtaining a powder, or it can be re-dissolved in an organic solvent such as hexane for

storage. Fig. 4 shows a TEM image of the binary metal oxide CoO.

Example 6: Synthesis of Ternary quantum dots ZnCdSe

25 [0073] In a typical experiment, 0.3 mmol ZnO and 0.3 mmo! CdO were dissolved in 2.4
mmol oleic acid at 320 °C to form a clear homogeneous solution. After it was cooled down to
60 °C, 2.4 mL Se solution (1 M TOP-Se solution) and 5 g hexadecylamine (HDA) together
with 2 g trioctylphosphineoxide (TOPQ) and 20 mL hexane were added; then it was
transferred to the 100mL Parr reactor 4950 and purged with N, gas. The mixture was quickly
30  heated to 320 °C under stirring and maintained at the same temperature for 30 mins to 3 h. The

reaction was stopped by removing the heat and cooling down. The obtained nanocrystals were
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qui ckly heated to 320 C under stirring and naintai ned at the sane
t enper at Kxemipdy 8:Fymthesist acfdernarBquantimedots CaFe: 0y,

[0075] In a typical experiment,. (.3mmol calcium nitrite and 0.6mmol ferrous acetate were
dissolved in 2.6mmot oleic acid at 300 °C to form a clear homogeneous solution. After it was
cooled down to 60 °C, 6 g o]eylami_ne and 20 mL hexane were added; then it was transferred
20  to the 100mL Parr reactor 4950 and purged with N, gas. The mixture was quickly heated to
320°C under stirring and maintained at the same temperature for 30 minutes to 3h. The
reaction was stopped by removing the heat and cooling down. After centrifugation, the
precipitated nanocrystals were collected and dried or re-dissolved in an organic solvent such as

hexane for storage purpose. Fig. 6b shows a TEM image of temary CaFe,O4 nanocube.
25 Example 9: Synthesis of SxFe;O4 (ferrite type)

[0076] 2 mmol of iron (III) acetate and 2 mmol of strontium carbonate were dissolved in 6
mmol of oleic acid at 350 °C to form a clear homogeneous solution. After it was cooled, 2
mmol of oleylamine 15 ml of hexane were added; then it was transferred to the 100mL Parr
reactor 4950 and purged with N, gas. The mixture was quickly heated to 320 °C under stirring

30  and maintained at the same temperature for 30 minutes to 2 h. The reaction was stopped by



10 reaction was stopped by renoving the heat and cooling down. The
final product was purified by a the sinple centrifugation/dispersion
process, iWe.20¥Hd5137 eci pitated product was col | ect ed anBCUSGEOR/000381
t her eby obtaining a powder, or it was rg di ssolved in an organic

sol vent such as hexane for storage. Fig: 17a shows a TEM i rrage of
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22 was purified by a si rrpl e centrifugation/di spersion process

(supr a) . Example/L1: Syatesia of EVFeaganoéutieer nary netal oxi de MhFe2O4.
Exanpl e 13: Synthesis of NiFe2O»4 [00801 In a typical experinent, 3.0

ol 13ni ch@d78p uld atypicanekpérifieANBI0 inof dbaRarbeRAt (CECOHINE 3ins6el ofdékrous
in 7.5 mol oleic acid at_200 Cto forma clear solution. After jt

was cool @EEtaewes disselyehin Bipupel Qleis acidmt #00 neta femua glesr salutigne pfighit s
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20  was then stopped by s1mp1y removing the heat and cooling down. The final product was

purified by a simple centrifugation/dispersion process, i.e. the precipitated nanocrystals were
collected and dried or they were re-dissolved in an organic solvent such as hexane for storage.

Fig. 7b shows a TEM image of the ternary metal oxide CoFe;0O4 nanocubes.

Example 12: Synthesis of MnFe;O4 nanocubes

25 [6079] In a typical experiment, 3.0 mmol manganese sulfate and 6.0 mmol ferrous acetate
was dissolved in 15 mmol oleic acid at 200 °C to form a clear solution. After it was cooled
down to room temperature, 35 mL hexane and 12 mL oleylamine were added, then it was
transferred to 100mL Parr reactor 4950 and purged with N, gas. The mixture was quickly
heated to 320 °C under stirring and maintained at the same temperature for 30 minutes. The

30  reaction was then stopped by simply removing the heat and cooling down. The final product



10si npl e centrifugati on/ di spersion process, i.e. the precipitated
nanocrystals can be collected and dried or be re-dissolved in an

or gani c soWvoentv/8sich as hexane for storage. Exanpl e 14:PSyscivesdmisof

Ni Fe204 nanocrystals [0081] In a typi caé experinment, 1.0 mmol nickel
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was cool ed do to 60 % D Irl%bl_tr{}octyl am ne and 20 nL hexane were
added: t MBS Y SAEYDA B MRt he 100 L Parr reactor 4950 and
purged with N2 gas. The mi xture was quickly heated to 320 C under

sti rri ngExampleal3sSanthesis af NiffaOsame tenperature for 30 min to 1 h.

The reaction was stopped by renoving the heat and cool i ng down.
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for 30 min to 1 h. The reaction was stopped by removing the heat and cooling down. Figure 8b
shows a TEM image of temary NiFe,Qy star-shape nanocrystals obtained in this solvothermal
20  preparation. Figure 8a depicts a TEM image of spherical NiFe,O4 nanocrystals prepared under
ambient conditions. In which, 1.0 mmo! nickel acetate and 2.0 mmol iron {III} acetylacetonate
were dissolved in 9.0mmot oleic acid at 150 °C together with 5 mL trioctylamine and 5 mL
ODE to form a homogeneous solution. Then it was quickly heated to 320 °C under 1 atm with
stirring and maintained at the same temperature for 30 min to 1 h. The reaction was stopped by
25  removing the heat and cooling down. The obtained mixture was exposed to centrifugation and
the obtained nanocrystals collected and dried or re-dissolved in an organic solvent such as

hexane for storage purpose.

[0082] Fig. 8b depicts a TEM image of “star” shaped NiFe;O4 nanocrystals as an example of
a ternary metal oxide, obtained using the solvothermal process of the invention. Fig. 8a shows
30  a TEM image of a corresponding ternary metal oxide prepared under ambient condition. These
TEM images illustrate that elevated pressure can favour modulation of morphologies of

certain nanocrystals.



(i) form ng a honbgenous reaction m xture conprising a netal

precursor containing the netal M, the elenent A and a non-pol ar

sol vent of |ow boiling point, and 73 (i1) bringing the
honbgengus reaction, m xture under el evated pressure to an el evated
10t enpeiafigelaimedist e for forming a nanocrystal. 2. A method of
produci ng a bi nary nanocrystal of the general fornula MO, wherein M
is a netal selected fromone.of Goup Il, Goup IIl, Goup IV, Goup

VI and {& Olﬁpm\éﬂ'loh oqffoﬁrﬁﬁ% IE gfﬂaﬂg}%%o)@f?traﬁﬁ Ak B &EBRus PR, widhbn i & a

oxygen, the nethod conpri : orm ng-a honbgenous r'eactl on
m xt ur e conpestali selpctrd desmapngeGrong dt, Grown Hi, Gmyp {VieGromp ML Mid GnalipaWilll of

oxygen donor, nd on- pol sol v of .l ow boi,lin int .. an i
br g1 ng_ ¢ nds Rl SO Bt Boraihis 3k dna R e ot B el babia V1 or
an el evat ed Greop &' @lthe Persad $yabdne of Blerdeats (P 8B), fienacthyd t@hprisiz@®3. The

met hod of clﬁggg 1 or 2, wherein the e|levated pressure i s from about

50 to about COSTHIRF ArIORASEERHG TCAHI N MHITHGCOMPISHE] Melal PIEFRITIOE CAAINng

of any one of ghahbE] M1t heHendienChid b A6n-PERr RAVEH: o?RJvV@éIIin?fnoihﬂ‘éﬁld
boi | i ng point_has a boi[ing point of |ess than about 100C a
at nospheri c () b58ging the bamogiswpy reaction mixtgre yrder whavhisd ra¢ssetediorandclevated

2500t of 1 ot AR AR S b B el Cesire (1013 mbar)

6. The nethod of any one of the clains 1 - 5, wherein the non-polar
sol vent 2f |fowebwidl dfngoduwing a bmagehasotmystal ohihetderergl foupuzovd Os wihagpiroM1

hexane, chl gy of or, Q e. hen e ane,.cycl o e
ai oni or ot e sl seledleRbin oRE O am TERTENT Mo EesPSh Wt e Growp
di oxane, di atlnlylbof ehbeferiodid Sgpempyt cllb@ents aPSE).cufidhy disobiyien, @rd method
m xtures thereof, . 24 8. The nmethod of any one of the clainms 1 - 7,
wher ei n t he “ABRB§ERouUs reaction mxture is forned at a tenperature of

abgyt 20 to @p@Hnid® aGonfogedhB RBIHIHAMINBkure BnHA8ingla hikeil Pr&ufRr torBining
g 510. The

wherein, the reaction m xture is heated under "agi tation.

net hod of cl ai fometghdflepnd smexeggntdonpoind & nophpadsew!tspt of iowy baiding point,

and
(i1) bringing the homogenous reaction mixture under elevated pressure to an elevated

temperature suitable for forming nanocrystals.

20 3.  The method of claims 1 or 2, wherein the elevated pressure is from about 50 to about
100 atm (from about 50 to about 101 bar).

4. The method of any one of claims 1 to 3, wherein the non-polar solvent of low boiling

point has a boiling point of less than about 100 °C at atmospheric pressure (1013 mbar).

5. The method of claim 4, wherein the non-polar solvent of low boiling point has a boiling

25 point of less than about 80 °C at atmospheric pressure (1013 mbar).

6. The method of any one of the claims 1 - 5, wherein the non-polar solvent of low boiling
point is selected from the group consisting of hexane, chloroform, toluene, benzene,
heptane, cyclohexane, dichloromethane, pyridine, carbon tetrachloride, carbon disulfide,

dioxane, diethyl ether, diisopropylether, and tetrahydrofuran and mixtures thereof.

30 7. The method of any one of claims I - 6, wherein the homogenous reaction mixture is a

solution.



11. The method of any one of the clains 1 - 10, wherein the reaction
tenperature is maintained for a sufficient tinme to allow the

formation of a nanocrystal. 12. The netfod of any one of the clainms 1
- 11, further conprising adding a surfactant. 13. The nethod of claim
12, wherg&i n Theenahed efingrineios tised] giadseld- 7 rv@mrélhehegmwgeﬁ@mﬂeséddmgnﬁfmre is

10an organlc car boxylic acid, [ gani c osphate, an organic
phosphoni ¢ a® e$ﬁﬁi%?@8ﬁmﬁeﬁﬁggﬁ ?& PEE agn organi ¢ am ne and

m xtures thereof 14. The nmethod of claim 13, wherein organic

car boxyl §.c atheahndiRs @m¥t0n8 of theaPOmk 118 WMefbi; 1R RadlAMhixtke i is) Hdaged under
met hod of clains 13 or 14, wherein the organi¢ carboxylic acid is

sel ect ed fr cigitetien. 15 group consisting of stearic acid (octadecanoic
acid), lauric, acid, oleic acid ([Z]- octadec-9-enoic acid), decanoic

aci 4, d?@iecqmw;etﬁ&a&bdaa&tg R Bicaentich s ipedaalydiggadecanoi ¢

aci d, octodecanoi c acid, n-undecanoi
((Z,2-9, 12- octadecadlen0|c acid), arachidonic acid
((al | - z}1.5, §he 1methodicf canat ene aérﬂaﬁ @Iaam d) ; 10 mehersinlitlee agsiction temperature is

((F 8 -9 12-gehadeadd: eushcanhil o MK SEbBISoASH] S5 sfnadecenoi ¢

20 acid), ol'erc aci exa ecenolic ac stic acid
(tetradecan0|c acid), palmtic aC|d (hexadecanoi c aC|d),

Thhonol 120! die meativaddoi{ag¥ of¢ B the cladni 4 - dil chsther ¢onmpristingoriddig saswdfactant.

m xtures thereof 16. The nethod of claim 13, wherein the organic

phosphi o] p osphi;ne o |de 2517. , The t hod of . .
Ol m 1y widpasid & Gole MERATLR RS aRyp S8kt B E R Brfgtne of
fram about 3t Or@bmu&ar&ﬁqmardm; @l ongan@nphaphaé Ken k@il ehdkphomig dcid)ran
about 2 to about, 18 carbon, atons. 25 of hexadec%ﬂﬁnlng ol eyl am ne,
oct adecy| ani HBaNIHPROSPINEOR h@k?gﬁnﬁﬁ¥¥ﬂ?aﬂgéF9P5 8€0Hi oct yl ami ne,

trioctylam ne, dodecyl am ne/lauryl am ne, didodecyl am ne

tri dodegy.| armhsenctheXat@sin 83YIvitRireifloPGihad@eld Tk R6id Hak aB&it RSB aM §¥Rain
19. The net hod, of any one of claims 1 - 18, wherein the netal

precur sor i *har3{@@sby 5dissolving a salt of the metal ML in an
organic acid at a tenperature of about 100C to

15. The method of claims 13 or 14, wherein the organic carboxylic acid is selected from the

15 group consisting of stearic acid (octadecanoic acid), lauric, acid, oleic acid ([Z]-
octadec-9-enoic acid), decanoic acid, dodecanoic acid, tetradecanoic acid, hexadecly
hexadecanoic acid, octodecanoic acid, n-undecanoic acid, linoleic acid, ((Z,Z)-9,12-
octadecadienoic acid), arachidonic acid ((all-Z)-5,8,11,14-¢cicosatetracnoic acid),

linelaidic acid ((E,E)-9,12-octadecadienoic acid), myristoleic acid (9-tetradecenoic

20 acid), palmitoleic acid (cis-9-hexadecenoic acid), myristic acid (tetradecanoic acid),
palmitic acid (hexadecanoic acid), y-homolinolenic acid ((Z,Z,Z)-8,11,14-eicosatrienoic

acid) and mixtures thereof.

16. The method of claim 13, wherein the organic phosphine oxide is trioctyl phosphine

oxide.

25 17. The method of claim 13, wherein the organic amine is one of an alkylamine having
from about 3 to about 30 carbon atoms and an alkenylamine having from about 2 to

about 18 carbon atoms.

18.  The method of claim 17, wherein the alkyl amine is selected from the group consisting



about 450 C. 20. The method of claim 19, wherein the organic acid for
di ssolving the salt of metal ML is a carboyxlic acid of about 8 or
more main chain atons. 21. The net hod ofs clai m 20, wherein the
carboxylic acid is selected fromthe group 10 consisting of stearic
acid (oct ademﬂmhdbcglahﬂiae, oﬂ@ﬂmﬁmap@dta{ﬂecﬂhﬁt@ aii (0-efi Ilexgbt antiae, -dtylamine,

enoi ¢ acid ecanoj c, acid, 1,inol
((2,2)-9, 1)2 Q&ef é{@&&%ﬁa. iegtylanyiapg flodegy EJEHP%@*HD@M&E% didodecylamine  tridodecyl-
((al'l-2)-5, Gnlihe IifexBddeoRatifd, IaRRlctylAaim) riokta08d ddifine. aci d

((E, B)-9,12-oct adecadi enoi ¢ aci d), nyristoleic acid (9-tetradecenoic
almtoleic acid (cis- 9 hexadecenoi c aci d), ristic acid

d

?f Iet Z adg%anoT ke methad, ofayneng ef dlaims | neléaddiessivitie aﬁr%)prq%lm is formed by
y- ﬁmol i nol edl’ss%hﬂfgfé ds mﬁ( éféez-)l%t% ﬂﬂﬁ%@kﬁ%@&&d E’ﬁ@{eﬁqp%féuﬁjr)e -of 3Bout 106° 'Cto
net t A oF

od of claim1 erein the salt o i's an organic
an i nor gani caboat 430 43. The nethod of claim 22, wherein the inorganic
salt of the netal M is selected fromthe group consisti ng of an

oxi de, c . .
claim 2%0 \/\h@?gﬁﬁ?q@f%@gaﬁé gx’hsa ?tﬁ%&tg 1955’1 éﬁpﬁ%}ﬁ}ﬂ@ Fo f"ﬁ) ctal Ml is
or gani ¢ car boeayboyxliaatid. ofﬁBout‘Bhn& met nodn olﬁamlamhm 24, V\,her e| n the

organi ¢ carboxylic acid is one of acetate and a carboxylic acid

havi ng 0u 51to,a i n.chain, carhon atons, . 26.. The

ot hod B e ohEn3e Wl ot . “Sah g XariruRe R i seteaf ittty erou
Zn,10My, Ca, cdaBstindbf sfeasic |a61,d @btad&ﬂmoﬁr acidyh Jaurie, ac@,oléib,acﬁﬂﬁzqfoctaagc&-
The nmet hod of any. gne of cla , Wherein the ment

di ssol ved i rE™e1cs35iq) a’awgd%mlém:ld IIE@CF’r?’G’fﬂ 7,69, 1Fgctagecahengge acghprachi-

As. 29. The o) . r -
nanocryst al %@qét]ﬁgtdggﬁ%?z Soafnca)lr o eﬁbﬁltaﬁleéo& garcr?r(ﬁé 11Yi’91§fd‘?dvﬁg1rﬁe€{l§ﬁ§ g1 2-octa

bi nary nanoctepadienci¢ sacish), onaistfleic sid ¢ teftadecandiBe acid) Tealm@disic lab'Se(ClS 9-
PbTe, PDbS, IR dectRe aéﬂ)s,%iyriasﬁg aa'a-EFetradecanow acid), palmitic acid (hexadecanoic acid)

15 and y-homolinolenic acid ((Z,Z,Z)-8,11,14-cicosatrienoic acid).

22. The method of claim 19, wherein the salt of the metal M1 is an organic or an inorganic

salt.

23.  The method of claim 22, wherein the inorganic salt of the metal M1 is selected from the

group consisting of an oxide, a carbonate, a sulfate, and a nitrate.

20 24, The method of claim 22, wherein the organic salt of the metal M1 is a salt of an organic

carboxylic acid.

25. The method of claim 24, wherein the organic carboxylic acid is one of acetate and a

carboxylic acid having about 5 to about 20 main chain carbon atoms.

26. The method of any one of claims 1 - 25, wherein M1 is selected from Cd, Zn, Mg, Ca,
25 Ba, Al, Ga, In, Pb, Sn, Sr, Mn, Fe, Co, Ni, and Ir.

27.  The method of any one of claims 1 - 26, wherein the element A is dissolved in a suitable

solvent.

28. The method of any one of claim 1 or claims 3 - 27, wherein the clement A is selected



530. The method of any one of clains 2 - 28, wherein a binary
nanocrystal of the general formula MO is formed, and wherein the

bi nary nanocrystal is of one of the forygul as CdO, PbO, MO, CoQ, ZnQ,
and FeO. 31. The nethod of any one of clains 1 -30, further
conpri si ng (fivmh)S, Be,dleq], RgBoraad s, nore nanocrystal s forned. 1032. The
met hod of claim 31, wherein isolating the one or nore nanocrystals

conpris putificatjon by centrifugation. 33.. The nethod of claim 31,

wher ei ni-sol EgRochE BRLoRs ShrE a2y Reire T Y Baecratinl o1 R el

by di spersi ofdrmula M1A is formed, and wherein the binary nanocrystal is of one of the formulas
CdSe, CdTe, CdS, PbSe, PbTe, PbS, SnSe, ZnS, ZnSe, and ZnTe.

5 30. The method of any one of claims 2 - 28, wherein a binary nanocrystal of the general
formula M10 is formed, and wherein the binary nanocrystal is of one of the formulas
CdO, PO, MnO, Co0O, ZnO, and FeO.

31. The method of any one of claims 1 - 30, further comprising

(ii1) isolating one or more nanocrystals formed.

10 32, The method of claim 31, wherein isolating the one or more nanocrystals comprises

purification by centrifugation.

33. The method of claim 31, wherein isolating the one or more nanocrystals comprises

purification by dispersion.



