1 METHODS OF FORM NG A NANOCRYSTAL CROSS- REFERENCE TO RELATED

APPLI CATI ONS [0001] This application makes reference to and cl ai ns
the benefit of priority of an applicatipn for a "Sol vot hernal
Synthesis of Hi gh Purity Binary and Ternary Nanocrystals" 5 filed on
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nanocrystal s are known for the unique properties they possess as a

resul t of pasboh thendescriplion Cémmsmedrawmgg ot gentaiced deecan apdoefairediir iy Rule
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chal cogeni et er als and matérials. The primary reason
for the interest in these sem conductor nanocrystal nmaterials is

thgpr size-tunable photolunlneﬁﬁﬁnge"eﬂy§Equoﬁpannlng t he whol e

visibl e spectrum [ 0005] nanocrystal naterials being studied
are the ic materials whjch hav f.ou t heir wa o medi ca

ise o WERE SRR B fortighih ) Mg ah iu e t her m
25treatnment of malignant cells, and drug delivery. [0006] There have
been increasing interests in develo i ng net hods of synthesizing the

nanocrystals, in parti &AGKGROUN%M HE-RXVEN$EONst al s, whi ch have

wel | - defi ned shapes, sizes and high crystallinity. anodlsperse
nanocr yE&8k Senikomiuctr meano@astals diage siade adsigtificoutimpactasremany technological

i rtant erty of .the nanocr stal various appl.icgations

bona L oD bRk Spticy s oBOHer B e el B E Frsices | Bttrciinineitent 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 III-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.



2 [0007] Murray and Bawendi devel oped a nethod of preparing

nanocrystal in which an organonetal lic precursor and an el enent al
precursor are |nj ect ed into a hot sol V?]t form ng nanocrystals
(Murray C. . Norr Bawendi M, Chem Soc. (1993) voI 115,
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t he present i nvention provides a net hod form ng a binary
nanocr yswu| stapfpr@mlt@meqaalaffegtrtﬂmIsarfmmropm@m%thg gxnocystile lepding thisurface

ST P BB Byrflon, Th Pl PR shé b fiells o affh Bésteleadh o Ritftigeen

G qsp Vpurificao@uPnahoefystale PSE. The net hod includes formng a
honbgenous reaction m xture. This honbgenous reaction m xture

i ncl udef00a0jrett & dgsirelsluts provitte dnhetermtine a‘ieltlﬁ)dtﬂmpnﬂudhg khnocfyseals that allows
honogenous_reaction m xture_al so_jnclu | ement A. Further, the
oo genBULEaEPf BRI Wit E 8 e Srtech R aREPAB Sent of ' | ow
boiling point. The nmethod further includes bringing the honbgenous
reaction m xture under elevated pressure to an el evated tenperature
that is suitable for fornm nJUMMARY GIESINVENIION] According to

anot her aspect, the present invention provides a nethod of formng a
30 26i na[QDli]hnAccroyd;ihglto ofie tdpectghea preatntfiovantiba phMb@deslanmethod ogﬁmﬂi@ a binary

formula M can arreta 0, |, .Goup. I]lI u
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m xture included a netal precursor e netal precursor contains the
met al Mh emdbeaan ebeyngoahofiomaup. 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 M10. 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.



3 The honpgenous reaction m xture al so includes a non-polar sol vent
of low boiling point. The nethod further includes bringing the
honmbgenous reaction mxture under elevaed pressure to an el evat ed

terrperature that is suitable for form ng a nanocrystal. [0013]
further B% Bempgenope regelarsmixipre Alsn inslides vuPRaglansolue o 1oF Pt}m&]m@taThe

t fiy
for mu S o8 Todhat oo B Ak nb bR e MG phfhulIniie ERFHE proseure t
G oup | an elevaedteniperatie oy id MitabdedopfodhingarnagoaygaVl | | of the PSE. A

can be an element from Goup VI or V of the PSE. The nethod includes
f or mi ngl091Bbninge Hrkerraspedt; the priesend ieventipn providasge matiod ehfarimimg a ternary

m xt.ure_includes.a net r.e ... The meta [ ecuy sor t ai ns, the
ot s VEARRh SRR B Bate Rl RORAA, 1 kAL a8 b rcah Bighiftent
i'ncl udegofnhdhetneienbe Amekdl of Beéup Hh@rdmprmggwsm ER6lp VI 6F Gokp /111 of the
i ncl udes a non-pol ar sol vent of | ow boi | i ng poi nt. The nmethod further

i ncl udeBSBr Argnrky ameemeroigen deroup S Y rof s PBE e Tlmnsthod| iaglndesgforming a
eoery SeaPeAPuS AT LR TARIMR R R AL el B R ouror

r el at esThe natateproodsaf cdrﬂmm g metabVirand lthe mangicMRs tThle lafmddeRous reaction

general formula MAB, In this ?eneral formula ML can be a netal  of
G d0p 1 mixtegeEpe maludegythe glempnt &- dinsther, ithe hompaenguyireactign mrpdpcludes a

Each of r
et pd P UG o 7 RSN A S8l R LUA,0 A oo
honopgenmastioreactturemndendemated presutedmag elewatsd tegmratore thatds switablenfor fidming

a netal Hrecurs r. The netal precursor contains the nmetal M. The
homogend&GES ion 20 mixture also includes the element A and the

el enent enol I on xt.ure inclu a

o pol 814L LT apo bR AR HBal RESMRL RS BB B nfug o rmary
br i18gi ngardobe/ st sPGe @@hlé‘ralrﬁﬁﬁﬁllaMINBXIﬂthﬁ denelar foeh MM e dadbe s siek of Group
an el evat ed tengler ature that is suitable for form ngﬁa nanocréstal

[0015] He&apdr A, (Foundiviadrons pHt or GrenmVdbenf then P8R iEagh rof| At &gl Bocan
a net ho t r f

VL0, dBorREACEh 0Poihe: DELT B CAARNGIADIF br Brol 1 SFRETFRE. 18 Hidfod
anot her inchidas foetndilg mho@ogmmuk keactvmwmpxthid. Th&homp géndus Ceavtipn Yiktuey includes
G oup Vil fthe ﬁOISO gen. Therrehodlnwdﬁ*formn%a .
hormgen%ﬁ%et‘? cBIEEHISH- et FlR! PIgRETSAB FRREIS Jae masiel exRQURECARRS [rgetion

a mpt al RHBGEUISO incldddS tAELRINAAF 8C Hid He SCMEA BS FhftferMle@horld enBﬁkereactlon
metal M2 and an oxygen donor. Further, the honpbgenous reacti on

m xt ur emixtutevdelvdes moen-palansolyertod hew bbiling\poirdi Thamepodrmso ﬂihlsdcmbrh@hg
al so i ngl udes bringing.the. hombgenous r.eacti on mxtu er el

o eosur DeB e dion Bl PR Uk PlesSlly fa b Histated i a bRt i
nanocrygjlﬁbleﬁ)pﬂ)}@ngmnmbr)@ﬁpt her aspect, the present invention

relates to a method of formng a 4 quaternary nanocrystal of the

gener al [(f0aSrul ecovililvg ABandthert &3pect Oha @f@éntflmaﬂmbﬂ rél’ﬂteﬁftda Méthbﬂrbf producing a

|ndependent from on not her he a nmetal_ of G aqup Ci;r Group

| V253G ofsghaty Pa’é‘ﬁ“ﬁt"j&g thg genegsl foppulpdEl MO fin 8%18 ,&eféﬁﬁ%i Bn%lﬁ ‘Wi ‘and M5 Ban

i ndepen C ) 0. /1

VvV, G og‘geéfn%@?ﬁ&eﬁoﬁlﬁ %/I{Ib%erg% a{jlﬁ‘[&‘a[PSé @?hgl ]i?luh |hc SIV f grr % ngl?laor

5 honog&naoupsVilk af tthoASE &t isrexygdih elHeomeihed dncdudes dotming mhomegeaous reaction
The netal .precursor contains the

i ncl udes me precur sor.
and the“%%l)?r Lf%ﬁ hOROEERAIS TeRGHon TBIFEYE AR Udss ghrietab Rracrsse e g LH@UTSOY

the el eggpdindarNHethinerelRMBAE H2 HRSnNRYRALIGMS. FIRAGE RO hShSEHo8s Faton
i ncl udes a non-polar solvent of |ow boifrng point. The method firther

i n@0udemitinienigrlindes hrompolayselvers qfé@mtbpdmgrpomtuifbe onethed adocimeludes bringing
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suitable for forming a nanocrystal.

[0016] In yet another aspect, the present invention relates to a method of forming a



10f or form ng a nanocrystal. BRI EF DESCRI PTI ON OF DRAW NGS [ 0017]
Figures la and I b show a Transm ssion El ectron Mcroscopy (TEM i nmage
of binary netal chal cogenide PbSe and BpTe, respectively, prepared at
el evated pressure in hexane. 15[ 0018] Figure 2 shows a TEMI
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Zn0. 22Cd0O formed froma reaction mxture of Zn/Cd ol eate, I1n a
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Figure 5b shows a TEM i mage of ternary nanocrystals of ZnCdSe,

pr epar ethefhogmganquseadtion Iwmr@: padesfelcvatedcpressaiet te anj chevatadaeinperfure Betable
éo thﬁ)r%muﬁtl f(r)lgnofosltﬂ anount of Se in TOP, as well as TOPO, HAD,
hexand as g AEYLS ¥/ent reacted at about 320 C for about 3.5 hours
W thout TOPO at 1 atm pressure. The TEM i nmages of 5a and 5b show t hat

t he nanocrystals 30 pr epahﬁpﬁgﬁgﬁggﬁgoggﬁwvﬁw@anor ods while

t he nanocrystals prepared w at'm pressure are

nanodot These results in ate that high pressure favours
ani sot rﬁlﬂr‘l ighres &t aﬁ‘é‘nég S&Jgtﬂaﬁ s’fran%mf%zéﬁleqﬂioauMécre%comsdTEh@ feage of

show TEyhLLARGRE] thafc@éé?fﬂé’ PBBL aha PYTde ¢ é}@@&%t&? Sor8fard G 2f4afcak; g&ﬁre in

SrFe204 respectively Where the ternary oxi‘des can be prepared

at el evhgxade.pressure in hexane prepared at el evated pressure in
hexane. LOOZB] Figure 7a depicts a TEM i nmage of ZnFe204

nandcr yEaBk | Figngg,? éhor%s & hBIs eagrRibBiarbgetabexide EaPo ormad stelpeated pragpure
Fi gure in%e?{Qﬁg a TEM i mage of MiFe204 nanocubes prepared at el evated
pressure 1 n hexane. [0024] Figure 8a depicts a TEM i mage of N Fe204

pr epar efhoy o erigahds SRS wS 2 Bl de@iStion transmission electron microscopy (HRTEM) image

of binary metal oxide MnO nanocrystals prepared at elevated pressure in hexane.

[0020] Figure 4 shows a TEM image of binary metal oxide CoO synthesized at elevated

20  pressure in hexane.

[0021] Figure Sa shows a TEM image of ternary nanocrystals of the formula ZnCdSe. The
nanocrystals are nanorods of the composition Zng2,Cdg7s 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 eleva;[ed pressure.
Figure 5b shows a TEM image of ternary 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
1 atm pressure are nanodots. These results indicate that high pressure favours anisotropic

growth of nanocrystals.



Figure 8b depicts a TEMimge of N Fe204 prepared under pressure
according to the present invention. The TEMimage reveal s a typical
star shaped structure of the nanocrystaj fornmed 1lOunder pressure that
shows inprovenent in surface properties of the nanocrystals, [0025
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Figure 10 shows a graph illustrating a PL spectrum of CdTe quantum

dot s pr HI9aBEdFigByé da slopigistehEENMaimagetdHothFatOd8moCykials, Figure (it shows ThEEM

X axi s repre t he wavel en n nd th axi s represents the
S Bt cliEfiesst E oi0r Tatibe i Dbl e St & e\ Hiede PERASGD! Baldtibes
spectru eg{lreagfaa-pa{edzﬂ@gbﬁ@iﬂmgﬁ{eystal prepared under pressure in a
ratio o inc : Cadm um of about 1:1 with TOPO reacted for about 1

hour. F[0§ad4E Fighres BavdepictgnaPBM ihagt 0BNiRgOa repas@e ahddarnambiehtecorlitions.
ZnCdS e_panocrystal 20 epared_under pressure in a ratio of Zinc :
Cadm unFEaraBBierictsr APVhiAze et ERFrdopndsh BIFESUIe ReSQFUNE e present

axi s rephesEit [ '
L nt cnu eSOt Bk N R AP e RS AR SRR Hormed
pr é9ent undev pressure thaé blatvesintpooveetcdnonh suffape proaeitingoitthe namocnystads.

nanocrystals. A correspondiagg_nanoqr ystal may include or consist of
semi contl#esl nBigpee ? showy a graph ginstratingx Phietoluminesaenca P hspeetrpmrof CgSe QDs
hi gher n?%%%r%ﬁ@'aesbgloﬂ%ngﬁtlﬁéthéf%trf%%b%c e&igf&eﬁ?re%&ﬁ‘o%ftﬁ}{éhai §in =10 min,
quant u e s S on may be tunabl'e Dy cConpositiohand/ or’si ze.
[0029] Fha3opnhis dluxid Rpestiton wiaelkaghdn am iddey siis pprsemtthg PINthitdgity.hat
non- pol ar solvents of |ow 30 boiling point can be conveniently used

i n a hol93éhobizuph 8 shiws a geaphvitit$testingla §lr gmessmt of CdPaqueanoe dystadsired

The _.nanocrystals, which,c bt ai ned at_relatively high .

! oser ataribotierpal ety FErhoat BF PEIMGHgS Tos hia aPiste 08 srFengidn o
et hods ;f tht QraisnepeanechY P ah@nsiff e highly crystalline. Hgh quality
bi nary, ternary and quaternary quantum dots and nagnetic

[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 quaternary quantum dots and magnetic



6 oxi des can be obtained as illustrated in the exanpl es below Since

a solvothermal nmethod is typically carried out in a closed contai ner,
no particular inert conditions are usuglly required. Thus, the
correspondi ng process can be used in large scal e production. [0030]
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e

a di anmoggh ofééh A8y blevared temprkdigie! insdBAm ﬁ@(ﬂ%ﬁteﬁc@fr@m Y snmmmlsed above
required o carry out the methods of the invention, I'n typical

enbodi nihbAling peinh drpisrldndnsgclosed yreseh ok élmportﬁb@htaaumﬂen@lw%sw@a In the

Ooutyzat
oyl Shekers o SkeISUL ATty 1 1 AP ol iy o

f r om abdesicesovell kmawn abhe arRClclama donventiwbalupresBretaacion afowtcellse Tuttle
t
atm or { 8@&%81%%%%? %Igérg%{étgglﬁ Lgfﬂlijagl% % n%ol\égctgrsclﬁﬁi %r%xan}pl? P% {.:lcciased

t enper at’tire an ventt beconmes a supercritica
t hat exhychogmahomheautmcxﬁ' thy RerdtypasWhere 4 sliitablel venaiobeis aedilable, a static

conpounds n 3 di t| Qns show onl sol ubi |
[0052] el Hot he 1R aho SiRindabavatiay s eudaled by Brats,efdlimond
i N39 pressuEdy Qﬁbditemogﬁreﬁhfdévﬁe tweadmﬁa@sf re\%ﬁﬁe@w@h@ ,ou€ b methods of the
hydr ophobi c, sol vent of | ow boil i ng CE)OI nt can
mvention. In typical embodiments a method according to the present 1nvent10n is carried out at
an elevated pressure in the range from about 10 to about 500 atm (1 atm , such as in the range
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



heated to a tenperature above its boiling point by an increase in

aut ogenous pressure resulting 5 from heating. The inventors
surprisingly found that this allows the;reaction to be carried out at
hi gh tenperature at which high crystalline nanocrystals can be

obt ai negis@reR c%mitaﬂéu]mﬁﬁinaé vt @tfed abichP¥6adidnk BBoW 6L KISw sblubaiiy.
illustrative exanple hormgenous reaction m xture can be

t r ansf e[(}l)éa] tﬁomu@ang thegeadttion vader qlwagadcprwsm [hrtexxalgpha 1gaspres7ﬁhlezed reactor
m xt ure e hea ed, t.enp 0.be
et err oty B8 PRI Anderdi B EhEPROBERRIAShGE oo Boffhe Pofarg Wi be
el evat eﬂeawdaswemperﬁh& ﬁboﬁedt’s&)oﬁ’ﬁmg lhﬁntﬂfy&\tﬂlﬁbledsé ih@mogbidus Qnaésblyre resulting
resting.and be affected to mai.nt at | east t current of

h
measur aBP® Hfagre e i RveSiae SERTHDBE N tthﬁ%ti}ﬁ mSélg § eaghiqrdp dersgiripd out at

exposedpisf t&hfséraﬁre Eﬂ/\Dhl%ﬁ|h|xgh Wﬂhlllﬂ@%ﬂﬁo&}gﬁﬂﬁ‘gm bebbialtcd dHeh RAGEndLpolar
may be kept under fl he  m Xture ma E@nl n frequent or

cont i nus¥eninet bcnlxmg m’a};s flgran wgﬁtaaib@ qramplchitlhs, beimegengys reaeiignmixture
i ncl udi Elegllﬁett ddsken@d é&‘ @8&?@%&%@&%;}1 @Emgé;? ROPhd MEREcUn be heated to
rol ling, I ng an fbi hat 1 ons reo e“reaction tenperature

can be maelnvaemmmﬁemtuxsuwmchlmyt alsa herdfcn‘ex’l toaw thoraaetiorotemperature, (~ 200 °C

crysta f the co |on the .reacti the r.e t|on ca

el belsr b ey o iR et Bire e R AR GG Tef e B e
f i nal paﬁ@bmi tocafintaén pilehdtiaeddighy ciitdiip o€ nanirablé degtee. OIIﬁ sorfd éhieydshents the
process. It is noted in this regard that due to the el evalgF ed pressure
used th’éﬂ’f%c‘tﬁaﬁﬁorﬁw Y EXROSFS IR INXNE BPIPEY COPBRIONS TigHSe FAE (e PUesE it
are si gﬂllagb@%@f;ﬂ vhdBt 86! ThémekturRQndy thddBe ert%e@fe@&& oB&htiEubhHR8tion. This
than the boiling point of the solvent used (see also bel ow) at
at nos phewy cfopriastangee be raiqved dty agitaHon dpdugng FBFing,n8Laneechpecal stiring,
br qyght t 0
¢ MhcrsosiSuottidty, g S ChEbaGols BRRGED The Rdich Refiffue i be
about 18RinGinel foboufficBHOtide takdaw foOGatont of rmboerystal80ARer thb samplesion Gf the

350°C. 1800 e PR PRl uheRP Y bl rinind et coolfle Bl e

sol vent finali grbduact bmv\fo&)puhﬁetgbpmm;ﬂe canmﬁigaabmhﬁlspéfsmnqﬂdcme It i“senoted in this

post-treat t qr ation ste has al so sutpris been

P oomd b eecitien de i the el heistieioctlohB drsrdion TRy PR bt dlaaelian
dots, atenqieﬁl\f@’éﬁdlapir@%ﬁglﬁitﬂfanﬁﬁm@bﬂ W, O EO] Bi0 @) 200 ORF BOOPOGi@Sr Bfn the
certain nanocrystals resulting in high 30cr stalllnlty and

ani sot r BYIBE Gost ¥ e ehvree rug?%d 45¢8. alffoqul@]wn # dagsehess, Prasigrey theereaction
sui tabl g SelMBH ﬁ)r‘{‘ﬁsrta{?lc@bl: ‘Bi%u%ﬁf | 'rg]@aﬂﬁéd"tto Q%&Epéi’@chfé"‘ﬁoﬁ%bé{ﬁrgos”@tfo about

much | ower cost” are aval l anong those solvents wth a

boi | i ng5@biGitsucines abatit ﬁ@l°§2 mtﬁéoufo‘glos Cefabf)mrliﬁongl foarhout 4t AT, sabeaml Qﬂe"C to
signifi Led t S o
nvent | S0t 350 PECHTEE 1 0Y ST B 0 T R 130T Ol 8F FSTERbouc 200 °C 10
De@éndi agpudASE P(éoreianntlz@@l"@mabmm Bik°@Qsed, the nethods of the present

i nventi on enconpass enbodi nents of formng a binary, a tertiary and a
quat ena[%%ﬁhnﬁ&%?&t the invgmégra fauns| that jhennseoek yet-aelar solventaweith ¢ Hew boiling

nanocrygs bh@nﬁ%@%ﬁﬁ@%“cﬂ‘a %%}t%aﬁﬁerﬁ ftpﬁg;igﬁ{b%rﬁ?k}ps %h’&ykﬁpghénsﬁ{'ﬁly

|nth|s orrmacan a neta
G oup VbeenSoond Gy chepinVertbrsahatt jreduReng nnhocn@;ahsi; amhuﬁnﬂmm.rm @o(sP@&levated

di to th t dit C t .di t th
ayot em PrisBes P R oo o plordiiiosttn af SEguE et Supiceaiithe & dien
gr gop 2&rygtabinfty bad egisetegbit bjowtly bOwdhotsystaly. oup 111), group 14 (group
V), group 7 (group VII). Suitable exanples of group Il are (group 12

of the H®3] um(ddﬁymt alr)mglhe sznablasol\mitia wath a(lgwd:nqnhr% mﬁnt (hee lmﬂmw) {dibveDts

systen bl e _exanpl es of

(o oup, 25 R e ShisqR Bisacs it fifh AmfoH&moRs a8l i 4 pisby pélifg goint
Accordingly the costs of forming nanocrystals can be significantly reduced by employing the

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



[0037] Ain the above fornmula can be a chal cogen or a pnictogen, i.e.
an element of Goup 20 VI or Goup V of the PSE according to the

hi storic | UPAC nonencl ature or of groupy16 or group 15 according to

t he new | UPAC nonencl ature. The honbgenous reaction m xture includes

in such[mspdpslmﬁﬁagaomakeaaﬁ@c@bﬁ(ﬁﬁoﬁmieﬂl e ehetHddls ot e piksenBinvention
wel | as the el enent . fr’rﬁt al precursor as used in any nethod

accor di HFOMPassEniidia @Hﬁ 0 8 HRINALY, 3 teHAYGEAa, qlw%m%nwa)w%i Where a
that pr Qﬂlhgﬁl%anfo s i ﬁﬁﬁ@&dfhwnmwstal %aérllﬁ JopleBthbRiImehits bedor the eg)eneral

nanocryst al”. or 1nstance be an inorganic (e.g. a carbonat
or an ofcgmmlacM(lé l}ﬁll iarthisdernaule cambeg 2 awtal € Goeupal, Gtoelatlél) Gmlptl\bmemVH

COI’ l-es
5 S RBhOHAD YA B e WNelofic SRFRE Efontlon T BLGEHERGS: Bl dupac
rr?y be sywedh. |Ancar¢ng&sgueeﬂwmm S{/Eﬁﬁ‘ga]]l? Earspalding gionpd (’teagitu:rn@rhsysmm in
an OC. t acC I N 0 a od of,.t ntion
o1 e RO %, 3R 2L S d2tietub e 2reiarEraupa Ll B5eSH K Esatrib: epup 7
sel ect egx&i G[I@Lmnééb1e0éxamp@es%$%ro@mr@§gr@ﬁp £2 ofhe nky IIPPAOIsyS®@Y AV Zn,

of the such as P, Bi I'n sonme enbodi nents the el errent A
and/ or &hwel|as fEmupE2 @&ﬁhﬂo@evmlgmcbwt%) Mg S Gl ands By Sitablse pxangples of

bei i i f rHe.
Lo PR R TpSheFS of e MITSHECIGR6A) 0, O I, TAORIBIL, S
9 cadni ofma ehigahle ‘;lemdhvﬁguoup 1Y akdgtoap ldeeldthe Ineart EHPA@ rsgﬂa@ &b ainém An

Tanganct B fufA amBROT 4 iR ety of prsB T L08R eST REUE R SFIPAC system)

ol eat e, Mii Sandblel mﬁﬂpleouselahaaﬁ of gapallll dregous SQerl&I fsw HﬂPAC@yedem) Fe,
ferrous oleate, As an illustrative exanple, in enbodi nents where a
quat er ngf’yﬁhﬁ’ﬁ% rystal is formed, 5 the netal precursor can be forned
by ;di ss 0, i.n t ]

of diin; cedbRoopRRRA if TedtondRi b p B BHFRERHE Lttt o s imugion
C, suchMis oahrhute applicdbie edobwf MDﬁthMHhﬂy lmtlahtameémtrfsm Geaup 1 hseoh beCd,

m xed t nd. el I ar oI vent | ow
boi | i nm& » OF é’roqtg‘ gge lgﬁ%giné Bﬁrﬂ?&{ﬁr%l‘:hﬁ%%
an illugh rcﬂ*rﬂhe/@rc%amls@ch hbmmrwmm mﬁ@psu&msmeXC@rzel é9r.forned at
a tenperature from 10 about 20 Cto about 70 C. In enbodi ments where

t he met HI03P) eAunslor aberefformmed cam ba amhglmegert emnmpeniatoges, i.a. tn wheyndne of Group

Ied efo di tot ct.i.on a ternar

narBery R4 fin Ve b atptdis el TP RG inmenclafud s ok Bowb 16 or
pr ecur sgfoup s hédeedihs Qo e fr@nvrrude AbrH &l athiRY ThB ehondd defioddf reaBlicH nture
and M2 mdependentl in_an organic acid at about 100 to about 400 C.

The net Wclydes i saely e@aﬁ imeats dangialagcupemetzimest tha magtd Mis agowell as the
el ement ¢|BneASAMA! theff Pf&ﬁrsapﬂse%h% a9 &Rid %colrcﬂ}{‘% RPide! ﬂ}gseﬂpiﬂ%n%csrpls a

formthe reaction m xture reacti I’l m xt ure for 1 nstance
f or med eﬂmmmdnpmhaimg @ $aitprthatbpravided e corresponding Onetal ilfhélmﬁmiatlon of a

pregursor for nRerature m down

o1 ront TrosaAn e e Mt RERE R erEa e s PP SPMLenlFbR e an acctre,
cont ai nh B@artatecornet @lbatdflsattesf th@torre'spbmﬁﬁgnheﬂ fWheiedwbyndalswhnstangrau?s@rs
salt of the petal in a organlc ac %[ 100 Cto 450C The r]’getal
pr ecur s& WA S8 SAABEM and gl dpides thdeoin thedyounpaly RiFURSor ey e Hes in
A and a;modesied afiosol vent of | ow boiling point to forma hompgenous
reaction mxture. In an illustrative exanple, the reaction mxture is
f Or nmed p0038] t @enresldy, i chef foormiadr0of a AhdCrystal abesrtlingQo @.mdthed vetifl invention,

urs in such enbodi_ ents be cool to. a.selec a e
&@cﬁr{?%e‘}to’* £adnvhgie 2ppl foFFerﬁlﬁ’(‘PEﬂt Caik; b dyiEp ‘1{? &Yﬁgfz"te %%rmup

errbodl o8 (HESIE sacPhdaf ¥, SR by of airoapsvfdm@ﬂsm RhNBMPORI Y8 13! I R¥ne
be of the general fornmula M MLO. ML in thi's formula can be a nmetal of

G oup | smbegimgptsithe clemeniug and/or theglgmant B ean berdissplved in a gpitabiesabamt before

being provided in order to form the reaction mixture.

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



30[ 0042] A binary nanocrystal of general fornmula MA prepared by a
met hod of the present invention may for exanple be of the formula
CdSe, CdTe, CdS, PbSe, PbTe, PbS, SnSe,q ZnS, ZnSe, or ZnTe. A binary
nanocrystal of general fornmula MLO prepared according to a nethod of

the preseitivinnyiente] oadmmiam iic esaspladbgent, mbsgdnesiruleas, Gidgnedt, oleate,
MO, CoQ,. ZnQ,. or FeO In this context it is noted t hat the
r epr esefAIRTHNCRE Alcaie TMEDCEWBUEEOBNPipate MaagInese fesaus pleate cgleium ferrous

Nanocr yseateSziak Efel%ﬁkaél)éate ”?c?dﬂtﬁlﬁl Fhifus &Y, CRBRE F&PoudsYlche, e(SIEﬂH%el 1&R36us

represent ation M A does not necessarily represent the
st 0i chi olegter 4s ef llﬂmah‘aﬁr@cﬂl@m, dh smbedisrentsheherh aj quateamary mandeeysta e fagmed,

CdS |

ogory S et e Sl TR W B R AL AP R incrpeppenty
exanpl ein &l 2@8Yc acd, BDtahtoat aetmpaiamrEeBM)lt 3G {c0ib4at 500 W& snelt 35 about 100
e TS TR0 et G B P I B s e

this f Oﬁdmiéelapﬁiﬁvenﬂdﬁwﬁﬁﬁﬁé g/mh{e iRoFiRE & folth th @&ﬁogéneo@r@w@loh Ihixture. As
G oup VIl or Gou 1l of the PSE. A can be an el enent

from G@uﬁluﬂra@ve wagiplpghe homqs@mé%s ISRYD IHEHLS 1§ f@@ﬁ?ﬁaﬁtya temperature from

na cr olopr
o Ohe. AR 20 "B o ROREC IRl fp e Wlfre e hidf BEERRBL io SAUABY bW higher
nmet al ofen@emtmeJ it ma@ owipodled doen defore Wdding ue thd teaotnoxﬂmapre\/Wher@h teinery

PSE. A and B n ou or (xou | .
of 1 he BREeBRT S SITREA R s MET B afor MhBial nftaph ohiewise
accor di bgfdrted byedibiving thdealRrasacthl M1Vt M2nindeyendentdf int ﬁlﬁo@,@fm@ra@ld at
formul a I\/[LI\/IZ@? ML and NP be |ndependentl a_netal of G.oup

Group | #hout &PQfp apept ﬂ@%&ﬁaﬂnelm@ﬁ @ealerﬁorwam%@ﬁ f«*ﬁ@%@lthoelﬁ@e@xweﬁ for

A 15 tefpaky: MaRAeAY S @k nbRHERM s@l@&ﬁr(ﬂ'l&g bBHm% PRRithRdogh thd@action mixture.
i nvention may be of any structure. ét or instance be of |ayered

str uct uTbe regoiaon ﬁlsxtarecramefcgh@itmncgtheuf@ aofiemperafray figen Weawb g8ri6ute, about

e.qg. f f LRLESS
S oot 70 PSRRI 8 AN SNSRI WIS e
met hod afd/¢rteberperg Seistaddedvent i on may in some enbodi mnents be of t he

general formula MLM2AB. As defined above, ML and M2 can 20 be a netal
of GroulPOAV] 4omsia) Precursoceenipining themsiah MA sandior @stsoge ke formed by Wisseigmg a

P S%OdThose tkgﬂﬁgﬁwﬁﬂ% 4 O%in%'hcﬁ ﬁ%@t"(p{% 40P THe ﬂfctﬁp?ébgrs\ﬁ ks f%lhll%d

reC|atethat al so ‘ternar .
quar t er isathgn n@mwc@/smékssm{omedre’dtfdmel frignentrr%tanddl reepdldi sejvend of H@w boiling

I nvent ' a oefoﬁré%' 1{:0%]13 n&IS 1@5(9{6% fé{w rﬂlta¥1 111{18% % eJ(el éttklﬁk}é%ﬁon mixture

exanple rnary anocrys a he genera
i ncl udeis fBﬁnd&Lﬂt agempomturé inoit gedut 20 °@ t¢ ebara 7P *Lafbe n'rye$alqylreaufsof araguih agch

Pt st men ST 15 € i s i Detase Pote s i STaaf Sie agtippminture.

M t h y V.
ey TP A SR R el LB Bl g v

SnSeS, - ohitge Beneranfomaula g EA SV 15h Sei¥ dormavial cagTemetal bt Sroust HyeragpdHpGesup
of ate h

a net hog\?(aﬁ%u el g’%ﬁ%ﬁ%r}ﬂ LII i@?ﬁ??u@%%gﬁé ngé?d@%/eéﬁ& &F%gﬁﬂﬁ%ﬁ (&;éeﬂgus
f or mul arehiithdi? Gdxteue foresedt inelufler ki el YoedBdr cCaeeiyl theSnfee? Q1. The metal

fhat ol sove Papr S Rraep8YathiRor o W ¥hng M Meo merely serve

thad ¢ i P et e AGPRY GRERE (RIS, Bichafiy £l of 8 hriton

repres emvamt;cmmmﬁmmxamphﬁae of the formula CdSe, CdTe, CdS, PbSe, PbTe PbS, SnSe, Zn§,
ZnSe, or ZnTe. A binary nanocrystal of general formula M10 prepared according to a method
of the present invention 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 M10O should only illustrate

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



11 and MLM20O no conclusion in terns of the stoichionetry of the
nanocrystal can be drawn, even though in sone enbodi nents by

coi nci dence, for exanple in enbodinents(ff CdZnSe, CdSeTe or MyFe204,
the stoichionetry of the nanocrystal could be rather accurately read

into t hMlg!e@@a a1 A adost Inat nb@gmly rfReRBOYIR g6RRBIOMetdyOs Mk AtinbBYRALs (even
M AB, a MLMRO al sqQ 5 include for_instance na crystals f th

st oi chi nglw t A 1 rr\/%e&aé? 8f Cé*»%anaﬁr%d%dro erfesenly i R}E@pfsr J%Qn*BF]é‘deS
Zn. Cd1SﬁanocgrstaMlsgﬁ&s\gf’dtmm(l&ﬂe%gw@%gﬁr Qﬁiaﬁﬁﬁ)’l@'l\dﬁbz) MON @E’ékaﬁrpper AlL,O3), or

exanple Cd or exanple, or
ML" MR1_ O%f@regwmﬁﬁﬁéﬁhﬁe Mm xO) [ 0046] IIIustratrve exanples of a

uatern anoc stal of era fornula ML\WP Bt t
fomse Mkl At o RryeRE R et abstine e PUBENG (b S ehgveftion may in
CdZn Se Ssorfél 288 dRuentd B8 SFahe @dhkrde Srnfald APEVISA . Mi‘ﬁﬁa_ a2 Hﬁzt'ﬁﬁe§rmula can
HgZnSeTe and HgZnSTe. In this context it is noted that also t

r epr esefdapinganti ke Apnetalnefubgup Al yGropp dB: Gxaup HhdirouniVgl naﬁ?@@tm/yilém the
f
2C e QoA o FE M Bord ORGEOIRLY 5Pk, BUETERIynE ey anc-

st oi chi cayetal formied tabrmrdmgam: ays¢thdd of éreq:mestehbmgbntlcﬁl thay banf the geherat &amula

narlfor y TAV 01 Fhan g3 TeldRders, S ot GRbvm S Kt 1 G B G, VI o

Cd1- XZ“GWIIYM&@'PMAJ&MB%M@E éﬁd@ﬁﬂw@a@bﬁnﬁnﬂbm@ \Sopero@w)q of
[0047] It is further noted that |ndependent of whether a binary,

t er nar ythePSE. fuuetenateyembobiveyia tamarsnangenysty] fommed eecording Ffb@l@ieﬁTOdthéhe
inventi gl%séHt HMnﬁo;‘P{rﬁg%e ol %nkrai Yo fula{ Mic? £Qn§ §E§’1E4n' B)erﬁﬁdga%ﬁ{i{hﬂy a

that the respective nanocryst any srre ructur
may f or mieted bAGceupbE, Gfoup I[Ia@emqﬁl\ét@mup ﬂv‘rlbor Grayp “lLof the PSEL D is oxygen. A

31931(:: t gfeemor g?noccgs?algant & %Qr Sta(rrlﬁg 85[1 oﬁ'_ I]Jlng nl%%’b‘éfu%&ﬁ anygtr@)cture It
et al ., mly fét¥Sanceide Mla@e&&@@@tur%%ch Qéﬁaore/@ﬁélgstru&u,re &k it@hay behonf¥genous,
Chem Soc 997) 119, /019 16- 183 or of any all oy structure (see for
exanpl e¢- @svém forh compagtiary gy of eradually e ﬁfﬁplﬁﬁﬂ wmgﬁa@p@mw% structure
(Fol ey, e MVat er i al ci ence ol 227 (199

453 Saj00 ARaisinaty bETosRETH S rydineabednelnd S sy averioRay
rel ati vl dontddntbodithents de beheroeddal @nﬁﬁl@'MlmA@%%rdeﬂﬁéh hgdbve OvinendiMB can
PCT application PCT/ SG008/ 000290 "Process Form ngw:H 9§dm um And

Sel28ni ube esnstdi ofi Giyundh daeys ﬂHr Brove 1o feup tVéI mh@r the1 F3Hhed and B
Co ofidiSu f i,

ncor por it naady MERECbAReor g U o G A SRHE 58! T SRl in the art
above, wnl aappremttdndhhtade@rtehnag/ amdtqmnmnegemanomyM$ |formai klorg en awshod

reactlon is formed. The ti,on xture thus has only one
phase, Hﬁ &Hgﬁugmﬂﬁmbﬂet lﬁﬁﬁﬁ“ g} {%n or enul sion. The

reactio t

phase,  UASE HFSxHe ut PRSP lofhrk SRRl o £80faL gl AP Bielnde,

narkdcr ybttadre mot pindtsé ts ep@rmty nmcmcyswl of fdinenlimoXmGdSE0 ﬂsimﬁacﬂilmﬁhe CdZnTe,
tion. The rea

m xture for. exampl.e enous soI n
it ur eSTE (RS 8 SR8 e B o PSPy O B Sl
of | ow RPIAB Bt Bl e foMA&T Ssify AAREIAYSTIRE ien@SNRERUe b Haidtr fstMIdYEo i as
formed, the honpgenous reaction m xture includes a netal precursor
t hat coffSeh<Cd¥elenpdaTe ZnSeS, ZnSeTe, ZnSTe , SnSeS, SnSeTe, SnSTe, PbSeS, PbSeTe,
and PbSTe. Illustrative examples of a ternary nanocrystal of formula M1M20O that may be
30 formed using a method of the invention also include a nanocrystal of the general formula
M1M2,04 such as the ferrites MgFe;04, CaFe;0y4, StFe 04, ZnFe,0,4, NiFeyOy, CoFeyOy,
and MnFe»O4. In this context it is noted that also the representations MIM2A, 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



5 ML and M2. The honbgenous reaction mxture also includes A Were a
nanocrystal of general fornmula M AB is fornmed, the honbgenous
reaction mxture includes a netal precufsor that contains the netal

M . The honobgenous reaction m xture further includes A and B. Were a
nanocr ygiaMIM2 @ eesclclus i M| terrhL bR thel stoitkibAREy dfiiBe RATRSRAAUSRN be drawn,
reaction m xture includes a netal precursor that contains the netals
M and fxen thepghhiar somenenshpdimenss Syisoicisaes fohexamnlein pgnbedimssais of CdZnSe,

i ncl ude r

goner a HoPTESHERCERNRE solliftfefy GhAk R AR IR Mkl Ricutdily read into
hormgentbmsgenaabfommlaannue ghe¢ bbdve genleradl ool avellld M2y, dUA B and MIMZO also
con ainin e netal and e el eme a t eI enent I

oS ettt Mo SRt trroPRSel o e SRty M5 odaA (ef SRRk . 2hese)
under eivﬁVIaltZ?QA 0 eRAthFlel PnZd) Q@é)tbmliﬁgmt;(fai éb{aﬁlpwcﬁsbyh?y)f Ml Al ,,B (for
form ng nanocr stal S. M£0049] The term ™ ox ygen donor" as us he

i s undefxRIdel §elr>§ff)efPf iy Qrﬁfpéeyam@fszd\dgu Siix @) orclbﬂrpMandD (f@atexmple
capabl e %Mr{) YI di ng oxygen, for instance for an oxidation, in the
formatio *a’nanocrystal . The oxygen donor nmay be of or gani c or

i nor ganjop48pt MkStrativiel dxginpRsiofey %Méfﬁél%a aﬁf)cr?ﬂaloéﬂy o0l GHRKul2ANE NIOBB, that
HCO3- 2-, Cl103-, C104-, S032-or A further illustrative
exdfpl emiag ba fermed g, aanethpdobieiipveniion r@aﬁéﬁmangcraﬁﬁlcﬂf Cfanep dFd4nSede,

a salt e p t
or acet yPacet dﬁ(gctﬂg%{sé ex e?gsﬁﬁpgéaffﬁg?e cér%%zr{ﬁ ic al.lgl Eh;?_ﬁ@ 1‘ﬁh‘thlS
sake of cmrbmbhéherme&sl fhiit also rtbe edpreseatation WMMesI@hldaonhrr ﬁkuxbyate dhat this

acid that ha er f uncti.on t he 0

oy o + Binopdeloak s Fharl BEMiAR Rhac3heY Bomblife FRl: Sotmert? e fenSiithtion

Sﬂt i re FEMDXSdoes iﬂdtlr?cesﬁﬂﬂy Ird:ﬂrwlhf 1;ﬂlﬁalsfv’lclImbthﬁﬁ_ssiﬁthetnfainicr?sgﬂgg‘ev‘:el‘l dough it
ere a nanogcrysta gener a or a s faorne may,

i ndPanceans thecase @&Od&ntsﬁ*ga 1o rReie QY Qe e@ab%?@% SPH%CIP%%S;&@B?W%?“S ‘ofthe

chal COgﬁBchﬁ)Ynéﬁ‘? atdefrdurB N9 ( ﬁ)‘?ee{a%ﬂf@t(t@lnx%xge%ﬁ eastiman N?I'Q)ﬁl B¢ - (for

In contrast thereto, in the ‘case of the formati oy a nano- crysta

of the @W%Cdi eZWtﬂeayM M2O a metal precursor is generally added to

the rea xt.ur.e that iincludes an o donor, thereby already

provi di ﬁ’gﬁﬂefﬂ df dWthee nted; @ésmdeae%{%ﬁ%g?fﬁ%é DArent SRR 3 GPathraRry

i ncl udenadiRe & formbdCdmanhe nidifods WITRE irehtictDallBRY a MRoROASHLIBY b Ekaction

the formati on of the reaction m xture, for exa@r}rple before or after

ad@0ng eanditinge, ichributethaaesmrativer naneemstap may hesol 2y drsited strupture fiomay for
addi n

e o Tsaa 6ORFR 18erd BRICELBIER. o WNRIGRo RGBS, ofibniouk dfel Biture,
The sur (}hnesalM Anp§ Guyot-Srsmesticl, béhan Cb’regvaﬁ]%)@;a@me%ﬁj Deblml:lsldB Qnetal., J.

oxt o, ERVOERAR & A OB, PRRERE ML, Bcb S SR A 419

car box ybﬂ 6f ay dll(ﬁlsﬁytnﬁ@diree(xed“f’ﬁir&axhﬂrpﬁe gl opitens 7;0:5@!:709& 1ﬂ<ﬂud1ﬁg lallejﬂ agradient
13 atons, for ex OaEut 8.to apout 18 main

|1 2dst r siycpee éﬁ%!ﬁi&l Je»set Sdaterigls é%?b%ﬁ?@%é{%o%% 287 élc‘%9é) Pﬁcﬁ%ﬁdézg) or a

but ar e«fgftel dflichRE hRinSheBtd Surffhded %E%@l‘ﬁﬁ@&?'ﬂ(ﬁnaﬁl’o%d lalyéiuérlfpa shell as
acid, oleic acid ([4-octadec-9-enoic acid), n-undecanoic acid

I i nol ei desadbed] iff (@;Rpding, POToeppliretionii ALBE2668/600298r 'éﬁ'rhmser{Df: Egening A
((all- ZQ (irB f téé gfﬁﬁﬁit e(%lﬁﬁgﬁgc b ﬁ].nleI &%}Tﬁ) glbec 4 anocr sIalhne

((E B eca I'enol ¢ aci nyris el C ac ece
acid), Qampositd @btairediThefeftsn' Q{Haemadedfsnlmsm-eaﬁ‘l wehiich mlrnkzsﬁpbfatabbjd reference
(tﬁhr adecanoic acid), palmtic acid (hexadecanoic acid) and
mol P¥t6%ni ¢ acid ((Z, Z, 2)-8, 11, 14-ei cosatri enoic acid). Exanples
of ot he fact fo
i ncl ude (]n(lg)ﬂ( I% c@%ﬁ%’nl&%ﬂgg‘%@é Itcf Q\%?l gh‘gecyﬁ1 %%%%8 nl{ocﬁfaéc%lsﬁ?% Iﬂventlon 2
pr evi oukbiogmens cdastisrvmiktteds fahedcTheredctich mapad|thusoias il sbdedpHass irader

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



25 tris(2-nmethyl-2-propenyl)-phosphi ne oxi de (CAS No 94037-62-4),
2,2,2"- phosphinylidynetris[4-nethoxy-pyridine (498578-67-9), as well
as e.g. al kyldimethyl phosphine oxides @r al kyl di et hyl phosphi ne

oxi des. [0051] A suitable organic am ne may for instance be an

al kyl an agndchg@tal WBYphasYR Fﬁﬂaﬁﬂi‘l 8b. The honRBEMus 36aciBA Ehlﬁﬂ%?é ﬁia%tf&r&ample
e.g. main chain carbon a or an al kenylam ne t hat ave

fr om abb@i@ borpegeapeusoluBonmi e £9pslion amistee inclyles rﬁaFlﬁn'@ﬁ]@F obvgplpsHch as a
at ons r

That ot ol 2ten BTy Dot g WRERA harb AP0l i JliMo i
car bon froed, thehampbewus freastisnintiztoreinaiidoea med:dlqni@:urdmutthwlcentams the metals

(2" 8¢ hy Mg SEE il B0 B ool Fasi0h MitspiF TP AR OE+ YR pganoerystal of

dodecy! gefieng/ foraulay MIABE]s fhrglededid hoinbgerious degaiyl afiktags includes a metal
35hexadecyl am ne, di octadecyl ?m ne, and trioctadecyl am ne. 14 [0052]
The t er PREGYRSA ¢ hat copdains the wrt] Mk ghhe homogenaus jeaption mixtpRafurthersinciudes A

al i cycl it BOWBleYe a-ﬁgﬁ) :ﬂ‘o@lglbﬁ&ml foRSuMaaivVRer &I Bmh&f %éh&lﬂoégﬁous reaction
unsaturaetd al'iphatic or an alicyclic noiety that | néludes one or
nor e dommt@rebmnﬁlﬁes genetalproguser thﬁé cpefeins ghe n@tds Mhiand, MR oFudheamin euch
CH I t 2

I YRR Be Wity S9LERE it ok PUBLATTWELE. SIS lperyg
hydr ocaohihe gehanhfomhlachM&;AB)m ﬁ)aﬂnaal ethedwﬂtodmmgmrﬁ:tudedbynmgsaahmn@eﬁdus
and i ncl ude one ,or het ero A heteroatgmi s a t hat
G 1 or TR BTG hat ey das Aar e SR G, B ap el W R M, thS Clement
coval enp H@nde Te%nﬁ’edt:g {2 Qm?tdééﬂ tHeXiiR geforsnehtid, mbithreds ®rdight, ld gliHegdd,

toN O, P, S Si and Se n sone enbodi nents of an al kyl- or alkenyl
rml ety Grdrselevated pesyue mreaﬁt@rbtﬁ@@éﬁafurwm W@h@%%%@ﬁ 5. The 10

cobai nlOBN R BPo P i R iR bREnthabStopR ool beny BB BN

rray i Nnclondsr ¢dnfaind Ghal i8 Sapeblovel lprcﬁﬁdlﬂg)lmxﬁlgmﬂ hseyied e £ @ﬁﬂﬁtm,, m the
Typlcally t he ydrocarbon gnaln chain |ncludes 1 to about 4, 1

about 5lompation ogrystal. 1 5e gz denormgysd f‘a‘EfcﬂESa“E}C Or;iNpIganif P Illlrztrﬁfe)ve
about 5exa%1fn& ARk yEon BnbPard B, HCOF, EB,2DelD, ,5c10% a*apsbﬁ A fufther
about 10 to abou¥ 14, 1 to about 1 2°to about 18, T 15to about

20, 1 tBlusksine exampie it a earbmolic agl wdlsraTeaPLing 1O0SE Benerlynn 8salyof the
al kgnyl el S Al i .
oo St AEBL AR T IR, Brolon i 1 G0AMDAG AC BICUABRS of Bifhble
cont ai ncabwutictanaist Borabo sakead cospbateneat tnsnaetnd tlemwén te cawy ef a f:arboxyﬁc acid

i nst anc do e pbonds such abo ten 0

ot o, a8, o0 it RERHe! R, fie AR LT ot fROL A afif BeNaken 1o
ethyl , 29rqesaké oxypeh vbnofratiey than |ﬂ®<eﬂt1re E@b@g&lhc aokt ¥or 111ﬂ§1ﬂ5§ti0n pdleﬁiiébs it is
the nis rs of these radicals, isop r g%gl |sobuty gpent

sec. - bufdfied thaty wh ersatwocrﬁ%@pfgﬁlewr&% ApBYy fomigstance

Mg chpd 'S &8s oteld. 1ASutihan Qﬁ%ﬁﬁﬁ'&trfﬁé’résﬂéc‘tﬂ@"cﬂ@l‘b@g&loﬁtaﬁ“b@ added during the
het eroat oms as for instance N, S, Se or or carbon” atons nay be

r epl acetprivptiomes tetreaction anishise. Ipcmsmst Iﬂftﬁr‘éfﬁemcfbﬂ tcaset ofghe fprmgips ¢ in@no-

moi et yorl%\@t:aﬁeny Yok f&'ﬁuﬁzﬁ\fl{ V158 é{[ﬁa?‘% 8ré5¥1€|slop 18 éémeﬁhfypmgﬁ Go tlrleb{%actlon

al kyl ety i1s, ess s erw a-non- ar onat

cycl i c mmitetethftenguddsiadroaygerbdmonuhetly) alreatly providiyg e cdabent £.ed or
nono- or poly-unsaturated. The cyclic hydrocarbon noi al so

e udel00B8L A CPeRPd of iy nsgaasdray forharsingogb AR gl St fectan
suRgt it t

g chih iR RO RSl Pl re@Bol kiR 16 BalhpRd SR a0 Viding
st at ed, theenefor arpye hElT@S or med] peatradm, bafgre30 aftenddsingd clradepgan @nratpnn:togen

cycllcadch i call ehdroarb V‘ ﬂﬁ

el ude ez appticehfe BPRE samtd ik 2 e of ees AT ARG 208t PRy it oy be
used. The surfactant may for instance be an organic carboxyllc 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



15 heteroatons. Alicyclic cycloal kenyl noieties that are unsaturated
cyclic hydrocarbons contain generally about three to about eight ring
carbon atons, for exanple five or six rjjng carbon atons. Cycloal kenyl
radicals typically have a double bond in the respective ring system

Cycl oal kefig| foragkiafplesaliory 8i 1 BN 1Rengit Rebbint sHriesh atohdd0 BRistrhtives &@aples of
enbodi nents where a surfactant is added, the surfactant acts or is

i nt endedigblecareatc srbapbicigidgende, brharemes pied (e steappred (erjdeeannig acid),
for | NSIARESadE dlEicOsY '([zghd?ﬁa@é 9208l A8A0-FhdeBarskBa 0l gﬁa(sc}gw acid, (Z2)-

carboxylic ‘acid (supra) Cs- C18 orgarif c car boxyl i c aci
for exafplectidetadicasicd, acid)i - araghidghicprasihhi(alk-Z05i.& k1, lﬂemasmtraea@md ,acid),

dodgcan I he a i

oot sdocdngrf, deig' RSERIReeRTetoje "EEB GBS BelRibl 5,
netal spdliitotedd adid (aisrehéxadeehotcherid)nweymisiio mcﬂs(m@raal)ecamam aedy IpaBmh\z&idld
in an organjic acid.. The oyganic.acid o, ng the.salt o . 0.
e ey BERECae Foidk oL RIS i NS on g o BB ac D Pipptes
e.g. a epsMexirfaetadfsl @n QbgdniPplicbhohi® adlt, fiRleRamiple irc\RleheRYPABsphBnid-acid
mai n chain carbon atons, 1ncluding 8 or hore main chain_atoms, such

as abouindtefry d&ﬁ‘dnhosrhomﬁuaﬁldc fihan Pagoonsly besn ebogivsd dhasfoleup atid is cersble of
abqyt 18.mBLiRe Gl IQHEd S L{SQ@&Q d?&b?;}d’éc&?er Q%éq‘iv&?g? u SN0 T

exanple Stearlc acl octa ecan0|c a auril c acl d eIC aCI
( [ Z] oct Xdetn@ve fdien. dnfi 8), (2002)ndl d3ndBes-2271d, Inl thasyathesinof dther nanocrystals

ZZ t

LG 2 iR BAECAL A0LE B B8 SRMM Sa@BhHogd BTEERBGAThE  formed

n- ungeg@mupc}amé dl., Mlamhlsllcbtta(ﬂm%) 69, Zm)s-zgtm{z Aoqtc&gaﬁaqih@phme @ @ihdyphine
r | doni.C acl satetr i c.aci v .

Ui nel ai QRge a@mec%%a  EyitAs s Glile Rl Ehmagay Sfi5e Sie-bassd anaterial,

acilg (9m ﬁrﬁ@dﬁﬁ@iﬂ@h%oﬂﬁﬂgq}mmm'm mﬂ1gh@CEﬁhrﬁ§lb§019pﬁlﬁﬁlﬂH@sCﬁﬂmﬂé but are

acid), myristic acid (tetradecanoi c aci tic d

( hexadebefriBnisedo; H)Phﬁﬂﬂpyoaﬁbwm(ﬂ‘b& N @3 , tributyl-phosphine (CAS No 998-40-
Z,72,7Z I i 64t )

Ecaip! o2 01l R PhERTEHS R Q771 35 TR IR BRS (PR 1 Jav 103656

exanpl ejledyipdiosphanhid>d/$ Hﬁ&sﬂﬁ&bﬁﬂ@)d@pda@wlnhemmn@w th@@ﬁ@)ﬂilé),alﬂ'dc%
I j '
5 S O 8 G218, 2 L8 o1

or gani chiarplahyli (A% a6 ©8320- 87-63 ahhel [ﬁe(chlbhehdﬂdphbsp@rm)pﬂmelnM] 23 cierMiphos-
cai t ot PhatinentGAT 44151805 v BrpylipSanlse Sxgpiin o 47 ot phipphte oxide

car bonag@, tridcsuphadphindy oAdei(CASt Mo Télsoa?]g@q@(xpﬁﬁiyn)pﬁ&s;;hﬁ@ 65&&@'(CMS No.
or M mag be an acetate or the salt of

and a c&Bd4A-Ok tapheny]l phpsnbsnenpxide {CAch §oc g %Séb)otrﬂg%bﬁr?@bdahq&ahme oxide
acid wi Q@Agﬁ@&tsz%& %4%90%&% dﬂﬁl?tﬂyrbh%ﬂ)d gﬁ’d ?ﬁﬁge 945 ééﬁgpﬁa)sslbﬁ’%@]m,

The reaction may be cafried out peri o
r adgi ngtristbmethylLimepwydphosplang| uredide y dCAFour o WheH3a63idDed, 2HAE"-

of gas el RuBIERRLP SRR (BIRAIC of oy By 0 DEASRARENy
det ect aph@sphixt erides vt dlkyldiageai ghosphieexideagent s and sol vents used.

Exanpl es of a reactive inert
[0051] A suitable organic amine may for instance be an alkylamine that may have from

about 3 to about 30 main chain atoms, €.g. main chain carbon atoms, or an alkenylamine that
30  may have from about 2 to about 18 main chain atoms, e.g. main chain carbon atoms. As a
further example, the surfactant can be an alkyl amine that has from about 3 to about 30 main
chain atoms, e.g. main chain carbon atoms. Examples of a suitable amine include, but are not
limted to, hexadecylamine, oleylamine, octadecylamine, bis (2-ethylhexyl) amine, octylamine,
dioctylamine, trioctylamine, dodecylamine/ laurylamine, didodecylamine tridodecylamine,

35 hexadecylamine, dioctadecylamine, and trioctadecylamine.



16 atnosphere are nitrogen or a noble gas such as argon or heliumlIt
i s however noteworthy that an inert gas atnosphere was found to be
general |y unnecessary. [0060] The invenfors found that the methods of
the present invention where form ng, including producing,

nanocr ygi0akp visd fegm ORyIpRl wed Setene Rifeidfto [208nigtict ialighaRi oit arﬁhh@}cﬁd@ﬁ(ﬁé’cy
5pressure can he suitabl e for producing bi nar% ternary,

quat er nAks tesmnakenyd aspsed syein geferpiocan ysaturastdhaléphagig r jga aélGquléEle@leWothat
produci p@ngled- ong%r%o@ﬁbﬁﬁﬁe Sofvge&efiau XA @R fMO%ch@ tdifs, "R N9dRple

of the present 1nvention nts are typi cal non- aqueous
sol vent SLHBYHt gwuperimtso bm;cvtt afsnrabighaticonoistyt amealkyil areakenyk mdndty) aret haless

pregara grr\]mOf t%t% etra1 ancﬂe&ﬂ drnon OLar 3 1centa f or mo 0-

poi nt . doy Vents® eah JSER” PAEY thn gy f8

hormgenolupollyameﬁtumﬂedmnd mdmdel-lﬁrrmglenmﬁemmaim@m rﬂet@trwt@nnieaamg dthe that
In.an illustrative it

react ant; ar I N Qne hase. 1t IS
desir am%lif PIYrGRbony, Bhsaé% a@bP@g@mScﬂthfWrﬁeﬁfe%%r@% aLFé’i"ﬁ‘ana‘EﬁPé‘cfaé carbon

sol vent gont YRaBPRS tacRieBt REnEARRECIINAS, 865 & hR®de) I some embodiments of
US20070004183. The sol vent in which a process of fornming a

nanocr yat alkyhceoplliemg meiethscveral divtdrosioms agedreserf wu:hml easamgnugistar The
solment hyd ‘ﬁ&%cﬂl i g%ﬁ%és%tﬁ@ﬁlsg%a 8ebY 4 len @Lé’lﬁ{ﬁh ah§ Inb of

| ow 15 I'ng poln as a 0|I|n ess ana

150 C abraad:}wsd'ﬁhadbmhnhmspjfethe hyguroesbon ehdit GABy niob;ldp HtﬁéxStﬂﬁurBaaSOWell as non-
atm, inclu a hoilin oi nt of | 120 .C, le ha
Sbout 10omate Raul S aoriedy. e nyaREarhR s heiatec s IR B4, 1 o
about 790061 5| e$s abdiam, aheUboBd, @tbeasgutt91artoalb@mt4 MroGboit $,e56 atblaans 3 to
about 45 C. I|lustrative exa a suitable non-pol ar ’sol ven

i ncl udedtpuédr &%&H&Iﬁ’r@%ﬂho&ggbloﬁol eyt W depabowild; 1 feabat 18{%@@’2@ 18, 1

(Uiﬁ' cald o, |3 Loob b d B abditPg ch?J'oHtatcﬁ‘Ifls about 40-60 C), hexane
(boi'ling point 69 C), chloroform (boiling point 61 O,

gIOCT (é; pIOBBhaEﬁnﬁI?gsp of lhgiéa@)rl, retd@dalbeahie :(tflught-cﬂa%g & thcl%ﬁnﬁﬁﬂ@caglhblpradlcals
t an cyc) ohexane r.i di ne

(b. p. mbwgp@pta?% apsgﬁ w@r%ﬁe&%@é gyl ?ﬂﬁhcﬁ? omﬁéﬁyuemi{ S0Pyt o to

(b.p. 4500@ 25 @h%ﬁ@ﬁ)lﬁsbarﬂ orbQk 1fdre, f%k ﬁ{stb)ﬁ'ccz Bl elouble- b%nd?‘éu@h £9 abolt AV to

vi nyl ether (b. 5 C), diisopropylether

25t et r adhpdE ﬁfrrumhor( ptogns, gnd gpe dp@*ﬂ@@pﬂd}wEmﬁi@s ﬁ%d&sw? gwups arcompthat, ethyl,
c30% hehSBEL BtyF SRS IREY R, o8N nbllr 6%, RELRIERRL hAE AREL Slbro-

formed pylxisobweyl, (sopemyl dawbutylhtert Futgll ngopediyt ind2A- cbmemmhlﬂyleﬂoihyh@mam
sinple tr|f ersi gn proces ter centrifugatiaon, .t

o oni pi fees Bt e Dringes Bok BrfbePR Ghtrin b BEh g HOd s Se
30 Al 't esrRitdr\eaibn atdhes RALEE Riplbe&By Hegelh@tdanas. be re-dissol Ved in an
organi ¢ sol vent such as hexane agaln for storage purpose. The latter

pr ocess[008¥] alnsthebeontext rrﬁ”dardabqa@hmmmetyAmlncldmmy ylso ebemaférom to as “cyclo-

ﬁ;ggg?;@?f’éﬁag ok @Pﬁ@ﬂ\{?’p Ell enyl hast 1et|ng unfcss Istglt%ldatt 1s8 N néh-atomatic cyclic moiety

(e.g. hydrocarbon moiety), which may be saturated or mono- or poly-unsaturated. The cyclic
hydrocarbon moiety may also include fused cyclic ring systems such as decalin and may also
be substituted with non-aromatic cyclic as well as chain elements. The main chain of the
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



[ 0063] The nethod of the invention may further include nanocrystal
post - processi ng. Al though the nanocrystals obtained by the nmethod of
the invention are generally at |east 1/ essentially or at |east

al nost nonodi sperse, if desired a step may be perfornmed to narrow t he
si ze-di ﬁétéﬂomtﬂsomleﬁafc S¥RANeRylafioidtidy BEEdE Bshn@hted cHal ChyirSRASIAL @bntain
Such techni e.g. sSize-selectjve precipitation, are well known to
t hose s&¢Ier fmut H@etaﬁq aboph @ighty ring carkon Qtﬁ@san@ﬁ@é?lpﬁlleaﬁverﬁyﬂ&l% ¢sebon
al teredg I

el at os"ER SUPRERRER FRRAACpRUAD M OFRMICRBR ih HEPRARIA! Afk systom.
obt ai ne@yclaglkenydiradgcalomai e e bosbsotutadhe present |nvent|on As an

il lustrative exanple, the nanocrystals nmay be used in th

nan éf acll9ssl lorsomesumhadimenis PherenmyBetant giadderh he %If@é‘\?%@ts or is ggermied o
co iSin |

fOI | Ov\gﬁ){thag &rpgin,tg dﬁnﬂ%@&eé&%ﬁéﬂég@ﬂmg%‘e 'R % f&t)ﬂ;?n%nﬁg%% Be ?3}1 3)‘f18§phme
i ndi cat exid¢ bat @sk(éwlormedcaelb@wbntasldaﬂsapra}) rﬁq@f@d Omgannammwﬂly,acmﬂ;an be
t hat ot her $! r]entlslcaragd pt.i onatl rfld Iﬁ’ﬁ er}:ot i ?ggéegleiqt o "
[0066] The TRt P5i%s 2Py UEEFSYIYY gl e il s ¥ SUrYAnry BEs
pract i cettad¢cahdie aahsm@ee@j‘r hetyeaineivanid, octoeécﬁﬂ@masld dr mradtaiol oatidar
limtations, not specifically disclosed herein. Thus, for exanple,

t haOt er m{}SBp OlpNoinEs erngdnhieﬂslaudéuamalt dsed it ai méthqd pf dteqnvshimhl(sma eache
expansi d w t hout tation. Addit I an

oxpr oostErvEN Gt peEHort o s ait 1o S8R e st G e B o1 ene
and not oP2l dafliblea! loRE chah @rdaNRS @rbdhid&cid, g€ Nt dadhbxiylic bbig ofSpiedilys3i6hmore
ternms and expressi ons of excludi ng any eqU|vaIents of the features
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decylphosphonic acid. In one embodiment the long chain carbonic acid is oleic acid.

25 [0057] The metal 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 IT 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



30t hose skilled in the art will recognize that the invention is also
t hereby described in terns of any individual nenber or subgroup of
menbers of the Marl cush group. 6 EXAVPLES
Exanpl e 1: Synthesis of CdSe quantumdots 18 [0069] In a typical
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chloroform (boiling point 61 °C), dichloromethane (b.p. 40 °C), toluene (b.p. 110.6 °C),
benzene (b.p. 80.1 °C), heptane (b.p. 98.4 °C), cyclohexane (b.p. 81 °C), pyridine (b.p. 115.2
°C), carbon tetrachloride (b.p. 76,7 °C), carbon disulfide (b.p. 46 °C), dioxane (b.p. 101 °C),
dicthyl 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  Alternatively, 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 obtained by the method of the invention are generally at least
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scope of this invention.

[0067] 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
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Exanpl e "8: Synt hesi s t'ernary quantum dots CaFe204. [0075] In a

;zg; ;ale ﬁe{eling}n’thesm OrP"E)ATec(%Imcnlt 0|ttr| te and 0. 6mmol ferrous

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 homogencous 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 ZnO

[0070] In a typical experiment, 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, 18 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



di ssolved in 2.6mmol oleic acid at 300 Cto forma cl ear honbgeneous
solution. After it was cooled down to 60 C, 6 g ol eylamne and 20 nL
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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 mmol 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 (TOPO) and 20 mL hexane were added; then it was
transferred to the 100mL Parr reactor 4950 and purged with Ny 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



20 was then stopped by sinply renoving the heat and cooling down. The
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Example 8: Synthesis of ternary quantum dots CaFe, 0y,

[0075] In ‘a typical experiment, 0.3mmol calcium nitrite and 0.6mmeol ferrous acetate were
dissolved in 2.6mmol oleic acid at 300 °C to form a clear homogeneous solution. After it was
cooled down to 60 °C, 6 g oleylamine 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 ternary CaFe,O4 nanocube.

25  Example 9: Synthesis of SrFe;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



15 solution. After it was cooled dow to 60 C, 5 nL trioctylam ne and
20 nmL hexane were added; then it was transferred to the 100 niL Parr
reactor 4950 and purged with N2 gas. T m xture was qui ckly heated
to 320 C under stirring and naintained at the sane tenperature for 30

mn to dentovingie HeACANAWDOURS ISk PRRbHInéEHRMIR IV dshRpbRatto adtrifi@lidmghd
down. Figure 8b shows a TEM inage of ter narg Ni Fe204 star-s
B
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anbi ent condition ni c ace

iron (I11) acetylacetonate were dissolved in 9 Omol oleic acid at

150 C t Byampkr10aiZnFesOphanocrypstalgl amine and 5 nL ODE to form a
honbgeneous solution. Then it was quickly heated to 320 C under 1 atm
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obt ai neghgl@n@siy & @(b 5C Cce |o¢€§1£ﬂm@’&ﬁd 90ieMd hekancSv &k %&d}ldV %n 1f‘w§§‘ transferred
organi ¢ sol vent such as Rexane for storage purpose. 8b
&&y cated to

depi ct stoathFBODMiekyaT vfactos t4§50 as&nap@dd Mlﬁbﬁ@@amélﬂmcny@rawsml

o ocess Al ¢ bShn TintipPahd miilhy QTHERES b Tug® HRAUEE 5 b he

corpes pﬁb@&idlgwaﬂtﬂ?ﬁéﬂ Etetloving tte hpatepdrcadlith dewn. arﬁv ol pesuet Whopurified
These TEM images illustrate that el evated pressure can favour

nodul at Poa the Sm piseNtHig1 ga5iop/dispersion; ROPREROES: 3¢ alreglpltatzé presygbvas collected
Furth
urther, H%‘dr rrél}F%, hﬁt&él%%ﬁb&?&f#@%&m Wagge—ﬂlsP(lJl ﬁ%sgo?\lren?fs?ch as

t he gene is a neta ect e rom one
G oup | hexafse fouptotdgk, Figr taghoivy a TEMupajd of tanﬂr)aniiqgowarﬂocqstatshe
Periodic System of Elenents (PSE), and A is an el enent selected from

Group Ve, gl ?eqlogen%ﬁegisfotf%ﬁ%ﬁgﬁo%xﬁésem of Elements (PSE), the

rret hod corrp I'sin onbgeénous reaction m xture

o Ut B SRR P P Sedelele oy Y B o

homgen%té %@Hisgavea i %%ﬁh@ﬂ@h&é&dfﬁi 26h 1 €5 fdtCa El@axasrbh&iﬁv%f%g it was
tenperature suitable for form ng a nanocrystal. 102. A nethod of

pr oduci ¢rg)1@d @wrawonmﬁgmp@@ttm fmk hexagpemed amlf oleylaminenyae admls élen itviyas
V11 and I 00 R Bt a0 S d wabees VR Rlokes ThodBitore mad Uy
oxygen, héagl fe3docd @Iﬂi”é{') létlﬁ‘lnlggmd maintained at the same temperature for 1 h. The reaction
20  was then stopped by simply 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,O4 nanocubes.

Example 12: Synthesis of MnFe>O4 nanocubes

25 [0079] 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



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

precursor containing 15the netal ML and an oxygen donor, and a
non-pol ar sol vent of |ow boiling point,,and (ii) bringing the
honogenous reaction ni xture under el evated pressure to an el evated

t enper avay @uslied Ayl @ shaple fegpimipgptinnidspeipimaprgcess (supra). Fig37c phews a TEM

met hod | rein the el evated pressure is from
about S%L%gt%rggg%‘%ﬁ{ﬁﬁﬂé)xg({enﬁﬁ% about 50 to about 101 bar). 4. The
met hod of any one of enbaodinents 1 to 3, wherein the non-polar

sol vent Egamplad 3 Synthesis 98iNiFeks a boiling point of |ess than about

100 C at atnospheric pressure (1013 nbar). 5. The met hod of
enmbodi nE80}, Invhipsahexpsameoth Jgbinarol sikelesw fatsf andaP bonslioigempaisracetateswas

a 25boil,i n J of l.ess than uik. ,.8QC at at nospheri ressure

(1033 il Bimal i a0 1 200 oS it h R RUA L AReP ST oB1ed down
wher ei nigt RemeRpBahRs, 20hY ekaef addonmdos1ky 16ROV EE alied ledGt 8ds framiTerred
the group consisting of hexane, chloroform toluene, benzene

hept aneto tifonbiRexaieactorfied sidoprseeiawith Nayaes dhemixtwicnsss quickly heated to 300
tetrac hl’@ £ ng% st?r%ﬁg%gdﬁgﬁlﬁ{% egeat gl'eogéﬁl%etgmgb%@%{ lfoxe t1 Fl‘FrThe re,[af:tion2 Xlas then

di i sopr opy her, ahydr of uran an ures thereo
m Xt ur estopped t8,0$ittiplyoremdFinglthe hwet finldewdling AywanThe finklnsrodudy adis pRififisd by a
- 7, wherein the honogenous reaction mxture is forned at a
t edBer asigiode feﬂntlgfaaﬂtongbsneaﬂ%wesmutﬁhe precipitated nanogrysiy 58 bgreollggped and

Sheat cc i ag T et ghh g Pe e ey PEERE o) L er oi n the

agitation is achieved by stirring. 11. The nethod of any one of the

enmbodi nBrample 14: Bynthekisof NiFeXh nangenyistals t enper at ure i s mai nt ai ned

for a sufficient tine to allow the fornmati on of a nanocrystal.

12. The[0@81holh of tgmsal opxpesinenhe 1dhbomplrentksl lacetate]  anflu2tthenmol iron (II)

conpri S?i:lc% lgc% c;nra].% %31%0§il§5r3‘19é:dt 1"’1‘1”5:0 mmol oleic acid at 150 °C to form a homogeneous

15 solution. After it was cooled down to 60 °C, 5 mL trioctylamine and 20 mL hexane were
added; then it was transferred to the 100 mL 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 min to 1 h. The reaction was stopped by removing the heat and cooling down. Figure 8b
shows a TEM image of ternary NiFe,O, star-shape nanocrystals obtained in this solvothermal

20  preparation. Figure 8a depicts a TEM image of spherical NiFe,04 nanocrystals prepared under
ambient conditions. In which, 1.0 mmol nickel acetate and 2.0 mmol iron {III) acetylacetonate
were dissolved in 9.0mmol 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  aTEM 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.



13. The met hod of enbodi ment 12, wherein the surfactant is selected
fromthe group consisting of an organic carboxylic acid, an organic
phosphate, an organi c phosphonic acid, AN organi c phosphl ne oxi de, an
organi ¢ am ne and m xtures thereof 14. The met hod of

enbodi N3l SFurie ERIbAOdIRAGRNI ¢ carboxylic acid has about 8 to about
1518 main chain atons. 15. The net hod of enbodi rrents 13 or 14,

wher ei n theAf%%B!i%f 4 fnﬁr)argi'ngc &aﬁcﬁ*tﬁég rf&%&lé‘ﬁ/ﬂ%ﬁ%& rein M1 is a
consi sting of stearic aci oct eca ol ¢ acl auric, acid, oe[ ei c
acid ([Z] onettaldgtﬁc&deﬁmna)na@if @roup Ec éinam;cllhcﬁ:@pp d¥décanoVE adli (aroup VIII of
t et radecangi exa cangQic.aci

S tndocandie Pl syt aTenen PSES 308 4198 Somatt SIEEENRR GRS VI or
aci g), ar agbhglynéfah@Résbd $ﬁkdm ZfEEn&nfthSE), elheclﬁsmb&bérﬁpﬂﬁh aC| d),
linelaidic acid ((E, E),-9, 12- oct adecadi enoi ¢ aci d), %ito eic acid

(9- t et r adec@h&irining adwmqganepsirsacion laeaﬁére(cengmgma&a@ SERSIESOR SPRfRINIng
nyristic acid (ﬁe%hétﬁﬂl@ﬂaﬂﬁ'e%n%'t@ andf’@h@ﬁ %bl‘ér &l éht BFWS’&E?}QB&& and
acid), y-honolinolenic acid ((Z,Z el cosatrienol €T aci d)

and mi xt ur e<ii} hengiog t@%m@nogﬂn@umah@@l nﬁxi@rﬂomﬁm@}ﬁva‘@@ pregiseedp rant ¢levated
or gani ¢ phosph e oxi de. 17. The net hod

of enbodi nent i%?pem%eﬁuﬁglflhg&gﬁﬁélﬁ c%r}lgtﬁ‘lg%g&i%s one of an al kyl am ne
havi ng from about 3 to about 30 carbon atons and an al kenyl am ne
hawbng fr @m Ahoetho®of prodbang ab&latﬁnhmm)a;teﬂmﬁthe @ﬁeﬁthorfﬁluhi MéOh@ﬂhemin M1

cons sting of HERGHSLRHERTRE o Ltriap AL O50p e orinihirogp J1F Rt Group

(2- et hyl hexyV]iIasf &R, Pesédit %élsfb@a ofi Bl@mehanurm tafil OOt 14| 8RB, the method
dodecyl am ne/ | auryl am ne, odecyl ami ne tridodecyl am ne,

hexadecy!| ani PRENPIEHIREL adecy| ani ne, trioct adecyl ani ne. 519. The met hod

of any one of & AaRhbelnousBactitGhBiitel APl a BB $&BFsok Sontaining
formed by dissolving a salt of the netal in an organi ¢ acid

t edper at ure of theowatal Mioand an akygen dpsor, @nd Zimolﬂlrﬁéarr@ﬁmﬁ obplow bolllng pOlnt
embodi nent 19, wherein the organic acid for dissolving the salt of
nmetal M is a carboyxlic acid of about 8 or nore main chain atons.
1021. The m{ﬁhbdnglflg el boinogamibu® Geactibre ek mrd tnedee @idvatest|pressarei td anselevated

selected from r.ou Si .St of steari.c acid (octadecanoic
acid), lauric gatBTegﬁuttO@&f?}' ij@ffg‘]“g%‘i‘%"&}é% aly_ “enoi ¢ aci d),
n- undecanoi c aC|d linoleic acid, ((Z,2)-9, 12-oct adecadi enoi c aci d),

arachi doniic agé ﬁhe(l‘(od| df- eﬁ-)boau&enlsll bA2ewhiasit Bk cRemed rasird)s from about 50 to
|l inelaidic acid 12- octsdecadlen0|c acid), nyristoleic acid

(92Pet r adeceRUt é‘%?t&) (frama pbaut P &9 abogs 1AL batd-s- 9-~ 15hexadecenoi ¢

acid), nyristic acid (tetradecanoic acid), palmtic acid
(hexadecampi $he method of any one of embodiments 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 embodiment 4, wherein the non-polar solvent of low boiling point has a

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

6. The method of any one of the embodiments 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

30 mixtures thereof.

7. The method of any one of embodiments 1 - 6, wherein the homogenous reaction



acid) and y-honolinolenic acid ((Z,2,2)-8,11, 14-ei cosatrienoic acid).
22. The nethod of enbodi ment 19, wherein the salt of the metal M is
an organic or an inorganic salt. 23. The nethod of enbodi nent
22, wherein the inorganic salt of the netal ML is selected 20fromthe
group consi stiifgreqt a @aplu@yh de, a carbonate, a sulfate, and a nitrate.
24. The method of embodi ment 22, wherein the organic salt of the

nmetal M |s a salt of an organic¢c carboxylic acid. 25. The nethod of
embodi ment®- 28he fediod; of 3G A ahe CmbRAIRRRA | ¢ Tadiharain thsnkoraeecaewt Fepgtion

and a car bOX%Hit&re%&fcﬁnféa\étQgen?ﬂ%%re%ffaﬁoﬁ%% abdhtFBiep, Chai n carbon
atons. 2526. The nethod of any one of enbodl ments 1 - 25, wherein ML

is selected from Cd, Zn, |vg Ca, Ba, AIl, G, In, Pb, Sn, Sr, M, Fe,
Co, Ni, afd The methodmofeanseerref dfe @mboctmentéfl efbotiereimtthe Teaction mixture is

vvher5e| n the ﬁéagﬁq%ltde%&ngﬁssol ved in a suitable solvent. 26 Ais

sel ected from and As. 29. The nmet hod of any one
of enbodinents 1 to 28, wherein a bi nary nanocrystal of the general

f or mul a MIA. The methwd df embddimeat 2iwhertie the agtatiom sreobieyst by stirsingf one
of the fornmulas CdSe, CdTe, CdS, PbSe, PbTe, PbS SnSe, ZnS ZnSe,

and ZnTe. ?P’Qhe ﬁ'xo fotfa.ﬁgo eofaﬁ% %d&qn?s%gb gm%he react d‘l\'\fc\ﬁaggrag]rg is

bi nary nanocrys eferal® ornu orned
the binary nmmlmiﬁkasﬁffmfenoﬁme@cﬁ ammtﬁecﬂamﬂtaﬁl didGianahQstall.\/hQ CoO,
ZnO, and FeO 31. A nmethod of form ng a ternary nanocrystal of the

ot her o maeal NS STENTLAY FRERSrY B CPBUITERS oG R corertue pepine 2

G qgp VII anghrfaepup VII1 of the PSE and Ais an element is

13. The method of embodiment 12, wherein the surfactant is selected from the group
consisting of an organic carboxylic acid, an organic phosphate, an organic phosphonic

acid, an organic phosphine oxide, an organic amine and mixtures thereof.

14, The method of embodiment 13, wherein organic carboxylic acid has about 8 to about

15 18 main chain atoms.

15. The method of embodiments 13 or 14, wherein the organic carboxylic acid is selected
from the group consisting of stearic acid (octadecanoic acid), lauric, acid, oleic acid
([Z]-octadec-9-enoic acid), decanoic acid, dodecanoic acid, tetradecancic acid,
hexadecly hexadecanoic acid, octodecanoic acid, n-undecanoic acid, linoleic acid,

20 ((Z,2)-9,12-octadecadienoic acid), arachidonic acid ({all-Z)-5,8,11,14-eicosatetraenoic
acid), linelaidic acid ((E,E)-9,12-octadecadienoic acid), mpyristoleic acid (9-
tetradecenoic acid), palmitoleic acid (cis-9-hexadecenoic acid), myristic acid (tetra-
decanoic acid), palmitic acid (hexadecanoic acid), y-homolinolenic acid ((Z,Z,7)-

8,11,14-eicosatrienoic acid) and mixtures thereof.

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

17. The method of embodiment 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.



selected from Goup VI or V of the PSE, the nethod conprising: (i)
form ng a honbgenous reaction m xture conprising a nmetal precursor
containing the netals ML and M2, el ene A and a non-pol ar sol vent of
| ow boiling point, and (ii) bringing the honbgenous

reaction nigxThé enstiidest ehbBydinedt P7,evBatER the aikyl eheNaiestldbddeffpar @k Wréup
suitable for formng a nanocrystal. 32.. A method of form %a ternary

nanocr yst al BAnSiSHBE Q(f; wexadecylgingn, glaylannne, getadspylamne bisy(2ngthydpexyl) amine,

sel ected fromongifd HAQYRnite, HoQYRNiA, dddeOHPmInK/ 12 AEn/! did8dMylami
Goup VIII of ?lﬁelPSE, and A and %%rel i’ndepg}gder?t frdm each of het —ine

el ement s sel tigodecylamsime GrepagdecylaprinGdingtedetyl hinehiiop@Becyl 4neinget hod
conprising: 20(i) form ng a honbgenous reaction m xture conprising a

met al pregyr sQr LA el . .
e of o 8, DR LB 1,1 8T A S s
honogenous r badissdningiasalirod thendetal ellauah edzganicessdiaten femparatet Y altced] 100°C
t enperat ure f?ui tagjpgrj(gr formng a nanocrystal. 2533. A nethod of
formng a nalfbry f the general fornula MLM20, wherein ML and M2
are independent fromeach other a netal selected fromone of G oup

I'l, G oup 20l The @etitdl bVembGoditiznVllh, afiekefd th¢porVhdit aefd foraliRolingat &ilt of
I s oxygen, the nethod caonprj siqr;& 1) form ng a honbgenous

.Sing: ( 1 ng ¢

reaction m xB§eMsgsesionygliaagd phrboyt 8 O Mess MaBHRIMGPHS30t he netal s

ML and M2 and an oxygen donor, and a non-polar solvent of |ow boiling
POiIRt, andi. The micttol dFechdd@tiBfert 26, WREFERHGRS bbb RAL dcRNis BLitkied EroDBR group

el evated pressure to an elevated 27 tenperature suitable for formng
a nanocr yst afonsBang phstesEe syl (rctadagangireadd), dasisdadidneleicarid ([Z3-octadec-9-
wherein the . | . H9s b ;-
0 s o ol %o‘iéé%%?gnfﬂnﬁééiﬁ%ﬁ: Aoty 1O AR (225 92 H3 a8 n bl 5 0K
donic acid {(all-Z)-5,8,11,14-eicosatetraenoic acid), linelaidic acid ((E,E)-9,12-octa-
decadienoic acid), myristoleic acid (9-tetradecenoic acid), palmitoleic acid (cis-9-
15 hexadecenoic acid), myristic acid (tetradecanoic acid), palmitic acid (hexadecanoic

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

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

inorganic salt.

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

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

24. The method of embodiment 22, wherein the organic salt of the metal M1 is a salt of an

organic carboxylic acid.

25. The method of embodiment 24, wherein the organic carboxylic acid is one of acetate

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

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

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

suitable solvent.

28. The method of any one of embodiment 1 or embodiments 3 - 27, wherein the element



35. The nethod of any one of enbodinents 31 - 34, wherein the

non- pol ar sol vent of |ow 5boiling point has a boiling point of |ess
than about 100 C at atnpspheric pressurg (1013 nbar). 36. The nethod
of enbodi ment 35, wherein the non-pol ar solvent of |ow boiling point

has a boil i ng ipeéleéted®froheS Sel 180,30 BItandR L. 37. The nethod of any
one of enbodi ments 30 - 35, wherein the non-polar solvent of |ow 10

boi l'i ng p0| nt is selected fromthe group_consisting of  hexane,
t

chl or of or 3% €8§ Bsthadeet NS 9ianbadiments L dreSh 2heten a bipare nanpersi of the

hept ane, cychahexapfnulRWii Aliffornfedl BRNMWHERM fHedfnardi@XER Pstatdh %w&)ﬁle of the
ether, diisopropylether, and tetrahydrofuran and ni xture’thereof

38. The met hfumy aSé}cLSeoGéT@fC@an’&ﬁ erFE@,sPlI& Sn3gZnSpKabeiand Enée.

honpgenous reaction 15m xture is a solution. 39. The nethod of any
one of e dip 1o . T ' '

o Por mod ot THE fistnctt of ardCongOEREhBuilypfs 2 B8 PRYGi £ kP adlels 85 he
of any one ogemrdiddmrdmthéleis forﬁ@:d amlewhmmn thieebineaaanouystalxs wf ene f the
heat ed under at 041. . T f .enbodi nent 40, wherein
t he agi tatioFPq%él Sﬁ@\}’g@ Bé“%’t(?o??’% %% Qhe nmet hod of any one of
enbodi nents 31 - 41, wherein the reaction tenperature is maintained
for a suf f3i1cAennéthbﬂrmfbm1ﬁg lactetnagy hdi@chtalret ilengeierad foande MINI2A, whdkein

The met hod of _any. one of. odinments 3 42, fur her r|S|n
adding a surMcT are ip Peﬁ%@nﬁr@ %d%t heg At cta@ %?“eP’Fnt%’ I,

sunpact ant i &g HPtG&@uf) MOMGr &S YMOsA @ﬁﬁ@nﬁlﬁ o gk PfﬁE 24hdOA 98h Glement is
carboxylic acid, an organic phosphate, ani c phosphonlc acid, an

organi ¢ phosphedied Hun OuhNI@Fé{aﬁﬁtheB&Eﬁbe odi oemprisEgt her eof

(i) forming a homogenous reaction mixture comprising a metal precursor containing
the metals M1 and M2, element A and a non-polar solvent of low boiling point, and
(i) bringing the homogenous reaction mixture under elevated pressure to an elevated

15 temperature suitable for forming a nanocrystal.

32. A method of forming a ternary nanocrystal of the general formula M1AB, wherein M1
is a metal selected from one of Group II, Group III, Group IV, Group VII and Group
VIII of the PSE, and A and B are independent from each other elements selected from
Group V or Group VI of the PSE, the method comprising:

20 (1) forming a homogenous reaction mixture comprising a metal precursor containing
the metal M1, element A and element B, a non-polar solvent of low boiling point,
and

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

temperature suitable for forming a nanocrystal.

25 33. A method of forming a nanocrystal of the general formula M1M20, wherein M1 and
M2 are independent from each other a metal selected from one of Group 11, Group III,
Group IV, Group VII and Group VIII of the PSE, and O is oxygen, the method
comprising:
(i) forming a homogenous reaction mixture comprising a metal precursor containing
30 the metals M1 and M2 and an oxygen donor, and a non-polar solvent of low boiling
point, and

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



28 46. The met hod of enbodi nents 44 or 45, wherein the organic
carboyxlic acid is selected fromthe group consisting of stearic acid
(oct adecanoic acid), lauric, acid, oIei?7acid aZkoct adec- 9- enoi ¢

aci d), decanoic acid, dodecanoic acid, Tetradecanoic acid, hexadecly
hexadecanoi ¢ agdgherfGfOMREHB FiSfoRRing a Mindédaganoi c acid, linoleic

acid, 5 ((Z 2)-9, 12-octadecadi enoi c acid), arachidonic acid
((all-2)-5,8,11, 14-ei cosatetraenoi ¢ acid), linelaidic acid .

((E E) - 9, B3- Sbe methodaif @nprae atswhodimepissi o1 38 e/hsreinitheglevated pagrsre s fiom
acid), palm i } ieS= O i iwd), nyristic acid
(tetradecano?ghgg?g??kggﬁﬁpﬁpgmgﬁggg?ﬁégggg@gﬁgic aci d),

Thhorol i nol enic acid ((Z,2,2)- 8,11, 14-ei cosatrienoi c acid) and
m xt ures tAefkomethvd4f anTee o€ embeadiofentsrad odi 4raviterain thegesrrilar sokent of low

8][ ggpﬂi)g d |p xﬁ?&hﬁg p@\ﬁ{t ql%s iaslfcﬁfélil% fwéﬁﬁk of qu% Hﬁz!u{] So i 1%6 o gt’ atﬁl}%glﬁ%ﬁh rgssure

erein anic amne s one of an
havi ng from @idditmb@rk o about 30 carbon atons, and an al kenyl am ne
having from about 2 to about 18 carbon atons. 1549. The nethod of any

one of e di.pent 1. 48.. wh in the tal precursor .is formed b

o esol vi nolarBEMethol ofab ikt o dncie BEnSt-pRlaF S o i, bEHTE ot has
or gani ¢ aci da Béiliag peifpef Rbdhen aboalgowC. 100 C to about 450 C 50.
The net hod of enbodi ment 49, wherein the organic acid for dissolving

the salt qof t al nd t he sal f et al i.S a carboxylic acid of
about 8 or37n£§%%|\é% iy 2 05FD @H@@ts P raitivein G OB xensof Tow
whepei n the glighd poifteXklcctedagbM he @'ﬁhﬁ(ébﬁﬂstfﬂ%‘)ﬁ? h8&in8! eMBroform, carbon
consisting of stearic acid (octadecanoic acid), lauric acid, oleic

aci d ([ Zkoct streehloridmodichlardnagthang, pkesanbenzersi keptatien slyelobexaoid pyridine,
((Z,2)-9,12- Qa%ﬁ&g??s%ﬁjicﬁn%&xaﬂg,' HlethyR @ ; qgﬁpgfélﬁg%t er, aggi tgtrahydrofuran and

((all-2)-5,8 el cosat etraenol ¢ acl
((E, E) -9, 12- mBuredhtracfecadi enoi c acid), myristoleic acid

(9-tetradecenoic acid), palmtoleic acid (cis-9- hexadecenoic acid),

Tnd Thhomal) A6t BRAEECRRC0S BFbibafRhll L2 o3RI RORGRAG SuRhlon

Exaspl es of wniitiefeisusblatdémnt s (an organi ¢ phosphonic acid, for
exanpl e) include hexyl phosphonic acid and tetra decyl phosphoni c aci d.

29 53. Th hod of. embodi nent 52, .wherej e inorganic salt of at,.
Ceast one 391 TGPt N SHfGof RROHUEEN ace: MHESHERBeToEeCar EREien
from the gropmpxtGRNS FsiieBdt Afendferiied absutQdthapAitgo °g. sul fate, and a
nitrate. 54. The nethod of enbodi ment 52, wherein the organic
salt of at |east one of the netal . . . . .
40. The method of any one of embodiments 31 - 39, wherein, the reaction mixture is

heated under agitation.
20 41. The methed of embodiment 40, wherein the agitation is achieved by stirring.

42. The method of any one of embodiments 31 - 41, wherein the reaction temperature is

maintained for a sufficient time to allowing the formation of a nanocrystal.
43. The method of any one of embodiments 31 - 42, further comprising adding a surfactant.

44. The method of embodiment 43, wherein the surfactant is selected from the group
25 consisting of an organic carboxylic acid, an organic phosphate, an organic phosphonic

acid, an organic phosphine oxide, an organic amine and mixtures thereof.

45. The method of embodiment 44, wherein organic carboxylic acid has about 8 to about

18 main chain atoms.



5and the netal M2 are a salt of an organic carboxylic acid. 55. The
met hod of enbodi nent 54, wherein the organic carboxylic acid is one
of acetate and a carboxylic acid havi nng bout 5 to about 20 main

chai n carbon atons. 56. The net hod any one of enbodinments 31 -
55, wher ei4g, he ﬁﬂ:&m@of&ﬂi@ddﬁﬂ&ﬁ@@@fl% fwmlﬁaﬁéo@ahﬁfcaﬂﬁiyﬁﬁé g€ld fig oRected
Cd, Zn, My, Sr, Ca, Ba, A, G, In, Pb, Sn, , 10N, .and Ir.

57. The met hBaMmothe Zigup,pensiting 1o strare eid @ftade%mcvm@eiwn@h@ld oleic acid
el ements A agﬁ;].ﬁc@a@c QQﬁ&eeQQEPt h¥ca56fama860 mdakb}ﬁ;@xod'a%ﬁp' Me@fg%éda &ic acid,
ent. e ts , %l or

sui t abl e sol dd of any ong of odi men
33 - 57, wheheiadedheieahdavamtis amdarrwtCBleamwlq meﬁépelnmeht:aﬂolcoaciéaéihommeﬂcid
sel cted fro Te, P,. B 559,

F & edi meafen P -eifacpioibic S SRR aad G Hit AP gmoic
for rru:c a h/lll\/f%buiiﬁl ﬂlﬁélﬁmgcd aﬁdCd\Q(EEPB,gétdaadéﬁﬂi‘@bic NSO I m&ﬂoldécs edid (59—
one of t e or as .Zn nsS nSe nTe, . SnPhS, SnPbSe,  an
SnPbTe. nH‘fﬁ@’é‘?fSoPC > BAPIRIRIC 3Fidg @ﬁo%b gongic acidl mygisticaacid fetra-

ternary nano&éc\éﬁ&@' acd), tﬂaﬁnﬂ%né‘di@(h&&ﬁ%&c%cl&ﬁ )}Zﬁoﬁlgﬁlﬂﬁéhlc aRgl gZ,Z,Z)-
wherein the ternary nanocrystal i1s of one of theé 20formulas CdS

CdSeTe, CdST®!l2ASe®@satiaguTacidyasimaixtigashsieobnSeTe, SnSTe, PbSeS
PbSeTe, and PbSTe. 61. The nethod of any one of enbodi nents 33 -

gﬂgbe' n a4t7€*i“ﬁé‘r1-}{etﬂ(?d‘%‘f‘réfﬁ6cﬁ‘ﬁm93t H{'ewﬂé‘ﬂ% One%ggaﬂwhgh%b/&g biak ¥ r{ﬁgetyl

wherein the ternary nanocrystal’ Is o
MyFe204, CaFplaBphinSokelz04, ZnFe204, Ni Fe204, CoFe204, and 25NhFe204.
62. A nmethod of form ng a quaternary nanocrystal of general formula

M MAB, e ' Y | I f
1 VEA, AL 0P ol BUSGROERT LY e S 564 W
PSE, and A ana:im& from dbodependbent 3¢ carbmreaohlspdﬂnl@rn aﬂkerglmmha\aﬁg fometout
from G oup V& S about ?ygar}{oggto%%e PSE, the nethod 30

15 49. The method of any one of embodiments 31 - 48, wherein the metal precursor is formed

by dissolving a salt of the metal M1 and a salt of metal M2 in an organic acid at a
temperature of about 100 °C to about 450 °C.

50. The method of embodiment 49, wherein the organic acid for dissolving the salt of
metal M1 and the salt of metal M2 is a carboxylic acid of about 8 or more main chain

20 atoms.

51. The method of embodiment 50, wherein the chain carboxylic acid is selected from the
group consisting of stearic acid (octadecanoic acid), lauric acid, oleic acid ([Z]-octa-
dec-9-enoic acid), n-undecanoic acid, linoleic acid, ((Z,Z2)-9,12-octadecadienoic acid),
arachidonic acid ((all-Z)-5,8,11,14-eicosatetracnoic acid), linelaidic acid ((E,E)-9,12-

25 octadecadienoic acid), myristoleic acid (9-tetradecenoic acid), palmitoleic acid (cis-9-
hexadecenoic acid), myristic acid (tetradecanoic acid), palmitic acid (hexadecanoic
acid) and y-homolinolenic acid ((Z,Z,Z)-8,11,14-cicosatrienoic acid). Examples of
other surfactants (an organic phosphonic acid, for example) include hexylphosphonic

acid and tetra decylphosphonic acid.

30 52. The method of embodiment 49, wherein the salt of the metal M1 and the salt of the

metal M2 are independently an organic or an inorganic salt.



conprising: (i) form ng a honbgenous reaction mxture conprising a
metal precursor containing the netal ML and the netal M2, the el enent
A, the elenent B and a non-pol ar sol venyy of |ow boiling point, and
5(ii) bringing the honbgenous reaction i xture under el evated

pressure t33. FAe GlefibaAl STEnitRARBEREA! Whreid @bligorbMic k4IF BT Atdedkt one of the metal
nanocrystal. 63. The nethod of enbodi nent. 62, wherein the el evated

pressure i s Mlognddhemetadi3 arcdndspendently selasted fiom this sraupsOnsigingefian oxide,
10lbar). T af . .enbodi nents 62 or 63, wherein the
pobe Rl S SRRy

non- pol ar solvent o poi nt has a boiling point of |ess
than about 100C at atnospheric pressure (1013 nbar). 65. The nethod
of any oné4oThemstheidodambodizent 4 whenein dhaorgirac sdhofollest ensl afdhe mefal M1

at mispher o BRLEk e oo 88 o ke AR Rl e BESHE R, oy one of

enbodi nents 62 to 65, wherein the non-polar solvent of |ow 15 boiling
poi nt is <6l €t ecttfodooti dnfledgnent H4c eihsredt thegorginit exdneyliccdulid isodrer off acetate

di chl or onet han carbon tetrachlorid ol e,. benzene, hept ane,
Cyel ohexanc, S04 FHPRETC SR DAY ] (PboH SLRAD A GRrAn A
di i sopropyl ether, and tetrahydrofuran and m xtures thereof

67. The neehTHe fetda@faA¢ 08é of BiBOdiIFRALS 16254, vHefein Mie sl W12t d2€ independent
honbgenous reactio %%{m >iture is a.solutian. %ﬁ'ﬁe nmet hod of an

one of enbodiABErash gther selecred {ipgrGed, £ %&rﬁs&g =G%a18t?%r§9ﬂ1\4li’ﬁ=reecoa

i sijporned atna fLhgnperature of about 20 to about 70C. 69. The nethod

of "any one of ‘embodi nents 62 to 68, wherein the reaction mxture is
heat ed under agitation. 2570. The nethod of enbodi nent 69, wherein

t he agi t atS7ohh¢ snethadi efany one off erabodigent B1 -THe Weareisdhe elegieptsofeangd(B are
enbodi nent s Bhsresl : i e i s naintained
for a suffi c?%lﬁ é?ltdl’z'%ilayto zf %lgev&?ﬁ%gémglggﬁﬁ%@g%&ﬁﬁbcrystaI .12,

The net hod of any one of enbodinments 62 to 71, further conprising
addi ng a <\ Themgthod of any one of embodiments 30, 31 or 33 - 57, wherein the elements A and

B are independent from each other selected from S, Se, Te, P, Bi, and As.

15 59. The method of any one of embodiments 31 - 58, wherein a ternary nanocrystal of the
general formula MIM2A is formed, and wherein the ternary nanocrystal is of one of
the formulas ZnCdSe, CdZnS, CdZnSe, CdZnTe, SnPbS, SnPbSe, and SnPbTe.

60. The method of any one of embodiments 32 - 58, wherein a ternary nanocrystal of the

general formula M1AB is formed, and wherein the ternary nanocrystal is of one of the

20 formulas CdSeS, CdSeTe, CdSTe, ZnSeS, ZnSeTe, ZnSTe, SnSeS, SnSeTe, SnSTe,
PbSeS, PbSeTe, and PbSTe.

61. The method of any one of embodiments 33 - 58, wherein a ternary nanocrystal of the
general formula MIM20O is formed, and wherein the ternary nanocrystal is of one of
the formulas MgFe;O4, CaFeyOy4, SrFe 04, ZnFe,O4, NiFeyO4, CoFeyOy4, and

25 MnFeyOy.

62. A method of forming a quaternary nanocrystal of general formula M1M2AB, wherein
M1 and M2 are independently a metal selected from one of Group II, Group III, Group
IV, Group VII and Group VIII of the PSE, and A and B are independent from each
other an element selected from Group VI or Group V of the PSE, the method



31 73. The nmethod of enbodi nent 72, wherein the surfactant is

selected fromthe group consisting of an organic carboxylic acid, an
organi ¢ phosphate, an organi c phosphonig acid, an organi c phosphine
oxi de, an organic am ne and m xtures thereof 74. The net hod of
enbodi nent 730myﬁ@ﬁ§| n organi c carboxylic acid has about 8 to about
518 main chain atonms. 75. The nethod of enbodinents 73 or 74, wherein
the organic aafpwsaglaub@%@pusge%pe@véwrﬁ FOMPHSHS YAIGLRD PESSAISPE eI nigE the

stearic acid (ockadaeanef ek, iRk fient3€ e cRiRhCBAGHS lar solvent

aZkoct adec- 9-enoi ¢ aci ﬁ? dﬁrl gn% ¢ }gecbzhlrcfﬁm&odec%ﬁo#% aci g ron-potar solven

tet radecanoi ¢ afloy béibradeiot.yniexadecanoi ¢ aC| d, oct odecanoi ¢ aci d,
decan0| L eic acid, 1 decadi enoi c

e ) ar achiTBHTEg R GGeRBYS reatiion biftyl tct 3 QFAARERHI B clovated

i nel ai dic aci derﬁ;(dfatﬁ)e@ualﬁe@@tfadﬁmgdjrﬁﬂmrgstalc| d), nyri st oI eic acid

(9- tetradecenoic acid), palm toI eic acid (cis-9-hexadecenoic acid),

nyristic tetr al mtic acid, (hexadecanoic

e ), ThRGmoS O 6F Spatipiat #2yy ety e o G bR E Ao HOhabeRt 50 to
and mxtur esagﬁeqwatﬂ@&nagM5m@ hsht 9014podi nent 73, wherein the
organi ¢ phosphine oxide is trioctyl phosphine oxide 77. The nethod of

enbodi nent_ 73, wherein the grganic amne is _one of an al kyl am

havi ng fr &th ABoietipd: of %}Eﬁﬁlm\?@s O2r Wt Jehswrin éli*ﬁjn%{‘hp‘élﬁkéﬂy?fﬁrﬁfﬂéw boiling
hay f
eﬁb gg?mafm7€aﬁwﬁqa§%eqogllﬁﬁmﬁt dlfqes%%ﬁ%oﬁi Rmsqc £Q08osphfic PFeE 1QfI3 mbar).

al kyl amne Is selected from
consi sting of hexadecyl am ne, ol eyl am ne, octadecyl am ne, bi s
(2- et hyl héyThe methed of@@wnaﬁf abodimsatsyi2anit avherdin die yanaprlaresolvent of low

dodecyl am ne{)élﬁH ocpié%gaclg/ gﬁ'{&ﬁ@ﬁy %ﬂ&srfﬁeggﬁﬂoﬁfg@fﬁ la?ﬁﬂﬂb@%emc_ﬁg%ssure (1013

hexadecyl am ne, rroc am ne.
nmet hod of an;nbam)e of enbodi nents 63 to 78, V\/nerei n the netal
precursor is 25forned by dissolving a salt of the netal M and a salt

of netal aor.gani ¢ _aci ragur out

about - 450 & ThoMRE ST R b eindbiiang 562 Tt Bt ighikat of low
aCilg fO:’ di SB@lgmngomhelsSablEctedl PfamalthMg@ﬁﬂ orsidtingobf nBé)@he NE:hlc&oi@rm
car oyxic% of apout 8 or nore in atons. 32 81. The

met hod of e ]iOFﬁéWEt &, eV KRR 1@% b@i‘}ﬂ“Fc bearene; sheplnge 1 YAlONPEARS,
the group copgidihd Rarbeh dshuBld Biokend] d{cAGN JORE AN FopAbiben, aﬁ@’fé'iﬂaﬁydrofuran
acid, oleic acid ([zkoctadec-9- enoic acid), n-undecanoi ¢ acid

linol ei ¢ aci ad ppaturey therepf- oct adecadi enoi ¢ aci d), arachi doni ¢ aci d
((all-2)-5,8,11, 14-ei cosatetraenoic acid), linelaidic acid

((E B) -9, 32 The method of any one of embodiments 62 to 66, wherein the homogenous reaction

20 mixture is a solution.

68. The method of any one of embodiments 62 to 67, wherein the homogenous reaction

mixture is formed at a temperature of about 20 to about 70°C.

69. The method of any one of embodiments 62 to 68, whercin the reaction mixture is

heated under agitation.
25 70. The method of embodiment 69, wherein the agitation is achieved by stirring.

71. The method of any one of embodiments 62 to 70, wherein the reaction temperature is

maintained for a sufficient time to allow the formation of a nanocrystal.

72. The method of any one of embodiments 62 to 71, further comprising adding a

surfactant.



5 octadecadi enoic acid), nyristoleic acid (9-tetradecenoic acid),

pal mtoleic acid (cis-9- hexadecenoic acid), nyristic acid
(tetradecanoic acid), palnmtic acid (h?iadecanoi c acid) and
y-honolinolenic acid ((Z, 2, 2)-8, 11, 14 cosatrienoic acid). 82. The
met hod of Bmppdingid 66 enpB@hnRinh 72NeIRAkA 1R shiftRtdRlidlselbtedForh NBe group
salt of the metal M2 are independently an organic or an inorganic
salt. 1083. Thsisting hban ofgasiesthorghe agd, annprgaric phosnhaten e geganie phabphonic
of at | east from

t he group coér)lés}(?s |n% ﬁﬂ(1)1>I<1| Xi%@da J}E%lﬂﬁ ne'%d%lﬁﬁ%tﬁ&%ﬁg a
nitrate. 84. The net hod of enbodl rrent 82, wherein the organic salt of
at | east OdeThd ntetimdrm"tmiboklﬂlnan&ﬂ wbenebt algahi® carbeaybahtid &fs aboud Bgarabout
cargoxyl iC agé< 85. .The net hod of enbodi nent 84, wherein the
organic carb Waﬂ:c M A°S one of acetate and a carboxylic acid

havi ng about 5 to about 20 nmain chain carbon atons. 86. The nethod of
any one of75t ke aitiediofenibddbdento7B0r 7Hhelicetin thdergaricaathobdiliandd Msedceed

i ndependent ro each other selected frg , , .Ba, Al, Ga, .
In, Pb, Sn, STPHP CQRSIstiRg O?éPFénﬁi PCldE?@St?deePH%lclr\%t‘Hgg‘uﬁﬁ Jrig acid

of the enbodj Zﬁﬂ&tﬁd% E901§6301&ﬁeﬂ&iaﬁoi§:h§cﬁ| effRtaoft M, Brefh@ecanoic acid,
i ndependent | rom each other dissolved in a suitable solvent. 88,

The met hod ohexadselyhexedecannic dwis dickasineanos? agid, @mundgprsol Acidhdinoleic acid,

oL TS A0 2 o RS TR SR AT L 94 1y

89 wher ei n ac1d]),1aﬂ1aelauinq/ aad o ¢(B/E)- Q,IIZ{wbtadQcﬁidtdnelcgeacﬁ)al mfyusmlﬁhca acid (9-

MLMRAB i s fo and rel n.t anocr s.of on o
the fornul as %‘? P%%W%T@ n%b 8“§not% %e 5%8 é&te Ta-
HgZnSeS, F@Za@aﬁﬁcade)H@znﬁﬁe 2. -(hdhgedmabitoaciay, }aHMn@lﬁlﬁ)léiﬁc acid ((Z,Z,7)-
enbodi nent s 1- 89, further conprising (iii) isolating one or nore

nanocrystal s 8.1 Lyl freiposatgenoic acid) and mixtures thereof.

15 76. The method of embodiment 73, wherein the organic phosphine oxide is trioctyl

phosphine oxide

77. The method of embodiment 73, 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.

20 78. The method of embodiment 77, wherein the alkyl amine is selected from the group
consisting of hexadecylamine, oleylamine, octadecylamine, bis (2-ethylhexyl) amine,
octylamine, dioctylamine, trioctylamine, dodecylamine/laurylamine, didodecylamine

tridodecylamine, hexadecylamine, dioctadecylamine, trioctadecylamine.

79. The method of any one of embodiments 63 to 78, wherein the metal precursor is
25 formed by dissolving a salt of the metal M1 and a salt of metal M2 in an organic acid
at a temperature of about 100 °C to about 450 °C.

80. The method of embodiment 79, wherein the organic acid for dissolving the salt of
metal M1 and a salt of metal M2 is a carboyxlic acid of about 8 or more main chain

atoms.



91. The nethod of enbodi ment 90, wherein isolating the one or nore
nanocrystals conprises purification by centrifugation. 92. The net hod
of enbodi nent 90, wherein isolating th93320ne or nore nanocrystals
conprises purification by dispersion. 4 What is clainmed is: 1.A

met hod of gloThE AGthad o emdoYinian 80 Whdrdin tBé cirbexgirRneidak stietwd fidnMhe group
M2A, wherein ML and M2 are |ndependen fraom e%gh other a neta
1

sel ected fr ofRTSitng L @Feaug apid, (ogsadeqgnaiel acid) Gy @IGLF}SIM[IZ]-Qﬁ@deCQ-

Goup VITI Oén&i@eacFﬁE’n-MCﬁldlé &4, eliRbreidt abla 5(?i Z?bq(i SERIA QR i),
or V of the PSE, the nethod conprising: (i) formng a honogenous

r eact :j on mi xaracledmocrpmdsﬁ(aigZ&-SrﬁeU?14 picesatatonoic @aidai lmqla?;}dtcmsldré&EaEw 12-
ML M,
gn e&&%ﬁ@%c}l'g%oﬁ? ﬁglﬁ%grgjfrhsg& 3 aciP(0 Lvﬁi}gde% 418 %V019ﬁ:pa!£9018% % d (cis-9-

and onogenous reac ure un
el evated pr ebesaadecehmcam@t evaisdd abii ete@ataaam:ne asid),t pdiinétid acidf (bexddeganaic

nanocr yst al t.hod .of form y nanocrystal, of the
general for ni‘ﬁl%) Y@m%@}%%#&?? Z) %rg?éﬁ elSUTERYC ££18M one of
Goup Il, Goup Ill, Goup IV, Goup VII and Goup VIII of the PSE,

and A and g8, ‘ﬂh@rﬂeﬂdﬂnﬂf@ﬁéﬁdﬂléxﬁm@aﬂfa@ﬁh}%sa@ﬂ SR tifetsleMa C4nA0hE IsBlof the
Goup Vor Gou of the PSE, the method .conprising: 15(i) formng

a homgenousmﬁ'@gMa @fﬁlﬁﬁeﬂﬁfiﬂ%ﬂ}é%ﬁ?&a@"ﬁﬁ ag ipRIgapic ﬁl‘écursor cont ai ni-ng
the netal M, elenent A and el enent B, a non-polar solvent of |ow

boihi Ng P@3NTHe AREhoM! d)enttoliFM G2! BRRAMESRREMIE SAELT é’crlez@t >6hé‘ bfthe metal
under el evated pressure to an el evat ed tenperature suitable for

form ng a naWdongdshametaddE axeneleeiod from the graupgoasisinoufrapgxide, acatbpeate, a
gener al for”&ﬂlf&té\/%ﬁzgmtw@ee.re' n ML and -

84. The method of embodiment 82, wherein the organic salt of at least one of the metal M1

and the metal M2 area salt of an organic carboxylic acid.

15 85. The method of embodiment 84, wherein the organic carboxylic acid is one of acetate

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

86. The method of any one of the embodiments 63 to 85, wherein the metals M1 and M2
are independent from each other selected from Cd, Zn, Mg, Ca, Ba,Al, Ga, In, Pb, Sn,
Sr, Mn, Fe, Co, Ni, and Ir.

20 87. The method of any one of the embodiments 63 to 86, wherein the elements A and B

are independently from each other dissolved in a suitable solvent.

88. The method of any one of the embodiments 62 to 87, wherein the elements A and B
are independent from each other selected from S, Se, Te, O, P, Bi, and As.

89. The method of any one of embodiments 62 - 89, wherein a quaternary nanocrystal of
25 the general formula M1M2AB is formed, and wherein the quaternary nanocrystal is of
one of the formulas CdZnSeS, CdZnSeTe, CdZnSTe, CdHgSeS, CdHgSeTe, CdHgSTe,

HgZnSeS, HgZnSeTe and HgZnSTe.

90. The method of any one of embodiments 1 - 89, further comprising

(iii) isolating one or more nanocrystals formed.



M2 are independent fromeach other a netal selected fromone of G oup
1, Goup Ill, Goup IV, Goup VII and Goup VIIl of the PSE, and O

is oxygen, the method conpri sing: {9 ) form ng a honogenous
reaction m xture conprising a nmetal precursor containing 25the netals
ML and M2 nThe@mekydT enbaiimemndo,awherkimdedodtingothecbhe @ homw BgidciReils
point, and (ii) bringing the honbgenous reaction m xture under

el evat ed pr eS¥pEses gutRCction pyceptry Pature suitable for forming a
nanocrystal. 4. The nmethod of any one of clains 1 - 3, wherein the

el evated ppegpsingethdd forOsmBRRRENtS 90,3 Qtheredd GsotdtiRg( tHeO B RP UhoROnderystals
about 10l1bar). 35 6. The nethod of claim5, wherein the non-pol ar

sol vent of | evnprdses pugligasiontyrsispersidsoi | i ng point of |ess than about

80 ¢ 7. The nmethod of any one of clains 1 - 6, wherein the non-polar
solvent of low boiling point is selected fromthe group consisting of
hexane, chloroform carbon tetrachloride, 5dichloronethane, toluene,
benzene, heptane, cycl ohexane, pyridine, carbon disulfide, dioxane,

di et hyl ether, diisopropylether, and tetrahydrofuran and m xture

t hereof 8. The nethod of any one of clains 1 - 7, wherein the
honbgenous reaction mxture is a solution.



9. The nethod of any one of clains 1 - 8, wherein the honbgenous
reaction mxture is 10fornmed at a tenperature of about 20 to about 70

C. 10. The nethod of any one of clains - 9, wherein, the reaction
m xture_is heated under agitation. 11. e net hod of claim 10,
wher ei nYhtat inglpimed 5h i s achi eved by stirring. 12. The met hod

of any one of clains 1 - 11, wherein the reaction tenperature is
mai nt ai ned 15for a sufficient tinme to allowing the formation of a
nanocrystal. 13. The nmethod of any one of clains 1 - 12, further

conpri syng adgiefYddrIMhliAsh fthary h oc%l%?Eﬂé%nglfal FIrAul® MMM el din M1
I 12% rorgt e group o?i]

the surfactant Is select consi sting an ordanic
car boxyl i ¢ eaanddy2 are mdgeanidentdimg phch @herammetal seleated rompinerif Sravp H, Gaoup

or gani ¢ pho i-ne. oxd,d a r L caRj.he deixt ures. t hereof 2015,
Thadmet hod aft PtV Sroufey Bl B uf VMo RE p O W &y S Y e
to about 18 fiminGrobgVi caVarfahe RSE, thhmetiidrothpatingl ai s 14 or 15,
wherein the { ani.c carboyxlic acid is, selected fromt h‘f group ..
consi sting 08 TEURE & NOEIEeRtS TRBRHORNBIEITE SOMPIISIIg 4 etal PEFYISOp |cpiAInIng

acid ([Z]- oct adeseftsaPhafd 88, dlemeeAanQlahoaGiothr sERERCAENON BoAftlsDoint, and
tetradecanoi c acid, hexadecly 25 hexadecanoic acid, octodecanoic

aci d, n-unddéhhengingdheihompgrsions gcaghipnl mixiupe mydey cleyated qiresgvicadi anedpeated

d. n- unddghhererad B} € i B clorated qreeddi
R i G oo GRSt o e S ) Trstol erc bl d

(9-tetradecenoic acid), palmtoleic acid (cis-9-hexadecenoic acid),
myri sti 2. aciAdmethedreddensingiademeryanocidstapaf thietgeserakfodmladad 8¢ awberamn M1

2619, (11Ol 0L ER G Pl ot s SHCBRA DSk e B
phosphi ne oxVHeof thetFIR)ahy A HIOB Pk Mdepasidest. from each other elements selected from
Group V or Group VI of the PSE, the method comprising:

15 (1) forming a homogenous reaction mixture comprising a metal precursor containing
the metal M1, element A and element B, a non-polar solvent of low boiling point,
and

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

temperature suitable for forming a nanocrystal.

20 3. A method of forming a nanocrystal of the general formula M1M20, wherein M1 and
M2 are independent from each other a metal selected from one of Group II, Group III,
Group 1V, Group VII and Group VIII of the PSE, and O is oxygen, the method
comprising:
(1) forming a homogenous reaction mixture comprising a metal precursor containing
25 the metals M1 and M2 and an oxygen donor, and a non-polar solvent of low boiling
point, and
(i1) bringing the homogenous reaction mixture under ¢levated pressure to an elevated

temperature suitable for forming a nanocrystal.

4, The method of any one of claims 1 - 3, wherein the elevated pressure is from about 50
30 to 100 atm (from about 50 to about 101bar).

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

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



518. The method of claim 14, wherein the organic amne is one of an
al kyl am ne having from about 3 to about 30 carbon atons, and an

al kenyl am ne having fromabout 2 to ab 18 carbon atons. 19. The
nmet hod of any one of clainms 1 - 18, wherein the netal precursor is

formed By diTheehethdiboteclsial 3, vitferdil ehdminapolM sodvdt of 1D Boilhg pEihehasMbdiling
an organic acid at a 10tenperature of about 100C to about 450 C. 20.

The net hod dtoigofiless tkan aRadt &) %t he organic acid for dissolving the
salt of netal ML and the salt of metal M2 is a carboxylic acid of

about 870r MOEEnRO of BR BndbPBRIm? 1 - 6 Rehet®ih HRAnGH-pElaR kol &l of B Kiling
the chain carboxylic acid is selected fromthe group consisting of
stearic aci dpoiieids aelectehtpim the geup doasisting efdieganey cllioroferm,barbon tetrachloride,

([ Zk- oct adecdi‘cépg%)ﬁqe‘%lgh%iectoﬁféng? b%]-giéﬁ'@ %%@%}lggﬁfcgo%%g?ngl bORbRECc b disulfide,

((Z,2)-9,12-0 ecadr eholr ¢ acrd), ara
((all-2z)-5, gliddantddiethybathtretiimpruyiytetlsarj aid, tetraltyétcdinelih and aiigture thereof.
((E, E)-9, 12- octadecadi enoic acid), nmyristoleic acid (9-tetradecenoic

acid), palmtolei cid (cis-9- .hexadecenpoic acid), ristic aci.d .
(Fet 1 adboandnt e Sf fuf Gieo bR enaneta i pehoefis Hingiof Mifture i o
y-honol i nol eahgioaci d ((Z, Z, Z)-8, 11, 14-ei cosatrienoi ¢ acid). Exanples

of other 20surfactants (an organi c phosphonic acid, for exanple)

i ncl ude_hexy| phosphonjc acid and.tetra_decyl phosphonic acid. 22. The .
met hod &f clﬁlf’rﬂ“it_g?do \R}fwé%Pﬂe Pﬁégéné?b "o$’_ ‘E’h‘%e SINOTPEEHAYS (FRETISH TIXBe 1S
theonetal Moah&l inAeRBERRE b¥atbit 96 @PdHoat 9§ °@n i norganic salt. 23.
The method of claim 22, wherein the inorganic salt of at |east one of

the netal ML and 25the netal M2 are independently selected fromthe
group chhsi dtengetbed ahamupereof daway borfatdherean,dhe feackon gHytvEe isi heated ainder
24. The net %&Qg,m_cl aim 22, wherein the organic salt of at |east one
of the netal and the netal M2 are a salt of an organic carboxylic

acid. 37 carboxylic acid having about 5 to about 20 mmin chain
car bon &t.onghe pgthophed akimhidy wiereimthe ggiiatism is peliiened by-stigringasher ei n M
and M2 are independent from each other selected fromOCd, Zn, M, Sr,

Ca, Ba, 1A\ 1$3mdibd (E)ihany%'ﬁe o¥R1aith€1 - Gf‘(i’; whireind8€ rehbtion temperature is maintained

15 for a sufficient time to allowing the formation of a nanocrystal.
13. The method of any one of claims 1 - 12, further comprising adding a surfactant.

14. The method of claim 13, wherein the surfactant is selected from the group consisting of
an organic carboxylic acid, an organic phosphate, an organic phosphonic acid, an

organic phosphine oxide, an organic amine and mixtures thereof.

20 15. The method of claim 14, wherein organic carboxylic acid has about 8 to about 18 main

chain atoms.

16. The method of claims 14 or 15, wherein the organic carboyxlic acid is selected from the
group consisting of stearic acid (octadecanoic acid), lauric, acid, oleic acid ([Z]-
octadec-9-enoic acid), decanoic acid, dodecanoic acid, tetradecanoic acid, hexadecly

25 hexadecanoic acid, octodecanoic acid, n-undecanoic acid, linoleic acid, ((Z,£)-9,12-
octadecadienoic acid), arachidonic acid ((all-Z)-5,8,11,14-eicosatetraenoic acid),
linelaidic acid ((E,E)-9,12-octadecadienoic acid), myristoleic acid (9-tetradecenoic

acid), palmitoleic acid (cis-9-hexadecenoic acid), myristic acid (tetradecanoic acid),



27. The nethod of any one of clainms 1 - 26, wherein the elements A

and B are 5independently from each other dissolved in a suitable

sol vent. 28. The nethod of any one of cjg@ins 1 or 3 - 27, wherein the
el enents A and B are independent from each other selected fromsS, Se,
Te, P, Bi, gath#ie ackBheddiecamidasd)of-hamplifsleniofacial (o, 752)18,11, PBeicosatrienoic
wherein a terpary nanocrystal of the general formula M MA is forned,
and wher ei n 3K ap@ psiigesibgierdy ystal is of one of the 10fornul as

ZnCdSe, CdznS, CdznSe, CdzZnTe, SnPbS, SnPbSe, and SnPbTe. 30. The

met hod 9f, ankeon&hed ofl Hif®14 whetlin MBS Sinic PhéPhitRr Fxid@ O8] FhoSfhine
the general fornmula MAB is fornmed, and Wherein'the ternary

nanocryst al dxédesf one of the fornul as CdSeS, CdSeTe, CdSTe, ZnSeS,
ZnSeTe, ZnSTe, SnSeS, SnSeTe, SnSTe, PbSeS, PbSeTe, and PbSTe. 1531.
The sret hed -cl B = rei r :
of the Snerdr FandliBe ol Eneien (55 orith Ehited: ohb 1'eh MRAGEIE A Ring
nanocryst al fren abownk tafbduhd0faarbmnl demi/ind 20431k @aferDd haBnEdRed about 2 to
ZnFe204, Ni F§20t4’ Fezag4rh and MhFe204. 32. A nethod of formng a

quat ernary HRROCH AU B¢ eneral formula MIMRAB, wherein M and M2
are independently a netal selected fromone of Goup Il, Goup III,

G gup 239.I VT h@rﬁethod/lr?lf a&ﬂd}n@fdﬂlﬂaih‘isll -afs, Faﬂﬁrdﬁglﬂ%e aiechl HrevuekoB iaf@med by
i ndependent from, eac ther an e nt sel ect rom.Goup VI or
Group V of tHEPEE at%ﬁ ﬁi}ﬁo@e@LWiagﬂ ri’g.saeit of mstgl Wigr i iy ogeanic acid at a
homggenous rgagérhRie HT atlodf BYCQRY dbdliiukoedret al  precur sor contai ni ng
the netal M and the netal M2, the elenent A the elenent B and a

non- pol ar sol vent_ 25o0f |ow boiling point, and (ii) bringing the
honogen#lis r&gansthed af dlaim é%W&%ﬁemeﬁlé\P&g?@éF p¢id Jar dissal ying sheosadh of mgtal M1
temper at ur e ik bl a8 N dithrBofyARAERNTBbut 8 Gincid mall ndfF bR, Of
clains 32 or 33, wherein the non-polar solvent of |ow boiling polnt
has a boiling point of |ess than about 100 C at atnospheric pressure
(1013 nbhr) TheanetiprbofrelahindOowhemin haghein carboxyic 3¢id-is sdectohpmi thetgieup

ol | boili hding e e
han about g0t Eoe 5F i i OaBgeflic FnT Wi 458 B Mif LB Rdo-
of 1&ny one ahor! acikdy, JAmdecdbic vaerl, elimoltibe acidn-(OZR0, 12adcteiztadidnoliovacid),

boilin oint is, selecte om_t r.ou onsi.sti. of .hexane
ori or ofof m HeiioBy ot bR e RueArins o Sreliie L (.12
hept ane, cyGjceldexanmoi Pydd) nigistdtat Reld Glisthddcafdic d&i@)g%ﬁnitﬁbi@td&]}d (cis-9-

et her, diisqgpropylether, and tetrahydrofuran and m xtures thereof =
hexadecenoic acid), myristic acid (fetradecanoic acid), palmitic acid (hexadecanoic acid)

and y-homolinolenic acid ((Z,Z,2)-8,11,14-eicosatrienoic acid). Examples of other
20 surfactants (an organic phosphonic acid, for example) include hexylphosphonic acid

and tetra decylphosphonic acid.

22. The method of claim 19, wherein the salt of the metal M1 and the salt of the metal M2

are independently an organic or an inorganic salt.

23. The method of claim 22, wherein the inorganic salt of at least one of the metal M1 and
25 the metal M2 are independently selected from the group consisting of an oxide, a

carbonate, a sulfate, and a nitrate.

24, The method of claim 22, wherein the organic salt of at least one of the metal M1 and the

metal M2 are a salt of an organic carboxylic acid.

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



37. The nethod of any one of clains 32 to 36, wherein the honbgenous
reaction m xture is 10a solution. 38. The nethod of any one of clains
32 to 37, wherein the honobgenous reactiggn mxture is fornmed at a
tenperature of about 20 to about 70C The net hod of any one of

claims 32 t qadRdxyMbgdiehivihfebde 3ab abdut T 6hdiA €hdis ciibail ednisnder
agi tation. 1540 The met hod of claim 39, wherein the agitation |s

achi eved by |rr|%ﬂ0 41. Thf net hod_of any one of clainms 32 to
wher ei n%¢-he | ftaé'bfﬁé‘Fa glaens k- %%ﬂ’i‘heé‘?lﬂ%l frst Mg aze frdependgt f?‘?fﬁéaCh

to allow thgfQrsaméi®Roff CA Z}ﬁ'M’grSYS@@'Ba AZ-GdhE, P?SHOIQnOﬁe W N?”é%dcﬁ
clains 32 to 41, further conprising addi ng a surfactant.

nmet hod of cl ai m42 wherein the surfactant is selected fromthe group

consi st¥hg JﬂiGZWQWOQr@%ﬁPIE wgr pbejaime hei a9, avhesigahe clgneypratand Bnare
or ggni ¢ phospROA] fen ?9%@#%] l%ﬁksg%lgg?ﬁp$§&Eb%§b + @n organic amne

and m xtures ereo alm Wherei n or ganic
carboxylic acid has about 8 to about 18 main chain atons. 45. The
met hod 28. clThemmethod of aty Orwhefr elammg heorod ga?il, cwhaeibothy | dlamends d iagd B are

sel ected fro t he rou nsi sti.n eari ¢cid,(,oct adecanoi c
acid), | aur i'e epggde&lé S h e'élse? cgﬁ%%t%%@’gf%?eﬁbiagdf‘%i d), decanoic

aci d, dodecan0|c aci d, tetradecan0|c aci d, hexadecly hexadecanoic
acid, o29. od@taméthodaof ahy onciofideimnol ¢ 28¢ ivtiereir addraarg raabetystal of the general
oni c

Z,7)-9,12-, octa i.enoi.c a achl aci d
(al 112" 5. doiils MPRAC I mkindid Hupely, e Jeropnamaeqystal dg;f one of the
((EQE)-9, 12- fBﬁﬁﬁQ@Zﬁ@d%‘@dEm@C@dﬁnSCWEHZﬂ@|S%PBSMSE%H%PB‘F@CGnW c
acid), palnmtoleic acid (cis- 9- hexadecenoi ¢ aci d) nyristic acid

(tetradecanqgi c acj d% pal m t| aC| d_(hexadecanoi c aci d)
Thhonol $thol e dneteediof gy 211629 gamms %4 28 whestn f diBITY %PHYSté]n‘éif the general

m xtures thgprERia RMAOAB IN@riEE e WHer&h ﬁierfbﬁl%ry YHBESEAI isRE oRE 88HeFormulas
phosphine oxide is trioctyl phosphine oxid
CdSeS, CdSeTe, CdSTe, ZnSeS, ZnSeTe, ZnSTe SnSeS, SnSeTe, SnSTe, PbSeS,

PbSeTe, and PbSTe.

15  31. The method of any one of claims 3 - 28, wherein a ternary nanocrystal of the general
formula M1M20 is formed, and wherein the temary nanocrystal is of one of the
formulas MgF8204, CaFe204, STF8204, ZHF6204, NiF6204, COF6204, and MHF8204.

32. A method of forming a quaternary nanocrystal of general formula M1M2AB, wherein
M1 and M2 are independently a metal selected from one of Group II, Group III, Group
20 IV, Group VII and Group VIII of the PSE, and A and B are independent from each
other an element selected from Group VI or Group V of the PSE, the method
comprising:

(1) forming a homogenous reaction mixture comprising a metal precursor containing the
metal M1 and the metal M2, the element A, the element B and a non-polar solvent

25 of low boiling point, and
(i1) bringing the homogenous reaction mixture under elevated pressure to an elevated

temperature suitable for forming a nanocrystal.

33. The method of claim 32, wherein the elevated pressure is from about 50 to about 100
atm (from about 50 to about 101bar).



47. The nethod of claim43, wherein the organic amne is one of an

al kyl am ne having from about 3 to about 30 carbon atons and an

al kenyl am ne having from about 2 to aboy 18 carbon atons. 1048. The

met hod of claim47, wherein the alkyl amne is selected fromthe

?rz OUphCiMr}SI %I)e m@tlﬁ)dd madﬁtzyloammge@inanf aon-pelar sslvad @Glldvamuﬂﬁg pbinshas a
et ex am ne am ne ioctyl amne, trioct anlne

dodecy|yam nﬁﬂl lingRAIRAL @S%ﬂ&@ﬂ%&ﬂo ﬁ%%@ﬁmﬁp&i@%wﬁ%lﬁ?é 13 mbar).

hexadecyl am ne, di octadecyl am ne, trioctadecylam ne. 49. The net hod

of any o#ie aheGh@hdt oSyt shedd clMA8ei B4 BBerSt Me r@h%wr%ervehtsofh@m

by 15dissolving a salt of the metal M and a salt of netal in an
or gani ¢ aci ot has g baviae peint ef lsps i about GO °€ attémmpmnmessere 30613 mbar).
met hod of claim49, wherein the organic acid for dissolving the salt

of Rmet age ML ﬁ@%&h&%ﬁm?fon%tf@ianyg3 b % %H ¥ )fﬂe'g‘%) 315%51‘ s9 veﬁpﬁﬂbwﬁbo?ﬁng

nore mal n chain atons. The net od of alm
carboxylic aoind is §ek§eﬂeédhenl the gmuphepngistng oﬁ(hemms pkslprqummf dishlemmiethane,
acid (octadeg an ur| aci d

Car; Oglhlgtéaa gL o&)dg tg ueBe en%%jle CP%%%; (gyc"f‘%e()jcarg Zlm(?lne cal%on disulfide,

enoi ¢ acid), nh-

((Z, 2) -9, 12-dicdandatiadyenidredigsoptbpylettiedcihid detrihg d@indn and mixtures thereof,
((all-2)-5,8,11, 14-ei cosatetraenoic acid), linelaidic acid

((E E)- oct ade i enoi c i, d stoleic acid (9-tetradecenoic,
Sl d)) S G RO a9 e b A2 AL e e heo o fer i e i
(tepradecanqignaond), palmtic acid (hexadecanoi c acid) 25and

y- honol i nol enic acid ((Z Z,Z)-8,11, 14-eicosatrienoic acid). 52. The
net hod of claim 46, erein the salt of the netal M and the salt of

the nmetd§ MIh F@th%%fﬁ@ﬂd@ﬁﬂfylaéﬁs &% fuAT-cvhsreinhq hsnogenpes wagtion migdure is
The net hod %m%@dt@té%permgégfﬁo{]hﬁ) {O%BQWU@ salt of at |east one of

the nmetal ML and the netal are selected fromthe group consisting
of an oxide, a carbonate, a sulfate 30and a nitrate., 40 54. The

met hod 3% c(Taemasiod ofipsweing of Klaings Ak 28, Sdiereintheeastivagnixgive igcatadander
metal M a”%gﬁ?t tal M2 area salt of an organic carboxylic acid.

55. The neth "claimb54, wherein the organic carboxylic acid is

one of acetate and a carboxylic acid having about 5 to about 20 main
chdbn cél.boThammtlzed ERdimTIte whetdiotheagitation io nchiefedtbyssticting. s 33 to

55, wherein the nmetals ML and M2 are

41. The method of any one of claims 32 to 40, wherein the reaction temperature is

maintained for a sufficient time to allow the formation of a nanocrystal.
42. The method of any one of claims 32 to 41, further comprising adding a surfactant.

43. The method of claim 42, wherein the surfactant is selected from the group consisting of
20 an organic carboxylic acid, an organic phosphate, an organic phosphonic acid, an

organic phosphine oxide, an organic amine and mixtures thereof.

44. The method of claim 43, wherein organic carboxylic acid has about 8 to about 18 main

chain atoms.

45.  The method of claims 43 or 44, wherein the organic carboxylic acid is selected from the

25 group consisting of stearic acid (octadecanoic acid), lauric, acid, oleic acid ([Z]-
octadec-9-enoic acid), 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-eicosatetraenoic acid),



i ndependent from each other selected fromCd, Zn, My, Ca, Ba, Al, Ga,
In, Pb, Sn, Sr, M, Fe, Co, Ni, and Ir. 57. The nmethod of any one of
the clainms 33 to 56, wherein the el enenfgs A and B are independently
fromeach other dissolved in a suitable solvent. 1058. The nethod of

an)é Onedof t]?ﬁla(idiai aﬂiﬁd Q@%EﬁlQﬁli-odMlﬁgﬁl%iehoi&gcﬁbsﬁ E’f@lﬂisﬁ)le(é)ic adwid 39&étﬁad§cenoic
I ndependent from each other selecte romsS, Se, Te, 0, P, Bi, an i
As. 59. The dspnBMeles poidn@isy-hexaderrnomyacid gnyrtic, agid) (etradecanoin Acid),

nanocrystal ffmtidecRgnetlecdRidasid M%ﬁ&éléniw&iﬁggz 73R, YO e 8ichsdifihoic
f Zn5es,

quaternary nanocrystal is of one of the fornul as CdznSeTe,
CdZnSTe, CdHg®eend oiHyssthereadHgSTe, 15HgZnSeS, HgZnSeTe and HgZnSTe.

5 46. The method of claim 43, wherein the organic phosphine oxide is trioctyl phosphine

oxide

47. The method of claim 43, 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.

10 48. The method of claim 47, wherein the alkyl amine is selected from the group consisting
of hexadecylamine, oleylamine, octadecylamine, bis (2-ethylhexyl) amine, octylamine,
dioctylamine, trioctylamine, dodecylamine/laurylamine, didodecylamine tridodecyl-

amine, hexadecylamine, dioctadecylamine, trioctadecylamine.

49, The method of any one of claims 33 to 48, wherein the metal precursor is formed by
15 dissolving a salt of the metal M1 and a salt of metal M2 in an organic acid at a
temperature of about 100 °C to about 450 °C.

50. The method of claim 49, wherein the organic acid for dissolving the salt of metal M1

and a salt of metal M2 1s a carboyxlic acid of about 8 or more main chain atoms.

51. The method of claim 50, wherein the carboxylic acid is selected from the group

20 consisting of stearic acid (octadecanoic acid), lauric, acid, oleic acid ([Z]-octadec-9-
enoic acid), n-undecanoic acid, linoleic acid, ((Z,Z)-9,12-octadecadienoic acid),

arachidonic acid ((all-Z)-5,8,11,14-eicosatetraenoic acid), linelaidic acid ((E,E)-9,12-
octadecadienoic acid), myristoleic acid (9-tetradecenoic acid), palmitoleic acid (cis-9-
hexadecenoic acid), myristic acid (tetradecanoic acid), palmitic acid (hexadecanoic acid)

25 and y-homolinolenic acid ((Z,Z,72)-8,11,14-eicosatrienoic acid).

52. The method of claim 46, wherein the salt of the metal M1 and the salt of the metal M2

are independently an organic or an inorganic salt.

53. The method of claim 52, wherein the inorganic salt of at least one of the metal M1 and
the metal M2 are selected from the group consisting of an oxide, a carbonate, a sulfate,

30 and a nitrate.
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54.

55.

56.

57.

58.

39.

40

The method of claim 52, wherein the organic salt of at least one of the metal M1 and the

metal M2 area salt of an organic carboxylic acid.

The method of claim 54, wherein the organic carboxylic acid is one of acetate and a

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

The method of any one of the claims 33 to 55, wherein the metals M1 and M2 are
independent from each other selected from Cd, Zn, Mg, Ca, Ba,Al, Ga, In, Pb, Sn, Sr,
Mn, Fe, Co, Ni, and Ir.

The method of any one of the claims 33 to 56, wherein the elements A and B are

independently from each other dissolved in a suitable solvent.

The method of any one of the claims 32 to 57, wherein the elements A and B are

independent from each other selected from S, Se, Te, O, P, Bi, and As.

The method of any one of claims 32 - 58, wherein a quaternary nanocrystal of the
general formula MIM2AB is formed, and wherein the quaternary nanocrystal is of one
of the formulas CdZnSeS, CdZnSeTe, CdZnSTe, CdHgSeS, CdHgSeTe, CdHgSTe,
HgZnSeS, HgZnSeTe and HgZnSTe.



