A PROCESS OF MAKI NG METAL CHALCOWNI DE PARTI CLES Technical Field

The present invention generally relates to a process 5 of nmaking netal

chal cogeni de particles. Background In recent times, nano-sized netal
chal cogeni des materi als have been the subject of significant research 10
due to their potential applications as biological markers, nonlinear

optical mat er wal28¢9/06%088% nescent devi ces, phot odet ect or spcoatmbsysis®, chem cal
sensors and in highly effective UV-protective coatings, etc. One known

met hod to prepare mebabcrRdsabeogenidereanomRhetbatsrDENvRkyesHseacti on 15 in
a confined medi um such as m croenul sion or polyner matri x whereby
difficulty has been encountered in producing particles of uniform sizes.

Al though a large variety of synthesits:igppr@echies have been reported for the
preparation of crystaldine.melal.20.ahalcaganides, Lhe largesseale
synthesis or mass production of nano-sized netal chal cogenidas " 15 still a
chal | enge. *MetCal "eREIT d§éAL deslcancbiedepPapai@esusi ng a variety of

wet - chem cal nethods including so-gel, co-precipitation, and hydrot her mal
synt hesis. 25The extensively applieg 0-gel .or co-precipitation procedures
are based on the hydrolysis and cont@R&sHC8R of metal halides or netal

al koxi des as precufrsorizzdeptaquecus solaubkoiredHoweter, thesegwtibeds suffer
some mej or draubacks.. Ror..examl &t he,as:synthesized particles are 30
anor phous _and subsequent heat treatnent i s necessgry 16 induce

crystal | i 28ti 842 HoweVEr, PPRtRt iaddrppbiraltistepas esipllegi¢al alarérasi on,

mai nly partichengiro:h, opteven i mdestructi om gfinthe.partigle  .00r phol ogy.
Furt her di sadvant ages gf aqueouz sgstens are_reaction paraneters WO

200/ 067088 PCUSCDOOBNGOAG5 1 het- 2 & o 1718UFE Lt G RTHET Gind dhichIg81Y ast
hydrol ysi s ratéfeftivke Uepaltealkoxi des,inpH, @®i.hodeoknimXimRghonate of

oxi dation or at j a e ially the nature.and concentration of

ani ons. Al so,ﬁﬁ%}% %Eédﬁgg%a urle%%%ﬁf(g e%ngm?ﬁ%rnl 500 ar'e T 6§Girad t o
cal ci ne of>hy#r cttherdrlingdt meal ur heuirht esnedi atcentdsobt abn epystat | i ne

metal ehal cogenides. JHhisohas arpegative off eqtoon the finely, diyj ded
nature since the particles are subjected during this treatnent to form

pn}sized aggr@iﬁﬁ nﬁh?%}F%ﬁ%ﬁsb%ﬁ uniform sizes.

Although a large variety of synthesis approaches have
been reported for the preparation of crystalline metal

20 chalcogenides, the large-scale synthesis or mass
production of nano-sized metal chalcogenides .is still a
challenge. Metal chalcogenides can be prepared using a
variety of wet-chemical methods including sol-gel, co-
precipitation, and hydrothermal synthesis.

25 The extensively applied sol-gel or co-precipitation
procedures are based on the hydrolysis and condensation of
metal halides or metal alkoxides as precursors in aqueous
solution. However, these methods suffer some major
drawbacks. For example, the as-synthesized particles are

30 amorphous and subsequent heat treatment is necessary to
induce crystallization. However, this additional step
results in alteration, mainly particle growth, or even in
destruction of the particle morphology. Further

disadvantages of aqueous systems are reaction parameters
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10 broken down only inconpletely to the primary particles by grinding.
Anot her probl em that plagues sone of the known processes is the poor

physi cal stability of the nanoparticles in dispersion nediumthat are
formed. In 15 these processes, the chem cal reactions that |ead to the
precipitation of he netal chal cogenides particle inevitably result in the
formati on of Mo-pPwodwsts. [ nsufficient renoval of the ByrRcReess adverael y
af fects the nonodi spersibility of the nanoparticles in medium CO which
results in agghebherati cigfofulnper ecomtall, chaladogeni tdesypantdeliesibei ng
formed. Furtheppprgs ©Mehe t C end rticles have been
formed, the by-products g.;ﬁ@%;b%&%ﬁ%ﬁl t%IHt' om%}?r%\%e& ﬁ%XF?%htragf% ?Ee

af or ement i one@*probi®m Of PobTUdtSper $PBi ISsPpcdpl et Ahe 25athed cegeni de

particles, inpoovésaticans of euieent mysthesiss reibeds..have hegp.carried
st abi | e netal chal cogeni dé parti cles.

out to enhanc h bysi cal i of. t.h

However, the gg%?grjq%o%gianrge prg%lel'rletdaééscaojfc@ﬁbé’ifa}hﬁf(i{réﬁtlhﬁr%% erRatal
chal cogeni de paeti clesesuspertsi onsscobt abimedn30 byrihtese:net hodstare far
fromideal, !ypicaldxiata solddyloading arcentage, of | ess than 5% The
| ow solid | oading percentage of the suspensions transli’at est o s?%ﬂage
inefficiency ForidSe HFrtbiecIggcsuspensponscles are JHerestes adunéed to

Provide a proeess ofedtakinAg taetraln ghabcageni gda-Rarti clgs.t hat,, oyer cones,
or at Iea% aggl‘i or nor e of the di sadvantages descri bed above,

te, one or ' .
5There is a neeﬁ(%no%ﬁwgvfagya“bcroﬁ’é’é%%e]d'f ey Pretary Raraleogenrde
Particl es thatrirgiiagle to separate any byproducts frommnetal chal cbgenide

rovi de hi ghly concents at et 10 Subetant PATY ToRolr spir cdomerarm o ¢
chal cogeni desPHHiFGE&Pt i diSe disperssiosn tohasiover cohelsilioy ated easte

amel i orates, Q@ BE:IBIEs Ofnt hesdlsadvantages deserihed ?@%Ve%-. 13Sunmary
Accordi ng %o first asgect, there is provided a process of nmking netal
chal cogent de ﬁéerstei HEESSPRY privcedE™eompr i ¥ Gig e tetepseast ;to the
reacting a mepadcipatitsol ut bon winkh andi=eci pii£uog20:8€d ut Lenr: under

Coat i ng sai d RELAl Pl cageai de par CTEl earta g of ) BBregiedn® o
Insufficient removal of the by-products adversely affects
the monodispersibility of the nanoparticles in medium,

20  which results in agglomerations of impure metal
chalcogenide particles being formed. Furthermore, even
when pure metal chalcogenide particles have been formed,
the by-products can be difficult to remove. In light of
the aforementioned problem of poor dispersibility of metal

25 chalcogenide particles, improvisations of current
synthesis methods have been carried out to enhance the
physical stability of the metal chalcogenide particles.
However, the solid loading percentages of substantially
stable metal chalcogenide particles suspensions obtained

30 by these methods are far from ideal, typically at a solid
loading percentage of less than 5%. The low solid loading
percentage of the suspensions translates to storage

inefficiency for the particles suspensions.



surfactant; and separatingthesurfactant coatedchal cogeni de 25 particles from
the by-product to obtain said netal chal cogenide particles substantially
free of said byproduct. Advantageously,theby-productsandnetal chal cogeni de
particles are efficiently renoved fromeach 30 other due to the selection
of conditions in said reacting step and the surfactant coating applied to

t he fornmed newabkooghabssogeni de particles which are effieieshbgosepar at ed
fromeach other. Separation of the nmetal chal cogenide particles fromthe
by- product may be My reashi agnesd Woa pkboidd-d iﬁl@ﬁ@59h§§ematfﬁi%ﬁsfngﬁal I'n
one enbodi nen he raging step rises the step of:

separating t h%h?rieﬁoaale%gﬁgl c a%%%gspa%g?}c)l eS' UM Ehe BY- pfbducfadsi ng

l'i quid-1iqui dephiseateansher dm whischodnehd i quisddiranaiyecaquecusiphase and
the other |iquig,d s an organi c phase, wherein the agueous phase and organic
phase are jnm scible with each other. 10l n one enbodi nent wherein
separating’is undéffaRen®ih 2699 Gai 8TPTEA ¢ phiasest rahsferingt hetaet al

chal cogeni de prildogkesds eportidiest hgaor gankeiphase swhile 4 hg, pysproduct
reports to thgrcgd%%%gusfpgrgse. Iaq one enbodinent, there is provided a

process of met chalcogenide particles that are
substantially free of by-products.
There 1s a need to provide highly concentrated
10 substantially monodispersed metal chalcogenides
nanoparticle dispersion that overcomes, or at least
ameliorates, one or more of the disadvantages described
above.
15 Summary

According to a first aspect, there is provided a
process of making‘ metal chalcogenide particles, the
process comprising the steps of:

reacting a metal salt solution with a precipitant

20 solution wunder conditions to form metal chalcogenide
particles and by-product thereof;

coating said metal chalcogenide particles with a
surfactant;‘and

_ separating the surfactant coated chalcogenide

25 particles from the by-product to obtain said metal
chalcogenide particles substantially free of said by-
product.

Advantageously, the by-products and metal
chalcogenide particles are efficiently removed from each

30 other due to the selection of conditions in said reacting
step and the surfactant coating applied to the formed
metal  chalcogenide particles which are efficiently

separated . from each other. Separation of the metal



15 maki ng nmetal chal cogenide particles according to the first aspect,
wherein the reacting step is undertaken at a tenperature of |ess than about
100 degrees Cel sius. Advantageously, this reduces the production cost and
mtigates the rate of equipnent deterioration as a result .20 of high

t enper at ur es. I n anot her enbodi nent, there is provided a process of
maki ng netal whateogeni de particles according to the fresicaspeeh, wherein

t he surfactant coated chal cogeni de
parti cl esr epoFbebiterRgani cpirasehedi drpm 25 hadvaptsgebus| ypat hise aby ows t he

desired surfaghantrcoat ed Cﬂlgh%)gﬁfuqu ;ﬁ%éé ¢L€5st0 be phase separated from
t he nonodi spersi on in said organic chal I?genl departicles. More 30
I

sur f act ant coat edchal &6§efrge? t ahP? afERALFOABE Sper sedvirAsehetiar e
substanti al | ysfép}eaff romthe byproducts. WD 2009/ 067088PCT/ SG2008/ 000442

Advant ageousl y, urfact ma altering the surface property of
t he metal %:Ihal coge%lpae pargt %c eeén%fl@hd?ahlﬁ PIPRE S UrFdcraRt £t et et al
chal cogeni de parricghet agigmar éhamdféllyyuheslshaaagglt@ﬂﬁﬁﬂet:ednonm&:}suclﬂﬁet antially

not aggl oner at when, conmpared, to hetal chal.cogeni ariicles that are not
coated with thggdslurfact antgoLl : IJEEG‘n ar?ot|al etr %e %?rrglnt here 9% provi ded
a process accOrHimg PoPtTe "PEFStn ddpectiuesiferdipaet fed suckast apitase

are immiscible with each other.

10 In one embodiment wherein separating is undertaken in
a liquid-liquid phase transfer, the metal ‘chalcogenide
particles report to the organic phase while the by-product
reports to the aqueous phase.

In one embodiment, there is provided a process of

15 making metal chalcogenide particles according to the first
aspect, wherein the reacting step ié undertaken at a
temperature of less than about 100 degrees Celsius.
Advantageously, this reduces the production cost and
mitigates the rate of equipment deterioration as a result

20 of high temperatures.

In another embodiment, there is provided a process of
making metal chalcogenide particles according to the first
aspect, wherein the surfactant coated chalcogenide
particles report to an organic phase medium.

25 Advantageously, this allows the desired surfactant coated
chalcogenide particles to be phase separated from the
byproducts which are ionic in nature, to thereby form a
monodispersion in said organic phase of said metal
chalcogenide particles. More advantageously, the

30 surfactant coaﬁed chalcogenide particles that are
substantially monodispersed in the organic phase medium
are substantially free from the destabilizing donic

byproducts.



10 coated netal chal cogenide particles are separated fromthe byproducts
which are ionic in nature by .washing the byproducts out. For exanple,

anot her solvent nay be added to the surfactant coated netal chal cogenide
suspension to thereby dissolve the byproduct in the solvent and to allow 15
the netal chal cogenide particles to settle down. At |east a portion of the
medi um sol venVOdiEpgss he bypr oduct ions are di ssol ved rar/sse@smnenpved from
the netal chal cogeni de particles. Advantageously, this allows the desired
surfactant coat ed*¢Haltesgenilde pdrt i etescto berseparat ed 20! F96m0t he
byproduct s tQ;htsh%@bycé‘ %ﬂﬁp@rlﬁ?n@al s&a@r ﬁb@ﬂ ofnsal-denelial pehalcegeni de
particles in a polar hcer enbodi nent, there is provided
a process accof |n6h?B tWéefl?%lifaé;§5ﬁEt k: &fei ﬁ“ett SGPFRCIEAE s sel ect ed
such that a mam@ddzjsqaaer siare of saiatinetal 2beghal cogeninderapadticles is
formed. Advan e .soli ai gg)dr] i spersi is at

| east 5% %y wtél?gﬁ%) a%/L%% [hostubs?gl%%qi%%ggg%ﬁ%r a? n %%t Cg (S‘fﬁa%lg%ogeni de
particles. Mvrelaeearitagepusiiyleshetissl i dreoment coBtsdi dvidnodispersion is
at | east 25%chyrweight, 30 or at |east 30% by weight, or at Ieast 50% by

wei ght, or at |east 70% by wei % Therefore, the disclosed ocess
produces netal chil cHyEniFde STERGUTSPer siE Swhisc P IFAvE<Hi Gh rtle
| oadi ng. accoicmn@not&ethenbnchsmenispetclner evhies e i Ovirge ds ar {arcaees s

O o " QshREed Wt SREoLUE LD SQUPLS 10 LG aLEp AhnaggLlng oo f

surf act ant coa?e%g artl c y6t oF € salrgqsepara in antageousl y,
sai d agei ng @Vepomﬂr e‘shlSSht her¢oriraticontof f‘aéﬂb%t anti HPM&W ysbal line

chal cogeni deypardd cheSout. ror ACGRELALNT2A R R rSEE0NhASRAC thake 1S
provi ded a process of making nmetal oxide particles conprising the steps of:

10r eacti ng atfetht %‘arlfta(:%@’lﬂﬁt FORF SR (1AL prigcieeRnte sHF RS GRS N an aqueous
medi um phase:atréspdiekonte |‘cﬂh&$by§b@1ﬂct7lﬂlt}&‘ndsoabeﬁttaﬁfpej’oa'fal]newI n the

range of _abo 5 to about 100 .d degr ees | si,us _t or XI particles
and by- pr]’gdu {le Rerdof e ;% At ngpsaél CF et al 8)‘??%% pée?ortl c esgvm ?ﬁ an al kal i
met al organi e sorfiact arft ,thsairgddunf acivant beény ged detrebdsathithat t he

surfactant coated; ffal %dgrga&&me%s f*}@}ﬁetﬂeh;ng@ﬁ @Hﬂaal Lyifor an

organi ¢ medi um phase relative to an aqueous nedi um phase; i ntroduci ng, an
organi ¢ medi BATtiEleFeat @Y ARt BFARLE, medii pRase and thhe é‘&ééé% medi um

phase which agerddmahscibhe-wi the @aghnothess-taherei Rot e suphagtaant coat ed
met al oxi de garticl es report to the or&anlc nmedi umIPhase to rodyce a net al

oxi de mohddi sPEt sttn PHErErfithatPnglate~y o dispersion o

said metal chalcogenide particles in a polar medium.

In another embodiment, there is provided a process
according to the first aspect, wherein the surfactant is
selected such that a monodispersion of said metal

25 chalcogenide particles 1is formed. Advantageously, the
solid content of said monodispersion is at least 5% by
welght without substantial agglomeration of the
chalcogenide particles. More advantageously, the solid
content of said monodispersion is at least 25% by weight,

30 or at least 30% by weight, or at least 50% by weight, or
at least 70% by weight. Therefore, the disclosed process
produces metal chalcogenide monodispersion which have high

particle loading.



25 | east 10% by weight solids, while the byproducts remain in said aqueous
nmedi um phase; and separating the nonodi spersionof netaloxide  particles
from sai d aqueous nedi um phase to obtain said nmetal oxide particles
substantially free of said by-30product. According to a third aspect,
there is provided a process of making netal oxide particles conprising the
steps of: WOwBQ@9/O&E08RPCT/ SG2008/ 000442 pepsdbBPoom2 et al  sal t
solution with a precipitant solution in an aqueous mnedi um phase at a pH of
at | east about 7 amdeakmaeteememaM@hedimhéhﬁo&sa?@ebl@aioa prog@gyi 300 |
degrees Cel si a roduct_ thereo coating said netal oxide
pa?tlcles tlvg? Iglgé % anp%lg¥ BSpec furt HR” agu¥dus *hedFim $6°%ai d net al
oxi de partlcle% aper sy - B@bﬁueFEiQQjaSUbgpaheﬂapbytthkﬁaﬂkﬂfdxm dsde product s;

and 10r enovi ngeganet&u&f@e@é;antzxd%a’é@%d@&?' 93%9%#%5' %E@%eéﬁgm said

aqueous ne he surfact in coatin represented by

t he formul At@ wher®the Rigr BiiPes teapabl %lbiftaétlﬂa@hlcﬁglt?@g@heiesur face of

a netal oxidepgparitiete, and where B is a 15 conpatibilizing group. The A
face formati gn of an ionic

roup can be atta e sur y_ads rptlon
gond, formation o%gcova 3npxbondse%?“£ Tot %hafiﬁﬁetﬁer63PVl?ﬁ8 group B can

be reactive Grrav6AReaét inveiaad reanl bexpot apaotimons pobarnis284n wRre
embodi ment, mygsthan one type of surfactant nmay be used. Here, the netal

oxi de partlcles may be , ,
réacting a metal salt solution with a precipitant

sclution in an aqueous medium phase at a pH of at least
about 7.01 and at a temperature in the range of about 5 to
about 100 degrees Celsius to form metal oxide particles
and by-product thereof;

15 coating said metal oxide particles with an alkali
metal organic surfactant, saild surfactant being selected
such that the surfactant coated metal oxide particles have
a higher affinity for an organic medium phase relative to
an agueous medium phase;

20 introducing an organic medium to create the organic
medium phase and the aqueous medium phase which are
immiscible with each other, wherein the surfactant coated
metal oxide particles report to the organic medium phase
to produce a metal oxide monodispersion therein having at

25 least 10% by weight solids, while the byproducts remain in
sald agueous medium phase; and

separating the monodispersion of metal oxide
particles from said aqueous medium phase to obtain said
metal oxide particles substantially free of said by-

30 product.

According to e third aspect, there is provided a
process of making metal oxide particles comprising the

steps of:



partially coated with a first surfactant. The surfactant coat ed net al
oxide particles may be further treated to at |east partially exchange, or
replace, the first surfactant 25 with a second surfactant. I n one
enbodi ment, the surfactant coated netal oxide particles are further treated
to at least partially renove the byproducts formed during the reaction
step. The bypwoduersosare often salts forned fromthe arcosc0dfsommeial 30 salt
and cation of precipitant. According to a fourth aspect, there is
provi ded a nano- siz&dtrevalae chaladogenitdes parttbel evimades | prédigipraeess
according to %B@u{i&ﬁthﬁ%ﬂﬁQ&geéggaﬂééﬂﬁp %lg %%i nang-si eﬂ’nEtal
chal cogeni de particles made in the pr oces_LéEj aa%cor dlgn %t 8ft ﬁé PPEt aspect
have a narrow®parti ¢l 8°Si 2k Wi sttHeBatien.in the rangecordighgut o5athifth
aspect, thereabsuprdvi dedyeedmre1dispetsi -0l noetal ,chal cogenide, particles
produced 5gi nagdr’%;_g@gdggt rhiesfieng_the steps of: reacting a netal salt
solution in an aqueous nedi um pﬁa’se with a precipitant sol ution under
conditions to forrmomstal whal segehicdedparditglessandby- pretiatst-her eof ;
coating said metalyqehalcogeni de hartigles wth a Sla%dsurrd‘e%g ant ; .%d ,
i ntroducing an organic nmediumto create an organic rmedi um phaS&-%hich is
i i sci bl e wi PRt Caq@e8uS YR dnatsplias eubaherieial ivhelisapfaet antd coat ed
met al chal cogepidedpatti cdres report to the organi c nmedi um phase to produce
15 the nmetal chal cQ gnil_ge g nodi gger si.on therein having at |east 10% by
wei ght particles, Wwhrle T he oyproducts rémafh Patadlai &idGuesnsi el um phase
Advant ageousl §zont keidt abidousymefivrhe nonodi spersion tan be Mintai ned at
roomtenperature and atpeshheri ¢,20 pressure for at |east more than 1 nonth
wi t hout substantial aggl oneration of §a§d par ti¢ ggse. represented by

the formula A-B where the A group is capable of attaching

to the surface of a metal oxide particle, and where B is a

15 compatibilizing group. The A group can be attached to the

surface by adsorption, formation of an ionic. bond,

formation of covalent bond, or a combination therecf. The

group B can be reactive or nonreactive and can be polar or

non-polar.

20 In one embodiment, more than one type of surfactant
may be wused. Here, the metal oxide particles may be
partially coated with a first surfactant. The surfactant

coated metal oxide particles may be further ,treated to at
least partially exchange, or replace, the first surfactant
25 with a se;ond surfactant.

In one embodiment, the surfactant coated metal oxide
particles are further treated to at least partially remove
the byproducts formed during the reaction step. The
byproducts are often salts formed from the anion of metal

30 salt and cation of precipitant.

According to a fourth aspect, there is provided a
nano-sized metal chalcogenide particle made in the process
according to the first aspect. Advantageously, said nano-

sized metal chalcogenide particles made in the process

7



According to a sixth aspect, there is provided a nono-di spersion of netal
chal cOgeni de particles produced in a nmethod conprising the steps of:
25reacting a nmetal salt aqueous solution with a . precipitant aqueous
solution under conditions. to formnetal chal cogeni de particles and

by- product thereof; coating said netal chal cogenide particles with a
surfactant; 38®ada@bmgosa pol ar nediumto said netal ohal gegenRlEBsParticles
and by-products to substantially dissolve said by-products; and

separ at i ngt hesurcrd¢ct@nt«c oateed imet abgpdcde hpae t hchesrdw errsat ke byyeoduct s
which are ionig.in natyre to thereby obtain said netal chal cogenide
particles substantrally free of by-products. Advant ageousl y, the
stability of the ApAOtisSFersi oA canthe aapntai nédrat isoamovédper at ure and

at mospheri ¢ pressHE 8od:Qfioat Jreast JiDIG. 1 Agfyt IO it hout . substant i al

aggl oner atg on of said particles. According to a seventh aspect, there is
provi ded & 10" hBnBSdi¥pEPEPON°OF Bt ait*eRaPtogeni de particles, wherein the
average particl e stzeiob theenetakathadcagenhdenpant behes:d mdliispersion is

bet ween about nm b ..nm. Ln. ane_enbadi nent,. . there is provided a
nmono- 15 dis élr%ssi%ovﬁitg} adrrg#%f:?g#; n(:fogsj8Jflli(1lﬁdl(=?np}if1 Fel B8RS ERY iTed R the fifth
aspect and t hetsix¢rlgsopeeide whetetles hednet-atrcchal cogeriode particl es have

a narrow particl e-sizeqdi s41d bytion %ﬂaic&%rﬁ%fei ng&&)&l@sS_tﬁ%neés ratio of
| ess than about 3. 20According to an eighth aspect, there is provided a
mono- di spér siUR e et af thaacogeni de particles wherein the average
particle size of theoetahgchal cegenidenpanii clescistbetaveenqabeyt 2 nmto
about 50 T”n ﬂég§m§oéﬂ§¥% %RHE%“EsiﬁﬂéﬁsJi %%tw%?guEhQQ%ggg%Jgh%EggggcOgenide
phase, wherein the surfactant coated metal chalcogenide
particles report to the organic medium phase to produce
15 the metal chalcogenide monodispersion therein having at
least 10% by weight particles, while the byproducts remain
in said aqueous medium phase.
Advantageously, the stability of the monodispersion
can be maintained at room temperature and atmospheric
20 préssure for at least more than 1 month without

substantial agglomeration of said particles.

According to a sixth aspect, there is prdvided a
mono-dispersion of metal chalcogenide particles produced
in a method comprising the steps of:

25 reacting a metal salt - aqueous solution with a
precipitant aqueous solution under conditions to form
metal chalcogenide particles and by-product thereof;

coating said metal chalcogenide particles with a

surfactant;

30 adding a polar medium to sald metal chalcogenide
particles and by-products to substantially dissolve said

by-products; and



25 particles have a narrow particle size distribution that is defined by a
steepness ratio of |ess than about 3. Definitions The foll ow ng.
words and terns used herein shall have 30 the neaning indicated: The term
"chal cogen” is to be interpreted broadly to WO

2009/ 067088PCT/ SG2008/ 000442 i ncl udes el enents sel ected fromthe group
consi sting ofwoxsgesosg0), sulfur (S), selenium (Se), anc/dcbosomniam (Te).
The term "chal cogenide"” is -to be interpreted broadly to refer to a binary
or multinary conpsemdsecantai nineg atulra-east orﬁeaebal C%@Ql?ndaﬁﬁlfdel eas_tdone
, electropositi | ement or .r.adi cal . The term "nmetal chal cogeni de”
is to be Pnt @ra5¥gfg%s gj%ooéndlsflfjo%ygf%dru%tg SPERAI 2bgehi e i HiTHiSt he at

| east one el €ctr dpostlty veedkénentaid anatef al coatdarnid®Theattedhes

“nano- si zed" as$sused hereknd el-ates, to apsaverage particle size of |ess
t han about. 1000nm particularly less than about 200 nm nore
particul arl yt et weef 2ahEEECES Wm t'dabtifPiidey apf The reppfisasaliosalt” is to

be i nter pret ednbrigadhyiieitbar efer rt6n arcoppeLd «C oM i §&Qoaqihe§&c: easlt one
anion and at | east one.cati Qn. The_ani ons angl catjons of the nmetal salt may
. . . 1 t wit
be either sifple (ronatom & i ons Such°as Naa® Agh, CUA! without
substantial agglomeration of said particles.
According to a seventh aspect, there is provided a
10 mono-dispersion of metal chalcogenide particles, wherein
the average particle size of the metal chalcogenide
particles in dispersion is between about 2 nm to about 50

nm.

In one embodiment, there 1s provided a mono-

15 dispersion of metal chalcogenide particles as defined in
the fifth'aspect and the sixth aspect, wherein the metal
chalcogenide ©particles have a narrow particle size
distribution that is defined by a steepness ratio of less

than about 3.

20 According to an eigh%h aspect, there 1s provided a
mono-dispersion of metal chalcogenide particles wherein
the average particle size of the metal chalcogenide
particles is between about 2 nm to about 50 nm, the solids
content 1s at least about 5% and the chalcogenide

25 particles have a narrow particle size distribution that is

defined by a steepness ratio of less than about 3.

Definitions
The following words and terms used herein shall have
30 the meaning indicated: |
The term “chalcogen” is to be interpreted broadly to
refer to atoms of Group VIA of the Periodic Table of

Elements. More particularly, the term “chalcogen”
9 :



Ca32+, Ee!+, Cu2+ Fe3+, Ce3+, Al 3+, Zn2+, Ced44, 01-, or conplex (polyatomnc)
ions such as CH3C00-, NO32-, 50422. At |east 20 one of the cations in the
netal salt is a netal. The term"netal" as used herein, is to be
interpreted broadly to include all metals, including, for exanple,

sem netals, alkali netals, alkaline earth netals, transition netals and

net al s sel ect®d2009/p91488 he mai n G oups 25 of the Peri odiecTisblogonis2t he

El ement s. The term"netal salt solution” is to be interpreted broadly
to refer to dnwtaessalenditssalededten argol vent grswchcassiatiiaguedus

solvent, or ap.gegap,c %ghV@pt shi - 8185 0ANALY), %dnwltlta 8 uRf (Agueous and,
organi ¢ sol venty or a 30 mxture of organic soI vents. The term

"preci pi tant sol uFFon®ermad cheePHErarh, 17 st o°belitrrarpret er Broddl y t o

i ncl ude any 5@l Wegedi $50hVBOhAAY BrSeluentatihadompeben asdedrntiagaapetal salt
sol ution, ses.a eC| tetof rmor, cr stals t The WO

2009/ 0670§8P F§E§20 Bﬁéff Stech palot zTrC]t ey i n%’il%deqﬁfg”%ﬁ? R "¢8fut i ons
such as an alekaheme Cbasedlme particul arly an oxygen-contai ning base or a

chal cogen sol uti op, such.as+an al Kgllailcg%a{;@dechall Lcogen (| e sodjum sul fide
(Na2S) or an al kaline earth nmetal 5chal cogen BeTe) ).
Thet er ni oxygéneeent althi fifsas €°i st SB‘élqorﬂeéllB? ef’édw%%féacﬂh;? #6 i'feéFlide any

nol ecul e or 08B ¢haitrepptaiings ane@xytges atvahicehigan forma bond with a
met al 10 The term "nano-sized" as used herein relates to an
average particle size of less than about 1000nm,
particularly less than about 200 nm, more particularly
‘between about 1 nm to about 100 nm.
The term "metal salt" is to be interpreted broadly to
15 refer to a compound comprised of at least one anion and at
least one cation. The anions and cations of the metal salt
may be either simple (monatomic) ions such as Na¥, Ag*, cu’,
zn®*, ca®t, re?, cu® Fe**, ce®, a1, ce', cl7, or complex
(polyatomic) ions such as CHsCOO™, NO32™, S0,°7. At least
20 one of the cations in the metal salt is a metal.

The term "metal" as used herein, is to be interpreted
broadly to include all metals, including, for example,
semimetals, alkali ~ metals, alkaline earth metals,
transition metals and metals selected from the main groups

25 of the Periodic Table of the Elements.

The term "metal salt solution" is to be interpreted
broadly to refer to a metal salt dissolved in a solvent,
such as an agqueous solvent, or an organic solvent (i.e.
ethanol), or mixture of aqueous and.organic solvents, or a

30 mixture of organic solvents.

The term “precipitant solution”, as used herein, 1is
to be intérpreted broadly to include any solute dissolved
in a solvent that, when added to a metal salt solution,

causes a precipitate to form or crystals to grow. The

10



ion. by donating a pair of electrons. Exenplary oxygen- 10 contai ni ng bases
i nclude al kali netal hydroxides (ie NaOH, LiOH, NCH), al kaline earth netal
hydr oxi des (ie Ca(OH)2), an ammonia solution (ie NHAOH), alkali netal
carbonates (ie Na2002, K2002), al kali hydrogen carbonates (ie NaHCC2,
KH002), organic base (ie (OH2)4NOH) or a m xture thereof. 15 The term
"narrow parti@®peogpazessdi stribution”, as used herein, i|Bctss2tpe0donker preted
broadly to refer to a steepness ratio, as neasured on a Sedi Graph, of the
preci pitate paeciplesitbennyg liessudshanlebout 3soldiéosszesudhstas bahi on of the
precipitate pantheles,dd a,given 20.6onRgsiti oo, By be Lepresented on a
Sedi Graph which plots cumul ative nass percent as” a function of particle
size. \Were cUmil &FRVECHHSS PEFETNISHCE BRecPet tehitt, MY 2hefhtcodsh a
di stribution havi sghiarpacticle sizespf dressnt hamaoin€quaktt o r@tghven val ue
and where artniﬁél e si zZe IS ]ghﬁe 5 dianeter of an equival ent spheri cal
particle. “Thé FeSRIPar et ®si1%é in a distribution is the size in
nanonet ers of theTips ecitpictat 'opapti-cleasadtitche 5098 poi it ortd hebSedi Graph
for that disLioubion, Wheoehdtboob Lheal) dhaslze distphbution of a
gi ven conposition can be 30 charact erized using a steepness ratio. As used
herein, the '“shéepness ravpe” jtendeliHedaasitie averdgeld amdeérlof the
garti tcl es }ntiﬁhh%ynid?&fait(ihg ré?-%ﬁaiéﬂerc{iﬁrglielcﬁrénQQOE%_erﬁil\éJrgreﬁdax@)é\?%he aver age
i amet er of e particles in the ten mass_percenti | ) .
2000/ 067098 P BE000E) G58aA0: 0t TR MorRF U RRETAREs . s A8d her ei n,
is to be inteanipret BdHbr caidday ihe ¢etat ectol anydconpesi titencs heatt) i s capabl e
of altering r tenskon. het i qui y . i i tat particles
suspended i n%%{h%&]qﬁ%qltﬁ g%hgpjs%l t(\ggﬁ@‘]gﬁ!ﬂf %gtkgr%?gg%% tcgégﬁﬁleﬁ |\(/§%Jt cheon's
Enul sifiers &aBEber g&dOs). attljjages 2870390 ok rbheaNor t H1AME¥4HE®n, Editi on
(1994), and ixachbCuteheon: $,-Eaulsl fibelguén Delrenggnt S reatnPages 257- 278 and
280 of the International Edition (1994), both published by MC Publi shing

Co. 10( Mi€ut cheon' T Vi$Ton}2 ot GPeh™ Ro¢k S RE J+stributage’ t &PnES®Agei ng” or
"agi ng" are nerbg i ntier ptet ed broadbyeted r ekerdip m@I Ntaidd ngoa sSuspensi on
of precipitat articles, under _conditions (ie_zilch_.as tenperature,
Pressure, pHs\g/% [& °&n r%@ﬁ’at Fon Ir}e&tséfe? orO%a 15 4&@?%@% tgl%ma&feo al l ow t he
precipitate pastigiteset pafrdirie sidistaneral ftyaer yetat | PneTs¢ractare. The
crystalline stiuctiig ol Jhe ALeCALtalEpAr LLELGS BY: pe f opipd, after fast

nucl eation or by at |east partia issolving of the precipitate particles
and re-cFyst a8PrPTHttiion BRYt AR ZXPrErsseiled pr seilpriatie parcki eleson the

undi ssol ved cpreCiPktatRsspaktialesad 0af enmmdianges sizedcpsegipitate
partlcl €s. Where cumulative mass percent is the peréent, by weight,
of a distributibn having a particle size of less than or
equal to a glven value and where particle size is the
25 diameter of an equivalent spherical particle. The mean
particle size in a distribution is the size in nanometers
of the precipitate particles at the 50% point on the
SediGraph for that distribution. The width of the particle
size distribution of a given composition can  be
30 characterized using a steepness ratioc. As used herein, the

"steepness ratio" is defined as the average diameter of
the particles in the ninetieth mass percentile ( dy )
divided by the average diameter of the particles in the

tenth mass percentile (d,).

11



The term"liquid-liquid phase transfer” is to be interpreted broadly to
include the preferential novenent 25 of solutes, residues, or any matter of
interest into one of an imscible pair of Iiquid phases. The term
“non-pol ar solvent” is to be interpreted broadly to include an organic
liquid in which the positive and negative charges substantially coincide.
Thus, a non- 82061688 sol vent does not ionize or | npartCTeiGews/vonaal
conduct|V|ty Exenpl ary non-Pol ar sol vents include t-butyl nethyl ether,
nmet hyl ether, andbhet herrret Rerstasttangiver 2al K§gegr bepSstn-al $ phafi cand

aromati c hydrgcarhons, suchu@s ﬂlﬁx@ﬂgte oct angy sysbehexanernbenzene,
decane, toluene and the |like;symetrical hal ocarbons, such. as carbon

t et rachl ori deaPyBter SlfeFhEERRY : S%H@“FhéeF?%%P REXEGFes of Shon- potar | qui ds
can be used. aihe peidnpipeted %ﬁhﬁeﬁlés whisphniisd cont r arhe t ditmoa- S pol ar

sol vent”, .is _to be interpreted broag tqﬁvggkud 'VﬂHth%@o whi ch the

positive énd he ive éharg -458s not° coi nc Tﬁus pol ar sol vent
i oni ze or i npartsiliecsr iscdleteondunt i Al ywaoRer il /- )310a0§olt0@n€\’%tf'pol arity is

determ ned rqughl y, byt he, di @b@@;r'aQndCQHSMQ@zEfc}stont’BeFIQ-tQZsSQlﬂé@Bt& Sol vent
with a dielectric constant nore i's consi dered ggolar sqlvent
2

Exenpl ary poPaFe@tﬁN\FéntétlﬂW%e?%’?@? a”zﬂ cdifolod Shgnt tHahd
et hanol s, prepanols; kebones rsueh as1aeetonesy and nethyishenbyl cket ones;

epoxi des and éu@éheace Px;ies'iom Xéi’:’"G %nOEEOCR{O,I ﬁrJ '

The terms “ageing”'or “aging” are to be interpreted
broadly to refer to maintaining a suspension  of
precipitate particles wunder conditions (ie 'such as
temperature, pressure, pi value and agitation rate) for a

15 period of time to allow the precipitate particles to form
a substantially crystalline structure. The érystalline
structure of the precipiﬁate particles may be formed after
fast nucleation or by at least partial dissolving of the
precipitate particles and re-crystallization of the

20 dissolved precipitate particles on the undissolved
precipitates particles to form larger sized precipitate
particles.

The term “ligquid-liguid phase transfer” is to be
interpreted broadly to include the preferential movement

55 of solutes, residues, or any matter of interest into one
of an immiscible pair of liguid phases.

The term “non-polar solvent” 1s to be interpreted
broadly to include an organic ligquid in which the positive
and negative charges substantially coincide. Thus, a non-

30 polar solvent does not lonize or impart electrical
conductivity. Exemplary non-polar solvents include t-butyl
methyl ether, methyl ether, and other ethers of lower
alkyl groups; aliphatic and aromatic hydrocarbons, such as

hexane, octane, cyclohexane, benzene, decane, toluene, -and

12



15 liquids can be used. The term "aqueous nedi unm' as used herein, is
to be interpreted broadly to include any nedi um whi ch conpri ses water,
optionally in adm xture with additional solvents such as organic polar
solvent. Exenplary organic polar 20 solvents are al cohols, am des, ketones,
epoxi des and m xtures thereof. Typically, the organic polar solvents have a
relatively | owonuwwheesssof carbon atons, such as about 1rdwscatdeuinss20 car bon
atoms, or 1 to 6 carbon atons or 1 to 4 carbon atons. 25The term

"nmonodi sper si o ablhgsed shereicni¢al comleeetrboms wi t fugtet ads chaddogeni de
particles, is.t0 . heinterpreted broadhy to ref el toan indexof gispersion
degree of netal chal cogenl,é)e particles in a liquid nedium In general, the
"index of di spEFEPeRT degHdes T3 Rsf PARd as 30 the average particle size of

t he secondary (or raggtegated)apacbiedas,(which is qawrmakyyranalgzed by
dynam c light scattering,(DLS) % ). divide y -t he_.average prijmry
particle si zepct’s;]fa.rt ﬁ@iﬁ%rgi i'cl*&s \Aﬁ%chn%esrpﬁ%gﬁgl R ULl §%egn%§"4er &nsni ssi on
el ectron m crospopeif TEMdh dhe Therefwr epdt hegsiald emathe dowtexcof

di spersi on degree, the gloser the gdispersion,is to,a Jronadi spersi.on.

Typi cal ly, a nonodi spersion may have an index of dispersion degree of 'less
than 7 and no*ise$sitharrcrducehertal | YoriHe v ePmP S YN 6dPSpRiisiYorn's neans
that the particleesitoadedubnid heyl i gu damediannido poissubst ant ivakl y

2991 oTer ot oL ELUID Leagfier, (1 other Bart Lol op DUl sl sugetant il 1
is considered a polar solvent. Exemplary polar solvents
include water, alcohols such as methanols, ethanols,
propanols; ketones such as acetones and méthyl ethyl
ketones; epoxides; and ethyl acetate. Mixtures of polar

15 liguids can be used.

The term “agueous medi_um” as used herein, is to be
interpreted broadly tec include any medium which comprises
water, optionally in admixture with additional solvents
such as organic polar solvent. Exemplary organic polar

20 solvents are alcohois, amides, ketones, epoxides and
mixtures thereof. Typically, the organic polar solvents
have a relatively low number of carbon atoms, such as
about 1 to about 10 carbon atoms, or 1 to 6 carbon atoms
or 1 to 4 carbon atoms.

25 The term “monodispersion” as used  herein, in
conjunction with metal chalcogenide particles, is to be
interpreted broadly to refer to an index of dispersion
degree of metal chalcogenide particles in a ligquid medium.
In general, the "index of dispersion degree" is defined as

30 the average particle size of the secondary (or aggregated)
particles (which is normelly analyzed by dynamic 1light
scattering (DLS) ( dpg )) divided by the average primary

particle size of.the particles {(which is normally analyzed

by transmission electron microscope (TEM) ( dpg, )).
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10 "conpletely" e.g. a conposition which is "substantially free" fromY may
be conpletely free fromY. Wiere necessary, the word "substantially” may be
omtted fromthe definition of the invention. Unless specified otherw se,
the terns "conprising"” 15 and "conprise”, and grammatical variants thereof,
are intended to represent "open" or "inclusive" |anguage such that they
i ncl ude recited:z2edeemesst s but al so permit inclusion of agdgdéidh@paks, unrecited

el enments. As used herein, the term"about"”, in the context of 20
concentrationﬁwﬂkfceﬁpon@n@aaoieﬁhﬁmfQh&ﬁlaﬁkengpeiygkpa%byegpan@ :/-_BW?Ff
the stated va ) re typically +/- 4% of the stated value, nore typically
+/ - 3%of t heéis%?[esaetrggh%a#lﬁ%f}r%ﬁ? e typiccal T§o%PPeo9s St TR St atied 2val ue,
even nore typrealdiyrsysiondmel hheestat edderalafe, diapd reven @aymr et ypically
+/- 0.5% of thasstaled vahue. nIhraughaut this discl SUGP el taln

embodi ments nay be disclosed in a range format. [t should be und%rstood_
that the desc POAOWPIITPANGEFOF mafat s ther BRYE D scameeniieriee drd brevity
and shoul d natidhedcessaitnedo agoan s3PstafdiaxiPpl eghidid.ation on.the scope of

he di scl A ingl he. descri ption, of a range should be
et tor g eahEeS ng??%%k?g é%%%ﬁgé%ﬂsaVTpfﬁ@ab%s§FBFEa%ﬁ%¥ﬂénges as

consi dered to Have Speci
wel | as indi vdigeaksstunmer Foallivalideseavitrhi n t hat range. For exanpl e,

description of a fange sugh AS\supstantially” does not exclude
10  “completely” e.g. a composition which is “substantially
free” from Y may be completely free from Y. Where
necessary, the word “substantially” may be omitted from
the definition of the invention.

Unless specified btherwise, fhe terms "comprising"

15 and "comprise", and grammatical variants thereof, are
inténded to represent "open" or "inclusive” languége such
that they include recited elements but also permit
inclusion of additional, unrecited elements.

As used herein, the term "about”, in the context of

20 concentrations of components of' the .formulations,
typically means +/- 5% of the stated value, more typically
+/- 4% of the stated value, more typically +/- 3% of the
stated value, more typically, +/- 2% of the stated value,
even more typically +/- 1% of the stated value, and even

25 meore typically +/- 0.5% of the stated value.

Throughout this disclosure, certain embodiments may
be disclosed in a range format. It should be understood
that the description in range format is merely for
convenience and brevity and should not be construed as an

30 inflexible limitation on the scope of the disclosed
ranges. Accordingly, the description of a range should be
considered to have specifically disclosed all the possible
sub?ranges as well as individual numerical wvalues within

that range. For example, description of a range such as

14



WO 2009/ 067088PCDS&2008/ 0004: 42 from1 to 6 should be considered to have
specifically disclosed sub-ranges such as from1 to 3, from1l to 4, froth 1
to5 from2to 4, from2 to 6, from3 to 6 etc., as well as individual
nunbers within that range, for 5exanple, 1, 2, 3, 4, 5 and 6. This applies
regardl ess of the breadth of the range. Detail ed D sclosure of Enbodi nents
Exenpl ary, noWORWpg¢8Rg enbodi nents of a process of 10rareiceagomet al

chal cogeni dé particles are disclosed. The process conprising the steps of:
reacting a net@™ shl £Osél Wicshwi®th FPIFEeeT§ t aft h§6FutSP6ﬁlg3rf6@lecondi tions
to form netalqichabsegepisie-zpaeti ehes andrbym product, t hepgof; tb5cgating said

net al chal cogeni d articleS, wth a surfactant; and

separ at i ngt h%l?rmf gct 8n%(b%%cfné(§. ehér ¢ ﬁ%?zdé“O g’pgf?’i“c? e&° ¥ oIt He

by- product tosobvalh sai dinwetvatiuzhahcogers deiparti ches substantial |y free
of said by Z%%gggptl, 2, 3, Thesmetal sakt;solytion mry. conudse conpounds

that nay be co etely or partially soluble’in a chosen solvent. The netal
salt sol utiorfhtapreedfi Pfetet 8SFenove any undi ssol ved netal salt
conpounds. The netal 25 salt compounds used in the process my be

conpletely soluble at the_reactian %g erature 04. said process. The netal
salt conpounds used in teé:alpg%‘%:éjslssc ggeeo%o EtE} 8ol ubl e at room
tenperature and atxospherpi cnpresgurténg Thebakimghtsaltt nmayibeesel ected from

the group,30 m%%@ﬁ%swe@gl Ofchélﬁé%idécgﬁaﬁa:&%cgéét ar gﬁ]ts@logé‘&i de.galt, a

metal nitrate salt a metal phosphate met al phate salt, a netal
chl orat e sal Progefet@™Phof Ht%e 88l 6teRF wétal iodate salt, a metal carbonate

salt, a metal benzoat@ngald , né et &l1peschlarat 688l ty pré®@talchartrate
solution wunder conditions to form metal chalcogenide
particles and by-product thereof; “
15 coating said metal chalcogenide particles with a
surfactant; and

separating the surfactant coated chalcogenide
particles from the by-product to obtain said metal
chalcogenide particles substantially free of said by-

20 product.

The metal salt solution may comprise compounds that
may be completely or partially soluble 4in a chosen
solvent. The metal salt solution may be filtered to
remove any undissolved metal salt compounds. The metal

25 salt compounds used 1in the process may be completely
soluble at the reaction temperature of saild process. The
metal salt compounds used in the process may be completely
soluble at room temperature and atmospheric pressure.

The metal salt may be selected from the group

30 consisting of a metal acetate salt, a metal halide salt, a
metal nitrate salt, a metal phosphate salt, a metal
sulphate salt, a metal chlorate salt, a metal borate salt,
a metal iodate salt, a metal carbonate salt, a metal

benzoate salt, a metal perchlorate salt, a metal tartrate

15



salt, a netal formate salt, a netal gluconate salt, a netal |actate salt, a
nmetal laurate salt, a netal malate salt, a netal perborate salt, a netal
sul famate salt, hydrates and m xtures thereof. 5The netal of the netal salt
solution may be selected fromthe group consisting of alkali netals,

al kaline earth 'metals, netals selected fromthe transition netals and

met al s sel ect¥e 28488 he mai n group of the Periodi ¢ Tabltscefsthnea?z El enent s.
Exenplary nmetals of the netal salt nmay 10 include, but are not limted to,

My, Ca, Sr, B¥'tag,®zRStEe, feinateo, 53t Ce, Sptalzr Slpgpnate &dter 2 In
one enbodi nentgtalhesprect pidant sSaleti onamEat HesathasensobuthOntoThe base
sol uti on may an ox n- cont.ai ni.ng base sol utjon. The oxygen-contai ni ng
base 15 sol ut%)agtr?’na%/ %ggglel Seted FFon q%é gt oﬂlﬁjc%gnﬂlg%%éeofsaalltkal i netal
hydr oxi des, atdeslait e pretrad Héatbmvattés::ecaf_f-kal ine earth netal hydroxides,

al kaline earth netal garponates. alkal ing.earth net ?n'ayh%QTQQP@ctﬁe%r bonat es,

organi ¢ base and m xtures thereof. Exenplary ox%/gen-cont ai ning bases are
20 sol uti ons OPTLIFER, SREBHCOREM FiIRE3 AP 02 L IBELOMpERa 1 vy (B k2 pe ) 2,
Li, CCb, Na2C@@taMNanpadiak2CeBjedddaO8s nor{ CHZ) 4N Ot ih X tah-e@sst hggeof . 1t is
to be appreciagted_that the hase soluti.on nmay be ed to, control the pH
during the remaetto:cta?ﬁgsg}feecp?edT%irgm n@jye SiibSt gﬁ?‘%/%l ?‘@/q%enipﬁiri% thefdveéd to stop
25 the reactidn Yral fElwaypnin. of:derltoy adpusts tdie i tretaldesiltedeyal ue. The
base sol uti on capabe ﬁ&H'H%%vatdh§§fﬂéﬁ'¥$,amg§36a$'§r§qﬁp %%kN%g? or KGoH
ma n gani c

solid in a solvent. the solvent y include water, d l'iquid

(i e such as dlfcohdl )°B02ér ThR-xtar e& t Weredt .2and Cr. | n one enbodi ment, the

Preci pi tant sol utionocompboaesera ,Chakcogenige sal to50l Wi enysekegted from
t he group corﬂ)sissti ng (%f. an a]thkakh nmet al chal cogeni de salt, and an al kal i ne
earth metal cRAarcogeni d8€"sal 1’ ARfdns B The™ WHY Pe an  oxygen-

2009/ 067088PCPh 562008/ 006442 ehaltcogeni des sabtydeanckudessuhti desse HS-

Se032-, Te032- ) er i r t hereof .' Exenpl ar
chal coge-r%?de%gjé\l?%/%%%% osﬁ)g is%g ﬁ%lged Elkg@%' %535&@5 Cl?fliésé&ri\%Z e, Cas,
Case, CaTe Na2beb3 mek2Selydroig2TeO8lkk2TeoBal Sdnpdnates tiéréohe or

m xtures theegofn metal hydroxides, alkaline earth metal carbonates,
alkaline earth metal hydrogen carbonates, organic base and
mixtures thereof. Exemplary oxygen-containing bases are

20  solutions of LiOH, NaOH, KOH, NH3*H;O, Be(CH),, Mg (OH),,
Ca(OH)2, ©Li2C0O;, NayCO3, NaHCO;, KyCOs, KHCOs; , (CHsz) ,NOH or
mixtures thereof. It is to be appreciated that the base
solution may be used to control the pH during the reacting
step. This may substantially minimize the need to stop

25 the reaction half-way in order ‘to adjust the pH to a
desired value.

The base solution can be formed by dissolving a base
(ie such as NaOH or KOH) solid in a solvent. The solvent
may include water, an organic liguid (ie such as alcohol)

30 or mixtures thereof.

In one embodiment, the precipitant solution comprises
a chalcogenide salt solution selected from the group
consisting of an alkali metal chalcogenide salt, and an

alkaline earth metal chalcogenide salt. Anions of the
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The netal salt solution during said reacting step nmay be in nolar excess
relative to a stoichionetric anmount of the precipitant solution. This
results in an excess of nmetal cation that nmay aid in the creation of bonds
with 10 surfactant at the surface of netal chal cogenide particles and help
to forma nonodi spersion of netal chal cogenide, such as netal oxide,
particles thavohaver&ssubstantial |y high concentrati onectBagoosmnagi spersi on
of metal chal cogenide may be 15 defined as having an |ndex of dlsper5|on
degree of | esshaliamendirut s7lt | éosledransabbutess, ¥ess $4fan, abti:®3, |ess

than about 2 @apd.pes!| ess,dhan about Ilyivcures Thendeacti ngesigp sy be
undertaken in _an open chanber or an encl osed chanber. The reacting step may

be 20 under t aKEH RIS Terferattt & 6rs| eas 4 hanior abett 'E50 detiees

Cel si us. TherﬁeaexlngsstQQS@ay<ne@unﬂﬁsé@%enKﬁk@a,t@ﬁpﬁ{atum@Témgthe range
of about t 0 r | siu The reacting step may be
undertakeﬁBa'?]:’fgil%'[gés]tqj ﬁfog ?ﬁ gﬁufaﬁﬁgeo? about 50 to about 95 degrees 25
Cel si us or about SﬁﬁtmﬁtﬁﬁoG?lBS&ﬁ@@pe@ i&ﬂh@gugaldTnﬁay§en@fSﬁQﬂnmgwature in

the above range lqamo@ggeége%tse Lher feacti anskat &, andbenceJieduce the
reaction tinme. This may aid in the creation of nore nmetal chal cogeni de

nucl ei duri ngFh@ RGEPEE orP St&ge” and  FehcESSHITE iR tHe S¥G°F8r Ration of a
nonodlsper5|&@teﬁ ﬂetaincﬂahcog@nwda Ear&hsleSehhahuhﬂyexmmbaw&&age'

particle ze of Ies an.10Q n ctin be .undertaken at a
pressure ﬁ% the a%ﬁﬁ E$:a}§hfu o ago%t aé¥>enﬁ ?Frtlgﬁodlnent

t he reactlngE@ﬁeQEﬂs @ﬁdéprakenmamﬂhﬁnBS@hﬁTIQfFW3§§§uﬁéalCOgeniﬁhe reactlng

step may be undertakep:for.aidd meduratdonof Less thap,about; .99, m nutes.
In one embodiment, 5 the tine required for the reacting step is about 60

m nutes or | &S0 FNEASEREO=mbodi ment, the time required for the reacting

step is less thanrfaé)OlﬂonlaalﬂibéMl%ﬁ <Lm cheﬂ:éﬁth@lﬁai%@@didﬂ@ntmayt hegeti me
required for actlggvsiep is, _less _than about m nut e
€

ge r yet
anot her 10 ef5ourHents 19 i g 84 6Fp?ﬁ%“¥bégﬁfﬁ§ g?eﬁeF§ | ess
t han- about Ihannaivest |1, ilsestso then apprecisat édsthaban heosur Bactlants may be

added after Eg?aqﬁ&%% %rn §QQ?QEQ§1ﬁ%rtEE%@§ ;have been substantially forned

for the surfactant to “or cap the particles effectively. The
reacting step mayllle umderimkentfh men- ded divedeorrlian oAs. dFheopercting step

may be undertakened no.substantiakblycneweral 1ot substiant iaklynal kpline
conditions. In one enbodi nent, the reactlng step is undertaken in

substantlglIyngfﬁﬁﬁﬁ%ﬁeEﬁbnﬂlﬁﬁﬁﬁ§raqﬁﬁ62@ anotter Hibodf meheut t he%r eact i ng
step is UndeﬁE@KﬁﬂsakﬂalphiIThé|E%abaﬂg£sﬁkpahm&eastuﬁhﬁﬂhk@nOaﬂraat | east
about 3.5 or at e %EeagguEh rm%% an Ortegbgdlmenttf c% %p%ggéng step is
undert aken af <& ﬁﬁ i'nthe ran e™'ot Cbou 7-27t6"ab &' T to be

appr eci at ed ﬂhb&maﬂ Zﬁﬁalkabaﬂexmondt¢womwmaybaldun@aﬁW$eﬁorﬁat|®n of

conpounds th%mﬁél%th%e%e@h@t £ cMeunds, of sg he, final, net al..cbal cogeni de
particles. This may aid I n pronoting conplete capping or blnging bet ween

t hesur f aéPanfehiidist v& meral ERaleoyenitdéSpareres e sueh- t hateause

nmonodi spersi @A Qfemperature in the above range may accelerate the
reaction rate and hence reduce the reaction time. This

may aid in the creation of more metal chalcogenide nuclei

during the nucleation stage and hence, aid in the

30 formation of a monodispersion of metal chalcogenide
particles that have an average particle size of less than

100 nm. The reacting step may be undertaken at a pressure

in the range of about 1 atm to about 2 atm. In one
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30 netal chal cogenide particles at high concentration is formed. In a
further enbodinent, particularly for those netal chal cogeni dee not

i ncluding nmetal oxides, the reacting step is undertaken at a pll of about
7. WD 209/ 067088PCT/ S&008/ 000442 Thereactingstep nay beundertakenin a
substantially pol ar phase. The pol ar phase nmay be an aqueous nedi um phase.
The aqueous nmedewpndrey be conprised of at | east one of pawaaéosn@lscohol s,

am des, ketones, 5 epoxides or mxtures thereof. The al cohol may be

met hanol , et hemoldinpriopaiel reksopropansl iorumeptopanalt Mhbbhewd-ikei ng bound
by theory, ityisthought that the presence of a polar organic solvent, such
as an alcohol, in the aqueous nediummay aid in at |least partially

i nhi biting 10 gr owfh JfeaChalr€ogeripdensyt ySeal wddutihent Herr eactiing st ep.
This may aid duratest réctisRg thensizetobothewchal cpgenide grystal.s such that
it is vvithgn tehede ired_val ue, preferably within the nano-sized range. The
metal chalcogeni de™Far F P €< hay be 86 FECEE11S SEaPed  or abAwii fided to

i nprove conpatinitks tor Viietsh . anTor ganine r natvdoxment eriral tSWeh:&g.:@<p0! ymeri c
material. Thety l;yen LN separ at i step nmay determne the
conpati bi | i tsfogf E{?%géer?%?é}{ﬁc A cgg’eﬁfﬁéemglragdgg?&w]t%% mtlﬁgg%sr'garﬁncarrat rix
materi al to foOFmPEhecBheiPitducttheForine 2Gasanpl €ori ftian oraganing sol vent
is used in theeseparatbfg step, ihe:pol yaepicdmterial jmmy inghude, but is
not Iim't%d to g.rgeol ystyrene, a polynethyi methacrylate, a polycarbonate,

a pol yur ethand  ait the Ti%ke" tHer BOFLTFf A°PolfaR <GREEAET| StEedSin t he

separating stleps tiw 2bopol ymerrnwematerisakonpy igicleuderedutnhtstpoet linmted
to, a polyvigyk tat a pol yyi nyl tyr and the ]ike thereof. The
coating or nodi f?/?c%g stlg?by nab% c%ér{r&per(%/sg??%le % &p %‘%aslel 8%??W§?ﬁgesurfact ant
fromthe gro@grEbNSISst i IRy <of : PO anbwrtensbzflact afvsyeat | OMt C the

surfactants, napsiQnke suriact ant sap ROLYPRAC18Ur EARIANLS, gnd mi xtures
ereort.

15 The reacting step may be undertaken in non-acidic
conditions. The reacting step may be undertaken in
substantially neutral or substantially alkaline

conditions. In one embodiment, the reacting step is
undertaken in  substantially alkaline conditions. In
20 another embodiment, the reacting step is undertaken at a
pH in the range of at least about 7.0 or at least about
8.5 or at least about 10. In another embodiment, the
reacting step is undertaken at a pH in the range of about
7.2 to about 9.0. It is to be appreciated that an
25 alkaline condition may aid in the formation of compounds
that are intermediate compounds of the final metal
chalcogenide particles. ‘This may aid in prbmoting
complete capping or binding between .the surfactant and the
metal chalcogenide particles such that a monodispersion of
30 metal chalcogenide particles at high concentration is
formed. In a further embodiment, particularly for those
metal chalcogenides not including metal oxides, the

reacting step is undertaken at a pH of about 7.
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The surfactant may be represented by the fornula A-B where the A group is
capabl e of attaching to the surface of a netal oxide particle, and where B
is a conpatibilizing group. The A group can be attached to the surface by
adsorption, formation of an ionic bond: formation of coval ent bond, or a
conbi nati on thereof. The group B can be reactive or nonreactive and can be
pol ar or 5 nowopobaissExenpl ary surfactants are sil anercspbisn@s@gents,

whi ch include, but are not limted to, yAm nopropyltriethoxy silane,

y- @ yci doxypr opyl 'he metdrexyisd | ameecpy- Metvhacsey/| oxypeopyidnr i mepet hoxy
silane, YMerc [ X ilan y- Am noet hyl - am nopropyl - 10

t r dnet hoxy siﬁ%{ahgﬁi%}{igﬁ%yé??%bpgﬁ Fé\?]?ramﬁ%fa% e, Be Pk

N- ( 3- ami noet MAVEHYS aRf 8p§Fe metyl adigretshorylusitande comprised

N- (p-am noet hyd ) a{y-1a@BOprRPYd] - tlak BB hQX¥osdd @NesYides, ketones

Ani ncet hyl . hexadecyl tri nmet hoxysffané and

-am ng{pr ogyi tr i.n@t hoxy&i | ane,
combi nati ons THEredt .oF MEIURBh-Si9ERE s Fadec il fAYN§eafertaneact i ve
and conpat i ble&hanth, organacolvat tsxpmbesi abri nclgideanbor exam &+ sodi um
dodecyl - sul f spdi ul faat.e, .sodi.um_ | aurate, sodi um ol eate,
sodi um napht %ﬁgge?%%ﬂtﬁ#g%%g?ht% SR Abi €Fxt g?%%‘ﬁﬁﬁc@ctoéate,
sodi um 20 |i rfol Bat® Se MM r 68} Eitte, sodi uss 2-<atthyd hexedt e, isodiham
ricinol eat e, sediunet hyhaseteacetat e, di pct ylsediym: ; inhibiti
sul phosucl%i nat e él\l‘l’b_ (a%gyer%%glfnesor bitan rrqnoEng eé?é%%’ é%ﬂ\?]écd'(}?)
(sor bi t an ‘6ol eAt %§, ARIBBITY CTYSEEot bitdR ot 18l E8Re)inoPIURONI Ce
(Ethyl ene OxiTiesPrepyhehei25rdddrdet bhockhecapakyBer rhebehyoxypti-hykene fatty
acid esters, Vi ny, rralidone), pol yoxyet hyl eneal cohol , | yet hyl ene
gl ycol , rmnoéjigg%%leéri eul,%beglzlgpko%% um chi’or ﬁéré, i %?Jn ox‘%&t‘*ﬁyl | eyl
am ne, hydr oRypfopiHivcel tilrosds hyrpr-oiypd opyloenet hyl oel | ul ose, nal t ose,
sugar, 30 ethylenggl yeehy afhiicacid gggg&a&lregl i agc“?e bs%tr%ggr boxyet hyl
acrylate, Tetraethyl orthosilicate, and m xtures thereof. Thn one
enbodi ment, CRB-¥Ur PAct BRtLiedsufar SHITeEE edcTHEM PhELYr oug tbonst sti ng of
noncsacchari degasiuCcha@8ix material such as a polymeric material. The

type of solvent used in the separating step may determine
the compatibility of the metal chalcogenide product with
the organic matrix material to form the end-product. For
20 example, 1if an organic solvent is used in the separating
step, the polymeric material may include, but is not
limited to, a polystyrene, a polymethyl methacrylate, a
‘polycarbonate, a polyurethane, and the like thereof. If a
polar solvent is wused in the separating step, the
25 polymeric material may include, but is not limited to, a
polyvinyl acetate, a polyvinyl Dbutyral, and the like
theredf. ' |
The coating or modifying step may comprise the step
of selecting the surfactant from the group consisting of:
30 anionic surfactants, cationic  surfactants, non-ionic
surfactants, polymeric surfactants and mixtures thereof.
The surfactant may be represented by the formula A-B
where the A group is capable of attaching to the surface

of a metal oxide particle, and where B is a
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20 gl ucose, fructose, gal act ose, xyl oseandri bose; di sacchari des such as
sucrose, |l actose, maltose, trehal ose andcel |l obl ose;

ol i gosacchari dessuchasfruct o-

ol i gosacchari des, i nul i n, gal act ool i gosacchari desand 5
mannan- ol i gosacchari des; and pol ysacchari des such as gl ycogen, starch,
cel | ul ose, chmtoizmsoémasl i n, dextrin and gl ucan. rcl§®@ogMbdact ant may
be added to the reaction m xture during the reacting step. The surfactant
may be added F@mﬁﬂﬁbhéizhaxKﬁcnpni?nmn%gﬁbhﬁrcbﬂebéeﬂﬁbhﬂgdstgpthe
Particularly pn red,surfactal which sed to cQat chal cogeni de
particles andglﬁ%ﬁﬁltgcha%%o en?gé cr§§f§n?é?o g ate siTafie 2OUHl i ng
agents, al kal foTAtaP oPEate& L caltkaprdmetala rapht henatres;heakkal | Tiet al

st ear at es, 15gﬁh&ﬁ@|caﬁtﬁé ﬁﬂ@b@i@%&§yn%hk@hmn%%tghd &pq;e?blglkall net al
Ilnoleates and al k resi ante he coating step may conprise
the step of séfeé%ﬁﬁﬁ th x%%ﬂ@éﬁtréf?%%*éFt%hea€%rf%@@&ﬁt Fagetimn t he

whol e soIut|o@g$ﬁﬁthewnx@staMCgaomxhkiﬁneatéonm$$e,Q&@@@dzotocongjst|ng of :

about 0.01% t g, about. 10%; .ah9 %.to about 5% about 0.01%to about 1%
about 0. Olwbtojéb%utp%LSif about %géf&)to ABDAT 671 185 RPGat 8- 4%6% o about

10% about O. %%atn@raboMtM@l@%Cfa%@mPrp%Yﬁbrﬂa@@mthdz@% abblrnH% t o-about 10%

and * about 0.idkds0zabai 120 by meloht ofe f he 25 LW G Do 0018 jembod] ment,
t he Mass ( ncentrgglon of .t he sur actant is ecte rom a véfue in the

range of a odilﬁ@ Y%/ BELES abGuf (bF PFhgrMileropyl) THetsapehEtant may bi nd

to the netal Xhadke mgenﬁdelF%y{mﬁkeﬁrmﬁyutﬁesmpplueﬂe{mﬁgmprsﬂpywyndergo a
chem cal 30 neaGtLon sy sy efore binding to nmeta
chalcogenlderﬁgﬁtlcles %Qﬁg BP gu d¥)§8r£ tﬁngr JH@nﬁerlved’product of
t he surfactaﬁﬁuﬁéeﬁﬁé-ﬁﬁﬂé?pxﬁﬂﬂléég@¢ﬂhm§ypart|cles may be rewvemsible or

i rreversi bl e.nckageng erhedismntii sLbe, Hi nding /My be caused by

15 Non-silane surface modifying agents reactive and
compatible with organic matrix material include, for
example, sodium dodecyl-sulfate, sodium lauryl sulfate,
sodium laurate, sodium oleate, sodium naphthenate, sodium
stearate, sodium abiletate, sodium octoate, sodium

20 linoleate, sodium resiante, sodium 2-thylhexcate, sodium

ricinoleate, sodium ethylacetoacetate, dioctylsodium
sulphosuccinate, TWEEN® (polyethylene sorbitan
moncooleate), spaN 80® (sorbitan monooleate), spaN  85®

(sorbitan trioleate), PLURONIC® (Ethylene Oxide/Propylene

25 Oxide block copolymer), polyoxyethylene fatty acid esters,

poly(vinylpyrrolidone), polyoxyethylene alcohol,

polyethylene glycol, monodiglyceride, benzalkonium

chloride, bis-2-hydroxyethyl oleyl amine, hydroxypropyl

cellulose, hydroxypropyl methylcellulose, maltose, sugar,

30 ethylene glycol, arylic acid, methacrylic acid, beta-

carboxyethyl acrylate, Tetraethyl orthosilicate, and
mixtures thereof.

In one embodiment, the surfactant is sugar selected

from the group consisting of monosaccharides such as
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internol ecul ar interactions selected fromthe group consisting of ion-ion

i nteractions, Van der waals forces of attraction, hydrophobic interactions,
di pol e-di pol e interactions, coval ent bonding or a conbination thereof. 5 In
anot her enbodi nent, the binding may result in the netal chal cogenide
particles being conpletely or inconpletely coated by the surfactant or its

derivative. wo2bheosurfactant may be a netal organi cpgdkdaokayidnd a pol ar
group and an apol ar group thereon. The metal organic 10 salt may be an
al kali netal sabtosélhe anigmsef theanettakepr ganileossal tammy hebaseor gani c

compound. The (a0l 00,.0f (Lhe.JiBl ak QLoANC sallofmy e g.fatdy aghd, The
apol ar group may occupy a substantrally'larger proportion of fhe
surfactant. 15FHe stalflaetaift’ maylbecwrcoprgatdT acidhnetzd sdltctPref erably,

the organic achdgsmiahasalds haventihe ,forgail-aceh MAQELAL L geWhELE R TS a
hydr ophobi of a saturated or unsaturated hydrocarbon having a carbon

grou : . ( _
at om numnbe of“a%g"frb"%%g?ﬁa%hé‘éfﬁ?%’t ed®dt uRSRIHATBE ST hydHidear BOn havi ng
a carbon at onghuatem,ofstZrtio, 32eBndocene enitwn hydnoxyl deadical saaMis a
metal and x ig;th val ence of the netal. In one enbodi nent, the surfactant
is sodiumol eate. The surfactant may be a silane coupling agent having 25 a
pol ar group and anffepdluaiagroup telverreornddFfietsi taneremiplonngiagert s

include, but ane;noterel pLied {0 stabkyl tid 34&5:%%%&111@0{?% $Mchsasy T]o .
n-octyl trimethoxysilane, isooctyltrinethoxysilane, dodecyltrinethoxysilane,

oct adecyl tYi meb RGPS AN BropyI 2 ristet RoxySiatane, P -30
hexyl tri met hoxysi |mare;aetdraer pyhexyad &yl durirab keneyksSivhaR@Smay be used

to coat chalcpgenide particles and inhibit chalcogenide
crystal growth are silane coupling agents, alkali metal
oleates, alkali metal naphthenates, alkali metal stearates,

15 alkali metal abietates, alkali metal octoates, alkali
metal linoleates and alkali metal resiantes.

The coating step may comprise the step of selecting
the concentration of the surfactant based on the whole
solution in the «crystal growth =zone from the group

20 consisting of: about 0.01% to about 10%; about 0.01% to
about 5%; about 0.01% to about 1%; about 0.01% to about
0.5%; about 0.01% to about 0.1%; about 0.1% to about 10%;
about 0.5% to about 10%; about 1% to about 10%; about 5%
to about 10%; and about 0.1% to about 2% by weight of the

25 mixture. In one embodiment, the mass concentration of the
surfactant is selected from a value in the range of about
0.001 g/mL to about 0.03 g/mL. '

The surfactant may bind to the metal chalcogenide
particles in its supplied form or may undergo a chemical

30 reaction such as hydrolysis before binding to metal
chalcogenide particles. The binding of surfactant or the
derived product of the surfactant to the metal
chalcogenide particles may be reversible or irreversible.

In one embodiment, the Dbinding may be caused by
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oracryl oxyal kyl tri al koxysi | anessuchas3- _ _
nmet hacryl oxypropyl t ri net hoxysi | ane, 3- acryl oxypropyl tri net hoxysil ane, and3-
(et hacryl oxy) propyl tri ent hoxysilane; W) 2009/ 067088PCPSG2008/ 000442

nmet hacr yl oxyal kyl al kyl di al koxysi | anesor

acryl oxyal kyl al kyl di al koxysi | anessuchas: 3-

(et hacr yl oxyywprzapydé7osst hyl di net hoxysi | ane, PCT/SG2008/000442

(acryl oxypropyl ) net hyl di met hoxysil ane;' 5

met hacr yl oxyal kKydzdicdkkylad koxyrsickanesisacyadlexyat kyFdiral kyheal koxysi | anessuch

(nEthacrylOXY&ﬂﬁQBXEQbng%hY&ﬁﬁﬂ39XM§%E§Q§%lons, Van der waals forces
nercaproalkyltrl%LﬁgégLi;Lan%ggg&QMmm%n 1nteractlons, dipole-dipole
interactions, covalent bonding or a combination thereof.
5 In another embodiment, the binding may result in the metal
chalcogenide particles being completely or incompletely

coated by the surfactant oi its derivative.
The surfactant may be a metal organic salt having a
polar group and an apolar group thereon. The metal organic
10 salt may be an alkali metal salt. The anion of the metal
organic salt may be an organic compound. The anion of the
metal organic salt may be a fatty acid. The apolar group
may occupy a substantially larger proportion of the

surfactant.

15 ' The surfactant may be an organic acid metal salt.

Preferably, the organic acid metal salt have the formula

of [RCOO™],M* , where R is a hydrophobic group of a

saturated or unsaturated hydrocarbon having a carbon atom

number of 5 to 35 or a saturated or unsaturated

20  hydrocarbon having a carbon atom number of 7 to 32 and one

or two hydroxyl radicals; M is a metal and x is the

valence bf the metal. In one embodiment, the surfactant is
sodium oleate.

The surfactant may be a silane coupling agent having

25 a polar group and an apolar group thereon, The silane

coupling agents include, but are not limited to,

alkyltrialkoxysilanes such as n-octyltrimethoxysilane,

isooctyltrimethoxysilane, dodecyltrimethoxysilane,
octadecyltrimethoxysilane, propyltrimethoxysilane, and
30 hexyltrimethoxysilane; methacryloxyalkyltrialkoxysilanes
or acryloxyalkyltrialkoxysilanes such as 3-
methacryloxypropyltrimethoxysilane, , 3-
acryloxypropyltrimethoxysilane, and 3-

(methacryloxy)propyltrienthoxysilane;
22



or as3- as3- mer capt opropyl tri met hoxysil ane; aryltrial koxysil anes
such 10 asstyrylethyltrinmethoxysilane, phenyltri nethoxysil aner 20 such as
gl yci doxypropyl tri met hoxysi | ane; pol yet her sil anes
suchasN-(3-tri et hoxysilylyl propyl)

met hoxyet hcxyet hoxyet hyl car banet e( PEG3TES) , N- ( 3-

tri et hoxysi | ywpropyljseet hoxyet hoxyet hoxyet hyl PCT/SG2008/000442

car bamat e( PEQTES) , andSI LQUESTA- 1230) , and 25 conbi nations thereof. In some
enbodi nent s, meheasurfagkanyldisdyexadeeyyist Laeihoxysi |l ane, N- (p- amopoet hyl ) - Y-

aninopropylng&@ylg@ﬂ@@@ggykg&%@ﬂgb§§Jﬂﬂkg%hacryloxXpropyg%LLqengghoxy

silane. The surfactant “nmay in controlTing oFBﬁanging
. (methacryloxy)propylmethyldimethoxysilane, and 3-
(acryloxypropyl)methyldimethoxysilane;
5 methacryloxyalkyldialkylalkoxysilanes or
acyrloxyalkyldialkylalkoxysilanes such as 3~

(methacryloxy)propyldimethylethoxysilane;
mercaproalkyltrialkoxylsilanes such as 3-
mercaptopropyltrimethoxysilane; aryltrialkoxysilanes such
10  as styrylethyltrimethoxysilane, phenyltrimethoxysilane,
phenyltriethoxysilane, and p-tolyltriethoxysilane;vinyl

silanes such as vinylmethyldiacetoxysilane,
vinyldimethylethoxysilane, vinylmethyldiethoxysilane,
vinyltrimethoxysilane, ' vinyltrriethoxysilane,
15 vinyltriacetoxysilane, vinyltriisopropoxysilane,

vinyltrimethoxysilane, vinyltriphenoxysilane, vinyltri-t-

butoxysilane, vinyltris-isobutoxysilane,
vinyltriisopropenoxysilane, and vinyltris (2~
methoxyethoxy)silane; 3=glycidoxypropyltrialkoxysilane
20 such as glycidoxypropyltrimethoxysilane; polyether silanes
such as N~ (3-triethoxysilylylpropyl)
methoxyethoxyethoxyethyl carbamete (PEG3TES), N-(3-

triethoxysilylpropyl)methoxyethoxyethoxyethyl
carbamate (PEG2TES), ~and SILQUEST A-1230), and
25 combinations thereof. In some embodiments, the surfactant
is hexadecyltrimethoxysilane, N- (B~aminoethyl) -y-
aminopropyl methyl dimethoxyl silane, or y=
Methacryloxypropyltrimemethoxy silane.
The surfactant may aid in controlling or changing the
30 shape of the resultant metal chalcogenide particles. For
example, a metal chalcogenide particle may have a natural
rod-like shape upon crystallization in the absence of a
surfactant. However, when the same metal chalcogenides are

made in the disclosed process in the presence of certain
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30 shape of the resultant netal chal cogenide particles. For exanple, a
nmet al chal cogeni de particle may have a natural rod-I|ike shape upon
crystallization in the absence of a surfactant. However, when the sane
nmet al chal cogeni des are made in the disclosed process in the presence of
certain sel ectedsurfactantsasdescri bedaboveandas denonstrated in the
exanpl es bel owp 2d0bves7esesul t ant surfactant coated netal ed@dcagenide particle
may have a pyram dal, pol yhedral or spherical shape. 5For certain netal

chal cogeni de ﬁé%??%%b ROEE2EPaS ones t ypesofilsaa f aebant nmaydbe ssed to

coat the part ueh@@stxﬁlﬂéh nﬁ,tnal ehal cogeni de Q@éltdwc' esch%ay ﬂe%%'l‘egﬁtz' ne
oxi de partlclesﬁgn be redispersed in a polar diumas t final
product. 10Thé&" Cdian(?hﬁoéﬁﬁgnf“ﬁ%alpﬁhWEP‘é%“% Fb?é”tﬁﬁ%% i BRY yhetated with a

first surfact aptanithe,susfactant mﬁasgoedrimﬂalshagebde partl cles may be
further treated to. gt lg r I Ly, .exchange, or replace, the first
surfactant with a soecongz%grrlf g‘cytt%i%t L5 ot %aéﬁtﬁﬁﬁg%nﬂoﬁ?/ theory, the
first surfactant mW@Re f6r mucheniadal mponds wisch ttheosecomd sutfiacéant such

that the resubtantndmialcchabcosenl da-partdoles caahed. welhboLhyd he first
and second surf c nt rrg¥ be nore stable due to the presence o poI ar or
nore hydr ophi P‘?”& o6t Fesv ot t15e T8 RRE SSGr fidc PamelaTheeef o eas t he

resul tant netate -fichal cogenicde particles may have an | ncr eased

di spersi bi ity and,st ty r dIS erS|on dium as conpared to
netal chal J(J:ogenl dgr %a?ﬁpﬁ!é K Ck\lﬁr}coﬁg%lrée n%?r Gatéd Wyt h°% SBEbhYSur f act ant .

25 The first' c&ireFact it ﬁayflb@tsedtie‘éaeuanto pﬁ“oemtsermemrm tabdosn of the

first surfactanaicoatied petalcichakgoniderpantd.clies, Ihe, precipitated

particles may
partially exchange, or replace, the first surfactant with

a second surfactant.

15 Without being bound by theory, the first surfactant
may form chemical bonds with the second surfactant such
that the resultant metal chalcogenide particles coated
with both the first and second surfactant may be more
stable due to the presence of polar or more hydrophilic

20 moileties on the second surfactant. Therefore, the
resultant metal - chalcogenide particles wmay have an
increased dispersibility and stability in a polar
dispersion medium, as 'compared to metal chalcogenide
particles which are not coated with a second surfactant.

25 The first surfactant may be selected *to promote
precipitation of the first surfactant coated metal
chalconide particles. The precipitated particles may be
separated from the ionic by-products by washing out the
ionic by-products, as will be explained further below. In

30 some embodiments, an antisolvent may be required to
initiate or promote substantially complete precipitation
of the first surfactant coated metal chalcogenide

particles.
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ioni c by-products by washing out as wll be explained further below 30
sone enbodi nents, an antisolvent may be required to initiate or pronote
substantially conplete precipitation of the first surfactant coated netal
chal cogeni de particles. The first surfactant nmay be selected to
pronote chem cal bondi ng between the netal chal cogenide particle and second
surfactant. Twe:odwssisssurfactant may alter the chem cabcimandog@mespr operti es
of the metal chal cogenide 5 partieles such that the altered netal
chal cogeni de part i'c¢ esfiney hawvefappre: hypdyogen greQepseOn tibhepsitdtace whi ch
pronote bette i n i t o] surfact . The.first_surfactant may
&KQQQQ% go%%%g%igﬁmégg @ge H%tgﬁ é%glﬁﬂqgné?e 1

be a surfactant wt group that i's capa | REeracti ng with
t he hydroxyl G geeopc oftifietsuEf ate dhrehesweiaitachamepgehicte particl e.

The first surdastant mayrhead wicbh-the hydroxnd geoups Hn:the suLface of
t he net al 5chalc article via hydrogen bonding. The first surfactant

id
may be sel ectpeacf(gggﬂl"S ?r 't he{a}a&upt%ns?%‘?ﬁ?@i of ¥UCros EPTEEPHALNYI 15

orthosilicat garetbhideneaygl eot ande majd:a8en groupfhersecandssidzf-act ant nmay

be sel ected tatar gLahsang,chem ¢ah honds.sush as goyalent. fonds, with the
hydroxyl groups on"the surface of net ohal cogeni de particles,or on the
surface of tH&ef ifisst stpfaratant : nHenee, 2 thefsetond ROtsur flactaylmy aid in

i ncreasing theospabhhtt ¥sofcdherpetal ichalcageni de Particl gsal. 2
substanti ablly hi gh concentration in a dispersion nedium as conpared to

metal chal coggéﬁilgembapf? cFest 3 atothdde nBe “be e TTRCEH L 4F t P filest
surfactant. Fuet herswrerizheapt eseneenef vpal ameomy3sohydr ophicki 6n i eti es

on the secon ur t y onot he dispersihility of .the netal
chal cogeni deqﬁgrtlgc Eeaz&%‘l nr% pg ar I?Fgc itlumcgal‘ﬁcgo%eé%oﬁd g%??“alc&eanf’l?ray have a
si | oxane noi étvjredrat banddapabl e'tef fimter actiagranmitt mavhebss urdlaceeof t he

netal chal cogenhde par tighes orcapbiltihe f4sSt (30, 5urf ackani, gl ed on the
met al chal cogeni de particles. The siloxane noi ety on the second surfactant

may be capablP&tdtsiflgratg TovarentIsadsawd fR1EREe hydr oxyl groups on the

surface of the netral sehahgogenideapartd€lRs Rneene4hes fid.st supfactant. The
second surfacban.t aﬂaﬁ)ogﬁée an . VWD 2009/ 067088PClI | | SG2008/ 000442 addi ti onal
hat

hydr ophi lic §FEUF g D dFabPE? vt oRiRg Ky HR ofeh WERaFRY with the

pol ar nol ecubesupsn drhetith sperfsicenoiedeum dihe ceeeande spsfactant ormay be a
silane COUpl%Hgt@QQQ&faéé &FQka@§Qs@Q£¥§actant; Hence, the second
20 surfactant may aid in increasing the stability of the
metal chalcogenide particles at a substantially high
concentration in a dispersion medium, as compared to metal
chalcogenide particles that had not been coated with a
first surfactant. Furthermore, the presence of polar or
25 hydrophilic moieties on the second surfactant may promote
the dispersibility of the metal chalcogenide particles in
a polar medium. The second surfactant may have a siloxane
moiety that is‘capable of interacting with the surface of
the metal chalcogenide particles or with the first
30 surfactant coated on the metal chalcogenide particles.
The siloxane moiety on the second surfactant may be
capable of forming covalent bonds with the hydroxyl groups
on the surface of the metal bhalcogenide particles or on

the first surfactant. The second surfactant may have an
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5 n one enbodi nent, an organic solvent may be added to the surfactant
coated netal chal cogenide particles to result in a two-phase system
conpri sing an organi c medi um phase and an aqueous mnedi um phase that may be
conpletely or partially inmscible with each other. The organic 10 nedi um
phase may be selected fromthe group consisting of al kanes, al kenes,

et hers, acet oweso@ndesar omati c sol vents. I n one enbodi npRfscbdRBoe@hdani c
medi um phase i s a non-pol ar organic solvent such as toluene or an al kane

such as hept anégditiexane, hopttcgnelor decape. tHbBThenagur bact@anrceat ed net al
chal cogeni de jcle t.. th r.gani has ile.,the ionic
bypr oduct s reﬁgl%inlcgln ?ﬂggéairggﬁgsndﬁh své%ﬁlﬂeﬁ%efmtctﬁg ’in%%"c\é\ﬁﬁ?p%%dﬁ%?s may be
separ at ed frofieprr sretalteéhal cofeni teopar sixieg anitarkyquedal squatk phase

transfer. . 9@The sur baciantsnaynPe 26l e6dwd such that the surfactant _
coat ed net gl chal cogeni de rticles have a higher affinity for the organic
e

a
nmedi um phage rel ati’v&"t oerf%éilélﬁﬂéou%n FEAROHT pidS&nt TheY iV edfef sthave found
that the use ofiesunfastiontts nmaycai dmknal henpredesenti aba2b Jtevement of the

S et ant coREA TR AL SR SORSIIR R ik atilg Ao ernn Loptse, i
al terati on of PhkEe sUdf aoe 2pROPeY t hek wpf phase that may be completely
or partially immiscible with each other. The organic

10 medium phase may be selected from the group consisting of
alkanes, alkenes, ethers, acetones and aromatic solvents.
In one embodiment, the organic medium phase is a non—polar
organic solvent such as toluene or an alkane such as
heptane, hexane, octane or decane.

15 The surfactant coated metal chalcogenide particles
may report to the organic phase while the ionic byproducts
remain in the agqueous phase. Hence, the ionic byproducts
may be separated from the metal chalcogenide particles via
liguid-liguid phase transfer. - ‘

20 The surfactant may bé selected such that the
surfactant coated metal chalcogenide particles have a
higher affinity for the organic medium phase relative to
the aqueous medium phase. The inventors have found that
‘the wuse of surfactants may aid in the preferential

25 movement of the surfactant coated metal chalcogéenide
particles to the organic phase. While not intending to be
bound by theory, this phenomenon may be due to the
alteration of the surface properties of the metal
chalcogenide particles as it is coated with the surfactant

30 such that the surfactant coated metal chalcogenide
particles 1s relatively more hydrophobic than metal
chalcogenide particles not coated with the surfactant.

In one embodiment, the éurfactant is selected such

that a monodispersion of the metal chalcogenide particles
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the netal chal cogenide particles as it is coated with the surfactant 30
such that the surfactant coated netal chal cogenide particles is relatively
nore hydrophobi c than netal chal cogenide particles not coated with the
surfactant. I n one enbodi ment, the surfactant is selected such that a
nonodi spersion of the netal chal cogenide particles is fornmed. Preferably,

t he sel ect ed warfgevr@nt conprises of a stearically |arge/en@atig:group. The
i nventors have found that the coating of the surfactant on the particl esmay
aid in the fotwaftordof Pacsabdtlant itdlel yerpaodli speridedast mepabridrsl cogeni de

in the organigr phasesa Vet hout 1 beinghaund by-theany, ithis.s8y bgdue to the
stearic hindrance bgtween the organic groups o e surfactant coated notel

_ ps of th
chal cogeni de Pattd ¢fas Wi civaaf®abt T eFéREFd Yk ddsi RGTEHeE et al
chal cogeni de mppar tdicl es frenfeoagubat bhgs lidsaget herly Manbhesporad t he

sur f act ant sel t o enab t net al _chal cogeni de particles to
report to % @%@ganﬁg%%g%ln%%phﬁeltﬁﬁi ng?rhlec i BHiC 'by%lr%icfdlgt gberlélr?ai nin the
aqueous phaserouact e netdarel y thitp ome entsodi renthe arteagdeotsndmsdicam 15 nay

be added into,dhecsurfact.anhicogteshmisalknehal cogenide pardd glos to
substantially dissolve ionic by-products. The netal chal cogenide particles

settle to the™HOrPOMoF t RETFeaktS o "ffkt LFY arfd“cari™be *§6paratdd from t he
by- product s viescéent thd ugatilorhal cagyhiathes rpiyisisc@rosepasahiaing0 process
such as fjiJtrati T - pr cts remi.n in the supernatant and are
decant ed "af t etraoéggﬁ%;?'i Pﬁg%%{lie%ﬂgg he&r?et%rféﬁa?%tog%arﬁ & particrds "Ran be

re- di sper sed argbfor iha norddigpecsieoniden pehel podaartaredinem: Floe thel ar nedi um

phase may be sekect abdiLAMhRS: GHOUR Qaeskéﬁiaﬁ%y%o&@&@g,r'enf]'atihly'in25
acetate, alcohols and ketone solvents. In one enbodi nent, the aqueous

nedi um phase W§e8F$PhB §%fshi ng step is a polar solvent such as H20,
acetone, nethanol a1®eirhanote1pr opangle odmoFaxher€ ther 89feouENeedium

e bor hoPeLs) gl LRl 612l Care 08, 30 RACE L L S UL TP MR S e
particles to substantially dissolve ionic by-products. The
metal chalcogenide particles settle to the bottom of the
reaction mixture and can be separated from the by-products
via centrifugation or any other physical separation

20 process such as filtration. The by-products remain in the
supernatant and are decanted after centrifugation. The
metal chalcogenide particles can be re-dispersed to form a
monodispersion in the polar medium. The polar medium phase
may be selected from the group consisting of water, ethyl

25 acetate, alcoholé and ketone solvents. In one embodiment,
the aqueous medium phase used in the washing step is a
polar solvent such as H;0, acetone, methanol, ethanol,
propanol or mixture thereof.

The  monodispersion of the metal chalcogenide

30 particies formed may be substantially opague or
substantially translucent. In one embodiment, the

.moncdispersion 1s a zinc oxide monodispersion that 1is
substantially transparent. The light transmittance

property of the monodispersion may be more than about 90%.
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substantially translucent. In one enbodi nment, the .nonodispersion is a zinc
oxi de nonodi spersion that is substantially transparent. The |ight
transmttance property of the nonodi spersion nay be nore than about 90%
The solid content of the nonodi spersion may be at | east about 5% by wei ght.
The solid content of the nonodi spersion may be at | east about 25% by

wei ght. The swPprWy/esoiss ent of the nonodi spersion nay bera@tsch@ssbisabout 5 30%
by wei ght.The solid content of the nonodi spersion may be at | east about 50%
by wei ght. The sol fa®céhtEht Cot-Ste Honbth spErsiicheaairbe™at Peast about 70%
by wei ght. Acearsdi ngbyutahbghagncestgiat.i O'Ell@eft%gﬂtimcontent of thﬁ/e |

chal cogeni departi.cl esmaybepresentinthe 10 nonodi spersion., ta

chal cogeni de Parti g eersSl%dgla?'n Fheatdiqgéf%s B Br otes LIl HE tr edEsent ed by

t he foll owi ngoflodnubatenvh oXb tivheneiqribbht $iona mwt &k or aedstansgicuiton net al

sel ected f;romghe grQup,CoNsi std Ng10G GEOUDL Sy grauR LLEB; - aroup, WA and

group VIlp of the Periodic Table of Elenents; X is oxygen or a chal cogen; a
is an integeﬁmgfbf,a? 6?a%§ apRyt 50% by weight. The solid content

of the monodispersion may be at least about 70% by weight.
Accordingly, a high concentration of the metal
chalcogenide particles may be present in the

10 monodispersion.

.Metal chalcogenide particles made in the disclosed

process may be represented by the following formula:
MaXp
wherein

15 M is a metal or a transition metal selected from the
group consisting of group IB, group IIB, group IVA and
group VIIB of the Periodic Table of Elements;

X 1s oxygen or a chalcogen;
a is an integer of 1, 2 or 3; and
20 b is an integer of 1, 2, 3, 4 or 5 and

wherein combinations of a and b are such that the

overall charge of the compound M.X, 1s zero.

\ In one embodiment, the metal chalcogenide made in the

disclosed process may be selected from the group

25 consisting of ZnS, ZnSe, ZnTe, PbS, PbSe, PbTe, CuS, CuSe,

CuTe, CdS, CdSe, CdTe, MnS, MnSe, MnTe, Ag2S, Ag:Se, Ag.Te,

Zn0, Ti0;, Ce0,, Sn0,, Fes04, Fe;03, Zr0,, Cul, MnO;, Cuz0,

Al203, V203, NbyOs, NiO, InO;, HfO,, Cr,03, Tax0s, Gay03, Y,0s,
MoOs; and Co304.

30 In one embodiment, the metal chalcogenide'is a metal

oxide selected from the group consisting of zinc oxide,
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20b is an integer of 1, 2, 3, 4 or 5 and wherei n conbi nations of a
and b are such that the overall charge of the conmpound MaX), is zero.

I n one enbodi nent, the nmetal chal cogenide made in the disclosed process nay
be selected fromthe group 25 consisting of ZnS, ZnSe, ZnTe, PbS, Pl aSe,
PbTe, CuS, CuSe, CuTe, CdS, CdSe, CdTe, MhS, MSe, MTe, Ag25, Ag2Se,

Ag2Te, ZnO, TwO20090€08, Sn02, Pe204, Fe203, Zr02, CuO pdh§2oosPesdd, Al 203 r
V203/ Nb205, Ni O 1n03, Hf 02, 0r203, Ta205, G203, v n Mb02 and 00204. 30in
one enbodi nenteritdve fEbal oxival cdgeni derids, a arerak oxide, selectrthrf rom the
group consi st ng0ok 41 PL: OXhHeqsy i MO 2009/ 067088PCT/ 8G2008/ 000442 ceri um
(I'V) oxide, iron oxide, copper oxide, zirconiumoxide and titanium oxide.

The netal chal cogerkdecpar tiediesqemyichaver am &y efagespar thcheesige of about

2 cmto about_10Q uym _about. 2 nmto 5 aboyt 20 about cmto about 50
nm about 5 rﬁﬁ%%%cgﬁoﬁfz%d”}SH?HEB%GP.9 %ﬁﬁ%t3egb%mh %ﬁﬁﬁgc Fhdabout 50
nmto aboul 18®utmz20iThennmettalutcRalroogeniadeuparitii clres amytbé conplcet el y

solid, partially.papoys, G ,comletgl ¥op915<9}{,5'10-6h%mn§%§| achal cogepi de
particles may have a narrow 10 particle size .distribution in that the

st eepness ratfd J°Uhe i AEl ARt sl CHalcb8geri e Fareirel @S madi Sfsersion i s

| ess than abotdmp3etoryl €55id hathrabeuty 2po@usl €8s ddianecabopt pdedis.or | ess

t han about lwﬁmpr %%Sﬁ thgnlabout 1.3 Ihe $rocess naépfurther conprise the
step of agei ng L5 ThE T surfactsnt - Soatdd "patti cIBY béfdfe the 3Epdrating

st ep. thiS@rnﬂﬁnﬁidlbnsth@_@ﬁaﬂdmbuﬁkmm of paertichesstdeaheas ersubstential ly.
CryStall|ne' éﬂé(%Ehéyﬂ%%¥aqeQﬁﬁl&gﬁ%ﬂyggl%gr§ﬁgpﬁislyng§£§§¥g%%nfqg a.tlnE

period of about 5 mnutes to about™ 4 hours. 20The process may conprise

after the sepdtatifMF stBPUtt e stlepls6F WASHI ffPothe 2metcdl &8l cogeni de

particles wtdrcar ageecus 1eedi tHan Theustiep of washicpgnthouretab,
chal cogeni de particles with aqueous nedi um may renove any unwanted by

products that nmayThe betiesd mapatfurehdhatorpavee the step of ageing
15 the surfactant coated particles before the separating

step. This may aid in the production of ‘particles that

are substantially crystalline. In one embodiment, the

ageing step 1s undertaken for a time period of about 5

minutes to about 4 hours.

20 The process may comprise after the separating step,
the step of washing the metal chalcogenide particles with
an aqueous medium. The step of washing the metal
chalcogenide particles with aqueous medium may remove any
unwanted by products that may be ionic in nature that have

25 not been completely removed in the separating step. The
removal of unwanted by products may aid in increasing the
stability of the monodispersion of metal chalcogenide

particles.

The aqueous medium used during the washing step may

30 be the same or may be different than that used during the
reacting step. In the washing step, the agueous medium

may be comprised of at least one of water, alcohols,

amides, ketones, epoxides or mixtures thereof.
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25 not been conpletely renoved in the separating step. The renoval of
unwant ed by products may aid in increasing the stability of the

nonodi spersi on of netal chal cogenide particles. The aqueous nedi um used
during the washing step may 30 be the sanme or may be different than that
used during the reacting step. In the washing step, the aqueous nedi um may
be conprised ®&fo @ivokesst one of water, al cohols, am descrk@h@nGSsy €poxides
or m xtures thereof. I n one enbodi ment, one or nore al cohols

sel ected fromthe Iroup eonsiistenng ofe net hanel 31 @tHraB0ke 1 4Ht@RAABLN
i sopropanol , Rnypropangl @Qgsfgggtngr eset m%gggg?fay in admxture with the
I -

water. In one enmbodi nent, the volune 5 amount of Al'GoROI rEI°ZFP9e to wat er
sol vent may béSPRTIHECLangePsePaciler Y omttheegr dupreohsimsli ng: ofn about 1%

to about 99% =ahouturk0%itd ahousaQ9% ahoWh2Q%.L9:abaut t%@‘y%oi‘!%?%t 30%to
about 99% -abqut 40%.t %l%bguji[ 999%  about 50%to about 99% abouf 60%to
about 99% ~abdut V0%t 6 aBOUt 1029895 bRt SB05Ft BeHbAWY 99%1 aRe about 90%
to about 99% range sdivetwdsHlirng agueousioredingmeaddedot oathe orgapd ¢ phase

medi um may be.gt,d east Ractd alky. piscihlewith the reaction medium
conpri si ng the netal _chal cogglr?i dgmpgamrotultgc 88’ %Lno thlzé"e?ﬁ)c?g’loﬁjéng?%'t he net al
chal cogeni de #B°artitclFesabnut HE*abekertri 46&d tredbant nehe ;precipi @t e out

from the nixedonesiuymosthe apetal s@halcageni despar i glesgap, bg, centrifuged
and washed ag%g_ wi.t h_aguequs medi um In sone enbodi ments, it my be
necessary fo Feé:diERerse e FBrHed het Y GRarEofthitdeapart i%fes in a 20
di spersi on nedi um;, The_dishersion medium nay be sel ected fromthe group
consi sting of wat eTrh:g e?%ll a(?g#%?uesﬁ maeld(l:glﬁo‘?as/%daltl?e%g%,Oregcaﬁéfs?h‘?(%ﬁ ones and
aromati c sol vBRiSI™ Thevt ype oft disper spenthediunmmchosels maytbe dependent on

the type of epghqareductndBqui I ety FoL; axample, irlLettaE'e Zélag@ggé’ﬁoeum
c 6

requires the use of a pol ar solvent, the netal al cogeni articles may
be re-di sper B i85 poldr §8LverfPodingnat Frel yietpt  tHelendeprdsduct
requires the pseiefiea nantpel abossl ¥erds thg retal ¢habeggenide, particles
may be re-dispersed in a non-é%ol ar ?Sol vent . - 30A sﬁ]ear force may be applied
to the mixture Of mbtal gal S50t i 6RC aRGtpt eCPPTIRFELEBI BEFBIC IR i ng t he
reacting stepcdro beoremthefuget adne hakcoyenjade patt iseh:esuharddagna narrow

particle size distribution characterized in that
In some embodiments, it may be necessary to re-

disperse the formed metal chalcogenide particles in a
20 dispersion medium. The dispersion medium may be selected
from the group consisting of water, ethyl acetate,
alcoheols, alkenes, ethers, ketones and aromatic solvents.
The type of dispersion medium chosen may be dependent on
the type of end-product required. For example, if the
25 end-product requires the use of a polar solvent, the metal
chalcogenide particles 'may be re-dispersed in a polar
solvent. Alternatively, if the end-product requires the
use of a non-polar solvent, the metal chalcogenide

particles may be re-dispersed in a non-~polar solvent.

30 A shear force may be applied fo the mixture of metal
salt solution and precipitant solution during the reacting
step to form the metal chalcogenide particles having a

narrow particle size distribution characterized in that
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WD 2009/ 067088PCT/ SG2008/ 000442 t he steepness ratio of the final

preci pitate suspension is |less than about 3, or |less than about 2, or |ess
than about 1.9, or |ess than about 1.8, or |ess than about 1.7, or |ess
than about 1.6, or |ess than about 1.5, or |ess 5than 1. 3. The
process may further conprise the step of agitating the solution during the

reacting stepwbaobigdbse the shear force. The shear forge/ddisiveRemy have a
Reynol ds nunber in the range selected fromthe group 10 consisting of
2000- 200000, 50601500665 8O0 PO0ODY. fiflke subsimEikital bysgranghoReynol ds

nunber may enahble a,higb.degree of ALxinguip said reaction.zone,.ln one
enbodi nent, the agltatlng step to induce the shear force during the

reacting step2RAYCbe Provi 42T Byreanaagit dtér ahd SfeaPPRFEEPSY Aedns as
previously di sel ased tRai hesdurt arsat benaksPatent Appki qati oprnueber

PCT/ 5302/ 0Q06 N thf di scl osure of which is herein incorporated as

ref erence. “20Briéf “Descri ption of Draw ngs The acconpanyi ng draw ngs
illustrate a discl?sed renbeds nemdy anthrgséevescompexpl aithet hetpwi nef pl es of

the discl osed ;grbodinent,. ls&l&@iotnodggiﬁ'&gdﬁeftr%%q’tigé)\’\@e%{ ol ggguwe

drawi ngs are désigned for purposes of 2 ustration only, not as a

definition of tPRe JheATt sfGTet hellisnventdonforce ingpged 1MpE A2Fehedmtic
di agram of a fRkomsthar hudyr . ih "phenendrigeg {d1epeacessnf ofhd herpgoduction

of netal al cogeni de parti S Fi : Fi hi gh
resolutioﬁgtrgﬁgﬁfﬁﬁfgﬁoél§§b$3ﬁxﬁ$8rg§%@%éﬁ?ag%E O?%ﬁﬂéQQ%; n%ﬂ%dispersed
ZnO nanoparti chestprepated Highexanplca ds. Indrgleow. i gen2élavas  MDZO09/ 0000;
PCDSG2008/ 00042 bt ajed. aty 50K JaegnkLd 6abhop,and (6 9ne 2BuYRs bt ai ned at

500k magni fication.
the agitating step to induce the shear force during the

reacting step may be provided by an agitator and shearing
15 ‘means as previously disclosed in the International Patent
Application number PCT/SG02/00061, the disclosure of which

is herein incorporated as reference.

20 Brief Description of Drawings
The accompanying drawings illustrate a disclosed
embodiment and serves to explain the principleé of the
disclosed embodiment. It is to be understood, however,
that the drawings are designed for  purposes of
25 illustration only, and not as a definition of the limits

of the invention.

Fig. 1 is a schematic diagram of a flow chart for
implementing the process for the production of metal

chalcogenide particles.

30 Fig. 2A and Fig. 2B show high resolution transmission
electron microscope (HRTEM) images of monodispersed ZnO

nanoparticles prepared in example 1.1 below. Fig. 2A was
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Fig. 3 shows a dynamc light scattering (DLS) pattern of the nonodi spersed
ZnO nanoparticles prepared in exanple 51.1 bel ow Fig. 4 shows an
X-Ray Powder Diffraction (XRPD) pattern of the nonodi spersed ZnO
nanoparticles prepared in exanple 1.1 below. Fig.5A and Fi g. 5B show HRTEM
i mges of 10 Monodi spersed ZnO nanoparticles prepared in conparative
exorable 1.1 =g DA was obt ai ned at 40k magni ficg}.i i.g.5B
wasobt ai ned' ggt@lzg%yll(oﬁr?%gni fication. Fig.6A and Fig. GB sﬁgjir/(gé%@ﬁﬁi mages of
15 nonodi sper sédaZn® nathdpdar tregheSi reépar edd | i exapples loBcdeleawatFi g. 6A
was obtai ned afyo40k.gmgnitication and Fig. 6B was obtained at 400k

magni fi cati on. Fig. 7 shows a DLS pattern of the nonodi spersed ZnO
nanoparticles prepared i nnexanpl @ rkn3cbel ow. <20F 484 ands Fi g 8B ghows
HRTEM i mages off rtrggodi%adelrssgd Z(ggkn anoEartl cl gr:fs prepared in examil e 1.4

bel ow. Fig. 8A was‘obtainédat® nBgHTTT Cafionh Rfd2ErY. “BEX/E%6bt ai ned
at 200k magni fli-Gabebaw. , Fig. 9 shows a DLS pattern of

monodi spersed ZnO 25 nanoparticles prepared in exanple 1.4 below. Fig. 10A
and Fi g. 10B shows HRIFEMY n&ges® ofrnohddlspkrwsied Zid frasopant i GIRES) pr epar ed
in exanple 1. pabekow. ofitghe 20Av@NGRFE8a AQB nWRES Qht-akned &1,.80K ;

magni fi cati on.ex:gggig.lilbg}fg&/\{s a DLS pattern of nonodi spersed ZnO

Fig. 5A and Fig. 5B show HRTEM images of

10 monodispersed Zn0O nanoparticles prepared in comparative

example 1.1 below. Fig. 5A was obtained at 40k
magnification and Fig. 5B was obtained’ .at 120k
magnification.

Fig. 6A and Fig. 6B  shows HRTEM images of
15 monodispersed 2Zn0O nanoparticles prepared in example 1.3
below. Fig. 6A was obtained at 40k magnification and Fig.

6B was obtained at 400k magnification.

Fig. 7 shows a DLS pattern of the monodispersed ZnO

nancparticles prepared in example 1.3 below.

20 Fig. 8A and Fig. 8B shows HRTEM images of
monodispersed Zn0O nancparticles prepared in example 1.4
below. Fig. BA was obtained at 30k magnification and Fig.

8B was obtalned at 200k magnification.

Fig. 9 shows a DLS pattern of monodispersed ZnO

25 nanoparticles prepared in example 1.4 below.

Fig. 10A and Fig. 10B shows HRTEM images of

monodispersed ZnO nanoparticles prepared in example 1.5

below. Fig. 10A and Fig. 10B were obtained at 80k
magnification.
30 Fig. 11 shows a DLS pattern of monodispersed Zn0O

nanoparticles prepared in example 1.5 below.
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nanoparticles prepared in exanple 1.5 below. WO

2009/ 067088PCT/ SG2008/ 00442 Fig. 12A and Fig. 123 shows HRTEM i mages
of nonodi spersed ZnO nanoparticies prepared in exanple 1.6 below. Fig. 12A
was obtai ned at 50k magnification and Fig. 126 was obtai ned at 80k

magni fication. 5Fig. 13 shows a DLS pattern of nonodi spersed ZnO

nanoparticl eswRygRAEAH% | N exanple 1.6 below Fig. 14A apd.EL show
HRTEM i mages of nonodi sper sed 0e02 nanoparticl es pr epa’ér:(Lezgﬂsfnﬂﬁgxanpl e 2.1

bel ow. Fig. 14A wasgobt aimedaat 30Qk.nmages f | gatwson namdvFi gnaddd 146 was

obt ai ned at 500k magnification, .Fig. 15A shows a DL attern of
nonodi sper sedm??e%iis 3%%%%*?% 85" ¢ raézﬁéF% i %é%(%ﬁ%l e2. ?anb%@ﬁoew. £le
Fi g. 156 showselawDLSFpat t i/ vef aprrodiespet sk Ge021 hiarrdpant #ed esigpr epar ed

in exanpl e 2. bel.aw,that,had: begn 15, 0¢iedsand redispersed in hexane.
Fig. 16 shows an XRPD pattern of nonodi spersed Ce02 nanoparticles prepared

in exanpl es2. 2 belrow. HRizg. ddAvsand BLg. ph¥beshowr HREEM | spgesdof zno
nonodi sper sed %eOZ Q?Q?Qsa”ried?gd nrepar eqei? gxgeq@we 2.2 20 below. Fig. 17A
was obt ai ned 3t" 30k “raghi fi°Catt on and Eilg.. 173 Was "obtai ned at 500k

magni fi cati on. rig. Fl 94218,8hows: @ Dlggpatdeln ekrapnodi seg 0e02
nanoparticles prepared in exanple 2.2 below. . Fig.19A and Fig. 196 show

HRTEM i mages B8 SRBADR soeTs G CROX itdR8pAFEPeTEs Pt epa¥&d S n? exanpl e 2. 3
bel ow. Fig. 19AMas ebiai ned.wak 3Pkiregnkfivad meanantkfiign 496 mas obt ai ned
at 60k ma%ﬂ fM:ati on

B was obtained at 500k magnification.

Fig. 15A shows a DLS pattern of monodispersed CeO;

nanoparticles prepared in example 2.1 below.

Fig. 15B shows a DLS pattern of monodispersed CeO,
nanoparticles prepared in example 2.1 below that had been

15 dried and redispersed in hexane.

Fig. 16 shows an XRPD pattern of monodispersed CeO;

nanoparticles prepared in example 2.2 below.

Fig. 17A and Fig. 178 show HRTEM images of
monodispersed CeOp nanoparticles prepared in example 2.2
20 below. Fig. 17A was obtained at 30k magnification and Fig.

178 was obtained at 500k magnification.

Fig. 18 shows a DLS pattern of monodispersed CeO; -

nanoparticles prepared in example 2.2 below.

Fig. 19A and Fig. 19B show HRTEM images of
25 monodispersed CeO; nanoparticles prepared in example 2.3
below. Fig. 19A was obtained at 30k magnification and Fig.

198 was obtained at 60k magnification.

Fig. 20 shows a DLS pattern of monodispersed CeO;

nanoparticles prepared in example 2.3 below.

30 Fig. 212 and Fig. 21B show HRTEM images of

monodispersed Fes0; nanoparticles prepared in -example 3.1
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Fig. 20 shows a DLS pattern of nonodi spersed Ce02 nanoparticles prepared in
exanpl e’ 2.3 below. 30Fi g.21A and Fig.216 show HRTEM i mages of

nonodi sper sed Fe304 nanopartioles prepared in xanmple 3.1

W)2009/ 067088PCTI S&2008/ 000442 bel ow. Fig. 21A was obtai ned at 200k

magni fication and Fig. 21B was obtained at 500k magnification. Fi g.
22 shows a DLyoPahehds of nonodi spersed Fe304 nanopartipgt,%o&yoggﬁr ed in
exanple 3.1 bel ow. Fig. 23 shows an XRPD pattern of nonodi spersed

Fe304 nanopartigles prgpaned |0 exqmleq3al bebeWnakhor24Aiandakig. 24B
show HRTEM i nages_of nonodi sper sed CuO nanoparticles prepared in exanple
4.1 bel ow. Fi 19248 BngsobP e ed af A0GKEYniifiecatTon and 10 Fig. 24E was

obt ai ned at 600k nmgnifjcation. Fig. 25 shows | ttern of
monodi sper sed ngjr?gno% r?fl%‘l’sesap%%a?%%%rﬁ’ e&tsan%?ré(j%s%eg%?%w%&d} Fig
26 shows an XRRbrpatiteren ofepmrodisperseds GuO rghoparticl es prepared in

exanple 4.1 below. 15 Detailed Description of Draw ngs
5 Fig. 23 shows an XRPD pattern of monodispersed Fes0q

nanoparticles prepared in example 3.1 below.

Fig. 24a and Fig. 24B  show HRTEM images of
monodispersed CuO nanoparticles prepared in example 4.1
below. Fig. 24A was obtained at 100k magnification and

10 Fig. 24B was obtained at 600k magnification.

Fig. 25 shows a DLS pattern of monodispersed Cul

nanoparticles prepared in example 4.1 below.

Fig. 26 shows an XRPD pattern of monodispersed CuO

nanoparticles prepared in example 4.1 below.

15

Detailed Description of Drawings

Referring to Fig. 1, there is provided a process 10

for the preparation of metal chalcogenide particles. In

the first step, a metal salt solution 12, such as Zinc

20 acetate or Cerium (III) nitrate solution is mixed with a
precipitant solution 14, which s alkali, such as
potassium hydroxide, sodium hydroxide or ammonia solution.

The chemical reaction that occurs between the metal salt
solution 12 and the precipitant solution 14 is carried out

25 "in a reaction zone 16 which may be;a beaker, a flask, or a
tank. A shear force is applied to the ndxturé of metal
solution 12 and precipitant solution 14 during the mixing

and reacting step. The reaction zone 16 1s typically
maintained at a temperature of between 20 degrees Celsius

30 to 95 degrees Celsius, at atmospheric pressure and at a pH
of 7.2 to 9.0. Within the reaction zone 16, the nucleation

of particles occurs.
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Referring to Fig. 1, there is provided a Process 10 for the preparation of
nmet al chal cogeni de particles. In the first step, a netal salt solution 12,
such as Zinc 20 acetate or Cerium (lIl) nitrate solution is nmxed with a
preci pitant solution 14, which is alkali, such as potassi um hydroxi de,
sodi um hydr oxi de or anmoni a sol ution. The chemi cal reaction that occurs

bet ween the nghLalsdhds sol ution 12 and the precipitan 4 |s
carried out 23 |n09a reaction zone 16 which may be, be(sﬁgd%dw&?

tank. A shear forgecds appkhedt Ot REe Mhadlr enafic @desgg%i&%sﬂ and
preci pi t ant solution 14 during the m xing and reacting s . The reaction
zone 16 is typi SHIYV AR nt&i ﬁgah at®a s?weroétﬁi‘rté'ofsoﬂétl%éﬁl%t&egr ees
Cel sius 30 tma&ﬁuﬁlegsemra&eel si usgiat aidrespher i ronrl;ﬁsswhléﬁhﬂlﬁdlaéﬁe,a pH of
7.2 to 9.0. th tlon zone 16 he n eati.on of p tlcles
occurs. V!&#]Iug nﬁlc BH of the e 'tL ﬁséﬁjia s’ part%\fcl a

sur f act ant> 18ar@@ehtla:sl>sddemmmm1yé Is@‘dlyam dbmetla?t:»e'l sediam, st eyar at e,

sodi um oct Oat%th§@gywﬂ§gbk{'&&%ﬁet§&g} urgiii.nel eakear,  etnyle
hexadecyl tri nmet hoxyS| ane am ncet hyl )-y-am nopropyl net hyI “di nmet hoxyl

si | ane, yMet HESIE oxyBiopyict r Pﬁenﬁ%’ﬁ&?ﬁsm Fanecsugar, ERA endh§l ycol ,

mal t ose or mxdadresnt hereeafs siL&sa@dﬁdlyTbeotﬁﬁa’ﬁﬁdsOﬂnZGnehé.ﬁczsydﬂ%equent|y
progresses into stal growth zone 20 vvher

crystal | i zat |%°th$ f%ﬁg %@ ‘gh T CHAFBogent gt rayrst ?es trlg’élult Pfhe

sur fact ant0 18ntaps Othhécmlaldech@irttegem deeﬂalrtta cl®s Thefamsbat ¢Ral cogeni de

particles are.J&ft 4Q agge.dn Orgx?d'lcfo%nici'ée SHM&Q&@@" tanat lgasy partially
cap the netal chal cogeni de particles and for the netal chal cogeni de 15

particles to S{BSPAHtIE IRP-EEFstal FizeleTheaidhe it tMedgéicng Ffep may be
in the range ofrrabostt 5 abnutaes tllaa&lﬁOUtpaAftm@UI§ cap ltheOnenmrhodi ment,
after the agein sterﬁl an_or i ¢ sol vent 20 such as E ane, .S added to
the crystal 3F8% C?on@‘r“? Sitpr 181 ngofh t BF*%hal® 88%?1?% farticles
and i oni clﬂoymaadmclss to sulEamrnexanpl e;rylsna}al:rzesact i Ore ttomer aduec@eZnO from
Zn(0Ac) 2 and bypro ct [ de -Z ZnOHt, 2,

ZnOH3- -, Zn(%?;{% ts?)%% }68% %g @zprrg@ gs%tfhe%%%g %r %éqelgsg?g))t he phase
transfer stept®2t Onrwirtshe or ganl c solvent 20a has been added, the netal
chal cogeni de particles appear to dissolve conpl et el Thi s occurs because
the surfactant coa&fedSet™R°LRaT togeitde *pariiEings %ﬁi?e Pt P EHERE al |y
toward the orgarkat nedeUM pRaseaande3hear eisuspeadedoi nha sabsttantial |y
nonodi sp ed fo bI e m.xt of a ni hase
medi um angaDS aqt%g]oﬁ%nepﬁé)secongd%sulrrﬁgl §"% oFed. C}I{ﬁ C%%emgﬁ at di um
cont ai ni ng thfieldl opncc yproducts is separated from

or a

For example, in a reaction to produce Zn0 from

Zn(OAc), and NaOH, the byproducts may include 2n?", 2znOHT,
Zzn(OH)z, 2ZnOHs™, Zn(OH), %, OAc” and Na'. The process then

25 proceeds to the phase transfer step 22. Once the organic
solvent 20a has lbeen added, the metal chalcogenide
particles appear to dissolve completely. This occurs
because the surfactant coated metal chalcogenide particles
move preferentially toward the organic medium phase and

30 are suspended in a substantially monodispersed form.

An immiscible mixture of an organic phase medium
and an aqueous phase medium is formed. The aqueous phase

medium containing the ionic byproducts is separated from
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WD 2009/ 067088PCU8G2008/ 000442 t he organi ¢ phase medi um by

knownl i qui d-1i qui d phase separation apparatus such as a separating funnel.
Al ternatively, in another enbodi nent, after the ageing step, a polar
solvent 20b is added to the crystal 5 growth zone 20 to dissolve the ionic
by-products. The metal chal cogenide particles settle to the bottomof the

reaction m xt yue,RRe.&an be separated fromthe by-pr Od%"}/ssczwsf%()a;
centrifugation or any other physical separation process suc Filtration.

The by- prodUct:sier ejeiaR: & N phlee 1G,c34per nat aMom%ndl%ﬁa‘i%%QE@d at.ter
centrifugati on, Tpgtlrg% gl chal cogeni de particles can nodi sper si on
in the pol ar WE8F PPEFATES PRTESS AajCRfROr08 Biedhi ng and i sol ati on

step 24 after thepglgqgl f the By-products fromthe netal 15
chal cogeni de particles. g%ﬁ%‘pr}{o hg vva?s{ %’19 and P64t ion 34t&p 2he an
aqueous nedi URPESHEhS TP wét @P aal gohioing, 28mi desaddi@i ones;heepayisdes or

m xtures ther @@me adgled2bo dohes oy ganktc phase Jrediym, The addi Hlon of the
aqueous medi um i Hh%‘t ste erves to rempve any reraining ionic 20

byproduct s t hate 098 edPITTIChBS sepHrat ity eepottom of Thee resul t ant
precipitate \N@:sa@ra@e}l yigissolavedckn e suiphabtel sobwenhe U9, form,a: hi ghl y

concentrated Qh§pe£é,!tg@ 2 t nprises_the surfactant coated netal
chal cogeni de particles. £ ?aga%%orggm &"%ol venet 2 %yﬁé(é&use?fpiaﬁafh%“ 25

separati ng st 8p9°%%¥e SP@%UEPE’[ dritl tppretdpi t Fhe hasombidesos veshdin thetios gani ¢

phase mediom shfesnapahar .gal went 20b was used il Q?fﬁ&i’%n%t' ng,step, the
resul t ant premgl ta e_was djssolved in a polar so vent Ti ¢h may be the

same as or diff aflf:B?ﬁ’iJ’r‘ij@ §6‘Ir\§éﬁ%e%scé‘dl i‘ATfhe Sepatiaengist ey 30
Exampl es tNarpdllam tedigmexanpl es of the invention will be further
described in greater detail by -reference to 36 specific Exanples, which
shoul d not be consteuedoasss maanynwayvd iaritdshgnt henscopa a0f ot herdgivent i on.

24 after the separation of the by-products from the metal
15 chalcogenide particles. During the washing and isolation
step 24, an agqueous medium, such as water, alcohols,
amides, ketones, epoxides or mixtures thereof is added to
the organic phase medium. The addition of the agueous
‘medium in this step serves to remove any remaining ionic

20  byproducts that are not removed in the separating step.

The resultant precipitate was freely dissolved in a

suitable solvent to form a highly concentrated dispersion

26 that comprises the surfactant coated metal chalcogenide
particles. If an organic solvent 20a was used in the

25 separating step, the resultant precipitafe was dissolved
in the organic phase medium. If a polar solvent 20b was
used in the separating step, the resultant precipitate was
dissolved in a polar solvent, which may be the same as or

different from the solvent used in the separating step.
30

Examples
Non-limiting examples of +the invention will be

further described in greater detail by reference to
' 36



Chem cal s: 5Zinc acetate 2-hydrate, ferric chloride, and copper acetate
1-hydrate and other netal salts were purchased from GCE Laboratory

Chem cal s (Gernmany). Sodi um hydroxi de, potassi um hydroxide, iron(ll)
chloride tetrahydrate, nmethyl ethyl ketone, ethylene glycol and ethanol
were 10 purchased from Merck & Co, Inc. of Witehouse Station of New Jersey

of the UnitedyRlaseaf Anerica (USA). Methyl al cohol, . al cohol ,
hexane, and tol uer?e \;\)/ere pur chased from Tedi a of Fai rflylejf/g) 8@% o of the

USA.  Ammoni a geluth onef23% s Was, Rur ghased frost Honeywell of 45 Myrristown
of New Jersey of the USA. Sodi um ol eate was purchased from VWAR Prol abo of

Lei cest er shi réYof- 1 Bhet Wit 8 d® GHTg@ont " TV &R it r at e hexahydr ate was
purchased from Tianjin Del an Fine Chem cals, China. KH570 and K1-1792 were
purchased fraqqmJi.ansu Chenguang Coi nci dent Dose Co. Ltd.. 20 Cctane was
pur chased fron‘r?&ﬁ%%d\l of Stillorgan of Dublin. Technical nethyl alcohol
and et handl were pdrchasethtfer cmhAckaMbh Raimes c&1Chedd catrsl Ptepdsrd of

Si ngapor e. Stgd&%%ew@shﬁepg@ chak | yravai hable sucrosg. Ft byl acelate,
mal tose, Tetraethyl orthosilicate (TEOCS) and technical 25 hexane were

pur chased fr o ShEr LZRIEHOTY i CRBHPILBt SBFG ot - PRHSYI VAT axife -t he USA.
Exarr]rpl eI 1( Ivbrtﬁﬂjaspemsegh%@@ﬁa@?parimOal( €5) Exarﬁtpha)db. 1 tetrahydﬁ&d595 g Sf

Met hano MeQ S tq Zn(0Ac) 22H20 .97.9)__i.n 3- necked roun
bot t om f | ask “(%?\é’?. %q‘f gkeg“f"“é’(Jncee%‘P’r%SP%d%é{Eﬂ aqaﬁ‘Sou%hsan’gti%‘?fe( 49 Wt %
was di | utléd vwudrh28e@51grrofMeveBH &f Glol ovled. byt niixitregows & hSZa(i0Ac)dZ sol ution
under vi gor O%evﬁtgerr%b?go%m?e rnﬁ%fe&ioéltatt%@p%%%ﬂé_‘ﬁc]ao ®kal he gysiam was

mai nt ai ned at 62 m nutes after the sol ution was m:xed with

the 2n(0Ac) 2 361krton, I ZPTREYbf DPISIw WEGdFum dttat@lagiRrous®=ol uti on

was added to ghenzeast icepnsaekdts ons \Whiiteiprechpi bate ber med apgmst
i medi ately after the z_adei tion g);f) sodi um ol eate. The 15 reacéi on sol ution

was aged at GFEFOR 485 HH N es? WS o GUREIBThekidie WA W hén dded to the
reacti on ol utdmonstdhe whi ttewpreespy t atf etk sS8phvedodipon addittel oresof hexane

and vas extragted Loto-hexane borming 2 bLUISh solutd on yponystissing. The
agueous | ayer” Was renove using a separation funnel. out 30 L of
i sopropyl al dohaldofl PAerivas addedt¢ o hehehtinearne wol ubivorhaand affdroccul ent

precipitate forned, pbe.precipichahecyas eanhsi fuged and washed, wdh MeOH
and I PA. The resulted white precipitate was freely di spersed in various
| ong purchased from Jiansu Chenguang Coincident Dose Co. Ltd..
20 Octane was purchased from LABSCAN of Stillorgan of Dublin.
Technical methyl alcohol and ethanol were purchased from
Ailk Moh Paints & Chemicals Pte 1Ltd of Singapore. Sucrose
was commercially available sucrose. Ethyl acetate,
maltose, Tetraethyl orthosilicate (TEOS) and technical
25‘ hexane were purchased from Fisher Scientific of Pittsburg

of Pennsylvania of the USA.
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25 chain alkyl solvents such as hexane, heptane, toluene, benzene, decane
and octane or m xtures thereof, and could formtransparent dispersion with
hi gh solid loading (i.e. about 30 wv%. A mixture of octane and hexane
(1:1 volune) was chosen to redispersed the ZnO nanoparticles. The ZnO 30
nanoparti cl esobt ai nedwer esubj ect edt ovlari ou; char gct eri zathl on ?na! ysgs_ as
shown bel ow. ZnO nanoparticl es obtai ned were racterized in
relation to tk\;veqizrmé)g@%t al structures using the X-Ray \7@73&008/‘)0"442 _
20091067088PCTI SG2008/ 000442 PomderE§L$§£§qtion (XPPD). The XBPD result is
shown in Fig. 4. FromFig. 4, it was observed that -the crystal
structure of the ZnO nanop&rPReFRRFsGHt Arthedrennrbieclissdexed 5 to the.
hexagonal wurtzite crystalline system (JCPDS 361451) The nean
particle sizekEaagbipanticle size distribution of the ZnO nanoparticles was

LB 530, 10" char actarraar] oh, BTETos GBIt 8¢ na P eR U1 ST0pal Tighat rom L he
DLS characteri(2a?i on. iFr snd Fiegk8d iturcairobecrnbserkedrehat 3Zn® gampparti cl es
wth an averageaseondany bl hohedl 2800k o1 1,9mend sleefange, of
bet ween 26 nm and 87 nm were obfai ned. The 15 steepness rati o (47Un) of the
particles is Yl'%h] ZRIaE?EI;Oﬁ/ of MeOH followed by mixing with 2n(OAc),
solution under‘vigorous stirring. The reaction temperature
10 of the system was maintained at 62°C. 4 to 8 minuteé after
the NaOH solution was mixed with the Zn(OAc), solution, 20
mL of 0.015 w/w sodium oleate agueous solution was added
to the reaction solution. White precipitate formed almost
immediately after the addition of sodium oleate. The
15 reaction solution was aged at 62°C for 45 minutes.
20 mL of hexane was then added to the reaction
solution. The white precipitate dissolved upon addition
of hexane and was extracted into hexane forming a bluish
solution upon stirring. The aqueous layer was removed
20 using a sepération funnel. BAbout 30 mlL of isopropyl
alcohol (IPA) was added to the hexane solution and a
flocculent precipitate formed. © The precipitate was
centrifuged and washed with MeOH and IPA. The resulted
white precipitate was freely dispersed in various long
25 chain alkyl solvénts such as hexane, heptane, toluene,
benzene, decane and octane or mixtures thereof, ahd could
form transparent dispersion with high solid loading (i.e.
about 30 w/v%). A mixture df octane and hexane (1:1 volume)
was chosen to redispersed the 2Zn0O nanoparticles. The 2ZnO
30 nanoparticles obtained were subjected = to various
characterization analyses as shown below.
The Zn0 nanoparticles obtained were characterized in

relation +to their crystél structures uéing the X-Ray
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peak width in the DLS graphal so suggests that the ZnO nanoparticles are

cl ose to bei ng nonodi spersed and have a narrow particle size distribution.
The primary particle size and particle shape of the 20 ZnO nanoparti cl es
obt ai ned were characterized using TEM Fig. 2A and Fig. 23 are HRTEM
i mage for exenplary ZnO nanoparticles obtained in this exanple. It can be

seen fromFig Fig. 23 that the zinc oxide nanoparticles qbtained
are substantigﬁoﬁ@gﬁo%%;di spersed. The particle 25 nor phgfgéé?"%osmﬁzound to be

near - spheri capo e OIS o cdNE Pr y parti size js about 12 nm The
size range is Cf)roemS to 20 nm {I%ﬁigglshdeg%gf% ?[s)pé:re%‘il i tegf e o t he

particles pr ottfed in this exanple is 4.26. Discrete specks of darker

shades (ZnO nanopamnbincl e59. can ber clgarl Mb&v%gsewﬁg with Little or no
over | appi ng bg{gvec%qlrtehe da}ir k%r shades, indicating that thherg 'S Tittle or
no aggregation of  the particlP88. "WHFEsTEr eT hte ord eraredet hediarc t hat

oxi de nancpart® ckes area@pproxiumatety thestsamensi zestbi chopdssi fyli cative of
a narrow si ze;gisstributionof nanoparticles present in the nonodi spersion.
Conparative Exanple 1,1 520.95 g of Methanol was added to Zn(OAc) 2. 2H20
(4.97 g) in a 3-néRelERERA3138: pick evhcemiialeds NaOH iagqueous: ol ut i on

(49 W% was dif | utedzwbt ha2-95: 01 0§ &@Q"'ilfnpéét%ﬁgeﬁ))/uglﬁ(%ng M LA the
Zn(0Ac) 2 sol ufd on unde V|,§orous stirring. The reactiont np3éra ure of the
system 10 was hai nCafned 4 695 whPREt i eci pieat eafadvmed gEBdWAl |y af ter

the react}®n.ciFhecteatiddensorid.i an deBscagetheat c62G § Qh45n 83 nutes. The

precipitate was gert i fugec washed with nethanol. The washed white
preci pitate could be d% spgggg%c%lﬁnwat er to formthe ZnO nano particles

15di spersion or dfFed T fPor Af degn powdereofedZn®at Zn0 nanoparticles

with an average secondary particle size of 51.1 nm and

size range of between 26 nm and 87 nm were obtained. The
15 steepness ratio (dy/d,) of the particles is 1.67. Narrow

peak width in the DLS graph also suggests that the 2Zno
nanoparticles are close to being monodispersed and have a
narrow particle size distribution. .

The primary particle size and particle shape of the

20 ZnO nanoparticles obtained were characterized using TEM.
Fig. 234 and Fig. 2B are HRTEM image for exemplary ZnO
nanoparticles obtained in this example. It can be seen
»from Fig. 2A and Fig. 2B that the zinc- oxide nanoparticles
obtained are substantially monodispersed. The particle
25 morphology was found to be near-spherical or prismy. The
primary particle size is about 12 nm. The size range 1is
from 5 to 20 nm. The index of dispersion degree for the
particles produced in this examplé is 4.26. ‘Discrete
specks of darker shades (Zn0O nanoparticles) can be clearly
30 observed with little or no overlapping between the darker
shades, indicating that there is little or no aggregation
of the particles. Moreover, it is observed that the zinc

oxide nanoparticles are approximately the same size, which
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nanoparti cl es. Fig. 5A and Fig. 5B are HRTEM i mage for exenplary ZnO
nanoparticles prepared herein. It can be seen fromFig. SA and Fig. 5B that
the zi nc oxi de nanoparticles obtained 20 have a rod shape. The rod-shaped
ZnO nanoparticles obtained are about 8 nmin width, and about 100 nmin

| ength. The XRPD analysis result denonstrates that the crystalline

structure of the,ZuQudaanoparticles synthesized 25 in tE%ﬁ&ﬁ&@RﬁiStive

exanple is the sane as that of the ZnO nanoparticles obtained I n Exanple

1.1 above. Exaipl endiczti480 nenodi speksed; pacticl egveraprepareds n 30
accordance wth theafrocess as described in exanple 1.1 except that the

concentrat i o BP&H SoPEEE T 5ol ut PO RAE VT ¢d ™ rom 0. 005 W Wb t o 0. 04

Ww¥% Hexane. was chosen to re-dispersed the ZnO nanoparticles., The
particle sizepacticle and particle size distribution of the
particles in 5 : = T anal yzed by TEN and DLS. It is observed

that the primary partd cy eosj¥aEhghol hese sddpsl € (% (about 2 161 .Gf7e. The

Ssteepness ralg)0;i@f - tha,Rachi ghes 3.3gabost LndelrPatred naon THE,XRED anal ysis
result denonstrates that the crystalline structure of the ZnO nanoparticles

synt hesi zed i forRFsCexaipl &%t samu@E t Kat? of %t Ae ZnoPhanti®®rticl es
obt ai ned i n BExaapbesd. byaboveingdlOwExianplhe 1z3(0Ac), s0188idng @fddveOH was

cdded L9, ot OANE. SR C10,8 Bl LT3 FGeL B O B0 UL
10 was maintained at 62°C. White precipitate formed gradually
after the reaction. The reaction solution was aged at 62°C
for 45 minutes. The precipitate was centrifuged and
washed with methanol. The washed white precipitate could
be dispersed in water to form the 2Zn0 nano particles -
15 dispersion or dried to form dry powder of Zno
nanoparticles.
Fig. 5A and Fig. 5B are HRTEM image for exemplary‘ZnO
nanoparticles prepared herein. It can be seen from Fig. 5A
. and Fig. G5B that the =zinc oxide nanoparticles obtained
20 have a «rod shape. The rod-shaped Zn0 nanoparticles
obtained are about 8 nm in width, and about 100 nm in
length.
The XRPD analysis result demonstrates that the
crystalline structure of the ZnO nanoparticles synthesized
25 in this comparative example is the same as that of the ZnO

nanoparticles obtained in Example 1.1 above.

Example i.z
Zno monodispersed particles were prepared in
30 accordance with the process as described in example 1.1
except that the concentration of sodium oleate solution
was varied from 0.005 w/w% to 0.04 w/w%. Hexane was

chosen to re-dispersed the ZnO nanoparticles.
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15 was diluted with 83.7 g of MeOH foll owed by m xing with the Zn(0Ac) 2

sol ution under vigorous stirring. The reaction tenperature of the system
was naintained at 62C. 4 minutes after the NaOH solution was mixed with the
Zn(0Ac) 2 solution, 80 nmL of 0.05 nol/L sodium ol eate aqueous 20 sol ution
was added to the reaction solution. White precipitate forned al nost

i medi at el y afioeh addition of sodiumcleats. The r 0ReRgl,uti on was
aged at 62C for él(gmr:’lﬁxr?ut es. 40 nL of hexane was added ?gﬁ%(%e P&%éti on

solution. 25 The whkt eapteciidiate @ESSQil\ﬁecgh:A@@Uaadd'bgi:@{btlg g_heggan_erhand
was extracted 4. . hexane rm ng_a bl yish, solution upon, stirring. e
aqueous | ayer Ci\/:\L/ra%tstgrlem)\a/bgld %J]gl %e apas%r}é:'rﬂﬁfi oA ftkj?ﬁné]{l.s?%ﬁ%iﬁn APTEDF | PA was
added to the F@RareedorutTHh saddPaS f | Becul ehbepreatitpiatatee f orimdy The 30

precipitate wasreentsi tuged,andruashed, with i'\é!e%o%]@d ﬂcﬁfi\ﬁ The rgsulted
whi te precipi t%te was freely dispersed in various long chain al'kyl solvents
such as hexane "“fBPEsne 161 verfds Befizenes Hecamsetahd deane or ni xt ures

thereof, and coul dhtor rRE anspapens dispersi eomMidthabbgh sold d MO
2009/ 067088PCT, 32008/ 000442, L 02AI N L1 5.8 30 YA e ZNQ nangparticles

in this example is the same as that of the 2n0
nanoparticles obtained in Example 1.1 above.

10
Example 1.3

83.7 g of MeOH was added to Zn (OAc)z+2H0 (19.88 g)

in a beaker to form 0.85 mol/L zinc acetate solution.
12.72 g of conéentrated NaOH aqueous solution (49.8 wt%)

15 was diluted with 83.7 g of.MeOH followed by mixing with
the Zn(OAc), solution under vigorous stirring. The reaction
temperature of the system was maintained at 62°C. 4 minutes
after the NaCOH solution was mixed with the Zn (OAc) ,
solution, 80 mL of 0.05 mol/L sodium oleate agueous

20 solution was added to the reaction solution. White
precipitate formed almost immediately after the addition
of sodium oleate. The reaction solution was aged at 62°C
for 45 minutes.

40 mL of hexane was added to the reaction solution.

25 The white precipitate dissolved upon addition of hexane
and was extracted into hexane forming a bluish solution
upon stirring. The aqueous layer was removed using a
sepaiation funnel. BAbout 40 mL of IPA was added to the
hexane solution and a flocculent preéipitate formed. The

30 precipitate was centrifuged and washed with MeOH and IPA.
The resulted white precipitate was freely dispersed in
various long chain alkyl solvents such as hexane, heptane,
toluene, benzene, decane and octane or mixtures thereof,

and could form transparent dispersion with high solid
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were subjected to various characterization analyses as shown bel ow

The particle size, particle shape and particle size 5 distribution of
particles in hexane solution were anal yzed by TEM and DES. Fig. GA
and Fig. GB are HRTEMinmages for exenplary ZnO nanoparticles obtained. It
can be seen fromFig. 6A and Fig. 68 that the zinc oxide nanoparticles

obt ai ned 10 hebedmadse substantially nmonodi spersed. ThgeRhdok/df, MOr phol ogy
was found to be near-spherical or prisnmy. The primary particle size is
about 9 nm TRe2die farrge 3% F4Bm. 6 t?tbwl&nnmnaﬁb@arﬂdﬂ)ésofobdbsp&ﬂ si on

{ odyc hj . screte specks
ggggfed;?rk; hgeg&g;tssg%n%%nggaﬁﬁrgﬁi) Er?:a % ?%%’alr 3 S\?esd Wth little
or no overl apf F ®en the darker shades, indicati ng that there is

little or no aggregati parﬂicl&&ma;tp&ﬂ@%lfNIQﬁgpé/egnd 'ﬁar‘tﬁchs%é’eﬁ‘d t hat
the zinc oxidg;nan icles are roximately the same siz

i si ndicati éeo a na?)‘rag\%\él zedi’s rtlﬁg%) #‘eﬁ%rheo PR s Pie @Rt VA t he
monodi sper si oY FiMgang Hepicts the results obtained fromthe DLS

i i | es
characterization. FromFigafy bigcaly Re.ohseryed that the ZnO nanopartic
obtai ned herejn havegan average 25 secondary %ar?agcﬁ e 'Si z§x8Ppg%r38 nm and a
si ze range of “hot WEER2I6hRT ShdoBAIRRIThEL sedephesssemt Foor( d90/.d 14 of

theparticles M 1r69. dhetRatr leepezakc %Q%Jﬂa [ H?ﬁmﬁcg%ﬁgk&??%@gd and
suggests that 2nD_nangparticles are close to bei

hagg a na&@owh%)gﬁ i cf&"si zggﬁba%%’t?” bd‘ﬁné’ﬂls?ersed ThghXRPWaW%l s result
denonstrat es Thatothey cryst abbidiecstreuckur espfetibel 760 papapar i es

obt ai ned her ejph -8t hesame, as 1 hat, Socc%gégg énD nangparticl ersanogt()at a,llsned in
Exanple 1.1 a%ove WO 20097 067088P 08/ 08b44

to 18 nm. The index of dispersion degree for the

particles produced in this example is 5.4. Discrete specks

15 of darker shades (Zno nanoparticles) can be clearly

observed with little or no overlapping between the darker

shades, indicating that there is little or no aggregation

of the particles. Moreover, it is observed that the zinc

oxide nanoparticles are approximately the same size, which

20 is indicative of a narrow size distribution of

nanoparticles present in the monodispersion.

Fig. 7 depicts the results obtained from the DLS

characterization. From Fig 7, it can be observed that the

ZnO nanoparticles obtained herein have an average

25 secondary particle size of 48.8 nm and a size range of

between 26nm and 87nm. The steepness ratio (dy/dy) of the

particles is 1.69. The narrow peak width in the .DLS graph
also suggests that the 2n0 nanoparticles are close to
being monodispersed and have a narrow particle size

30 distribution.
The XRPD analysis result demonstrates that the
crystalline structure Qf the 2Zn0 nanoparticles obtained
herein is the same as that of the 2zn0 nanoparticles

obtained in Example 1.1 above.
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Example 1.4 The reactor used in this exanple is the nol ecul ar

m xi ng unit which was described in detail in International 5 Patent

Appl i cation nunber POT/ 5002/ 00061. Zn(0Ac) 2. 28120 was di ssolved in

leOH to form2 L Zn(0Ac)2 solution with- a concentration of 0.84 nol.L-1

Water was slowy added to the solution to aid in the conplete dissolution

of zinc acetagg g0l ution was 10 stored in a netal , 13,(%20&8%“5 ,and heat ed

up to about 61 C. 2.0 L NaCH solution at a concentration of about 1.4
nol . L-1 was prepared by dissolving hydrous NaOH i n net hanol and then stored

in a tank and heat ed Jup to about 61 C. The above zinc acetate solution and

NaCH sol uti on® i mul taneously punped at a fixed flow rate of

35L. hrl1 respect i Bl yréartogotusesiol ut | oimss | etontllee reacheomozeneladf the

mol ecul ar rﬂ%% gglutnt The & e%@f@twﬁbgé tme@l@whaﬁne’g%egomt was

hel d at about during the mxin reacting step. A precipitate
havi ng an PvoF§t2% RAPHE-TOHURUTG GT/aFi%épo?ﬁJrredl ately and was suspended
as a slurry. zn (DR@) hizghe grvai t yideiekqofit hepacked hedmwas at a fixed

| evel of 1579 urry s pensr on fl owed toth rodu t -tank for 25
post agi ng pr@gg%usc ZTﬁglFléh‘brer 4ttt 2 o PRE T 0d a8t (tft § was™ IT];.I ht'ai ned at
about 62 C. 4watswtess antlodly secdsrdstaf tee tshéutsuspensr @ndaqed tre t he

oroduct on 1 apl,. 0,05 bt u50d{ ol eal egsol Wi onsugs saddad,d o, ihe

production tan Rinder Vi gorous stirrin urry was further aged 30 for
26 m nut ed? Stor%entam%ﬂshe&atﬁé‘km@ é@ééédt‘ept“r?e 2BPyk r8t aRd stirred.

The white precipitabe wagodi ssolved anrd qt rc@ﬂat-@tf&d.oho othenbexanes The

aqueous | ayer was di scarded. Equal vol unme of 0 al coh s added to
t he hexane V\E’%ﬁﬂg/“@@?fﬁ@?’@? %66@%@622?%@?‘&5 ﬁﬁot g#‘ﬁi‘ te the

ZnO nanoparti gh@schERestored in a tank and heated up to about 61°C
The above zinc acetate solution and NaOH solution
15 were simultaneously pumped at a fixed flow rate of 35Lehr™
respectively for both solutions into the reaction zone of
the molecular mixing wunit. The  temperature of the
molecular mixing unit was held at about 62 °C during the
mixing and reacting step. A precipitate having an ivory-
20 white colour formed almost immediately and was suspended
as a slurry.
The high-gravity level of the packed bed was at a
fixed level of 1579 mes™2,
The slurry suspension flowed to the product tank for
25 post aging process. The temperature of the product tank
was maintained at‘about 62 °C., 4 minutes and 30 seconds
after the suspension aged in the production tank, 0.05
moleL™! sodium oleate solution was added to the production
tank under vigorous stirring. The slurry was further aged
30 for 26 minutes.
About 600 mI hexane was added to the slurry and
stirred. The white precipitate was dissoclved and
transferred to the hexane. The aguecus layer was discarded.

Equal volume of isopropyl alcohol was added to the hexane
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solution was left in a fridge overnight for the nanoparticles to
precipitate. The precipitate was centrifuged and washed twce with 5 MeOH
and i sopropyl alcohol to renpve the inpurities. The final white powder
could be freely re-dispersed in various |long chain al kyl solvents such as
hexane, heptane, toluene, benzene, decane and octane or m xtures thereof,

and coul d for%%o@)@émr ent di spersion with high solid |oadi 10 >20
wv% . The ZnO nanoparticl es obtai ned were subjected t!é varzﬁ)g/&@m

characterizatiQntapal yses gseshowa:bel oW zno nam‘éaB@-][éle%' € size,
particle shape and gartl cle size distribution of particles in hexane

sol uti on wer €AN&r§2ed"dy TEMand DLS 15Fi9ge 8 Rvaﬁ‘alqiitg 53 artéeHRTEM
i mges for emnplpa@uﬁn@ naneparivt cbes. obtained. It can be seen fromFig.

8A and Fig 83 th xi de_nan partlc bta d_herein are
substantially rmralftcl;l i g%ﬁz@g . he” par %r rpﬁpﬂoé’ﬁﬁ ﬁg HSTind' 8 be
near - spherfi cafeCr Fpei gm‘lprqmé ZOCthhatcy mmﬁartthleclmpsr:iztaass abeut 8 ne.

The size rangerss (1o 5h@clbedyy Fhesindex of 4di i ree for the
particles pr oduged in t%los zxanpl eis 15%)(6 sgréé%%g%% ¢ s%o ar ker

shades (ZnO nah8paPtttIesy  cam tEtel é‘a?fr VP Sobssrved prttﬁnh ttdleene, no
over | appi ng txem\aeea, theadar kes 25cshadesnikndigatinBgethatadherg s little

or no aggregation, ? %he n%nggartl cies. re e;sg&éd |[ls observed that the
S

aren
zi nc oxi de nanopar S AT e “AppT S hutl'S 9 hkhi Gh S s

i ndi cati Vi@ of>38 martow silze zahosmanmantameﬁ sianopant vetessyyesent in the
monodi sper s ltgnvaggfdsgcggrgi@grsggti&e Legylls qbtalned from DLS

characterization can be obser ved *H&"Zno nanoparti cl es
obt ai ned herei n haVe @r@réw@f%g@-@ec@ﬁdm@quoa’ntaml engi pertofc149.s2zam and have

a size range &Etb%ﬂﬁ%ﬂ 20 pmtie149nm e nst gonNass Letd Oan(alg%%dlo) of 44
the particl e% 67. Narrow peak width in the D.L.S. graph also suggests

that the zZnO a%%aéﬁdi CFés are close to bei ng nonodi spersed and have a
narrow parsticl e simzg. dlsat EhBuFion. s The: XRRBvanakysd srdesdildnpdeppnstrat es
that the crystalli ne Clﬂggu of the ZnO nanopartl cles obtained in this

Do Pg%‘:ﬁ" bePno farGBarti GI°68 GbPRi ned i A% Exanpl e

exanpl e is the sane “Ya
1.1 above. and Fig. 8B that the zinc oxide nanopartlcles obtained

herein are substantially monodispersed. The particle
morphology was found té be near-spherical or prismy. The

20 primary nanoparticle size is about 8 nm. The size range is
from 5 to 15 nm. The index of dispersion degree for the
particles produced in this example 1is 6.15.‘ Discrete
specks of darker shades (ZnO nanoparticles) can be clearly
observed with little or no overlapping between the darker

25 shades, indicating that there is little or no aggregation
of the nanoparticles. Moreover, it is observed that the
zinc oxide nanoparticles are approximately the same size,
which 1is indicative of a narrow size distribution of
nanoparticles present in the monodispersion.

30 Fig. 9 depicts the results obtained from DLS
characterization. From Fig 9, it can be observed that the
Zn0O nanoparticles obtained herein have an average

secondary particle size of 49.2 nm and have a size range

of between 30 nm to 79nm. The steepness ratio (dy/d,) of
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10 Exanple 1.5 111.45 g of MeOH was added to Zn(OAc)2.2H20 in a 3-
necked REF to form 0.595 noll.-1 Zn(0Ac)2 nethanolic solution (1.134 L).
18.43 g of NON was dissolved in MeOH to form 1.134 L NON solution with a
concentration of 1.01 15 nol.L-1. The NON solution was m xed wth the
Zn(Ckc) 2 met hanolic solution under vigorous stirring in RPF. The reaction

t enper at ure ofobhgos¥st €m was mai ntai ned at 62C. 30 S?F&%Q:googr heL the EON
solution was m xed with the Zn(0Ac)2 net hanolic sol ution, O. nol . L-1

sodi um ol eat een20 pagteaus sel ut bon L448pLdk wasitaddedc Lo dihe J.eqetion
solution. White preci Qi éat% forr{g‘d .alnost imediately after the addition
of sodi um ol 64t8. SPHEFeactoh sOfuti®on YHSPAGEHCHS 62€° f 61°99 APnutes. 300
nmL of hexane bgasgaddedhdticpthesd eactli omesol ut i aarr@b Haetwhid e sar-eci pitate
di ssol ved upqp caddi tiop of hexane and was extracted into hexane formng a
bl ui sh sol ution upon stirring. The aqueous |ayer was renoved using a

separ ati or? f unneffe AbSBED 302 HLY6E S| PASTS adiegnsbrates hedane sokuti on and

a floccul ent qreekpiiat erbesned oEhend0z4y ehbbi Al 1Was ceNtlif uged and
washed with QH and IlPA., The resulted white precipitate was freely

di spersed in Vari 568" Sng °chaF n>#%A° $8PVent sHsuct Cag2Reneiie. S 1iépt ane,

t ol uene, benzéneindebdaf Eeampid Octasmeowar. m xtures thereof, and could form
transparent dispersion with high solid

10 Example 1.5
111.45 g of MeOH was added to 2Zn(OAc),-2H,0 in a 3-

necked RBF to form 0.595 moleL™l 2n(OAc), methanolic
solution (1.134 L). 18.43 g of KOH was dissolved in MeOH
to form 1.134 L KOH solution with a concentration of 1.01
15 moleL™l. The XOH solution was mixed with the 2n(OAc),
methanolic solution under vigorous stirring in RPF. The
reaction temperature of the system was maintained at 62°C.
30 seconds after the KOH socolution was mixed with the
Zn(OAc), methanolic solution, 0.05 mol+L™! sodium oleate
20 aqueous solution (0.448 L) was added to the reaction
solution. White preéipitate formed .almost immediately
after the addition of sodium oleate. The reaction solution

was aged at 62°C for 10 minutes.
300 mL of hexane was added to the reaction solution.
25 The white precipitate dissolved upon addition of hexane
and was extracted into hexane forming a bluish solution
upon stirring. The agueous layer was removed using a
separation funnel. About 30 mL of IPA was added to the
hexane solution and a flocculent precipitate formed. The
30 precipitate was centrifuged and washed with MeOH and IPA.
The resulted white precipitate was freely dispersed in
various long chain alkyl solvents such as hexane, heptane,
toluene, benzene, decane and octane or mixtures thereof,

and could form transparent dispersion with high solid
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WO 2009/ 067088PCTI SG2008/ 000442 | oading (i.e. ?_30 wv% . Tol uene was
chosen to re-di sperse the ZnO nanoparticles. The 1 n0 nancparticl es obtained
were subjected to various characterization anal yses as shown bel ow. 5The
particle size, particle shape and particle size distribution of the ZnO
nanoparticles in the toluene suspension were anal yzed by TEN and DLS.

Fig. 10A and §h9nedBhksare HRTEM i mages for exenplary Z g rLicles
obtai ned herein. It cgn be seen from 10 Fig. 10A and F?ég}./&?@%g@?%t the zinc

oxi de nanopar tb£lies btai ned anessubshantially cﬁﬁBQQQiﬁgg%%%?s Ihe particle
mor phol ogy was found to be near-spherical or prisny. The pri n%ry
nanoparticle SiZe’PS &BBURE IMAESThe Bize?TAnge o Hight® ©btadrsim The

i ndex of di spessi onutegree fior vheidb paidsiaekes:produceshdnsthi s;exanple is
3.98. Discretg QQ{;\e ks of darker shades (ZnO nanoparticles) can be clearly
observed with ]fl € 0r no overl appi ng between the darker shades,

i ndi cating®that thé&ke pariiclel eiee, nermgglegatdmn ofd thhethanoparid cl es.

Moreover, it issiQhserved bhatithe ;20 zine 9xide nanoparticles are

approximately of the sane size, which is indicative of a narrow size
di stribution DfSHTERGPArS i 882 braaskht TH! #hé Mphodi spersion. Fig. 11

depi cts the resul t sigbtiarnedaf rom tihe BLS iphamachesd ZzatdOBxefpomyig 11, it

can be observed that th nano ave an average secondary

rg% it the. 2p an% Eart icles

particle size of 3T.B%m and a“SrZ&Fanjécol batwedh FBnnite 607 The

st eepnessit at¥iw.( (X0kd0 )Figf (98 rnanopahticles osick &anopaNar¢mw peak

width in the DL.S:qaph.al Sousuggasts: | hat Lhe, ZnO.ganopartigles are cl ose
r arstributi on.

to bei ng nmonodi spersed and 30 have a harrow particle size
The XRPD anal§fSiPEore8ul Yadetfitist it és trkat-tHerérgst ak| bnéswstr ubteur e of t he

ZnO nanopar t i gdiesrobiaidiedti b1 s exanpbad 8 the same;as that. of; the ZnO
nanOpart|C|eSf§§¥E% Q%g1unrE%aq%gei%a%xaggvgﬁspersion degree for the
15 particles prbduced’ in this example 4is 3.98. Discrete
specks of darker shades (ZnO nanoparticles) can be clearly
observed with little or no overlapping between the darker
shades, indicating that there is little or no aggregation
of the nanoparticles. Moreover, it is observed that the
20 zinc oxide nanoparticles are approximately of the same
size, which is indicative of a narrow size distribution of
nanoparticles present in the monodispersion.
Fig. 11 depicts the results obtained from the DLS
characterization. From Fig 11, it can be observed that the
25 ZnO nanoparticles have an average secondary particle size
of 31.8 nm and a size range of between 20nm to 60nm. The

steepness ratio ( dy/d, ) of the nanoparticles is 1.8.

Narrow peak width in the DLS graph also suggesté that the
Zn0 nancparticles are close to being monodispersed and

30 have a narrow particle size distribution.
The XRPD analysis result demonstrates that the
crystalline structure of the ZnO nanoparticles obtained in
this example is the same as that of the ZnO nanoparticles

obtained in Example 1.1 above.
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Exanple 1.6 ZnO nonodi spersed nanoparticles were prepared in
accordance with the process as described in exanple 1.3 5 except that in

t he washi ng step, about 10 rnL acetone was added to the hexane sol ution and
the precipitate was di scarded. Then, another 30 rat acetone was added to

t he supernatant and flocculent precipitate forned again. The resultant

whi te preci piw@b@owass washed twice with MeOH 10 and |#@Ascidgooddad
nanoparticles obtained were freely dispersed in tol uene. Fig. 12A and
Fig. 125 are HRTEM i nages for exenplary ZnO nanoparticl es obtai ned herein.

It can be seep. fromFig. 12A and Fig. 123 that the primary particle size of
15 the ZnO na‘rTO‘p‘gT‘t‘iTTeS is about 7 to about 12 nm which indicates that

the zinc oxi de nafBpartireésrebiat neaneretéabst amaza | prapuodl sper sed and

have a Un!for@b§b£&hnce witﬁighe1§rgéggéné%td@%c&@§&ét§nogiéﬁﬁ%d]i@onlDLS
char act erization. Th seconggry average particle size and 20 particle size

di stribution SFCthRe ZHO Mandpar VFEHes PReR heéidirodi’s Per &FdiPierésanal yzed
by DLS. From Edged 13p tie residrte showsibthatntherEnG nediepaets clas have an

aver age secon ri Si f .27.5 nmand a size r e . of between 20nm
to 40nm The g?é%%lﬁ%gg ?ggflb gg(@@b&& §r%:§§ ffﬁg@ﬁ Vé?st%%q néonét%Sparti cles
i s about 1.73supsrnatanfh@nXRpPboegidiepsi sre@sultetdefonstd atws nt hdhet he

crystal line steyeide ofnitthe ZnO:panopartdsclasrebt ained incLhigcgxanple is
t he sane as that of the_ ZnO nanoparticles obtained in Exanple 1.1 above. 30

Exanpl e £%7 ZR® nofodi Sper L84 pattIeeresweepPpat el n VAR orid&sé8 with t he

process as des¢cspdrecd hnexanpine.1. 1 except that the concentration of zinc
acetate sol ution 6@%. 12A and Fig. 12B are HRTEM images for exemplary
Zn0 nanoparticles obtained herein. It can be seen from
Fig. 12A and Fig. 12B that the primary particle size of
15 the 7Zn0 nanoparticles is about 7 to about 12 nm, which
indicates that the zinc oxide nanoparticles obtained are
“substantially monodispersed and have a uniform size.
Fig. 13 depicts the «results obtained from DLS
characterization. The secondary average particle size and
20 particle size distribution of the 2Zn0 nanoparticles in
the monodispersion were analyzed by DLS. From Fig. 13,
the result shows that the 2Zn0 nanoparticles have an
average secondary particle size of 27.5 nm and a size
range of between 20nm to 40nm. The steepness ratio

25 (dy/dy, =352/20.3) of the ZnO nanoparticles is about 1.73.

The XRPD analysis vresult demonstrates that the
crystalline structure of the 2Zn0O nanoparticles obtained in
this example is the same as that of the 2Zn0 nanoparticles
cbtained in Example 1.1 above.

30
Example 1.7

Zno monodispersed particles were prepared in

accordance with the process as described in example 1.1

except that the concentration of zinc acetate solution
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was varied fromO0.5 nol/L to 1 nol/L. The ratio of [Zn2]/[05-] is fixed as
that in exanple 1.1. Hexane was chosen to re-dispersed the ZnO
nanoparticles. The particle size, particle shape and particle size 5

di stribution of the nanoparticles in the nonodi spersion were anal yzed by
TEN and DLS. It is observed that the primary particle size of the ZnO

nanoparticl esyh ot 6 to 15 nm The steepness rati 6@Qfschdifooh?E
nanoparticies 1s about 1.4 to 2.0. 10The XRPD anal ysis result denonstrates

that the crystwalsl i feiskr uetanr eo of tbe/IZn€@ nanopar ti.cl ese ohtaioedsin this

exanple is the s -that of the_ ZpnO.nanoparticle bt ai ned i n _Exanpl e
1.1 above. 15 @gﬁgl[gﬁf. g° f(r%ée%m%%d?%apterlsne Xﬁéﬂrpgfcliégm?%}barné%pawragdi n
accordance wi tdroshe pr oeesssasrsgesthe He@ naneenpléed:. 1 except that the

mole ratio of [ZnZL/ [Qld:d:d sivari ed {1 Qrl ko 2046 pobexane was chosen to
re-di spersed the ZnO 20nanoparticl es. . . The particle size, particle
shape and par t4* &8 Hend |t riBut 1 8RPBF St HESZAO nFifo Pt e PRI F477 he

nonodi sper si orvewer enanakyz edy byed EAha@no L Sit | s i shobsesvethatthathet he

primary particle_size oftitctfese. Zn(gf2§}qgné) articles .li)&fasgout 5 10,20 nm The

st eepness rat i 8F ¥ i Nafoparticl®es 1's abodf 17" ¢ LS THEMRBD anal ysi s

result denonsttcatlésnthdathst seeepness ratio of the Zn0O nanoparticles is
about 1.4 to 2.0. ;

10 The XRPD analysis result demonstrates that the

crystalline structure of the Zn0O nanoparticles obtained in

this example is the same as that of the 2n0 nanoparticles

obtained in Example 1.1 above.

15 Example 1.8
. Zn0 monodispeised particles were prepared in

accordance with the process as described in example 1.1

except that the mole ratio of [2Zn®']/[CH] is varied from

0.5 to 0.6. Hexane was chosen to re-dispersed the ZnO
20 nanoparticles.

The particle size, particle shape and particle size
distribution of the Zno nanoparticles in the
monodispersion were analyzed by TEM and DLS. It is
observed that the primary particle sizeA of these ZnoO

25 nanoparticles is about 5 to 20 nm. The steepness ratio of
the nanoparticles is about 1.4 to 2.0.

The XRPD analysis result demonstrates that the
crystalline structure of the Zn0 nanoparticles obtained in

this example is the same as that of the ZnO nanoparticles

30 obtained in Example 1.1 above.

Example 1.9
9.4 g Zn(OAc)z'2H;0 was added to 1012 ml of Methanol

(MeOH) - in a 3-necked round bottom flask (RBF) to form a
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crystalline structure of the ZnO nanoparticles obtained in this
exanple is the sane as that of the ZnO nanoparticles 30 obtained in Exanple
1.1 above. Exanple 1.9 99.4 g Zn(0Ac)2' 2H20 was added to 1012 m of
Met hanol (MeOH)' in a 3-necked round bottomflask (RBF) to forma WO
2009/ 067088PCT/ SG2008/ 000442 Zn(0Ac) 2 solution. 43.2 g of KOH was di ssol ved

with 1012 m gf MeRdhskol | owed by m xing with the Zn(0Ag)ZsSRkMoiQN under
vigorous stirring. The reaction tenperature of the system was mai nt al ned at

62C. 30 Seconds (afd)grséhe :KeH 533|"Utg| en f@mgsn&z@s@l%ahwtﬁe 1476

sol ution, H5 7 | ox trlnethoxy si | ane) ssolved in
506 m et hangf|Svl 5%51:’9 dg ‘é ]é%o/?g %&PI 225%%}{0@3%1‘1?@ t he

m xi ng of Zn(@ﬁ@c)123@0Ismummgand’hteheeh(ﬂ-icsoluﬁnp@ﬁatuilxiOdfi the E20cy@s added
to the reactiQnssplution.y The 61%!@ creagtion solutio ’fot e%ﬁgé?i‘%ﬁr Lor 30

m nut es: The reaction solution was coole DI
H20 was addedve®d praedpivtiabe thye ZnOApart isolle*slonThe:LZn@ pam&ﬂccl es- were | eft

Lo et @ andubhe SyBeraalant psndaeant el The aall od 200 Layen, vas

centrifuged at 3000r pm 15 r 5 mnutes. ucts Whi ¢ ionic in
nature, renai Hed 4Lt H@Saqiijéjﬁﬁs YPediifm lﬁﬁ%éoanéO\J\B?@@ep%lr sztledtefsr om 2nD

particles sucb]fftélﬁtthbhxels&.eﬁgubtam ofRQ, pAnLk ebessrAr ensulst antjally free of

by- products. %6) r'q anol Wg% sdded o re-di sger se the zZnO cake. The
redi spersed znO 20 d| sp r23| SR waSPari 8 (GdryitessCunder R pressure. The

resul ted ZHO powsternwas! firieel yadisper sedsi’n f/caaflzmu&lmotle'ﬁ sol vent such as
et han0| ! et hyl ac%@t ?Pé(ﬁ;l%%) BO!L@EJQX‘J' ng hé{éoll%%t é%m em% Iria xtures
0

ther eof, and could formtransparent dispersion Wt “{%adi ng
(i.e. about 2B FBOWr§9)2dcrRethi prRasPiEakR riter @mponaaa@rnl@\sedmaszrabout 70

w V% The ZI’lQ)&hﬁﬂ@ﬂ@Et iwek-es l%li‘i:mﬂbedse\!‘@d’l% sah] ected sEBei’z?Jﬂa%ﬂs Was
characteri zatl on 2nD nanoparticl es obtal ned were -

he
charact eri zed F ™ S?at f}b% 5 R Zr“ cryEeal "ay Gt bt 89sds g3 P hereR Ray 30
Powder Di¥¥ratti dn n(iXRPB). THee bXRPBitr@syl tihiish t e samecasnt hatuf the 2nD

nanOpart'C'esréH% %EQein@hEX%gBéghé'%é J%%V%mase and were separated

from ZnO part;cles such that the resultant 2zZn0 particles

are substantially free of by-products. 100 ml of ethanol

was added to re-disperse the ZnO cake. The redispersed 7Zn0O

20 dispersion was dried to dryness under low pressure. The

resulted ZnO powder was freely dispersed in various polar

solvent such as ethanol, ethyl acetate (EtAc), methyl

ethyl ketone (MEK) or mixtures thereof, and could form

transparent dispersion with high solid loading (i.e. about

25 30 w/v%). The highest concentration achieved was about 70

w/v%. The ZnO nanoparticles obtained were subjected to
various characterization analyses.

The ZnO nanoparticles obtained were characterized in

relation to their crystal structures using the X-Ray

30 Powder Diffraction (XRPD). The XRPD result is the same as

that of the Zn0 nanoparticles obtained in Example 1.1

above.
The mean particle size and particle size distribution

of the 7Zn0 nanoparticles were investigated using dynamic
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The nean particle size and particle size distribution of the zZnO
nanoparticles were investigated using dynamic WO

2009/ 067b88PCT/ SG20081090442 |ight scattering (DLS) -article size analyzer
1, 18-500 characterization, It is observed that ZnO nanoparticles di spersed
in ethanol with an average secondary particle size of 15 nm and size range

of between 10wpM@Rdsk0 NM S were 'obtained. The steeppesg.h@hdof,( d90/ 4 )
of the particles is 1.7. The index of dispersion degree’iszf%@%zThe ZnO

nanoparti cl es1diisperssed: & MEK (vh $h 3 ayerage ;secondary, par %h%ﬁﬁo size of
32 nm and si zg, range of between 20 nm and 43 nm were obt ai ned. e

st eepness rat F 6 of° the*310 Par titcl s PRSEVES ThE i fdéx wicgrspersion degr ee
is 4.0. The ZaGurawmeparti cltésndl spetisedni avEiAe Wddbnanraveragesacondary
particle size,of. 31 nm apd si;ze,range of en 23 nm and 40 nm were

obt ai ned. The steepness rati 5 g#?hgarfo r tﬁt%ﬁrb\égwie%n lyggr.‘m THE i 4feR® of

di spersi on® degiee Pst31E. 1B5he Therepphamy y rpatdi ¢l al,sidaze yandspartd cl e shape
of the ZnO n rticles Pb} akrgltggi{vl\ﬁre char.acterjzed usi ng TEM and HRTEM

The TEM and i rages 1 ndi Gt ThéZPRES i deohancharti &l es

obt ai ned in tHe pt@rnsoinent slaboves@e«20 isubstantital |ah npnoe gper sed.
The particle garphol Mas1 found t antially spherical. The
primary particle si z%q?/as about 5 nm%' ?ﬁeﬂé’%’tg rsyéﬁ%er%/nsqef? w3 (™0 nm
Di screte specks 8 28ar ker & sdes b zatratandpar st edmspsi satieart yeiebser ved

with little osamacoveriapping betweesxt be 25 darker sbades,;d ndicating that
ation of the particles. Mreover, It is

there is little ar no aggre . .
observed t hat™the ¥ nncan%%ﬁglﬁfﬁoﬁj&rsf’?ﬁf Ht EHprivkiiratiel §Vetrgesame si ze,
whi ch is indizaniderpfpartnate oM z® 2€ 31 nm and size range of between
distributianﬁﬁQQPQﬁatL@'§§R&§%EB££§§AQ%_BQhQDQﬁggﬁgggskggko of the
particles is 1.69. The index of dispersion degreé is 3.87.
15 - The primary particle size and particle shape of the
 7n0 nanoparticles obtained were characterized using TEM
and HRTEM.
The TEM and HRTEM images indicate that the zinc oxide
nanoparticles obtained in the polar solvents above are
20  substantially monodispersed. The particle morphology was
found to be substantially spherical. The primary particle
size 1s about 5 nm. The size range 1is from 3 to 10 nm.
Discrete specks of darker shades (Zn0O nanoparticles) is
clearly observed with little or no overlapping between'the
25 darker shades, indicating that there is 1little or no
aggregation of the particles. Moreover, it is observed
that the =zinc oxide nanoparticles are approximately the
same size, which 1s indicative of a narrow size
distribution of nancparticles present in the

30 monodispersion.
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WO 20091067088PCTI SG20081000442 Exanple 1.10 20. 95g of Met hanol
(MeOH) was added to Zn(O0Ac) 2. 2H20 (4.97 g) in a 3-necked round bottom fl ask
(PBS). Sone water was slowly added to the solution until conplete 5

di ssolution of zinc acetate. 3.18 g of concentrated NaOH aqueous sol ution
(49 W% was diluted with 20.95 g of MeOH followed by mxing with the

Zn(0Ac) 2 sol UiybsomIgker Vvigorous stirring. The reacti o @ANSHALMr € Of the
system was mai ntained at 62C. 2 mnutes after the NaOR solution 10 was

m xed with thg=ZmfBAd)20sol ution, 0.45 g KH570 dissolved in 23 mM MeOH was
added to the reactjpnssgl UE'L@&rﬂaﬁoﬁT‘ WL &S %geﬁg&@& J\%‘% 8L LN, was m xed
5 wat ded to t

wth the Zn(OAP) 2 sol ution, er was a e m xed sofution. The
reaction sol utifof’ was d@ed® ab BZCGForrodsd 150/t At &sask (RBETheSpdact i on

sol ution was Geeledute rQemyenpacat wpe.cnbl 420 was added tQprecspitate
the zZnO pa;%tiNél es.%\j}he Zn(l;) particles wer # ft to settle and the
T

| ) h
super nat an S S HeCHNCBd O THE S et EF°Znd t y@r ChaS et AFageti28 3000r pm
20 for 5 m nutessouEheobypi@duddsytiwhivcly dtkutiaghiwdthnzMatsurgepfrgamdn i n the

aqueous nedi ug, ph and were sepatat ed,from part j such .that the
resul tant zZnO parcgv;%c es?are su stan?klgaldfl f.fre %)zby%%ﬂotgugts}mge% of
et hanol was addera's réldrsper seet FeaZn@re dikereThieiee difs féesedsZero 25

di spersi on wagadriechd-andaynessxunder ol QWRr assut exndheduesuhtedo,ZnO powder
was freel godl spersed in ethanol, form nq a transparent dispersion with high
|

solid | oad’ng”E?. é%50out’* 50 Whryy 22 1He  Ri gieLtteBncentat fonkHehi eved was
about 70 w v%iiddelvAaO nanapar trilcl esorobtvak netbidser et30 i) eekedid® vari ous

characteri zat isgﬂlﬂ%%l.yﬁeﬁinutes afIQP t%%%?@l?o&o%rutttiigk ev%aso.?r{[i%ie edi re

characterized In refation to their crystal structures using hé - Ray
Powder Diffra&h¢ ofi (RRPD) soTHE OXRPD meésudted siasheedapetasthehatzet the Zn

nanoparticl essgbt@ijaed 13 Exampl & ladi@hoyeyas ageq THE BBEN partigle size
and particle size distribution of the ZnO nanoparticles were investigated
usi ng dynani c™5"1i%ht scattering (DLS) particle size anal yzer LB-500

characterization. mht rsaobsereduthal wédBC-aanepant rebestaipsparsed. in
cchanol wth B RECLEIREEPIISLY RLCLEL 87, 2R,0T, o A and 3l ggy L anas o
t he particles were left to settle and the supernatant was
decanted. The settled Zn0O layer was centrifuged at 3000rpm
20 for 5 minutes. The byproducts, which are ionic in nature,
remailn in the agueous medium phase and were separated from
znO particles such that the resultant Zn0O particles are
substantially free of by-products. 5 ml of ethanol was
added to re-disperse the 2Zn0 cake. The redispersed 72ZnO
25 dispersion was dried to dryness under low pressure. The
resulted ZnO powder was freely dispefsed in ethanol,
" forming a transparent dispersion with high solid loading
(i.e. about 30 w/v%). The highest concentration achieved
was about 70 w/v%. The Zn0O nanoparticles obtained were
30 subjected to various characterization analyses.
The ZnO nanoparticles obtained were characterized in
relation to their crystal structures using the X-Ray

Powder Diffraction (XRPD). The XRPD result is the same as
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10 particles is 1.7. The primary particle size and particle shape of
the ZnO nanoparticl es obtai ned were characterized using TEN and HRTEM The
TEN and HRTEM i mages indicate that the zinc oxide nanoparticles obtained in
t he pol ar sol vents above 15 are substantially nonodi spersed. The particle
nor phol ogy was found to be substantially spherical. The primary particle
size is about w3 pi),-ife size range is from4 to 12 nm ,The. index of
di spersion degree for the particles produced in this exaniﬁe 'S 0.
Di screte specksiaof «<arkes 280shadesafdnO-pangpartiél es) d:Snglearnly observed
with little O, nQ_overlapping between the darker shades, indicating that
there is little or no aggregation of the particles. Mreover, it is
observed that the Zhhcragxi derhdniepanté cdres ratreiapproxiemat et yidheogane si ze,
which is indicativg 700 @225.0a0/.9WsSi di stribution of. nanpparticles
present in thaéngnodi Sper si on. Egg?rplhélei.!l’?%t galce?lou‘g”gf *fas added
to Zn(0Ac) Z. 226" E4. FF TGP L8 f ofihS2i neaddetat esset utdrenyzo: 1683500 KOH was
added to 40 nichefadizGHztoibor nra KOHsekubdOnendhe KOH soL0ti,9n was 5 then
[ h

m xed with the, C) 2, solution under vigorous stirring to formthe
reaction sol ufdl%giépé%h% Jfnea(e:‘?kll‘—ionr?qt ewﬁ% r aCur® Shase mitAtaiared kartéode. 0.4 g
mal t ose was diS$g6l 9&dlf nny, 9ndr sicfe diesté | bedbawatean, 1andmsubsegquentk! y
diluted with 20,01 smthapgl. 45 seconds after the K 0 sol ution was m xed
with the zn(0Ac)2 sol uplﬂogj tq’ﬁ{’ee rrg%edgsngsgolﬁiﬁlc?n \fvag:éédeb t% t RBSreacti on
sol uti on. 1The presidlidasngssbluti on was aged at 60 00 for 45 m nutes.

The ZnO particles §,qr rein were i.solated via centrifugation, and the
super nat ant was di sca%&%gghggfnﬁ T5 °¢&ht FI'F bRt caké waePhashed™ i th 150
m of MeOH. TRECnakiesz: dapped 2ndipat t velescweratsepasat edivg aTem

centri fugati ognangrshbseguentl . nedhSREr; i ”‘r?z% ter. 0.5 g KH792

(N- (p- Ami noet h%l&-y- ani no- propyl tri met hé"%??g%i&‘ | ane C%le\gg%? vedS ﬁl%ﬁ) m MeOH
was added to PHE“ZnTWEPerL26F i Syertsrdniandhe heohixt srlerehte nedoed oudy

i medi at ely. The elbschrsaluyi eBnshowedsaqt i fte 0&&1@&%&%@&%@? af ter
heating at 60,00 for 15 mnutes. ._The above m xture was then dried
under | ow pressure.’ The Festft ed™FoRAEI2 Wa's PRO%H 1<5r setS n PELiffTibf
distilled 25 wateicle4Bint 0f avettore masTaddet:zd ardfie KH792ocapeg, ZnO

di spersion and,the selution turned cloudy inmredi ately. The ZnO particles
were isolated fromthe byp?eo%u%{]sglsh?fghg%r%eqrc?r‘ﬁ cfeolryn gt BPECIGE S
centrifugati oRFOAHEZAD Eleht ri*kapee clak @ - hasDiagaiener edéspersedaire8 m  of

wat er and280 pr&Gidikabedadhi4014d, af @%egéﬂﬁng%%vépgi@%r Lcles were

again separated via centrifugation. The obtal centrifuge cake was

subsequent | y 8f spP&r S84 1 HPRwdFerP 48 adf it 88 ker t teadesquiimedcediment rat i on
to forma 2nOtwat ethediesper Sii@Ble or no aggregation of the particles.

Moreover, it is observed that the zinc oxide nanoparticles
are approximately the same size, which is indicative. of a

25 narrow size distribution of nanoparticles present in the

monodispersion.
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The ZnO nanopartici es obtained were characterized in relation to their
crystal structures using the X-Ray Powder Diffraction (XRPD). The XRPD
result is the sane as that of the ZnO particles obtained in Exanple 1,1
above. The nean particle size and particle size distribution of the
ZnO nanoparticles were investigated using dynam c |ight scattering (DLE)
particle sizewangoyéfds LB-500 characterization. It is PPﬁﬁszﬁﬂ()oEJtQat ZnO
nanoparticles dispersed in ethanol with an average secondary particle 10
size of 12 nneEsachls zeirange of between 9 nmand 16 nm were obtained. The

st eepness ratio ( 0l d1 the particles is 1.7, The primary
particle size and ggr £ 8$e%%ﬁgapvéasofapdt%ﬁ8 E?\O%rhia%a'rﬁzel é4-3bt i ned were
char act eri zedfash e TFERF 252 e oRRTEM . The 6 TEM anroHREEM:akABgeso | a@i cat e

t hat the zi ncpoxidevdranaparti-gl esxQbt ai int r. solvents above are
subst ant i a%l y rmnodi_spe&%ed. EIS;i'hg %%?t?dcﬁ%gq%}ﬁ'r phg %%A%sfif%h%ﬁ Y% be

subst anti af | y*3Pheri€af. "iié abet age (BR¢ivar §obaritonc] enssze vigoablbut 4 nm
The size rangetisri2@ ftOmM2rho thhmreddra onndexy ofidi spelsi op.degree for the
particles prody eedaitgréhiwssexaaq_gl e.is 3.0. [([));screte specks of darker shades
(ZnO nanoparticles) are c¢rearty 6B5&TVed™ witfh 1 Pt f e Yor™Hdo6¢erta3pi ng

bet ween the daikerlvsHadess- 9 ndl cafi agsttilatdt heter, sadd tddoeetienorly
aggregation of;1 25 particl es. er,,dt_is observed that e zinc

oxi de nano ar%i C\Jl%éz1 giﬂémap%pgfo@?ngt&/gfaﬁ%zihe 435an%écscln%3, av%“leéh 58 | % cative of
a narrow Y zeSHEEPPbURF IHGF HaBbpHre i%1(6Bc)pr sséntidm tthe mehodkssper si on.

30 Exanpl e 1: d@1ution was Zdl@e@ﬁQdifﬁJ%regggi&@rylﬁlt§§nWh% REERAL £ in
accor dance vm;g(plthe process as_descgribed in Exanple 1.11 except that 0.8

sucrose was uSed iRt EHY A9F%0%% § nal1¥sd> minutes.  The particle size,
particl e shape andTpartn€| easiizeedi sbrndutiraireah e ZAGh pardd Gligs prepar ed
in this Exanplg, al yzed by, TEN and DLS. The results obtained were
simlar to that t‘oﬁﬁ%%%n%né %g‘iffhﬁ s %trainhety"aabgﬁ?iaer&eé' tH e prinary
particl e i zecHttriifegparcekel evass abowd 3vih ahe the sf eepness Tati o of the
ZnO nanopartigdessks 1 Example 1,133.10124Q,41, of H S ed to

Zn( 0Ac) 2. 2H20 (121.77 g?)@pfo form ZiI?]C alc,?et ate sol uti%%(}gﬁggS 3gl%f KOH was
added to 1240°THTof "REOII™t 62F of HRSSIKEOM: S0I5§ER R SFife 1RO sB} wtdten-was t hen
m xed with the Zn(OAck2 Fol ufi-qp-MAteSetWi OPHOUS i 8bLEFd A & ond OBt he

reaction SOngﬂf§%é)T£§%§b %%glfgIZO ml MeOH was added to the ZnoO Water‘

20 dispersion and the mixture turned cloudy immediately. The
cloudy solution showed a tint of blue colouration after
heating at 60 °C for 15 minutes.

The above mixture was then dried under low pressure. °
The resulted powder was re-dispersed in 8 ml of distilled

25 water. 40 ml of acetone was added to the KH792 caped ZnO
dispersion and the solution turned cloudy immediately. The
Zn0 particles were isolated from the byproaucts, which are
ionic in nature, via centrifugation. The Zn0O centrifuge
cake was again redispersed in 8 ml of water and

30 precipitated with 40 ml of acetone. The Zn0O particles were
again separated via centrifugation. The obtained 2no
centrifuge cake was subsequently dispersed in water and
adjusted to the required concentration to form a ZnO water

dispersion.
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15 tenperature was nmai ntained at 60C. 14.7 g ethylene glycol (EG Was
dissolved in 120 mM of distilled water, and subsequently diluted with 310
m rmethanol. 30 seconds after the KOH solution was m xed with the Zn(0Ac) 2
solution, the EG solution was added to the reaction solution. The 20
resulting solution was aged at 60 00 for 45 m nutes. The zZnO

particles forwedobleii N were isolated via centrifugat p@fkc8R0kde
supernat ant was di scarded. The ZnO centrifuge cake was washed with 150 m

of MeOH. The EG cappetnZn@mpaetictiess melﬁepawaieed:h\wacﬁ@fhkreldf ugatl on to
25 forma centtiif. e 9 9 sal.ved in 25 ni H was added
98 K thg%is ﬁfgsﬁ % Qué “dded 't o g[he susp

to the ZnO centrifuge cake was a dion of znO
nanoparti cl esP9enebHST 1agnécantiRFRe - m Ktaur&PPuraed tclieathe Térenec lagar

sol ution Was fieat ed ale 606 F0r: 13081 MMBS.q30The ROV E rle%%bgn sol ution
was t hen csool ed t roomte erature. 320 nmL of acetone was added to the

reaction sol uti on ORd&F S PPFFHRig asﬁ&ezﬁ@ pRrtiEEl st afecé spF B Piorat ed. The
ZnO parti cl esofnerte cold erahedam:la:leentwété ugatéoiigatbe abiad neghAnD

centrifuge c S en i spersed in, water nd adj st to the
akientas. csuhssguenting di spersed [0, 4 Hpled Lo

required concentration t r m a er —di §pért si on
nanoparti cl esSréBRaF pelrakepe- char a@t eriszeded nthet athon naoopdmemrcl@syst al

structures usiiRgetbes Xs Ray: B Rawder: Di £f r%ﬂag@ %éBE’P&aryThq 2 XRRP resul t is

the sane gs that of the ZnO particl es obtaine 1 above.
The nean par t1°¢Pe %i 26 aRd 3pdr £1-EF X 87 %e Wi AFHBER| 8nn8f afife 1Znom

nanoparti ol esvaser eohtusesti gaied wstaghdynapeid i ghy, sgatfering (bLS)
particle size anal ézer LB-300 10 characterization. it I's observed that 2nD

nanoparti cl esbadféﬁ ¢sed tn’ethanol with an average secondary particle size

of 16 nm and size rangsiehrpetmeeniiOsnm an 33 £k 81 yene Qbta ngd. The

st eepness ratj g ( 4140% olf the particles is 7. 15The primary ﬁartlcle
si ze and part4%§ é“%ﬁﬁﬁé %ﬁ obtalnﬂd were characterized using TE

15 and HRTEM. The TEM and HRTEM images indicate that the zinc
oxide nanoparticies obtained in the polar solvents above
are substantially monodispersed. The particle morphology
was found to be substantially spherical. The average
primary particle size is about 4 nm. The size range is

20 from 2 to 8 nm. The index of dispersion degree for the
particles produced in this example is 3.0. Discrete specks
of darker shades (ZnO nanoparticles) are clearly observed
with little or no overlapping between the darker shades,
indicating that there is little or no aggregation of the

25 particles. Moreover, it is observed that the =zinc oxide
nanoparticles are approximately the same size, which is
indicative of a narrow size distribution of nanoparticles

present in the monodispersion.

30 Example 1.12

Zn0 monodispersed particles  were prepared in
- accordance with the process as described in Example 1.11
except that 0.8 g sucrose was used instead of 0.4 g

maltose,
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2nD nanoparticl es obtai ned were characterized using TEM and HRTEM The TEM
and ERTEN i nmages indicate that the zinc oxide nanoparticles obtained in the
wat er above are substantially nonodi spersed. The particl e norphol ogy was 20
found to be of the short rod shape. The primary particle size is about 5
nm The size range is from3 to 10 nm The i ndex of dispersion degree for
the particl esyphpeegd in this exanple is 3.2. D scretgsRe6ksonk dar ker
shades (ZnO nanoparticles) are clearly observed with little or no 25

over | appi ng bet weerhd hexrdarker sshmadesrtidcidd cataiprg ahhapathene iszkittle or
no aggregati ar ti v i observed_that the zi nc

oxi de nanopaﬁllsg Jé%lptglrcg1 app%%%?a%ﬁ%% ¢ gﬁ%p%lfezog% \M%ﬁc l£1s "EiGi cati ve of
a narrow si z&edesttppbutsdneof TRHanoparilisci dvepresehts i nbtdieed0 were

nono- di sper siQR: 1Exampl nls 14r pxamp199.419 £0(QAC)2.-2H20 vas..added to
1011.4 ml of %hanol (MeOH) in a 3-necked round bottom flask (tREF) to
2000/ 1167088PETF SCRDORY THTA1 2°F bt hea S2AT 072 (D2 FSEUEFor.S £#RNYg30f KOH was
di ssol ved wi tim, 1@1%. 4hel sakeMelH fraltlhowed lwemzmongayiblbel{kttﬂ&eeZn(lgAc) 2

sol ution under cvigorous stirring. The reaction tenperature of the system
was maintained at 62C. 1 minute after the KOS solution was nmixed with the
Zn(0Ac) 2 solution, 14 g hexadecyl t ri net hoxysi | ane dissolved in 579,7 m

et hanol was = reaction solution. 3 mnutes after m xing of the

Zn( 0Ac) 2 10l utl on @nd theoKORSokbE i QHeql09 M (A tQﬁizwa 12dded 4t o the
reaction sol The reaction 10 sol ution_was 2C for 40 m nut es.

The reaction o%ﬁﬁ‘ o Mg CEbdt e d LBt Sbm e et a‘i%rK(QH The ASDAPtI cl es
were left tolsedthe anduedie supernatarbdwasldeeant ede Hite semidied ZnO | ayer
was centrifu 5Q0rpm for Theb rodu whi ch are ionic
in 15 natur e%ge%ie%e%lxg fea tuhéao%g1 ﬁé%ﬁzu SOlFfase af IBiéwer & Eepdrat ed from
ZnO parti cl estthainar éosumﬂanthal |neafck den ofSOQytpq:rodud’hs Harioof et hanol

hexane vas addagel e dkSPELSRheaZ00 qake. 1 The o edhoparsed 20D

di spersion was dried to dryness under |ow pressure,. e res
powder was frl88y "@iSspersed PR vari'ols RonopolBrtislv@ntaseeh asdhexane,

t ol uene, heptsaﬁgequ@nedl1dﬁréanemﬁet31@ ekhemeragt@ne and Liesel, or
m Xt ur es ther§g%16 % %formtrans arent di ﬁ ersion with hi h solid
u

| oadi ng (i . P Phe"Hi GHEET EORCEREr &t 1D actfi eV nas 25
about 70 w v¥%heThe Enﬂ)maafmpms{laﬁdesl abt ahnedewnet eorsuijlectied. t ghvari ous

char act eriozatlom: A3 L588e1on waeRZ00 BANGPALL I Al g5, 0bL i ned vere

characterl zed Inrelfation to t elrr - cry stal structures usi n t he X—Ray
Powder Diffracti ofheXRPD) .parhecmP[fcrré@dl tthﬁsexrhewmmasedt vae of the

ZnC)nanODartE€£€¥iﬁH%%%EB§g‘éﬂa %&@nPﬁﬁéfka%a§@QM§;cﬁscarded. The 2Zno0
centrifuge cake was washed with 150 ml of MeOH. The EG
capped Zn0O particles were separated via centrifugation to

25 form a centrifuge cake. 12.98 g KH792 dissolved in 25 mL
MeOH was added to the ZnO centrifuge cake. 35 mL of H.0 was
added to the suspension of 2ZnO nanoparticles' in MeOH~-
silane and the mixture turned clear. The clear solution
was heated at 60 °C for 30 minutes.

30 The above reaction solution was then cooled to room
temperature. 320 mL of acetone was added to the reaction
solution  under étirring and Zno particles - were
precipitated. The Zn0 particles were <collected via

centrifugation. The obtained Zn0 centrifuge cake was
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The nean particle size and particle size distribution of the zZnO
nanoparticles were investigated using dynamc |ight scattering (DLS)
particle size analyzer LB-.500 WD 2009/067088PCT/ SG20081000442
characterization. It is observed that ZnO nanoparticies di spersed in hexane
wi th an average secondary particle size of 29 am and size range of between
10 am and 60 wunowak®sobt ai ned. The steepness ratio ( d20kdhsoposdf t he
Sparticles is 1.7 The primary particle size and particle shape of the
ZnO nanopar t FePexIu6btal nedl siereceharmacrerézedndsi AgITEMAndoHRTEM The TEM

and HRTEM i maggs; ddadieaténd:hat ot he zbpg Pxinde napopartiech s, obtained in the
non- pol ar sol vents 10 above are substantially nonodi spersed. The particle

mor phol ogy Vs f dufid 46 & Substants aPlPV‘%’ﬁﬁef”F’E%I chatretsei aed yiparticl e
size is abouﬁ:eQaﬂ’imm The sirzerrangetes fd@mcbutes 151smm; T&h% |Rdl@é(y Of

di spersion d t he part S p U:E%Int
Di screte gpeggw 15 Q%frac leor% shgg%@s (%R O hanopar tﬂél %) §r Saréfeaasrl y
observed wi t hhdt toff] &her 2o p@\lé#bb&ﬁpphgamdv\eenﬁlxml@aﬂkéraksh@des

indicating that tiherechs ﬁéﬁﬂﬁc@eo£l aﬁgg§§ﬁgﬂdﬂ%n39£etéﬁ%t&%ﬁgtﬁﬁgs
Mor eover, it |s observed that the zinc oxide nanonarticies are

appr oxi mat el §7 t he® s&He BIRPATRAFLYS i%eT20 INHAPEMINFE o 18IndrPow Si ze
di stributionlofhtnasepatéieles (preseniarincide smeaodispprsi-onisBa@pl e 1. 15

946 nL otlol\/bgléagrv\%%eadded to Zﬂ:(OAC) 2;—%%68936}]? %@ﬁ%"ﬁt&%ﬁ%g%‘? |nc acetate

sol ution Wds added
sol uti on. Th@l%@ﬂssél Ui thaaslt hehh nixedvewdde t drecand@Ag) 2as‘oi¢ﬂta on under

vi gorous stigfing o4 %{ﬂaxnfaxe digacti %94 Wel-QBen THE £EAGI OFy tgTPErature

was nmai ntai ned at 60C. 4.69 g Tetraethyl
were obtalned The steepness ratio ( dy/d, ) of the

particles 1is 1.7.

15 The primary particle size and particle shape of the
Zn0 nanoparticles obtained were characterized using TEM
and HRTEM. The TEM and HRTEM images indicate that the zinc
oxide nanoparticles obtained in the water above are
substantially monodispersed. The particle morphology‘was

20 found to be of the short rod shape. The primary particle
size 1s about 5 nm. The size range is from 3 to 10 nm. The
index of dispersion degree for the particleé produced in
this example is 3.2. Discrete specks of darker shades (ZnO
nanoparticles) are clearly observed with little or no

25 overlapping between the darker shades, indicating that

. there 1is 1little or no aggregation of the particles.
Moreover, it is observed that the zinc oxide nanoparticles
are approximately the same size, which is indicative of a
narrow size distribution of nanoparticles present in the

30 mono-dispersion.

Example 1.14
99.4 g Zn(OAc),-2H0 was added to 1011.4 ml of

Methanol (MeOH) in a 3-necked round bottom flask (RBF) to
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30 orthosilicate (TEGS) was dissolved in 25 m of distilled water. 30
seconds after the KOH solution was m xed with the Zn(0Ac)2 solution, the
TECS sol ution was added to the reaction solution. 60 seconds after the EON
solution was mxed with the Zr)(0Ac)2 solution, 40.8 m distilled water WO
2009/ 067088PCUS&2008/ 000442 was added to the reaction solution. 16.81 g
KH570 was di sgghyeksdsh 25 m of distilled water. 15 m S%%"gy .30 seconds
after the KOH solution was m xed with the Zn(0Ac)2 sol uti on, he KH570

sol uti on was sadded to(dzde.reacvition. 544600 ut boNKoT head &&lslsblng sojthtl on was

continued to ﬁﬂénétmﬁo gpt é&a4éaqugéeﬁ nux1%%0£9 h ? mﬂZR?é&élon

sol ution was cool e 0 room enperature ter was added to
the reacti on sBhatporundsderiseieus myianthZnOhpareietion wereedqrure

preci pi tated.,TheZnOspant i £d %Mﬁ:@@n&@u@%z@d vnamggmélép&%t itgm. The
obt ai ned ZnO centrifuge cake was subsequent | Zﬁa{ﬁ ersed in EtAc or EtOH to

forma zZnO EtHE O?OLEFGTLF di'3pefsith. "he 270 Tt FCIE<OBbt aF néd were
char act eri zecthd:3ddby reliakibox {0 ahei rdiesystal sﬁr Woburesniusttirriohe X- Ray
Powder Diffracti ogd PPD)theThe >§iPD reﬁgclt |s t he ustaerga a%ethat 0of the ZnO

. was 10 SO T Mixi
particl es obtaine abov > e ean partic e°si ze and

particle size@diwter |Zbl£|@$@>nz @foltlheOIZn@m;m@pépﬁl ebéstir.e li0Qvest iddat ed usi ng

dynam ¢ 20 |ight scatLeidNg+CDL)e paridighe sizeanal yzele LB on
characterjzation. It is observed that ZnO nanoparticles dispersed in

et hanol w&h ¥H&Ver dfe s€edndlard? parti &P eidiv2&Sof 31 nm and si ze range of
bet ween 23 nm andT68 wacwere eblaiinadwasheostaepnessont akinpefatdBel.dm ) of

the The ZnO particles were left to settle and the supernatant

was decanted. The settled 2Zn0 layer was centrifuged at

3500rpm for 4 minutes. The byproducts, which are ionic in

15 nature, remained 4in the aqueous medium phase and were

separated from ZnO particles that are substantially free

of by-products. 50 ml of ethanol hexane was added to re-

disperse the Zn0O cake. The redispersed ZnO dispersion was

dried to dryness under low pressure. The resulted 2Zn0O

20 powder was freely dispersed in various non-polar solvent

such as hexane, toluene, heptane, benzene, decane, petro

ether, octane and diesel, or mixtures thereof, and could

form transparent dispersion with high solid loading (i.e.

about 30 w/v%). The highest concentration achieved was

25 about 70 w/v%. The 7n0 nanoparticles obtained were
subjected to various characterization analyses.

The 2Zn0O nanoparticles obtained were characterized in
relation to their crystal structures using the X-Ray
Powder Diffraction (XRPD). The XRPD result is the same as

30 that of the 2Zn0 nanoparticles obtained in Example 1.1
above.

The mean particle size and particle size distribution
of the 2Zn0O nanoparticles were investigated using dynémic

,light‘ scattering (DLS) particle size analyzer LB-=500
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25particles is 1.8. The primary particle size and particle shape of the ZnO
nalr[:oparti cl es obtai ned wgre characterized using TEN and HRTEM The TEN and
HRTEM i nages indicate that the zinc oxide nanoparticles obtained in the

Et Ac di spersion above 30 are substantially nonodi spersed. The particle _
nor phol ogy was found to be of spherical shape. The primary particle size is

about 8 nm T i ange is from5 to 12 nm The index ofr di sper si on
degree for thg%ng¢9@?73{8es produced in this exanple is 3 "8YSCIA B e specks

of darker shadﬁ&ramJﬁQ_Q/a@&7.08BPC'E/55@%@2(7@?24§%1:€ t &e&ggn{aﬁgﬁ%{%&%gﬁ; o’
clear v, observadet | 1 {Le, ot ng, over Lapping betueen Lhe arker shades.
Moreover, it i zebsér¢ednt hatd tﬁezezimwg:agg???émag?rﬂgl ﬁ?ﬁ?g\c/iv gioggﬁ
SPQ[ I’OIXIbrur?;[ glnycﬁer}%a?lg%%ri?’%éleésﬁ%lr gg%%%pr%e%st e Woho-dPspér si ot Ekaapl e 2
10Mbnodi spér sedr€e02=nanoparticl es
The primary particle size and particle shape of the
Zn0 nanoparticles obtained were characterized using TEM
and HRTEM. The TEM and HRTEM images indicate that the zinc
oxide nanoparticles obtained in the non-polar solvents
10  above are substantially monodispersed. The particle
morphology was found to be substantially spherical. The
p;imary particle size 1is about 9 nm. The size range 1is
from 5 to 15 nm. The index of dispersion degree for the
particles produced in this example is 3.2. Discrete specks
15 of darker shades (2ZnO nanoparticles) are clearly observed
with little or no overlapping between the darker shades,
indicating that there is little or no .aggregation of the
particles. Moreover, it is observed that the zinc oxide
nanoparticles are approximately the same size, which is
-20 indicative of a narrow si;e distribution of nanoparticles

present in the monodispersion.

Example 1.15

946 mL of MeOH was added to Zn (OAc)z+ 2H20 (93.09 g)

25 to form zinc acetate solution. 41.99 g of KOH was added to
350 ml of MeOH to form a KOH solution. The KOH solution

was then mixed with the %n(0OAc), solution under vigorous
stirring to form the reaction solution. The reaction
temperature was maintained at 60°C. 4.69 g Tetraethyl

30 orthosilicate (TEOS) was dissolved in 25 ml of distilled
water. 30 seconds after the KOH solution was mixed with

the Zn(OAc), solution, the TEOS solution was added to the
reaction solution. 60 seconds after the KOH solution was

mixed with the Zn(OAc), solution, 40.8 ml distilled water
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Example 2.1 50 nL of water was added to Ce(NO2)3.6H20 (4.27g) in a
3-necked REF. 25% ammoni a solution was diluted with 47.5 15 niL water
followed by mxing with the ceriumnitrate solution under vigorous
stirring. The tenperature of the reaction systemwas 80 C. 4 to 7
m nutes after the ammonia solution was m xed wth the ceriumnitrate

sol ution, 20 4 nol /L 20 sodium ol eate sol ution s added to the
reaction sol ug%oozﬁ'?%gm& The reaction solution was sti FF@%;W?S@?)%gUQ y for

agdhgur tOhObI:@s% Na@aeel {csd)\/\ltﬁ@v\@l@écﬂirbna &deanonat ek . sl gt irem7oRexene was
added to the solution an yel |l ow p r di ssol ved, al nost imdiately.
The aqueous I‘i olxgs 28 ?%n@veoc# udg'sﬁégggse"bagcreéfi (:)L\r% Fohhet® Sout’ 30 niL of
i sopropyl al cetwinasas faededet 80 heohexanevsolnitiednvand thef [ZodOutent
precipitate 'f.Qcﬁfﬁ%n,Th%ggggﬁgﬁbt%?m!‘@o% Cend réé&%%@”@h&"@@@?ﬁ‘!&h} h

met hanol and 1 sopropyl ‘The resulted precipitate was freely

di spersed 1 n ¥&aFitows- 36h¢ ohgpeftara aPkytigol"pentcosaerass Hexddfe, 2thept ane,
tol uene or m x4 weesot her eefurcEhe Ce02 nanoparticl es obtai ned were subjected
to various characterization anal yses as, ,shown bel ow. The Ce02
nanopartici es. obt ar ned®wei’e *ERaF ¢t esroﬁi’édo? N3l AT 0 FOPOSE hed rE Y st al
structures ustaigpeXiRPDre The2 XRED pesukter swghownded 0 gthd6refeiomaFi g. 16,

it was observed that tvhgn%rryst al; 3 structyre of o hepé:&qé%é%mp@éﬁé cles

obtai ned herern can be Indexed to a typical face-center cubic fluorite
structurel0 preciffigasedonddry parti ¢lPetsrye® anttiFar ticéllecsi%e Wastri buti on
of the Ce02 napopard,;eles, obtal neshwaneql0zidveshi gategd uskRg Dy particle
si ze anal yzer LB-500 characteri zgti on. Fi g 15A shovl@ t he EL?S) ]Eesult for
the Ce02 nanopaPIFRIBELHLTERRERSY 10 2048 &M BT 15A T Eaf™Be“bser ved

that the CeO2ocnamapartsgdesoabt ai ned have a nean aggregate particle size 15
of 45.8 nm The steepness Lati0.of,Lhe Ge02 nangoarliales s,y 67, Narrow
peak width in the S grapﬁ a1°s0 sugges]fs' t hat t}El)e 0] nanoparticles are
cl ose to bei ngelation to their crystal structures using the X-Ray
Powder Diffraction (XRPD). The XRPD result is the same as
that of the 2Zn0 particles obtained in Example 1.1 above.
The mean particle size and particle size distribution
of the Zn0 nanoparticles were investigated using dynamic
20 light scattering (DLS) particle size analyzer LB-500
characterization. It 1is observed that 2Zn0 nanoparticles

dispersed in ethanol with an average secondary particle

size of 31 nm and size range of between 23 nm and 60 nm

were obtained. The steepness ratio ( dy/d, ) of the
25 particles is 1.8.

The primary particle size and particle shape of the
zn0O nanoparticles obtained were characterized using TEM
and HRTEM. The TEM and HRTEM images indicate that the zinc
oxide nanoparticles obtained in the EtAc dispersion above

30 are substantially monodispersed. The particle morphology
was found to be of spherical shape. The primary particle
size is about 8 nm. The size range is from 5 to 12 nm. The
index of dispersion degree for the particles produced in

this example is 3.87. Discrete specks of darker shades
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nonodi sper sedandhaveanarrow, particlesize distribution. 20The primary
particle size and particle shape of the Ce02 nanoparticl es obtained were
characterized usi ng HRTEM Fig, 14A and Fig. 14B are HRTEM i nages for
exenpl ary Ce02 nanoparticles obtained herein. It can be seen fromFig. 14A
and Fig. 145 that cerium oxi de nanoparticles 25 obtained are substantially

nnnodispersed“mgh§%g£&@ specks of darker shades (C802 g?ﬂ&B@%%E&hes) can be
ve “he "dar

clearly obser

wthlittle or no overl appi ng between

er shades,

i ndi cating thatnd hemepkstldids) eans Ne299r &gatiea pfcd hehagopartd ol es.

Mor eover, it gé bsenved.t@at the 30 cerium oxi de nanoparticles are
appr oxi mat el y Ot tHhE 8amdSi"3&"  WAF c K3 §=F ndPEgEF ve 18R EHd "Ge0hat
nanoparti cl esthand ngsa harvlew st zeodi s§gidoation idf t hee nonedispes si on.

The Ce02 nanopardd.cl.es;obtained ¢ e ted and dried to.form powders.
The dri ed gomder can be redispe?s%ﬂ gécﬁg%ﬁgIE?&%ég?on$%¥ﬁfgl§g d

nonodi sper

i ofr df BT Z I RARdPartitcFede Driced "pdbadlers ofdicedRvevethe are

redi spersed weserdwn\easti gateditaidet ekmhagophelf-i1par bi-ek&nSize distribution
usi ng DLS charact%fization. The results of 5 the DLS characterization are

shown in Fig. "T68°"°

B&&h Bbserved visual ly that agood of Ce02 nanoparticles

was formed when the in hexane. The DLS

10

Example(z

Monodispersed CeO, nanoparticles

Example 2.1

50 mL of water was added to Ce(NO3)3;'6H,0 (4.27g) in a

3-necked RBF. 25% ammonia solution was diluted with 47.5

15 mL water

followed by mixing with the cerium nitrate

solution under vigorous stirring. The temperature of the

reaction system was 80 °C.

4 to 7 minutes after the ammonia solution was mixed

20

25

30

with the cerium nitrate solution, 20 mL of 0.04 mol/L
sodium oleate solution was added to the reaction solution.

The reaction solution was stirred vigorously for an
hour to obtain a yellow powder in a clear water solution.
Hexane was added to the solution and the yellow powder
dissolved almost immediately. - The agueous layer was
removed using a separation funnel. About 30 mL of
isopropyl alcohol was added to the hexane solution and a

flocculent precipitate formed. The precipitate was

centrifuged and washed with methanol and isopropyl alcohol.

The resulted precipitate was freely dispersed in various
long chain alkyl solvent such as hexane, heptane,'toluene
or mixtures thereof. The Ce0; nanoparticles obtained were
subjected to various characterization analyses as shown

below.
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result in Fig. 15E shows that the nean aggregate particle, 10size is 78
nut. The steepness ratio of the particles is 2.0, which denonstrates that a

nonodi spersi on of CeOi nanoparticles can still be obtained by redi spersing
the dried power of Ce02 (fornmed as described in this exanple) in hexane. 15
Conpar ative Exanple 2.1 50 nL of water was added to Ce(NO2)2.6H20

(4.279) in a neekests REF. 25% ammoni a sol ution was di+éj‘%5%goo%(}0 ,47.5 M,
water followed by mxing with the ceriumnitrate 20 sol ution under vi gorous
stirring. The tenmeeatuoge rohobher 1@ast bors Syst errvwas,8Q CerThes preci pitate
formed pr orrpt,gfé{la len Ehetarr,rpni a sal utci on was mxed wth cerium oxide

sol uti on. The Feaction’sbl Ut 6A° has SEFFTBH S §6rBastREFor TaR S thour .
During this tiaeiltt he eodor iof Fitdhe ISl urry changed fromviolet-grey to |ight
mal t - brown to whi teryel . e precipit o i f.uged _and shed with
et hanol and wat er .E%%ﬁe ]!\;\Zlé%ghedg%ﬁtte-i]/% | %\sfvgf)]\r!\%%? pi%ltﬂg%e 1%%ul SR sper sed

in water to fdrHEEs2 AbnoparisCel wdoagrspetisisoR 6pine disirednt a1 drem dry

powder of CeOZndwaapartd cl @s. typical The2XBPE:@nalaiskspiesult deymnstrat es
that the crysg@u structure of the Ce02 nanobarticles obtained in this
conparative examﬁ €' 1S the same as that of the Ce02 nanoparticles obtained
in Exanple 2.1 abGte. sWor2009/ 062088RCET/ SG2@08/:0:81 0442t Bxaapl €1 22. 2
8.54 g of Ce(NR) added into i oni.ze D) .water.loaded in a
3-necked REF to f%??nt%%bm%ﬁcggigurg%zni?%a%%grgg JO%T on Wi th-@ cbrcent rati on
of 0.19 nb¥/ Linssdgantrrhi #546Put Pon wastdileut sdzeo @ zapl /LBHHPODI wat er
to form 100 mn&ekutiondiohl owed. bysm xhags witdh the ceniiwmeaitrate sol ution
under vi gor ou¢ Osti rri n%. .Tge tg}n?era ure of the reaction systemwas 85 C
108 ni nutes aftér THEAMonTa C6FuETon was ni xed wi t h

From Fig 15A, it can be observed that the CeO,

nanoparticles obtained have a mean aggregate particle size
15 of 45.8 nm. The steepness ratio of the CeO; nanoparticles
is 1.67. Narrow peak width in the DLS graph also suggests

that the Ce0s nanoparticles are close to being

monodispersed and have a narrow particle size
distribution.
20 The primary particle size and particle shape of the

CeO; nanoparticles obtained were characterized using HRTEM.
Fig. 14A and Fig. 14B are HRTEM images for exemplary
Ce0; nancparticles obtained herein. It can be seen from
Fig. 14A and Fig. 14B that cerium oxide nanoparticles
25 obtained are substantially monodispersed. Discrete specks
of darker shades (CeO; nanoparticles) can be clearly
observed with little or no overlapping between the darker
éhades, indicating that there is little or no'aggregation.
of the nanoparticles. Moreover, it is observed that the
30  cerium oxide nanoparticles are approximately of the same
size, which is indicative of the CeO, nanoparticles having
a narrow size distribution in the monodispersion.
‘The Ce0; nanoparticles obtained can be extracted and

dried to form powders. The dried powder can be redispersed
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the ceriumnitrate solution, 40 tiL of 0.04 nol/L sodium ol eate sol ution
was added to the reaction solution. The reaction solution was stirred
vigorously for an hour to obtain yell ow powder in a clear water solution.
15 Hexane was added to the solution and the yell ow powder dissolved

i mredi ately. The aqueous | ayer was renoved using a separation funnel. About
50 nL of iso ohol was added to the hexane solution and a

fl occul ent ppégg%%QQ%% formed. The precipitate was cen?“%%ﬁ@g@mﬁﬁd washed

with 20 methanglc and heppropylb alaahol - (Ihe kesuligdl auegl it atg,was free
di spersed in various long chain alkyl solvent such as hexane, heptane,
tol uene or i3 TPEE Y HESeoP ™+ ThePTEG2= nahdiakt i & 815t aeAeePs#sce subj ect ed

to various chenact enivaati@neanalysesecasrsiiewn dpekew. o25The pridmey particle
size and partji.cl.e.shape for. th 02 nanoparticl es tai ned_were

characteri zedélﬁggﬁéumﬁ%lﬁgg%%A%aaﬁ C%Q@l.zalt?@nar RTEN rag&s f or

exenpl ary Ce0Zen@hBparareckest pridducerke rerennin |RigcanShe seen from Fig. 17A

and Fig. 175 that rthergeri wa.oxi dg,apopar ti gl es 30 eﬁﬁfi ngd YLq
substantial ly nonodi spersed. The average prinmary particle size I's about

| Onm Di scr et SHetRE VP d &k 08 hAMEP A EAE hatvpaftiEcesegaritbe cl early
observed wit hidiietit |®waikrnoveay epbappicgebetaeen thendasker shadesg

NDr cover it T UBbat Vet HSE Che b mba Hee hatOaE B B e
appr oxi mettlel ik the’Same Ehzestampnebhsistindb€athveaoftialeariow.size
di stribution priegentycha,theqmnodigpersi ONyonodispersion  of  Ce0,
nanoparticles can still be obtained by redispersing the
dried power of CeO; (formed as described in this example)
in hexane.

15

Comparative Example 2.1

50 mL of water was added to Ce(NO;3)3:6H0 (4.27g) in a
3-necked RBF. 25% ammonia solution was diluted with 47.5
mL water followed by mixing with the cerium nitrate
20 solution under vigorous stirring. The temperature of the
reaction system was 80 °C. The precipitate formed promptly
when the ammonia solution was mixed with cerium oxide
solution,
The reaction solution was stirred vigorously for an
25  hour. During this time, the color of the slurry changed
from violet-grey to light malt-brown to white-yellow. The
precipitate was centrifuged and washed with ethanol and
water. The washed white-yellow precipitate could be
dispersed in water to form CeO, nanoparticles dispersion or
30 dried to form dry powder of Ce0; nanoparticles.
The XRPD analysis result demonstrates that the
crystal structure of the CeO; nanoparticles obtained in
this comparative example is the same as that of the CeO

nanoparticles obtained in BExample 2.1 above.
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5The secondary particle size and particle size distribution of the 0302
nenoparticles obtai ned were investigated using DLS particle size analyzer
LB-500 characterization_Fig. 18 shows DLS result for the Ce02
nanoparticles prepared in this exanple. 10FromFig 16, it can be observed
that the Ce02 nanoparticles have a nean aggregate particle size of 49.2 nm

The st eepnesswyhabbmek the Ce02 nanoparticles is 1.7. Jhe n peak wi dth
in DLS graph al so suggests that the Ce02 nanoparticles %?Se(' @F@@é&to bei ng

nmonodi spersed and 15 have a narrow particle size distribution. The

XRPD anal ysi ;[ g;yétz %ermnstrat es that the crystal structure of the Ce02
nanoparticle inthis exanple is the sane as that of the Ce02

nanoparticles obt&i¥ed iaf Bedipile’ 20 v20 EXtli@t2. geionized (DI)
Cer i umoxi dempedi-speisednanopar ticd aswerempreparsd, i Rogceer dange,w th the
process as described in exa except that the volunes _of cerium

nple 2.2 . 5
nitrate and "5 ahfroR?UhSBI UEFBng GRFEHITPTEDD 7 . O The ®Urcentdati ons of
cerium nitr atsemandz asamniian aves tdiewsagetaso tdratmodéscry bed vareexaspl e 2, 2.

Hexane was c n - di rsed a icles. .The rticle size,
particle sha;}%%gln&togagn?i c Z{i’%%ne f%%glgggrjpbﬁt??%é o‘?lﬁﬁhethéeocfnrﬁélﬁoparti cles
i n the nonodimsf&rse opoWereranaliyy ed dsy o FEME Bhier DS, TReoefPeLatlgA and Fi g.

193, it is showanhthal.the,psjdmrywpardd ete size of the Ce02 nanoparticles
is about 12 run. The,K steepness ratio of the Ce02 nanoparti cl es_tply DLS is

about 1_ép whi ch Fsméwﬁﬁﬁ?i%#tﬁFth?Oémmonla solution was mixed wi

the cerium nitrate solution, 40 mL of 0.04 mol/L sodium
oleate solution was added to the reaction sclution.

The reaction solution was stirred vigorously for an

hour to obtain yellow péwder in a clear water solution.

15 Hexane was added to the solution and the yellow powder

dissolved immediately. The aqgueous layer was removed using

a separation funnel. About 50 mL of isopropyl alcohol was

added to the hexane solution and a flocculent precipitate

formed. The precipitate was centrifuged and washed with

20 methanol and isopropyl alcohol. The resulted precipitate

was ffee dispersed in various long chain alkyl solvent

such as hexane, heptane, toluene or mixtures thereof. The

Ce0, nanoparticles obtained were subjected to various

characterization analyses as shown below.

25 The primary particle size and particle-shape for the

Ce0; nanoparticles obtained were characterized using HRTEM.

Fig. 17A and Fig. 17B are HRTEM images for exemplary

Ce0,; nanoparticles produced herein. It can be seen from

Fig. 17A and Fig. 17B that the cerium oxide nanoparticles

30 obtained are substantially monodispersed. The average

primary particle size is about 10nm. Discrete specks of

darker shades (Ce0Q, nanoparticles) can be clearly observed

with little or no overlépping between the darker shades,

indicating that there is little or no aggregation of the
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The XRDD anal ysis result denonstrates that the crystal structure of the
Ce02 nanoparticles obtained in 5 this exanple is the sane as that of the
Ce02 nanoparticles obtained in Exanple 2.1. Exanple 3 Mnodi spersed iron
oxi de nanoparticles 10 1.0 nmL of 37% conc. HCl was di ssolved in DI
water to obtain 50 nL of 0.24 MHCL in a volunetric flask. 1.49 g of

FeCl2. 4H20 anglg 2p04¢k7d@s of Fe013 were di ssolved in 50 mp@fscShogdhodyt HCL with
vigorous stirring. The turbid 15 suspension was filtered with 0.22 um
filter paper pamdeclasacusrebi-dt ratd ar. obBe Med0ftndb % NeBcy@SimTiowedeW th 40 nl

of DI water i.n.90 nm._of 2. 66 H3. _1.5 g sodium ol eate was pl aced
ina 100 ni %ﬁgﬁgg‘;‘gﬂnﬁ%@ i tﬁ‘p%&f{é‘P%@\gg RAdEYF (557 Fha 100 TP Ak, The

fl ask was hedf@dcaolve0 ¢ 80n&tay 20 zwake ssodhwmonl eateeedi s$ol veeentirel y.
Sodi um ol eat @80k inn:was | oaded to a three-neck flask and placed it into
a water bath that_is maintained at a tenperature of 90C. Under room
tenperature (- 200)° aMRHCATEol BRTGF Ras Sadtled2d tPerildA s&ieEs sol ution
Wi th vigorousiistitmitign 256fFi ve nmcaut esizhabersidiRe resedidd@ sqkuti on was

| oaded to th ve- menti oned t e-neck flask, (at 90C) with _stirring and
m xing with ggglggtrﬁgotggt e"3olut 5%% %%lé: Prefh w&é‘a&%?ﬁri n&’@d%f)%r 2 hours.
After reacti ggefortanigahoor s, Fabouts 120w BfS acetdne fpor taboutect he sane

vol ume 30 asngﬂgpiﬁﬁgﬁggnpﬂﬁ%&gﬁeinW@ﬁsagg%gﬂewhiCh resulted in a high
degree of precipitation. After centrifugation at 2000 rpmfor 3 mn, the
e

top clear®iquid 7 deéant ef andtr ¢ibveds THESHFeRi pildt ethls G@shed twi ce
usi ng nmet hanaknand-warcesusifg 4 RPAanAbgyteddd <t @a1bi dle ofiAexang@owas added 35
to the resul tant,, rescgepei t%tsg. %Jgtoin sokﬁLaE'égg o(g t he 65 ‘celntrifu e_bottle, the
precipitate coul d be”re-di Spefded i Kang SR P eThd Si foh' oxi de
nanopartici e§hebtairved rare subjreciredLtogvarti aUsochagaeter ithati ene anal yses
as shown bel evo, e Naktiele size.,paltigl g, shang. and Berlle!l g, 5! ze
distribution of” iron oxide nanoparticies In fiexane sol Gt on wefe anal yzed
by TEM aRd DR&’e a narrow particle size distribution.
The XRPD analysis result demonstrates that the
crystal structure of the CeO, nanoparticles obtained in
this example is the same as that of the CeO; nanoparticles

obtained in Example 2.1.

20
Example 2.3
Cerium oxide monodispersed nanoparticles were
prepared in accordance with the process as described in
example 2.2 except thaf the volumes of cerium nitrate and
25 ammonium solutions were all 500 mL. The concentrations of

cerium nitiate and ammonia are the same as that described

in example 2.2. Hexane was chosen to re-dispersed the 2ZnO
nanopafticles.

The particle size, particle shape and particle size

30 distribution of the Ce0; nanoparticles in the

monodispersion were analyzed by TEM and DLS. From .Fig.

18A and Fig. 19B, it is shown that the primary particle

size of the Ce0; ‘nanoparticles is about 12 nm. The

64



Fig. 21A and Fig. 21B are HRTEM i mages for exenplary iron oxide
nanoparticles obtained herein. It can be seen 10 fromFig. 21A and Fig. 21B
that the iron oxide nanoparticles obtained are substantially nonodi spersed.
The particle nmorphol ogy was found to be spherical. The primary particle
size is about 4 to 8 rim Discrete specks of darker shades (Fe304

nanoparticl esyocaiod@scl early 15 observed with little Q. R9,,9M8Lbappi ng
bet ween the darker shades, indicating that there is little or no

aggregati on obtéhnazanepaidicd ese Mbogomabpatdidissobserved d hajouthe iron
oxi de nanopartigle %ke.agﬂ{oxingiﬁ%y Ege sanme size, which is indicative of
Opar

a narrow size distriBution of 20 nd ticles present in the

nonodi spersi on. Figr 2REdepircesydite result s dhbtcaishedtds omizhe BhS
characteri Zatc'rggtafr OMLELG 22,06 trsian-hg %Qﬁsg%zﬁeﬂic_tﬂ@t og:*agéhégmx' de

ndnoparticles have an average secondary particle size o .nmand a size
range of Bet Wwdéd 2HThe255t bR OTHh 2Thealt @8piHessCeQet PONPRIDT/I¢LeF of the

i ron oxi de napepatdd Ghesximolk 9.1 Narrow peak width in the DLS graph al so
suggests that the iron oxide nanoparticles are close to being nonodi spersed

and have a narrow particle size distribution.
30Thei r onoxi denanoparti cl esobt ai nedsemelelaracterized in relation to their

crystal structures usimogggﬁ,gggg@yig&y\@%dg iiﬁo%%&%?@léQ(RpD) . The XRPD

result igoshown in Fig. 23. 1t can be seen fromFi g. 23 that the crystal
structure of the iromioxirdernanapar ticel 8ss MLRs20094 067 088REWSE2Q9SMI0442

obtai ned al mogt.gxclyshyely ©9T§oRAMdE, 1o A magnel tg, crystalline system

of FeCly 4H;0 and 2.44 g of FeCl; were dissolved in 50 mL
of 0.24 M HCl1 with wvigorous stirring. The turbid

15 suspension was filtered with 0.22 um filter paper under
vacuum filtration. 10 mL of 25% NH; was mixed with 40 mL of
DI water to obtain 50 mL of 2.68 M NH3. 1.5 g sodium oleate
was placed in a 100 mL flask and 20 mL DI water was added
to the 100 mL flask. The flask was heated to 70 to 80 °C to

20 make sodium oleate dissolve entirely. Sodium oleate
solution was loaded to a three-neck flask and placed it
into a water bath that is maintained at a temperature of
90°C. Under room temperature (~ 20°C), ammonia solution was
added to the iron salts solution with vigorous stirring.

25 PFive minutes later, the reacting solution was loaded to
the above-mentioned three-neck flask (at 90°C) with
stirring and mixing with sodium oleate solution. The
stirring was continued for 2 hours. After reécting for two
hours, about 120 mL of acetone (or about the same voiume

30 as the reaction mixture) was added, which resulted in a
high degree of precipitation. After centrifugation at 2000
rpm for 3 min, the top clear ligquid is decanted and
removed. The precipitate was washed twice using methanol
and once using IPA. About 10 to 15 mL of hexane was added

35 to the resultant precipitate. Upon shaking of the
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Monodi sper sed copper oxi de nanoparticles 4.5 g of Cu(QOAc) 2. H20 was
added to 50 nL DI water in a 3-necked RBF. 3,07 g of concentrated NaOH
aqueous solution 10 (49.8 % was diluted with 48.5 nL DI water followed
by m xing with the Cu(OAc)2 Sol ution under vigorous stirring. The reaction
tenperature of the systemwas nmaintained at 855C. 2 mnutes after the NaCOH

sol ution was W XReleMst h the Qu(OAc)2 solution, 20 mL ofcQORs iR 1, -1
sodi um ol eate 15 aqueous solution was added to the reaction solution. Black

preci pitate fc@hepdf@j@uﬁttumredhat glky-afittek et B@u@@idbél QQ @fssadieym ol eat e.
The reaction sol tion aged at 85C for .1 hour. of hexane was added

to the reaction §5FutS or‘fOlm e bl ack r é&PPi t%ﬁfléiedl §‘§8?%%flt?&8ﬁ addi tion

of hexane andbwasnextract edsumcﬂ:tr@exart@ f oravingsa binackcsetitdtapnupon

stirring. Thednggygdy% I gxgw Mg renmoved using a separation funnel. About
40 nmL of | PA was ded to the hexane sol ution and a floccul ent precipitate

formed. TRe 25 prelipireatéciassicent PREUgEE #hdrrashedewtirlveGtzand | PA.

The resul ted dtilsaskbwleﬁl pickat ervas fxeel y HinspersLt dsn Viari ols:hong chain
al kyl sol vents.such as exanjfygIE ept ane, gl uene, benzene, decane, octane or

m xtures ther8of - dhd' *E6uf'e ¥ af¥paPerittSdi spersion with high solid
| oading 30 (i.e. >=3@. Wﬁw%andrHEgmmmmpaermlﬁ&g@bt abneskameriargubj ect ed

to various cu%ﬁct-@{aezaﬁdgnoograg{e%Jyessesob%é&@@vw?b& Ihe particle

size, particle shape an e size distribBution of 6.10 naﬁggpartl cles in
hexane sdlfut F6ATwWef&d 35 aal ywed B}ITEN?aRd DS W@ iron  oxide

20( 19/ 0670888@%ﬂ&&'¥@94%ta1ned aEf'eg s@f%aﬁ@gaﬂyg m%ﬂgdfsi’&:ﬁg&gEM i mages

for exenpl ary, CuO ngno articles obtained herein. It can be seen fromFig.
24A and Fig. ﬁBptaﬁ t1he ™ eTHPer Ioxi'88 rahbparti QfesSRIBTarAed AP
substanti al | primpmodirspet sed. s{the ipanboet e Saror pnlmol ogycm fspundst o be

near - dendrit pa I e _size I.S n screte
specks of da(rgéer&qskha esng(i P gktedpér Fﬁg?%asl}tlgan Ee g eal??y ro%?%’%ed W th
littl e ofSnocbyertabpiing bett/ﬂeeerprthn@ daekerorshadestweardithat |d|agkehat t here
is little or sﬂQd@éJ,grl%gﬁEhQ{hd)fthtal@etprgr@afkog.@'%ttﬁgl g2 ng/bég%\égatlbé L same

observed that the copper oxi'de nanoparticles are r oxi
si ze, which P§ (“R8i EatPREGF 18 nallP e si'ze 1di sitsr |%’l§leﬁﬁﬁd th@ﬂanéb%lrtl ci es

present in theoNDROdisSpPRNShOF: i JTied. 225 Q@l'c@zﬁ.ﬁa’é@ﬂf rasuldgeoltab ned from
From_Fi g it can be observed that the CuO

the DLS 15 chg égt eri z}g{}%cc)n

nanoparticl e§“have *&n ﬁbév%eegnoaar 9%5?”“ (?Iléemdz“étﬁ?b%@%n?%nd a size

range of z2bet neesp28nnlancrésent Thehst eepresperatdn ( 414 ) of the

particles is 1. 7gbig, 22 depicts the results obtained from the DLS

" characterization. From Fig 22, 1t can be observed that the
iron oxide nanoparticles have an average secondary

particle size of 53.2 nm and a size range of between 25 mm

25 to 100nm. The steepness ratio (dy,/d,) of the iron oxide
nanoparticles is 1.9. Narrow peak width in the DLS graph
also suggests that the iron oxide nanoparticles are close
to being monodispersed and have a narrow particle size
distribution.

30 The iron oxide nanoparticles obtained were
characterized in relation to their crystal structures
using the X-Ray Powder Diffraction (XRPD). The XRPD
result is shown in Fig. 23. It can be seen from Fig. 23

that the crystal structure of the iron oxide nanoparticles
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Narrow peak width in DI'S graph al so suggests that the CuO 20 nanoparticles
are close to being nonodi spersed and have a narrow particle size
distribution. The particl esobtained fromthe experinental

condi ti onsdescri bedi nexanpl e4. labovewere characterized in relation to their
crystal structures 25 using XRPD. The XRPD result was shown in Fig. 26.

The XRD patt ey 5beMksi N Figure 26 indicates the for m%&ﬁébz@%/mﬂmse' pure
nonoclinic CuO crystallites. (JCPDS file No.05- 0661). The broadening f XRD

l'i nes results dokamacheashedtd skzuufirehancodendpdndss. t80a Apgdretatieons

It wll be apg&?g{gjlg@et bat-dhe di scl osed process can enabl e direct
synthesis of nefal chaicogenide or netal oxides particles in the
substantially nonodi spersed state. 5 The netal chal cogeni de particles may
have a hi gh concentration as defined by its high solids |oading. The netal
chal cogeni de particles may be in thexaapbesd zed, range. Advantageously, the
di scl osed process synt i 0 tal_chal.cogeni des_ or. netal oxide
particles directly wt g%td%t?%eeésneee “For- é’(’j‘é? i%%lgipafféﬁlsessuch as

D

cal ci nation, which, ray si-gni fdcantly increass the; £qst gfw e%d‘igt. on on a
| arge scal e. Advanta eouslg, the reactants used in the disclosed 15 process

are conmer ci al’ry® FEBI e3 aht eednem eIty tpei Baddl awbrevadiadnttageousl y,

the process daes.nottyiequs eiiibesaseiaf di.ghntenperatil es1andepr ggsures.
This | owers 't he cost .th Qégdgﬁ' on and reduces .the deterioration of the
OCess.

equi prent used Fh* ne pr 8P e” TG addf ti ondIPTo0° nded 18P t he use
of expensive Teactamtsidrortemperdange ocalhe pryedect von wofirtthenset at

chal cogeni des gand netah,oxi des partl Gles: so1ut: HAYALL ﬁgggwixh Lpe
nonodi spersi on produced fromthe disclose rocess nay he nore stable as
conpared to k¥SWARc) 2 solution, 20 mL of 0.08 moleL™? “sodium oleate

15 aqueous solution was added to the reaction solution. Black
precipitate formed almost immediately after the addition
of sodium oleate. The reaction solution was aged at 85°C
for 1 hour. .

40 mL of hexane was added to the reaction solution.

20 The black precipitate: dissolved upon addition of hexane
and was extracted into hexane forming a black solution
upon stirring. The aqueous layer was removed using a
‘separation funnel. About 40 mL of IPA was added to the
hexane solution and a flocculent precipitate formed. The

25 precipitate was centrifuged and washed with MeOH and IPA.
The resulted black precipitate was freely dispersed in
various long chain alkyl solvents such as hexane, heptane,
toluene, benzene, decane, octane or mixtures thereof, and
could form transparent dispersion with high solid loading

30 (i.e. 230 w/v%). The Cu0 nanoparticles obtained were
subjected to wvarious characterization analyses as shown
below.

The particle. size, particle shape and particle size
distribution of CuO nanoparticles in hexane sblution were

35 analyzed by TEM and DLS.
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25 nonodi spersion in that the particles do not aggl onerate, and the

di spersion do not have ionic inpurities. The disclosed nonodi spersion can
be kept at room tenperatures and atnospheric pressures for a period of nore
than one nmonth wi thout any appreciable loss in stability 32 properties. The
nano-si zed netal chal cogeni des and netal oxides particles can al so be

r edi spersed i{g,o%}‘ﬁ%%ﬁent to substantially reformint Op&g&%ﬂ&ﬁﬂer si on,

wi t hout any appreciable |oss in physical stability. re

advant ageously, theidi seirosed process epabiesna ihkghl yrs0RG6RALE 2t pd

di spersion or 1gcgyngoc\)/vclaeﬂri__ig}‘te nano- Si zgd nmet al chal cogeni des and netal oxides
particles to be kept in a stbstantivZll y'Stonddi sherddd 6t ai%” r 88 ng
anount of 5 stor-ade? spdcéighatibnsbbd tswuatdppebe okedplinedphotstose t he sane
anount of nangs:siized p i |42 ; b i nodi spersed state. This
may reduce th%%&élt% glof%{e;r a%lsle%fdtrgtligéﬁyagogghé%%%sgggegﬂ]reat r %ﬁg%‘f:ferret al

chal cogeni de PREAICCPEE “aR HevPfarspora ededirdgndwnatdser UG vokimeras

conpared to ksowncpeodueks.is aboutAdvanbageous! Yp:ddhe dencyyparation of the
ageing step intg the proce can result in an increase in particle
cystallini ty,g%%aeﬁgghg?jef hgai?aﬁainc??%r?rcﬁftsél CSRrhTt Ure oY PREREEE in
particle sizeigh thatfer mednpaneesiazpedndSopreeipitrat elapasti 6hesed, 0 t he

m cro-sized rangea+; +nAdvant.agequsl he ljiquid-liguid phase transfer
step may provide 2 %?iﬁ% e an%{éeffect ?\%t%s%lcﬁrt i%on &fggrreggrto%/oen t%% W product s
that may be iHHCFAAetUr d/aararehmyiEadse cdestai | Pzt | Ore ofobrer

nonodi sper si 0skid20ltanabklt ber appieci aledxt hate he, capaci Ly, of st he process
can be scal ed up,, to, form.| art?i[er q%gnti ties of netal chal _eogenl de particl es,
wi thout affectiTg the SCEbFTTLY afd Ehe P P Si SESTHhiSriBOLiYn of the

product. 25Adwvarragebusisy prehentmehakhehadrodgepétedparti cl es may be

re-dispersed in a i tahl I r n_nedj.um t hat, y .be dependent on the
needs of the user F?gr '?Ee.%grgf(gi-ggr og{}fgc)t Fei\‘gictosr dihgl %SFaSC ol ¥&ht or a
non- pol arlsol Srerechayl i igsed Fasmt Aeo di 8per §t onameds unbsdhedretadt

chal cogeni de 3Q pard ir@n%%a?@ﬁ’cl@% %Hkgagheatfgfaé@esé&nﬂ Jé}?rggg‘-&fcl@at rix

material, such as a polyneric material, according to t requi renents of
t he end- produtize ©f ©5.35m \f§nd| apalappeéit ofhBetwaan d6smorteér7odi fi cati ons

and adaptati ong oftddgckovention w l/l; be apparegnt 1o HRe ;5 1. 79,
Narrow peak width in DLS graph also suggests that the Cu0
20 nanoparticles are close to being monodispersed'énd have a

narrow particle size distribution.

The particles obtained from  the experimental
conditions described in example 4.1 above were
characterized in relation to their crystal structures

25 using XRPD. The XRPD result was shown in Fig. 26. The
XRD pattern shown in Figure 26 indicates the formation of
phase-pure monoclipic Cu0 crystallites (JCPDS file No.05-
0661). The broadening of XRD lines results from the small
size of nano dendrites.

30
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person skilled in the art after reading the foregoing disclosure wthout
departing fromthe spirit and scope of the invention and it is intended

that all such nodifications and adaptations

come within the scope of the 5

appended clainms. MCSLLP Clains 1. A process of nmaking netal chal cogenide

particles,

the process conprising the steps of: reacting a netal
sol ution W t hyg,RE&GisRI tant sol ution under conditions f&,d95dRs2al

chal cogeni de particles and by-product thereof; coating said netal

chal cogeni de particles with a surhgsianiticand

separating the

sal t

surfactant coated_chal.cogenide particles fromthe by-product to obtain said
net al chalcogenid@'ﬁﬁﬁgi%ﬁegp??%%aé?§§:a& Bg?péﬁ%ﬂé%?g Process,\iéPei n said

sur f act ant

i ®nabs¢ | dneecouplnhgesdgerntt onetarlnetiadl cowgande sal tnchavi ng a

pol ar group and.an Mi%&egrwpcﬁeh%ﬁ%m%am xp&%fagggeégec@f%%.to claim

1, wherein the separating IS un

ertaken using liq I qui d

ase transfer

or by renovi A§et héeh§! pr 68attcFront t heafetdlschakyogénivde par tilehes with a

washi ng sol utdo@BenXath@npeecessiaeceydi fg tonclaimd osadngiherein the
reacting step LS un%gataken, t | east _one of the tollomnng condi tions:
tenperature &f a

10

15

20

25

30

no-sized

fes$

range.

GRZT00 degtees Bl Ss; e in the

Advantageously, the disclosed process synthesizes
metal chalcogenides or metal oxide particles directly
without the need for additional steps such as calcination,
which may significantly increase the cost of production on
a large scale.

Advantageously, the reactants used in the disclosed
process are commercially available and economically
priced. More advantageously, the process does not require
the use of high temperatures and pressures. This lowers
the cost of production and reduces the deterioration of
the equipment used in the process. There is no additidnal
need for the use of expensive reactants for the large
scale production of the metal chalcogenides and metal
oxides particles.

Advantageously, the monodispersion produced from the
disclosed process may be more stable as compared to known
monodispersion in that the particles do not agglomerate,
and the dispersion do not have donic impurities. The
disclosed monodispersion can be kept at room temperatures
and atmospheric pressures for a ?eriod of more than one
month without any appreciable loss in stability
properties. The nano-sized metal chalcogenides and metal
oxides particles can also be redispersed in an solvent to

substantially reform into a monodispersion, without any

" appreciable loss in physical stability.
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(i1) in non-acidic conditions; (iii) in an aqueous nedium (iv) for a tine
duration of less than 90 m nutes; and (v) under high shear conditions.

4. The process according to claim 3, wherein said aqueous medi um conpri ses
at | east one of water, alcohols, am des, ketones, epoxides and m xtures
thereof. 5. The process according to claim4, wherein said aqueous nedi um

conpri ses watyas 2obdhsa@dn xture with one or nore al cohol scrBchbgpuncess
according to claim5, wherein the alcohol is at |east one selected fromthe

group consi sti ng frenetdvanobgee@tshanotie piiopanekd bsocpropanblcand
n- propanol . 7. p rdi.ng. t.o_cl ai [ aim 6, wherein the
%lgpﬁéf%gﬁg §?e éé{&13891§f%n 89 g}é égwd%f%sggn%ﬁﬁ%Slzg

vol ume anount el ative to said water I's 8. The
process accofgray ¢rlasyeptevedintg "ekal mxidser At fleess tref det dmvpti s

sel ect ed suchnt hatussUaBROML SPersi-ansf-sai d: shal C&%Qi;%ehﬁlﬁ Pfbkches is
f or med. % The grocess acgordl ng to claim@8, wherein the nonodi spersion is
t.

transparent . STPHISTHE3SFoCBRE BREST dPRY 10 B8 &iSAP8T DY T aitns, thkerein the
solid contentané sabdnonddirsipersion | samatichieastin5% byuvweightially

monodispersed state. This may <reduce the cost of
transportation as a high concentration of metal
chalcogenide particles can be transported in a smaller

10  volume as compared to known products.

Advantageously, the incorporation of the ageing step
into the process can result in an increase in particle
cystallinity, change of the particle crystal structure or
increase in particle size of the formed nano-sized

15 precipitate particles to the micro-sized range.

Advantageously, the liguid-liquid phase transfer step
may provide a simple and effective solution to remove the
by—producfs that may be ionic in nature that may cause
destabilization of the monodispersion.

20 It will be appreciated that the capacity of the
process can be scaled up to form larger guantities of
metal chalcogenide particles, without affecting the
stability and the ©particle size distribution of the
product.

25 Advantageously, the metal chalcogenide particles may
be re-dispersed in a suitable dispersion medium that may
be dependent on the needs of the user for the end-product.
Accordingly, a polaf solvent or a non-polar solvent may be
used as the dispersion medium. The metal chalcogenide

30 particles may be suitable for use in an organic matrix
material, such as a polymeric material, according to the
requirements of the end-product.

. It will be apparent that various other modifications

and adaptations of the invention will be apparent to the
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11. The process according to any preceding claim wherein the netal

chal cogeni de particles are netal oxide particles. 12. The process
according to claim 11, wherein the netal oxide particles are at |east one
of zinc oxide, cerium(1V) oxide, iron oxide, copper oxide, zirconium oxide
and titaniumoxide particles. 13. The process according to claim11l or 12,
wherein the sapasakicd conprises: addi ng an aqueous Megid@cbdhesa d net al

oxi de particles and by-products to dissolve said by-products; and renoving
the metal oxpdespartkclies firomthhe aaguedusr nediadimg the THeepbOCESS
according t04elaidn.t3 WORhal Nbhe. LMD, 8L ehy | 5 under taken by
centrifugi ng said aqueous mnedi u 1 he proces "ACCOY i Ng Fo 2 any
precedi ng cl &'fn forEHer compri silfig tife stépnetd ageihg sdl d suef act ant
coated parti gbessikekoses saicd asepas@lonBgcStER i thidbend N PLOcESS Accor di ng
to claim 15, wherein sajd particles produced after said ageing step are
crystalli .appT¥deﬁZ5ﬁ?0cess according to any preceding claim conprising
the step of selecting said netal salt fromthe group consisting of netal
acetate salt, nmetal halide salt, netal nitrate salt, netal sul phate salt,
met al phosphate salt, a nmetal chlorate salt, a nmetal borate salt, a neta
iodate salt, a netal carbonate salt, a netal benzoate salt, a neta
perchlorate salt, a netal tartrate salt, a netal formate salt, a netal

gl uconate salt, a MCSLLP
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metal l|lactate salt, a nmetal laurate salt, a netal malate salt, a netal
perborate salt, a netal sulfamate salt, netal hydrates and m xtures

t hereof . 18. The process according to claim 17, conprising the step of
selecting said netal of said netal salt fromthe group consisting LL | kal i
metal s, alkaline earth netals, transition netals and netals fromthe nmain
groups of the Periodic Table of Elengpfiss 19. The process according to
claim11l, conprising the step of selecting a base as said precipitant
solution. 20. The process according to claim 19, wherein said base is an
oxygen- cont ai Nk pgodeas &f makihg bl pideRehidapaatidisnéhd procksd BdrEtsingOmpr i si ng
the step qf sefJ_ ecting said oxygen-containing base fromthe group consisting
of al kal i St & hydr oxi de, al kali netal carbonate, alkaline earth netal

hydr oxi de, al kehtting ®emetdh satesallticarion ategipitahtkalitioa udaet tonaioas tdpeh ogen
car bonate nia salution, organic base and m xtures thereof. 22. A
process a@g%p}gﬁ%gfeﬁ'ggHﬁnﬁpegcaé‘(q?)ﬁfa)r%ﬁwg > nprising the step of selecting
a chal cogeni decomtihg s@dImetal@mhakegaddalpptides with asurfscthot, Bosh. 23, The process
according to I i ng.cl ai erein said netal salt solution, during
said reacti ng%s g%nﬁé?’?ens%m%%ter%ﬁt\é? ngfcg%@é%es pfg@fsgf if(qu Eht? %V‘%rfgﬁ"gﬁ?orret ric
anount ofotdgain daipmetalpihbogersoe paitiollrs fre@ 4f saldhbypraatess according to any
precedi ng cl ai rein i.d. metal organic_salt is_an, al kali tal organic
Bort 58 “TneMsrdisel Dbl E forSrehE alfitey <rdRifiathiacaliofhe "an on
of said reepaér gogaandcasapaolai groap therdéon. aci d.  26. The process according to
claim 24, wherein said alkali netal organic salt is sodiumoleate, sodium
abi etate, sodium stearate, sodium octoate, sodi um naphthenate, sodium

| i nol eat €.or nihetproessstdoeprdfg to claim 1, wherein the separating is undertaken using

liquid-liquid phase transfer or by removing the by-product from the metal chalcogenide

particles with a washing solution.

3. The process according to claim 1 or 2, wherein the reacting step is undertaken

at least one of the following conditions:

(i) a temperature of less than 100 degrees Celsius;
(i) in non-acidic conditions;
(iii) in an aqueous medium;

(iv)  for a time duration of less than 90 minutes; and

(v) under high shear conditions.

4, The process according to claim 3, wherein said aqueous medium comprises at

least one of water, alcohols, amides, ketones, epoxides and mixtures thereof.

5. The process according to claim 4, wherein said aqueous medium comprises

water in admixture with one or more alcohols.

6. The process according to claim 5, wherein the alcohol is at least one selected

from the group consisting of methanol, ethanol, propanol, iso-propanol and n-propanol.

7. The process according to claim 5 or claim 6, wherein the volume amount of

alcohol relative to said water is 1% to 99%.
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27. The process according to any preceding claim wherein said silane
coupling agenti ssel ect edf ront hegroupconsi sti ngof anal kyl tri al koxys | ane; a
met hacryl oxyal kyl tri al koxysi | ane; an acryl oxyal kyl tri al koxysil aneycgi|p
nmet hacryl oxyal kyl al kyl di al koxysi | ane; an acryl oxyal kyl al kyl di al koxysi | ane;
a met hacryl oxyal kyl di al kyl al koxysi | ane; an

acyr |l oxyal kyl di al kyl al koxysi |l ane; a

8. The process according to any preceding claim, wherein the surfactant is

selected such that a monodispersion of said chalcogenide particles is formed.
9. The process according to claim 8, wherein the monodispersion is transparent.

10. The process according to claim 8 or claim 9, wherein the solid content of said

monodispersion is at least 5% by weight.

11. The process according to any preceding claim, wherein the metal chalcogenide

particles are metal oxide particles.

12. The process according to claim 11, wherein the metal oxide particles are at
least one of zinc oxide, cerium (IV) oxide, iron oxide, copper oxide, zirconium oxide and

titanium oxide particles.

13. The process according to claim 11 or 12, wherein the separating comprises:
adding an aqueous medium to said metal oxide particles and by-products to

dissolve said by-products; and
removing the metal oxide particles from the aqueous medium.

14. The process according to claim 13, wherein the removing step is undertaken by

centrifuging said aqueous medium.

15. The process according to any preceding claim, further comprising the step of:
ageing said surfactant coated particles before said separating step.

16. The process according to claim 15, wherein said particles produced after said

ageing step are crystalline.

17. The process according to any preceding claim, comprising the step of selecting
said metal salt from the group consisting of metal acetate salt, metal halide salt, metal
nitrate salt, metal sulphate salt, metal phosphate salt, a metal chiorate salt, a metal
borate salt, a metal iodate salt, a metal carbonate salt, a metal benzoate salt, a metal

perchlorate salt, a metal tartrate salt, a metal formate salt, a metal gluconate salt, a
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mer capr oal kyl tri al koxyl si |l ane; an aryl trial koxysi |l ane; avi nyl sil ane;a 3-

gl yci doxypropyl tri al koxysil ane; a polyether silane; and m xtures thereof.
28. The process according to any preceding claim wherein a firstMCSLLP
surfactant and a second surfactant are provided in said coating step, said
first surfactant being selected to pronote chem cal bondi ng between said

net al chaheegesitste smrblnﬁ‘ét@l [B0Gtes 8hI€ as%ﬁyﬂ%a%{éfs%ﬁt é%eta%@b%% 84 ot he
second surf? s the sil| ane cou Ilr;glﬁa gent . . The process according

to claimbgR ﬁ\ﬁﬁ@’%@tﬂ salbirgeteli ysrates AHLEPEHES therea) ect ed fromthe group
consi sting of sucrose, Tetraethyl orthosilicate, ethylene glycol and
mal t ose. rocess accordin j[o ani preceding claim wherein said

metal chal ogeﬂ;]%lg 9557% PCOEENG f%Clp lginerthe stfPsyfselacting faidimatal

S|e:< ect ed M@mtrhaagwupomom@l grbumtoaéusmt 6f alkah MetalaCcakatr eatit altRdis, g

al kenes e aromati ¢ sol ven e process accordi ng
to clai m% e[{iaﬂ?é?%‘ ﬁé“%@'?élonb@fad*éa"bﬁﬂupﬁPfe@ezfreé'ofjr&dr@blﬁ/o fttHemehtScess
conpri si ng t he steps of: reacting a nmetal salt solution with a
precipitapt solution in an a |um hase at a f at least 7.01
and at a {‘éerrpgi 13 BrOLeTARE '?%ﬁ)géa'g}”?g g '6@9&3‘@1??@38‘@@ &SN athgse 3 m net al
oxi de parsdi¢pesipitadt soytipn.oduct t hereof; coating said netal oxide
particles with a surfactant, said surfactant bei ng sel ected such that the
surfactant coated netal oxide particles have a higher affinity for an
organi ¢ nadi unThehareeessedaabidirgy toocisian O, arhieesit Salmestse s phax@gen-containing

i nt rodumt{% an organic nediumto create the organi c nedi um phase and the
aqueous I'um phase which are imm scible with each other, wherein the

surfactant coated rret al oxi de parti cles report to the organi ¢ medi um phase
to produ a i de no persi thereln hav ast 10% by

wei ght sd |dsnfsh\AeJniD Oé;eﬁﬁcﬁ?f \ngd F'g'"? i FPL'SEg aﬁ%@o?fss Gin Qn?%‘l'j\ase
and  MCS dxygerRcontaining bae@ avatthegrdupeonsistird & s in®&1al01°ydf63<t®| améﬁ ghetal

particles f.r sald agueous iu hase to obtajn 0
particl es a]rbogm allgaép% e&;tﬂp?ﬁg%ﬁj é‘t rdr>)<| alka?ne ea?ﬂw me al ca onate aﬁ(aﬁjne
earth metal hydrogen carbonate, ammonia solution, organic base and mixtures thereof.

22. A process according to any preceding claim, comprising the step of selecting a

chalcogenide salt solution as said precipitant solution.

23. The process according to any preceding claim, wherein said metal salt solution
during said reacting step is in molar equal or excess relative to a stoichiometric amount

of said precipitant solution.

24, The process according to any preceding claim, wherein said metal organic salt

is an alkali metal organic salt.

25. The process according to any preceding claim, wherein the anion of said metal
organic salt is a fatty acid.

26. The process according to claim 24, wherein said alkali metal organic salt is

sodium oleate, sodium abietate, sodium stearate, sodium octoate, sodium naphthenate,

sodium linoleate or mixtures thereof.
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wherein the surfactant is a silane coupling agent or a netal organic salt
havi ng a pol ar group and an apol ar group thereon. 32. A nano-si zeS/ t@l
chal cogeni de particle made in the process according to any precedi ‘6{% im
33. The nano-si zed netal chal cogenide particle according to claim 32,
selected fromthe group consisting of zinc oxide, cerium (1V) oxide, iron

oxi de, copper OKkqRoceskecsidirg @eanyZ pfeeedihy Biawn dderdidl shidt SRNEMRYIHEE. 34
The nano-si zed net a]IF cHaI c?ﬂger?{?de particle according to claim32 or ,

havi ng a A9FMoW pSPEFEFe "M el sTTPHRUCPBISINGL IPfa 38t edlpdBakorsilang | éss t han
3. 35. Thetenlogakedidmikaiasdal cogeni de patchjiGlyaikAGMNodydEns0 cl aigm 32 or
33, havi ng‘Ie n a\{eraﬂgl ga]rti cl e.IS| ze in the ragg(e of 2 nmto 100 nm 36. A
mono- di spBFYIASH ' SyakakyIdEerIgRRi de @Par t PEVERYRKYalyERIKoysilangt hod

conpri si neettergd:gakylafalkylalkokgiehé;Ng anmet akbykadybikpiglalky lakdxydliafd ag@geous
medi um phase w t tk 3 .@gech itant sol UtII %nder conditions to form netal

chal cogenl"§E3BRARYETIFEOXYISEaNS; - ppd d Y IMAIOXEIBNecodt | NGY5aisietfet af -

chal cogenglgeidpamtopyltesikodytitana; s poliyaptesifane adndl mixtures thiefdgf.oduci ng an or gani c
mediumto create an organi ¢ nmedi um phase which is inmscible with the
aqueous nedi um phase, wherein the surfactant coated netal chal cogenide
parti cl es28.eporie pcedeacogding © amdpretegihdsieint ovtgreid ucrst Higfareindbnd a

' ' ion. i.n hayi | 10% b i gh
arti of eo R RU R NG S PR s S Faare e sr RSL stieekatptie arlscts?
wher ei n stai drosnoté axtieanidal it®ondingi baetweerc caal imegalagmnoggsidaAm‘tiab %r_fogaaiblq sal tf
i . t . .37, pno- di spersion o
ot al _chalsnb AP B T Pl BTG dB aRTR Bie e ol HE 267 St eps o :
reacting a nmetal salt aqueous solution with a prec: pi t ant gqueous sol ution
jti I I id iy . by-pr t
thereof - 21w i bt B 5 ey "BRa B oG el s T Ho

sur f act arthe group consisting of sucrose, Tetraethyl orthosilicate, ethylene glycol and maltose.

30. The process according to any preceding claim, wherein said metal
chalcogenide particles are redispersed in a dispersion medium selected from the group
consisting of water, ethyl acetate, alcohols, alkenes, ethers, ketones and aromatic

solvents.

31. The process according to claim 11, wherein the metal oxide particles are made
by the process comprising the steps of:

reacting a metal salt solution with a precipitant solution in an aqueous medium
phase at a pH of at least 7.01 and at a temperature in the range of 5 to 100 degrees
Celsius to form metal oxide particles and by-product thereof;

coating said metal oxide particles with a surfactant, said surfactant being
selected such that the surfactant coated metal oxide particles have a higher affinity for
an organic medium phase relative to said aqueous medium phase;

introducing an organic medium to create the organic medium phase and the
aqueous medium phase which are immiscible with each other, wherein the surfactant
coated metal oxide particles report to the organic medium phase to produce a metal
oxide monodispersion therein having at least 10% by weight solids, while the

byproducts remain in said aqueous medium phase; and
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adding a polar nediumto said netal chal cogenide particles and by-products
to dissol ve said by-products; and separating the surfactant coated
nmetal oxide particles fromsaid byproducts which are ionic in nat@Stlc’

t hereby obtain said netal oxide particles free of by-products; _
wherein said surfactant is a silane coupling agent or a netal organic salt

having a pol ar sgsftth@ ik atbnapRbasiotll SlUmetd @R particles from said aqueous
medium phase to obtain said metal oxide particles free of said by-product,
wherein the surfactant is a silane coupling agent or a metal organic salt having

a polar group and an apolar group thereon.

32. A nano-sized metal chalcogenide particle made in the process according to any

preceding claim.

33. The nano-sized metal chalcogenide particle according to claim 32, selected
from the group consisting of zinc oxide, cerium (IV) oxide, iron oxide, copper oxide,

zinc sulfide, zirconium oxide and titanium oxide.

34. The nano-sized metal chalcogenide particle according to claim 32 or 33, having

a narrow particle size distribution with a steepness ratio less than 3.

35. The nano-sized metal chalcogenide particle according to claim 32 or 33, having

an average particle size in the range of 2 nm to 100 nm.

36. A mono-dispersion of metal chalcogenide particles produced in a method
comprising the steps of:

reacting a metal salt solution in an aqueous medium phase with a precipitant
solution under conditions to form metal chalcogenide particles and by-product thereof;

coating said metal chalcogenide particles with a surfactant; and

introducing an organic medium to create an organic medium phase which is
immiscible with the aqueous medium phase, wherein the surfactant coated metal
chalcogenide particles report to the organic medium phase to produce the metal
chalcogenide monodispersion therein having at least 10% by weight particles, while the
byproducts remain in said aqueous medium phase;

wherein said surfactant is a silane coupling agent or a metal organic salt having

a polar group and an apolar group thereon.

37. A mono-dispersion of metal chalcogenide particles produced in a method

comprising the steps of:
reacting a metal salt aqueous solution with a precipitant aqueous solution under

conditions to form metal chalcogenide particles and by-product thereof;
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coating said metal chalcogenide particles with a surfactant;
adding a polar medium to said metal chalcogenide particles and by-products to

dissolve said by-products; and
separating the surfactant coated metal oxide particles from said byproducts

which are ionic in nature to thereby obtain said metal oxide particles free of by-products;

wherein said surfactant is a silane coupling agent or a metal organic salt having

a polar group and an apolar group thereon.
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