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Bayer Technology Services GmbH already introduced a general process technology to
synthesize semiconductor nanoparticles in a continuous way with micro reactor technology.

35  With this proprietary technology scale up of nanoparticle production can be done economically
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deeply penetrate into the CulnS, nanoparticles. As a matter of fact ligands are well known to
show a strong influence on the growth kinetics and finally also on the particle composition (J.
Feng et al., Chem. Commun. 47 (2011) pp. 6422).

35 It is known that the synthesis of a ternary or even quaternary nanoparticle systems like IB-IITA-
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wherein Zinc precursors are able to penetrate under reasonable low temperatures and short time
scales deeply into a CulnS; core so a blue shift beyond yellow orange spectral region can be
obtained.

30 This would be very advantageous for practical applications like the use of those particle

systems in LED lighting where green colors are necessary.

In the method of the present invention it was found that the fluorescence quantum yield and the
range of accessible colours can be further increased when the nanoparticles are synthesized

35 according to the process described in SG-Registration Number 20110XXXX-X when



Tetrachl oroal um nate (ALCl4), Hexal uoroanti nonate (SbF6"),

Hexal uoroarsenite (AsF6'), 10 Alum nates of fornula: RO 4AI -
wherein R = C'F2n+, (fluorinated branched or non-branched allcyl) or
R=CF2. -1 (fluorinated aryl) 15Especially: Tetralcis [2, 3, 4, 5,
6- pent af | upaoipliengktaisols ad used Hat@fclsyhtheds and / or shell formation. It was shown that

these particular precursor class of non- or weakly coordinating anions play a special
advantageous role for core synthesis and for the coating with a shell. Those anions readily
release their respective cations like Zn®™, Cu" or In*" for fast reaction with the relevant
5  precursors present in the reaction solution. An alloying process of the particles was shown even
when the inventive anions are added after the core synthesis. This can even be done in more
than one consecutive step with a single or even different type of the inventive ions to change a
starting binary to a ternary and even to a quaternary nanoparticle system. At the same time the
quantum yield (QY) is very high indicating that quenching defects are efficiently eliminated
10 and the surface states are well saturated. Preferably when the last step is done with same type
of the inventive ions as second last step, the stability of the QY can be strongly improved,
Using CulnS; nanoparticles as an example it could be demonstrated that by using these
precursors the accessible colour range could be extended from deep red and near IR to blue-
green compared to deep red and near TR to orange-yellow when using the classical precursor
15  materials for the metal ions like e.g. acetates or carbamates (e.g. zinc diethyldithiocarbamate).
It could even be demonstrated that after first synthesizing a copper(I) sulfide nanoparticles that
only very weakly luminesce in the near infrared the luminescence could be strongly increased
and blue shifted afier treatment with the inventive ions containing indium (In). This trend was
further continued when a treatment followed with the inventive ions containing Zinc (Zn). For
20  example if Zinc Bis(trifluoromethanesulfonyllimide {(TSFI) is used the variation of the amount
of TSFI can tune the color easiliy from blue-green (approx.. 520 nm) to red (approx. 670 nm)
The metal complexes based on the anions mentioned below can be used as precursors to
synthesize the mentioned binary, temary or even quaternary nanoparticle systems. Metal
complexes in the sense of the present invention can include elements of the transition metal -
25  group IIIB, IVB, VB, VIB, VIII, IB, IIB -, main group metals - IA, TIA, IITA, IVA, VA.
Preferred, the preparation of the metal complexes will start from lithium or sodium salts of the
anions selecting from the group of non- or weakly coordinating anions comprising:
» Simple anions, like fluorides (F-), cyanides (CN-)
o Sulphates, sulfonates, phosphates, acetates of formula:
30 R-SO4-, Triflates, R-SO;-,
Especially Copper(I} trifluoromethanesulfonate toluene complex

CH

9 3

FsC-8-0Cu
0

2
R,-PO*, R-POZ, PO, R-COO,
wherein R = C,Fay (fluorinated branched or non-branched alkyl) or R = CFay,



20Tetrakis [1,1,1, 3, 3, 3-hexaf l uoro-2-(trifluoronethyl)-2-propanol at 0]
al um nate(1-) CF3 [ F3C+04 Al CF3 Borates of fornular

R ,-B- wherein R=CN, C'F2",1 (fluoriiated branched or non-branched
allcyl) or R= 25C'F21 (fluorinated aryl) Especially:

Tet r a( cyano) banatieitdd:a) 4-

Tetral ci s[3,5-bis(trifluoromethyl)phenyl]borate F3C Tetrakis

(pent af | uor ophBPFFiey Bypiattes: prtimioates Arjenigss pid Prasehsieh selpsied) e dbe group
[B(CF3) 4] - CF lgnskindofcF 313 CF3

Tetrafluoroborate (BF,),

5 Hexaluorophosphate (PFy),
Tetrafluoroaluminate (AlF,),
Tetrachloroaluminate (AICL),
Hexaluoroantimonate (SbFg),
Hexaluoroarsenite (AsFs),

10

» Aluminates of formula:

R~ O-—HA

wherein R = C,Fy, (fluorinated branched or non-branched alkyl}) or R = C Fony
(fluorinated aryl)
15 Especially:

Tetrakis [2, 3, 4, 5, 6-pentafluorophenolate] aluminate(l1-)
F F

F oA

20 Tetrakis [1,1,1,3,3,3-hexafluoro-2-(trifluoromethyl)-2-propanolato] aluminate(1-)

» Borates of formular
R4-B” wherein R = CN, C,Fay. (fluorinated branched or non-branched alkyl) or R =
25 CoFon (fluorinated aryl)
Especially:
Tetra(cyano)borate
B(CN)4
Tetrakis[3,5-bis(trifluoromethyl)phenyl borate



- Teflate-Borate [B(OreF5)41- - 0 F.
sel ected fromthe group of:
Bi s-sul fonyl -im des of formula:

D cyanamde N . --.
00 4741
with R= F, CN, CF2"+1 (fluorinated branched or

/-1 \ FF F Amdes and i m des
CN CN
RSNS-RIIII OO0 - 8 -
non- branched al kyl)

or R= CF2n-1 (fluoF,Qated aryl) Especially:

| 5

4
F,C
Tetrakis (pentafluorophenyl) borate
F F
| F B
F F

Tetrakis(trifluormethyl)borate [B(CF;)4]

) cr, _
sFC—B—CF,
CF,

Teflate-Borate [B{OTeFs)4]

» Amides and imides selected from the group of:

Dicyanamide

N
“ "CN
10 CN

Bis-sulfonyl-imides of formula:

8 9
R—ﬁ—N;ﬁ—R
O O



Zinc Bis(trifluoronmethanesul fonyl) m de (tade out of the Lithiumsalt
purchased from53M FIC 00 CFl \ ,V0=S=0 \ NNZn Nit /\ 0=Szs, =0 Fol
NOO/ 7\ F3 Indium Tris(trifluoronmethanesid f oni m de) 0 0 Fse-g-N11-C
Psi 1n3* 8, 10Copper trifluoromethanesul foni mde (according
structure) CarfarRen®sCof oL Mifluaringtsd! thiRthed wheherdclRdbikyd @ =XSFH;
al kyl, Car boraéles. ége ... T. Kueppers, PHD Thesis: "Beitrage zur

Chem e der sch 8‘{) t ni erenden Anionen [B(CN)41- und -R-CBlI 1F1
if mt R=H G@bially:Uni versitaet Wippertal, 2007, p. 47 - 52) 15The
process for preparing the particles is essentially according

SG- Regi st r at i oSS uoerqtharsselonyDimide (afeoyt piythe Spipmsals Pvrﬁ}éased from
follow sg stepgy 1.) Precursors for the core and shell are separately
prepared. Precursors for the core or shell are dissolved in solvent

m xture further corr_grjry ng\gne or nore ligand or surfactant, resp.
and at a tenper ature that S still beneath the threshold at which
nucl eation takes pl ac,é_ﬁ"el'hg 20 typically fromroomtenperature to
190 C, preferably fTBm 50 g{f® 180 C so a core reaction mixture and a
shel |l reaction m xtiré& arée® pfepared. The terns |igand and surfactant
are used synonynmously in the following. In the nethod of the present
invention at | east one of the core or shell netal precursors
conprises at |®B4um isdridioremthangsylfeningda} i oned non- or weakly

coordi nating anijong, 2plnjcase a ternary core is used the nol ecul ar
rati o of netal iﬁﬁ@ﬂ@t@} i the core reaction mxture usually is
close to the staichkionetric ratio of the according bulk material and
varies preferred by a factor of preferred by a factor nost preferred
by a det or of Coprgr triffpgremetpangulfprymideacrtiae Bt case of Cul nS2
(AS) that tthcng,rsrfeeb%nﬁlﬂg keplky! Bt R-ANMaldPheAMSOr ranges
preferably from (1 - (1 -9), nore prefefable (1°- B5):(1 - 5),

nost 30 prefeCabirytes (egZTb Kutpper ) PHITh Ehenisi aBeltmgat Bthhﬁmnt ler anlivooh
precursor is pr I e th r
salt. In case t%é&gﬁlgﬁeﬁdénr ec%jnr%sig(clﬁé“] é]flggr}%k%&ﬁ a rml ar
(100-1.5):1 for Véuppctmldatn p7ar)usual |y used, preferred from

(50-2) 1% %e pr cess fgr prel(njanng the particles is essentially according to SG-Registration Number

Eyr L t,%mvfers%%t

20110XXXX-X and typically comprises the following steps:

1.)  Precursors for the core and shell are separately prepared. Precursors for the core or shell
are dissolved in solvent mixture further comprising one or more ligand or surfactant, resp.
and at a temperature that is still beneath the threshold at which nucleation takes place being

20 typically from room temperature to 190 °C, preferably from 50 °C to 180 °C so a core
reaction mixture and a shell reaction mixture are prepared. The terms ligand and surfactant
are used synonymously in the following. In the method of the present invention at least one
of the core or shell metal precursors comprises at least one of the above mentioned non- or
weakly coordinating anions.

25 In case a ternary core is used the molecular ratio of metal precursors in the core reaction
mixture usually is close to the stoichiometric ratio of the according bulk material and varies
preferred by a factor of =9, preferred by a factor =3, most preferred by a factor of =1.3. This
means for example in the case of CulnS, (CIS) that the molecular ratio of the Cu- and In-
precursor ranges preferably from (1 - 9):(1 - 9), more preferable (1 - 5):(1 - 5), most

30 preferably 1 - 2 b:(1 - 2). The molar content of the anion precursor is preferable in excess of
the molar content of the metal salt. In case the anion precursor is also ligand a molar ratio

from (100-1.5):1 for anion:cation are usually used, preferred from (50-2):1, most preferred



- 9 - from(20-10):1. It is preferred that core solution mxture
conprises a total anount of cation salts (i.e. Copper, Indium Silver
and Gallium in a concentration fromO0-9005 Mto 1 M preferably from
0.001 Mto 0.5 M and nore preferably from0.005 to 0.1 Min at |east
one sol vent. fﬁﬂr(eﬁeoplb I Iyls Peferet! @ACErODd hutibX nikhee addtpridesethll anfo@RQIF t410n
m xture are cl.ear bl e solu swth a viscosity bel ow 50
nPas pr ef er abti b § S%@GQP@mQ opneegiyatiop Ql?tq(gﬁs Ktk
is heated ab &erﬁwﬁ&atolonnM Jaroeﬂklom th@EPRfctbl Font ¥ P30l 1M ik 8R4QRE
to 350C, pre erably from 180C to 300C, nost preferably from200C to
270C and thefo'R&ht at the reaction tenperature for core nucleation.
The heaki ng pragasly rc%resfe@dﬁbf# nn;h@rebﬁldpa ehar ?elamen%ﬂﬁuéfvmfeha@ar hg@tioRenle
rate of > 1 K/'s, preferably w heating rate of > 10 Kis and nost
preferably wiselhtiops Wetatau\*ﬁgosmbeémbw mPasgaelerayly belqyh & wPes hﬁfﬂége@ﬁlﬂéd
procedure i i t
23 EfRted it {'n%ﬁ& lsoﬂea@d%ween%%atﬁdﬁ”@ﬁ%ﬁc{“{ gi;& Tu?e ﬁg%i} &R

exchanger to heat up the mxture wth st po ati'ng
rate. The terdp&Catopse°G, prekagitly from 1809G we30pHs; md wéferpble flrmalIojC !Iei’iﬂé‘én
1 mnutes an , | .
ot oraby  Tad el Sl RIGOPIERAR iy AR WERHIOR, Heluhfg ot ABHE
m cr or déict or bewpteferablcdane isthk hmtmglmtrgdp t B/sgotgfersbly suirtl athedtilg tateofabiMe's

gi ven tenperature ona d rger_part.icl.es

Dot ror oaret e sty Rich B18eing ARGe 0 Moo kAL 8L R dtrie FhocBht Sl ,
t enperat ure lied raag:nwehﬁxnseustpeﬁlpédlhroﬁgir £m@rehdahexbhihgdr aviat dph@dmixnee with
nucl eation t erature a cond injection of th

et Ton i Xt geR Pt Birng i 178 FiRatrilss Rkomaor & filge PrEct ¢f s el
t2 OO% 70C, pr efverwear ﬁltﬂgfﬂs a;gﬂm Ho@rds,aﬁ&éiﬁ@&ﬁhbrgu&tweleﬁ 35‘%{1.11{63 end 1 Bt 1810
4 and can there e adj ust eatjng oi The tenperature is
kept fdg a tlh%ebtéﬁ?}/eﬁﬁm&}f‘m%l‘ @Wﬁﬂ%?aﬁf@tmﬁlliroﬁ?%ﬂt%@ igee heg q"iﬁhﬁ‘?%er
nore pref er ald 34 ReANGBEI e AFLRLIRS tedkiralurddour . Preferably the heated
reaction mxture flows into a residence mcro-reactor with m cro heat

exchanger 0 QPR aah - fesea PrrHeespde e ernanicleenliy theleased reaction mixture
250pt i onal 'y s thil 1&pSdt § RnfpRRLRELEBRAALEEEIFS: dote g‘r&vtﬁBﬁrI&Pér't}%%e n%lea@i%x?t
results. 4.) Shell reaction mxture containing precursors of

material is AGeRSEtUe whpeny e grepndoiianiion of e feote redvEPn Mixereicay befdomwél"he
core napopar td,GlRaPLARak segmhnmwgo 370°COprefirrbd HOMP RHEE %@'zx?] c4§1d)m$s@

a first enbodi nent of tChe nethod e present inventionthis step
i s conduct ed pefassd ilomel 80021349°Caind eamthereipeteypdintied hydwetinigod . ol ternpeorure

containing t ; i
reaction m x?sﬁlf Pgogr?{{g% nxigelnng ot ré%?aghf% 0 sh@lgﬁesﬁr%@elr%ﬂ%}l}si Iglgrg e abl%d
m xed at tenpetwatnF msmt;ehr@w lib@ﬂerefqmbésf the h@cbdmacmcunmxmlmﬂwfsattma Basfdibmn
the reaction _mxture contain e core .and

materal 1o A SRR i peb Lol R AR AR Brealttee e o
m cr o- sxer. C&aﬁdm:all}r tbﬁb ktqrmﬂaene@bqyedtahﬁ1s@pmpnmafosbésuﬁesm cont a| ni ng

the core cool ed m X

e ot o At pchot B0 EE B Ripe BBkt LmatPl, 4 e 1 thsisection

preferred fr aixtd406 sh@l bINUG of Ok cak nla:rfb@ﬁdlclés prepared i @dper yord.) kdspattivelyni n
0 20 mn. Preferably this

alt S(r)nth ] vgn? b %ﬁﬁh%@{eof&%{%lﬁ dfa[Il g}ﬂ%d ﬁtE%P“”%?ﬂfdm‘éF“P‘é’s‘:hHéWBés condlucted drop-

m cro-react OrgiseOptionally with m cro heat exchanger, to adjust and
hol d the above 5given tenperatures. 5.) The reaction mxture is

heat ed 38nd/ABy Alematively the sagion sglubion Fentape S O a5 his 1990led fowp griche
preferred fromida@CebQioR 2 uRNdniRHL pPé’c@Ifs@rE of hell 2R 3BRGadR a%@grgxed at

usually for a tine period of preferably from1l mnutes to 10 hours,
mor e pref er afimpefaiusen Beloy A0R%Es prafergd tas upem derdpomaduse- Bireaf the meagtidey wintge

mn to 90 M Ronifife HRAGH A hRORGELEHIHEN GRRerb R RRYd BE again. Step 4 is then

preferably conducted in a micro-mixer.

35  4c.) Altermatively the reaction solution containing the core material is cocled down, mixed with



10 adjusted using heating oil bath. In a prefervred enbodi mrent a
resi dence reactor with heat exchanger is used to grow the shell
mat eri al under the conditions given abd®e. Most preferably the
reaction m xture flows through a residence mcro-reactor, optionally
connect ed t o tiz sheld peclreatmagexialh and) beatedtto agengwrdnhe fret d00°Chiat 20093 pretkimee r

Syet om can Do ELUHEnIEHO L T CR: VEREbIoL S ERh o) e RLRE] preromed

system can be segrren
convent i onal ﬁ:‘oube rﬁysds emrmhl Priaferibinidis efteinsivd S4l adddvcted MU ndditb-midet and a

restricted ther IS refer ed.that the outer sh

Chows & thi cRmEESgBR PG R PO HAEBRT D M e WITE Aoe
percent gge ofgivah tehpastursd0% Preferably whole or part of step 4.) and
5.) are repeat ed in to obtain the guter shell of desired thickness

and conposPYi gk reastie yixgEs it hegiRd apdariold fos iRk gropdb leBRer Al intrany 100°C to

prevent furt hegecppleteted 8o SN0 PSRt ahPdRbY pla¥erkd %wigoc't:% O3AC SR fbr
m cro heat-exchanger or capillary tube to cool the reaction solution.

7) Usual | y t hé timgmsped efipesfaablyfrem d munitesdp A0 baussimpse paderptly rom 3 minutes to 3
anti - sol vent §,@0dn @b & Gref ¥R ifof 4 Yid r&egoq%enef redcifn ¥ g@eaﬁret dafi @bgfbe

t he present 1 nventions I1s a nanopartl cle conpri sing enent s
group: 195111 3disgiedusre i@atingrgjl bath. do pitireferrddomboisentof resib@ice peaptar witls héaar

Zn, DI'A such e@rﬁlaﬁer 1sGased tQ grW fﬁeogﬁgh W@Eglﬁ&eggl{eesggngrtggﬁs_rgg%} £b%t;§ ngsq

to as netal precursors
conbi nati ons ptdﬁeﬂé:ofthe ﬁeﬁcnmemlxteteﬁcﬂ@d tirenghsa aﬂdidyncepnnkccrur@cmr optionally

30wherein t h% ftso r{x}?lq) q%]%rt e eané]e%l e art g %:h%ﬁ Imafe{}asl\)‘n &’Ttl?edﬁo];lélpeﬂs gwen

group consrstrn
11-N-V or m mbmaee@pttohelyehn‘resnﬂenkﬂ mxyroe‘aqmtcs"eystanondMetagmntemmtohamslerrs&to@f

t he present yent in. particu

sem conduct orag ' #‘r.c@ @8%’8&?5&%%3 ﬁ?@?e\%‘l%? emster bsnusg?lgg Ofg““ ot
ZnSe or ZnTe resBtedlhekdio.gr oup sem conductors in the sense of the
present invention ar e

sense of the tp'f‘é’%"e‘?ﬁe %é%quﬁ?ﬁ ISI-I‘hleolféf\f(IP r?grﬁl%uﬂgj’it n]?l%gsn 150353 4/ bf et
material that is with a percentage of at least 80%. Preferably whole or part of step 4.) and
5.) are repeated in to obtain the outer shell of desired thickness and composition.
20 6.) Reaction mixture is then cooled down to prevent further particle growth preferably by
flowing into a second micro heat-exchanger or capillary tube to cool the reaction solution.
7)  Usually the nanoparticles are then separated by adding anti-solvents and dried.
Typically the core of the nanoparticles of the present inventions is a nanoparticle comprising
elements of the group:
25 - 1B such as Cu, Ag or combination thereof,
- IIB in particular Zn,
- IIA such as Al, Ga, In, or combinations thereof
further referred to as metal precursors and
- VIAsuchas S, Se, Te or combinations thereof, further referred to as anion precursor,
30  wherein the composition of the nanoparticles is selected from the group consisting of I-VI, II-

VI, IE-VI, I-I-VI or I-II-IV-VI, I-IH-VI or II-IV-V or mixtures thereof.

I-VI group semiconductors in the sense of the present invention are in particular CuS,.
II-VI group semiconductors in the sense of the present invention are e. g. ZnS, ZnSe or ZnTe.

35 II-VI group semiconductors in the sense of the present invention are In,S;.



Cul nSe2, AglnSe2, CuGaS2, CuG@aSe2, AgGES2, AgGaSe2; CulnGS, CuAglnS,
Cul nGaSe, CuAglnSe, AglnGS, AglnGaSe, CuAg&ES, CuAgGaSe. Preferably,
|-DI-VI group 5 sem conductors in presant invention are CulnS2 (ClS),
Agl nS2, CulnSe2, AglnSe2, CuGaS2, CulnGaS, CuAglnS, AglnGS. Most
preferably, I-DI-VI group sem conductors in present invention are

Cul nS2, Agl nS2 because of lower toxicity. Il-1V-V group

sem conductlall-yTigrouphensendetcof irt the sprise senthe iprsantinentiar &e CunS, ZAGINE,

ZnGeP,, Zn L, SnN 0 1-
semi conduct%(gl rﬁé 4 é: sce@ge IX# Gt%ﬁe”’ éce}gséh%‘ %lG%l%e nc}{llm@;(sg;tgmgms CylnGaR
(X = A, G&uAghSey AghgjaSseAglTg)se, | CIFA%G&\% Wuaglsdp Jesfiretdnd ddﬂé’ﬂs gionp

t he Senge %énu%&ﬁu&&@%@ %}esén@\(ﬁz@ﬁtloﬁ rbr@-bﬁhﬁg @15 CALERD Rnse
a 2ZnSnS4. 15 é pica e she br €sent |nvent|on s a II VI

shel | in p&vinGag QPA&M%S&M@@%@/IOSZM&@@ JI-He gropp, pemicqndpetese in present

sel ect ed fﬁm@aIammzmglb%ﬁgelmytbﬁmﬁy1) sel eni de, or any

m xt ure of {]hem Pot ential .S source S- cont ?rnglangZ P
conpounds StCHY &P RFBIEPENHCIOR;Y hﬁﬁFﬂ%ﬁPﬁﬁﬁ?mSWn@ﬂmﬁf‘%@g 2 ZnGePy,
al kanet hi olZnSe, ZnSTheZabda ShiNol s can be mer captans havi ng one or
nore syl,fh C h

havi ngqgne)ﬁglélyvnoér o Ste’:n%ﬁ%dl {Sq?l%%cs Il%ér?g hg]@lte%%m ?annFﬁB Fee%:apt ﬁqﬁaw ng
one sul f hydray; Yﬁrﬁeﬁ?ﬂﬁhl group is preferably octyl nercaptan,

i so-octyl -nmercaptan, dodecyl nercaptan, hexadecanethiol or 25

oct adecanethiol, etc. The mercaptans having nore sulfhydryl

functi onal Hri¥alkSarR: semmieqmancigss yn ﬂiesse%ﬁedzfttgff pv?éﬁfn&gwﬁlawg a7 e.g CwZnSiS,,
1, 6- di oct ylcuwmiegptazssn®gt c. The nanoparticles of the present

i nventiigns can have various shapes, norphol ogi es (spheri cal

particles, rods El ates, tetrapods, .etc) and sizes. The nanoparticles
of the predapirallighs shellipf |ﬂefnpf§ﬁw‘§n%cwalﬁéc1% ¥ shelliip PAiENE Felita LpPe IZ8Te
size of upskem. 40 nm in a preferred enbodi ment of fromO0.5 to 20 nm
and in a very particularly preferred enbodi nent particles with
characteristic dinmensions of from1l to 10 nm characteristic

di mensi on neani ng the property-determ ning dinension, for exanple the
di anet er ofeseHEE G berrslegrd frah Selepipmeand rb&gtaaleféylﬁ%vl) SPIBIdR A {ANY. X &

S' striboti @?nmmc@énualars §6&rcaC1|ﬂ!E))|e\lﬁdS has susualing ao@p@alaisarsﬁlcﬁas Th1ourfg1|
evi ation 10 1 ra n rticu aply
of 5 o Rl BENE & plasSbiohp iy BlkeBBfich i el Foie
eval uat ed, ohoor morespfhgdrybianeticablateups, |omahmmloy?§1esneocfapthnedrasmg9m @Tmore

el ectron mgg ?Ffb{nc iIBRY SPoups. 'Tﬁle2merc%tn§-hﬁ vzn?gt E‘Elid[s( Iﬁgplﬁﬁg graugdls

partlcles in tICU ar or Sl ze an S can
by adj usti lﬁ@f@éﬂbé’ﬁb’} ar@ptapnido-egRcBerearian gadacsl tners:amn meé@mag@thlol or

nat eri aks, ol:t'ac%%ﬁkﬂ:t}ﬁédp%& angk m}cxﬁaﬁss hﬁﬁré%\ﬁhéreas%lmy&ﬁe%c@@{aﬁ;g%@ Sare

|'i ke tenperatu erature ra and dynam cs of a ion
of precur s@F%er%{Eﬁﬂ §61199H’ MSICERYRRP R 6@é%t3681‘3§1ﬁ9ta%?\t°coor di nating | ong
chain nol ecules (10 or nore than 10 C) preferably non polar or |ow

pol ar. The m@'@&%ﬁamdléad&x 6BV YindenBRs? c4r0 hive pﬁrﬁa‘u@r@@aex ;noﬁahmgfas
nost preferabl 8 to 0, based on the polarity index of water being

9, accordi Iﬁ@h@r&at pratiqlest EadsBlatess #apqdy, 91c) e sigee K he TanoRergclpnof the present
Anal ytisgal (RPN aVlaractBsticNKeraBe phiRle siPe %??‘\Ip to 46RhE iP): pry%?red

embodiment of from 0.5 to 20 nm, and in a very particularly preferred embodiment particles
with characteristic dimensions of from 1 to 10 nm, characteristic dimension meaning the
property-determining dimension, for example the diameter of rods or the diameter of
tetrapod arms. The particle size distribution which can be achieved has usually a standard
35  deviation of 10 nm, preferably of + 5 nm and particularly preferably of + 2 nm. A particle
size distribution may be established and evaluated, for example, by a statistical analysis of

transmission electron microscopy images.



10 solvent is a high boiling point solvent, preferedly w thout any
doubl e bond in the chain to prevent any side reaction. The organic
sol vents, during the reaction tenperatype, should be stable and
degrade as little as possi bI e Preferabl y the boiling poi nt of

or gani ¢ conpound i s above nor e pr ef erably bo e

others sui t'abFEe & YRt Ogaro P@'Eflﬁstfé@é%“ arl“"FFe%kZ& élF? ﬂ“i ?566% ?ﬂéa“
par af fi n wax, adﬁistbige:bydenﬁtth& fand beientatiel hess ofdprexutsyt meﬁehzef hgsnmu@j)earmd
L panae LadBhaR ahSAR HLRBRLE sl uft ARl el b, |y 86
al kyl, ami rdﬁnantutsmhdddmd Oéarlebusoyd and s@@i.d. Suitable li gands are
oIeyIanﬁne ol eic acid, trioctylphosphine trioctyl phosphi ne oxi de,
nyristic agi nol ecul ar fro 8 1

dodecanet hfs()ﬁ:m ca%/\lb adecane cf'lfdm?nn%ﬁ%n agaélgén OI'{C morejt%n érﬁrer}frgb%
t her eof . Fapn peltut @rlo@(olak. urhmm@e,nméemaanzrrﬁrgm altd 0l prefedlypl. ﬁ)dmotmﬁnn

and hexadecigt OF b E5wEbt FpRRay PR AHIc B Gp & bRt R B i Felay e

nanoparti cl(eg. Bmttkﬁ$reﬁk&rﬂ1lﬂﬁia3ft1$dl Dherigely, A, 116,C400 6DIPNRLBGY Table 5). The

characterized usin Sm SSi o el ectro r osco TEM, Philips CM
20). THE 25pKK & aﬂﬁgh @%egmbfo W&h@ﬁ%‘ﬁ‘{] % F"&g‘)"érﬂ%y 5@@% cebpnhyn the ghaiyte

absor pti on pfelefanfsiat Yéabtﬁ‘&h T&)%@rh@);olaéﬂﬁ BhaLahd FARE GaR%Sture, should be
spect roscopéh]( Fluaorol og 3, Jobin _Yvon). Characterization further

i ncl udes THENRGEY a%affﬁiétaﬁ |1131%%£P§ﬁshlf‘s Prifaeblsiis boiliss @eist of oreamic ggpound is
X- Ray Phot gglweobl an n§9@ fe%@%a{ve(%ﬁ’% mﬁ%@%ea suta{b?&stol\@ﬁls Qré%@ad&@&

30 Phot ol um nescence Quantumy were neasured by comparison

wi th sul f olHisEdssane I@I%@@r @ﬁrﬁén W6X=t¢l¥?3¥i’éﬁﬁéﬁb%slcﬁfhebé‘GPCIYhet‘h% Quplaes,
to Recqkdi %cﬁlﬁﬂﬁé%eﬁ%&fé}fﬁms%mnvssiv% mlxtﬁl%l%e?lo\fvon Hori ba,

http://ww. hori ba. com fi | eadm n/ upl’oads/ Scientitic/Docunents/Fl uorese

ence/ quant l]L'I@éhé’é &n St 5@&1)199@ (oxrcej ligh&m&m%td)pgaspﬁﬁfe 7301@ 041, z3mne, Bt and

113036- SG - - sem con uciing core-shel | nanoparticles conprisi ng

el enent s oFaTPPF@’h(jr 3Gids Puitgble; |ljgands) mre V\p}eqummgr ‘W% fidt hté‘o‘fﬂé‘P]ilQﬁ

cl i’iSSi f ijC ?.ltﬁdbfylpﬂﬁﬁmﬁlb RxidBenBREPQS, Udv@ﬁloléf:ulirhﬁblghﬁﬂﬁ)lﬂﬁi‘lﬂp@fd 180€ @ sikc8 as

sel ecte r.0 consi B- VI A B-VIA TER-VI

T T vt RSBt RrRacE R b Gtnglnig. 38 rellal e Histealy B beter

t her eof20 amhunisgscdnea suagmme shbll lin the qoojuctiiane 9f eCn®ntlgolofart hgefgralipsd

DB and VI Ay, : | B-VI A the shell
&%ﬁ{eﬁﬁon tét &%ﬁe%rt erlslfeéﬁd ﬁ&%&c&%{ﬁ%@tﬁﬂgéﬂ gﬂgréﬁ%rr

conpri ses at |"'east ‘a ement se rom the groups |B,
DA, WA or VA" conprising the follow ng steps: a.) Core reaction

m xture COMRE dﬁ‘bﬂﬁtm‘@t of %@&Jpama@s cs%t:ﬁ gﬁf‘aé LCGH ﬁmea%@mogp'a%

precur sor i ssol ved in a vent
t enper at ur éh%@ﬁ%ﬁd j upingt FTPIPSD’(%WéaﬁlﬁCt{OHe MHGPSSSRTO I(EEME Wﬂilr@h CMJ c0eaflhen

t akes pkac @hotbluhr@we@cer SRAdnbPRI XY rt@tddSb)heart /emsabs)s\éamey Qje%@tAn@]T}tlcs
t hreshol d § r’gpﬁ{ nd. t hen kept at t E’ﬁ #Ogjn t enperature
core nucl e&PFGH) 2 @El‘fql‘B?fﬁ?qcﬁsReﬁtéosﬁ@%’t( Bore ure is kept

at a tenperature vvel | suited for core growmh but |ower than the
nucl eat i on CheaRerAtiod Qurther includes Thermogravimetric Analysis-Mass Spectroscopy (TGA-

MS), X-Ray Photoelectron Spectroscopy (XPS), X-Ray Diffraction (XRD) and
30  Photoluminescence (PL}. Quantum yield were measured by comparison with sulforhodamine
B according to the method described in “A Guide to Recording Fluorescence Quantum
Yields®, Jobin Yvon Horiba,

http://www .horiba.com/fileadmin/uploads/Scientific/Documents/Fluorescence/quantumyield

strad.pdf, retrieved October 5”‘, 2011,
35

A first object of the present invention therefore a method for the preparation of



15d.)SheII3&§%¥¥§9¥£ﬁixture prepared separately conprising at | east
one cation netal precursors and an anion precursor and heated at a
tenperature that is still beneath the _tihreshold at whi ch nucl eation
takes place is added to the reaction m xture of step b) ore) for

shel | coat isagicMaubiy &one-hellaRRGRTICIS |BBpridng £18a&H Qﬁthmbgﬁwfsg €8 OfB SHRP
d) is heated and hold to a shell growth tenperature, 20t.)reaction

m xture is¥YheVAowsl B\ @éivife terigshie vhstifigation teherointhe equepogifigpoh the core

Wherein at nhﬁe@%de REseRbted B6m MR AupREAEHLS OF 1BAFIAS HBR/IA) MALVR, 18-ITA-VIA
conprises at least one non- or weakly coordinating ani on selected

from the grolUplBdNprYEY #G-IIAFYidoer MLV A-VA) or raiwairrs dleaseof, G at least one shell
Sul phat gs, f. f R n
Sulphat 85 BiafA0aL g B QUELSR sAPOLOLRE Rl O Bl

or R = CuF2MAithg sheBEdmprisB8-l¢astd fadther eleh@htdscle8bd-Gomn tiksE6ups 1B AlldnTVAtoes
of formul a: 04Al = CnF2+1 or R = C'F2n-i 30 Borates of

formul a R4-V -’:c\/?,ﬁ]é)?isei:ﬂ\gﬁ’rﬁ?@%&% RE2nnor R = Amides and ini des
sel ected fromihe g€oxpezefion Dixtyrarnanprikng 4B T&Estlchd @3iGonStretal ptébursors and an
Bi's-sul fonyl -im desancl)g)n %r%gurxrs%lr ?s diss%lvoed Iml a-iiclgand and solvent mixture at a temperature

10 that is still beneath the threshold at which nucleation takes place,

b.) Core reaction mixture is heated above nucleation threshold temperature and
then kept at the reaction temperature for core nucleation,

c.) Optionally the heated reaction mixture is kept at a temperature well suited for
core growth but lower than the nucleation temperature,

15 d.) Shell reaction mixture prepared separately comprising at least one cation metal
precursors and an anion precursor and heated at a temperature that is still
beneath the threshold at which nucleation takes place is added to the reaction
mixture of step b) or ¢) for shell coating of the core nanoparticles,

e.) reaction mixture of step d) is heated and hold to a shell growth temperature,

20 f) reaction mixture is then cooled down to prevent further particle growth.
Wherein at least one of the metal precursor of step a) or d) comprises at least one non- or
weakly coordinating anion selected from the group comprising:

o fluorides (F-), cyanides (CN-)
» Sulphates, sulfonates, phosphates, acetates of formula: R-SO,-, Triflates, R-SOj, R,-PO*,

25 R-PO,”, PO,*, R-COO’, wherein R = C,Fa,y; or R = C,Fpp 1,

» BE,, PFy, AlE,, AICLS, SbF, AsFg,

® Aluminates of formula:

R—O—JAI

wherein R = C Fopiyor R = C,Fopy
30 * Borates of formula R4-B” wherein R = CN, C Faq: or R = C,Fapy
¢ Amides and imides selected from the group of:

Dicyanamide
N
CN CN



R S N S R BL5113039-5G with R= F, CN, C'F2"+1 (fluorinated
branched or non-branched alkyl) or R = CnF2n-1 5(fluorinated aryl)
Car boranes of forrmula XCBIIRI|I- wherei.ngR=H, F and X= H, al kyl,

Car bor at es In particular a method wherein sem conducting
core-shel | napRR@rdnyCihffes 8f Bmhuldyi nating at a col our range which is
varied by way of adjusting concentration and concentration ratios of
the 10non- or weakly coordi nating anion. The nethod of the present

i nvention can be extendgd for the preparation of nanoparticles with
di fferent conposit/jon._. For exanple, it can include binary copper

sul phide or i ndRuisNFHdeR ternary copper indi um sul phide or

quat ernary copper A ndi ud zi nc sul phide or 15 doped/all oyed copper

i ndi um sul phi de so0 conposition is CuxlnyZnzSn. According sel eni des or
tellurides canyahse PecR! e8! S@uoMRldd Vishc AR RNRLBER k8 &at &, F,,
el li psoids, rods, tetrapods or nultibranched can be achi éved using
the met Aod of {fHeripgtedasyl i nvention. In a preferred enbodi nent a
I1-VI core is, j t ypI 2 2/ shel )/ shel
20nanopartic|é5?§9%F£g§$§@ﬁ%§§§§$ﬁ ?h%%bbéﬁg¥?&$§lﬁﬁ§%hof a ternary
or quat er n&asposgest em and outer shell is a Il-VI shell in particular a
o start it R g doR SR GpbUiER 18R bR bt Ay 4P
Cul nS2 shekblolvefuge evhidhes edniod by payo@iadpatinértSndenteaivment nantatou baioe ulthé
25 annegling are followed. This process would lead to "reverse type |
parti cﬁgs, n%ﬁg@ﬁ?%%ﬁqgﬁnawgtﬂm& adient interfaces to widen the
accessi bl e colour range. This procedure may ensure a | arger band gap

i nner core i C fter the above described annea)ing i nduced .

il st on’ BheEBtel et He e a0 cBl Moo RE Al PrEAHRE Al pgnoparticle
nanoparti chs difdrent ogbosititan Femdyingledit casGhcludP ®iaBdoph@T subhide BBt daina
application is the adaptatjon of synthesis conditions to a continuous
product i on SYfeT de@ary\eEperondiio fiHPlde, O quatemyy conpss SdiNEnE R FYlPRifle o
and it gsr eligieamisfenUehptr &l Sulpadesh wﬂnﬁoﬁﬁopﬁt@ﬂmr@fﬁn?AcMi%selenides

inevitably neet the difficulties of heat and mass transfer. e
recent |y i 8f icBerifee eenlorbsreprsh oV arophoawhelagies kgl doecl bpseidatrpdntefrapods

closed systempBiibAREhell B be achieved using the method of the present invention.

In a preferred embodiment a II-VI core is used. In this case typically a core/shell/shell
20  nanoparticle is prepared wherein inner shell is made of a ternary or quaternary system and

outer shell is a II-VI shell in particular a ZnS, ZnSe or ZnTe.

As an example the method of the invention allows to start with a pure ZnS core followed by the
growth of a first CuInSz shell before the above proposed ZnS treatments and subseguent
25  annealing are followed. This process would lead to “reverse type I particles, ZnS@CIS@ZnS,”
with gradient interfaces to widen the accessible colour range. This procedure may ensure a
larger band gap inner core which after the above described annealing induced diffusion

processes, would provide blue and green fluorescing nanoparticles with high quantum yield.

30  Important for a commercial application is the adaptation of synthesis conditions to a continuous
production process. Most of known syntheses of CulnS,; nanoparticles and its related structures
are based on the batch route, which inevitably meet the difficulties of heat and mass transfer.

The recently introduced microfluidic methods can realize operation in closed systems, and the



BTS 113036E3811343%-5G preci se control of synthetic conditions aoffered
by the strengthened heat and mass transfer makes the reproducible

reacti on achi evable. Thus, we denonstrated the synthesis of ternary
or quaternary nanoparticles with the conposition 113-111A-VIA (D3 =

Cu, Ag; DI Arezist Rontfa® of AmitheMt Aormitidns Sffered 8 (RNShrdSth&@d thBR AhBVERE bi¥Rfer
precursor materials by a continuous route based on 5m cro-reaction

t echnol ogy mekesthhgrradiciie macdion paiayable T, sie dgmonsiraed e synthegie akteinpay@r
In a parti qulaha.¢rhegdiqend wﬁlhﬁle%b{lﬂ{;&%hi&‘ﬂh- ?@aéﬁu%gs]nw fh, Ga, Al
precursors according to this invention is conducted in m cr or eact or
syst em conpilAsi hfeeTarmdngng bl évertye Preovrsarheatagials iy acontpuipes mgfe oaned on
step a) zand..d) m ¢ } , .S 10

i or or 3ot SorEbEAEhA T Grsn e S ERac! bl p Sk ASh HERRRee,

m crom xers and residence reactors al so conprise mcro heat
exchangers . and_el enents .are connected w th ch her so the reacti.on
moxtar e 11 808 PEGREFTaRnery s e RS o6 Maea=RER ~Eh aRemios b fiehS

i nventive piventitnSisrcondicexliial £ midiateapp| systerg doh@risles eleinbel sgleaak duimethe
resulted in a broader ﬁfnhi evahl e C(atour ran?e. I n Eg_{ti cular (it could
be denonst PRUBACTRET™E HET SIFRt Hedids Th B adit £i° )egbiaﬁﬁ Bt eres
was eagber nli@oredibieVadithr Qefdf) adhidfo Riab bichidzby ekt hrraG anlyleyitisncee
was used as Zinc precursor, fqor the shell mlateri al . Advant ages .i ncl ude
a wi der colGFOBATIEPIPHSE TG ! FXhaprEaAnd PRI ORI Jaif)cach other so
narrover FldYeacEbiofl@ire BREEdnaidubifBroming b b AGk BBIyitel d and bet ter
stability. One tine injection of Zinc ) _ )

Bi s(trifl ubtBaekniNasiie PERYSY inAtials\ane RPRiging diesdesuibpd Pggiuteysaliedé a

col or of thea8¥SbRMRIE Hlo@MaRiecl B SHQARr §iQLolBheARRARURR 1t thB8ynthesis of
|l width half FVWH

infrared. The fi maxi num ( M can be tuned between 50

and 2005nmgrePhe ABaEtcingn tpasclasan WS shessitenet? t oadhieYs niihs. e-Quanian
yi el ds of % i L,pat ihg: pa i i ;
Ya@s(fhh%mmah&@&@g%@?ﬁﬂé Mm%a iNg &g@g& f%{ ‘jﬁeb(sﬂ\élf b afal,

em ssi on nmaxinmum at wavel € s around 520-540 cou e achi eved
with the néwvantashoucludela modes colonimngdlty fidue toraglyrgasley mhibdenband| gap), narrower
| um nating par.ti i . an .S Sk L ) : 5
o ound 580" 800t BbkbrERRol b AT EMLATAAD u P ALy, VR TR RO of
met hod of SBcRBigfirdlup@imcthancdhlfrbe)imRie 1i0dOOMKsatid s siha biel cotoy ofvbs system

d d with Ly Li . f. | at i vel h
2oy S1oh” BepERRt uhy LS 932l MRV 50

t her ef or e aunsé beteesndiC indrzP0 ant. &hs heklion3fiing edmoashbitembd toCHIP ksl Qgantum
el ements of . the .groups.113 LA WA VA or VJA of the periodic
cl a5 1 catih Qirrelchn geen clor Hiha mondPrR BN e ToHS. Pesimu a
nanoparti chavilagthe beahdsR0f340 minh baldbaitpictaanGthshd Mgy @éthdBmY hdre BB 3004,
DIA-VIA, 1B-D A-VIA or 1B-1333-WA-VIA_ DB-D| A-VI A or 35DB- WA- VA or
m xtures t E‘é‘r"é@ﬁ?‘ ‘Q\WH C"ﬁ"' Jygunatige panopartilesyd EREMISSIER BT IIERSt BRulghs

of the 2gr oupand 448-0 dmyhAh ihee@ rdprddicibiBERomPRedO iR n&cfitR 05§ ¢ RRBistktion
1 B-VIA the shell conprises at |least a further elenent selected from
t he groups NllBl,bel‘I @A,IO rX.\}l;Qe stpbility was proved to be good with only little decrease of

relatively less than 10% after 2 months.

A further object of the present invention is therefore a semiconducting core-shell
30 nanoparticle comprising elements of the groups IB, IIB, IIIA, IVA, VA or VIA of the
periodic classification wherein:
.
the composition of the core nanoparticle is selected from the group consisting of
IB-VIA, 1IB-VIA, IIIA-VIA, IBIIA-VIA or IB-IIB-IVA-VIA, IIB-IIIA-VIA or
35 IIB-IVA-VA or mixtures thereof, and



aving an em ssion maxi num at wavel engt hs around 400-560 nm and a .
guantumyield 60 % in particular green colour |umnating
nanoparticles wth an em ssion maxi numgt wavel engt hs around 520- 540
nmand / or in particular having a full width half 10maxi nrum from 50
to 200 m. In pagticular the sem conducting core-shell nanoparticle g
of the present invention has the general fornmula: -

ABG, @\"'ByzZn2.".yC2 idgast or)q"sgglep;‘iga;@@@m@oﬁyhe groups 1B and VIA, wherein in case

ABC2@\" ByZn2. x. yC2 [ @\@é DE@ )

ZnC@A\XByZn2. Xx. yw@%%g(g\f%?%%gﬁﬁ_ néﬁ%ll\%gecié lﬁl}{%%%eﬁ (a)rfu rtrl;lgrr %lemem
el ement of the grougsler®d omwbhegsougulB, N§A.dV Azrd@wnbi nat i on thereof, B =
one or pore el enent of the group IRA such as Al, Ga, In, or a b
20conbi nations thereof or 1C = one or nore elenment of the group VIA
such as S, Se, Te oavig aemilsiahiaginsni 4 enaeddngthn droale48i 360 xmaamd ayquasuf
<x and y <1 with na B%T%hg/ence on the value for Ix - yl with a
gradual increase of Vg ¥ fromthe particle surface to the

remai ning core. |In pghlitdid gdden SABIrC@NEMMRE nARpEAEIEs Wikldnl enfiaid0 RRkitrugl £
wherein A=Cu, B=In and. C=S. 25 I\/bst@ﬁr eferred are nanoparti ¢l es
obt ai nabl e by the nEdYEEETYared PPwEhim drd { fF indetticrlar bavingey yl pyjdth half

quaternary or hi ghega @i Bamtsosd mosyst em obtai ned froma starting
bi nary system Further objects of the present inventions are

for nul at i ot errtiged be sewieppdustinggearsrehel aorrEsidRlcthE mieser rigvegtien has the
nanoparti Clegndpfi fBQ1aPr €sent invention, in particular electronic

devi ces. Exanpl es:
- ABC,@AB,Zn,.,,C, or

- AB,Zn,., ,Cy@ZnC or
15 - ABC,@AB,Z15.,,Co@ZnC or
- ZnC @ABC@AB,Zn;..,C:@ZnC
- ZnC@AB,Zn:, yC:@ABC(@AB,Zn;. ,.,Co@ZnC
wherein A = one or more eclement of the group IB such as Cu, Ag or a combination
thereof, B = one or more element of the group IMA such as Al, Ga, In, or a
20 combinations thereof or IC = one or more element of the group VIA such as S, Se, Te
or a combinations thereof and
wherein x and y is 0 <x and y < 1 with no preference on the value for [x — y| with a
gradual increase of x and y from the particle surface to the remaining core.
In particular semiconducting core-shell nanoparticle wherein A=Cu, B=In and C=S.
25
Most preferred are nanoparticles obtainable by the method of the invention in particular

ternary, quaternary or higher nanoparticle system obtained from a starting binary system.

Further objects of the present inventions are formulation or device comprising the
30  semiconducting core-shell nanoparticle of the present invention, in particular electronic

devices.

Examples:

Following particles were prepared to illustrate the applicability of the method of the present

invention.

35  Example 1: Preparation of red luminating Quantum Dots (QD) CulnS, core particles




Fol | owi ng parti cles were prepared to illustrate the applicability of,
the nethod of the present invention. 35Exanple 1: Preparation of red
| um nating Quantum Dots (QD) CulnS, cane.particles - 17 - 12.6 ny

Copper (1) acet ate (97% 29 2 mg Indium nacetate (99.99%, 14.23 n

1- Cct adeceng 6 (Q0%8pparishcQard P73 @Oﬁagﬁfammcaa&wxﬂgwr@ﬁﬂqedm&acae

3-neck round bottorred fIa K FGS degassed for 30 mn and pur

with N2. TH®%endPPoml Redecanspy %éa@r@@ddfs in @3-4@@@%@@&0@ i, RBB)
min_and Cooked AgHAo hih £BMEFIRCLAIHE Sl SR Heles $Ab YodoLnNRR,
rapidly heatggdde 5upt Z%g}é (?or 30 trIans ﬁﬁmﬁr@ gscenc emésgi gn 2
peak of théordiSspigragd mle\ﬁlabwmteqoeldelaperﬂm (RR» Whenhthasdlutioh waé chphilyntzehted
maxi mumg( F %

sut  or adaty b BG Ri gl 118 RURRkHTH Sl ol o SRS Wi bpared g 710

| um nat i ng n@3viGud B, widibhelf paxitrugl (EWHM)tdfllm;!m quslmtmn yieBhis 1150 ba8® omm
151ngCop r ace e.(97%, 34.8 ng IndiumBl)acetate (99.99%,

16 m 1- @g) oé% Bﬂﬁ of 8}% and 1.74 m Dodecanethiole (98% were
added |n a 3- neck round bottoned flask (RBF), degassed for 30 min and
For “T0 m n EabbEle Sorsaishal B0 oML R B e terpie S e Hpen
turns vMpscge®am 15 1.39 m ODE, 0.43 ni oI eyI am ne (OLA) and 0 43 n1

TOP was added so _that_the xture becane cle
col or. Ther’tHes QBH’Hﬁf(D?ﬁ%ta{ﬁ;?é?%ééﬁéd%B‘dtlﬁl(%@etaﬁd%%?‘@e éﬁﬁ%d %fr‘de%ene

mn before é@DE' F95)A8aVD 74 thl Bhdecditbiolé (8% Qlektladi@i 1%%-&@1@1'0@&%0‘&@1%&%&”3

to 230C and _left there for 60 m ns before cooled down slowy

The fl uor e$RBRceegasiekior dhmpenp pmred wigh H2-shhe salpeng wasganidy hfta&ee uatto 176%0
nmw th a fpd ot fp Ilﬂg‘ll Jnd Wéﬂd@n(tg WM teQiBergtﬁé (R). AR H:rﬁulglt'lﬁ'ﬁ'st Hlous.

yield is 6% based on sul forhodam ne B as reference.

Pr epar di o 8fmlgPBEr0-EombelcylanadOl Ay et € mh SDBDUrrgeso' hal dby wixture
di ent d b
gradi ent el RALE Wik 85t RS (ag%va%dﬂa THH e %%'ug& | BA feRa,RY 1%0'75'0@ and

exanpl e 1 ept under Brecisor
Zi nc Bi sf t miafritaipgd domed lman@efwb fcomed dawmi td & T( Ierabefolutinrwas Tapilly E@%ﬂ U €

added i nt 02§0 agg?elﬁltfleqyﬁ) F%&s% gego Eo&]ﬁ%:\)!l ‘%E{'HI hllelll ttﬁgreéégnce% ?sglgn
to dissolve chem cal s un an a ransparg o) I on was P r med
(Precur sor p2k.of Breeiwmsion was hyeasedt dn é30 nnmyveh;b adl widthdalf meginus o FWHNMY of RTS
The m'>§§ure S Iutula A, g‘%bdée heug{oq% up tlgazg C under N2 90 mn
bef or e “Cool"€d fiqovx}i1 o 70 £ o Ejg e 3 07 e%cence eni ssi on
peak of the dlsper3|on 30 was |ocated at 525 nmwith a full wdth
hal f maxi of 86 mThe ant um el.d 70 9% based on

sul f or hodanfHerB2ad & el 2008 @ﬁ@q%% adient
shoul d be gwil @tﬂﬂc]ey handI ed to prevent exposure to air and noisture.
- 18 - i ve. Exa aration of green color lum natin
OD Cul nSq mof& H%’tﬁ’ﬁ“é‘bc‘i{e S Q“Q’E‘oqﬁécnbe‘gf“aﬁ‘?’é‘ﬂ]? Lwsi Heptoundes b @sRB&%BCPEPPhé

to the get hagh 049, §ﬁg%ﬁ¢ Bﬁé(tﬂﬂhaam@dhuﬁ%lfo BYIHAEX0969%), 5 Rl T@P (90%) were
Copper (Bacetate (97%, 175 m%t I ndi_u I%‘pacet ate (99. 999
L)

1- Oct adecerddes intoagynesiyguag hltomeddask i 25 éea(‘@*S%to (96 d\';‘éé‘?lﬁée Aeyisys
ina 3- neCIﬁnﬂl%@ﬂn&Pﬁ&Bﬁﬁgﬁ Lhiagda \(Jﬁ%ﬂned M%@?d) PRLcuRq vk lﬂgﬂim ected

purged with N2 (Precursor_1). The solution was heated to 220

m ns) Then o psgysoy 1 2f RE. Breanizpee segomyes rapigly hmtedlupdetZQ%fSG@d@ zg‘e%m
12 m Dode t lrﬁgg

added int o%gﬂga‘%%%ga\?fvgﬁt @mdﬁ) ﬁ’mé’ I(‘:Rolll(ﬁe%/o 5 E%esfc%ngﬁmglﬂﬁn E%apﬁf@g% ispisitin
di ssol € ch@ﬂiosatdsatéai juh vathtarfalhwisldy leHftmaxohun (FOYHMaef §oomndde q@ntum yield

P 5
trom 220 e AR AR G B ECAl Sl e Bk Jolia e
injected i mreﬁlﬂﬁbanﬁ]edmpraeat@cpcmre\nmm dnditoishwwe.m x at 50 C for 5 mns

and the tenperature was raised to 240 C. Reaction was carried out 240
C for 30min. In the further overcoating synthesis, 28 m of obtained

Tt




20 syringe punp (11 nil at 1 m/mn) Then after 1st injection, let it
react for 30 mn. Then the second batch was injected at 220 C using a
syringe punp (11 m at 1 m/mn). Thenighe reaction solution was held
at 220 C for another 30 mn. The fluorescence eni ssion peak of the

di spersion aljaﬁ\%alf‘,)ﬁgl R3: PABaBAidlecd cold lu\%lgit f:) @rﬁhé

(FWHM) at about tun e quan um y| e
Pr epar at i oigusf - gradigpb shell grarticles segeriis & Sodawft 8@y
- gradi ent 2§h%kégt§§k“ cles The obt ai ned core soI ut| on descrl bed in
exanpl e 2 was Kept under N2 at RT (Precursor |). Then 249.5 ny Zinc
Bi s(t r| fl udﬁm@mﬁmdmgﬂM)niﬁemg91@(11@9%)&0@@{99]%),( 0%l lacdad@eetd
30 e bo F

heat ed ap t ‘f@d'/%a%gg i 1 ?iegan?t\l}gaecﬁg(?n)i Wer gqtdgamt rg'ﬁEC%ar er?tEbo}to fi]aglh
was for med (RBFedepassed f@)30 imemd paged anm/a\s (Ph:eltsdr ). eﬁte&vdlunm oas heated to

S tnder N2 230Gk T oF B oo ARy 0 Fbet e ree Va1

fl uorescen mdmalﬁme Pk nfoOIéyﬁHﬁnﬂH (sp%} SdmVBSP wetaddael iato LsfhpldVial

with a full | . .maxi 70r n The nt um
Vel was 8 bRt e ol Bk b e i pil & remeerent P v gormel
tests abowpteédrs@t 2} merc@fsd)ra ﬁﬁp&ﬁﬁfcﬂﬁa‘é&a&ély tBeddt F0 QN om S20PONIR Dinfins)
1- 3 nont hs reparation of orange-yellow |um nating

oD Cul nS, @Jﬂve;thry!zt?p%ﬂp /’ﬁ%  Eresurses 2opps [peqigintp ggagidonpReastionss qﬂtorlax 1
ng Copper (o 30 XCHE fhhs (AT h¥ienPRfrddwa iiedqb 2407, BB Vs BERY att%o °C

(99.99 %9 were added in a 3-necked round bottom fl ask (RBF) inside
the gl ove BIx30ndedadise firtherr oveosting syptbesisusdyad ofiobtaingg CulnSyaCudn,&p.yS:
Dodecanet h 'd@cmﬂ%ove%&d(ﬁ:@ ¢h % 3rﬁec19ﬁBp dQEatsééli fo:rt3h &in Qlﬁqirgeg %Jq@l NVEfHEn
added in a Schlenk flask ,degassed for mn and purged Wt ND.

I nj ect 130 Berdwtchnébaithsk W@@I}?Tepa%wthamil quﬂ@ttltn,%l22%meZﬂnq®@1Ete (@992,%), 6 ml
m xture ing cKe b

Copper (1) dxRce FROSES ol RRARLRTo bR Gl 4 FR Ol b DA duich e
purge withafid ifthe swpletvidmnddsatedaioi @D VChean@d Yath 10616 Iun demiddl witila
mai ntai ned  f cOo0 oom. t .
bright yell 81% %/I‘I%lg é)(r) alglogtgfangﬁrent solu%o? was\l\ffclrgne%]gﬁrgﬁurs %{TEHBI atJ {1 of lg ciull;lsglij f‘
(DOE, 99% wafinfkBteriint@28 Gl efjdbaimed CulpnRI@Cu, AR . ,ﬁfndac@lmﬂgolmﬁon atlEOGC using a

1l ot wbP ot il o A RghRE % 8 8 abicgion, 6 et 8650 B 3%850e

and nai nt arsmﬁﬁ bach 66 fjdotcbef 02@°C ﬁlﬁ)h@d sckinga pump (0D /I e mﬂ/rnﬁﬁ)u MTRen the

(RT). The fluorescence f the ersion was | oca at
748 nm w t HOR PO Heho Pt AR DF LRGRerihe PR Rank g
yi el d was @isferiasReh 10shtdlk fsmhosbamaﬁﬁmanam of BflEnhensen” AOPHRG Ui H6dk: 125
125.1 ng of Zinc di bls{trlfluororrethylsulfonyl)lmde (99.99 %9 and 5
m of Tri o&fyiiya Iﬂf’l‘Ph’e"d(“l"?@-% 97% were added into a 3-necked round
flask oRBF) and heated to 70C to dissolve chem cals until an al nost
transparent sol uti on was forrred Precursor 2 was then injected into
pr ecur sor ‘-! ."‘ I._.'-‘ _“' '5| ,-.'- !;_ g .;’-- PP dl
for 90 m nsg@f@ﬁglegool ed sl owa to RT. The f1 uorescence eni ssi on peak

of the dispersiron was 25 |ocated at 620 nmwith a full width half
maxi mum ( lepbtémedlwe AeftRredesarided imexpingle @ wasskepoumiehis aldRb fPrecursor 1).

sul f or hOda"ﬁhEl-gz .53 % Eﬁ& %ﬁsﬁ@iﬁﬁoro Etﬁ&égu%ﬁylﬁrnfﬁ@?P@%%gﬁ%ﬁgT@? (RPELHE 5.9

2. Precursor en injected Into precurs
30 ml DDT were added mto a 3-neck round bottomed flask (RBF) and heated up to 70 °C to

dissolve chemicals until a transparent solution was formed (Precursor 2). Precursor 2 was then
injected into precursor 1 at RT. The mixture solution was rapidly heated up to 200 °C under N,
90 min before cooled slowly to room temperature. The fluorescence emission peak of the

dispersion was located at 638 nm with a full width half maximum (FWHM) of 170 nm. The



at RT. The m xture was rapidly heated up to 200C under N, for 5 mn
before cooled slowy to RT. The fluorescence em ssion peak of the

di spersion was |ocated at 599 tun withia-full wdth 30 half maxi num
(FWHM of 128 nm The quantumyield was 78 % based on sul f or hodam ne

B as ref er go&fum ﬂéﬁlﬁ%siSS %8 bhsddl bl elfolodniSOBiab rePérech eStiflity PHNsBEweI Thad N
peak due to the addition of a second . Zncontaining shell. Before and
after puri fHEsf e Cre???é’tfg‘elqga“i"?ﬁnﬁlﬁlgh‘@@mf lot MEhS- The stability was

proven to be good since there is no decrease of QY within 3 nonths.

- 20 - Exanple 6: Preparation of |um nating Cul nS2( @ Cull nyZn2,

S2( & ZnS cM&@L@@H&&WﬂO@M@M@@
Copper () i Qalhdg+cR8%W, 29.2 ng Indiun(lll)acetate (99.99%, 14.35 m
1- Cct adecene and 0.24 m Dodecanethiole (98% were added in a

3-neck roukgchsert loAdd nig Gepker(RBFYate (% “dergd 94 dngf Grinddon (lhacstate (BUPY ¥
wth N2 THE: SRkt han.ues. ARk dhie 18Rk gﬁ?ﬁé@mﬁ& ko \%bwegag%aséﬁg Zégrqg i

mn and coole t'0 room t enperat ur recur
Zinc Bis(trid bulmdomht%ahééuﬂbbhgdeyanﬁﬁhwé@m 5899gnd Bl mi of T@kty] @0ed (DQP( e

edded |10 B Ecud0UY, SORLSTRA, haaled BT RIS ML, R,

to dissol vé chem ca‘ils unt ransparen
( Precurifor IRjecakitieciuiDE), 92%pvas! Diottgkdtlyer |(DDE;:993@ thintuee jptoethel 3edcked dhnd ,

degassed and,k heat 200 C for 9 e . Jas then ed
o Foom t oL Rikarl . inTiesShastdestete S0F it SecS ctesiiba R 10
was | ocat 6dn(ﬂfnur§éh21tli Np ’Iw: &chut&mfwals Iralejalh&atehacb f 6@ xahdEd 9, éifd/ﬁMtaméd @t 1o0m
The quanturllg?ﬁ/lbgi0 % based on sulf c{ﬁ_@lne B as reference.

15 Exanpl e E’p%i’P d8W“ df "W HRE I W opicauss{oation was
particles fis . %Snaefﬁroaywh@ ﬁéoﬂnﬁ%) mﬂsaml%fewra&me (@LA3’10°/5) a9 0.43 ml
Copperﬁl)acet ate (97% 1- Cct adecene (90%

DonBenS! hPE L Ssomkiec TORGRTS Hoadde s B BO DESHE S pr i teo-like

(RBF), degasisdcdi@! THe redBibn 38Rk G800 WGP N maihihed @Arlsblngﬂ b¥BE: cooled
rapidly heated up to 160 C under N2 and the orange- 20 brown turbid

li qui d was P8R ipgaom irenpriaiuee (Rdp- The fnprescanee gmispien kesk of the dispessionessdesated p
to 170 C afammm%vﬁh ned & ghirfhdide @eroe et el lﬁp%eh R y%xﬁ Wik 6 %

1- Cct adecene é' was injected to the above sol ution, eate up to
140 C and fesehpasuiedodaningB pd nfetrator e cool ed down to RT. Then 8 nil

1- Cct 9

240 20g C Rieckltld 1953 bd bEPRE Hib R AN R PR (98 P bhaD ol O

dar k br own Tsiottyiphaphingad OP5 P Bahwere kodediintofa F-ieekedlyonnd fabt ERBTO dndCh@Bd to

particle qucltt fo c{' #lﬁ’{ &%%r sa ELI) anmﬁ%o ?rgxgs t Bluﬁon was, formed. Precursor 2 was
i S(EriTr Sut 8)"ANtZi ne

f ol I ow ngl ndi um( uoronet hane oni m
Bis(trifl udteomgtdtfalnms tpfef:mngrl l)at Rirdlélemn;ttenem:asmpldl%r lmalstd spto D0°Qboder Ngfor

Tr1 oct I phad it Re S SR BORECH RSt ootk ophs dipamion s

was i nj2ect etd:aﬂedlhmmﬁnmtmh)ﬁ fillh @idott Bfuhsomhu (FWHM) of 150 nm. The quantum yield

was 79 % based on sulforhodamine B as reference.
Precursor 3 was prepared as precursor 2. Precursor 3 was then injected into precursor 1 and 2
at RT. The mixture was rapidly heated up to 200°C under N, for 5 min before cooled slowly to
RT. The fluorescence emission peak of the dispersion was located at 599 nm with a full width

30  half maximum (FWHM) of 128 nm. The quantum yield was 78 % based on sulforhodamine B
as reference.
There is a further biue shift of the maximum emission peak due to the addition of a second Zn-
containing shell. Before and after purification, there is no change for QY. The stability was
proven to be goed since there is no decrease of QY within 3 months.

35



30 reaction solution at roomtenperature. The reaction solution was
degased for 5mn, then heated up to 240 C and nai ntained for 10 mn.
The reaction was cooled to roomtenper-apure after 10 mins. The clear
dark red solution was fluorescing in red col or. Precursor 3: 249.5
g Zi nc Bi Hhiplt loUPpIRIoh 30 @siihdian Yhins f O Ingmt, 8,@VnsTEdr® sl IppiiesP hith e
Precursor 3 was injected into the above obtained CulnS2 particle

sol ution aty Iffe. 35The reaction solution was degased for

5 mn, thenohgatgfhekiioliQe m%ﬁoﬂa ﬁngflf?dl E&ta’fﬁe{%@@%) 89,35 m1310ctadténe

The reacti on m xture was cool ed oroo erature after 10 mns.
The fl uor e$¥W¥mcad Ba# %De@cw@wlem% éreréuaécbéprsa Bpeolagmil bettomsd flagk (BBB),
run wwth a ( R b
yield o dE%ﬁ'SJed rgbte}l}(@tﬁ% e prove e trualﬁlfétv;ég t{po}%‘g}?dgp gg (‘B"iIhder
Cul nS2 and l\th?elnﬁ mmﬁs&@r@maommﬂ@e&w@@pmwt il Thefi 2I4Q1ﬁnmw2mqg
0D Cul nS7, [ 5P, I W h TE SI) a
Zn precursc%II (gﬁgég#étg%z@%@ééﬁaggigﬁ)e s tIF;ch ?ﬂéor d%gi ffl 9,8/ 3ndR
Copper (1) rtamétbatt@ne(dgﬂ'a% (EBED 84 .18argd op td WMF(Dm (hlss*.o)veadnemmle u(ltﬂga.n%%st
were added.,in a

tt f K d
box, degasS&§PIEY S%&r’ﬁ i g(ﬁp (E))C“F Ség%’ i’rae?q{%@ %qwgaflmn? 38%9 Gt 2 sor
Dodecanet hilpdegsSilnd 8886 taad °CAord0 mifi. e @ttty was el cdoROE oA YWmpseinee

added in a,Schl enk fl ask, degassed .for 10m an rged with N2.
Dodecanct hiloF Lmtencs S antaBoLEe ghersicras et bgostomil & by e vei
then inj ecidiniunt GWITE) 3f Mk EThe! uitem Bald @88 §.V a5 Kas¢RBFulfoAblAl i PGs
copper (1) acet ate and Indium Bl) acetate, degassed for 10 m n and
pur ged wi t FERIIeThe sol ution was rapidly heated to 160C under N2 and
mai ntai ned for 10 15 nm before cool ed down to roomtenperature (RT).
A bright yellow viscous so| uti on was forned. 1 94 m of Dioctyl ether
(DGE gé% a gn_. Prr g_.l! !l _r;_, Y ';_ uIn lg, P ;Jm_t_,g esmCuaS->CIS->

Trioctyl ph@ag}gg@gngr e, 97% was added so that “the mixture became

clear with teac gel | ow color. The reaction was heated up to 230 C
and mai nt aPrreeserol: 805 g Usepasilaceasd (& o)d ddnmt d-Qtasdpscne iPpBraend é.8 Mhe

Lun i th 8RO on R et 13 BRI R) R S PR Bl o
yi el d was 7ndpiraiewttoN.. Jhe fdwthvodearirmidBheatedrupfie d 6h @ under Be andstbe o@nge-
1251 59 Oby GRS L GLOBRAA SH SRR LNPLAR 89058, 306 ©

m of Trioctyl phosphi ne wer'e ad Into a necked roun
fl ask ( RBFendimeintamed éd 4tnon BEretcooldd doml o R Te heml ¢ Alctadenstd (90%h wad mjzsted
transparen ol.ution % r sor 25 . then i ct ed
into prec u&os%r Tve fdﬁ?n%f"ﬁte xtlﬁ(l#:)e(’evvasmarmatt%ne V%Ingteléltbgt? " C;?O]P% FGHERT-
under N2 f GheO® nﬂ’lldefrdfmne(Q@m) lweadl insjdotadl ty tHebeE. soIlihen fhkatat qsmemo ec and

WGth hal | TS, PORRE SRS GEER APhae difanbigriioH apte iadn Gehbom ae

on sul Rer hashaed. [tBnBoassher&B&r eHigifed QLB pafiaki doiuvien P &mtsos OY whahRl ifed Be
shoul d be eful ly handl to preve exposure to . air and noisture.
o bl Hyosie

The obt ai néU"°¥4pl e | r to HEEoRmehreadoamiddor e stdpl e Zinc

conpar ed WiBidrifiastbh@Bans3UbR@HhiZe thidModODE as sol vent . Exanpl e 9:
Preparation of |uymnating OD Cul nS ACu"l nyzn7.". SO, ZnS core shell

particl es RFECHS@ASS P apgcindium(TH) Frattntlﬂoawﬂzﬁeseffqmsmﬁe) ad winlroeiylphpsphipe
Precursor }uq 8.6 me&ga&erwért Ini R0 Shradufsof %a@l E:@t@d 8o £ ADofhe Itrsttti»sum

(rern) acetate (99.99% 35were added in a 3-necked round bottom flask
( RBF) 3Asi eractiggesolytien &b raggnicmpragjars sy reagtionsglupipmwas degased for Smin, then heated

up to 240 °C and maintained for 10 min. The reaction was cooled to room temperature after 10

mins. The clear dark red solution was fluorescing in red color.
Precursor 3: 249.5 mg Zinc Bis(trifluoromethanesulfonyl}imide and 5 ml Trioctylphosphine
Precursor 3 was injected into the above obtained CulnS; particle solution at room temperature.

35  The reaction solution was degased for 5 min, then heated up to to 200 °C and maintained for 60



- 22 - and purged with N2. 0.36 nml of Dodecanethiol (DDT, 98% and
14.23 m of 1-Cctadecene (ODE, 90% were added in a Schlenk flask
, degassed for 10 mm and purged with N221Dodecanet hi ol (DDT, 98% and
1- Cct adecene (ODE, 90% mixture was injected into the 3- necked round

bot t om f | asdén. (TRBFRacEONMBiNGE REs EAIMAED @@1@ ehpbauanglict 10l im#sg Phe ﬂ@&et:efce,
5 degassed for. 10 mn_ and_ purged with N2. The solution was rapidly

heated to foeion park ofNdic sivgersian fagileragd b A% smyyith Bl radth delféerxaewrr
to room t enpRLRhWrasé Bl b a(au%ﬁﬁm 'nyc?&sﬁ %e@h1§ Qiaﬁipleoﬁ}m‘@asthéc t?d’n%gnan&tﬂe

reaction heated up to 240C and nai ntai ned for m n before cool ed
down to RTfrom{an$ fofares eedthen te fuBSi@Hpeak of the di spersion was

| ocatedsat 697 nmm with a full width half maxi mum (FWBM of 155 nmu The
quantum yield was 35 % based on 10sul f or hodam ne B as reference
Precur sor Zxampui@ SRPmratfonmfrlmnmhtih' ]

(99.999% a9, Mrs i E%J) q 31’8 ; eg(;l' > 7%_ Ver e added |nto a
3-necked r o di ssolve chem cal s
until an alProwsortl: aﬁspw Eoppes@) aceiaten(9Wasarfdoi g ofl?ncemur(ﬁblacezatev\@g 99%Een

injected into pre SQL L&t . |dIy hea to
200C. under Kk P & S3eckt Mnd puohl Bl P il R 0Bt gt Rl Pt ©
(RT). The fahwplrrmlo;erhd@ &M 815 bhodeeakihivt (DIME 9@%$ﬁmlrlsrlxﬂ!rbf\m®t)ll ethat (BOEat

543 nmu wit full dth hal f i youm ((F .of 100 nm, e ant
Vil o was 97 eatieCh b P ot R et ot Wi olge! Vi NGy PR
precur sor BDLESdsed)IndDRlyDeie (DAE &foed) nixthanak een infecid @it 3%@@@ kHngd
to air and_ noi s%asli{e 20 Exanple 10: Preparatjon of | um nating

Cul nS4, cu, RPEPZK E)@Ozrﬁeﬂempeg@ércrtats&rq fodagliD) agetate, depagseq FPA&P min
=1: 4 rati oagngh %@vhﬂ;liﬁl The s@ﬁh&ﬂwﬁ%ﬁ@;ﬁ&lﬂr%@e&ed% @Wc%ﬂﬂeriﬁlo anmBnfBeCRPPET
(1) acetate (97% and 116.8 I'ndi um qé_lll acetate (99.99% were
added ilA amn hefereewoled fann ts‘e)rttoerﬁefqps@wre( ) Aj brightgeelloy /iggpus, o lugx was
, degassed f@fed Q. oaih oebd)cg,y&gefénmt dooND. 43%1%§omy1a91inef(>eﬁg0ﬁﬁ@)fam 8h3 m1
(DDT 989 and 14.23 Oct adecene 25 ( ODE were added in a
Schl enk f 1 aSkriocidpfiwsehing (TOP, THonwves asddel ffsuﬁh@fehe wr)tnrre Nzcmne@&ewﬁletemhbr
(DDT, 9 8% vand, Jo})o@of&%{cﬁ&? s RO 2381618 Thatisnel r%%tn%{? bBleobIle
3- necked found bottom K RBFS1 cont ai ni ng copper (1) acetate an

| ndi un( | |) dewetoatoem tderg?a@lgedfﬁedhm@@:emerﬁnandmmgalgefdhwrswm@ wapHecated at
sol uti el : 45,
i n befor o S ot GASPUE el BPRL O AR B OB il Pt 7 2
30 soluti ohamglﬁﬁpﬂmdhmﬂdﬁawre&mlwon heat ed up to 240C and nai nt ai ned

for 5 mn efore d 0 1,ON_ pe

the di sper ?fecc)lﬁrsc\)/{/as oca geg%,\ﬁltrlc g"i[g{sr% fﬂmrcinr?%gfsfl m"((]ft ﬁb%gl f aIIrr%e%xslarrum

(FVWHV) of Tabotyiphobplenc(TOR OFtk)y ek ddcwasmda%lﬁa]&ddom Rt (RBT) acthivated tB

as referen ) ur S

i [b1 SCtr 1 PSP SRS RGN B At raaPSem e iy wos foriph. Bpgpursor 2 was

(TrRIB Idg:t ybghﬁﬁpltm]md(ﬂ @rec&?dl@l %%rtenagldﬁdre:\rh@mpﬁﬂﬁhdaefi kg eb {Ol)fmdn(fef Ifl§f®rt
an al.e 0o._al ol ve chem cal s, until an al NDS

t r anspar ent’” Sp gﬁffoencoa}éﬁ oy T ﬂleéﬁrogearen@f hassiqnpeak phfhe disggrsipm s

precursor jocatkd RT678 e with %l Rid0eSalf @plidhy (EEMODLILDS b, ?ﬁ@&éah&ﬂdﬁ}ﬁewﬂ
for 5 mn before cooled slowy to roomtenperature (RT)

f1 uor escen®as @Me@ﬁ@rﬁ)ﬂﬁ@éﬂt{hwmtnﬁg A irefpencs ohsareiEvy RseC&fseﬁmﬁerl@SMﬁbe
wWith a ful kaldm RanldRh o prRYehim LMY 204 mgi@tufyq{l“he JHeEncdRadpA Rt LR M 6L d

was 53 % based on fluorescein as reference. sensitive precursor

mat eri @Ps §Mmd@nd)e0@atablpermgarqdaﬁdrseaplﬁscﬁyyhe%ﬁby eRpeswlent o air and
noi sture. Exanple 11: Preparation of |lum nating yell ow col or

Cul nS, @uxl nyZn, . ". S @ ZnS core sheII partl cles with zn (1TS1), as

Zn precursM}ﬂ@&e ) @/Bhe

ng of I ndiym getale . ga%d% 04 d gSeZn &%gorl n a 3-necked r ound
bottom fla ed for 10 mn and
Precursor 1: 12.6 mg Copper (I) acetate (97%) and 87.6 mg of Indium (III) acetate (99.99%)
35  were added in a 3-necked round bottom flask (RBF) inside the glove box, degassed for 10 min




20 at 710 nmwith a full width half maxi nrum (FWHM of 106 mu The
guantumyi el d was 5% based on sul forhodam ne B as reference.
Precursor 2: 625.7 ng of Zinc di[bis(te2fl uoronethylsul fonyl)imde
(99.99%9 and 25 ml of Trioctyl phosphine (TOP, 97% were added into a

3-necked r apdpubddasih MRBF6 andr he@tadihiod (FOE 939)ding 5@ Izyenlcdirelm')@@lle&ne
until an al npst transparent solution was fornmed. Precursor 2 was

then inj ect@li A0 Preciiiebin & Sehlens datke @Fﬁﬂéﬁeétfefr L0 ey pndriparepd %tltbrf&
was rapi dl Dohaaﬁe%doltt@rm 9@4%%&11@&5(1&&31‘(913135%9@? RixReE QhLinfeo@l §b the 3-

slowy to RT. | uorescence eni ssi on peak of e di spersion was

| ocated at n%fsd rmmw baitom flagk) (REFY toentmiaing ¢ppRerthL rwe(tqw\ﬁm [pdfiu(FDn peetateh
quant umsyi @LesWagord8 nit RAPHdeANyiBULS erdheiaih %f Epﬁlﬁ' K {eﬁ tETH8E ullel N

sensitive precursor materials shoul d be carefu ed to prevenf
exposur e t enhinpingingd frsids min befe® cENethiidven to Zoom/@mpa'@ﬁum{Raﬂ Atdhgar mitepserred

of Zinc B %@Eﬂd‘n‘ Wi %84}@& @g%ﬁ&loh%g&(%dfdg% el %Ed’ﬁ&ﬂ%@@o%mﬁ%@%%%&gd

as described in exa rent anount
Bi s(trifl udpemst Hbﬁriﬁslﬂubmspphdel emigion p&k ditherdispesasivas Yochtad etdbS7 monwith a

b e g1 <o 30 i SR W e BAFSHS ARG B st
1:1 59850 sulforhodamme B as reference.
Precursor 2: 249.5 mg of Zinc di[bis(trifluoromethylsulfonyl)imide (99.99%) and 5 ml of
Trioctylphosphine (TOP, 97%) were added into a 3-necked round flask (RBF) and heated to
70°C to dissolve chemicals until an almost transparent solution was formed. Precursor 2 was
then injected into precursor 1 at RT. The mixture was rapidly heated wp to 200°C under N, for
15 5 min before cooled slowly to room temperature (RT). The fluorescence emission peak of the
dispersion was located at 543 nm with a full width half maximum (FWHM) of 100 nm. The
quantum yield was 57 % based on Flucrescein as reference. All sensitive precursor materials

should be carefully handled to prevent exposure to air and moisture

20  Example 10: Preparation of luminating QD CulnS,@Cu,In,Zn, . .S,@7n8S core shell particles
with CuAc:InAc, =1 :4 ratio and Zn (TFSI), as Zn precursor
Precursor 1: 12.6 mg Copper (I) acetate (97%) and 116.8 mg of Indium (I} acetate (99.99%)

were added in a 3-necked round bottom flask (RBF) inside the glove box ,degassed for 10 min
and purged with N,. 0.36 ml of Dodecancthiol (DDT, 98%) and 14.23 ml of 1-Octadecene
25 (ODE, 90%) were added in a Schlenk flask, degassed for 10 min and purged with N..
Dodecanethiol (DDT,9 8%) and 1-Octadecene (ODE, 90%) mixture was injected into the 3-
necked round bottom flask (RBF) containing copper(I) acetate and Indium(IIl) acetate,
degassed for 10 min and purged with N,. The solution was rapidly heated to 190°C under N,
and maintained for 45 min before cooled down to room temperature (RT). A clear intense red
30  solution was formed. The reaction heated up to 240°C and maintained for 5 min before cooled
down to RT.The fluorescence emission peak of the dispersion was located at 679 nm with a
full width half maximum (FWHM) of 135 nm. The quantum yield was 15% based on
sulforhodamine B as reference.
Precursor 2: 249.5 mg of Zinc di[bis(trifluoromethylsulfonyl)imide {(99.99%) and 5 ml of
35  Trioctylphosphine (TOP, 97%) were added into a 3-necked round flask (RBF) and heated to



34.98 1:2 585 82.30 1:4 526 70.58 Exanple 13: Preparation of yellow
color lumnating OD Cul nS7@nS core shell particles using continuous
nmethod <with Dioctyl ether and ZnTFSI -2&u:In = 1:3> 5Precursor 1:

119.9 ng Copper (Di odide (98%, 540.2 ng |Indium Pacetate (99.99%, 90
m di octyl 7ettherdigolde Bhethidils ndtl@camed: iatdpart@88Mutimew s fatebddPredursdr 2 was

R R e R B

hol d for 2% ifiinhbeféfd dobledslb®Bdb Meﬁxﬁ@ﬁi‘ure((k‘ﬂﬁﬁfh§ ﬂhdt&éc&i&e bxsis§iod oA of thbe
solution was then cool ed down t di octyl ether was I nject

ed
to the aboWsPEYPRPFEblpcatethE Wﬂ‘h\”@h i@lmgiﬂﬂwa@@%umﬁww rRlP4 nm. The

fol | owed byupii@iRA \Wstfb MNpade@lon :kﬂm@},c@m af RGerthoét Al GendfBiSe bk ﬁﬁtehﬁlﬁo
the mcro-reactor at a fl owrate of mL/ m n, under a tenperature of

260 C for ﬁhréllctlgﬁrww&%lv§altslfed@rmrﬁrestzexp@r5)to aippnd moferer esul ti ng pr oduct
emts orange |ight under UV excitation (peak em ssion wavel ength -
630 nm Qv-10%. 30 nL of the core soI uti on was pI aced in a RBF and
degassed f dixampl i]: Hrerfatation of lgpinating i ;

was t hen 1 at 40 C Precursor 2 249.5 ny
Zinc dais A8 ?\Qltﬁfn & %Cﬁgoq de], 5 m Trioctyl phosphi ne and
0.19 mIODodPeacans@ﬂm@B m@eeppmi ﬂbcbeamd%ehm(i% ﬂmofrfndmm r(EI) iaseta¢ (99198%h)
and heatedto7 ti o S,a

Precur sor dgecﬁnéi g e cfll(efl ﬁoun c’tr A sk ?ﬁt@% ngzsbc{reghef %?Ve %aﬁeg Tfor qﬁ iR
m cr o- r eactand ptu’ged?BFch NEhes2z ﬁfl;rmfﬂjod@amtlmlL(D@TL%‘Vdmmt?aumad odit]-@ddadetene

whi |l e bein irred ntin y r ,about .10 m n. ve

et or o wadOPRINAY et afd i SHEI AR oo Rened o i proqass ST Ve
mL/ rr: n at 2%dedandtigs] (DIDT, gs%rratdr Eomﬁxiecaﬁfsosngbd%mmﬁé hes ﬁijeae@@rt@the;b‘ge
resutrng pr ct itted_ a p em ssi on wave] engt Y- -

% that? 5&& ‘H'rﬁn%ﬂtoﬁ'yﬂ%o@% Acforrﬁrnelgﬁa?% REFHe tafrzalvravgﬂﬂ@narerrt%f
peak em ssrdegasgea f6rn@ nGh Snd ok &d vath ToX AAPSutibA walrBRBS Raic@ o 0J0°O AR,
col our |um nati ntg OD Culn nS core shell particles using continuous

met hod <wi R BPERREY fozﬁ%rmgr befpre cppled dowa-to rqopdgmpaggpire {RTh A Gieapjtense red

Copper ( Dacgtiatich wad f3fhed. 183 re@ctfﬁﬂ hedAEH Wpd ddobd akFhahGinéPRr ﬁgn'{i)n bef%?e doldd
1- Cct adecene (90% and 1. 36 Dodecanet hiol (98% were ad in a

3-neck rou ﬁiawwtrp@mperaw%(m )-fTjhg §lRoreRBy emige af %rdlsmm was dareted
pur ged oyl t Iﬂt ’N% and Y %%IPMJB{‘ha\i‘Pxﬁa{uﬁﬁh‘?ﬂ?WHﬂﬁ%tf‘?@ﬁ HR. m A vibRESEs PR

and hold for 40 mn until tea-li1ke, yellow clear sol Cfalon i's forrre .
The sol uti brﬁedvalssqlﬁqmdmmlédmfwmch RT. 31.8 ml 1-Cctadecene (90%

was | 21 et ket Qor %%2@ ggr?ofs Dink e BiRrisR oS ESh Hinfac 9. 99A 8P 861 F

Tnocty]phosphme (TOP 97%) were added into a 3-necked round flask (RBF) and heated to

70°C to dissolve chemicals until an almost transparent solution was formed. Precursor 2 was

25  then injected into precursor 1 at room temperature (RT).The mixture was rapidly heated up to
200°C under N, for 90 min before cooled slowly to RT. The fluorescence emission peak of the
dispersion was located at 585 nm with a full width half maximum (FWHM) of 97 nm. The
quantumn yield was 82 % based on sulforhodamine B as reference. All sensitive precursor
materials should be carefully handled to prevent exposure to air and moisture

30
Example 12; Variation of the amount of Zinc Bis(trifluoromethanesuifonyl)imide
Preparation was conducted as described in example 11 with different amount of Zinc
Bis(trifluoromethanesulfonyl)imide. Color was easiliy tuned from blue-green (520 nm) to red (
670 nmy)

35



5 The m xture was injected into the mcro-reactor at a flowrate of 6
mL/ m n, under a tenperature of 270 C for the synthesis of CI'S core.
The resulting product emtted red |ight4under UV excitation (peak
em ssion wavel ength 668 nm QY = 149 . Precursor 2: 249.5 ny Zinc
dai s(trifl| porQeaito el ONYff T Mc@ed-shell Partidied OCT YT phosphi ne and 0. 19
m Dodecangthiol were m xed and sealed The mxture is stirred and
heated to O C until 10 it| beconmes a cl ear|, @¥a-cpl ored sol ution.
Precursor P i d the S coreg,forpred earlier in the
m cro-react owg'%ﬁgﬁd I>< %'ﬂv gt Rr‘ﬁ ng urVe?r flow for 10 min.
The above i xture2:has then injectest into thelmm:ro reactor at a
flowrate | CHor L..\,.u...uigr‘.s ZnS shel |l over
the CI'S cofe. The fesulting produé% emtted 3‘% % peak em ssion
wavel engt h[ (608nm-2QY = 30% thatsgwas bl ue-[skz k¢ ed| by about 60 nm
conpared w gth of peak em gsion.off{the CIS core. -
26 - daink 1. Methibd for the prep&#ation of| $&88 cohducting core-shell
nanoparti cl/es conprising efements of the groups 18, DB, DIA, WA VA
or VIA of the periodic classification 5 wherein the conposition of
the core nanoparticle is selected fromthe group con5| sting of

; ) aXmiAs

D3-VIA 11 ,
or BBWA- VA%alll (@) HS (;Ibre she

el ement s oﬁzst@ ng nuw' met[ﬂBlﬁﬂthb@y'levmearmZnTFSL elake= 1:Bre core
cel bored ¢ PERTENG: 190 sE GEPeioR R AR 2 F Rt b PP Y

t he fol | owidiegtys étﬁ@'Sandﬁ 0) miDodecanedinl (I800) rvexd wded mommeﬁl roghdedottbedislask
one cation e rs and an a recursor is. dissolved .

T gand. ana Qony i ot FPbR0 gudin o 87 P SiGE SesBichiaBtiiaand i
threshol d thev\b]b Grhi HuctL2s midfintickeddighl da@e, clRan solulbeis FRaed. IO sdliitich Wae

i s heated above Ieatl on _threshold terrperature and 15t hen kept . at
the reacti ntceﬂfjﬁ o fp &I 81 Ml diostyhether g firied do She apevesAlytion, Pﬁ@mww

heat ed 1peagfal Q8afieX tddN e niis, KIRRLed Y plrgr@ RS A AJF €0 MBI, IThSMixkgs whdhjered €
growth but |ower than the nucleation tenperature, d.) Shell reaction

m xture pr&Patedmsepadtret  Rowista o haplaning undst 2 derepeeire o 2b{Gifor the
precursors sﬁﬁ‘lﬂzs@'af @@h@ﬂ(ﬁﬁ)%ﬁy PR redfich @éu@tqenﬁ{s o?an%@@fﬁﬁ’&ei"w dxBiddtioh S
still 20beneath the threshold at whi ch nucl eation takes place is
added to t Keeak agistipmowavelergth red38 fums QX1 §p). é?n@ofﬁhﬁrcosm@ﬂqnowas Plagpd di a
the core n , r t d d
ol d to o SR He Gk fofankind SACKNY flhath b i (ORI me RodEabaluen
t hen cddl edecaieshimandomginteivedat 4¢ .t her particle growh. Werein at |east
one Of t hePF@Eu@ér 20"2@:5"5‘@%ncOJl[bﬁftgﬁuo?ame?ﬂylsq?fon%rﬁ{m&é]S?ﬁll ?’Loétﬁﬁﬁ)gph%eand

non-

0.19 ml Dodecanethiol were mixed and sealed. The mixture is stirred and heated to 70 °C until
it becomes a clear, tea-colored solution. Precursor 2 was injected the 30 mL of CIS core formed
earlier in the micro-reactor in RBF. The resulting mixture is maintained at 40 °C while being
20  stirred continuously for about 10 min. The above mixture was then injected into the micro-
reactor at a flow-rate of 6 mL/min at 260 °C for the formation of ZnS shell over the CIS core.
The resulting product emitted a peak emission wavelength (588 nm, QY~32 %) that is blue-

shifted by about 40 nm compared with the wavelength of peak emission of the CIS core.

25  Example 14: Preparation of orange colour luminating QD CulnS,@ZnS core shell particles
using continuous method <with ODE and ZnTFSI Cu:In = 1:3>
Precursor 1: 23.6 mg Copper(I)acetate (97%), 163.6 mg Indium(IINacetate (99.99%), 54.5 ml
1-Octadecene (90%) and 1.36 ml Dodecanethiol (98%) were added in a 3-neck round bottomed



25weakl y coordinating anion selected fromthe group conprising:
fluorides (F-), cyanides (CN-) Sul phates, sulfonates, phosphates,
acetates of formula: R-SO4-, Trifiates25R 503-, R2-PM4, R PO42-,
PO43-, R-000-, wherein R = CnF2n+l or R = C6F26-1 , BF4-, PF6-,

Al F4-. AlChsk R@beﬁiegasébal?&—m rﬁﬂaﬁayﬁngéta&mﬁprThE @61ﬁﬂdna~asﬁ?a&d1§lﬁémed up to
V\,hereln R = CF2 or R=—ciF26-1 Borates of fornula R4-13- wherein

R = CN, CoR%%°4 uaf‘erFNMné hebi{yfoy 40 mip pntil teahkeq rellogin glepmfolption dg fosaeds  he

][ rom It he g QRO 4 RInCUSIBREdWIE T, GNS nfEY.dRitRiehd {909y bval B LIRS tPHhe above
or nul a:
solution, and the mixture was degassed for 10 min, followed by purging with N, for 10 min,

5  The mixture was injected into the micro-reactor at a flow-rate of 6§ mlL/min, under a
temperature of 270 °C for the synthesis of CIS core. The resulting product emitted red light
under UV excitation (peak emission wavelength ~ 668 nm, QY = 14%).

Precursor 2: 249.5 mg Zinc di[bis(trifluoromethylsulfonyl)imide], 5 ml Trioctylphosphine and
0.19 ml Dodecanethiol were mixed and sealed. The mixture is stirred and heated to 70 °C until
10 it becomes a clear, tea-colored solution. Precursor 2 was injected the 18 mL of CIS core formed
earlier in the micro-reactor in RBF and mixed by stirring under N, flow for 10 min. The above
mixture was then injected into the micro-reactor at a flow-rate of 6 mL/min at 240 °C for the
formation of ZnS shell over the CIS core. The resulting product emitted at a peak emission
wavelength (608nm, QY = 30%) that was blue-shifted by about 60 nm compared with the

15  wavelength of peak emission of the CIS core.



OO0 II_IlI R—S—N—S—RVIIII O 0wth RRF, CN CF2"+1 (fluorinated

branched or

non- branched al kyl) or R = CnF2n-1 (fluorinated aryl)

Car boranes of fornmula XCBIlR11- wherei-a6R=H, F and X= H, al kyl, 10
Car borates 2. Method according to claim1 wherein the non- or weakly
coordinating anion is selected fromthe group conprising: Copper(l)
trifl uoromet hanesul fonate toluene conplex 15 9 F3C-$-OCUl 0 2
Tetraki s [%ﬂﬂﬁﬁ 4, 5, 6-pentafluorophenolato] alumnate(1l-) FF

10

15

20

25

30

1. Method for the preparation of semiconducting core-shell nanoparticles comprising

elements of the groups IB, IIB, IIIA, IVA, VA or VIA of the periodic classification

wherein the composition of the core nanoparticle is selected from the group consisting

of IB-VIA, IIB-VIA, TA-VIA, IB-TITA-VIA or IB-IIB-IVA-VIA, IIB-IITA-VIA or [IB-

IVA-VA or mixtures thereof, and at least one shell comprises elements of the groups

IIB and VIA, , wherein in case the core composition is IIB-VIA the shell comprises at

least a further clement selected from the groups IB, IIIA, IVA or VA, said method

comprising the following steps:

a.)

b.)

d.)

€.)
f)

Core reaction mixture comprising at least one cation metal precursors and an
anion precursor is dissolved in a ligand and solvent mixture at a temperature
that is still beneath the threshold at which nucleation takes place,

Core reaction mixture is heated above nucleation threshold temperature and
then kept at the reaction temperature for core nucleation,

Optionally the heated reaction mixture is kept at a temperature well suited for
core growth but lower than the nucleation temperature,

Shell reaction mixture prepared separately comprising at least one cation metal
precursors and an anion precursor and heated at a temperature that is still
beneath the threshold at which nucleation takes place is added to the reaction
mixture of step b} or c) for shell coating of the core nanoparticles,

reaction mixture of step d) is heated and hold to a shell growth temperature,

reaction mixture is then cooled down to prevent further particle growth.

Wherein at least one of the metal precursor of step a) or d) comprises at least one non- or

weakly coordinating anion selected from the group comprising:

¢ fluorides (F-), cyanides (CN-)

» Sulphates, sulfonates, phosphates, acetates of formula: R-SO,-, Triflates, R-SO5’, R,-PO,
R-PO/”, PO,*, R-COQ’, wherein R = C,Faniy or R = CoFap,
L] BF4_, PF(._, AIF4_, AICL;_, SbFﬁ-, ASFG_,

¢ Aluminates of formula:

R—O—LAI

wherein R = C,Fs, or R = C Fsy,
¢ Borates of formula R4-B” wherein R = CN, C Fap 0or R= C,Fap



Tetrakis [1,1,1,3,3,3-hexafluoro-2-(trifluoromethyl)-2-propanol at 0]
al um nate(1-) CF3 [F3C0+4 Al C F3 Tetra(cyano)borate B(CN) 4
Tetral ds[ 3, 5-bi s(trifluoronethyl)phenykyborate -28 - F3C Tetrakis
(pent af | uor ophenyl ) borate

Tetral ci s(trié huresmaidinldbeiate ibBlipiuphnrSTef | at e- Bor ate [ B( OTeF5) 4l
OF \ FF 4 Znc Bis(trifluoronethanesulfonyl)imde 0-'= N -Zn 0=5=0
k\, s F 3C00CF| Dicyanamide

N
cN” TCN

Bis-sulfonyl-imides of formula:

with R= F, CN, C,F>,+; (fluorinated branched or non-branched alkyl) or R = CFay,
(fluorinated aryl)
e Carboranes of formula XCB;R,;- wherein R=H, F and X= H; alkyl,

10 ¢ Carborates

2. Method according to claim 1 wherein the non- or weakly coordinating anion is
selected from the group comprising:

Copper(l) trifluoromethanesulfonate toluene complex

9 CHj

FSC"ﬁ“OCU
O

2

15
Tetrakis [2, 3, 4, 5, 6-pentafluorophenolato] aluminate(1-)
F F

F oA

Tetrakis [1,1,1,3,3,3-hexafluoro-2-(trifluoromethyl)-2-propanolato] aluminate(1-)
20

CF, )
[Fac—|~o{7 Al
CF,

Tetra(cyano)borate B(CN)y
Tetrakis[3,5-bis(triflucromethyl}phenyl]borate



10l ndi um or copper Tris(trifluoronethanesulfonirnide). 3. Method
according to one of the clainms 1 or 2 wherein sem conducting
core-shell nanoparticles are |lum natinrg8at a colour range which is
vari ed by way of adjusting concentration and concentration ratios of
t he non- or weakly cegﬁdinating anion. 15 4. Method according to one
of the clains 1 to 3 wherein sem conducting core-shell nanoparticles
are prepared in ret ejcansecutive step with single or
different types g? t he or.Bweakl| y coordinating anion ions to
change a starting binar a ternary, quaternary or higher
nanoparticle systemg ¢ 29 - 5. Method according to one of the clains
1 to 4 conducted in & mcroreactor system conprising el ements
selected fromthe g is GR | S ep a) and d) m crom xers,
for step b), c¢) andTgH£$esidg%%gﬂ%$@$%$§%ctors, and for step 0 a

m cro heat exchanger F whelFein m crom xers and resi dence reactors al so
conprise mcro heat exchangers and 5el enents are connected with each
ot her so the reactio ture-flows continuously fromone to the next
el ement. 6. Seni|cbic g @Br e- shel | nanoparticle conpri sing

el ements of the groups JIB, I'IlA, WA, VA or VIA of the periodic
classification whergin: the conposition of the core nanoparticle is
selected fromthe group consisting of 101B-VIA, 11B-VIA, DlA-VIA

| B- DI A- VI A or | 13- BBetiARis{ffifyorrBBayDbéaiI[B(CFRE- WA- VA or mi xt ures

thereof . and at le e s rises elenents of the groups BB
and VIA? wherei n in%%ggg&?ﬁgﬁgb&g%ggﬁposition is 11B-VIA thg shgl
conprises at least a further elenent selected fromthe groups 1:13,
MA, WA or VA, 15/having an em ssi.on maxi num at wavel engt hs around
400- 560 nm and quaptumgield 69 % 7. Sem conducting core-shel
nanoparticle acgordi ng to|cg§in1 having a full wdth half maxi num
from50 to 200 nin, ;ﬁ‘zz Sem| conducti ng core-shell nanoparticle

=

according to on oB the im6 gqr 7 wwth the general fornula:
ABC2@\. ByZn2C2 ar  AxBy

10 Indium or copper Tris(triflueromethanesulfonimide).

3. Method according to one of the claims 1 or 2 wherein semiconducting core-shell
nanoparticles are luminating at a colour range which is varied by way of adjusting
concentration and concentration ratios of the non- or weakly coordinating anion.

15

4. Method according to one of the claims 1 to 3 wherein semiconducting core-shell
nanoparticles are prepared in more than one consecutive step with single or different
types of the non- or weakly coordinating anion ions to change a starting binary to a
ternary, quaternary or higher nanoparticle system.

20



+25- ABC2@A, 13yZn2, .yC2@nC or ZnC @BC2@\xByzn2, ), C2@nC
MC@\xByZn2_x_yC2@\BC2@\xByZn2_x_yC2@/C wherein A = one or nore

el ement of the group D3, B = one or novre-elenent of the group | BA or
C = one or nore elenment of the group VIA and 30 wherein x and y is O
< x and y <. 1Msthol ®eorpingfieoano tlanclking Vel deohdictetiXn-a microsedctor dystem
radual increase of and y fro particle. surface

P emai ni ng cor & m@smgeelﬁﬂtﬂaﬁﬁa%}a‘ttﬁ?&%ﬁ«ﬁér%lﬁéwmrﬁa%ff S ppud 556816?081%9
to claim8 whesreiep b ¢ a6l e) Aglda{ceama@fmt&@t ardIYot §6F B mick Feaf\xchiser,
In, or a conbi natl ons thereof or, C =S Se, Te or. a 35conbi nations

thereof , - 30Wheigin IRSHATHERR R FeHEETC FECORAITo SRRBIFIRICTEL RSt secanegisrfgd
to clai ;9 whekRkdls A CbhnneBed RitRBALGHRr so the re%éuon%ﬁ%&q[M%mHﬂougy from
core-shell nanoparticle according to one of the clainms 6 t

50bt ai nabl e bynatA&emskiRMetcor ding to one of the clains 1 to 5 12.
Sem conductsi NGk RS dore MAPRALDAGLIE cRGHRS n@'efé&eﬁt@o?ﬂh@% B! Bra]
a binary systemis used as a core material for the prepdration of
ternary, quat é\fz‘ha‘f&ODVUhP@h@lberwdﬁﬁba$ﬁ¢a§blewwgnem 10 13. Fornul ati on
g(rjlgpz):‘ Slt Rg E:lth ?ngg‘ltl't%()c%%gg t&orﬂg)f ?}%Ef%re%enoparnc% Pe?ﬁcgsed %romttﬁg &8519 J:o%%stmg of
sem corfluct i ng cor eBsVigl, | IBs g pRIA-VIA, e[BdﬂAdrIdl og[R-OBavia-\ifA, TIBIIA-VIA,
15claim6 or 12. 1 iice accordi aim 14 wherein the device
is an electronic dgwiﬁ( \PAormli%resbf% %fmdiret al precursor conprising

at | east one nonw afleseate!siiclCodtihelies dlembigs mh@gto@ﬁm%@drmomﬁﬁantlﬂease
group conprising: fluorides (F-) X,anl des . Sul phat es,

sul fonates, phosphaf®gore sempostion 1%)FBT dfiri she ROWGS atylst p fyriber element

R-S03-, R2-PO4, R-POWrd rR@AR-grouBs B)Ora, 10hEESIA) R = C F26+1 or R =
C6F26-1, BFl, PF6 , AIF4, Al 14, SBF6-, ASF6", 25 Alumi nates of

formul 42 e having an emission maximum at wavelengths around 400-560 nm and a quantum

yield =60 %.

7. Semiconducting core-shell nanoparticle according to claim 6 having a full width half

maximum from 50 to 200 nm.

20
8. Semiconducting core-shell nanoparticle according to one of the claim 6 or 7 with the
general formula:
- ABC@A,ByZn,.,.,Cs or
- A,ByZn;y  ,Co@ZnC or
25 - ABCy@A,B,Zn,.,.,Co@ZnC or

- ZnC @ABC,@A,B,Zn,, C@7nC
- ZnC@AByZn, . ,C@ABC,@AB,Zny.,Co@ZnC
wherein A = one or more element of the group IB, B = one or more element of the group IIA
or C = one or more element of the group VIA, and
30  wherein x and y is 0 <x and y < 1 with no preference on the value for |x — y| with a gradual

increase of x and y from the particle surface to the remaining core

9. Semiconducting core-shell nanoparticle according to claim 8 wherein A = Cu, Agora
combination thereof, B = Al, Ga, In, or a combinations thereof or C = 8, Se, Te or a

35 combinations thereof,



wherein R = CnF26+1 or R = COF26-1 Borates of fornula R4-B- wherein
R=CN UMW, or R=CF26-1 Amdes and im des selected fromthe
group of: 30Di cyanam de Bis-sul fonyl ~ism.des of fornmula: - 31 - 0O
[T 1l RSNSRIIIl 00 with R F, CN, CF2+, (fluorinated branched

or non- br anghgemabideytine @fe-fRef nfndpaiicie atddrdify iRt whdtdin A=Cal Bomanes
of formula XCE3lIRII- wherein R=H, F and X= H, allcyl, 5 Carborates

for the prepapﬁﬁion of sem -conducti ng nanoparti cl es.
11. Semiconducting core-shell nanoparticle according to one of the claims 6 to 10

5 obtainable by the method according to one of the claims 1 to 5.

12. Semicenducting core-shell nanoparticle according to claim 11 wherein a binary system
1s used as a core material for the preparation of temary, quaternary or higher nanoparticle
system.

10
13. Formulation comprising the semiconducting core-shell nanoparticle according to one of

the claim 6 to 12.

14. Device comprising the semiconducting core-shell nanoparticle according to one of the

15 claim 6 or 12.

15. Device according to claim 14 wherein the device is an electronic device,

16. Use of metal precursor comprising at least one non- or weakly coordinating anion selected
20 from the group comprising:
¢ fluorides (F-), cyanides (CN-)
» Sulphates, sulfonates, phosphates, acetates of formula: R-SOy4-, Triflates, R-SOy, R,-PO*,
R-POZ, PO,T, R-COO", wherein R = C,Fa; or R = C.Fap,
e BF,, PF¢, AlF,, AlCl,, SbFs, AsFg,

25 ¢ Aluminates of formula:

R—O—AI

wherein R = C Fay or R = C Fs
s Borates of formula R4-B” wherein R = CN, C, Fau of R = C Fang
¢ Amides and imides selected from the group of:
30 Dicyanamide

/N\
cN® CN

Bis-sulfonyl-imides of formula:



-3] -

9 0
R—?—N;ﬁ—R
O O

with R= F, CN, CFz, (fluorinated branched or non-branched alkyl} or R = C,Fany
(fluorinated aryl)

+ Carboranes of formula XCB; R,;- wherein R=H, F and X= H; alkyl,

» Carborates

for the preparation of semi-conducting nanoparticles.



