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A simple reactor for the synthesis of in situ catalysts is described in
Microfluid Nanofluid 2008, 5, 411-416. Continuous flow: tubular microreactor system is
described in Nanoletters 2004, 4(11), 2227. This system is used only for the production of
silver nanoparticles. Silver nanoparticles are synthesized by the device disclosed in US
Pat. Appl. 2005/0179175. The particles are formed from vapors of the precursor.

It is also known from the literature that both the pharmaceutical discovery
and industry face with the problem of low water-solubility of APIs and biologically active
molecules. The classical drug formulation techniques employ micronisation methods to

increase solubility. The size of the particles produced by these methods is between 2 and
1
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Additionally, the circle of applicable solvents are narrowed by the fact that the known

continuous reactors work at atmospheric pressure, thus, the boiling point of the solvent

delimits its use in case of nanoparticles that requires certain temperature for their
synthesis.

US 6,179,912 describes a microfluidic continuous flow reactor system for the

production of fluorescent nanoparticles. The system contains two reactors in a cascade.

The reactors can be heated to different temperétures, but it is not possible to feed the

solution of a new reagent between the two reactors. The mixing of the reagents is

accomplished before they enter to the first heatable reactor unit, thus, this reactor system
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nanoparticles is honogeneous or random Therefore this systemis not
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Usi ng the device of invention, API-nanoparticles of the size of a few
nanoneters can al so be synthesized safely. The material consunption
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starting [iquids etc.) during reaction,
state, where properties are still to be investigated and might improve reactions' outcome.
Thus, the device of invention enables the synthesis of nanoparticles under supercritical
conditions, providing a new horizon of nanoparticle research and synthesis.

Using the device of invention, APl-nanoparticles of the size of a few nanometers
can also be synthesized safely. The material consumption of the continuous flow system
is minimal, thus, it can offer a solution for nanoization of biologically active molecules even
in the drug development stage. Since there is no heat-evolution during nanoization, the
risk of structural rearrangement of the synthesized nanopatrticles is minimal. Nanoparticles

synthesized by ‘the device of invention are obtained as colloidal solutions or
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In case of a particularly beneficial formof the device of the

I nvention, the final product that |eaves the |last reactor unit is
anal yzed optically and sone particul ar devi ce-and process paraneters
of the running reaction can be adjusted according to those anal yti cal
results. For instance, using a flowin cell together vvith a W/ Vis
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nanoparticles during the synthesis of nanoparticles are preferentially reached on the
other hand by such continuous flow device, which contain a first feeding unit connected
to the flow path and at least one first and one second reactor unit. Essential part of the
device is the mixing element present between the two reactor units, and a second
feeding unit which is connected to the flow path through this mixing unit. The role of this
second feeding unit is to provide a second starting liquid in order to alter a given property
of the intermediate product of the first reactor unit.

Using the second feeding unit, it is possible to add another reagent to the
nanoparticles synthesized by the first reactor unit. As a result, the properties of the
nanoparticles coming from the first reactor unit can be modified in the second reactor unit.
For instance, it is possible to create a coating on the surface of the nanoparticle which
modifies the properties of the nanoparticle or to synthesize multicomponent and
multifunctional materials under controlled conditions.

Similarly, by placing further reactor units after the second reactor unit and
connecting further feeding units to the flow path through mixing elements between each
two reactor units, the resulting nanoparticles can be modified further and further in each
additional reactor unit to enable the synthesis of nanoparticlees having several different
layers of coating on the core which is formed in the first reactor unit.

The parameters can be adjusted in situ in this case as well. By analyzing the
nanoparticles leaving the second reactor unit, it is possible to obtain information about
the evenness of the coating, the ratio of the core-material and coating; and also possible
to change the process parameters (the temperature of the first and second reactor-zones,
the flow rate of the first and second starting liquids etc.) during reaction.

In case of a particularly beneficial form of the device of the invention, the final
product that leaves the last reactor unit is analyzed optically and some particular device-
and process parameters of the running reaction can be adjusted according to those

analytical results. For instance, using a flow-in cell together with a UV/Vis



rate, Figure 3, TEMimge of a Pt-Fe binetallic nanoparticle,
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9 and 10. Refigureq4 gi oRMISEI08s S PF@}S?CQF gabﬁﬁrieéﬂ'r“é% 16 %gngra%ﬁystals
be set @Mtﬁe@&éd%ur@mﬂér&tWré@scﬁﬁrbees@%ﬁple Knauer (1) doubl e

i socrati'c HPLC punps, characterized by 400 bar maxi mal operating

pressure at Eigurewl reheys 8ie black-diagiem mafna enefisial J@"ﬁsOffﬂtﬂjlﬁqueVlce of
PuTvs SufliighTrEIBkAE S0s b chFE g ey 40U s Giiass o
sanpl emambpbﬁuc@rapp@babhsn wide rtangeazf pressuree (i sZ@@ban):andnempetater.e (1900350
2009/ 19%1)1%v%ch consist of a first feeding unit (1a) and a second feeding unit (1b); a first reactor
unit (2) and a second reactor unit (3) connected to the same cascade as 1a, followed by
the product collecting and analyzing unit (4); the mixing unit (5) which is connected to 1b
via check-valve (6) and placed between reactor units 2 and 3; and the control unit (22).
Feeding units 1a and 1b contain the starting material source of nanoparticle
synthesis, in the present case these units are starting material reservoirs 7 and 8. The
starting liquid which contains the starting material or materials can be introduced through a
line attached to feeding unit 1a or 1b; in this case this line serves as the source of the
starting material(s). Feeding units 1a and 1b also contain feeding pumps 9 and 10, and
manometer 11 and 12, respectively. Typically, starting liquids are solutions or colloidal
solutions; thus, any suitable liquid pump can serve as feeding pumps 9 and 10. Required
flow rates, typically between 0.1-10 ml/min, can be set by feeding pumps 9 and 10. For
example, Knauer® double isocratic HPLC pumps, characterized by 400 bar maximal
operating pressure at a flow range of 0.01-10 ml/min, can serve as feeding pumps 9 and
10. Their error is less than 2% at 5 mi/min. Such pumps are extensively used for washing
HPLC columns, to inject liquid samples of larger volumes and to carry eluents against

pressure.
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purpose, with an operating pressure up to 400 bar
ThalesNano Inc., Budapest), working in a pressure range from atmospheric pressure up to
250 bar. Preferably, check valve 6 resists aggressive chemicals, thus, can be used in a
case of any kind of starting liquids.

Unit 4, which is for collecting and analyzing reaction products, in this configuration
contains manometer 17, pressure controller 18, flow-in cell 19, on-line analyzer unit, in
particular an optical detector 20, and product reservoir 21.

In device 50, pressure is controlled by data deriving from manometers 11, 12 and
17 and by pressure controller 18 controlled by control unit 22. Manometers 11, 12 and 17
can be e.g. Knauer® type devices originally designed for HPLC (High Pressure Liquid

Chromatography) purpose, with an operating pressure up to 400 bar.
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controlled in one point, by pressure controller 18, thus, the pressure is the same along
the whole cascade. However, extra 18 pressure controllers can be inserted at other
points, by which different pressure values for reactor zones 13 and 15 can be set.
Also discussed is a process implemented by device 50 according to Figure 1, the

operation of which is the following:

Solutions containing starting compounds and coming from feeding unit 1a get into
reactor unit 2 at the corresponding pressure and flow through the reactor-zone 13 heated
up to the corresponding temperature, with a flow rate controlled by feeding pump 9. Time

spent in reactor-zone 13 is determined by the flow rate, therefore feeding pump 9 controls
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reactions in the reactor-zones 13 and 15 which are well-separated reaction chambers. To
both reactor-zones (13 and 15) cooling units (14 and 16, respectively) are attached
directly enabling that reaction products can immediately be cooled after leaving reactor-
zones 13 and 15 and, through this, the immediate cease of the (synthesis) reaction. This
way the temperature and the reaction can well be controlled, and the device become
suitable for producing nanoparticles in the form of mono-dispersive systems, i.e. the size
of the synthesized particles will be in a narrow range which is e.g. 1-3 nm in the case o
metal particles. However, this range can be controlled precisely by the accurate set-up of

reaction parameters. In particular cases, the unit for collection and analysis of reactior
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reactor unit 3, includes an on-line analysis unit, e.g. optical
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measur eahdoyressireoralugsef thetreguied peadtian aﬁnaﬁﬂﬁeithat@nifBF'HQ aigclianics 23 is
the res li\%(ét% Il the E'H]a%dafﬁa{h\élsﬂé“‘ta hodt Shdd PEaX/Té;eth 2427ahtC bR the other
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the saressuie. vategs dhainprd, b¢¢n @ega?fewewl&ra%s@ﬂq'@{jbt i disgla, the results
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point o vents use Iquids I's reached
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units cRroperties depgpdingRfpparicle size.the @anged pRrAMeieHS VR mthe HPWtrﬁBe or
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but t onsreatked,eand cinathik eadseacdnios! unitc22 Snzzmeeutomatlcally increase the pressure
according to the boiling point-pressure diagram of the solvent (given in advance), keeping
the boiling point of the solvent higher than the temperature of the reactor-zones 13 and
15. |
‘Preferably, the controlling electronics 23 consists of one or more microcontroller
units or one or more computers suitable for real-time control, or the combination of the
two.
The data-input and displaying unit 24 can be a device with any working principle
appropriate for displaying several characters or graphical information (LED, LCD, etc,,

displays or CRT, LCD and other types of displays). The data input unit can equally be a
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| mpl enenting the process described herein it is possible to
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pl ati num (Pt), palladium (Pd), ruthenium (Ru), rhodium (Rh), iridium

(I'r); sem conductor type (CdSe) and magnetic (Co, Fe203)
nanoparticles. Using the device according to Figure 1, conplex
nanopart 'éb%&éllﬁ?e@ngh@d QQ\FI&' &Rdisihg df Q@pé&t@'ﬂuﬁéﬂé 96hv@f1t|otn‘épne%@efré bPQuch

soI utions e.g. the alloys or the binmetals of the above métals, or the
"cor e- shell&®flype” nanopartl cles, or the conbination of the above

el enents (net ahrpiiaﬂ{énﬁﬁg’ldﬁ§t erbces@i@lgﬁirbéd SKdTeiaORAiCREsible to syntheS|ze
met al - magnet i

rt ft bt d I
product s aé‘oﬁa%%e%ﬁf é‘ﬁalec@ﬁtaB;e pé‘%’{grﬁ Iéf?ilgélgl {@5‘5‘96'8?@}“ Qﬁgo ne (g%'é .
appl i cat irathegitimt(Ra), phianttum‘,e?h )riddiopdlr); sethiesndiator h@e&@d&%e{)ldndwsagnstm @o,
cell's, SI-seg n'aﬂcgpa(?lfic dégbcfjsﬁ@ dﬁ %\%y ? rdcﬁI & HI Cﬁ&%@ xﬁgnoﬁnhtglgg tan

LED- constracti 6 P'CaPi ons resin
cancer rd@e@h’t@hed by the appligation giaWcahartufg shéutione e@othenallﬁvq;orrtbe binfefals phe

synt hesi %h@fab&l)efr%@(él‘é‘“&r thy/ R&fe- Q%‘ell%ﬁi%oﬁﬂépb%% dr%h@@éﬁ?&é&é%ﬁfo?@ne apove

thereafter, wthout restrictin I'i cat1on of evice o
i nvent i or?'?'ﬁe’it%(ﬁ%a'r?@ﬁ“ﬂqoaﬁuﬁﬂorb@ﬁﬁwnc Sem'conduFF?é» rapiptmagieti@chni que: the

synthesis of Meagace olasshet Qmaaablwrtxédﬁmag prRHUGL QIO il ol
a |g era a al netals ro et a

et orf e St 3he SRS o o adioh B T PO AT TRoR IS Ay 2
accor di ngonawSr aataﬂamns dessmblifze df imicloblectrdnical atrewite, laser technique, LED-

Prepar at Ic%rr]]st(rjt{ctl rb%ngrb%lhi[eld%gl asp%I Léiill Onsuc ag?ilagnos ? t 3 n| ngesregragent (for
exanpl e any i'num-sa RS ny al co 0 preferably in

et hanol or rretAtrmhmtlonrpftMqur é@semfegbmé Tafast thbi dynthiesig cﬁg@ﬁﬂrerétames of
pol yner, r%rnsﬁa%aé& eédamoxétvatéw heuﬁérowtﬂﬁfgﬁasmcﬁngame'a l.aaa?@gﬁné dkvice

applied to prevent aggregation o nanopartl ornmed 1n the
react i on.ofthe 'nve“t'%’iﬁtb%sesbe'it@“%'éfﬂo‘ﬁo produce singl e-netal

nanoparti cl es B %)pfléd fEleh@Qu: iteddyinfiasie &F RHethis) 6 n‘qg.dtﬂh@sé By HféWr&gﬁ;tlon
sol ution of the rea en aced in th

The starin u t

St ar 1 ng PEIFaoleatgh Emoret s A TF BRI S BUmBE o o
first reaecg omtmwdtrogén hymraza&ebabhydnﬂesnylmblaﬂ$ acakding okeactivhs dbscribed
nanopartllc 1€Sike gturey feeding unit la (i.e. a unit consisting of
starting Pl qui doreser voi r 7, feeding purrp 9 and manoneter 11) and
only one reactRyepamiian ofdhe starting sblutioni @i metdl-¢optaimingesgent.(foskamgple any

feeding pysRufh sdif)Ss Séué'bfvleﬁ'gn 'dng%l&h'oﬁ FUERSE hNLALH Jrhﬁetﬁ&r?o?tugrt

unit 2, no reactli ons lace’in thrs reactor; reactor-zone
not heat gfesange pia @t@b'Vquéﬁﬁ@f paIYiPeY, Preteeablyt noly (nvkpYTFaldene)- sS‘iah'ﬂ'%i”ﬂ he

second r hois aH;B]IeH té?’pffebéwg’ﬂs é'@g}(égégod%\"tﬁe %%Ea@bl@@%’%éd intth@rdattiti. of
whi ch | eading [t)ewce ?seﬁgertli to proguce S|rl1]ng]<|a 'Ene;cl'a nlaﬁopglrtlc?es as g fl(r:sr’}ea%iéh(ya%l)r\l/ ©
according to the followings.
The staring liquid (solution of the reagent) is placed in the starting liquid reservoir
7, from where feeding pump 9 pumps it into first reactor unit 2. In case of the synthesis
of single-metal nanoparticles, only feeding unit 1a (i.e. a unit consisting of starting liquid
reservoir 7, feeding pump 9 and manometer 11) and only one reactor unit, e.g. reactor unit
3 is necessary. Using feeding pump 9, the starting liquid is pumped through the reactor
unit 2, no reactions take place in this reactor; reactor-zone 13 is not heated, it is at room
temperature. Then the mixture gets into the second reactor unit 3 though mixing unit 5 (T

element), the line of which leading to the second feeding unit 10 is closed by check valve
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WO 2009/ 133418PCT/ HU2009/ 000040 6. In the second reactor unit 3
reactor-zone 15 is heated to the tenperature according to the actual
reacti on, woewelssas reduction take place here: al coholpgedumesooenal
ions to netal. The poI yner based stabilizer which is stable at this

t enper It I |

the aggr dh e BefLRERRR iy tedtiorBib™d Bheed g I RRRS GG Bctorfl to
16 f ol Ithevactual eeadtionn thereforé Sreductitve taies piade hevel alcbhel aamiunes anetal ions to
rapidly to eratur

ndes! TaeiR TB8 RAVTTRR bapedmanicer iR e siBoie ot his Erpegfatiff kng dogorposiion)

t he nanpedmtd Heemeta MaRapattdildBerarn the abgredation HUE td itd Redricssthbilinationf effect.
the flowrate and the tenperature. The reaction product is a colored

col | oi dzaolisg|unit 46 followdng geastiastzena dh indherrescade crelsnipeys@lutign raridly to
t al t
et 2 B RS RENRIHANE Sl SN e S

semi corloldhis waynmmplaetofcthesnanommclas canzasily becontrobed ppithe greper setting of

Onat t oTnERBWIBR arilile tRIEEEER e REEIGE BRRNRITR £ EalBled bARMA sbluiph, the
feat ur ]g;@:oggof ?}dﬁﬁ:mdgpanmlsébsmllaxﬁl rﬁtd@l ofhe gtetglgandoﬁthgqiaﬁum p&:(r:btfmlne ptuluct, e.g.
Lo o bty (BROBITeta 6 e GTERTIN: e, 7 EoBa (o CUSPLIIRTS Ui Shathags of

on t he's'énﬁ@drfdu@{d? r%n?dbart%g f‘tﬁ)tfcaﬁaﬁéﬂgié‘reééﬁ bef apgiieasag esh-iRs ahalyzer unit,
particles, however, optical analyzer has no such use, as in this case

this efreferably smtrqp@o&mgﬁea eF dma@lc lipht; scatterieq instromend (detrcioe 20b esince in
as el lthlglbrahg%é BRticA %Qt% P{he%ﬂt%ne@r&gllﬁbélvﬁlu P%'I ng@ﬁd on the size

wever, in these' cases a on depends on ‘sur nes
coI | ectdftiee manemueeflntlthg hel mmwondumerl hanoparticles (engCdse}aabS@rbLmEUemlt

op! | c48NGAC ey Paygndths ‘GesEraing, o BT SAHIIE Hidd, DL Ind sEERE of
t he secnndsizee tatgl pﬁmbleél fowever, optival aﬂ’éll?zérm nimeoqﬂau‘se cdseini this case this
generated in the first, heated reactor unit

nanopar&iegt & N ag&oasideraple m-qqhsegqcsﬁrtaﬂngan beissad 3o Sl fTinBane supthesis
7. TO tdfigpideihd Silver ﬁ@ﬁdﬁdme@fhd\mes af Qﬁ@be%aﬂefsl é&orﬁt&raegilenawne@rface

in the sécond starting l'iquid reservoir I's punped ng punp

10 i nt Plasseenas (thererilective mqyamenhp&ihﬁgelemn shell)f the aimis to

I ncrease the r h
second start P%"?c?. qw'staﬁggﬂ%g%n{h%g'zylﬁg} |%@cnbggﬁ{ét I NI ngaé n% Sﬁrclets & a
O her wiseeordappliatiorf ad followsai ni ng sol uti on, i ron-sol ut | on In

the latter case, the r tjon o} ab| lLic sy

Cor e- shel | tyﬁ’éﬁg%ﬁﬁﬁﬁng‘g@tt&f‘e rg g1da§ %H’Iu dS§5P %eg%‘ﬁe“@/,@gfb%rs WS, The
of the yuRBIfeABPHRICR ié S%éﬂéPQ!éGe% ithe ! RREtIRLated feadtor Wohit €2,1 @.d.ha platinum
second reactor unit shel|' covers the particles, such as In

t he casr@naparélgl@mswe@@am &iom e §tarbm diguidcetesed izivepseleti Eothiscend. the
quant ur%oﬂﬁ’toﬁ of tn cﬁn@ ?&'ﬁﬂ@rn?at %’duh tﬂ% %fco{]lg'es aﬁ{l ?lg@Q es?rvow 8is

mat eri a reqwre he™ pr JiTE |ono
second guaspdby feeding Guniph10ugto red€lor-G0Re N3IATGIETI mm::@ﬂﬁm%’ Oﬂﬁmﬂm is to

mxing unit 5. which is situated bet heflrst an second, r.e

Tkt 29 shdiatseitne tirS Oc e hanss the CRPe AT b oHiAanaTinidy, i Recad staing Hauia
t enper alahl e AgainBlalifGALAINAARG dottitn. t(blﬁeﬁmg@%o{mqﬁerawanfalr%@edmon
covers the earlier-forned CdSe core as a coating. CdSe/ ZnSty

conposi&-@dranasalution. indiellatiar gasentios feaetien produst is @blmﬂélhﬁﬁaé@m iCieshell-
Con o A B SEPRE  BSAL ey HELHR Gl o Bery FRChiBinglor s

except Sta

appl i cqirodwcedsmgedmom unﬁ:az;twhnlemm ttlae Zexodd Jeadeviwet 30 the ‘shells covers the
i nvention.is also appropr ate to ce met nt ai ni.n

nanoparﬂqq{‘,"?'%“s sHehr 8$nt§‘ i CS?&FI %'U’Ehégr\!egl‘ﬁﬁmbr? ﬁ'ﬂ?eéCd%ﬁ { ZnS)

semiconductor quantum dots. In thls procedure, the solution of the starting material
required for the production of the ZnS shell is fed by the second feeding pump 10, through
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The second nmetal can be built in randomy into the first, they can
formalloy or structured system (core-shell binetallic systens), it

can di ffusWOWPBIBHE first netal or it can even form a PG/HP2089/6000)
the first one. Al these depend on the applied netals, starting

mat er i ghixingSuit8NivRichris Gtbiatedr beteebh ane first aind ddvondqedttor anés 2 and 3. This
(tenperature, pressure, flowrate) lied for thetwo ste

react i @ﬁaﬂmwsmatgr'@h@eeempeéewtothet s teRpenatuem of ﬁchaé’éFﬁTz;?"ﬁn!ﬁ of the
cormbi n%te'cﬁ@d %a(&&eufi‘ip@"aeh é(?\fé’?@ttﬁé éaﬁn@f‘f&?ﬁ'\eacé Icord1ad, ahé@itb\ghC%Se/ZnS-
reason conbinatorial chemstry principle was referred. by

t he appype soinpositds havejueatlaonnimayemponmmd@aﬁ obﬂmnmdelctlon of solar cells,

gggglc?gﬁr'fc%f}@ey ﬁ].,g Eaggg%% lsh & 215%% 4%&%%?3#6{:?& oﬁE[I ?table nd resistant

are al spateglsi ed i n the |ndustry (e.g. in the car-industry Pt Pd and

Rh noble nmetals are used in the hree-1in at al yti,c co er rs.. _
Such nanoparfl the-appiicatign Lsing-both Jgaetor up % é ggwcq %?H%"ttﬂp 1

carryi nfsd dhpFpiage 'ﬁdeué@‘%étQpcoﬁtﬁﬁﬁlg' ﬁaH&Ba‘H’bléé‘%c@B%ﬁg’ %‘l&hﬂ)matonal
collected in the final_product reservoir 21 are used as the starting
mat er i ghemistryt prindiples.olhis inclusiest fob axampletmixingf SeMiFeRdugters with mgtals @-9.
devi ce '

Second FY1SoA AR, Wil RERNEhaHBp RIes, EBASE e, GiSe (¥ B CarSE L Rt
third starti ﬂ'gelselpond rﬁetalncahebet buiitdn fraediomly iota the first,hhey raaar foei alloy or
product .| e t.he eco eac uni.t 3. . . The fact .
honogertHEErsd Sy GREETaILTaR ks SRteme. it san ifiues Mt 15 Bt gyt can
the prependbimma Riyes ardundnthesfirstibhenAll GfestﬁEpHndS@rvﬂlieibpp’ié(ﬁhfetmdsthmg
feeding theminto onl&ogne react or g&ha& ze t he advant

a
ot b aiernel SEMRGIS S dBiverBe Jlatis. A tor cpBaions, aaIoaRaiLe, RIassye, flow
desi r e4afe§ Hpplied ?o@th@%[éiéb ‘?‘Qéﬁloﬁ%SU%mg%E dR&iRS50' of GhiB YineiioR C Pidckally
reactions. been witten above, the nanoparticles
pr oduc ehyi nombmam@m eé tbe ahpseumrématem gar be caceamplisheg, for this reason

Necess i

solid %Hnt’%{ ?artéﬁ1£| s coﬁf@rlwg sfjrf[efégﬁéﬁb?"f\ &Qéﬁgbm %ﬁ’ﬂ%ﬂs o?f t‘{Ewgreds or
pr esenteveh ah«msa‘ndsm ipacdrogter cﬁmbanatlbns the anapopartickencasi b fourtdethatimeietsdthe
out by m xi ”ﬁ ﬁ‘r? ol Loidal solution with an organic solvent (for

exanpl EXRPCAIAN MEPESr ef erabl y), then by the separation or

centrif uga}t | TRred-, fdiﬁ-dbfdﬁmlmﬁéiélesysmﬁi‘ :a;ié faa?sol hbpﬁédel in, thef intibstry (eh.g. in the
nanoparti ¢l es are neede col | oi dal . so ut| agai n, then
nanopar®f dndustny fity ﬁ'e%ﬂq R&B&?g '%%'iarﬁ Rrenusrd @‘Setthé%ed gﬁalxxhctqpnverters).
sui t ablgy,hohdartides %aHrQQGddH %r&cﬁ]&e@%ﬁﬁ@hb@%d OThis h§ dute by %h?{ﬁn@ out
of nanoparticles as wel note that the application of

count erqmse@ﬁwehmctleucﬁangeln wbichr mﬁe@nﬁd?f@dlﬂpt'&e@@iécw ifbrtee final product
reprod esi |

bi b1 ogi Eagir 20 s el s Sicting bS8 B eToRw AGERAIGN. AhBeP possivity

| mpl emisntd) mtmdp&e\nwrsosw aathirgefeeding | unitnend reactpaunit és omlltdsaby a second
di met hyl hOXI ut ion of, the active ph

d
) g Chagkarmiva T Slelet 1568 ShssiRieltd HaRBE Hhid e i Tt the
as a F’%Mﬂe‘éa‘irfgourﬂﬁth@ﬁﬁ‘?eﬂﬁe&i@?@ﬁr%uct\’fééﬂﬁglihé Secomanehet uAm3of the

heat - exchanger "a 8 C-increase of the tenperature was observed
during the mTJaerfgctothatﬂmmgmmyslysqmﬁh@gddeetahdanmaéﬁcleﬁ@ann@fbe obtained

ot de- T SycERebAEHRRRT stdtug RBRBhY Pty B Spietat KRR} SRl K fecging gherp into
pol yacronlpbee desdtur tenvshastss the cadvantages lof debice 80 including two or more reactor
pentaerythritol). As the result, of the post

|
DT bt and ik ASae g re Hepied Kesilt Boa GoREolammsyRls: RN e psshred by

si ze aq@n g?é’dtﬁ’é reBidnide application of the heat-exchanger, the
I ncrease 0 e nperature observed in the reactor-zone can be
As it had been written above, the nanoparticles produced in the device of this

invention are used directly. Necessarily, the produced nanoparticles can also be obtained
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Exanpl e 1: Preparation and size-selective optim zation of Platinum
(Pt) nanoparticles In the first step a starting solution was
prepared in the foll ow ng way: 6x104 M hexachl oroplatinic acid

H2Pt C16x6H20 (Al dri ch) solution was prepared as a m xture of

met hanol . wat er 9:1, then PVP pol yner (poly(vinyl-pyrrolidone),

Al drich) e, I
A0 o) HERBTHY oA (i TRRBRSh 884550 P R Bres TR0
or der to @b‘b%ﬂ'qua Tdisa f@X@BWPo‘?a@eﬁ'm bpﬁtcﬁ'iﬁ'ﬁdégt *?Yn'élxl’f@ébﬁ t?O”QfdaHféu'ﬂon

synt hesi switd an organic so|v@ntt (g e&%@l@%lﬁtr%ﬂaﬁee%%fér@ﬂypﬂeﬁr@ttﬁé Separation or
(tenperature ggr ess and flow rates) were set 22 control

unit. TheC%WH 3tigg ”\ﬁ/a%’e‘ﬂ%ﬂart‘?de‘?iarﬂﬁﬁs HSPOVKFé’Ph & the HE%'/‘?ﬂaﬁ'chscﬂ}iP pagded 950

C react i oapglempeomdiidtl eso(ution tayainf ithiedt nZnopariclesrobitdlhdd $ 33lid et edn be
zone) and 45 ba

t -
xper | montarersapLedi TRL blrsatyont (IRIpHR e aPIE o fipyneaten
t he 2 reacftr@nopariitledns wélle 9 feedi ng punp. After confirm ng that the

t d t
the set par amatis; Sob 3 ABadoMBidph s 3 BBl iiye HeBROLREnED 184 R
the 7 st ahereingeadsyigi monegrgriogugiple aemﬂtsweca@eqf hg yoirpsioes ngmqqart@&s of
Usi ng thebn%@kél@”%&w@ %%ﬁ@d’rhd@' QMY:hr %%eAPI' tnaH&B%'ﬁlcﬁesm rlHt&% HﬁBIé%eﬁtn'ﬂ

first dropso esynt eS|ze sol utlona inth eg
pr oduct r%’é"éf‘@‘&ﬂﬁs ngneeartigels WérecBWP?fﬁEiéE?g‘ Ei‘ﬁop'@?@t"e%ﬁmé'd%ﬁa'%‘?maf e
tPthe react a@ne Paém&lﬁrcal_, mgf;raalbnté(nél)&iyllﬁe éﬁihgﬁtoh\& waRdr Iamaa aintieblvedt ahbe
nanopa tic nt hesl,s cou e .acinl eve nt SIS
F1 onr SPEGERG B a R TR Ob IO RRS Fafeor oLk B Aobfidth SR Bbtra
sol ut i onsexubarget ald eeP@dhdrmass@pmeadampmmrswasﬁmdey\&dsiuomg theenisiagrpf tas
was carri Ltr 1,S.S/ I 0 il 0
Tony < 2 fihefti sibhohidbl AN ESER FRRAGD L FIoRRERRP cnitBlahBledd 67
by manual undsginatie gidsfreacipas;asormefinsedre ebstrohmerization of Carbopgh@80 (a

obt ai ned p§ ate %l%ﬁva‘ﬁb&%aw ook SHhKed t@raﬁl@ldpen't:de%ﬁnﬁél) 235 4 RBAVOIEY
I mages of nanoparticles synthesized at various flow rates: in

i mage 2a BRSTREYOEBZAIPMNE waakly A9rssdinkey molwwwﬁwarﬂfochﬁedz@euf@rrﬂfgloa of

m/mn. | mlcﬁbrgsiﬁ@aégl'egél@s aBE iR Eppiddition Cdf heS h@R-eeihinB6r, #RERcaSsd bthe
function of t row ar.({ﬁlcle Si ze

lied fl tes. .Th
i ot 1§ bt FBIReEReE RESSyAf AU Earlonans sapite IBLRLRG e B RS- BAtiopicas
t uneabi | i éntirely bé biimipated by centslling treki tetnpeturé.on by changi ng t he

reaction parangfer, erg1c;-|'1 L | the chafact e'?i?at@okg;}‘i/ tﬁé‘tf{‘alur{aé oFlh%aéév}’cesébOW‘tth

TEM particle size ana i ncreased
wi t h decr aeiting lsfdecﬂwnﬁmt@d bbt@‘@é@lb@lﬂgmambal i ons of the starting
sol ution spend |l onger tinme going through the heated reactor zone,
which results in a higher probability of aggregation of the

new y- f or BI"RI® ¥st al | i ne seeds resulting bigger nanoparticles. Using

hi gher f | piperitien atdi§zd-sdBtiebhtRelzioM 8NPIRSIUNt (Fe) Ginopdriicies
nanoparticles is shorter.

In the first step a starting solution was prepared in the following way: 6x10° M
hexachloroplatinic acid H,PtClgx6H,O (Aldrich) solution was prepared as a mixture of
methanol: water = 9:1, then PVP polymer (poly(vinyl-pyrrolidone), Aldrich) was added in
10-fold monomer excess to Pt** ions. The role of the polymer is to prevent the
aggregation of Pt nanoparticles, in order to obtain a stable colloidal solution as the result

of the synthesis.21
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Concl usion: Using the 50 device of invention enploying the process
descri bed herein, Pt nanoparticles could be synthesized in well
defined particle size, in a short tine in gramscale. Stored at room
tenperature, the obtained colloidal solutions were stable in each
case; aggregation of nanoparti cles could not be observed. Due to the
characteristi S of devi,c j ze-sel ective o m zation C db
borformed 1 dNSHENY REP Toegef GRS TG R FER o0, ol B
during sywdrbesily the2@lcbeidl uhiat Thdexgeamenioh@s cintel @ft bgasing d anfpyhisflow
taken fr t 7 :

o Fep S0 % i ARBGRP (ol el R R 13 oot 25 e
nanopartlnf$3§9re During the experinents both 9 and 10 feeding
punps of 13 afghd B the aslictish, Ul bpoffin Sfidrli ek rhushec?wii® fieliiholilhidn

and the second 3 reactor unit were used. The synthesis of platinum
nanopart i WaseRUMRedlaiatosEe tZipaPiat ERit Py thenP deqdingepimreniAftekernfienipg ity thsut

in the f|§y§tbm?d06§ﬂ6ttdéhtaﬂﬂérty |mp@rﬁ|§§laﬁﬁ\thbh3 r@édﬂﬁ&éﬁe KR5S EHeRe paaméRrs
6x103 M hex | .atinic (Aldri cfb) sol utj OngV\ﬁ‘e

o epar o GESEMNS YR HENE shiubSHar PavEd o ey Feringa i pspy aan |
(pol y(vi rfgedinmypungd watostared. Alsthg thdnentiomedd aedminrfloa ratS; if bkl 5 mmaeeuntil
excess t C}hﬂlét Sl_r{gggéf théfs&ﬁtkeégetdt%gggél@%lu ﬁ?ﬁa V\;Eﬂe%%d%"f%ﬂ?* ﬁr{oﬁyct reﬁglervow

(t enper at ur e:
syst em weldueftb lﬂmtlwquh ane sysierodticaohdngingeofdimeactivmmaraaierst fasttand sizéhe

first stafid.me Bbtmi IOF‘I ?@ﬂé Iaf na do%'éﬁlbl'agsyh{h\%%\'s %oﬁl@sd%r ﬁlé’vei WRing Y ed

into 2 reactor unit ere parti ormati on

t ook pl ao%mthe%aoﬁowr?tﬁowa% KRR HétW@FIé@ 22 ang ?drmlérnm Wees PRgHpReY collpidab
f eedi ng mmom \R/Qre\b'éﬂéo?éﬂ iR sfebé’rﬁteﬁﬁél@SAhéi & 6MRe JarfihlaPREs SaribX bt t

where it was xed with the col i n containi
nanopar t i E1BESP B FATTPRmETOBAER EiR I % HEMR ST 5% Bibhign of the

m xture e‘fme;b:ﬁﬁbléméd”k&tér&lﬁselaiytrminuzmwm(r@l(ﬁ@emﬂweddrbds dfpartices. wher e
i ron was combi ed%tgt %)clé suﬂsk;j are s rf F SIIeSIZSa %glu(r)lsdfa 2?%‘1(%'

containing Pt- i“C° ASnGPar whi'ch i s “extrenely usefu
i n sel ectimegesat Brytanoparm pytesizet et ygrausefiow edesc dh irodgeala sisihatld.n

was col | eql/pfh 'i %g&lmﬂfn@ﬁgﬁé in%%%fné%irﬁumﬁf tlﬁhguéez&t){@%nﬂﬁé%es%riéﬂ@

product was an transm ssi on on m Croscope Wt
met hod de%%erqabé’@ sSR! he function ofth/ppRYgg 80w rates - Fe binetal lic

nanoparticles 'Fﬁérhal%wﬁﬁﬂi&lel sfke'rdlﬁhtmor;‘;of tﬁ@@yrﬁhe%&e@ﬁarﬂﬁ;bhbl@é Gﬁd the easy
consi derably different revious exa i ncreased

o e L g s BPiY of e SRR Size Ris BT 54 crannE e Toadien PHraears B
t he exi stthisgabt tHel ftoek gate) is clearly €laoval bys TBNI: petrﬂmbe 5ife deaty<ie Ohe biaw @nPt on

t oget her BlgnEcrl]estlgeln erOC Sv\;slthd Sceglsgeqlovh}erge Be ause meor\#eatg\l ltog bft dﬁarp
of the prieparation © iMet all e %anopart €S~ havi out's
i mpor t ancsltinn caerd ymgsr ting§ tghing Herough &tel kmtecateaotoofzomdwvrﬁcHOwsnl@t ipsa of

the starty bedHh%st ra@@ﬂe& |c§nh?fi thﬁ é]%% LgiRd &yé?glgr{égéé%gs r%J]UﬁInQ bigger

COﬂpOSItIO a nan re o oduct ca
ef fici entwoaamp@tuwlqheqﬂﬁ%@@ theviine pariad givamfge the growth of nanoparticles

is shorter.

Conclusion: Using the 50 device of invention employing the process described
herein, Pt nanoparticles could be synthesized in well defined particle size, in a short time
in gram scale. Stored at room temperature, the obtained colloidal solutions were stable
in each case; aggregation of nanoparticles could not be observed. Due to the

characteristics of device 50, size-selective optimization could be performed in a short time.
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Exanpl e 3: Preparation of sem conductor (CdSe) nanoparticles CdSe
nanocrystals form ng col |l oidal solution were prepared by high

t enperat ure deconposition of the starting materials in continuous
fl ow system using the 50 device of invention. In the first step
starting solution was prepared under argon at nosphere: 47.5 ny

(6x10-4 of. sel eniu dj ssol ve

RN e Ll S o e L DRt o g S S el
(1. 4x104 eaoh paroplectarden tiom sregiraduet Weid(ithe)rangeAletivéeni).5 amd3.4 nb. g
(3.9x10-3 nol) of trioctyl phosphine oxide (TOPO Aldrich) were added
to the solution. The obtained m xture was stirred for additional 10
m nut es dxample@: Then this starting solution was punped from?7

star ting deb b/ SEANGhrork (Fez)‘b"'iﬁr RIGRAYRIAEY ¢ using the 9 feeding
punp. e seml conducto F quant um ) nanocrystals were
prepared in the second 3 reactor unit using previously chosen and set

reaction condifrigg®he é@%rrrﬁr@%tbbﬂrg ’érﬁﬁﬂﬁfeé&erj 9UMF§ONW AR P REWRE D30
and 300 C, the E gssure was set to 100 ﬁ/Hrate was

vari ed ba{&s? the Hish2 fencir uaft And Higeseson %Fﬁé’clﬁ?f “E"h)é(e'ree%?@‘t’r & fyhesis
I/\ﬁl | ﬁwed dﬂ)plaﬂﬁurﬁpbh@faﬁiﬁdéast aééca@dwfdnihp@twﬂrltm@eexsaeﬁém O8a&0gargedldittin the

| C wa ous el ec [SN0) rope
ool o aanrg & e Rani Bedtl b MecbSs g R o RET | fitheRbeidioratinig, |
known pr greerHiiPES:x6H.@ Wdsersdatrduesqrepagerhast arrmmtﬂe of methanolt wader = 9:1,
viavel en9tferd PybN SR AB iR drer bl s Saciel IR Yo ﬁ%g%ﬂsmer on

the size t he partlc ccor |ng nit for co ctin
anal yzi ngxe¢fe R PHJi9es- Aftertsrrémgéfm:rter\@wn@qrﬁnr%u (tamperatuie: 98O ?r%essure

det ect or Aoy ﬂiﬁrdrafeo At hVHAYSth @paémasmmsﬁ&pw&h i@hapyindraaRd é@&nment
nanoparticl es and the@Far arret ers _descri &g“qw em The_chan

e
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al t er at i aBad¥r ﬂm&yrtﬁagtfbaflng)ﬁﬂrﬁm@fespm dmheudnqbbrowade pBemselipnby

t he infor tro f.romthe e det ect ned
ooul to LGB v e By 4 REARE b Himrarebie tov e e o
CdSe nandicshepeals mang Bnig whéte &nvassmoded sptcthe acadibidalosdiwiod adontediingt ans

cont ai ni g, Lo ARG Ak ctaymthgﬁrszc%%b@%dgéarcr.ar Bl LA

be seen. Si S esl zedagsarrp es
clearly ghesigr zronaﬂalmtwbmdée Y&k a/hgremﬂéva§>¢ﬁmh@§¢ itzarelatwrrec?he\mquct in

a well def b%%rdé?%l[xﬁ% &ﬁﬁatn'uﬁd Pt-ﬁé Eﬁwe"téllf&?an%’arﬁcl%hr@ﬁ isr@(trTem%IyS.@eful
devi ce of invention e rocess described here

addi ti on,in a%'Pﬁb{etCﬁ@'y%reé‘ﬁ crrrsnéf hﬁéY’gEffS&ed °§"°é‘i‘3éa‘i"1it§?”§’é"e“'r?°"‘%%%ﬂ'“t”Pf‘e“
size of t;h@du@bteaemad AR OfBsyinthebie sthuprodutidisfanaklzens) transmrdion dlectdry

by changing the fl s i ndi cated by the significant
shifting rBlcFlrotSﬁoeoe @“ﬁreewgﬁﬁd%wﬁ Bfted 1i ght . Concl usi on:
CdSe-t ype nanofFEV imagead Phiwe bmetaliE nandpdriiciexicanaretdeeh & Bgure 3r dhgeizeef e

successf glalnYcle%ygéa%?dezﬁﬂ/ Hr.ﬁlﬁgeﬁﬁco%ppagﬁ’ o Gifte ?Ievfoﬁél %?arhﬁ@ Fl’rm Q¥ thdre

process scri bed her e option tac
spect r oscthine range by ngsrrtating et ¢fcﬁlenl?€mé th@)mﬂ oihe existing Ridlagks.ect i on

of the qualitycgfidsian: $¥3b @@ﬁb@@ﬂn@nﬁ&“@bethé’s\hrﬂﬁhé BRc2& QRtisedlnerein
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si ze coul WHerevEauReleesdaPly ghdherenarsrions Gfr PiesFtats é‘a"%e‘??"ﬁ'cr‘ﬁ?e!i?‘él'ﬂ%
f eedback dustoitlirdj inpertdricenn Eglydis. OGRS thelrSlati@ ratid of théfldw rates of the starting

materials and with its systematic changing, the composition and nanostructure of the

product can be varied efficiently and extremely quickly in a wide range.
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Exanpl e 4: Preparation of 2-(4-isobutyl phenyl)propanoic acid
nanoparticles During the experinents 2-(4-isobutyl phenyl) propanoic
aci d nanoparticles were prepared by the 50 device of invention. The
starting solution was prepared by dissolving 3 g dextran (Al drich) in
t he aqueous solution of 1.35 g 2-(4-isobutyl phenyl)propanoic acid
sodiun1s %fugrlch) in 100 nL distilled water at 25 C. The prepared
starting sop i'on was punped by the la feeding unit into the 2 first
react or Utiepargliontef 8emigpmdvctor (vdSeanenopktigieshi | e, using the second I b
feeding unit, a 5x10-3 M hydrochloric acid solution was punped into
the 5 T-shaped mixing unit with 0.5-1.2 nL/mn flow rate, where it
was m xed-dRet Ranereysids feming cobridal nsahgion- varei prspategl phensh )temegrates ¢

aci d sodidéabmpddition GMtHOsthriRimalPialkiin Séntidub RaBWSystet LisingThE 50 device of
nanoparticles were an tinuously produced at atnospheric tH_loessure due

to the preenpen afithelist ?‘8&PtaSPQtsﬁlé't'mH?%BTﬂpaﬁeﬂd‘”ﬁ | JOYLPOSRRE Pt
into the rhg T(sshﬁpadal)nbxlseganum tpow]ihne (p&,0dukier) oakl dilsdﬁdedsm uoi e, of

f
DS anat YRSy TTOPoRERER:, Ohoa ReponePE TR o b THAE" Thl ot o
si ze of tdadmaiot adatade ( @d(ﬂo@hr Ndud:fésanddrﬁg (RDUS’ ynol)'l'dferlqwﬂﬂhoeﬂmnesom@ of
the synt Q?ébée%d}%ﬁg%% 'agéegazt CHR DfutAnt Frgé By %P&r{z'v&‘é’ {_)tf?rregsfor

pressure and the a tran 1n a w de range.
parti cl e asidifienal 1@ myavtes @f 40 S¢z&hen Yty stping @ﬁlqu@su@& BuUrBRRdAfreTe d Starting

l'i ght Scar&qhi@rfé%GrvBPaﬁeU @r@rﬂ FeRid? ORIMBHY' MHeed. feedmg puniple Fhé UGksH e
of the 2-(4- |sobuty henyl ggopan0|c aci d nanoparticles prepared by

the sol veMCREYLQTt (tq"tﬂ” Bet Qenecvsils MGtE Qﬁgarﬁﬂ%@’ﬁ iS§ERE P Wctor
X-ray di funitastingiead\aslyycHosen ahd getarefitioh icpAdifONEO B/ ré&otidn Merkperature was

P or phous e B RPEL To et o st astie Wi ST 9 St WilE Bf i e
t he anor pladed bslweenﬂuaed 09 nilhmindeXbe antcomkeofrtbé reactioromas followed by an
charact erdpﬁéﬁaﬁéf ﬂ%l%ﬁa%f? 86-){&} §¢ch'tr8§co (it SARHEWALBGRML IR O@eﬁ‘&‘?b]& tﬁec' d

cannot b oun ract rams ar e ermnstrat
WO 2009/ 1p8zal proerties Iiztb@@pmmmmu@(urrmeeﬂ@v-thwb&ebt it éfoys from the well

144- et hO)%hb\?m(ﬁro ere#éshxsfiru% éemumdcfo?-“aefm&ﬁ m&@ytiaatlkﬁepm@amg@q loft ks

di pyrimdin %/ pheny f ony IJ 4- met P/ per azi ne nanoparticles
bsorbe ahd emltted Ilght is strongly dependent on the size of the particles, accordingly,

the 4 unit for collecting and analyzing the product of the reaction equipped with an on-line
detector provided continuous information about the synthesized nanoparticles and the
parameters describing them. The change in the properties of the reaction products
derived from the systematic alteration of the reaction parameters could be followed
precisely by the information coming from the on-line detector.

The obtained results are represented in Figures 4a and 4b. On Fig. 4a TEM
image of CdSe nanocrystals; on Fig. 4b emission spectra of colloidal solutions containing
CdSe nanocrystals synthesized at different flow rates can be seen.

The TEM analysis (Fig. 4a) of the synthesized samples clearly shows that CdSe
nanocrystals were synthesized selectively, in a well defined, narrow particle size range
(2-3 nm) using the 50 device of invention employing the process described herein. In
addition, using the 20 on-line detector is clearly seen, that the size of the obtained
nanoparticles were modified easily and quickly by changing the flow rate, which was

indicated by the significant shifting of the wavelength of the emitted light.
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During the experinments

1+l - et hoxy- 3- (6, 7-di hydr o- 1- net hyl - 7- oxo- 3- Propy1- 1H- pyrazol o

[4, 3-d] pyrimdin-5-y1) phenyl sul fonyll-4-nethyl pi Perazi ne
nanoparticles were prepared with the device according to the present
invention. As a starting solution, 250 ng

1- 14- et hoxy3- ( - 3= By - I
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i nt egrat ed hed si.ze
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(Exarrpl e 7. Preparation of

3R, 48) - 1- (4-fl uorophenyl)-3-[(38)-3-(4-fluorophenyl) - 3-hydr oxypr opyl
]-4(4 hydroRpraasdly azet i di n- 2- one nanoparticl es PCT%HU2009¥(B)004%y
Duri ngt heexperi nents, (3R, 48) - 1- (4-fl uorophenyl)-3-[(3S)-3-(4-fluoroph
enyff - SEXAM‘q&gxypr opyI] 4- (4- hydr oxyPhenyf f azeti di n- 2- one
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roxyphe aze one and 200 pol y(vinyl-pyrrolidone PVP
K- 25, Aldrlch) were dissolved in 100 mL dlnethyl sul f oxi de. 4hé
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pr eci pi f
. ohapebShaltd St wa paseedirio the 23‘*5‘?.5‘32?")2@?3?."‘%*‘“3}?‘5"2?&‘?&%"%‘&3 .
opo

t hte secfzeding urét Meanwhile; ugingsthe secord Abdeadinpuinit, griolution efe?d Mg

i ntegra eV|ce

obt ai neég(ﬂgﬁg)ﬁ 6‘& Wt%(ﬁ ? t"ﬂaﬁ] {selrtzvg;soﬁgv'%%gc |hgong'lpe;$t1|°%hé mixing
can be gRip{witeh!MO/miA fwwjfété aitgsre iywadhimgidngith the dlatior mmamnrgr‘eyeeﬁhexy-&
and the amount of the app |ed oI inI rr I done |

2009/ 13641-gibwdra-lroeibyb Io i e i8uhight R C s Plgpohii4

the COu%ﬂiﬁ#é&?ﬁﬁehﬁﬁlta‘téxé‘cj?\‘?iﬁgefrorﬂpﬂ@ @iﬂst' P icagtotenniceThé mdndpaﬁioms are

t he proces [ preparing neta

e nanopartlc es is excellent
B‘ejflr(r)]ducomrmousm Brasiuced at atingspherie piefsyEe tdua 49 ther £9 Eq;gpé;&e complex
vaed. 1 IPHRESR BY BB detfadnRfEndtsed imotthe BRGREREN ARG BkeTif produced

chond élélﬁﬁda%ldwun{ﬁrﬁdﬂw:f ¢ougiedhe esecbad@sream unlt eg@tsatt@dlhe @ dyramic light
vice. In order to |nvest| te the r odum

wer e reE@%ﬁeé'ﬂgfq'\ﬁe'"fqgfﬁ%t?ddg ﬁ deNiees W e‘iﬂ&‘e‘? t&él péﬂ&g%eéfsﬁ%ﬁalned
anal ysi §a08p ?%'é'ﬁﬂ §§u§NjﬂST H‘eafsifzéQﬂ tRe thandpagickest damnbeiceatrolledeinewidecnange

m croscope ( g
by changlng the flow rates pressure and the amount of the applied Carbopol 980 (see

Fig.7).

Example 6:
Preparation of 2-ethoxy-1-({4-[2-(2H-1 ,2,3,4-tetrazol-5-yl)phenyl]phenyl}methyl)-1 H-1,3-
benzodiazole-6-carboxylic acid cyclohexyl 1-hydroxyethyl carbonate ester nanoparticles

During the experiments 2-ethoxy-1-({4-[2-(2H-1,2,3,4-tetrazo|—5-yl)phenyl]phenyl}methyl)-
1H-1,3-benzodiazole-6-carboxylic acid cyclohexyl 1-hydroxyethyl carbonate  estel
nanoparticles were prepared with the device according to the present invention. As &
starting solution, 100 mg 2-ethoxy-1-({4-{2-(2H-1 2,3 4-tetrazol-5-yl)phenyllphenyl}methyl)-
1H-1,3-benzodiazole-6-carboxylic acid cyclohexyl 1-hydroxyethyl carbonate ester and 20(
mg polyethyleneglycol (PEG 6800, Evonik) were dissolved in 100 mL 2-(2-ethoxyethoxy.

ethanol. The prepared solution was passed into the 2 reactor unit with 1 mL/min flow rate

20



Exanpl e 8: Preparation of platinum (Pt) nanoparticles In the first
step starting solution was prepared by the follow ng way: 6x10-3 M
hexachl or ogbactorBaaci d H2Pt CL6x6H20 (Al drich) sol uti orroraSU0p%Pered
in a mxed solution of nmethanol: water = 91, then PVP pol yner

7o R T i M s v
2g|9|r gig aFQéH F\ftcg thie sa'l?élﬁ?étw?dnglamii \:cvith)p] ael/niio flowtraten wiese ithwas mixed with the
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secong e et tbgaareamet%@éﬁﬁéf3@4@%’@?@@PB‘?“\QWHEBY'E@&_“V')* H-
out by 1l'Js-l na 1 l?ﬁfﬁe—n flr.ow rgtaerd flg(%le;rqg;c??gﬁ 't elrir%érasgoure eiglﬁrftfgdwg fror.n
1|‘3 irs t ezrtweh dstt @r ;a_acstqr' ?nl!LSTh%dlﬁfmpaﬁtﬂﬁs) aggh gontinuptisly Pé%%l{ﬁeé. at atmospheric
r e reactil .exner.i i
met handl"e3ai e uﬁatgqeﬁ rPEg%IS‘ﬁ\{ﬁ‘ g ﬁ%&gﬁ r@%?i%?éqj\ﬁ%{(érlbﬁgﬁg |}3{o]E igigdsi r‘!’éshaped

punp. ?ﬁ&mg Lﬁgtnmérp'lrg@ctémolbml syhtiomdiives througl ¢ aecongh§ reactor unit gets
i mpurities an e 13 reactor zape, kee t he t. t .

oo A hosR it seaGoe SRS 1 U FEE 05 bEh Jeir e partce
liquid srli??f ‘rt’T% bbiifed Manbpatices GsHIAUBASy STRE tstgb ob)thé hdnbparticles can be
nent i one mn flowrate, it took 5 mnutes until the fi]rst drn(%posf the

of the coptroliessin adde sangex By ewngindoeafpwaiialyy PiEsEwE a1d She AU
reservajr ., I i ed I SSI
el ect rOéﬁp%e@pgiggeg%@el?%ﬁ!#ﬁg:@%Fg%Bxf’Eﬁ/’ .CaIrDQIrtGi clocl;t siogeadit ;?P??utsisggn

of the nanopadi cl es was determ ned by manual counting of several

hundr eds of rticles. The obtained resulta are represented in
Fi g/ Ta ’@“Mfg%r:romthe results it can be established that using the

rC10 unt e rPferlél%'ﬂb" hmeQGR,e,sg-hg(ﬂgﬁrqro;tl’fmyl)‘@[(SSpB{(ndllJerqprweybﬁ-mmomropylH-@-
anoparticles was ca. 3.5-4 nmwth honmpgeneous particle size

di stri HWF@WP“W'WGU@PL%OQ%QE‘R%‘PQFBQ%roduced according to the

determ nation of the repeated experinments. Using 22

During the  experiments, (3R,4S)-1-(4-fluorophenyl)-3-[(3S)-3-(4-fluorophenyl)-3-
hydroxypropyl]-4-(4-hydroxyphenyl)azetidin-2-one nanoparticles were prepared with the
device according to the present invention. As a starting solution, 200 mg (3R,4S)-1-(4-
quorophenyl)-3—[(38)—3-(4—fluorophenyl)-3-hydroxypropyl]-4-(4-hydroxyphenyl)azetidin-z-
one and 200 mg poly(vinyl-pyrrolidone) (PVP K-25, Aldrich) were dissolved in 100 mL
dimethyl sulfoxide. The prepared solution was passed into the 2 reactor unit with 0.3
mL/min flow rate by the 1a feeding unit. Meanwhile, using the second 1b feeding unit,
distilled water was passed into the § T—shépe mixing unit with 1.2 mL/min flow rate, where
it was mixed with the solution containing (3R4S)-1-(4-fluorophenyl)-3-[(3S)-3-(4-
ﬂuorophenyl)-3-hydroxypropyl]-4-(4-hydroxyphenyl)azetidin-2—one coming from the first 2
reactor unit.

The nanoparticles are continuously produced at atmospheric pressure due to the
precipitating effect of the distilled water passed into the 5§ T-shaped mixing unit. The
produced colloidal solution driven through the second 3 reactor unit gets to the 4 dynamic
light scattering unit integrated to the device, which can detect the particle size of the
obtained nanoparticles continuously. The size of the nanoparticles can be controlled in
wide range by changing the flow rates, pressure and the amount of the applied poly(vinyl-
pyrrolidone) (see Fig.9).
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was carried out using a transmission electron microscope (Philips CM 20 TEM).

Example 8:
Preparation of platinum (Pt) nanoparticles

In the first step starting solution was prepared by the following way:  6x1 0° M
hexachloroplatinic acid H2PtClsx6H2O (Aldrich) solution was prepared in a mixed solution
of methanol: water = 9:1, then PVP polymer (poly(vinyl-pyrrolidone), Aldrich) was added in
10-fold monomer excess to Pt** ions. The role of the polymer is to preveht the aggregation
of Pt nanoparticles, in order to obtain a stable colloidal solution as the result of the
synthesis.

In the second step reaction parameters (temperature, pressure, and flow rates)
were set by the 22 control unit. The experiment was carried out by using 1 mL/min flow
rate, 150 °C reaction temperature (in the first 2 reactor unit's 13 reactor zone) and 45 bar
pressure. |

Before the reaction, the experimental system was flushed with methanol which
was pumped into the 2 reactor unit by the 9 feeding pump. After confirming that the
system does not contain any impurities and the 13 reactor zone keeps the set parameters
constantly, the starting solution was placed into the 7 starting liguid reservoir and the
feeding pump was started. Using the mentioned 1 mL/min flow rate, it took 5 minutes until
the first drops of the synthesized colloidal solution appeared in the 21 product reservoir.
Analysis of the samples was carried out on a transmission electron microscope (Philips
CM 20 TEM). Particle size distribution of the nanoparticles was determined by manual
counting of several hundreds of particles.

The obtained resuits are represented in Fig/Table 10. From the resuits it can be
established that using the countercurrent heat-exchanger, the mean particle size of the Pt
nanoparticles was ca. 3.5-4 nm with homogeneous particle size distribution, which value

was well-reproduced according to the determination of the repeated experiments. Using
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measured properties of said nanoparticles, said analyzer unit (4)
bei ng connected to the flow path after the last reactor unit (3). 4.
The device according to any of clains 1 to 3, wherein said pressure
controller (18) is inserted into the flow path between the | ast
reactor unit (3) and the anal yzer U¢Lh“&é) for maintaining said
pressure val ue constant along said ow path. 5. The device
according to any of clains 1 to 4, wherein each cooling unit (14, 16)
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a second feeding unit (1b) with a second feed pump (10) connected to a
second raw material source (8), said second feed pump (10) being in fluid

communication with the mixing unit (5);

a control unit (22) configured to be capable of controlling the pressure
value set by said pressure controller (18) and/or the temperature values of said
heatable reactor-zones (13, 15), characterized in that each heatable reactor-
zone (13) is followed by a respective cooling unit (14, 16) inserted in cascade

therewith within said flow path.

2. The device according to claim 1, wherein the first cooling unit (14) associated
with the first reactor unit (2) is connected to the flow path after the first heatable

reactor-zone (13).

3. The device according to claim 1 further comprising a final product analyzer
unit (4) containing a dynamic light scattering analyzer operatively connected to
said cooling units (14, 16) for continuous monitoring and determining the
particle size and the particle size distribution of the nanoparticles being

prepared and for adjusting said cooling units (14, 16) in response to the
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measured properties of said nanoparticles, said analyzer unit (4) being

connected to the flow path after the last reactor unit (3).

4. The device according to any of claims 1 to 3, wherein said pressure controller
(18) is inserted into the flow path between the last reactor unit (3) and the
analyzer unit (4) for maintaining said pressure value constant along said flow

path.

5. The device according to any of claims 1 to 4, wherein each cooling unit (14,
16) is configured to be capable of decreasing the temperature value of the
reactor zone (13, 15) just preceding said cooling unit (14, 16) to room
temperature in a portion of the flow path that corresponds to the location of said
cooling unit (14, 16) within the flow path along with a decrease in the particle

size of the nanoparticles when the nanoparticles are being prepared.

6. The device according to any of claims 1 to 5, wherein said cooling units (14,
16) are countercurrent heat-exchangers for controlling particle size distribution
of the nanoparticles prepared.

7. Use of the device according to any of claims 1 to 6 to prepare
nanoparticles/nanoemulsions/colloidal solutions containing at least one

constituent, preferably a metal or biologically active organic molecules.

8. The use of the device according to claim 7, wherein the nanoparticles

prepared are core-shell type nanoparticles.

9. The use of the device according to claim 7, wherein the nanoparticles of
biologically active organic molecules are preferably nanoparticles of active

pharmaceutical ingredients.
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