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AHHOTaNMA. B cTaHIapTHHIX YUIOBUSIX MIPOBENEH SKCIIEPVMEHT M0 BIMSHUIO CUJT 00eTHEHSI
Ha ITPOIIeCC BbIChIXaHMSI KAl B3Beceil HeB3aMMO/IeICTBYIONIMX YaCTHULL a3pOCKIa U MOUCTH -
POJILHOTO JIaTeKca. BriepBbie 06HaPY:KeH OBICTPOIIPOTEKAIONINIT ITpoIiecc (a30BOro IpeBpalie-
HYISI KPYCTAJLIMYECKOr0 a3poCciia B KpucTaimieckuii SiO, B TedeHme qecsiTKOB CeKYH[I, COpo-
BOXKIAIOIINIICS Pe3KUM M3MEeHEeHMEM IIBeTa pacTBOpa KaIlIi OT CBETIO-TOMy60To IO CUHETO.
3apeructpupoBaHa MUKpoaubpakius, CBUIETebCTBYIONIAS O HAHOKPUCTA/IMYECKOI TIPUPO-
Ile 3apoblie06pa3oBaHyst HOBOJ (a3bl. O6pa3oBaHye HAHOKPUCTAIMYECKOI (asbl MHTep-
MIPeTUPOBAHO KaK pe3y/IbTaT AeiCTBYSI HepaBHOBECHOI CUJIbl 06eMHEHMS B YCJIOBUSIX TUAPOAM-
HaMMYeCKOi HeyCTOMUMBOCTH BbIChIXaloIllelt Karlyii. BoIUMcINTeIbHbIN SKCIIEPMMEHT B CTaTUC-
TUYECKO¥ MOIeNbHOI CMCTeMe KeCTKMX HeB3aMMOeiiCTBYIONIMX cdep IMoATBepAII IIpe iara-
eMblil MexaHu3M (pa3000pa30BaHMsI B YCIOBUSIX CTECHEHMS.

KiroueBble ¢j1oBa: KaIlisl, HAHOPEAKTOP, CAMOOPraHm3anys, HAaHOCUCTeMa, CUJIbI O0eTHEH NS,
(daszoobpasoBaHIe, KOJJIEKTMBHAS JMHAMMKA.

BBEJEHME

CTpyKTypHast 3BOIOLMS BbICHIXAIOIIUX Karesb
KOJUIOMAHBIX PACTBOPOB Ha IMApO(UIbHON IIOJI-
JIOXKKe IIpe[CcTaBiisieT co60ii KOMILIEKC CI0KHBIX
(PU3UKO-XMMUIECKUX Y MeXaHUYeCKUX ITPOLIeCCoB,
00beIMHsIeMbIX ITOHSTIEM JeruapaTalioHHas ca-
moopranusauus [1-3]. Boicbixarwonas Karisi pac-
CMaTpPUBaeTCsI KAK HAHOPeaKTOP C MOCTOSIHHO Me-
HSIOIIMMMCSI TapaMeTpaMu : KOHIIeHTpalysl, paay-
YC KPUBU3HBI, TOBEPXHOCTHOE HATSKEHME, TEMITE-
parypa. Hapsioy ¢ 6110710rMuecKoit ¥ MeIUIITHCKO
IMarHOCTMKOI, caMOCOOPKOII HAHOYACTULL U APY-
MMM IPUMEHEHUSIMU «KaTleTbHbI/i HAHOPeaKTop»
IIpeCcTaBJIsIeT O0JIbIION MHTEpeC P CUHTe3€e Ha-
HOCTPYKTYPUPOBAHHBIX MaTePUaOB.’

3a 1rocieaHe HeCKOIbKO AeCITUIeTUil pa3pa-
60TaHO MHOKECTBO METOJIOB CMHTEe3a HaHOYACTMUI]
KOHTPOJIMPYyeMOi1 hopMbl, pa3Mepa 1 JUCIIEPCHOCTI
I7151 GOMBILIOTO YMC/Ia MaTepraaoB. KpoMe xapakre-
pU3aLyM ONITUUECKUX, JNEKTPOHHBIX, MeXaHNUEeCKUX
M KaTAIMTUIECKMX CBOVICTB OTIe/IbHBIX HAHOUACTUII,
00JIbIIIOE BHMMAHME YIesIeTCsI Pa3paboTKe METOLOB
COOpPKM HAHOYACTUIL B OOJIBINNE YIIOPSIAOUYEHHbBIE
WIN Pa3ymnopsAoYeHHbIe CBEPXCTPYKTYPbI.

P4 XKykanuu IMUTpuii AnekceeBud,
e-mail: d.zhukalin@mail.ru

9T mMeTombl COOPKYU 6GA3UPYIOTCS Ha CYIIECT-
BOBaHMM MHOXeCTBa pa3IMUYHbIX TUIIOB MeXdac-
TUYHBIX B3aumogelicTeuil (BaH-mep-BaanbCcoBble,
MarHuTHbIE, JMeKTPOCTATUUYECKe, MOJIEKY/ISIPHbIE
IUIIONIbHbIe, KOBAJIEHTHbIE ¥ BOAOPOAHbIE CBSI3M).
Bosnbniasg yacTb 3TUX B3aMMOIEMCTBUIN UMEIOT 3a-
JaHHOe HaIllpaBjieHle 160 JeiiCTBYIOT JUIIb Ha
onpeneneHHbIX PACCTOSHUSX, M TOJIBKO 3JI€KTPO-
CcTaTU4ecKye B3aumMoeiicTBus [4] MOTyT GbITh Kak
MIPUTSTATebHBIMMU, TAK U OTTAIKUBAIOIIMMMU, a UX
cuia U IanbHOCTD AeCTBUSI OTipenessieTcs 3apsi-
JIOM Ha ITOBEPXHOCTY HAaHOYACTULL, AIM3IeKTpudec-
KOJi TIPOHMIIA€MOCTbIO Cpelibl M KOHIleHTpalue
VMIOHOB, IIPUCYTCTBYIOLIMUX B PaCTBOPE.

B mocnenHee BpeMs OJis1 M3y4eHUSI PaHHETO
CTPYKTYpOo06pa3oBaHust (KOATy/IsALNM) B KOJJIOU -
HBIX CHCTeMax MCIO/b3YIOT KanelbHblii MeTof, [5,
6]. KanesbHbINM MeTOn, LIMPOKO IIPUMEHSeTCsl Ha
MpaKkTuKe, HAIIpUMep, OH JIEKUT B OCHOBe aHa/IM-
TUYECKMX METOMIOB UIEHTU(MKALINY HEOpTaHIec-
KMX [7] M opranmyeckux (611070rMuecKmx) BelecTB
[8]. SIBneHMe mernapaTalMiOHHON CaMOOpraHu3a-
LMM KUIOKOCTU 3amaTeHToOBaHO. [Ipu kaxyeics
ITPOCTOTE METO/I 0Ka3aJICs Ype3BbIUaITHO CJIOXKHBIM
busuxo-xumMmyeckum mnporeccom [9-11]. 3a roxbr
MCCIeq0BaHNIi HalTpaBieHye U3yUueHMs IPOLeCCOB
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MCIapeHust CTaJI0 MeXAVCIUIUIMHAPHBIM, TIpUBJIe-
Kasi BHMMaHue GU3UKOB, XMMMUKOB, 6110JIOTOB 1 Ma-
TeMaTMUKOB. lHTepec K ¢hu3uKe mporiecca ucmape-
HMSI KaIlJIX PacTeT ¢ KaKIbIM r0JIOM KaK CO CTOPO-
HbI TEOPETUKOB [12], TaK ¥ NMPaKTUKOB [13].

[Tpu B3auMOeiicTBUM YaCTULL B BbIChIXaIOIIeit
Karie Heo6XOIMMO YUUTHIBATh CUJIbI 0O THEHNS.
OmHuM 13 11epBbIX 9P deKT ObUT OIMCcaH mpodecco-
poM Acakypoii B paboTe, TOCBSAIIEHHON UCC/Ief0Ba-
HMIO B3aMMOEVICTBUSI MEXY YaCTUI[aMMU, CYCITeH-
IVPOBaHHBIMM B PACTBOPAX MaKpOMOJEKy [14].

TpaguIMOHHO CUIbI 0OeqHeHNMs paccMaTpuBa-
I0TCS1 B KOHTEKCTe B3aMMO/IeICTBYSI ABYX YaCTULI, pac-
TBOPA JIJ151 OTIpeNEeIeHNS VX B3aMMOJIeCTBYS. BaKHO,
uyTO 3(pheKT AcaKypbl HAOTIOIAETCS 11T YACTUL] KOM-
TMOHEHTOB, OTVIMYAIOIINXCS 110 PasMepy B 4 1 6oee
pas. Ilesibto JaHHOV paboThI SIBJISIETCS M3yUeHme ¢a-
30BOTr'0 MIOBeJIeHMSI IBYXKOMIIOHEHTHOV KOJUIOMIHOM
B3BeCU a3pOCUJI — JIATEKC B YCIIOBUSIX KpayIMHTA.

JKCITEPUMEHTAJIbHAS YACTb

B KauecTBe UCXOIHBIX MaTEePHaIOB UCIIOIb30-
Ba/IMCh KOJIJIOMIHbIE B3BECH a3pOCuiia B KOHIIEHT-
pauyu 0.1 mg/ml ¢ pasmepom uactuir 100 nm u ro-
JIMCTUPOAbHBIN JIaTeKC ¢ pa3Mepom vactuii 20 nm
B KoHLeHTpaiuyu 10 mg/ml. [Ijs1 IpUroToBIeHMs
OOHOPOIHBIX KOJUIOUIHBIX B3BeCel 3aJaHHO KOH-
LIeHTpaluM UCIOIb30BaIM YIbTPa3BYKOBOI AMC-
nepratop Y3I-13. Pasmepsl yacTull MOTyYUBIINX-
Cs1 B3BecCeil KOHTPOJIMPOBAIM MeTOJIOM CBeTopac-
CesTHMSI Ha M3MepuUTeJie pa3sMepoB uactull Photocor
mini. [IpoBoaWICS CpaBHUTENbHBIN aHAIN3 TTPOLIeC-
COB BBIChIXaHMS KaIIM MCXOIHBIX KOMIIOHEHTOB U
cMecH B IMHAMMYeCKOM peskuMe in Situ. OTbITHI
MPOBOAINCH B CTAaHIAPTHBIX YCIOBUSIX. MCITONMb30-
BaJICSI OITUYECKMIT MUKpocKom Bresser Advance ID
¢ uudPOBOI perucTpaueii.

Mopdonorus u umeHTUGUKALMS TPOAYKTOB
BBICHIXAIOIIEl Kalljay MPOU3BOAMUIACh KOMIIIEK-
COM MeTOA0B, BKIouarmyux MK crieKTpocKonmo —
Bruker VERTEX 70, pacTpoBast MUKPOCKOIIVS — Jeol
JSM-6380LV 1 nmpocBeunBawiasi MMKPOCKOIIUS —
LIBRA 120 PLUS.

PE3VJIBTATBI 1 X OBCY>XXIOEHUE

[Ipu perucrpanym npoiiecca BbICbIXaHMS Kall-
JIV ICXOHBIX KOMITOHEHTOB — a3pOCIJIa U ITOJIUCTU -
POJILHOI'O JIATeKCa HAaO/TI0MaeTCsl TUIIMYHAS KapTUHA
JIJISI OMHOKOMIIOHEHTHOJ CUCTEeMbl, BK/IIOUaoIast
KodeiitHoe KojbLo. ITpy BhICHIXaHUM KAIJIX CMECH
aspocuia u [T iponucxoguT ocaxkaeHne KOHAeHCH -
POBaHHOI'O 0CAJKa C HECKOJIbKMMM I100/1€CKMBAIO-
MY MMKpPOUYaCTUIIAMM B pe3y/bTaTe 00pa3oBa-
HMS ¥ OBICTPOTO POCTa HOBOW (ha3bl MUKPOCKOIIN-
YyeCcKUX pa3sMepoB IO IeCsITOK MUKPOH B TeueHle
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OpVIFVIHaJ'IbeIe CTaTbM

IecsITKOB ceKyHn (puc. la, b). LiBeT pacTBOpa Me-
HSIeTCS OT ITPO3pavyHOro A0 cuHero. [Ipu 3ToM 1po-
MUCXOAUT 06pa30BaHMe HOBO (a3bl JOKATU3YETCS
B LIeHTPaIbHO 06/1aCTU KaTuIN.

Wpentuduxauys metomom MK-cnekrpockommim
MPOAYKTOB BbICHIXaHMSI TPOBOAM/IACH B CDABHEHUM
C UCXOOHBIMU KOMMOHeHTaMu. CpaBHUTEIbHBIIA
aHajM3 TMOoKa3bIBaeT XapaKTepUCTUUeckue CIeKT-
PbI MICXOAHBIX UYMCTHIX KOMIIOHEHTOB aspocuia U
TTOJIVICTUPOJIBHOTO JlaTekca (puc. 1¢). ObpasoBaHme
HOBOI/1 (ha3bl He ITPUBEJIO K 3aMEeTHOMY M3MeHEeHUIO
CIIEKTPOB MCXOIHBIX KOMIIOHEHTOB. Hebosbloe
JVICKpUBJIEHME MMKa, OTBevalolero 3a cBssb Si-0O,
BbI3BAaHHOE V3MeHEeHMEeM COOTHOLIEHUSI TPOIOb-
HOJA 1 TIOTIepeyHOli KOMITOHEHThI KoiebaHmii, MO-
SKeT OBITh BBI3BAHO MeXaHNIecKkoi nedopmariuei.
Takum 06pa3omM, MOKHO CUMTATh, YTO HOBas ¢asa
SIBJISIETCSI OKCUAOM KpPeMHUSI.

OTMeTHM, UTO TaHHbI 9(DPEKT XapaKTepeH st
IMHAMWYECKO CUCTeMbI OTPaHMUEHHOTO 06beMa,
KaKOBOJ SIBJISIeTCST KaIvisi. B MakpockonmMueCckmux
obbemax a¢hdeKT He HabIIoJaeTcs.

[Tpu uccnegoBaHUy Ha paCTPOBOM MUKPOCKOTIE
MIPONYKTOB BBICHIXaHMSI Kariyi HaOII0ZAeTCsT KOH-
IJIoMepaT HOBO¥ (pa3bl U JJaTeKca B MCXOTHOM CO-
CTOSTHUM. DTO MTOATBEPKIaeT XMMUUECKYI0 MHePT-
HOCTb KOMIIOHEHTOB U M€XaHUUECKYI0 TIPUPOAY UX
B3aMMOJIECTBUS.

IList ompeieneHus KpUCTATUYECKO CTPYKTYPhI
(ha3bl HAHOKPUCTAJUTBI U3 OCAIKA BHICOXIIIEN KaTIIN
MCC/IeN0BAIUCh HA MPOCBEUYMBAIOILEM 3JI€KTPOH-
HOM MMKpOCKorie. [IudpakiuyoHHast KapTUHa, CBU-
JeTeIbCTBYIOIAS! O HAHOKPUCTAJIMYECKOI TTPUPO-
Ile 3apoabIle06pa3oBaHms HOBOW dasbl (puc. 2¢).
CuUMMeTpusl pacIioNoKeHUsT OTpaskeHMI Ha MUK-
pondpakIMOHHONM KapTuHe (puc. 2¢) Ipearosa-
raeT OJHOBpeMeHHOe IonagaHue Moj, JIeKTPOH-
HbII1 ITyYOK JIBYX CPOCIINXCS HAHOKPUCTAITIOB,0AVH
13 KOTOPBIX PAa3BEPHYT K MUKy MJIOCKOCTHIO 6a31-
Ca reKCaroHaJIbHO/TPUTOHAJITHO 371eMEeHTapHOM
sTYeliku , @ BTOPOI MJIOCKOCTBIO, TTePIeHINKYIISIP-
HOJ K 3TOI IJIOCKOCTMU.

st [I1s1 MOHMMaHMS MexaHnu3Ma pa3oobpas3oBa-
HISI HAMM TTPOBOAMJICS] BIUMCIUTENbHBIN SKCTIePU-
MEHT B CTaTUCTUYECKOI MOJIEe/IbHOI CUCTEME JKeCT-
KX HEB3aMMOIECTBYIOMMX chep B MPUOTVIKEHNUA
OPOYHOBCKOTO JBIVsKeHMsl. OTHOIIEHE PaguyCcoB
B3SITO PaBHbBIM 4 COOTBETCTBEHHO YCIOBUSIM MOZE/Tb-
HOTO 9KcrepuMeHnTa. Hab/momaeTcst mpoCTpaHCTBEH-
HOe mepepacipeneaeHe 00MbIIMX YacTUIL B IIPU-
CYTCTBUU MaJIeHbKUX, TTPUBOJSIIEE K BO3HUKHOBE-
HUIO CTYIIeHU (PUC. 3). ITU CTYIEHUS MOTYT ObITh
OTBETCTBEHHBI 33 HEITPO3PAYHOCTh CMeCH a3pocuiia u
JlaTeKca, HeCMOTPS Ha IMPO3PavyHOCTh 000MX KOMIIO-
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Puc. 1. ®a3o06pasoBaHme KPUCTA/UIATA IIPU BbICHIXaHMM KaIlJIM KOJJIOMIHOTO PAacTBOpa B CHCTEME a3pOCul
— MOJIMCTUPOJIbHBIN JIaTEKC: d, b — 110, OIITMYECKMM MUKPOCKOIIOM; @ — B ITPOLIECCE BBICHIXaHMSI; b — Tocie
BbIChIXaHMS; ¢ — VK CIIeKTpbl HPOSYKTOB BhICHIXaHMS
[Fig. 1. Phase formation of crystallite upon drying of a drop of colloidal solution in the aerosil -polystyrene
latex system: a, b — under an optical microscope; a — in the drying process; b — after drying; ¢ - IR spectra of
the drying products]

HEHTOB, 1 32 00pa30BaHye HOBOJ (pasbl. ITH Crymie-
HMS BO3HMKAIOT IO, JeiICTBMEM CIbl 0OeIHEeHM.
OOBIYHO IPY PACCMOTPEHMM B3aMMOIEIICTBUS
YacTUIL B paCTBOPE UX MOKHO CUMTATh UAeaTbHbIM
rasom. Yuet pasmepa 1 (popMbI YaCTHUIL IPUBOOUT K
MoIpaBKam Ha cyity obemHeHus [14], KoTopble yII-
PaBJISIIOT BBICOTOJ ITOpOra aKTUBALIVM, CKOPOCThIO U
HarpaByieHreM peakiuu [15]. B psane cydyaes cuia
06emHeHNs SIBJISIETCS yyKe He ITOITPaBKOoii, 8 OCHOBHOI
IBVDKYIIEV CUITOT ITPOLIECCOB B PACTBOPE, MPEBOCXO-
IS ApyTMe CWITBI [ 16], M MOKeT Jaske co6MpaTh BMec-
Te OTTAIKMBaroNyecs yactutibl [17]. Cuma obemHe-
HMSI CTAHOBMTCS BeJIMKa, KOIIa YaCTUIIbI 3aHMMAIOT
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GOJTBIITYIO0 YaCTh MPEIOCTaBIEHHOTO UM 00beMa, a
IIPOCTPAHCTBO IJISI UX IBVKEHUS Majo. OTUM YCIO-
BUSIM OTBeUYaeT MOZEeJIbHbII OIbIT. Takoe CTeCHEeH-
HOe COCTOsIHMEe Ha3biBaeTcst KpaynuHrom [18]. Ipo-
BeJleHVe peaklM B BbIChIXAIOIEl Karlle SIBJISIeTCS
TUITOBBIM CITOCOO0M TIOTyUeHMs KpayauHra. B stom
cydae 00beMOM pacTBOpa YIIpaBiIsiiOT, KOHTPOIN-
py# npoliecc BeIcbixaHu [19]. KpayauHr MOXKHO 110-
JIYYUTDb He TOJIbKO 3a CYET BbICOKOJ KOHLIEHTPpaLun
KOMITOHEHTOB ¥ Majioro 06bema, HO 1 JIOKaJIbHO Ha
HEOZHOPOOHOCTSIX pacTBopa. [jist 3TOTO UCIONb3Y-
IOTCS Pa3IMYHbIE METO/IbI IOKATbHOTO BO3AECTBUS.
Hampumep, HarpeB TOUKM, IIPUBOISILINI K OOTbIINM
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Opl/ll'l/l HaNbHble CTaTbU

Puc. 2. ®a3oo6pasoBanme kpucrammra SiO, B KalleIbLHOM HAaHOPEaKTOpe: a — PaCcTPOBast 3/IEKTPOHHAs
MMKpOCKOTHSt; b — nudpakuyoHHast KapTHHA TPOCBEUNBAIOIIEI HTeKTPOHHON MUKPOCKOITUN
[Fig. 2. Phase formation of crystallite SiO, at droplet nanoreactor: a — scanning electron microscopy;
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b - diffraction pattern of transmission electron microscopy]
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Puc. 3. BeruncmTenbHbIl SKCepyUMeHT. [Ipou3BOIbHBI MOMEHT OMHAMMUKM cep — LIBETOM BbIIEIEHbI
commsuBIMecs chepsl. Ha rpadrke mokasaHa BepoOSITHOCTh OOHAPYKUTD TaKOe KOJTMIECTBO 60bInx cdep,

CONMM3UBIINXCS B 3aBUCUMOCTH OT KOHIEHTPpaUVNM MaJIEHbKIMX

[Fig. 3. Computational experiment. Arbitrary moment of the dynamics of the spheres - the clustered
spheres are pointed out with color. The graph shows the probability of detecting such a number of large

spheres clustered, depending on the concentration of small ones]
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rpagyieHTam TeMIIepaTyp B eé OKpecTHOCTH [20], um-
IIyJIbC JIa3epa, YIIPABJISIIOIINIA JIOKAJIbHOM KOHLIEHT-
panyeli MarHUTHBIX YaCTHULL, TPUBO/AS K BOSHUKHO-
BEHMIO KOJUTIOUIHOTO Kpuctayuia [21], u T. 1. B aTom
cyJae MMeeTcs ellle U JOTIOTHUTEIbHbIN 3¢ deKT —
cuia obeHeHMsT 3aMeTHO BO3pacTaeT AJIsl JBUKY-
IIMXCST YACTULL, YTO ObIIIO U3yUEHO B BHIUMCIIUATEIb-
HBIX 3KCIlepyMeHTax [22]. [l moy4eHus: caMmoop-
raHM30BaHHBIX CTPYKTYD, KaK IIPaBUIIO, VICIIONb3YIOT
MMEHHO HepaBHOBECHYIO CUITY 00eTHEeHMSI.

PaHee HaMM OGbLJIO TTOKA3aHO [23], YTO MIPY BBI-
ChIXaHMM Ha XOPOILO CMauyMBaeMOli TOBEPXHOCTU
KOJUIOMTHASI B3BECh YINIEPOIHBIX HAHOTPYOOK 00-
pasyeT KpyIHbIe XXTYTbI, XOPOIIIO HAOMI0jaeMble B
OIITUYEeCKUII MUKpPOCKOIl. CMauuBaemas IOBepX-
HOCTb TpebyeTcsl 1)1 BO3HMKHOBEHMSI CMJIbHBIX Ka-
NWUISIPHBIX T€YEHUI1 IIpU BbICbIxaHMU. Ha rugpo-
($b0oOHOIt TOBEPXHOCTH XXI'YThl HE BO3HUKAIOT, [10C-
KOJIbKY PaBHOBECHbIX CUJ1 06€THEHUSI B OTCYTCTBUM
TeuyeHMI1 OKa3bIBaeTCs He,OCTaTOYHO.

BbIBO/ bI

BriepBble sKcIieprMeHTa/IbHO [TOKa3aHo, YTO IpU
BBICBIXaHUU KaIlIV KOJUIOMIHOTO PACTBOPA HEB3au-
MOJENCTBYIOIIMX YaCTUL B CUCTEME adpOCUI — I10-
JIMCTUPOJIbHBIN JIATEKC ITPOUCXOIUT 0O6pa3oBaHme U
OBICTPBIN POCT HOBO¥ (ha3bl KpyCcTaLIMIeckoro Sio,.
MTPeaIIoIOKNUTE/IbHO reKCaroHaJIbHO/TPUTOHAIb-
HOJi CMMMeTPWI, 3aPETMCTPMPOBAHHON Ha Iy pak-
LIMOHHOM KapTuHe MuKpoaudpaxuym. [Tporiecc da-
3000pa30BaHMsI COIMPOBOXKIAETCSI PE3KUM M3MeEHe-
HIMEM IBeTa pacTBopa CO CBET/I0- FOJyOoro 10 CUHe-
ro. PazMep KpUCTa/UTUTOB BapbUPYETCSI B UHTEPBAJIE
OT JIeCSITM HAHOMETPOB 10 IeCSITU MUKPOH. Brumc-
JIUTEJIbHBIV SKCIIEePUMEHT B CTATUCTUUECKON MO-
JIeJIbHOM CUCTEME SKeCTKUX HEB3aMMOZeCTBYIOLIX
cep moaTBEpAWI ITpeAIaraeMbIii MexaHu3M (a3o-
06pa30BaHMSI B YOUIOBUSIX CTECHEHMS.

BJIATOOJAPHOCTU

ABTOPBI BbIPasKAIOT MCKPEHHIOK 6/1aroapHOCTh
BCeEMY KOJJIEKTUBY LleHTpa KO/UIEKTUBHOTO ITOJb-
30BaHMSI HAYYHBIM 000PyIOBaHMEM BOPOHEKCKO-
ro rocymapcTBeHHoro yHusepcureta. URL: http://
ckp.vsu.ru

KOH®JIUKT UHTEPECOB

ABTODBI IeKIapUPYIOT OTCYTCTBME SIBHBIX U I10-
TEeHIIMATbHbBIX KOH(QIMKTOB MHTEPECOB, CBSI3aHHBIX
¢ MyOMMKaIei HacTOsIIe CTaTbu.
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Abstract

Purpose. In addition to characterizing the optical, electronic, mechanical, and catalytic properties
of individual nanoparticles, much attention is paid to the development of methods for assembling
nanoparticles into large ordered or disordered superstructures. These assembly methods are based
on many different types of interparticle interactions (Van der Waals, magnetic, electrostatic,
molecular dipole, covalent and hydrogen bonds). Recently, the drip method has been used to study
early structural formation in colloidal systems. When particles interact in a drying drop, depletion
forces must be taken into account. In this paper a model experiment has been carried out to study
the effect of depletion forces on phase formation during the drying process of a drop.

Methods and methodology. Colloidal suspensions of Aerosil at a concentration of 0.1 mg/ ml
with a particle size of 100 nm and polystyrene latex with a particle size of 20 nm at a concentration
of 10 mg / ml were used as starting materials. Homogeneous colloidal suspensions of a given
concentration were prepared using an ultrasonic disperser UZG-13. The particle sizes of the
resulting suspensions were controlled by light scattering on a Photocor mini particle size meter.
A comparative analysis of the drying process of a droplet with the initial components and with
their mixture has been conducted in dynamic mode. The experiments were carried out in standard
conditions. A digital optical microscope Bresser Advance ID was used to control the drying
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dynamics. The morphology and identification of the drying products have been carried out by a
set of methods, including IR spectroscopy - Bruker VERTEX 70, scanning microscopy - Jeol JSM-
6380LV and transmission microscopy - LIBRA 120 PLUS.

Results. When a droplet of a mixture of aerosil and latex was dried, there was observed the formation
and rapid growth of a new phase of microscopic sizes up to ten microns in a matter of tens of seconds.
The color of the solution changes sharply from transparent light blue to bright blue. The formation
of anew phase is localized in the central region of the drop. According to the data of IR spectroscopy
and of electron and transmission microscopy, the resulting phase is crystalline SiO,.

To interpret the obtained results, a computational experiment was carried out in a statistical
model system of rigid non-interacting spheres in the Broun motion approximation. In the
simulation the spatial redistribution of large particles in the presence of small particles is
observed, leading to the occurrence of the thickenings. Phase formation is interpreted as the
result of the action of the nonequilibrium depletion force under the conditions of the
hydrodynamic instability of a drying drop.

Conclusions. In the conditions of a model experiment on phase formation during drying of a
drop of a non-interacting particles colloidal solution in the aerosil-polystyrene latex system,
the formation and rapid growth of a new phase of crystalline SiO, has been detected. The phase
formation process is accompanied by a sharp change in the color of the solution from light blue
to blue. The crystallite size varies from ten nanometers to ten microns. A diffraction pattern of
the new phase has been found indicating its crystalline nature.

Keywords: drop, nanoreactor, self-organization, nanosystem, depletion forces, phase formation,
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collective dynamics.
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