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NCCJEIOBAHUE ®U3NKO-XUMHUUYECKNX CBOICTB
I'MBPU/IHBIX HAHOKOMITIO3UTOB HA OCHOBE HAHOYACTHUILL
KPEMHE3EMA U KATUOHHBIX ITOJIUDJIEKTPOJIMTOB

Oun3nKo-XUMHUIECKIE CBOHCTBA HAHOKOMITO3MTOB Ha OCHOBE KOJUIOMIHOTO KpeMHe3eMa U KaTHOHHBIX OTUAIEKTPOIUTOB U3Y-
YeHBI B BOJJHOM pacTBOpe M KOHACHCHPOBAHHOM COCTOSHHU METOJaMH IMHAMHUYECKOTO M cTaTHUecKoro ceeTopaccesHus, JATA,
JCK, UK-cnexrpockonuu u COM. TlyTeM NocneioBaTeNbHOrO HAHECEHUS Ha MOBEPXHOCTh HaHOYAcTHIL Si0, MaKpOMOIEKYN
HONUATHICHIMHUHA U [OTHAKPHUIIOBONH KUCIIOTH! B pa30aBIeHHOM BOJHOM pacTBOpPE MONYUeHLI MyJIbTHCIOWHbIE HAHOKOMIIO3UTEI.
ITokasano, 4T0 paguyc HHEPIUU Rg W THAPOIMHAMUYECKHH pamuyc R, % MyIbTHCIOHHBIX HAHOKOMIIO3HTOB MPH OECKOHEYHOM
pas6aBnennn C—0 coctapnsioT 88.8 u 96.4 HM, a pacueTHO® 3HAUCHUE BHYTPEHHETO pajuyca chepsl papHseTest 80 HM. C-TIOTeHITH-
an MyJIbTHCIIONHBIX obpa3oBanmii oTpuiiatencH u paseH —20 MB. Ilo pesynptatam COM auaMeTp MTHOPUITH30BAHHBIX MYIThTHCION -
HBIX HAHOKOMIIO3HTOB JIEXKHT B npefenax 200-500 Hm. PasMephl MCTIEPTHPOBAHHBIX B BOJIE HAHOMOPOIIKOB Ha OcHOBE SiO, u
YeTBEPTHYHO-aMMOHUNHON COMM TPOU3BOJHOTO 1emmoosbl (JR-400) konebmtores ot 300 mo 2300 uM. TepMuveckrne METOBI
aHan3a CBUJIETETBCTBYIOT 06 00pa3oBaHIK HAHOKOMIIO3UTOB — HHAUBHIYAIbHLIX COSAUHECHUN, OTNIMUAIOIIUXCS OT CBOMCTB HCXO/-

HBIX KOMIIOHCHTOB.

Beeaenue. ['uOpuaHbie HAHOKOMITO3UTHI CO-
YeTaT B ccOC OPraHUYCCKHC H HEOPTaHHYCCKUE
MOJIMMEPBI H OTHOCATCS K OTHOCUTEIIBHO HOBOMY H
VHHUKAJIBHOMY Kllaccy HaHomarepuanos. B mocne-
JHHE TOIbI CO3JAHBI PA3THYHBIC THIIBI HAHOMACIII-
TabHBIX CTPYKTYP, COCTOSIINX U3 OKCHIOB, CYJIb(H-
JIOB, HUTPUAOB, KAPOU OB META/LJIOB B KOMOWHAIIUN
¢ QyHKIIHOHANBHBIME TOTIMEpaMu, PUINKO-XUMH-
YECKUE CBOWCTBA HAHOKOMITO3UTOB OOCCIICUHBAIOT
UX MPUMCHCHUE B BBICOKHUX TCXHOJOTHSIX — OITHKE,
3JICKTPOHHUKE, aBHA- U PAKCTOCTPOCHHH, TOYHOM Ma-
LIHHOCTPOCHHH U T. 1.

CyIIeCTBYET HECKOIBKO CIOCOO0B CHHTE3a T~
PHIHBIX HAHOKOMITO3UTOB HA OCHOBE HCOPTaHUYEC-
KHX U oprasrdeckux nomamepos [ 1]. Oxanm u3 npo-
cThIX ¥ 3G EKTUBHBIX TYTCH CO3AaHU THOPHIHBIX
HEOPTaHHICCKUX-OPTaAHUICCKUX HAHOCTPYKTYP SIB-
JSIETCA KOMILIEKCOOOpa30BaHNUE MEXKIY HEOPraHH-
YECKHMH MOTUMEPAMH, B YUCIO KOTOPBIX BXOJST
MOJUKpPEeMHEBas U noaudocopHas KUCIOTHL, OIHU-
ro- u noaudochaTel HATPUS, U CHHTCTUUYCCKUMHU
TIOTIMBIICKTPOITUTAMH B BOTHOM pacteope. Panee [2-4]
B3aHMMOJCHCTBUC 3011 KPEMHE3eMa € MOTHIICKT-
POTHTAMH PAacCMATPUBAIOCH B OCHOBHOM C KOJIJIO-
HUAHO-XHUMHUYCCKOH TOUKH 3peHus1. OTHAKO B CBSI3H C
OYpHBIM pa3BUTHEM HAHOMATEPHAIOB M HAHOTEX-
HOJIOTHH, MPOAYKTBl B3aUMOJCUCTBUS C YUACTHEM
HAHOYACTHUL KPEMHE3eMa BCE Yalle OTHOCAT K Ha-
Hokommo3uTaM. [lomydueHs! rubpuHbIE TICHKH, CO-
CTOSIIIUE U3 XUTO3AHA, TTOTH(MOHOMETHIT)HTAKOHA-
Ta ¥ HAHOYACTUL[ KPEMHE3EMa, ¢ MOCICAYIOIUM

BHCAPCHHUEM B MX MATPHUILY MOTYIPOBOASIINX HAHO-
gactur] CdS [5, 6]. KommiekcoobpazoBanue Mex-
Iy TIOJIOKHUTEIIBHO 3aPSKCHHBIMH HAHOYACTULIAMHU
CHITUKATC/ISL THAMETPOM 3 HM U MTOJHAKPHIOBOH KHC-
J0TOH mM3yducHO B 3aBucuMoctd oT pH cpexwr [7].
IMokazano [8], 4To B3aMMOICHCTBHC MEKAY KOM-
MOHECHTAMHU UMeeT Mecto B obaactu pH ot 2.2 oo
8.5. Mudunptpanys nonuakpuioBo KUCIOTHI C pa3-
JAUYHOU MONEKYISIPHOU MACCOU B HAHOIIOPBI KPEM-
He3eMa 3aBUCUT OT pH cpeasl U yMeHbIIACTCS
Beimie pH 3 n3-3a passepHyTOH KOHpOPMALIH MaK-
pomonekyn [9]. TTonpiec MEKPOKANICYITBI, NMCIOIINC
000JIOUKY U3 MOJUIICKTPOTUTHBIX KOMILICKCOB,
c(hOpPMUPOBAHBI MYTEM TIOTUMEPHU3ALNH THAPOXJIO-
puaa 4-BHHUIMUPHAUHA B PACTBOPE MOAUDHUIIHPO-
BAHHOI'O CHJIMKArejs W MOJAUCTHPONCYIbpoHATA
natpust (IICCH), urparoimux posns mabdjioHa, ¢ mo-
CACIYIOMUM VAAICHACM CHIIMKATCIIS IIABUKOBOU
kucioroi [10]. OGosouka, TodIHHA KOTOPOH CO-
crasiger 5-15 HM, co3maHa IMyTeM KOBAJIECHTHOM
CIIMBKH MONHYJIEKTponnuTHOro komrutekca [14BI1-
IICCH. CooGimaocs [ 11] 0 BO3MOKHOCTH ITPOMBILII-
JICHHOT'O KCIOIb30BAHUS MOHOHUCIICPCHBIX HECTS-
XHUOMETPHUIHBIX MOJUIICKTPOIUTHBIX KOMILICKCOB
IS OCKACHUS CycrcH3ui cunukarensa. Hegasao
[12] My bTHCTIONHBIC HAHOMATEPUAIIBI, CTAOH TH3H-
POBAHHBIC BOJAOPOJHBIMH CBS3SIMHU IOJTYYCHBI HA
OCHOBC MOJIMKOMITJICKCOB TTOTMAKPUIOBOH KHUCIIOTHI
U MCTHITLCITTIONO3HI.

Pance [13-15] mHamMu u3yucHO B3aMMOACHCTBHE
HAHOYACTHUI] KPEMHE3EMA ¢ KATHOHHBIMH M AHUOH-
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HBIMH TIOJIUDJICKTPOIHUTAMH PA3THIHON PUPOIBI U
cTpyKTyphl. ONMpeaeaeHsl COCTaBEl MONTUKOMILICK-
COB KPEMHE3EM-TIOIUDICKTPOIUT U HAWACHBI ONITH-
MaJIbHBIC YCIOBHS KOJHYCCTBCHHOTO OCAKICHUS
HaHouacTHL kpemHedema. [lokazaHo, uto MHTEp-
MOJHUYICKTPOIUTHBIC PCAKLUH 3aAMCIICHHS MOTYT
CIIy>KUTh TEXHOJOTHYECKOH OCHOBOM mpouecca
BBIJCICHHS M OYUCTKH HAHOYACTHL] KPEMHE3EMa U3
pa30aBICHHBIX BOAHBIX PACTBOPOB.

CranaapTHOH METOTUKON HAHECCHHS TTOTHUATICK-
TPOIUTHBIX MYJIBTHCIOCB HA TBEPAYVIO MOIONKKY
(layer-by-layer deposition) sBIseTcs1 mocneaosa-
TEMBHOE MOTPYKECHHUE TOANIOKKA B CHIBHOPA30aB-
aeuHble BogHbIe pacTtBopsl (C=0.1-1 mr/m) opo-
THBOMOJI0XKHO-3aPSKCHHBIX TOIUIICKTPOIHTOB,
KOTOPOE HYEPEAYCTCsS MPOMBIBAHUEM BOAOU IS
VAAICHHS HEaACOPOUPOBAHHBIX MMOTHAICKTPOIHT-
HBIX KOMIIOHCHTOB.

OO0wenpuHsaTas METOIUKA CO3JAHUS HAHOMAC-
TaOHBIX MYJIBTHCIOCB HA MMOBEPXHOCTH KOJLTOH-
HBIX JAMCICPCHIA BKIOYACT 1) CMELICHHE OXHOTO
HNONH3JIEKTPOIUTA C KOIOUAHON CYCIIEH3UEH ¢ Lie-
7610 GOPMUPOBAHHS TIEPBOTO CIIOS HA MOBEPXHOCTH
aapa, 2) pa3aeneHne KOJIIOUAHBIX YACTHIL OT CYIEP-
HATAHTA CCANMCHTALMCH, 3) JCKAHTALIUSA U PEANC-
MEPrUPOBAHUE YACTHLI, 4) HAHSCCHHUE BTOPOTO MOJTH-
37CKTPOIUTA. ITH ONEPALIUU MOBTOPSIOTCS A0 TEX
Mop, ToKa He OVAET JOCTUTHYTO HEOOXOAUMOE KO-
JMYECTBO MYJIbTHUCIIOCB HA TIOBEPXHOCTH HAHO- UITH
MHKPOYACTHL.

B ornuume ot onucaHHOMN BBIIIEC MECTOTHKH Pa3-
pabOoTaHHBIH HAMH MOAXOA MO3BONACT GOPMHUPOBATH
MYJIbTHUCIIOWHBIC 00Pa30BaHNS B CHIBHOPA30aBICH-
HOM PacTBOpe, HE TPeOYs MOCTOSHHOW H30JISLIHH
HaHouacThL. C LETbI0 JOKA3ATEIbCTBA ICPCIICKTHB -
HOCTH TPEITOKCHHON METOIUKH HAMH U3YUCHO T10-
BCICHUC KOMITO3HUIIHOHHBIX MYIIBTHCIIOEB, COCTOS-
mMx U3 siapa cuaukarens u odonouku [TIU-TTAK,
METOJAMH JUHAMHUYECKOTO M CTATUICCKOTO CBETO-
paccesHus. B HacTosmeM cOOOIICHNN paccMaTpu-
BACTCS MIOBCACHHE KOMITO3UTHBIX HAHOYACTHUI] B pa-
CTBOPC M KOHCHCHPOBAHHOM COCTOSIHUH C IIPHBIIC-
YCHHEM PA3THIHBIX (U3HKO-XUMHICCKHX METOIO0B
HCCICIOBAHUN.

IKCNEPHUMEHTAJBHASL YaCTh

Marepunanbl. BogHeie pacTBOpPBI KOTTOUIHBIX
yactun kpemHesema HS-40 u AS-40 ¢ pazmepamu
12 u 22 HM npeacTaBAIOT cOO0H KOMMEPUECKHE
npoayktsl pupmel “Ludox” (I'epmanms). Ux dpuznko-

XHUMHYCCKHE XaPaKTCPUCTUKU NPUBCICHB B pa00oTax
[14, 15]. B xauecTBE NOMHAICKTPOIUTOB BEIOPAHEI
npoxykrel pupmer Polysciences, Inc. (CLIA): ger-
BEPTHYHO-AaMMOHUUHBIE COMH MPOU3BOIHBIX LIEILTIO-
703s1 (JR-400) ¢ M = (100-3000)-10°, moauaxpuio-
Bas kuciora (ITAK) ¢ M = 450-10° u monmuatuicHH-
mun (ITOU) ¢ M = 25-10° Janeton. B kadvecTre
PacTBOPHUTEI HUCIONb30BAIH JCHOHHU30BAHHYIO
BOY.

Memooel. IKCICPUMEHTHI IO AUHAMHYCCKOMY
(I1CP) u craruueckomy ceeropaccesuuro (CCP)
nposoamu Ha BI-200SM ronvnomeTpe mpon3soacrsa
Brookhaven Instruments Corporation, cHaOXEHHOM
uudposeiv BI-TurboCorr koppemnsitopom u BI-CrossCorr
JCTCKTOPOM, BKIFOUAIOLIMM B CE0s JBA ACTEKTOPA
BI-DS1. B kauecTBe HCTOYHHKA CBETA HCHONb30-
BaJIH BEPTUKAIBHO MOJSIPHU30BAHHBIN j1a3ep Sapphire
488-100 CDRH (Coherent GmbH) ¢ qiuHO# BoTHBL
A =488 nm u mMomuocThIO OT 10 10 50 MBT. Yron
paccesitus O namensuics ot 30° go 150°. B akcne-
pumenrax no JACP usmepsinu nceBrokpocc-koppe-
JSILUOHHYIO YHKLHIO HHTCHCHBHOCTH PACCESTHHOTO
ceera G,(t) [16, 17]. OnHOBpEMEHHO 3amUCHIBAIACH
VCPEAHCHHAS 110 BPEMCHU HHTCHCHBHOCTh PACCESH-
Horo ceeta 16 [18]. MHTeHCHBHOCTE M3MEPSH B
KOMHYECTBaX (DOTOHOB HA CEKYHIY U HOPMATM30BAIN
K paccesHUIo Tonyona. Temmeparypy o0pa3uoB KOHT-
PONHPOBATN C TIOMOLIBEO TEPMOCTATHPYEMOH OaHH
Lauda RC 6C. Bee m3vepenns npoogunu rmpu 293 K.

Namepenne {-nmoteHnnana npooauad Ha Nano-
ZS ZetaSizer ZEN3600 (Malvern Instruments,
Amnrms), cHabskenHoM He-Ne mazepom MOIIHOCTBIO
4 MBt npu A =633 nm. [JlekicTBre mpubopa ocHoBa-
HO Ha JCTCKTUPOBAHUH PACCESIHHOTO CBETA MPH
6=173°. st uamepenuns C-NOTCHIMAIA UCTIOIB30-
Baau Metoauky M3-PALS n anann3 CmoayxoBcko-
ro. Mcnonp3oBanacek kanumapHas sachka Size &
Zeta potential-DTS1060 nns oqHOBpEMEHHOTO H3-
MEPEHUS MM IPOIUHAMHYCCKOTO pa3mepa u C-oTeH-
nuana. TeMnepatypa NoAAepKUBANIACh C TOMOIIBIO
tepmoreneparopa Ilentuepa.

HuddepenumanpHo-TepMUUICSCKIE aHaTH3 00pas-
uoB npoeoauau Ha «Mettler-Toledo 851e» (LIseii-
uapusi) B atMocepe a3oTa Mpu CKOPOCTH HArpeBa
obpasua 10 °C/muH.

JACK uzmepenus nposonunn Ha «Perkin Elmer
DSC-7» npu ckopoctu Harpesa oopasua 10 °C /mun
B atMocdepe asora.

UK criektpsl cCHUMATH Ha CICKTPOHOTOMETPE
«Perkin Elmer» B Tabaerkax ¢ KBr.
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JICKTPOHHOMHUKPOCKOITUYECKUE CHUMKH 00pa3-
LIOB MOTYYATH Ha CKAHUPYIOIIEM 3ICKTPOHHOM MHUK-
pockone Hitachi S-4800 (Amonus). Mccaeayemsrii
PacTBOpP HAHOCHJIN HA CETKY, OBICTPO 3aMOPAKUBAITH
JKUAKUM a30TOM U BAKYYMHPOBAIU IS VIATICHUS
BOJBIL.

Mopdonoruo KOMIIOZHIMOHHEIX MaTEpHAIOB
u3ydann Mukpockonom «buogam» (Jlomo, Poccus)
ripu 100 xpaTHOM YBETHHEHUH.

Ilo0zomo6Kra HAHOKOMROZUMHBIX ROPOULIKOS,
HAHOKOMROZUMHBIX MYJIbMUCT0E8 U MUKPOKARN-
cpi1. HaHOKOMTIOZUTHEIE TOPOLIKH FOTOBHITH IO OTTH-
caHHOU paHee Meroauke [14, 15] myrem cMerncHus
BoaHbIX pactBopor SiO, u JR-400 mpu sxBHMO-
JSPHOU KOHLICHTPALIMN PEarupyOIUX KOMIIOHCHTOB
C = 0.01 mone/n. IlpoaykTel B3aUMOICHCTBHS
KOJUTOUJHBIX YACTHI] KPEMHE3eMa U JTHHCHHBIX
MOJIU3ICKTPONUTOB B BHUAC OCAAKA OTIC/IIN HA
npenapatuBHol neHtpudyre T-62 (Ilonpma) mpu
ckopocru BpatieHus poropa 5000 06/mun. Ocamox
HEOIHOKPATHO MPOMBIBATIH TUCTHILUTUPOBAHHOU BO-
JI0H, 3aTeM alleTOHOM U CYIINJIH B BAKYYM-CYLITHITb-
HOM IIKady 10 MOCTOSHHON MACCHI.

MynbTHCION O3 IEKTPOTUTHEIX KOMITJICKCOB,
cocrostux u3 [I9U-TTAK, Ha noBepxHOCTE HAHOYA-
crun Si0, HaHOCK M TTO crieAyroIeH MeToauke. CHa-
yana rOTOBHIN Pa30aBICHHBIC BOXHBIC PacTBOPEI
Si0,, ITOU uI1AK ¢ xornenTpanuei C=107 Momb/m.
1 v ITOH (C=10"* monp/i1) 10 KamM 100aBILIH
B 1 M1 BOAHOTO pacteopa Si0, (C=10~ moms/1) mpu
noctosHHOM nepemernnBannu. 3ateM 1 mu [TAK
(C=10" mome/m) 1o kansaM 106assian B cMech Si0,
u IT9U, oburuii 00beM KOTOPOI COCTABISLT 2 ML
[Moouepennoe nodasnenne [19U u ITAK mosrops-
nock 10 pa3z, 4uto B UTOre MPUBOIUIO K 0OpasoBa-
HUIO BOAHOTO PacTBOPa HAHOKOMIIO3HUTOB, COCTOS-
UX U3 «IACP» 8102 u 10 000104YeK U3 OIUBIEKT-
poautaoro komriekca [IDU-ITAK. B naneaetitnem
ux obosnavanu kak (S10,) /(IIOU-TTAK), . O6mas
KOHLICHTPALU S MYJIbTHCIOHHOTO HAHOKOMITO3HTA B
BOJHOM PAaCTBOPE C VICTOM COACPIKAHHS KaAKIOTO
KOMIIOHEHTA COCTaBJIAIA Cp =12.1 mr/mn. B rane-
HEHWIeM myTeM pa3daBlICHHS HCXOTHOTO PaCcTBOPA
JCHUOHHU30BAHHOU BOJOM I'OTOBHIN HAHOKOMIIO3UT-
HBIC MYJbTUCIOH C KOHLICHTPALUSIMU Cp =0.605u
0.121 mr/ma. Bee pacTBOpH! POy CKATH YEPE3 MHUK-
podunstp Millex-HV ¢ pazmepom mop 0.45 pum mis
VIANCHUS OONBIINX ArPEraToB U 00CCIBITHBAHHSL.

Hnsa cozganus moaeix MUKpokancya | ma Boa-
Horo pacteopa (Si0,) (ITOU-TTAK), | ¢ KoHuEeHT-

parueit Cp =12.1 mMr/mn paBHOMEPHO HAHOCHITH Ha
MOBEPXHOCTB KBAPLICBOH IITACTHHKY, CYIIIITH HA BO3-
JYXE M HATPeBAU B BAKYYM-CYIIMIBHOM Kady mpu
373 K B Teuenue 6 u. «Brimenaunpanue» Si0, 13 My b-
Tucnoinoro Hanokomnosura (Si0,) /(ITOU-TTAK)
OCYLIECTBIAIOCH MEPUOINUYCCKHM OOMaKHBAHUEM
kBapresoii riactuHkH B pactop 0.011 HF B Teuenne
1-2 MUH ¥ OOWTEHBIM IPOMBIBAHHEM JCHOHU30BAHHOM
BoJol. KBapueByro MIacTUHKY CYIINIH B BAKYYM-
CYIINIBHOM IIKa(]y MpH KOMHATHOH TEMIEPaTypE.

PesyabTaThl H 06cyxKaeHHe

B skcnepumentax mo JACP xoppensuuonHas
(VHKLOUS WHTCHCUBHOCTH PACCEIHHOTO CBETA

G,(t) = <]9 (r=0)1, (Z)> , TONYYCHHAS IIPH yTJIe

paccesHus 0, KOHBEPTHPYETCS B KOPPELILIMOHHY IO
(YHKIHUIO pacCEsHHOTO SIEKTPUUECKOro 1o g, (1)
ugpes cooTHotneHue 3urepra (puc. 1)

‘gl (Z)‘ = ﬁig

rae (,(o0) 3KCIEPHUMEHTAIBHO OmpeaensemMas Oa-
30Bas TUHHS IPHU BPEMCEHH /=00 U [ hakTop KorepeH-
THOCTH, OTIPEACISICMbIi reomeTpueii mpudopa. s
MOHOAUCIICPCHBIX YACTHUL], pasMCpPbl KOTOPBIX CO-
U3MCPUMBI C ﬂHHHOﬁ BOJIHBI CBCTA, 4 TAKXC IJII
JKECTKHX cep moboro pasmepa,

‘gl (t)‘ =e'"'=¢
rae g=(4nn /A )sin(6/2) BOMHOBOH BEKTOp pacces-
HUs, 71, TIOKA3aTENb MPEIOMICHHS PACTBOPUTENS,
I'=1/7 ckopocTh penakcaiuu, T BpeMs PeIaKCalliu,
D=I"g* kaxymuiics koddpdurment auddyzun.

AHaH3 SKCOCPUMCHTAIIBHO MOIYICHHBIX 3HA-
4eHUH g (7) OOBIYMHO BBHINOTHAETCA MOATOHKOM
¢ynxum Ln[g, (1)] momuHOMOM (METOA KyMyISIHTOB,
cM. BHYyTpeHHU#H pucyHok Puc.1) [16, 17].

1
2

-T't

-Dg*t
e "1,

1
Lo[g,(0]=Lnd-Tt+—T,F° —51“313 +o
IepBrii KyMynsSHT pacumpenus [, HENOCPEACTBEH-
HO cBs13aH ¢ ko3 pruenTom quddysnm 1 wim rug-
POAMHAMUYECKHM PaauycoM R,

R, = L 2
orn, L,

>

rae M BA3KOCTh pacTBoputens. HopMuposanHbii
sTOpoi KymMymsnT (I, /I", ?)g°, sBaseTCs Mepoii ITomH-
JHUCIICPCHOCTH (CM. BHYTPCHHHUH PHCYHOK Ha puc. 2).
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OTMGTI/IM, 4UTO OHa HyJICBasd A1 MOHOAUCIICPCHBIX
00pasios.

PacopeaencHue KaxyImerocs ruapoAUHAMH-
YECKOro paauyca R, MomydaroT Mpu (PUKCHpOBaH-
HOoM Ou C , HCIOMB3Ys MPOrPAMMHOE 00CCIICUCHHUE
CONTIN, T.6. METOAOM MYJIbTUIKCIOHCHIHAIb-
HOro aHanu3a QyHKuuH g (f), OCHOBaHHOrO Ha 00-
paTtHOM npeoGpasosanuu Jlammaca [17]. R, onpe-
JEIICTCS U3 TaKOTO PacHpelClCHHs KakK CpeaHe-
B3BCLICHHOE 3HAYCHHC.

=N

2]

Puc. 1. Koppensuuonnsie GyHKITHHA
MHTEHCHBHOCTH paccesHHoro ceeta (7. (f)

U COOTBETCTBYIOIME UM KO PpeIIIUOHHBIE
(YHKIMH paccessHHOTO 3IEKTPUIECKOTO IO
g,(), TomyYeHHbIe TIPH YIIaX PacCesTHUs
150° (0), 90° (AO), n 30° (A) mns CPZO.121 MI/MIT

[G2(t)-Ga(t=co)] / [Go(t=0)-Ga(t

(@]

Lnlgi®]

3 4

oy

Ha puc. 1 npeactaBiacHBl mpuMEphl 3KCIICPH-
MEHTaBHO MOMY4eHHOM pyHKIMU G () B COOTBET-
creyromei el Gynkuu g (7). Henuneiinoe yonisa-
nue Ln[g ()] oT 7 TMHIMYHO A7 TOMUANCTIEPCHBIX
obpasnos. CreayeT OTMETHTh, YTO 3aBHCHUMOCTH
Ln[g (9] ot 1q> He coBmamaroT MExKTY COOOH, UTO
CBHICTETBCTBYET 00 YITIOBOH 3aBUCUMOCTH KaKYIIC-
rocs R,; 6ObIIME YaCTULIB PACCEMBAIOT GOMBINE HA
MAITBIX YITIaX, 4 MAJIBIC YACTULB HE HMCEOT VIJIOBOU
3aBHCHMOCTH HHTCHCHBHOCTH PACCESIHHOTO CBETA.

%l

01

Puc. 2 wumoctpupyer cpaBHEHHE PE3YIBTATOB
JBYX METOJOB AHATN3A KOPPCISHOHHONW (DYHKLINU:
METOJ KYMYJIAHTOB BTOPOT'O MOPAAKA, IPEACTABICH-

1

Puc. 2. Ananu3 nanneix JICP, nonyueHHbIX
npu CP:O.121 ©), 0.605 (A), u 12.1 (0) Mr/™miL.
OKpalleHHbIEe ePHBIM [[BETOM CHMBOJIBI
TIPEICTABIAIOT aHamm3 GyHKIuK g (£) MeTo/IoM
KyMYISIHHTOB BTOpOro Topsifka. OTKPLITEIE CHMBOJIBI
TIOKA3BIBAIOT 3HAYCHUS CPEJHUX pasmMepoB R, ¥,
HONTyYeHHbIE U3 paclpeeicHNs MO pa3Mepy.

Bo BcTaBke ykazaHBI 3HaUEHHS! HOPMUPOBAaHHOTO
BTOPOTO KyMYJSIHTA, XapaKTepH3YIOMeTo
nomuaucepcHocTs obpasna. PesynbTathl,

MONyYeHHbIC ¢ TOMOTIBI0 Nano-ZS Zetasizer,
0003HaYeHBI OKPAIICHHBIMU B CEPbIH IIBET CUMBOIAMH
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BacT Ha MIMPOKOEC MOHOMOJAIBHOE PACIPEICTICHUE
THIPOAUHAMHYCCKHUX Pa3MepOB. 3aBUCUMOCTb CKO-
poctu yOpiBanms I' OT BekTOpa paccesHus g° mpo-
XOJTUT Yepe3 LCHTP KOOPANHAT U MPEACTABILIET COOOH
Juddy3HOHHBIH IpoLece ¢ KAXKyIUMCS KO3 GHLm-
earoM aupdysun D =" ¢, B 10 K€ Bpems HOpMHU-
POBAHHBIN BTOPOH KYMYJISIHT, SKCTPAITOTHPOBAHHBIH
Ha HYIICBOH yroi paccesHus, B MpeAenax norper-
HOCTH ABJISETCA MTOCTOSIHHON BETUYHHON B U3YUCH-
HOH o0acTu Cp (cMm. BHYTpeHHUH rpaduk puc. 2).
Heobxoaumo orMerurs, uro merogom JICP
onpenesitot kodddunmeHt nuddysuu, a He pazmep
gacTull. [1ockombky D 3aBHCHT OT KOHLICHTPALIUH,
TO UCTUHHOEC 3HAYCHUE THAPOJIUHAMHYECKOTO pa-
JUyCca TONYYAKOT NPU HYICBOM ( U OCCKOHETHOM
pasbaBiecHun. Puc. 2 yka3siBaeT Ha OTCYTCTBUC
KOHIIEHTPAaLMOHHOH 3aBUcHMOCTH R, (g—0) B
mpeJeNnax MOTPEIIHOCTH dKcrepuMenTa. OaHako
3aBUCHMOCTh KQXKVIIETOCH THAPOJUHAMHYCCKOTO
pagmyca R, OT ¢° MMEET HETMHEHHBIH XapakTep.
Hanuuue orpunatensHOro HakI0Ha CBs3aHa THOO C
accoranuei HAaHOUACTHLL, WK C UX UCXOTHOH MO -

mucnepcHocthio. Ilocneanee npeanoaoxeHue Ka-
sKeTCst 00JIee Pa3yMHBIM, TaK Kak ¢ pa30aBiICHHEM
YUCIIO arperaToB YMEHBINAIOCH Obl [0 MOTHOTO UX
paspyLICHUs, YTO HE HAOIFOAACTCS B HALIUX JKCIIC-
pumeHTax. Kpome Toro, pacmpeacneHue KaKyiie-
rocsi THAPOJIAHAMHYCCKOTO Paanyca BCErAa MO-
HOMOJQJIbHO U 3HAYCHUS Rhcl’ COBHAJAIOT C thl,
BBIYMCIICHHBIM METOJOM KyMYJISSHTOB BTOPOLQ IO-
psaaxa (tabn. 1). 3mavenus R,17, onmpeaeneHHbIC ¢
roMoIero Nano-ZS Zetasizer COBIAIAIOT ¢ JAHHBI-
mu, nonyucHabiMU Bl-TurboCorr (puc. 2).

B skenepumentax mo CCP cpenHsas nHTEHCHB-
HOCTh paccessHHOro cserta 10 aHammzmposaach
MeTonoM 3umMma (Kak A 4acTHil ¢ |'ayccoBbIM
pacmpeae/iCHUEeM ILIOTHOCTH) U METoaoM | HHBE
(xak s chepuueckux yactun) [18]. Bemuauner
paauryca UHEPIUU Rg, OIPEACICHHBIC THMH METO-
JaMu, mpeAcTaBicHbl B Ta0n. Kak BuaHo u3 puc. 3,
3HAUCHUS Rg HC 3aBHUCAT OT KOHICHTparuu. B mpe-
Jeax OMMUOKH SKCIICPUMEHTA BCE SKCIICPUMEHTAITb-
HBIC TOYKU JIOKATCS HA OTHY JIMHHUIO, OITUCHIBACMOM
sasucumocteio Lg [P(q)] = Lg [Iy/ly_ ] ot ¢°.

Pazmepn1 Myabrucioiinbix nanouacrun (Si0,) /(IIIU-IIAK), & B Bone,
onpeie/iecHHbIe Pa3IHYHLIMU MeToaaMH aHaamu3a JaHHbIX JCP u CCP

SiO,/(PEI-PAA) | 3umm T'unne CONTIN Kymynsmt BrOporo nopsiika
C , Mr/mn RZ uMm R*R® R % um RER® R,®, nM RI", oM RERI
P 4 4 4 4 4
C,—0 724 0.76 88.8 0.92 96.4 94.6 0.94
0.121 70.7 0.74 82.9 0.87 95.7 100.2 0.83
0.605 722 0.73 83.1 0.84 99.3 95.8 0.87
12.1 74.5 0.81 89.6 0.97 924 87.9 1.02
35 0
3 T 0.2
o
£25 T 0,4
o
re) ; Puc. 3. Ananu3s yriioBoit 3aBUCHMOCTH HHTEHCUBHOCTH
<" 2 706 =, paccesHHOTo cBeTa Iy MeToioM I'mHbe Iy=ly exp[-¢°R*/3]
o v u P(q)=Iy/Iy_, (IycThIe CUMBOIBI) H C TIOMOIIBEO 0OpaTHOH
1 1,5 T08 2 IPUBEAEHHON MHTEHCHBHOCTH, HOPMHPOBAHHOM MPOTHB
=x* — KOHIICHTPAI[X HaHOKOMIIO3UTa (OKpaIleHHBIE CHMBOIIBI ).
[ + -1 JlanHbIe MOMYYEHBI IS CP:O.121 ©), 0.605 (A)
o and 12.1 (o) Mr/min
0,5 1 T-1.2
0 -1,4
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XUMIA

[pexnonaraercs, uto KOHPOPMALUI MYTBTHCIO-
€B, COCTOSIINUX H3 (l'[f)I/I-HAK)10 MPCACTABIACT
co00# TOMCTOCTCHHYIO chepy, 00pa30BaHHYIO U3
10 cnoes TIOU-TTAK. Dta moaenp moaTBepx aA-
€TCAd OTHOIIEHUEM Rg/Rh, KOTOPOE COCTaBJIAET AJIA
meroxa I'mase 0.92 (traba. 1). Mertox 3umma
XapaKTEPU3YET CTPYKTYPBI, B KOTOPBIX INIOTHOCTb
VBETUYHMBACTCA K LCHTPY MacChl, HAMPHUMEP, AL
MOMUMEPHBIX KIYOKOB. B 3TOM cMmEBlIE MeTOA
l'uabe maet OoMee KOPPEKTHOS 3HAUCHHUS Rg.

[IpeanpunsiTa MONBITKA OLIEHUTD FCOMETPHYICC-
KHC MapaMeTphl TaAKOH TONCTOCTCHHOH cdeprl. B
3TOH MOJETU BHEINHUU paguyc cepbl B3AT Kak
R =R,*=96.4 am n Rg=RgG=88.8 oM. Pacuer BHyT-
penHero paaumyca R, cdepbl mpousBoauncs mo
dhopmye

R2 :ERIS_RZS
g 3 3
SRR

u coctasui 80 vM. IIpu 3TOM TOMmMHA CTCHKH
MTOTHAIEKTPOIUTHOTO MYJIBTHCION KaK paszHHINA
MEXKIY BHCIIHUM W BHYTPCHHUM paxuycoM cde-
pBI OyaeT paBHA COOTBETCTBEHHO 16.4 HM. ABTO-
pet [10] Tak:xke mokasanan, 4TO TOJNINHMHA KOBA-
JICHTHO-CBSI32HHBIX MMOIHU3JICKTPOIUTHBIX MYIbTH-
cnoes (IICCH-II4BIT), ) na mosepxnoctu Si0O,
acxkuT B mpeaeaax 5-15 am. C yuetom TOro, 4o
B HAaIEM CJIy4Yac HOBEPXHOCTh HAHOYACTHUL
KpeMHeseMma Taioke mokpeita 10 cioamu [19U u
ITAK, MOXHO TPEATIONOKUTH, YTO TOJIUHA CIU-
uuuHoro cjos [IOU-ITAK cocrasaser mopsiaka
1.64 M.

OOparHasg BeIWYHHA NPUBCACHHON HHTCH-
CHBHOCTH, HOPMHUPOBAHHAS MO KOHLECHTPAIUH
Cp(]-]o)'1 nmokasaHa Ha puc. 3. IlogoxxurersHOE
3HAYCHU E BTOPOTO BUPHATBEHOTO KO3 (pdurmeHTa, T.C.
VBCITHUCHHC Cp(]e-lo)'1 ¢ ypemumaeruem C npu q*—>0
03HAYAET, YTO BOJA MO OTHOIICHHUIO K MYJIbTHUCIOIM
(810,) /(ITOU-TTAK), siBASETCA TEPMOTMHAMMYEC-
KH XOPOLINM PaCTBOPHUTEIEM.

Ha puc. 4 nokazad {-noTeHIHAT MYIbTHCIIONH-
upix (S10,) /(ITOU-TTAK), - Hanowactun. Pacnpene-
neHue C-MOTEHIUANA B 3aBUCHMOCTH OT KOHLICHTpa-
uuu paykryupyer mexay -10 u -30 mB.

OtpunarensHoe 3HaucHHE C-MOTCHIWANA MOJ-
TBEPIKAACT METOTUKY HPUTOTOBICHHS MYIBTHCIO-
€B U CBHACTEIBCTBYET O TOM, UTO MOCIECAHUN CJIOHU
3aKaHYUBACTCS MONMHAKPUIOBOM KHCIOTOM, KOTOpast
MPUAACT MOBEPXHOCTH HAHOYACTHUL] OTPHLIATCTIBHBIHA
3apsa.

Intensity, %

-20
Zeta potential, mV

Puc. 4. {-noTeHnman Myib TUCTOMHBIX HAHOYACTHIL
(510,) /(TISU-TIAK),  ipu CP:O.IZl MIY/MIT

MexaHn3m 00pa3oBaHuUs MYIBTHUCIIOCB HA TOBEP-
XHOCTH OJHON HAHOYACTHIIBI 8102 MOJKHO TIPCICTA-
BHTb CXCMOH.

Ancop6Orus mMaxpomoinekyn [T9U na mosepx-
HOCTH OTPHULIATSIBHO 3aPSKEHHOTO KPEMHE3eMa
MPOTEKACT MO JICKTPOCTATHUCCKOMY MEXAHHU3MY.
[Mocneayromee nodasnenue [TAK mpusogur k 00-
pasoBanmio nepsuaHOro c1os (Si0,) /(ITOU-TTAK),
B PE3YJIbTATE MHTCPIIOUICKTPOIUTHON PCAKIIHH,
MPOTEKAKINCH 3a cuer nepenoca mporona [TAK
k uenu [19U u obpaszoBaHNs HOHHBIX KOHTAKTOB
tuna -NH," ~00C-. IlocnenosatenbHOE HAHECEHHE
MOJIU3ICKTPOIUTHBIX KOMIIOHCHTOB HA PACTYIIUC
CJI0M B KOHCUHOM HTOTE MPUBOAUT K 00Pa30BAHUIO
myastrcnoes (S10,) A(ITOU-TTAK), . Oanako B aeii-
creutenbHocTr nenu [19U moryT aacopOupoBath-
s Ha MOBEPXHOCTH MHOXkECTBA HaHo4wacTHL Si0,,
CKPCILTSisE X MEKIY COOOH U Urpas pojib «MOCTH-
koB». B Takom BapuaHTe pazmep «siapa» OyaeT 3a-
BHCETh OT KOJHYCCTBA arperupOBAHHBIX HAHOYAC-
tur S10,. PacueTl NOKa3bIBAIOT, YTO IPU BHYTPEH-
HeM paauyce chepel R, = 80 HM, ee 00beM paBeH
1 205 750 um3. Jlst TOTO 9TOOBI 3aITOTHUTD TAKOH
00BEM TUTOTHO YITAKOBAHHBIMH YaCTHLIAMHU 8102 pa-
quycom 11 uM HEoOx0auMO, uToObI Lienu [ TOU mep-
BOHAYAJIBHO CBA3bIBAH OT 350 10 400 HaHO9aCTHIT
Si0,. C yueTom cTepriecKuX (JaKTOPOB U CUIT IJIEK-
TPOCTATHYCCKOTO OTTATKHUBAHUS MEKAY HAHOYAC-
taiiamMu Si0, MOJKHO JOMYCTHTh, YTO MaKpPOMOIIE-
kyiel [I9U B cpeaHemM MoryT arperuposars He 60-
aee 150-200 manodacTHIl KpeMHE3EMA.

Pasmepsl MyJIbTHCIONHBIX HAHOKOMITO3HTOB,
OMPEACICHHBIC METOAOM CKAHHPYIOIICH 3JICKTPOH-
HOH MUKPOCKOIIHH TIOKa3aHkl Ha puc. 5. HeemoTps
HA TO, YTO MPH JUOPUIPHON CYIIKE KPUCTATHKH
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