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WccnemoBaH mpoliecc (POPMUPOBAHUSA HAHOAMCIEPCHBIX (pa3 maljaagus Ha
IMOBEPXHOCTA KPEMHE3EMHOI0O HOCHUTEJS C IIOBEPXHOCTHLIMU KPEeMHUHTHU-
punuabiMu (=Si—H) rpynnmamu, — TUAPUANOIUCUIOKCAHA, — METOJAOM BOC-
CTaHOBUTEJIBbHOU copOiiuu. CopOIIMOHHO-BOCCTAHOBUTEIbHEIE IIPOIECCH IJIS
TMOJIYyUYeHNsT HAHOKJIACTePOB MeTaJljia IIPOBEeIeHbI C MCIIOJb30BAaHMEM BOMHBIX
pactBopo H,PdCl,, comepskamux TruIpoOKCOKOMILIEKCH najtagus. Ilokasa-
HO, UYTO (pOpMUPOBAHE HAHOKJACTEPOB IIPOUCXOAUT BCJIEACTBUE B3aWMOMIEM-
CTBUSA MMOBEPXHOCTHBIX KPEMHUUTHUIPUIHLIX TPYIIN HOCUTENS C TUAPATUPO-
BaHHBLIMU MOHaAMHU MeTajyia. Mophosornsa MOBEePXHOCTH HOCHUTEJIS U HMMO-
OMIM30BaHHBIE HAHOKJIACTEPHI MAJLIAAUA M3YyUYEeHLI METOAOM CKAHUPYIOIei
9JIEKTPOHHOM MuKpocKonuu (COM).

Hocaig:xeHo mpoiiec popMyBaHHA HAHOAMCIIEPCHUX (ha3 masiafito Ha IIOBEp-
XHi KpeMHe3eMHOTO HOCiA 3 IMOBepXHEBMMHM KpeMHilriapugaumu (=Si—H)
rpynaMu, — TiApHUAIOJiCHIOKCAHy, — METOH0I0 BimHOBHOI copbOirii. Cop6-
IMiAHO-BiAHOBHI IIpollecHu IJisl Ofep:KaHHA HAHOKJACTEPiB MeTajly IIPOBEIEHO
3 BUKoOpuUCcTaHHAM Bomuux posumHiB H,PdCl,, aki mictare rigpoxcokxomi-
aekcu Ilamagiro. IToxkasaHo, 1110 (pOopMyBaHHSA HaHOKJIACTEPiB BimOyBaeThCA
BHACJIIIOK B3aeMOZil ITOBePXHEBUX KPEeMHIUTigApuaHMX TPyl HOCiA 3 rimpa-
TOBAaHUMHU HoHamMu meraay. MopdoJoria moBepxHi Hocig ¥ iMmMobGinizoBani
HaAHOKJIACTEPH MAaJIafil0 MOCJi’KEeHO MeTOHOI0 CKAHYBAJbHOI eJIeKTPOHHOI
mikpockormii (CEM).

The process of palladium nanodispersion-phases’ formation on a surface of
silica bearer with siliconhydride (=Si—H) groups, hydridpolysiloxane, is
investigated by the method of reductive sorption. Reductive-sorption pro-
cesses for obtaining of metal nanoclusters are carried out with using of
H,PdCl, aqueous solutions, which have hydroxocomplexes of palladium.
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As shown, the nanoclusters’ formation passes owing to interaction of sili-
conhydride surface groups of bearer with hydrated ions of metal. The
morphology of bearer surface and supported Pd nanoclusters are studied
by the method of scanning electron microscopy (SEM).

KaroueBbie cioBa: THUIPUAIOINUCUJIOKCAH, HAHOKJACTEDPHI MNAJIaAusa, BOC-
CTAHOBUTEJNHHAA COPOIUA, KPEMHUUTUAPUIHBIE BOCCTAHOBUTENLHEIE (= Si—
H) rpynnsl, cKaHUPYIOAa SJIEKTPOHHASA MUKPOCKOIINA.

KarouoBi coaoBa: rigpupa mojicuioOKcaH, HAHOKJACTEPHW Hajiafiio, BigHOBHA
copOIrisi, KpeMmHikrizpuaHi BigHOBHiI (= Si—H) rpymnu, cKaHyBajJbHa €JIEKT-
POHHA MiKPOCKOIIid.

Key words: hydridpolysiloxane, palladium nanoclusters, reductive sorp-
tion, reductive siliconhydride (=Si—H) groups, scanning electron microsco-
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(ITonyueno 2 aucmonada 2015 p.)

1. BBEAEHHUE

HamoxmacTepbl 0JaropogHBIX METAJJIOB, HaHECEHHbIe Ha PAa3JHUUYHBIE
HOCUTEeJU, HAXOAAT HpHUMeHeHHe B KauecTBe 3((eKTUBHBLIX KaTaJlu-
3aTOPOB IIPOIIECCOB SKOJOTMYECKOT0 KaTajinsa, MaTepUajioB s
HAHOYJIEKTPOHUKU W HejaumHelHO# onTuku [1-3]. Ilenmenanmpasienuoe
co3maHMe MaTepuajioB C 3apaHee 3aJaHHBIMHU CBOMCTBaAMU TpeOyeT
Kax paspaboTKM HOBBIX CIIOCO00OB CHHTEe3a HAHOAMCIIEPCHBIX (a3 me-
TAJIJIOB, TaK U IIOMCKA IMOAJOMKEK-HOCHUTeJell A HUX, 06Jamarolux
TeMHU WA UHBIMU (QYHKIINOHAJILHBIMU CBONCTBAMH.

IlepcuexTUBHBEIM cIOCOOOM MOJIYUEHNS HaHOAMCHEePCHBIX (a3 OJia-
FOPOAHBIX METAJIJIOB, B YACTHOCTH MHaJLIaAusd, SABJISETCS paspadoTam-
Heiii B MICIIO HAH VxpaumHBI METOH BOCCTAHOBUTEILHON COPOIMH
(BC) [4-T7], xOoTOpBI TpPM HCHOJB30BAHUMN B KaUYeCTBE MOIJIOMKEK
COPOIMOHHLIX MATEPHAJOB (AKTUBHBIX YIJIeH NN HEOPraHWYEeCKUX
OKCH0B) II0O3BOJIAET IIOJyYaTh HaHECEHHbIE HAHOKJACTEPHI METAJJIOB
HEIOCPEACTBeHHO IIPM B3aMMOJIENCTBUU aACOPOMPOBAHHBIX KMOHOB C
IMOBEPXHOCTHLIMY BOCCTAHOBHUTEJIbHBIMU I'PYHIIaMU HOCHUTEJei, T.e. B
omHy cramuio (in situ), B MATKHX YyCJOBUAX 1 0e3 IPUMeHEHHUA Ka-
KUX-JI100 JOIIOJHUTEJIbHBIX BOCCTAHABIMBAIOIIINX PEareHTOB.

OgHMM U3 TaAKMX COPOEHTOB-HOCUTEJCH SHABJISETCA MIOPUCTHIN
KpeMHe3EMHBINT MaTepuaj, — rugpuanoancuiaokcad (I'IIC), Koropsri
rMeeT Ha IIOBePXHOCTH BOCCTAHOBUTEJIbHBIE KPEMHUNTUIPUIHBIE
(=Si—H) rpynmnei. Panee aBtopamu [8, 9] ocymiectBién cunTe3 I'TIC
TUAPOJUTHUUECKON mosmKoHaeHcamueir TpuaTokcucuiana HSi(OC,H;),
C HCIIOJIb30BAHMEM 30Jb—Te/Ib-MeTONa M MMOKasaHa BO3MOYKHOCTH BOC-
CTAHOBJIEHUSA HOHOB OJIATOPOJHBIX METAJLJIOB ero IIOBEePXHOCTHBIMU
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KPEeMHUUTUAPUIHBIMY T'PYIIIAMM, HAIIPUMEP, B COOTBETCTBUU CO CXEe-
MOI1:

=Si—H + 2Ag" + H,0 — =Si—OH + 2Ag° + 2H". (1)

YKazaHHBIME coaBToOpaMu [8, 9] ruApuAIIOIUCUIOKCAH OBII HOJyYeH
B (opMe BBICOKOIMCIIEPCHOTO IIOPOINIKA, IIPEACTABIAIONIETO €000
KkpemueséM co 100% -M comepskaHMEM MHOBEPXHOCTHBHIX =Si—H-rpyr.
I'TIC MokeT OBITH CHHTE3MPOBAH TAKKe COBMECTHOI IIOJMKOHIEHCA-
mued pasJIuYHBIX 10 XWMHUYECKOMY COCTaBY aJKOKCHUCUJIAHOB,
Hampumep, TpudToKcumcuaana HSiI(OC,H;); um TerpasToxkcucuiana
Si(OC,H;),. B saTom cayuae rugpuanosimcuaokcan O0yaeT MMeTh Ha MO-
BEPXHOCTH HE TOJBbKO KpeMHHuruapuauble (=Si—H) rpynmbl, cmoco0-
HbIe B MATKUX YCJIOBUSAX BOCCTAHABJIMBATH MOHBLI OJIATOPOIHBIX Me-
TaJJI0B, HO U TuapokcuibHble (=Si—OH) (pyHKIMOHANLHBIE T'PYIObI.
IIocKOMBKY KPEMHUUTUAPUIAHLIE TPYNIILI SABIAITCA JIOKAJIbLHBIMU
IIEeHTPaMU BOCCTAHOBJIEHUSA WOHOB METAJJIOB, a THUIPOKCUJIbHBIE
TPYIIBI MOTYT CO3JaBaTh ITPOCTPAHCTBEHHBIE IPEMATCTBUA YKPYIIHE-
HUIO0 (KOaJiecIleHIINM) Oo0pas3yIonuxcad HAHOYACTHUI] METAJJIOB, MOYKHO
MIPEAIIOJIOKUTE, UYTO PETYJIUPYEeMOe COOTHOIIeHUEe (PYHKIIMOHAJIbHBIX
=Si—OH- u =Si—H-rpynn Ha moBepxuoctu I'TIC MoikeT crarh OogHUM
n3 (HaKTOPOB PEryIMpoOBaHUA Pa3MEPOB U PACIIOJOMKEHUA (popMupye-
MBIX ITYTEM BOCCTAHOBJIEHWA B IIOBEPXHOCTHOM CJIO€ HAHOKJIACTEPOB
0J1arOPOAHBIX MeTaJIOB. IIpM (PUKCHPOBAHHOM COOTHOIIIEHUU KpPEM-
HUATUAPUAHBIX U THUJIPOKCUJIBHBIX rpynn Ha noBepxHoctu 'TIC dax-
TOPOM, ONPEAENAIINNM pasMepPhl 00pPa3yIIUXCA HAHOKJIACTEPOB,
MOXKET OBITh TaKyKe KOJMYECTBO BOCCTAHABJIMBAEMOTO ITOBEPXHOCTBHIO
MeTaJia.

I'mapuanmoaucuiIoOKcaH, CHUHTE3WPOBAHHBIM COBMECTHOH IIOJIMKOH-
IeHcalyeil TPUITOKCUCUJIAHA W TETPAdTOKCUCUJIAHA, MOYKET OBITH IIO-
JydeH B BHUJE NPO3PAUHBIX ILUIEHOK WJIMW IJIACTUH. OTO [ejiaeT BO3-
MOXKHBIM IIPUMEHEeHVe KOMMIO3UIIMOHHBIX MaTepuasoB Ha ocHoBe I'TIC
¢ UMMOOMJIM30BaHHBIMU Ha €ro IMOBEPXHOCTU HAHOKJacTepamMu OJiaro-
POAHBIX METAJIJIOB B HEJIWHEHHO-ONTUYECKUX YCTPOMCTBAX M HAHO-
AJIEKTPOHUKE 1o aHaysioruu ¢ gaHHbIMU [10]. B cBA3u ¢ U3/I0KEHHBIM,
IeJbI0 HACTOAIel paboThl OBLIO CHHTE3WPOBATH YKa3aHHBIA KpeMHe-
36MHBIN MaTepuay B ()OpMe IPO3PAUYHBLIX AUCKOB He TOJBKO co 100% -
M KOJIMYECTBOM MOBEpPXHOCTHBIX =Si—H-rpynn [8,9] , HO u co 3Hauu-
TeJILHO MEHBIIUM, (OUKCUPOBAHHLIM UX COJEP;KaHUEM B IIOBEPXHOCT-
HOM cJjioe. IIpm sTOM mIpeAmosarajoch METOJAOM CKAHUPYIOIIEeH 2JIeK-
TPOHHOH MUKPOCKOIUU MBYUYUTHh MOPGOJIOTHIO IIOBEPXHOCTU HOCUTEJA
1 ocobeHHOCTH (HOPMUPOBAaHUS HAHOKJIACTEPOB OJATOPOAHBIX METaJI-
JIOB Ha TpPUMepe Majiafusa Ha MOBEPXHOCTU TAaKOr0 KpPeMHe3éMa B
YCJIOBUAX MATKOTO PEKUMa BOCCTAHOBUTEJIBHOM COPOIMU, T.e. IpU
KOMHATHOM TeMmepaType u 0e3 MpUMeHEeHUs KaKuX-JInb00 ITOCTOPOH-
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Hux BoccramoBuresieii. IlockoabKy I'TIC aBaseTcs HOPUCTBIM MAaTe-
puasiom, HeOOXOAMMO OBIJIO HCCJIEOBATHL €ro IIOPUCTYIO CTPYKTYPY HU
ocoberHocT afcopbrunu uoHoB [PdCl,]*” u3 BOAHBIX pPAaCTBOPOB
H,PdCl, Ha mIOBEepPXHOCTH CHHTE3MPOBAHHOIO KpeMHe3éMa II0Cpe[-
CTBOM M3YUEHUS M30TEPMBI COPOITIN.

2. OKCIIEPUMEHTAJBHASA YACTD

B cooTBeTcTBUMUM C TPAAUIIMOHHBIMHU CIIOCO0AMHU 30JIb—TeJb-CUHTE3a C
HUCIIOJH30BaHMEM B KauecTBe IIPEKYPCOPOB AJKOKCHUCUJIAHOB (TPU-
STOKCHCHUJIAHA U TETPAdTOKCHCUJIaHA) OBLIJI NPUTOTOBJIEH COPOEHT-
BOCCTAHOBUTENH B (popMe MPO3PAUYHBIX ILIACTUHOK IO PEAKIUU THU[I-
POMUTHYECKON MOJMKOHIeHCAIIMN YKas3aHHBIX peareHToB. IIpemapa-
THBHO IIPO3PavYHbIe ILIACTUHKKM TOTOBUJINCHL IYTEM 3aJHMBAHUS COOT-
BeTCTBYIONINX 30Jeli B ruapodobHble yriayoaenusd (pasmepoM u (op-
MO# ¢ HeGOJBIIYI0 MOHETY), CIIeIMaJbHO BBITOUEHHBIE B TOJUITUIIE-
HOBOM Opycke. Ilocie Koaryasmuu B resib IMPO3padvHbIe TUCKHU OCTO-
POKHO BBICYIIIMBAJNCH, 4 3aT€M HCIIOJb30BAJNCh AJS KOHTPOJHUPYeE-
moii copbuuu Pd. Mcxonuble KOMIIOHEHTHI OBLIM B3STBHI B COOTHOIIIE-
Huu 6% wmoJib. TpudTOKCcuUcuaaHa m 94% MOJb. TETPAdTOKCHUCHUJIAHA;
IIPU TOM COJeprKaHue XUMHUUYECKU CBA3AHHOTO T'MAPHUIHOTO BOJOPOAA
Ha MoBepXHOCTH 00pasioB cocTaBiaao 0,365mr/r. Copbiuio u Boc-
CTaHOBJIEHNE MOHOB MaJLIaAUA C IMOCJeAyoNuM (OPMUPOBAHMEM Ha-
HOKJIACTEPOB Ha mpoadpauHblx maacTuHkax ['TIC mpoBommam ms BOg-
HBIX COJIAHOKMCJABIX pactBopoB H,PdCl, mpu pH 4,0-4,2. Taxras
KHCJIOTHOCTh oOfecmeumBaja MPUCYTCTBHME B pPACTBOpax MNaJaagus
IIPEeNMYII[eCTBEHHO B (popMe ruaporcokominiekcos {Na[Pd(OH),]}, nCl
u Na,[Pd(OH),], T.e. B KaTuonuoi ¢popme [11].

IIna KOJMYecTBEHHOM OIEHKW COpPOIMM WOHOB Hajjagus Ha IIO-
Bepxuoctu I'TIC cHMMaaM M30TEePMbI UX aJCOPOIUM KaK 3aBUCUMOCTU
KOJIMUEeCTBA BOCCTAHOBJIEHHOT'O B IOBEPXHOCTHOM CJIO€ MeTaJjjia OT
ero KOHIIEHTpAIlM} B MCXOAHBIX M PABHOBECHBIX pacTBopax. KoHIleH-
TPAIlMU PACTBOPOB IPU M3YUEHUH alcopOIiiy BapbUpPOBAIW OT 1 IO
500 MKr/MJ B Ilepepacuére Ha cofep:KaHMe MeTajlja. OKCIepPUMeHT
npoBoauau Ha obpasiax I'TIC, chopMUPOBAHHBIX B BUE ILJIACTUHOK
maccoii 250 mr. Amamnus pactBopoB H,PdCl, mo m mocie amcopOiiuu
MPOBOAUIN ATOMHO-aOCOPOIIMOHHBIM METOJOM Ha CIEeKTPoMeTpe
‘Shimadzu AA-6300° (P/N 206-51800). Kpome TOro, McCrosb3oBaJu
KMHEeTUYECKUN KaTaJUTHUYeCKU Meron aHanmsa [12], KOoTOpbIi ocHO-
BaH Ha Karaiamse moHamu Pd(II) peaxkiimu OKHCJIEHUS XJOPUI-MOHOB
mapranuiem(1II):

2Mn (III) + 2C1" — 2Mn(II) + CL,. 2)

Me’roa oT/inyaeTcsda t:Ipe-[?;BI:I‘Iaf/'IHO BBICOKOI YYBCTBUTEJIBHOCTBIO "
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TouHOCTBhI0. OH TMO3BOJIAET OUpeneasaTh KoJuamuecTBO mouHoB Pd(II) B
pacrBopax Ha yposue 0,002 MKr/MmI.

Mopdoaoruio moBepXHOCTH HOCUTEJEH M HAHOAMCIIEPCHBIX (a3 Mme-
TAJIJIOB MCCJIEIOBAIN METONOM CKAHUPYIOIIel (PacTpoBOil) 5JI€KTPOH-
"ot Mmukpockornuu (COM). O6BeKTHI I MCCIeTOBAaHUA TOTOBUJIM 3a-
KpeIlJIeHeM dYacTHIl MaTepuajia Ha aJIOMUHHEBBIX IOMJI0KKAX IIpHU
IIOMOIIY IIPOBOSIIEro IIOJUMEPA C IIOCAEAYIOINMM HaHECeHHeM IIPO-
BOIAINETO cjodA (HaHomumciepcHoro yriepoxa) toiammuoin 100-150E.
IlonyuenHble IIpenapaThl IIPOCMATPUBAJIUCH B PACTPOBBIX SJEKTPOH-
HeIX Murpockomax ‘Tesla BS-340° u ‘JSM-6490° ¢upmer ‘JEOL’ B
pesKkrMe BTOPUYHBIX 3JEKTPOHOB IPU YCKOPSIOIEM HaIps:KeHuum 25
KB. Perumcrpamusa mosyuyeHHBIX H300pasKeHHii IIPOU3BOAMIACH ITHU(-
posBoii cuctemoit ‘SEO-D153°.

3. PESYJIBTATDHI U OBCYKIEHUE

CUHTe3VUPOBAHHBINI HaMU BOCCTAHOBUTEJIbHBIN COPOEHT IIpeACTaBJSIeT
coboil (paxTUUeCKU KpeMHe3éM, comep:xamuii 6% =Si-H- um 94%
=Si—OH-(pyHKIMOHANBHBIX TPYHI Ha mOBepxHOCTU. C IEJBI0 OIEeHKHU
ImapaMeTpoB ero MOPUCTON CTPYKTYPHI HPEIBAPUTENHLHO OBLIU CHATHI
M30TE€PMBl HU3KOTEMIIepATYPHOI amcopOIimu U JecopOIuu asoTa Ha
UCXOJHBLIX obpasiax. CieayeT OTMETHTH, uTO ()OpMa M30TEPMBI [e-
copomuu s oopasmoB I'TIC cBumeTenbcTByeT 00 UX YJILTPAMUKPOIIO-
pucToM xapakTepe. YAeiabHas IIOBEPXHOCTh KpemHeszéma ¢ 6% -M co-
nepxxanuem =Si—H-rpynn gocturaer 600 m?/r; cpeguuit aumamerp mop
o6pasuos d,, pasex 18 A.

Copbuua woHOB mnajiaauAa u3 BoAHBIX pactBopoB H,PdCl, Ha
KPEMHUUTUAPUAHBIX TPYIMAaxX COMPOBOKIAETCA UX BOCCTAHOBJIEHHEM
mo meranga. C y4yéToM comepskaHuWs THUIPUIHOTO BOJOPOAA HA IIO-
BEPXHOCTH cOpOeHTa MOKEeT OBITh BOCCTAHOBJIEHO MaKCHUMaJbHO 38,8
mr/r Pd. WUsorepma amcopbuuu momoB najuaaus Ha I'IIC kak saBu-
CUMOCTh OT WX PaBHOBECHBLIX KOHIIEHTpAIlMii B pacTBOpax IpHUBeaeHAa
Ha puc. 1. OHa mpexacTaBaAeT co00H KPUBYIO C BBIXOJAOM Ha HACHIIIE-
HUe, KOTOpOe XapaKTepusyeT BeJIUUYUHY IIpelesbHOM ajcopOoIuu Me-
Tajlia Ha HocuTesie. BeanuuHy amcopOIluM Ompenesaain KaK PasHOCThb
KOHIIEHTPAIIMI MeTaJjga 0 U IOoCJe COpOInY, OTHECEHHYIO K HaBeCKe
copbenTa. O6palllaeT BHUMaHNE TO, UTO HpeJeJbHAs aacopOIusa cy-
IIIeCTBEHHO MEHbIIe eé TeopeTuuecKkoro 3HaueHus (38,8 mr/r). Kpome
TOr0, Ja’ke HIPW HUBKMUX KOHIEHTPAIIMAX MOHOB MeTaJjlla B PACcTBOpPE
He TPOMCXOIUT ITOJIHOE TOTJIOIeHre UX cOpOeHTOM (HauaJbHBIN yua-
CTOK KPHUBOIT). OTO MOKeT ObITH O0YCJIOBJIEHO IIPOTEKAHUEM pPeaKIluu
BOCCTAHOBJIEHUSA TUAPUA-MOHAMU PACTBOPEHHOTO B BOAHBIX PACTBOPAX
H,PdCl, kucaopoaa:

0,+ 2H — 20H, (3)
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Puc. 1. Mzorepma amcopOIiiy MOHOB MHaJIaAuWs HA IIOBEPXHOCTH KPEMHE3E-
Ma, comep:kaiero 6% MOBepXHOCTHBIX =Si—H-rpynm, B 3aBUCHUMOCTHA OT
PaBHOBECHBIX KOHIIEHTPAIMi HMOHOB B pacTBoOpax (a); HAYAJbHBIA YYacTOK
usoTepMsI (6).

KOTOpas HJET IapajjeIbHO C BOCCTAHOBJIEHNEM NOHOB MeTaJia,
HaIpumep, o cxeme:

=Si—H + [PdC1,]*~ + H,0 — =Si—-OH + Pd° + 4Cl+ 2H". (4)

Kpome Toro, mpm HaJIuWuYM¥W B pPaCTBOpPE OKHUCIUTENA (KHUCIOpPOAa) U
MOHOB KoMiLIeKcoobpasoBanua (Cl7) MoKeT IMPOMCXOAUTH YACTUUHOE
pacTBOpeHUe yiKe BOoCCTAHOBJIeHHOro metasia [13]:

2 Pd’ + 8Cl” + 4H" + 0, — 2 [PdC1,]* + 2H,0. (5)

ITO HMOATBEP ;KAAETCA TAKYKEe M30TEePMOM aAcOopOIMy MOHOB IIaJIIAUs
Ha I'TIC B 3aBMUCHMMOCTH OT MX MCXOAHBIX KOHIIEHTPAIIUI B PacTBOpax.
3aBHUCUMOCTh, IPUBEAEHHASI Ha puc. 2, IOKa3bIBaeT, UTO KOHIIEHTPA-
nusa nonoB [PdCl,]*” B MCXOZHBIX pPacTBOPaX HECKOJILKO IIPEBBIIIAET
KoJnuecTBO BoccTaHoBaeHHOro Ha I'TIC merasiia.

MMMmoOuIn3anusa HAaHOKJIACTEPOB MAJJIAIUA B IPOIECCe BOCCTAHOB-
Jenus ero mouoB Ha I'TIC compoBoskIaeTcss OKpallMBaHNEM II0OBEPX-
HOCTH HOocHuTeJsd. Tak, HaHeceHNe MUHMMAJbHOIO KOJMYECTBA METAaJI-
aa (0,01-0,03% wmacc.) maer KEaTOoe OKpaImmBaHHe 00pasioB. 06-
pasupl ¢ GoabiuM KoaumuectBom Pd (0,04-0,1% wmacc.) uMeioT Ko-
puuHeByl0 OKpacky, (0,2-0,3% wmacc.) — TEeMHO-KOPHUUHEBYIO, a
(0,4-1,0% wmacc.) — okpallleHbl B UépHBI 1BeT. OUeBUIHO, UTO pas-
JUYHAS OKpPacKa HAHECEHHBIX MATEPUAJIOB OOYCJIOBJICHA pPa3HBIMU
pasmepamMu HaHOKJacTepoB Pd Ha moBepxHocTu HocuTensd. IlyHKTH-
pom Ha puc. 1 oOosHaueHa 00JacThb (POPMHUPOBAHUS HAHOKJIACTEPOB
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Puc. 2. Uzorepma amcopOIiiy MOHOB MHaJIafAus Ha IIOBEPXHOCTH KpPeMHEe3é-
Ma, comep:kaiero 6% moBepxXHOCTHBIX =Si—H-rpynn, B 3aBUCHMOCTU OT HUC-
XOTHBIX KOHIIEHTPAIINH MOHOB B PACTBOPAX.>2

merasuia. Ummobounusanusa Pd B xoisuuectBe Ooabiem 1,0% wmacc.
MIPUBOAUT K 0O0pa3soBaHUIO OJIECTAIIUX OCTPOBKOBBLIX CTPYKTYpP, T.€.
KPYIIHBLIX KPUCTAJJINTOB MeTaJlja.

Baxkmo orMeTuTh, uTo cuHTed ucxomuoro I'TIC mporexaeT B 1Be
cTaguy: BHavaJjie obpasyeTcsd ero ruaporeab (amopdHas TUIPATHPO-
BaHHadA MomuduKaIua), KOTOPLIN 3aTeM HepexOoauT B Kceporeib (me-
THUPaTUPOBAHHBIN CTEKJIOO0Pa3HBIM MaTepuas). MeTomoM CKaHUPY-
oei saeKTpouHHoM MukKpockonuu (COM) mccaemoBaHbl 06e Momudu-
Kamuu MartepuaJsa. Ha pucyuke 3, a mpuBemeHa MuKpodoTorpadus
moBepxHOoCcTH Tuaporend. OHa IOKa3bIBaeT, UTO MaTepuUa UMeeT 0-
MEeHHYIO (OCTPOBKOBYIO) CTPYKTYPY, KOTOpas COIEpP:;KUT 00JIacTu He-
omHOpomHocTu. Kpome TOTO, TUAPOTESb MMeeT HeOOJIbIITYI0 MeXaHuue-
CKYIO IIPOYHOCTb.

Mopdosorusa MOBePXHOCTU KCEPOTeNs CYIIeCTBEeHHO OTJIUYAETCS OT
TakoBOU mJia aMopdHOM Momuduranuu. Muxkpodororpadpus 30 moxa-
3bIBAaeT, UTO MaTepuaJ o0jagaeT OTJHOPOAHOM 6Ge3meeKTHON CTPYKTY-
poii (obOpasel COmEpP:KUT TaK:Ke HaHeCEHHLIe HAHOKJACTEPhLI MaJjlja-
nus). Ciemyer OoTMeTHTH, UYTO KCEpOTresb IMpeicTaBisgeT cob0O0M IIpo-
3pauyHble ILIACTHUHBI, KOTOPbhIe MMEIOT 3HAUUTENLHYI0 MeXaHHUUYeCKYIO
MIPOYHOCTL. EcCTecTBEeHHO, UTO HNPU CO3MAaHUMN HEeJINHEHHO-ONTUYECKUX
YCTPOMCTB IIPEAIOUTUTEJIbHLEIM SABJISAETCA MCIIOJL30BAHNE KCepores
I'TIC.

[ia monyueHUs yabTpa- U HAHOAUCIIEPCHBIX (pas masiamus Ha IMo-
Bepxuoctu I'TIC, KpomMe ONTUMAJIBLHOM KUCJIOTHOCTU, 3SHAUCHHE HMEET
Tak:Ke MCXOOHAsl KOHIIEHTPAIIUS PaCcTBOPOB COEAWHEHUII MeTasja.
IKCIIepUMEHT MOKas3asl, YTO IJA STOT0 HEeOOXOJMMO WCIIOJIb30BATD
pasbasaennnie (0,001-0,005 M) pacrsoper H,PdCl,. Hamomucmepc-
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Puc. 3. Mukpodororpadpuu (COM) moBepxXxHOCTH KpeMHe3EMa, COAepiKalliero
6% mnoBepxHOCTHBIX =Si—H-rpynm: a) rupporesieBoil mMomzudukKanuu; 6—e)
Kceporess ¢ MMMOOMJIM30BAaHHBIMU HaHOKJactepamu Pd (0,01, 0,03, 0,05,
0,07, 0,1% mMacc. MeTajIa COOTBETCTBEHHO).?

HBIe KJacTepsl majuranusa ¢ pasmepamu 10—20 um o6pasyioTcs TOJIBKO
Ipy HaHeceHMH HeGOJbIIOro KoJguuectsa merasia (0,01-0,05% or-
HOCHUTEJBbHO Macchl MaTepuasia). IIpu HameceHmmu G6GOJIBLIIETO KOJMUe-
crea merasia (0,07-0,1% wmace.) (GopMHUPYIOTCA HOIUIUCIEPCHBIE
CHCTEeMBI KJIACTEPOB, I'le Hapaay ¢ HaHokJgacrepamu (20—30 HM) mpu-
CYTCTBYIOT KPYyIHBIE KJacTepbl ¢ pasmepamMu 50—-80 mm u maskxe 100
HM. Ha pucynke 3, 6—e B KauecTBe IPUMEPOB IIPUBEIEHBI MOJIyYeH-
HBIE METOJOM CKAHHUPYIOIIel 5JIeKTPOHHON MUKPOCKOINMN MUKPOQPO-
rorpadumu noBepxHocTu ['TIC ¢ HaHeCEHHBIMM HAHOKJACTEPAMHU HaJI-
Jamgusa (KoamuecTBo HaHecémuoro merasia or 0,01 mo 0,1% wmacc. co-
orBercTBeHHO). Clrenyer orMeTuTh, uTo nMMobuausanus 0,03—0,05%
Macc. MeTaJlJla Ha MOBEPXHOCTH MCIIOJB3yeMOT0 KpeMHe3EMa COIpo-
BOXKJAETCA IMApaJebHBIM YKPYIIHEHHEM HAHOKJIACTEPOB U (DOPMHU-
poBaHHEM CHUMMETPUUYHBIX HAHOKPHCTAJLJIOB IMAJJIaAUSA B BHUAE HCKAa-
JKEHHBIX OKTasapoB (puc. 3, 8—2).

Pasmepbl TaKMX HAHOKPHUCTAJJIOB COCTABJISAIOT C YYETOM TOJIII[MHEI
HansLIeHud yriaepogom 200-270 um (puc. 4, a, 6). C apyroii cropo-
HBI, IIPU MMMOOUIM3anuu OoJblllero KojaudvecTBa mnasaagus (0,07—
0,1% wmacc.) TakKe IIPOMCXOAUT YKPYIIHEHHEe HAHOKJIACTEPOB, HO
yoKe ¢ (pOpMUPOBAHNEM AHUB3OTPOIHBLIX AEHAPUTHBIX UYACTUIl B BUIE
XJIONIbEB WJIN «CHEXHUHOK» (puc. 4, 8). Pasmepnl Takux uvacTHl m0-
cruratlor 270-400 mM. OO6pasibl XapaKTepU3yIOTCA PaBHOMEDHBIM
pacipeze/ieHrieM HA MOBEPXHOCTH HOCHUTEIS YKA3AHHBIX HAHOYACTHIL
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Puc. 4. Mukpodororpadpuu (COM) mIOBEepXHOCTH KPEeMHE3EMa, COAEPIKAIIero
6% moBepxHOocTHBRIX =Si—H-rpynm: a) u 6) okTasapuuecKue dacTuipl Pd
(ronmmuecTBOo HaHecéHHOTO Metanna — 0,03% wmacc.); 6) JeHAPUTHAA YacCTHU-
na Pd (xonumuectso HaHecémHOrO MeTamna — 0,1% wmacc.).*

najaaanuA. YKPYIHEeHHWe YacTHUIlI MeTajlla OO0 yKasaHHBIX pas3MepoB
00yCJIOBJIEHO, OYEBUIHO, OOIOJHUTEJIbHBIM BOCCTAHOBJIEHHEM WHOHOB
[PACL,]* Ha yxe copMHUPOBAHHBIX HaHOKJAacTepax mnamiagus. Ta-
KMM oOpasoM, OJs MaLaagusi, Kak W B CJy4Yae BOCCTAHOBUTEIbHOI
copbmmu moHOB cepebpa [7], xapakTepHO (hopMHUpPOBaHUE HA IIOBEPX-
"Hoctu ITIC aHMB3OTPONMHLIX HAHOYACTHIL OIPEeNeJTEHHON (OPMBI H
CUMMETPUHU.

MeTon BOCCTAHOBUTEJIBHOM coOpOIuy mo3BojsdeT moayudarh Ha I'TIC
HaHOAMUCIEepPCHbIe (Pasbl He TOJbKO HHIWNBUAYAJIBHBIX 0JIaTOPOIHBIX
MEeTaJLJIOB, HO 1 WX OMHApHBIE CUCTeMbl, Hanpumep, Pt—Pd, Pd—Rh u
Pt—Rh. Takwume (paspl ObLIM MOJYyUYEHLI B BHAE CTEXNOMETPHUUECKUX
cMecell M TBEPALIX PACTBOPOB, IPHUUYEM HX COCTAB OIIPEHeIsIeTCA CO-
OTHOIIIEHEeM O0JIarOPOJHBIX METAJIJIOB B MCXOJHOM BOJHOM pacTBOpe.
9Tu MaTepuasbl SBJISIOTCI HAHECEHHBLIMHM KaTaaW3aToOpaMH, KOTODbBIE
MOTYT HaWTH NOpPUMEHeHWe [Jisd pPeajus3alliy IIPOIIeCCOB SKOJOTHUYe-
cxoro Kartaausa. Ilomo0HBIe KOMIOSUIIMK OJaropoAHBIX METAJIJIOB Ha
YIJIePOAHBIX HOCHUTEJISX C YCIeXOM HPUMEHSIOTCS IJid KaTajausa pe-
aKIuil TUApPOreHoJin3a (PPEOHOB, T'HAPOAEXJIOPUPOBAHUSI TOKCHUUHBIX
XJIOPIPOUBBOAHLIX OPTaHUYECKUX COeIWHEHMUI, CeJeKTHBHOI'0 KarTa-
JUTUYECKOT0 BOCCTAHOBJIEHUS OKCHUAOB asoTa, okucjgeunus CO um map.
[14, 15].

4. BBIBO/bI
KpeMHe3éMHBI BOCCTAHOBUTENLHLIN COPOEHT, — THUAPUAIOIHNCUJIOK-
caH, — #ABJAETCA IEPCHeKTUBHBIM MATePUAJIOM MIJA CHUHTEe3a HaHe-

CEHHBIX HAHOKJIACTEPOB O0JATrOPOAHBIX METAJJIOB C PeryJupyeMbIMU
pasMepaMu YacTHI[, B YaCTHOCTH, MMaJjJagusa METOJOM BOCCTAHOBU-
TeJbHON COpPOITHH.

Pasmepbl mMMOOUJIM30BAHHBIX HAHOKJACTEPOB Ia/Iafus OIIpee-
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JIAIOTCS KOJMYECTBOM U pacipelejieHreM Ha IIOBEPXHOCTHU T'UIPUIIIO-
JUCUJIOKCAHA KPEeMHUUTHUIAPUAHBIX (=Si-H) ©w ruapoKCHILHBIX
(=Si-H) ¢yuxmuoHaabHLIX Tpymnn. Ilpm sTOM KpeMHUNATUAPUIHLIE
rPYIIIBl ABJIAIOTCA JIOKAJbHLIMU II€HTPAMH BOCCTAHOBJIECHUS aJCop-
OMPOBAHHLIX HOHOB HAJJIAANA, 4 T'UAPOKCHUJbHBIE I'DYIILI CO3TAIOT
IIPOCTPAHCTBEHHLIE IIPENSATCTBUA YKPYIHEeHUIo (KoaJiecIiieHIInuu) obpa-
30BABIIUXCSA HaHoOUYacTHUIl MeTasaa. ONTHMAIbHON KHCJIOTHOCTBHIO
BogubIx pactBopoB H,PdCl, ssaserca pH 4,0-4,2, Koropas obecme-
yrBaeT ()OPMUPOBAHIE B PACTBOPAX I'HAPOKCOKOMILICKCOB IIaJLIagusd,
rje OH HaXOAUTCSA IIPEUMYIIeCTBEeHHO B KATHMOHHOM (hopMe.

IIpu QpUKCHUPOBAHHOM COOTHOIIEHHN KPEeMHUUTHUIPUIHBIX U THUJ-
POKCHJIBHBIX TIPYIIl HA II0OBEPXHOCTH THUAPUAIOJIUCHIOKcaHa (6%
rpyaa =Si-H u 94% rpynno =Si-OH) ¢daxTopom, OIIpemesioIinM
pasMepbl 00pasyIONMXCA HAHOKJACTEPOB MaLIaAus, ABJIAETCA KOJIU-
YeCcTBO HaHeCEHHOTro MeTajima. Tak, Mpu HaHeCEeHHU HeOOJBLIIIOTO ero
koammuectBa (0,01-0,05% oTHOCHTEIBLHO Macchl MaTepuaja) oopasy-
oTcsa KJaacTepsl ¢ pasmepaMu 10—20 mm. OZHOBPEMEHHO ITPOUCXOIUT
VKpPyIHEeHNEe YKAa3aHHBIX HAHOKJACTEPOB MeTaJlia U (PpOpMUpOBAHNE
ero HAHOKPHCTAJJIOB B BUIE MCKAKEHHBIX OKTasapoB. IIpu HaHece-
Huu Mmerajia B Kouauuectse 0,07-0,1% wmace. GoOpMUPYIOTCS IIOJIH-
IUCIIePCHBIe cUCTEMBI KJjacTepoB ¢ pasdmepamu 20—100 um. IIpu sTom
obpasyroTca 1 0oJiee KPYIHBIE NeHIPUTHBIE YACTUILI B BUJE XJIOILEB
U «CHeXHHOK». Hakonern HaHeceHme 6osee 0,1% wmacc. mammagus
IIPUBOAUT K OOpPa30BAHUIO OCTPOBKOBBIX CTPYKTYP KPYIHBIX KPH-
CTAJIIUTOB MeETAJLjAa.
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! Fig. 1. Isotherm of palladium-ions’ sorption on silica surface, which contains 6% of surface
=Si—H groups that depends on equilibrium ions’ concentration in solutions (a); the beginning
section of isotherm (6).

2 Fig. 2. Isotherm of palladium-ions’ sorption on silica surface, which contains 6% of surface
=Si—H groups that depends on initial ions’ concentration in solutions.

8 Fig. 3. SEM microphotographs of silica surface, which contains 6% of surface =Si-H

groups: a) hydrogel modification; 6—e) xerogel with immobilized nanoclusters of Pd (0.01,
0.03, 0.05, 0.07, 0.1% mass of metal, respectively).

4 Fig. 4. SEM microphotographs of silica surface, which contains 6% of surface =Si-H
groups: a) and 6) octahedral particles of Pd (amount of supported metal is equal to 0.03%
mass); 8) dendrite particle of Pd (amount of supported metal is equal to 0.1% mass).



