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IIpencTaBiieHbl 9KCIEPUMEHTANbHBIE PE3YJAbTAThI IO CUHTE3Y U ONTHUYECKUM
CBOIiCTBAM HAHOKOMIIO3UTOB Kampujara KaIMHA ¢ HAHOYACTUIIAMU cepebpa.
Hamouactunpl cepebpa IOJydYeHBI IIYTEM BOCCTAHOBJIEHUS HUTpaTa cepebpa
HEIIOCPeJCTBEHHO B HMOHHOM KUIKOKPHUCTAJIMYECKON MaTpuile Kampuiara
KagmMus. MeTogaMu OITHUYECKON CHeKTPOCKOIHNH U IIPOCBEUMBAIOIEil 9JIeK-
TPOHHON MUKPOCKOIUH YCTAHOBJIEHO, UTO HAHOUYACTHUIBI cepebpa B JKUIKO-
KPUCTAJINYECKO MaTpHUIle NMEIOT chepruuecKyo (hopMy CO CPETHUM AMaMET-
pom ot 14 mo 20 um.

IIpencraBieHO eKCIEPUMEHTANBHI PE3yJIbTAaTH 3 CUHTE3HU I ONTUUYHUX BJIACTU-
BOCTEell HAHOKOMIIOBWTIB Ha OCHOBi KampmjaTa KaaMii0o 3 HAaHOYACTMHKAMU
cpibsa. HamouacTuHKM cpibia ofeps;KaHO IJISAXOM BifHOBU HiTpaTy cpibia
6GesmocepeHbO B MOHHIT pigKOKpUCTATiIUHINT MATPUIll KampujaaTa Kaamio. 3a
IOIIOMOT'0I0 METOJ OITHUYHOI CIIEKTPOCKOIIil Ta IPOCBIiTIIOBAIBHOI €JIEKTPOH-
HOI MiKpocKomii BcTaHOBJIEHO, 1[0 HAHOYACTUHKY CPibJia B piAKOKpUCTATIUHI i
MaTpUIli MaTh chepruuHy popmy i3 cepenuim gismerpom Bix 14 go 20 HM.

Experimental data for synthesis and optical properties of nanocomposites
based on the cadmium caprylate with silver nanoparticles are represented in a
given article. Silver nanoparticles are obtained by the reduction of argentum
nitrate within the ionic liquid-crystalline matrix of cadmium caprylate. As
revealed by the optical spectroscopy and transmission electron microscopy
techniques, silver nanoparticles within the liquid-crystalline matrix have a
spherical shape with an average diameter of 14—20 nm.

Karouessie cloBa: "KUAKNE KPUCTAJLIBI, HAHOUYACTHUIBI, 0JIarOPOAHBIE METAJI-
JIBI, OIITUYECKHUE CBOCTBA, IJIA3MOHHBINA PEe30HAHC.

(ITonyueno 19 nosbpsa 2013 2.; nocae dopabomrxu — 10 dexabps 2013 e.)
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1. BBEJEHUE

Bnarogapsa Habopy YHUKAJIBHBIX (hU3UKO-XUMUYECKUX CBOMCTB, KOTO-
peIMu 006JIaIaI0T HAHOYACTUIHI OJIATOPOAHBIX METAJLIOB, a TaKiKe He-
[IPEPLIBHOMY COBEPIIIEHCTBOBAHUIO HHCTPYMEHTAJBHBIX METOAOB HX
M3yUYeHUA OTKPHIBAETCA BCe 0OJIbINIE HOBBIX IPUKJIATHBIX 00JaCTel uc-
MMOJIL30BaHUA 9TUX 00HeKTOB [1—3].

B mociennee BpemMsa mcciaefoBaTeILCKHII MHTEPeC B 00JacTH HaHO-
TEeXHOJIOTUH CKOHIIEHTPUPOBAH Ha pPas3paboTKe HOBBIX (QYHKIIMOHAJIDL-
HBIX OIITMUYECKUX KOMIIOBUTOB, COJEPIKAIIUX HAHOYACTHUIILI GJIaTOpOI-
HBIX METAJLJIOB, B TOM uucJie cepedbpa [3—6]. Ilox meiicTBuEeM sJeKTpO-
MarHUTHOTO IOJIA CBETOBOM BOJHBLI B HAHOUACTHUIIAX cepedpa BOSHUKAET
TaKk Ha3LIBaeMBbINl ITIOBEPXHOCTHEIN IIJIA3MOHHBIA PE30HAHC, KOTOPBIH
MIPUBOAUT K IIOABJIECHUIO PA3HOOOPA3HBIX HEJIMHEMHO-ONTHUUYECKUX (-
(eKTOB, UTO IEPCIEKTUBHO JJIA NX UCIOJH30BAHUA B HAHO(POTOHUKE.

s cosmaHmus MaTepuaaoB C 3aJaHHBIMU ONTUUYECKUMHU XapaKTepHu-
CTUKaMW B TOCJIefHEEe BPeMsA aKTHUBHO WMCHOJB3YIOT PasHOOOpasHBIE
CTPYKTYPUPOBAHHBIE CPEABI, HAIIPUMED, 30JIb—TeJb-IIEHKY [5], moau-
MepHbIe U KUJIKOKpHUCTaLIndecKkre Matpuilbl [6]. Ocobblii mHTepec
IIPEICTABJIAIOT MOHHBIE JKHUAKNE KPUCTAJIbl aJKaHOATOB METAJJIOB.
IIocKOMBKY OHU HE TOJBKO MO3BOJISAIOT CUHTE3WPOBATh PasjIUYHbIE Ha-
HOYACTUIIBI 3aJaHHOTO pasdMepa u )OPMbI, HO M, BCJIEACTBUE UX BhHIpa-
JKEHHOM CKJIOHHOCTH K (DOPMUPOBAHUIO ME30MOP(MHBIX CTEKOJ, CO31a-
BATh HOBLIE OIITHYECKIE MaTepUabl [7].

B nauHo# paboTe MccyeqoBaHbl YCJIOBUA CUHTE3a HAHOYACTHUIL ceped-
pa B MOHHOHW KUIKOKPUCTAJINYECKON MaTpuIle Kampujarta KaaMusd
(C;H,;C00),Cd, a Tak:ke nayueHbl uxX pasmep u opma.

2. 9KCIIEPUMEHNT

Mesorenuble aJKaHOATHI METAJJIOB XapaKTepHU3YIOTCA OMCI0eBOM
CTPYKTYPOIi, KOTOpas 00ycaoBIeHa KOMOUHAIIME! 9JIeKTPOCTaTUIECKO-
ro MEeXMOHHOI'0 B3aMMOJAEHCTBUA MEXKIy KaTHUOHAMHN MeTajja U Kap-
OOKCHUJIBHOM TPYIIIOH U BaH-AEP-BaaJbCOBOTO B3aMMOAEHCTBUA MEXKIY
AJKUJIbHBIMY IEeNAMU aJKaHOAT-aHMOHOB. OHM MPOABJIAIOT TEPMOT-
ponubIii Me3ohopMu3M, T.e. (GOPMUPYIOT KHUIKWE KPUCTAJIBI IIPU
HarpeBaHuu. [IpruMepoM TaKOro MOHHOT'O Me30TreHa SIBJIAETCS KalpuiaaT
KaaMusa, KOTOPbIM obpasyeT me3odasy (cmeKkTur A) npu 98°C u cmoco-
0eH K MmepeoxJIaKAeHUIo ¢ 00pa3oBaHueM TP KOMHATHOU TeMIepaType
CTeKJIa, UMEIOIIero CMeKTUYeCKY0 OMCIONCTYIO CTPYKTYPY [8].
HamouacTtuiisl cepebpa GblIM CHHTE3MPOBAHbBI B Me30o(dase KampuaaTa
kagmusa Cd(C,H,;COO), myTém BocCTaHOBJEHHUS MOHOB cepedpa mpu
TeMIlepaType cyinecTBoBaHuA Me30(hassl (98—165°C) B TeueHUe 3 4acoB.
s cuHTEe3a UCIIOJIb30BaIN HUTPAT cepedbpa (X.4., Aldrich). 'omorenu-
3a1usa PeaKIMOHHOM CMeCH OCYIIeCTBIISAIACH 0apOOTUPOBAHNEM aproHa.
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IIpu oxJyaKmeHNU paciiaBa IoJIydaJan Me3oMOP(HbIE CTEKJIA KallpH-
JaTa KagMusa ¢ HamouacTurmamu cepebpa. CTEKJga MMeJan CBETJIO-
KOPUYHEBYIO OKPACKy, MHTEHCHUBHOCTh KOTOPOI YCHJINBAJIACh C YBEJIH-
yeHHEM cofepKaHusd cepedpa. KoHIIeHTpaIinio MOHOB cepedpa BapbUpPoO-
Basu ot 0,1 mo 8,0 moa.% . ITosyuenubie 00pasIlbl UCCIELOBAIA METO-
JIaMu 3JIEKTPOHHOI CIIEKTPOCKONMU U 3JEKTPOHHON IpocBeumBaroIiei
MUKPOCKOIINH.

OJIeKTPOHHBIE CHEKTPHI IIOTJIOIEHN PEerdCTPUPOBAIN B AUAIIA30HE
250-800 uMm Ha cuekTpodoromerpe Perkin Elmer UV/VIS Lambda 35.
Hcnonb3oBaynu KBaplieBblie KIOBETHI ¢ Toaiuuoi 40 MKM. Mopdosioruio
YACTHUIL U3YUAJIU C IIOMOIIBIO IIPOCBEUNBAIOIIEI0 2JIEKTPOHHOTO MUK PO-
cxona JEM 100CXII (U =100 xB). TexcTypy pacijiaBoB U 3acCTEKJIO-
BAHHBIX 00pPA3IlOB HCCJIELOBAJM C IIOMOIIbIO MOJUTEPMUUYECKON II0JIs-
PU3aITMOHHON MUKPOCKOITUM.

3. PESYJIBTATDBI U OBCYKIEHUE

Hamouactuiisl cepebpa 0071a7ai0T PEIKUM COUYETAHWEM IeHHBIX
CBOIICTB: YHUKAJLHBIMUA ONTHUUYECKUMU XapaKTEPUCTUKAMU, BBICOKO-
Pa3BUTON MOBEPXHOCTHIO, BHICOKON EMKOCTBIO JBOMHOTO 3JIEKTPUUYECKO-
T'0 CJIOA, a TaKJKe HeJIMHeHHO-ONTUYeCKUMU cBoicTBaMu [ 6].

Kak u3BecTHO, HAHOYACTUIIHLI METAJJIOB, B TOM YHCJie cepebpa, xa-
PaKTepus3yIOTCA CUJILHBIM ONTUYECKUM IIOTJIOIIEHWEM CBeTa M3-3a pe-
30HAHCHOI'0 OTKJINKA X CBOOOJHBIX JIEKTPOHOB HA 9JI€KTPOMATHUTHOE
uaayuenne. IIpu BO30OYKIeHUM METAJLINYECKUX HAHOUACTUI[ CBETOM
MMPOMCXOAUT MHAYIIMPOBAHNE BOJHBI KOJJIEKTUBHOH 9J€KTPOHHOH OC-
MUJIAINA, OTPAaHUUYEHHON ITOBEPXHOCTHI0 HAHOUACTUIILI. JTO SBJIEHUE
M3BECTHO KaK JIOKAJM30BAHHBIN MMOBEPXHOCTHBIN IJIAa3MOHHBIN pPeso-
Hauc (JIIIIIP) [9]. Ilonmosxenue makcumyma JIIIIIP saBucuT ot pasmepa
HAHOYACTHUI[, TOMOTE€HHOCTH pacIipeesieHus HaHOUACTHUIL 110 PasMepy 1
JIOKAJIU3allil UX B Cpejie, a TaKiKe OT IPUPOILl caMoii cpeasl [6]. Taxk,
IS BOOHOTO KOJIJIOMIHOTO PAcTBOPa HAHOYACTHUIL cepebpa MaJjoro pas-
Mepa MaKCUMYM II0JIOCHI TIOTJIOIIEHUSA IJIa3MOHOB pacIojiaraeTcs Ipu
~ 380 um [9], Torma KaK B rejie U CTeKJie i HAHOYACTUI[ TAKOTO Ke
pasmMepa ImoJjoca IMOTJIOIEeHU s CABUTAeTCA B KpacHyio obsacth — 390 u
410 EM cooTBeTcTBeHHO [5]. Mcmomb3ysa CBOMCTBO UYyBCTBUTEIHLHOCTU
nojyocel JIIITIP x msmeHeHuio (opMBI, pasMepa M KOHIIeHTpaluy 4a-
CTHII, MOKHO OIIEHUTH pasMephbl HAaHOUYACTHUIIL cepebpa.

B paGote m3yueHo BIUAHUE TeMIlepaTyphbl, BpEMEeHU CUHTEe3a U KOH-
IIeHTPpaIlliy MOHOB cepedpa B MaTpUlle Ha mpoliecc (popMUpPOBAHUSA Ha-
HOYaCTUI[ ¥ UX Pa3MepHI.

Cpenoii a1 cUHTEe3a HAHOYACTHUIL cepebpa ObLI BhIOPaH pacIiliaB Ka-
mpujaaTa KagMus, KOTOpbIi B guanasoHe temmaepatyp (98—165°C) dop-
Mupyer meszodaay u 06Jia1aeT BOCCTAHOBUTEIbHBIMY CBOMCTBAMU.

HaHOKOMIIO3UTHI, HpPEACTABJIAIOIINE COO0M 3aCTEKJOBAHHYIO Me30-
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Puc. 1. Texctypsl, HabII0ZaeMbIe C IIOMOIIBIO MOJAPUSAIMOHHOTO MUKPOCKO-
na, ansa yucrtoit mesodassl Cd(C,H,;C00), (a) u eé cmecu ¢ HAHOYACTUI[AMHU Ce-
pebpa (6) mpu 150°C.

VHTEeHCUBHOCTE, OTH. €]I.
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Puc. 2. CrieKTphI HOIJIOIEHNA Me30MOP(HOI'0 CTEKJIOBUIHOTO HAHOKOMIIO3UTA
Ha ocaHoBe Cd(C;H,;CO0), c HanouacTumamu cepedpa B 3aBUCUMOCTH OT BpeMe-
HU cuHTe3a mpu 150°C: 1 — 1 gac, 2 — 2 yaca, 3 — 3 uaca.

dasy Cd(C,H,;COO0),, B KOTOPOIi cTabUIN3NPOBaAHbI HAHOUYACTHUIIBI CEpe-
Opa, ObLIM M3y4YeHBI METOAOM IIOJISPU3AI[MOHHON MHUKpocKommum. Mx
TEKCTypa B MOJIAPN30BAHHOM CBETe MMeJia TAKOH! JKe BUI, KaK 1 TeKCTY-
pa mesodaser nagusuayaabaoro Cd(C,H;;C00),, T.e. THIUYHBIN IJsd
CMeKTHKa A BU: 5TO BeepHad manu (HhOKaAIbHO-KOHUUYECKAS TEKCTypa
(puc. 1).

W3-3a cusIbHOM TEHAESHIINY K TOMEOTPOIHONM OPUEHTAITNH *KUTKOK P -
CTAJIIMNUYECKUX JOMEHOB 1 MX HeOOJILIIIOrO padMepa HabJogaeMasa TeK-
CTypa, KaK Aada nHAuBuAyaabHoM Mesohassr Cd(C,H,;C00),), Tak u mis
eé cMecu ¢ Ag-HaHOKPHCTAJJIAMHU, ObIJIa MEeJIKO3EePHUICTOM.

B paboTe onTUMU3UPOBAH TEMIIEPATYPHBIN PEIKUM BBITTOJTHEHUS CHUH-
Te3a. BBLIO ycTaHOBJIEHO, YTO TEeMIIEpaTypa paciljiaBa BIMAET Ha IIPO-
IOJKUTEILHOCTD IIPOIlecca BOCCTAHOBJIEHU A NOHOB cepebpa, a TaK:Ke HA
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Puc. 3. 3aBUCHMOCTS NOJIOKEHUA MaKCUMyMa OITHYECKOTO IOTJIOIIEHUS Me-
30MOpPGHOTO CTEKJOBUAHOTO HaHOKoMIo3uTa Ha ocHoBe Cd(C,H,;CO0), c Ha-
HOYACTUI[aMU cepebpa OT KOHIEHTPAI[MY HAaHOUACTHUI] cepebpa; BpeMs CUHTe3a
— 3 ugaca.

OZHOPOAHOCTD UX pPacipeeIeHus II0 pasMepy.

Tax, moBLIIIIeHHE TeMIepaTyphbl cuHTe3a B cpemmeMm ot 120°C mo
180°C cokpaiaetr cpegHee BpeMsa cuHTe3a ¢ 6 wacos mo 1 uaca. Ilpu
180°C xampuigaT KagMUsA U3 JKUIKOKPUCTAJINUECKOT0 paciljaBa mepe-
XOAUT B M30TPOIIHOE COCTOAHNE, UTO HPUBOIUT K 00pasoBaHUIO OoJiee
KpynHbIX HaHouacTur (> 20 um). sKuaxkoxkpucraainuecKoe yIopsagoue-
HIUe Cpelbl IJid CUHTe3a HaHOodYaCTUIl cepebpa II03BOJIAET IIOJYyUYUTDH Ha-
HOUacCTUILI cepebpa Majsoro pasmepa (< 20 HMm). B ganbHeHIIuX mcciie-
IOBAHUAX 3a pabouyio TeMuepaTypy npuauMasncs 150°C.

Ha pucynke 2 mpuBemeHa 3aBUCHUMOCTDH CIEKTPOB OIITHUYECKOTO IIO-
TJIOIIeHns HaHOYACTHUI[ cepedpa OT BpeMeHU CHUHTe3a IIPU HCXOTHOI
KOHIIeHTPAaInX NOHOB cepedpa 4 moJi.% u paboueit remmeparype 150°C.
Kax BugHO M3 puCyHKa, Ipu 00pasoBaHMM HAHOYACTUIL cepedpa IIOSB-
JisieTcs II0JIoca ILJIa3MOHHOI'O Pe30HaHca B BHUIe HEOOJBIIIOTO0 MAKCUMY-
ma npu A =440 aM (KpuBad 2), MHTEHCUBHOCTH KOTOPOII BO3PAaCTaeT C
yBeJInUYeHNEeM BpeMeHU cuHTe3a (KpuBas 3).

IIpu sToM Bu3yaabHO HAOJIIO4AJICA IePexo 13 IPo3pauHoro beciBer-
HOTO pacmjaBa (KpuBas 1) mocje IIepBOrO Haca CHUHTE3a B PACILIaB C
sKénToit (KpuBad 2) U CBETJIO-KOPUYHEBOH (KpuBad 3) OKPACKOIl mocJe
IBYX U TPEX YaCOB CUHTE3a COOTBETCTBEHHO.

B paboTe usyueHo BInAHNE NCXOTHOM KOHIIEHTPAIIIN NOHOB cepedpa
Ha OIITMYECKNE CBOMCTBA CTEKJIOBMAHOTO KOMIIO3WTAa KalpujaTa Kal-
MU ¢ HaHOUacTUIaMu cepebpa. BhII0 ycTaHOBIEHO, YTO MOBBIIIIEHUE
MCXOJHOM KOHI[EHTPAIny NOHOB cepedbpa ot 0,1 1o 8 Mmoi.% B peariiu-
OHHOII cMecH IMMPaKTUYeCKHU He BJIUSIET Ha IPOJOIKNTEeIbHOCTS CHHTE3a,
HO BJIMSET Ha IOJIO}KeHue Maxcumyma moriortenus JIIIIIP (pwuc. 3).
BapoupoBanue KOHIIEHTPAIINY NOHOB cepedpa MPUBOIUT K YBEJIUYEHUIO
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Puc. 4. II9M-mukpodoTorpadhus Me30MOP(HHOro HAHOKOMHIO3UTA C HAHOYA-
cTUIlaMU cepebpa; KOHIEHTpAaIlusd HaHOYacTHUIl cepedpa — 4moua.% ; BpeMs
cuHTe3a — 3 yaca.

cpenHero pasMepa HaHOYACTHUIL, O YEM CBUIETEIbCTBYET KPACHBIHM CABUT
MMOJIOKEeHUA MaKCUMYyMa II0JIOCHI IIJIa3MOHHOI0 pe3doHaHca ot 410 mo 450
uM. I[Ipu 5TOM IONMYIIUPUHA CIIEKTPOB OINTUYECKOT'O MOTJIOIIEHUS YBe-
auumnBaerca. [lo-BUAUMOMY, yBeJIWUYeHNE KOJUYECTBA HAHOUYACTHIL Ce-
pebpa B MaTpulle MPUBOAUT K GOJIbINIEH BePOATHOCTH CTOJIKHOBEHUA 3a-
POIBIIIIEBBIX HAHOYACTUIL cepebpa ¢ APYTrMMH HAHOYACTUIIAMU WU C
«HEe3aIeiCTBOBAHHBIMI» MOHaMU cepebpa. VI m3-3a 00JBINION dHEPTUU
Pa3BUTHIX ITOBEPXHOCTEHN MPOUCXOIUT YKPYIIHEeHUe HaHouacTuil. Va-3a
YBeJIMUEHUST YACTOThl BEPOSTHOCTHBIX CTOJKHOBEHUM MPOUCXOAUT IIO-
BBINIEHTEe HEOAHOPOIHOCTU B padMepax. Ho Bcé ke, 6arogaps CMeKTH-
YECKOMY JKUIKOKPHUCTALINYECKOMY VIIOPAAOUEHUIO KaIpUJIaTHOMN
MAaTPUIILI, He TPOUCXOAUT PE3KOI0 YBeJINUeHUA B pa3Mepax.

NsBectHo [5, 6], 4TO CABUT MOJIOMKEHUA MAKCHUMyMa II0JIOCHI ILIas3-
MOHHOTO PE30HAHCA HAHOYACTUIL cepedpa CBUIETEILCTBYEeT 00 M3MeHe-
HUU UX cpeaHero pasmepa. Tak, CABUT MOJOMKEHUA MAKCUMYyMAa ITOJIOCKI
ImIasMoHHOro pesoHamca ot 410 um 10 450 HM CcBUIEeTeIbCTBYET 00 u3-
MeHeHUU padMepa HaHouacTulr oT = 14 am 10 = 20 HM.

MeTo10M 9JIEKTPOHHOM ITPOCBEUNBAIOIIEN MUKPOCKOINY BBITTOJHEHA
OIleHKA pasdMepa HaHOYAaCTHIl cepedpa B HAHOKOMIIO3UTAX Ha OCHOBE Ka-
nmpuiaara Kagmusa ¢ 4 moi.% HaxHouacTuil cepedbpa. Kak BUIHO M3 MUK-
podoTorpaduu (puc. 4), HaHOUACTHUIILI cepedpa paBHOMEPHO pacipee-
JIEHBI TI0 MaTPHUIlEe U UMeIoT chepuuecKyo ()OpMy CO CPeIHUM AuaMeT-
pom 14 um.

4. BBIBO/J1bI

CI/IHTe3I/Ip0BaHI>I HaHOYaCTHUILbI cepe6pa B XUIKOKPHUCTAJJINYECKOM
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pacmiaBe KampuiaaTta Kagmua (98—165°C). Ilokasamo, 4uTo BapbUpPOBa-
HIe KOHIIEHTPAIIMY MOHOB cepedpa IPUBOAUT K YBEJIUUYCHUIO CPEIHEro
pasmepa HamouacTuil cepedpa ot = 14 am 10 = 20 HM. YCTAHOBJIEHO, UTO
HAHOYACTHUIILI cepedpa paBHOMEPHO pacIipeaeseHbl II0 MATPUIE U MMe-
10T chepuuecKyo QopMy.

TakuM 06pas3oM, KUIKOKPUCTAINUYECKAasd asa KanpuaaTa KaIMus,
SIBJISIIONIASICA HAHOCTPYKTYPHUPOBAHHON MAaTpuIleil, II03BOJIAET CO3[a-
BaTh HOBbI€ HAHOKOMIIO3UTHBIE MaTepHuaJIbl C II€EHHBIMHU OIITHUYECKMMU
CBOMCTBaMMU.
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