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AHHOTALUA

HccrenoBan pexuM CHIIBHOTO KOH(aiHMeHTa Jutst GTopodochaTHbix CTEKON ¢ KBaHTOBbIME Toukamu CdSe. B pesynsrare
BTOPUYHOU TEpMOOOPAOOTKH CTEKOI OBUTH CHHTE3UPOBAHBI KBAHTOBBIC TOYKH B IIMPOKOM Juana3oHe pasmepoB 1,2—4,5 M.
CuibHBI  KOH(AWHMEHT KCCIICAOBANCS IO JBYM DSHEPIETUYCCKUM TIEPEX0JaM, COOTBETCTBYIOIIHUX BO30YKICHHBIM
COCTOSHHSIM KBAaHTOBBIX TOUEK Ha CIIEKTpax BO30y)KICHHUS JIOMUHECHeHIUH. [1o mony4yeHHbIM 3aBUCUMOCTSM IJIS IIEPBOTO U
BTOPOIO DHEPreTHYECKOro IMepexofa OT pa3Mepa HAHOYaCTHI[ MOXHO CKasath, 4to ¢Qropodocdarnas marpuua He
B3aUMOZCHCTBYET C KBAHTOBBIMH TOUKAMH.
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Abstract
Fluorine-phosphate glasses doped with CdSe quantum dots were studied. As a result of glasses secondary heat-treatment,
guantum dots were synthesized with sizes equal to 1.2-4.5 nm. Strong confinement was studied in two energy transitions
(excited states of quantum dots) on photoluminescence excitation spectra. Experimental dependencies for the first and second
energy transition on the nanoparticles size enable to conclude that no interaction occurs with fluorine-phosphate glass matrix
and quantum dots.
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HccnenoBanne CreKTpalbHO-TIOMHHECIIEHTHBIX XapaKTEPUCTUK MOIYNPOBOAHUKOBBIX HAaHOCTPYKTYpP B
MaTpulie CTeKIIa UMEeT NPAKTHISCKUA HHTepec Oaronapsi MX CBOWCTBaM, BO3HUKAIOIIUM BCIICICTBHE KBAHTOBO-
pasmepubix 3hdextoB [1, 2]. Crekia, comepKalie HECKOIBKO BECOBBIX MPOICHTOB HAHOKPUCTAUTHYECKOM (a-
3p1 ceneHnza kaamus (CASE), MOTyT HCIIONB30BATHCS B KAYECTBE ONTUYCCKUX (PUIIBTPOB. TakKe CTEKIIa ¢ KBaH-
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TOBBIMH TOYKaMu CASe 001afar0T BHICOKOH HEMMHEHHON BOCIPUEMYHBOCTBIO TPETHETO MOPSIIKA, II0ITOMY MO-
TCHIMAJIFHO MOTYT SIBISTHCS MaTepHalaMHd Ui ONTHYECKHX Iepekirouarencii [3—7]. PexxuM CHIBHOrO KOH-
(aliHMeHTa [ KBAaHTOBBIX TOYEK BO3ZHMKAET, KOTZa pa3Mep HaHOYACTHI 3HAYMTEIHHO MEHbBLIE pajguyca SKCH-
tona Bopa. VccienoBanue Takoro pexxuMa Juisi KBaHTOBBIX Todek COSE BO3MOXKHO IIPH YCIOBHH CHHTE3a MOHO-
JMCIIEPCHBIX 00pa3lioB B IIMPOKOM JIHara3oHe pa3MepoB. Takoe uccieaoBaHne HalIsIHO MIPEACTaBICHO B pabo-
te [8], rme kBanTOBBIC TOUukH CASE MoMyveHbl METOIOM KOJUIOMIHOM XxuMuHK. McciienoBaHue pexumMa CHIIBHOTO
KOH(allHMEHTa B CTEKJIaX CHJIMKATHOW MaTpHILbI IPEJCTABIAETCS 3aTPYJHUTEIBHBIM H3-32 IUCIIEPCUHM HaHOYa-
CTHI] IO pa3Mepam, KOTJa Ha CIIEKTpax IOIIOUIEHHs pa3penraeTcs TOJIbKO MepBOe BO30YXKICHHOE COCTOSHUE
[9, 10]. Takxe B cumMKaTHOI MaTpuie GopMUpOBaHUE KBaHTOBBIX Touek COSE mpOMCXOAUT MPU BBICOKHX TEM-
neparypax M JJIMTEIbHOM BPEMEHH TePMOOOPaOOTKH, YTO OTpPaHWYMBACET JANANa30H Pa3MEpPOB CHHTE3MPOBAHHBIX
HaHo4YacTHL. B Hacrosimel paboTe npencrapieHbl pe3ysIbTaThl HCCICA0BaHNS PEXIMa CUIIBHOIO KOH(pallHMEeHTa
KBaHTOBBIX Touek CdSe Bo gropodocdarubix creximax. dropodocharHas MaTpHia MO3BOILET MONYIUTh Goee
y3KO€ pacrpesiefieHie HaHOYaCTHIl IO pa3MepaM M UMeeT 0oJiee «MATKHH» PexXUM TepMooOpabOTKH, YTO MO3BO-
JSIeT CHHTE3MPOBATh KBAHTOBBIC TOUKH B IIMPOKOM JHAaIla30He Pa3MepoB.

B pabore Obutn mcciemoBanbl crekya cucteMbl NapO-P,Os-ZnF-GayOs-AlFs-NaF, akruBupoBaHmbie
CdSe. Metoanka CHHTE3a TaKUX CTEKOJ MPOBOMMIACH Mo aHanoruu ¢ [11]. dopMupoBaHie KBAaHTOBBIX TOYEK
CdSe mpowucxoauino B pes3yisrare BTOPHUHOW TEPMOOOPAGOTKH CTEKOJ B My(ENbHOI Medyn MpH TeMIeparypax
415, 420, 430 °C.
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Puc. 1. CnekTpbl NOrNoLeHns 1 NIOMUHECLIEHLUM A1s1 KBAaHTOBbIX Todek CdSe auameTpom 2,8 HM (a).
OHeprusa Bo3byxaeHus nomuHecueHumm 3,06 aB. CnekTpbl BO30YXAEeHUS NIOMUHECLEHUMN AN KBAHTOBbIX TOYEK
anametpom 1,2 M (1), 1,6 Hm (2), 2,5 Hm (3), 2,8 HM (4), 3,8 M (5), 4,0 1M (6), 4,5 HMm (7) (6).

CnekTp BO3OyXAeHUs MIOMUHECLIEHLMW OIS KBAHTOBLIX Tovek gnametpom 4,0 HM (kpuBas 6) (B)

CrieKTpbl ONTUYECKON MJIOTHOCTH U JIIOMHHECIIEHIIMU JUTS KBaHTOBBIX Touek CdSe ¢ pasmepamu 2,8 HM
MpeCcTaBicHbl HA puc. 1, a. CeKTp MODIOIIEHHs JEMOHCTPUPYET TOHKYHO CTPYKTYPY C JBYMS ONTHYCCKHUMH
MEX30HHBIMU TiepexofgaMu. CIEeKTp JIFOMHUHECICHIIUH XapaKTePU3yeTCs IUPOKOH MOI0CON B JAHMANa3oHe dHEp-
ruii 1,3-2,03B ¢ makcumymom 1,6 3B. Cusur Crokca, pasublii 0,8 3B, cBHAETENBCTBYET O JIIFOMHUHECIICHIIHH,
CBSI3aHHOMN C «IOBYIICYHBIMI» COCTOSHUSIMU. KBaHTOBBII BbIXO JtoMuHECHeHIMU cocTapisier 30%. M3mensis
TeMIeparypy u Bpems TepmooopadboTku ctekoln ¢ 415 mo 430 °C B teuenue 10-30 MuH, MOXKHO CHHTE3HPOBAThH
KBaHTOBbBIE TOYKH B HIMPOKOM Juara3oHe pazmepoB. OleHKa pa3MepoB CHHTE3UPOBAHHBIX KBAHTOBBIX TOUYEK
MIPOMU3BOIUIIACH C UCTIONI30BAHUEM MaKCHMyMa MEepBOro BO30Y)KJICHHOIO COCTOSHHUS Ha CIIEKTpax IMOMIOMICHHUS U
JnaHHBIX paboTel [8]. Takum obpas3oM, B crekinax Obutd copMUpoBaHBI KBaHTOBBIC Toukn CASe ¢ pa3mepamu
1,2um, 1,6 uM, 2,5uM, 2,8 M, 3,8 um, 4,0 aM, 4,5 HM, cHeKTpsl BO30OYXICHHUS KOTOPBHIX MPEICTABICHBI Ha
puc. 1, 6. B 3aBucuMoCTH OT pa3Mepa HAHOYACTHUI[ HA CIIEKTPaxX BO30YXICHHS JIFOMUHECIICHIIMH HAOIIOMACTCs
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pa3sHOe YHCIIO Pa3pellIeHHBIX ONTHUYCCKUX IMepexodoB (BO30YXKICHHBIX COCTOSHHIL). J[isi KBAaHTOBBIX TOYEK C
pasmepamu 1,2—2,5 HM HaGIFOMACTCS TONBKO [[Ba pa3pelreHHbIX nepexona (a) u (D), B To Bpems Kak y1st KBaHTO-
BBIX TOUYEK ¢ pasmepamu 2,8-4,5 um Habmromarotcst 6oiee Bbicokne Bo3OyxmeHHbIe coctosiaus (C) u (d), coor-
BETCTBYIOIIME TPETHEMY M YCTBEPTOMY pa3pelieHHoMY mepexony (puc. 1, B). Habmromenue 6osee BHICOKHX BO3-
Oy>K/IEHHBIX COCTOSIHUM CBHJIETENBCTBYET O MOHOJHMCIIEPCHOCTH KBAaHTOBBIX TOUEK BO (ropodocdarHoii Marpu-
e crexna. Takum o6pasoM, Ut UCClieOBaHus KOH(ailHMEeHTa AJIst BCEX pa3MepoB KBAHTOBBIX TOUCK OBLIH pac-
CMOTpEHBI TONBKO TIepBoe (a) 1 Bropoe (D) Bo30yKIeHHBIE COCTOSIHHUS.

YMeHbLICHHE pa3Mepa HAaHOYACTHIL JIEMOHCTPUPYET TOy0O0i CABUT (CABHUT B 00JIACTh OONIBIIMX IHEPIHIA)
[JIABHBIX MAKCHMYMOB CIICKTPOB BO30Y)KIeHUs ToMUHecHeHun (puc. 2, a). Takke 110 3aBHCHMOCTH BHIHO, YTO
C YBEJIHMYCHHEM pa3Mepa HaHOUYACTHI] PACCTOSHHUE MEXAY MEPBBIM BO30YKICHHBIM COCTOSHHEM yMEHBIIAETCS,
YTO TAKIKE MOATBEPIKAACT PEKUM CHIBHOTO KOH(paHMEHTA ISl KBAHTOBBIX TOYCK.
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Puc. 2. 3aBMCMMOCTb 3HEPrMn NepBoro Bo30yAeHHOro COCTOSIHWSI OT pa3Mepa KBaHTOBbIX TOYEK (1/r2) (a).
PasHocTb Mexay aHepruen BToporo Bo30yaeHHoro coctosiHus (b) u aHepruei nepBoro Bo3oyaeHHOro
COCTOSIHUA (&) OT 3HEPrnM NepBoro Bo3byxAeHHOro COCTOSIHWSA Ans BCeX pa3MepoB KBaHTOBbIX Tovek CdSe (6)

Pa3HocTh 3HEpruii BTOporo

\Sl
o

DHeprus mepBoro
BO30YKIEHHOTO COCTOSIHUS,

o 4

Ouenka koH(aHMEHTa ISl BTOPOro Bo30yxaeHHOro cocrosiaus (D) Bcex KBaHTOBBIX TOYCK MTPOU3BOIM-
Jach CICAYIOIMM 00pa3oM: 10 OCH abCIUCC OTKIIAABIBAJICS MAKCHMyM SHEPIHH MEPBOrO BO30Y)KIECHHOTO CO-
crostHus () U1 KBAaHTOBBIX TOYEK BCEX Pa3MepOB. MaKCHMyMBI BO30Y)KICHHBIX COCTOSHHN KBAHTOBBIX TOYEK
OBUTH B3STHI U3 CIEKTPOB BO30YKACHUS JIOMHHEeCHeHIHH. 110 ocu opauHAT ObUIa OTIOKEHA PA3HOCTh MEKIY
sueprusimu Broporo (b) Bo3Oy:xmerHoro cocrostaust u meporo (). ITonyueHHas 3aBUCHMOCTh TIPE/ICTaBIeHa Ha
puc. 2, 6. VI3MeHeHne HaKJIOHA KPHUBOU B 3aBUCHMOCTH OT pa3Mepa HAHOYACTHUIL XOPOLIO COINIACYeTCs ¢ TaHHBI-
mu paboThl [8], rie KBaHTOBBIC TOYKHU MONYYECHBI METOMOM KOJUTOMIHOH XUMHUH. TakuM 00pa3oM, MOXKHO Mpej-
IIOJIOXKHTH, YTO B HaAIIUX 06pa3uax HC MTPOUCXOAUT BSaHMOﬂeﬁCTBHﬂ MaTpulibl CTCKJIa ¢ KBAHTOBBIMHU TOYKaMU
CdSe. Takxe, Bapbupyst PEXHMbI TEPMOOOPAOOTKH, MOYKHO CHHTE3MPOBATH MOHOIUCIIEPCHBIE KBAHTOBBIE TOYKH
JUTSL ICCIICIOBAHUSI PEXKUMa CHITBHOTO KOH(aiiHMEeHTa 00J1ee BEICOKUX BO30YKICHHBIX COCTOSHUIA.
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