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VY craTTi mpeacTaBIeHO PEe3YIHTATH TOCTIIXKEHHS ONTUIHNX BJIACTUBOCTEH KpH-
cramis T14Cdlg ta Tl4Hglg, curTe3oBanmx B CTPYKTYPHUX MATPUIEAX MPUPO-
JIHOTO 1€0J1iTy (MOp/eHiT), Gepuiy Ta OpyBaTOr0 KPeMHi0 Py 3MiHi CTPYKTY-
p¥ Ta mapaMerpiB MATPHUIL i CTBOPEHHI yMOB, MPH AKUX B “KBAHTOBi# TowIi”
KPHUCTAJI3YEThCSA HAllepe/l 33/1aHa JIUCKPETHA KiJIbKICTh eJIeMEHTaPHUX KOMIPOK
Kpucrasia. Po3risgHeno 0OCHOBHI mmixoau 10 mpobeMu po3MipHOrO KBAHTYBAaHHS
€JIEKTPOHHOTO Ta €KCUTOHHOTO CTIEKTPY KPHUCTAJIB i MPOAHATI30BAHO TPAHWIHI
YMOBH icHYBaHHSI IIbOro edeKTy 3ajexKHO Bin po3mipiB “kBaHTOBOI TOUYKH® Ta
IHIMUX TapaMeTpiB KPHCTaIa, 30KPEeMa TAaKWX SK: CIIBBITHONIEHHA MiXK ede-
KTUBHUMH MaCaMHU HOCIIB, OOPIiBChbKMIT pajiyc eKCUTOHY Ta iH.

Kuro4oBi cjioBa: KBaHTOBA TOYKA, €EKCUTOH, HAHOKPUCTAJ, MiKpOKpUCTAT, (PO~
TOJIIOMIHECIIEHITisl, CHHTE3, IITUPUHA 3a00POHEHOI 30HU

Bceryn

Ha cporomni akryasnbHEM 3aBIaHHAM HAIIIBIIPOBIIHUKOBOI MiKpPOEIEKTPOHIKH 3aJjIu-
MIAETHCS TPOOIEMa KEPOBAHOI 3MiHN (DYHIAMEHTAJBHIX XaPAKTEPUCTHUK TA CIEKTPAJTIHHO-
KIHETUYHWX MMapaMeTpPiB, 30KpeMa, TAaKUX SK: IMUPUHA 3a00pOHEHOI 30HN HAIIBIPOBIIHA-
K&, EHePTreTHYHEe MOJIOXKEHHS Ta HAIIBIINPUHA €KCUTOHHUX CMYT MOTJHHAHHSA 1 (pOTOITIO-
MiHECIeHITil Ta iHIne, He 3MIiHIOIYH IPH IHOMY iX, KPHCTAJIIHOI OyI0BH Ta XiMIiTHOTO
ckitany. Ak BugBMIOCHA, TakuMu 00’ €KTaMu MOTii 6 OyTH NpUpPOaHiI A00 CHHTETHYH] 11€0-
JIiTH, — MiHEPAJIN, YTBOPEHi MOYEPTOBUMH TETPACAPUIHUMHU miarparkaMu croayk AlQy i
Si04 3 MOPOKHUHHOIO CTPYKTYPOIO, B SAKiii € JIy>KHI KATIOHU T MOJIEKYJIM KPUCTAJIIHOL
Bomu [6,7]. Kanasu, mo icHyIoTh y cTpyKTypi 1eositis, GopMyooThes pi3HUMN KOMOiHA-
HisiMK 3B’sI3aHUX Kijlellb TeTpaeapiB. 3ajexKHO Bil BULY IPUPOIHOIO LEOJITY JiaMerp
BHYTPINIHIX OPOXKHUH 3MIHIOEThCA y MerKax Bifg 2,2 10 8 A, A CHHTETHMYIHUX IEOJITaxX —
o 13 A.
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1 Metoauka eKCliepuMeHTY

Marpuiii Ha OCHOBI MPUPOSHUX IEOJITIB TOTYBAIUCST Y TAKOMY MOpsaKy. Crnodarky
IPOBOJUIN BiAOIP MEOITiB, BUXOAAYIN 3 MipKyBaHb CTIKOCTI 0 TEeMIIEPATYPHUX PEXKU-
MiB i merpagarii (pyiiHyBaHHs) KpucTtaaidnoi permriTku. Tobro, HeobxiaHo Oyo mimibGpaTn
Taki MiHepaJsu, fKi 6 BATPUMYBAJIU TEXHOJIOTIUHI PEXKUMU Yy TBOPEHHS TOpOKHWH. He po3-
IVISIAI0YN JeTAJIbHIIIE IIeil MPOIIeC, 3ayBasKuMO, 110 BUOIp Oy/10 3p00JIeHO HA IPUPOTHOMY
neomiti — mopzenir. Moro ximiuna dopmyna Mae BUrIsy — Nag(AlSigO12)2-TH20. Eine-
MEHTH KPHUCTATITIHOI CTPYKTYPH MOPIEHITy moka3aHo Ha puc. 1. lonkomomibni kpucrain
MODJIEHITY yTPUMYIOThb 7 MOJieKyJ kKpucrasaidnol Bogu. Ili Mosekynu € B mOpoKHUHAX
mixk Terpaeapamu AlOy4 i SiOy, mo kpucragiuno 38’ sg3ani aromamu HaTpio. Temneparypa
pyiiHyBaHHsa KpucTaaiunol rparku Mopenity 800 °C, a remneparypa 3HEBOJHEHHS (BU-
ninents Boau 3 nopoxkauH) — 150 + 250 °C. 3 ormany Ha e, B npomizkky 200 < T < 700
°C MoxkHA OYJIO OTPUMATH CTIfIKYy 3HEBOJHEHY MATPHIO HAHOMOPOXKHUH 3 €(PEeKTUBHUM
aiamerpom d &~ 7 A, B sikiii 3/ifiCHIOBATY CHHTE3 HAHOKPHUCTAIB J0C/II/2Ky BAHUX 06 €K TiB.

CriouaTky roJKOmomiOHI KPUCTAIN MOPIEHITY TOAPIOHIOBAINCS ¥ IMEeHTPUdy3i 10 Mi-
KpoHHUX po3MipiB. [lorim y kBaposiit ammysi 3a Temmeparypu 200 °C, msgxoM BaKyy-
MYBaHHS, 3iCHIOBAJIOCS 3HEBOJIHEHHS MiKpOKpHUCTaJiB 1eomity. llicas woro, mpoBoam-
Jlach HOHHOOOMIHHA PEeaKIlisd 3aMilleHHsT aTOMIB HATPIlO0 HA aTOMH TAJI0 33 CXEMOIO:

NaN03 + Tl — TlNOg + Na, (].)

B TIPOIECi AKOI MicIg HATpiio 3aMillyBajucsa Ha aToMu Tauiio. Jlaji, 3a Temmeparypu
T = 200 °C BakyymHO BiaOupasucs OpoayKTu 3amiients. B miarorosieni mopoKHUHM
MAaTPHUIb MOPJEHITY 3a BiAMOBIIHUX TEMIIEPATYP POCTY METOIOM BaKyyMHOI cyOsimMariii,
saificaioBaBes picr Hanokpucraiais TlyCdlg i T4 Hglg.

Tak, 6yJ10 OTPUMAHO HAHOKPUCTAJIH 3 €(DEKTUBHUM Po3Mipom a < 7 A, 10670 6-8 MOUTE-
KyJ curTe30BaHol peyosnnu. Taki 06’ ekt 3a6e31e9yBajiu peai3aliio yMOBHU ¢;/dexe < 1.

Jauti HeobxigHo Oya0 3abe31nednTd peati3aliio BUIAIKY (ey > G;. 3 LIE0 METOI0 IIPO-
BOZUJIU TIOIIYK MOXKJIMBUX MATPHIlb, B SKUX MOXKHA CTBOPUTHU MOPOXKHUHU 3 H0 HM > a4
> 5 HM. 3aJI0BUIbHUMU MaTepiajlaMu BUSBUJIUCI HOPYBATHH KPEMHI#, J1yKHOOOpOCH.Ii-
karHe ckio Ta minepaa AloBes [SigO1g] - H2O, (6epuu). IlopyBarnii kpemHiit roryBascst
3a METOAMKOIO, OIUCAHOIO B [8].

Ha puc. 2 moka3aHo BUTJISI MJIACTUHKY TOPYBATOr0 KPEMHIIO 3 HASBHICTIO MOPOXKHIH
npiamerpom 50 uM > a; >10 um. 3anumku cusokceny (SisOsHg), siki npusBoadrs 10 1o-
siBu 4epBonoro 0,7 MKM cBiueHHs, BiIOMpasncsd T€PMIYHO BAKYYMHUM IIJIAXOM. ¥ IIif-
TOTOBJIEHI B TaKWil CIOCIO MOPOKHUHU MATPHUIh MOPYBATONO KPEMHI0 TPU BiJIOBITHUX
TEMIIEpaTypPax pOCTy METOAOM BAaKyyMHOI cyOiMaliii 31ifCHIOBABCS CHHTE3 HAHOKPUCTA-
ais T14CdlIg i T1yHgls. Tak 6ys0 orpuMmano HaHOKpUCTA N 3 e(EKTUBHUM PO3MIpOM (v; >
10 aM, To6TO 20-30 MOMEKysn cuHTe30BaHOI peuoBuHu. Taki 00’ekTHu 3abe3medyBain pea-
Ji3anio yMoBU G;/Gexe > 3.

Hacamkineup auist peanizauii ymosu 3 > a;/Gexe > 1 He0OXijgHo Oysio npoBecTd 1o-
IIyK MATPUIh i3 nmopokHuHaMu 10 HM > a; > 5 HM. BusgBmiaock, mo HaWOLIRIT TpuIa-
THUMH CKJIONOJIOHVMY MATPUISMHA MOXKYTh OyTH TPOTPABJIEHI B PO3YMHI COJITHOI KH-
cnoru myxRuobopocumikarae ckio NasO-Bo03-Si04, abo npuponuiit minepan “Gepur’-
AlyBes[SigO15]-H20. VY uporeci TpaBieHns TPUMOJSAPHUM PO3YUHOM COJISTHOI KUCJIOTU
(3a remueparypu 100-150 °C) na nosepxti J1yzKHOGOPOCUIIKATHONO CKJIA YyTBOPIOIOTHCH



Cuntes Ta ¢poToNOMIHECYEHL IS HAHOKPUCTAIIB ...
ISSN 1024-588X. BicHuk JlbBiscbkoro yHisepcutety. Cepis isndna. 2018. Bun. 55 73

Puc. 2: Burysiy mwiacTUHKA HOPYBAaTOr0 KpeMHio [§]

HOPOXKHUHY 3 cepeHim po3mipom a; = 57 um [9]. Crpykrypa 6epuily € Takoro, 1o Bce-
peauni MiHepasly iCHYIOTh HUTKOBUIHI Kanaau aiamerpom a; = 8 + 12 uwm [10], 3anoBueni
KPUCTAIYHO BOmo. 3a Temmeparypu 150 °C musgxoM BakKyyMyBaHHS 3IiHCHIOBAJIN
3HEBO/IHEHHST KAHAJIIB MiHepaJjy. ¥ MiArOTOBJIEHI B TaKWil CrIOCI0 MOPOKHUHU MATPUILH
JIy>KHOOOPOCHUIIKATHOTO CKJIa Ta OEPUJIy TIPHU BiIMOBIIHUX TEMIIEPATYPAX POCTY METOIOM
BaKyyMHOI cybsmimarii 3iCHIOBABCS CHHTE3 IOCTiIKYBAHNX HAHOKPHUCTAJIIB.

Tak Oy0 OTPUMAHO 3pa3K¥W HAHOKPUCTAJIIB, CHHTE30BAHUX Yy PI3HOMAHITHUX CKJIO-
HOAiGHUX MATPUIAX, 3 HEOOXIJIHOK CYKYIHICTIO CIiBBIAHOIIEHD ;i /Uekc, AKI MOTIH OyTH
BUKOPHCTAHI [T €KCIIEPUMEHTATHHOI TIePeBipKH e(PEeKTiB PO3MiPHOIO KBAHTYBAHHS €KCH-
rourux craniB y kpucranax T14Cdlg i TlyHglg.

st miaTBepaKeHHsT BUCHOBKIB TeOpil BILTHBY PO3MipHOrO epeKTy Ha €KCHTOHHI CTa-
uu B Hanokpucraiax T14Cdlg, Tl4Hglg 6yso npoBeaeHo ekcrnepuMeHTambHi JOCTKEeHHS
3aJI€2KHOCTI CHEKTPiB eKCHTOHHOI (hOTOIOMIHECIIEHITII HAHOKPUCTAJIIB CHHTE30BAHUX 34
METO/IMKOIO, OTTNCAHOI0 BUIIe. JlOCTiTKeHHs BUKOHYBAIN Ha, CIEKTPATLHOMY KOMILIEKCI
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CIIJI-2 3a Temmeparypu piJKoro refifo i 30y1kenni a3oTHuM jaszepom i3 A = 0, 337 MM
[12-14].

2 Pe3yabTraTém Ta 06roBOpeHHs

Ha puc. 3 npencrasieno cnekrpu doromominectenii (®JI) nanokpucranis T1,Cdlg.
Sk BupHO 3 pucyHka, y cuekrpax ®JI 6nounoro (a) TlyCdlg cnocrepiraerbes sinis pe-
KOMOiHaMl BiIbHOrO €KCUTOHA 3 hVe, = 2,0176 eB Ta sinia oKami30BaHOTO €KCUTOHY
hver = 2,015 eB [14]. Kpusa (b) BimoGpazkae crneKTpanbHNil PO3MOIIJI BUTTPOMIHIOBAHHS
unanokpucrajiB TlyCdlg, cuaTe30BAHUX y MATPUIAX MOPYBATOrO KPEMHi0. AHAJIOTYHO
JTI30BAHOTO €KCHUTOHY, aJjie 3CYHYTHX 3a eHeprieio y “¢pioneroBy” obmacthb. IHTeHCHBHICTD
BHUIIPOMIHIOBAHHS Maii?Ke Ha HOPSAIOK cyallia, a BejmduHa 3¢yBy craHoBuTh AE = 80
meB.

35D JiM) 450 M~mn|

Puc. 3: Cuexkrpu @JI nanokpucranis T14Cdlg, cunresoBanux B pizHOMaHITHUX MaTpulsgx: 6J10-
anmit kpuctan (bulk crystal); marpumg mopysartoro kpemuiio — (poros selicon); mopoxkHWHI
smyxHuO060pocmaikaraoro ckma — (alkaline glass); mopoxkawmam mpupommoro meostity — (zeolite
(mordenit))

B nacrynnomy cnektpi @JI (puc. 3) nanokpucrasia TlyCdlg, cunresoBanomy B mopax
JIy2KHOOOPOCHIIKATHOTO CKJIA, YiTKO CIOCTEPITAE€ThCHA TMOAAJIBINNI BUCOKOCHEPTEeTUIHUIMA
3CyB CIIEKTPIB BUIIPOMiHIOBaHHs. BendanHa 1b0ro 3cyBy MOPIBHSIHO 3i CIEKTPOM OJI0THO-
ro kpucrasa cranoButb 100 meB. IurencuBnicts BunpominioBanusi cmiBMmipHa 3 iHTeH-
cuBHicTIO cMyT DJI HAHOKPUCTATIB, CHHTE30BAHNX Y TTOPOYKHUHAX MOPYBATOTO KPEMHIIO.
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Tab6n. 1: ExkcnepumenTtanbio po3paxosani mapaverpu Hanokpucrtauais T1sCdls ta TlsHgls, cun-
TE30BAHMX Y TIOPOKHINHAX TOPYBATOr0 KPEMHIIO, JIy’KHOOOPOCHJIIKATHOTO CKJIA Ta MODIEHITY.
AF — BeJinunHa BUCOKOEHEPTreTUIHOTO 3CYyBY CMYTH JIIOMiHecHeHil, R, — eneprist 38’3Ky eKcu-

TOHA
Crystal | AE, meB | AE/Ry | G;theor/ @i coper
TL,Cdl, 40 8 2
T1,CdIg 80 16 1,3
T1,CdIg 250 50 0,4
T1,Hglg 200 40 0,32

Ile cBigumTh mpo Te, MO TYCTHHA PO3MOMIIY CHHTE30BAHNX HAHOKPHCTATIB Ha IMOBEPXHI
JOCTTIIKYBAHAX MATPHUIIh IIOPYBATOIO KPEMHIIO 1 JTy?KHOOOPOCHTIKATHOIO CKJIa — Maiike
OJ/IHAKOBA.

Jaui #a puc. 3 MOKa3aHO CrekTp BunpomiHoBauHs Hanokpucrtadis T1,Cdlg, cunre-
30BaHUX Yy MOPOKHWHAX MODPAEHITY 3 a; = 7 108, K1 BIAMOBIMAIOTH BUMAJKY Aey > Q-

VY cuextpi @JI ciocrepiragrbes cimadka cmyra 3 hve, = 2,189 eB. s wel Benmanna
BHCOKOEHEPTeTHIHOr0 3CYBY MMOPIBHSHO 31 CIIEKTPOM OJI0YHOrO KpHCTasaa CTaHoBUTH 160
meB. Ilpuyaomy maniBmupuna miel cmyru menmia namisimpuau cmyru @JI BibHOrO excu-
TOHY, a 11 TeMTepaTypHe TaciHHS Ma€ eKCTOHEHIaThHNH XapakTep i Bianmosimae T = 35
K, mo goBosii m06pe y3romKyeThCs 3 MOS0 JIOKAII30BAHOTO €KCUTOHA. 3ayBaXKUMO,
110 BiacyTHiCTh ¥ mpomMy crekTpi @JI cmyru pekomOiHaIlii BiIbHOINO €KCUTOHY MOXKe OyTh
MOsICHEHA BUKOHAHHSAM YMOBHU dep > @;. 100TO, IpW 3MEHIIEHHI PO3MIDIB HAHOKPUCTA-
JIy 10 3HAYEeHb, MEHIINX OOPIBCHKOrO Pajiyca BiTHbHOTO €KCUTOHY B KPHUCTAJ, ICHYBAHHS
€KCUTOHHHUX PE30HAHCIB MOXKJIMBE TLIHKU B JJOKAII30BAHOMY a00 aBTOJIOKAJI30BAHUX CTa-
Hax.

Ak BuaHO 3 TAbI. 1, KA Ma€ MOPIBHSIbHMI XapaKTep, TOOTO, 3 OAHIET CTOPOHHU FiTKO
criocrepiraerbes pict Benuuuuu “‘dioneroBoro”’ 3cyBy exkcuronuoi ®JI nmpu 3mentmrenui
PO3Mipy HAHOKPUCTAJIIB, 3 iHIIIOI CTOPOHY BiIHOIIEHH ITapaMeTPiB TOPOXKHUH MATPHILb, B
SAKHX 31HICHIOBABCA CUHTE3, 0 €KCIIEPUMEHTAIbHO PO3PAXOBAHUX [1aPAMETPIB HOPOXKHUH
MaTPHIIh A€ JOCHTH 3aJ0BIIbHI 3HAYEHHS IJIsT BCIX BUOPAHUX MATPHUIIb.

[lopiBuHambHUI aHai3 OTPUMAHUX PE3YJIBTATIB MPUBOIATL 10 AYMKH, IO B HAHO-
kpucranax T1,Cdlg i Tl4Hglg, Takoxk crmocrepiraerbes edeKT pO3MipHOTO KBAHTYBAHHST
€KCUTOHHOI'O CIIEKTDPY, KWW MPOSIBJIAETHCA Y BUCOKO €HEPTeTHIHOMY 3CYBI €KCHTOHHOI'O
CIIEKTPY KPUCTAJIIB IIPU MOHUKEHHI PO3MIpiB KBAHTOBUX KPAaIlOK.

BucuoBok

Cunre3oBano nanokpucraan Tl Hglg Ta T14Cdls BOymoBaHi B mpupOIHUX TOPOKHU-
nax. Orpumani ciekrpu doromominecnentii B Hanokpucramsax T14Hglg Ta T1,Cdls cun-
TE30BAHWX y MPUPOJHUX MATPUIIAX: MOPYBATOrO KPEMHIIO, JTy ’KHOOOPUCUIIIKATHOTO CKJIA,
Ta B OPOKHUHAX IIPUPOIHOrO 1eoiTy. ExcrepuMenTaabHo po3paxoBaHi napaMeTpy po3-
MIpHOI'O KBAHTYBaHHsI eKCUTOHHUX cTaHiB B Hanokpucramsax TlyHgls ra Tl,Cdlg.
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At present, of an actual problem of semiconductor microelectronics is the
controlled change in the fundamental characteristics and spectral-kinetic
parameters of semiconductors, in particular, such as: band gap, energy posi-
tion and half-width of excitonic absorption bands and photoluminescence, etc.,
without changing the crystalline structure and chemical composition of materi-
als. It is known that the above tasks can be practically realized by means
of gradual reduction of dimensionality and volume of an object during the
transition from a block three-dimensional to quasizero-dimensional crystal of
a quantum dot type. Periodic lattices of microcrystals of various compounds
synthesized in cavities of various matrices as well as those grown by epitaxi-
al methods are the perspective model objects of quasizero-dimensional media
whose properties are being actively studied. The main scientific interest in such
objects is concentrated around the following questions: possibility of formati-
on of a three-dimensional superlattice, regularities of renormalization of the
energy spectrum of charge carriers, general problems of the theory of the electron
energy spectrum at transforming the latter from purely three-dimensional, block
monocrystalline types to quasithree-dimensional, two-dimensional, and zero-
dimensional structures. In this connection, the present paper presents the results
of studying the optical properties of T1;Cdls and Tl4Hglg crystals synthesized
in structural matrices of natural zeolite (mordenite), beryl and porous silicon at
changing the structure and parameters of a matrix and realizing the conditions
under which the predetermined discrete number of elementary cells of a crystal
is formed in the quantum dot. In this paper, we consider the main approaches to
the problem of dimensional quantization of the electron and exciton spectra of
crystals and analyze the boundary conditions for existence of this effect dependi-
ng on the size of quantum dot and other parameters of the crystal, in particular,
such as: the ratio between the effective masses of carriers, the Bohr radius of
exciton, etc.
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