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Hocimzxeno nporecu cuaredy kBantosux 7040k (KT) CdS xonoinno-xiMivmuM
MeTonoM. ITokazaHo, 1110 CIEKTPU ONTUYHOTO MOTJIMHAHHS Ta JifoMinecten i KT
CdS zanexarn Big KoHIeHTpalil 10HIB KaaMiio Ta cipku B po3uuni. Beranosiie-
wo, mo B KT CdS B mporeci pocry crBopioiorbest gedekTa, siki 00yMOBIIOIOTH
MIAPOKKH CHEKTp JIOMIHEeCHeH il B Buumiit obsacri. Konryp cmyru Jromine-
CITEHTIIT 3a/Ie’KUTh BiJl CITiBBiTHOIIEHHST BUXiTHUX KOMIIOHEHTIB PEaKIlii CHHTE3Y,
10 MPOSABJIETHCA Y CTEXIOMETPUIHOMY CKJIa Il Biracuux aedexTtis mosepxai KT.
BceramoBieno BIIMB KOHIEHTPAITi# KAAMIO 1 CIpKH HA PO3Mip Ta AUCIEPCio po3-

mipy KT CdS.

Kurro4uoBi cioBa: KBAaHTOBI TOUKY CyJIb(MiAYy KaaMit0, BIacH] 1edheKTH, CIeKTPH
TIOTJIMHAHHS 1 JIFOMiHECIIEHITi].

KBanToBi TOYKM HAMBOPOBIIHUKIB MAIOTh PsJl XapaKTEPHUX OCOOIMBOCTEH, MOB’s-
3aHuX 3 iX po3mipamu. OOTHYHI Ta eTEKTPOHHI BJIACTUBOCTI TAKWX HAIIBIPOBIIHUKIB
iICTOTHO BIJIPI3HAIOTHCS BiJl TaKUX JIJII MAKPOKPHCTAJIYHOI PEYOBUHHU 1 3ajie€xKaTb Bij
PO3Mipy YACTHHOK, Ie — TaK 3BaHuil epekT PO3MIPpHOro KBAaHTYBAHHS. 3MIHIOIOYH PO3Mi-
pPU TaKWX HAMIBIPOBIIHUKIB MOXKHA 3MIiHIOBATH IX ONMTHUYHI, €IEKTPUYHI Ta CTPYKTYPHI
BJIACTHBOCTI.

Hamnisnposiguukori KT CdS Bukinnkanu 3HagHUil iHTEpEeC Uepe3 CBOI yHIKAJIbHI Bja-
CTUBOCTI 3yMOBJIEHI HAHOPO3MipHUMHE edeKTaMu, dKi BiacyTHI B 00’€MHUX HAITIBIPOBII-
Hukax. s mitoro psay obsacTeil HAyKW 1 TEXHIKY MEPCIEKTUBHAM MaTEPiaioM € KOJIOi-
JHI KBAHTOBI ToUKM. BoHM mpencTaBiisiiors 0coOIMBHit iIHTEPEC IK OCHOBA, JJIs CTBOPEHHS
6iomenuunux mapkepis i cencopis [1]. st npakTudHOro BUKOPUCTAHHA KBAHTOBUX TO-
YOK BAXKJIMBUM € PO3POOKa TX KOHTPOJMLOBAaHOrO cuuTedy. Cepen mapaMeTpiB CHHTE3Y,
SIKi BIJIUBAIOTH HA JitoMinecieHTHI BiaactuBocTi KT cyapdiny kammiro, CyTTeBe 3HAYEH-
Hsi HAOYBAE CIIBBIIHOINIEHHS KOMITOHEHTIB PEAKIIil, 1[0 3PENITO0 BU3HAYAE CTEXIOMETPII0
aromiB Ha moBepxHi KT.

© Beprenec K., Cuunruna B., Ckobeesa B., Mamnymun M., 2019
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V nanwit 9ac 3aMIMAETHCA AKTYAJTbHIM MMUTAHHS, PO T€ K1 BIacHI qedekTn Kpucra-
JII'YHOI PEIIiTKA CTBOPIOIOTH CMYTH JIIOMIHECIIEHTII1, K& IPUPO/IA IEHTPIB JIIOMiHECIIEHTIl,
AKI CMYTH JIIOMiHECIIEHIII CTBOPIOIOTHCA BJIACHHUMHK Ta, JOMIIMIKOBAMHE Je(EKTaMu Pelrri-
Tku [1,2]. V cyuacHuX JiTepaTypHHX JyKepesaxX TLIBKM 3rafyeThCsi TPO MOMKIUBICTH
icnyBaHHst 1edeKTIB, ajle He TIPHU/IISETHCA YBATW PO3KPUTTIO 1 omucy iX mpupozu. [1-3].

VY namiit poboTi peCTaABIEH] PE3YIBTATH MO0 Npupoau eHTpiB jominectentii KT
Ta BCTAHOBJIEHHS MTAPAMETPIB TEXHOJIOTIYHOTO MPOIECY, SKi MPU3BOAATH 10 BUHUKHEHHS
[EHTPIB BUIPOMIHIOBaJIbHOI pekoMObinalil B Hanodacruakax CdS.

CrekTpu ONTHYHOrO MONJIMHAHHS BUMipIOBasiuch Ha crexkrpodoromerpi CD-26 B
obmacti moexkuuu xBUb Big 320 um 10 600 mM. [yt 3MeHITEHHS MOXUOKM, TIOB’ ST3aHOI
3 BILUIMBOM DO3CIIOBaHHS CBiTJIa, B KOPOTKOXBHIILOBiH obmacti (320-360 uM) 6yB BUKODH-
craunit citTyiodinerp YC®-2, akuit BigTuHas BuauMy 00sacTh crekTpa. [loxmbka BuMi-
pioBanus He nepesumnysana 1 %. Jlrominecnennis 30ymKyBangacs iMILyTbCHAM JTA3€POM
LCS-DTL-374QT 3 mosxkunoro xBuii ceitiaa 355 M. [loryxkuicTs na3epa - 35 mBT.

Hocrimxysani KT cynbdiny xkammito Oyim orpuMani XiMiTHEM METOIOM 3 PO3UMHIB
comneii kagmito Cd(NO3)s i cipkn NagS y komoinHoMy posunui xenatuan [4,5]. 3naven-
ust pH y mporieci cunaTe3y Oyno mocTiitHuM i JOpiBHIOBAIO 7. Y XOAi JOCHTiIKeHHST OYII0
CTBOPEHO JOTHPHU KOMOIHAINT PO3YMHIB 3 Pi3HUM CITiBBiJHOMIEHHAM BUXITHUX KOMIIOHEH-
TiB Kaamito 1 cipku. CHiBBIAHOIIEHHS MOJISIPHMX KOHIEHTPAIiil BUXiJIHMX KOMIIOHEHTIB
Cd(NOg3)2/NagS mopisuiosano: 1/2, 1/4, 1/1, 2/1. ¥V koxuiit 3 nux xombinaniit 6ys10
OTPUMAHO MO ciM 3pa3kis: npu nocriitnomy 06’emi CANQOg, a came 5 M1, TpoTe B KOKHO-
My i3 HuX 3MiHOBaBCA 00’em BBemeHoro NasS: 0,25; 0,5; 1; 2; 3; 4 Ta 5 M.

Ha pucynky 1 mpecraBieHi cieKTpHu TOTJIMHAHHS, IO BiMOBITAIOTH OMUCAHIM BUIIE
ekcriepuMenTaM. 1lpu omHakoBOMY XapakTepi X0y KPUBUX MOTJIMHAHHS CIIOCTEPITa€ThCs
pi3Ha BeMYMHA 3MIMEHHsS KPaio MOTJIMHAHHS BiJHOCHO IMHUPUHU 3a00POHEHOI 30HU 00’-
eMHOro cynbdiny kammio. B 38’a3Ky 3 TuMm, mo BHACTIIOK po3kuay 3a po3mipom KT,
B CTEKTPAX TOTJIMHAHHS HE CITOCTEPITAIOThCA MAKCUMYMHU, SKi BiATOBIIAIOTH OMTHIHUM
MEePEX0/IaM MiXK JUCKPETHUMU PIBHSIMU, TO HABEJIEH]I €KCIEPUMEHTAJIbHI KpUBi Oy/Iu mpo-
nudepentiifioBani. 3 anaIi3y ocTaHHIX Oy/IM BU3HAYEH] 3HAYEHHS €HEPTiil MepIoro OnTH-
YHOTO Tepexoly, HamiBmuprutaa MakcuMmymis kpusux Ta po3mip KT. Cepenniit pagiyc KT
OyB BU3HAYEHW}I, BAKOPUCTOBYIOYH [IaHI €Hepriii mepiioro OnTuIHOro nepexoay 3a (op-
mysomo [6]: Eg = Eg + ;‘;—I’i, ne Ego — mupuna 3a60ponenol 30Hn 06’€MHOTO KPUCTAILY
CdS; E, — mmpura 3aboporenoi 3oau KT CdS; h — moctiitna Ilnanka; R — paziyc 1a-
cruaku CdS; p = %, me = 0,21m i my, = 0,8m - edexkTuBHI Macu eIeKTPOHIB i
gipok CdS; m — maca emexkrpona. Orpumani mamui npeacrasieHi B Tabaumi 1. 3 mammx
Tabuii BUAHO, mo MiHiMasbHui po3mip KT OyB orpumanuii mpu HaJIUIMIKYy KaaMiio i
JIOpiBHIOE TPUOIU3HO 2,3 HM.

IIpencrasmeni B TabauIli JaHi SICKPABO LITIOCTPYIOTHh TEHIEHIO 301MbIIEHHS PO3MIpy
KT upu 36inbienni konuenrpaunii cipku. Tak npu cnissignomenni CANOs /NaoS : 1/4
cunocrepiraerbes akruauii picr HY Big 2,34 1o 15,6 am npu 36uibmenni 06’emy NagS,
o BBomwBcs Big 0,25 mo 5 mur. Hpu cnissigHomenni CANO3 /NaoS : 2/1 pier KT rex
CIIOCTEPITAa€ThCs, aJIe BXKE He TaKWii aKTUBHWMIA 1 Tpu 30i/1bInerHi 00’eMy cynibdiny HaTpiio,
mo BBoauBCA Bim 0,25 10 5 M po3Mip YacTUHOK 3MiHMBCs Jmine Bia 2,29 mo 3,1 HwM.
Takox mpu 36iIbINEHH] CIPKH CIOCTEPIra€ThCsS 3MEHINEHHS PO3KUIY 33 PO3MIpOM, PO
IO CBIYUTH 3MEHIIEHHS HAIIBUIMPUHM CIEKTPIB HOIJIMHAHHS.
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Puc. 1: CoexTpu noryimHaHHsS 3pa3KiB, OTPUMAHUX IIPU MOJIIPHOMY CIIiBBIJHOIIEHHI BUXITHUX

xomnonent CdNOs/NayS : 1/4 (a); 1/2 (6); 1/1 (8); 2/1 (r).

Tabn. 1: 3uavenns eHepriil IEPIIOro ONITUYHOTO MEPEXO/1Y, HAMBIIUPUHNA MAKCUMYMIB audepen-
mifinux kpuBux Ta po3mipis KT, orpumanux 1pu pisHUX CHIBBIIHOMIEHHSX BUXIJIHUX KOMIIOHEH-
TiB.

) CdNO3/NasS CdNO3/NasS CdNO3/NasS CdNO3/NasS
O6’em, Mo
. 1/4 1/2 1/1 2/1
=]
M a0} [as} [as} [as}
g ° z ] 2 ° z el E
= z = 2 3] z = 2 3]
2 C I E x| B S | R £ |
& M £ | & i o - o £ | & i -
W < < < <
z| % | & | E |5 | E|E| & || E|&|E|E| 2
= o = =] = o = =]
O 4 £ = [N £a] = A £a] = a9 £a] = A
1| 5 | 025 | 2,88 | 0,44 | 2,34 | 2,78 | 0,27 | 2,62 | 2,82 | 0,36 | 2,4 | 2,86 | 0,41 | 2,29
2 | 5 0,5 2,77 | 0,26 | 2,55 | 2,72 | 0,17 | 2,75 | 2,81 | 0,31 | 2,42 | 2,81 | 0,39 | 2,42
3 5 T 2,67 | 0,26 | 2,99 | 2,68 | 0,2 | 2,94 | 2,75 | 0,25 | 2,63 | 2,81 | 0,34 | 2,42
4 5 2 2,58 0,28 3,67 2,58 0,22 3,67 2,69 0,21 2,9 2,75 0,26 2,63
5| 5 3 2,51 | 0,19 | 4,7 | 2,55 | 0,19 1 2,66 | 0,22 | 3,05 | 2,69 | 0,22 | 2,0
[§ 5 4 2,45 0,19 6,95 2,49 0,17 5,2 2,61 0,21 3,39 2,67 0,22 2,99
71 5 5 2,41 | 0,17 | 15,6 | 2,45 | 0,16 | 6,95 | 2,58 | 0,21 | 3,67 | 2,65 | 0,21 | 3,1
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Bci orpumani 3a janoro rexnodoriero KT CdS masu inrencuBHy JIIOMiHECIEHIIITO, Clie-
KTpU sKOI npezcrasieni ua puc.2 (a-r). Cnekrpu mominecuennil KT 3 BUCOKOIO KOHIIEH-
Tpariieio iouiB Kamiro, Hanpukiam, (puc. 2 B (3pa3ok 1), r (3pa3ok 1,2)) pi3ko Biapizusio-
Thes Bif ciekTpiB KT, oTpuManux 3 BUCOKOIO KOHIIEHTPAIIEIO CIPKH, a caMe, Y CIIeKTpax
3 HAJJIUIIKOM KaJMII0 BUABISIETHCSA KOPOTKOXBUJIBOBA CMYyTa CBITIHHA 3 eHeprieio 2,53
eB, a B cuekrpax doromominecreniii KT CdS, orpumanux 3 BECOKOIO KOHIEHTPAIIEIO
CipKH, TIepeBazKae JOBrOXBIILOBA cMyra (puc.2, 3pasku 3-7).
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Puc. 2: Cnexrpu rominecrieHcii 3pa3kiB, OTPUMAHIX [IPY MOJISPHOMY CITiBBIIHOIIEHH] BUXITHUX

xomnonent CdNOs/NayS : 1/4 (a); 1/2 (6); 1/1 (8); 2/1 (r).

JeranpHuil aHaMi3 CIEKTPIB CBIIYNTSH, IO MpU 30LIbINEHH] 10HIB KaQIMII0 B PO3YUHI,
Jie KiJIbKICTh BBEIEHOI CIpKH HE BEJINKA, PEECTPYETHCS KOPOTKOXBUILOBA CMYTa, OCOOIMBO
11e TOMIiTHO B 3pa3kax 1-3. Takoxk MOKHA MOMITHUTH, 110 KOJIH CITiBBiTHOIIIEHHST MOJIAPHAX
konuenrpaniiit CdNOs/NagS nopisuioe 2/1, 10610, KOHIEHTPALis 10HIB KaAMiIO 1IepeBu-
L1y€ KOHLEHTPpauio cipku, (puc. 2 (1), 3pa3ok 1), KOPOTKOXBUIILOBA CMyra MAE HANOLIbLLY
inTencuBHIiCTH. BUIHO, 1O KPUBiI CIMEKTPIB JIIOMIHECIIEHTIT CKIQTAI0OThC 3 KiTHKOX eJe-
MEHTapHUX CMYT, 0 MaTh laycoBy dopmy. 3 1010 mpuBOLy OyJIO MPOBEIEHO AMPO-
KCHMAITII0 CIEKTPiB JTIOMIHECHeH il KpuBuMHu layca, B pe3yabTaTi d0oro BUSBIEHO TPH
cmyru ceitinag B KT CdS, orpumanux npu pizHOMY cHiBigHOIIEHHS 10HIB KaaMiio i cip-
ku. Ha puc. 3 nupencrasieni naiibisibin xapakTepHi CiieKTpu JIoMiHecenii 1is 3pa3kis 3
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(puc.2,a) i 2 (puc.2,r). 3a3HauuMO, U0 CMYTHU JIOMIHECUEHIT, SKi BU3HAYEH] OPU aHasi31
Pe3yIbTATIB PO3KIAIAHHS CIIEKTPIB, BiAMOBIIAI0Th pi3HUM TUaM AedeKTiB, a He Pi3HUM
po3mipam. ificao, gy cMmyr, gki 0OyMoB/eHI pekoMOiHAIIEI0 HA TIHOOKUX IMEHTPAX Ta
JIOHOPHO-aKIIEMTOPHOIO PEKOMOIHAIIEI0 pO3MIpHA 3AJIEXKHICTH HEe € XapaKTEepPHOIO.
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Puc. 3: Aupokcumanis kpusumu [ayca cuekrTpis jrominecueHuil 3pa3kiB, OTPUMaHUX LIPU MO-
JspHOMy cuiBBimmomenHi Buxinaux xomnonent CANOs/NaoS : 2/1(3pasox 2) (a); 1/4 (3pa-

30k 3) (6).

Hiticuo, mominecrentis KT CdS, orpumannx MeTomoM KOJOITHOI XiMil, 3yMOBJIEHA,
BJIAaCHUMU Je(heKTaMu, 110 MOB’A3aHO 3 BIJIMBOM CTEXIOMETPHUIHOTO CKJIAIY KaIMil0 i Cip-
ku. Jlesika po306iXKHICTH B JIOKaJIi3alii MAKCHMYMIB JIIOMiHECIIEHITT OKPEMUX CMYT MOXKE
OoyTu nosicaero po3kuaoMm po3mipy KT. Takum anHOM, BCTAHOBJIEHO BILIMB KOHIIEHTPAITIH
KaMiio i cipku Ha po3mip Ta aucnepcio po3mipis KT CdS. Ipu 36iabinenni kormeaTpargii
ioHiB cipku crnocrepiraerbcs 36i/IbIIEHHS PO3MIPY i3 3MEHIIEHHAM PO3KHUIY 33 PO3MipOM.
Bynm orpumani mani mMoa0 BIJINBY KOHIIEHTPAIIN BUXiTHUX KOMIIOHEHTIB PEaKIlii CHHTe-
3y Ha BunpowmiuoBasbhi BiactuocTi KT CdS. 3a pesynpraramu po3K/IaJaHHS CIEKTPIiB
JroMiHectientiil Bu3nadeno, mo B KT cynbdiny kamMito 3 HALIUIIKOM KaJIMil0 PEECTPYE-
ThCsl KOPOTKOXBUIIBOBA cMyTa cBiTiHHs (A = 460470 HM), NpUpoLy SKOI MOXKHA 3B’ d3aTU
3 kaaMiem mikBy3esabHuM, a B KT 3 Ha/umnikoM CipKu - 10BrOXBUJIBOBA CMYTa, IIPUPOIA
KOl TIOB’Ai3aHa 3 BaKaHCieo kaaMio (A = 651720 um). B cnekrpax dorosmominecentil
KT, B akux KOHIIEHTpAIIil iOHIB KaJIMif0 1 CIpKW MaiizKe OTHAKOBI, PEECTPYETHCA CMYTa
cBiTinag B obsacti (A = 539610 HM), sKa 3yMOBJIEHA ACOIIATUBHUM J1€(DEKTOM, OB 5i-
3aHUM 3 BAKAHCIAMHU KaaMiio i cipku. Po3mip KBAHTOBUX TOYOK BH3HATAETHCSA 3i CIIEKTPA
IOIVIMHAHHS 1 OIUCYETHCS KOPOTKOXBUJILOBOIO CMYI'OIO CBIiTIHHS, & JIOBI'OXBHUJIBOBI CMYy-
i ODYMOBJIEHI PEKOMOIHAIIE HA TINOOKWX I[EHTPAX Ta MAJO 3aJe¥XKaTh Bil PO3MIpy.
Orpumani pe3yabTaTit MOXKYTh OyTH BUKOPDHUCTAHI y SIKOCTI PEKOMEHAIl /JisT CHHTE3Y
KT CdS i3 3amanmm CrieKTpoM CBIiTiHHSA.
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The dependence of photoluminescence spectra of CdS QDs on
stoichiometry

K.A. Verheles!, V.A. Smyntyna!, V.M. Skobeeva?,
N.V. Malushin?

111 Mechnikov Odessa National University, Dvoryanskaya St. 2,
Odessa 65026, Ukraine, klara2010@meta.ua

2 Physics Research Institute Odesa I.I. Mechnikov National University,
Pastera St. 27,0dessa 65026, Ukraine

The influence of the ratio of the initial Cd(NOj3)s and NayS components on
the luminescence spectra of the quantum dots (QD) of CdS was studied.
Analysis of the absorption spectra revealed that with increasing sulfur, whi-
ch was introduced into the solution, the size of nanoparticles increased. Also,
with increasing sulfur, a decrease in the size variation is observed, which can
be determined from the half width of the differentiated absorption spectra. It
is shown that the luminescence spectrum of cadmium sulfide nanocrystals (NC)
depends on the concentration of cadmium and sulfur ions in solution. The lumi-
nescence spectra were approximated by Gaussian curves, as a result of which
three emission bands were detected in CdS QDs obtained at different cadmi-
um to sulfur ratios. With an increase in cadmium ions in solution, where the
amount of introduced sulfur is not large, a short-wavelength band A = 460+-470
nm appears in the luminescence spectra. Also, when the Cd(NO3)2 / NagS molar
concentration ratio is 2/1, the shortwave band has the highest intensity. A long-
wavelength band appears in QD with an excess of sulfur (A = 651+720 nm) and
may be associated with cadmium vacancies. In the photoluminescence spectra
of nanocrystals, the luminescence band in the region (A = 539+610 nm) is also
recorded; this band may be due to an associative defect associated with cadmi-
um and sulfur vacancies. It was found that in the cadmium sulfide quantum
dots during the growth process, defects are created, as is the cause of the long-
wave luminescence spectrum and the ratio of the intensities of the luminescence
bands depends on the stoichiometric composition of the surface. The effect of
cadmium and sulfur concentrations on the size and dispersion of the size of CdS
quantum dots has been established.

Key words: quantum dots of cadmium sulfide, own defects, absorption spectra
and luminescence.
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3aBucumocts cruekTpoB ¢dorosromubecneHnuu KT CdSs or
CTeXnoOMeTpun

K.A. Bepreaec!, B.A. CumpiaTbinal, B.M. Cko6eeBa?,
H.B. Masuymun?

I Odeceruii nayuonarvuui ynusepcumem umenu M. H. Meunuxosa, ya.
Jsopancvran, 2, Odecca 65082, Yrpauna, klara2010@meta.ua

2 HUH ¢usuru Odecckozo nayuonarbrozo ynusepcumema umeny U.H.
Mewnuxosa, ya. [lacmepa, 27, Odecca 65082, Yxpauna

Uccnenosanbl mpormecchl cuaTe3a kKBaHTOBBIX Todek (KT) CdS kosonamo-
XUMUYIECKUM MeTOoM. [ToKazaHo, 4TO CIEKTPHI ONTHYECKOTO MOIJIOMIEHUS U
siomusectuennuy KT CdS 3aBucar oT KOHIEHTpPALMKU MOHOB KaJMUs U CEPbL B
pacriope. Ycranosaeno, uro B KT CdS B nponecce pocra cozpaiorcs aedekx-
ThI, KOTOPBIE OOYCJIOBJIMBAIOT IMTUPOKWIi CIIEKTP JIIOMUHECIIEHIINN B BUIUMOIT 00-
sgactu. KOHTYp mOJIOCHI JIIOMWHECIIEHIINY 3ABUCAT OT COOTHOIIEHUST MCXOIHBIX
KOMITOHEHTOB PEAKIMH CUHTE3a, 9TO MPOSBIAETCS B CTEXHOMETPUIECKOM COCTa-
Be cobcrBenubix gedextos noepxaoctu KT. YcranosneHo Biusinre KOHIIEHTPA-
nuit KagMus u cepbl Ha pasmep u aucnepeunio pasmepa KT CdS.

KurroueBbie cioBa: KBAaHTOBBIE TOYKH CyJabduIa KaaMmus, COOCTBEHHBIE Ie-
eKThI, CIIEeKTPHI TOTJIOMICHNS W JIIOMAHECIICHIIHH.
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