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AHHOTALUA

BBenenmne. VccnenoBaHsl Ipu KOMHATHOM TEMIIEpaType ONTHYSCKUE U JTFOMHHECIICHTHBIC CBOMCTBA YIBTPATOHKHX
KOJUTOMIHBIX TOJYIPOBOJHUKOBBIX HAHOIJIACTUH CEJICHUAA KaJMHs, CBEPHYTHIX B BHJC CBHUTKOB TOJIIHHOM
2,5 monocios. Meroa. [l KOJITOMIHOTO CHHTE3a 00BEKTOB MCCIICOBAHUS MIPUMEHEH aleTarT KaaMusl TUTHIPAT
Cd(CH3CO0O0),-2H,0 u TprokTuindochuHCEeIeHU B Ka4eCTBE NPEKYPCOPOB KAIMUS U CEJIEHa COOTBETCTBEHHO,
a Tak)Ke MCIOJIb30BaHbl PACTBOPHI OJIEMHOBOM KHCIOTHI M OKTaJelleHa. PerucTparusi CUrHajia JTIOMUHECICHIUN
CKPYUYEHHBIX HaHOCTPYKTYp MpOBeAeHa ¢ moMoIibio BonokoHHOro I[13C-cnexkTpomerpa. Kpubie 3aryxanus
(OTOMFOMHUHECIICHIIMN HAHOKPHCTAIUIOB TOIYYEHbI METOIOM BPEMsI-KOPPEINPOBAHHOTO CYeTa OAUHOYHBIX (DOTOHOB
B MakCHMyMe€ HHTEHCHUBHOCTH JIIOMHUHECHeHIMH. OcHOBHBIE pe3yabTrarhl. OOHAPYIKEHO, UTO JIFOMHUHECIICHIUS
HCCIIEyeMbIX 00pa3I[OB XapaKTepU3yeTCs Kak MEK30HHBIMH TIEPEX0IaMH, TaK U MEPEX0IaMU C YIaCTHEM JIe(EKTHBIX
YpOBHEU. YCTaHOBJICHO, YTO HOPMHUPOBAHHOE YUCIIO (POTOHOB, PETUCTPUPYEMBIX MPH UCCICIOBAHUU 3aTyXaHHUS
PEKOMOMHAIIMOHHOM JIFOMUHECIICHIINH, B 45 pa3 MpeBbIIlIacT aHAIOTMYHOE 3HAYCHHE [T SKCUTOHHOM JIIOMUHECIICHIINH
l'lpl/l UICHTUYHBIX yCJ'IOBPIf[X BKCHepI/IMeHTa. Onpeuenemﬂ I[OMI/IHI/Ipy}OLL[aﬂ JUUIMHA BOJIHBI JIIOMHUHECICHIINU, IIBETOBBIC
KOOPAMHATHI, YHCTOTA I[BETAa M KOPpPEIHUPOBAaHHAs I[BETOBAsi TeMIepaTypa KOJJIOUIHBIX MOJIYTNPOBOIHHUKOBBIX
YABTPATOHKAX HAHOIUIACTHH CEJICHHUIA KaJMHs, CBEPHYTHIX B BHJI€ CBUTKOB. BBHIMOIHEHO CpaBHEHHE MOTYIEHHBIX
pe3y/bTaTOB C AHAJOTHIHBIMU KOJNOPHUMETPUUYECKHUMHU XapaKTePUCTUKAMHU ISl OOJee TOJICTBIX KOJUIOUIHBIX
MOJTYTIPOBOJHUKOBBIX HAHOCTPYKTYP CEJeHH/Ia KAJMUS U3 U3BECTHBIX HAydHbIX paboT. Oocy:xnenue. Habmronaembre
3¢ PEKTHI CBHIETEIBCTBYIOT O TOM, YTO UCIIOIB30BAHHE YIBTPATOHKIX CBEPHYTHIX HAHOKPUCTAJIIOB CEJICHUIA KaIMHUS
SIBJISICTCSI IEPCTICKTUBHBIM JUISI CO3/IaHUS CBETOTMO/IOB HA UX OCHOBE.
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[.C. Jainbare

Abstract

We have studied the optical and luminescence properties at room temperature of ultrathin colloidal semiconductor
cadmium selenide nanoscrolls with a thickness of 2.5 monolayers. For colloidal synthesis of the objects under study,
cadmium acetate dihydrate Cd(CH;COO),-2H,0 and trioctylphosphine selenide were used as precursors of cadmium
and selenium, respectively, and solutions of oleic acid and octadecene were also used. Luminescence spectrum of
cadmium selenide nanoscrolls was recorded using a fiber charge coupled device spectrometer. Spectrally resolved
photoluminescence decays for nanoparticles were measured with the use of time-correlated single photon counting
technique. The emission of the cadmium selenide nanoscrolls consists of interband and recombination luminescence
bands. We found that the normalized photon numbers of recombination luminescence are larger than the normalized
photon numbers of interband luminescence. We determined dominant wavelengths, chromaticity coordinates, and
correlated color temperatures of ultrathin colloidal semiconductor cadmium selenide nanoscrolls. These ultrathin
cadmium selenide nanoscrolls are promising for application in light-emitting diodes.
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BBenenue

C ¢dynmamMeHTanbHON TOYKH 3pEHUS WHTEpEC Mpej-
CTaBIISAIOT MPOIIECCHl M MEXaHU3MBI MEK30HHOH M PEKOM-
OMHAIMOHHOW JTIOMHHECIECHIINN MOIYTIPOBOTHUKOBBIX
HaHOCTPYKTYp [1-5]. X mpenmyIiecTBO 1O CpaBHEHHIO C
O6’beMHBIMI/I TMMOJYTIPOBOJHUKAMHU 3aKIIFOYACTCA B TOM, YTO
SHEPreTUYCCKYIO CTPYKTYPY 30H HAHOYACTHII, & 3HAYUT U
OINTHYECKUE CIICKTPhI, MOXKHO HACTPAMBaTh Bapualluci pas-
MepoB [6—10]. Hanokpucramisl cenenua kaamus (CdSe)
IUTAHAPHOM T€OMETPUH, CBEPHYTHIC B BHJIC HAHOCBUTKOB,
MPEJCTABIISIOT OCOOBIN HHTEPEC BCICACTBUC OTIHYUS (-
(hekTOB pa3MepHOTr0 KBAaHTOBAHUS OT HAOIIONAIOIINXCS B
HaHOCTPYKTypax apyroit mopdonoruu [11-13]. Pannee
OBUIO YCTaHOBJICHO, YTO SKCUTOHHAS (POTOITFOMHHECIICH-
nus (®JI) manomnacTuH 1 HaHocBUTKOB CdSe, cpemmss
TOJIIIIAHA KOTOPBIX COCTABISAET HE MEHEEe YeTHIPEX MO-
HocinoeB (MC), cocTosinue u3 aTOMHBIX TuTockoctel Cd u
Se, MpUXOIUTCS HA AMATIA30H JJTUH BOJIH nopsaka 480 HM
u Oonee [11, 14, 15]. Takum 00pa3om, CyIICCTBYIOIIHE
Ha JaHHBIA MOMCHT IIaHApHbIC HaHOKpucTasl CdSe
HEJb3s HCMOIb30BaTh B KAUCCTBE MCTOUHUKA (DHOIECTO-
BOT'O M3NydeHHus. PermeHuemM NaHHOW MpoOIeMbl MOXKET
OBITh YMCHBIIICHHUE TOMIIUHBI HaHotuacTuH CdSe, koTopoe
MPUBEAET K CMCIICHUIO TTOJIOCH SKCUTOHHOH JIFOMUHEC-
LICHIINN B BHICOKOYHEPIETHICCKYIO 00JIACTh BUIUMOTO
CIIEKTpa.

Hecmotps Ha Hanmnaue GonbmIoro o0bemMa Kak dKC-
MEPUMEHTATbHBIX, TaK ¥ TEOPETHUYECKUX HCCIETO0Ba-
HUH, TOCBSIIEHHBIX TUIaHAPHBIM HaHOKpucTamiaM CdSe,
OKCIICPUMCHTAJIbHBIC TaHHBIC 06 ONTHYECKUX CBOMCTBAX
HamboJIee TOHKUX MOMYISAIUN TaKUX MOJYIPOBOAHHUKO-
BbIX HAHOKPUCTAJIJIOB, CBEPHYTHIX B CBUTKU, OTCYTCTBYIOT.
Ienp HacTOsIIICH PabOTHl — BOCIOJIHUTH JAHHBINA TPOOECIT
U TIPEJCTaBUTh UCCIICIOBAHUE ONTUYCCKUX U JIOMUHEC-
LICHTHBIX XapaKTCPUCTUK YIBTPATOHKHX KOJUIOMIHBIX Ha-
HoractuH CdSe, 94TO B TaJBHEHIIIEM ITO3BOJUT JOOUTHCS
OoJee MOTHOTO MOHUMAHUS 0COOCHHOCTEH WX JTFOMHHEC-
LICHITHH.

MeToauka IKCIEPUMEHTA

Hccnenyemsre HarnormiactiHbl CdSe, TOMIIIHA KOTOPBIX
cocraBmia 2,5 MC, ObITH CHHTE3HPOBAaHBI METOJAMHU KOJI-
JIOWIHON XUMHUH B COOTBETCTBHH C OMMMCAHHOH B paboTax
[16, 17] mpomemypoii. PactBop, cocTosmuii u3 0,25 MMoib
anerara xkagmus aurugpara Cd(CH;COO),-2H,0,
0,1 Mmmonb onenHoBor kucnoThl (OA) U 5 M OKTaaere-
Ha (ODE), Obu1 3arpyeH B peakMOHHYIO KOOy o0be-
MOM 25 MJI U Jiera3upoBaH Npu KOMHATHOM TeMieparype
B TeueHre 30 MUH B NOTOKE aproHa. 3areM Temmeparypa
Opu1a ToBEIIIeHa 10 393 K 1 B ko10y BBE/ICH B KaUueCTBE
UCTOYHMKaA ceneHa B ooveme 0,15 ma 1 M pactBopa Tpu-
okTmidochuHceneHuaa, pazdasmennoro 0,35 mx ODE.
Poct HanokpucTamioB ocyuiecTBieH B TedueHue 180 MuH
nipu Temreparype 393 K i octaHOBIIEH BBE/IEHHEM B KOJIOY
0,5 M OA mpu CHIDKEHUH TEMIIepaTyphl 0 KOMHATHOM.
[Tomy4yeHHbIE KOJUIOMIHBIE HAHOCTPYKTYPBI OCAXK/IAINCh
J00aBICHNEM K PEaKIIMOHHONH CMECH paBHOTO o0BbeMa
alleToHa, OT/IEISUIMCh HEeHTPU(PYTUPOBaHUEM Ha CKOPOCTH
5000 06/MUH U HECKOJIBKO pa3 MPOMBIBAIHCH alleTOHOM
¢ mocieayouum neHrpudyruposanuem. /lanee HaHo-
CTPYKTYpBI TUCIIEPTUPOBAIIUCH B 4 MII YHCTOTO I'eKcaHa.
[Tonmy4ennsle 00pa3ubl NPEACTABISIOT COO0I CBEpHYThIE
B BHJIC CBUTKOB ITOJYIIPOBOIHUKOBEIC KBa3HIByMEPHBIC
HaHoCTPyKTypsl CdSe, aHanornyHble OIyYSeHHBIM B pa-
oore [18].

CriexTpanbHas 3aBUCUMOCTh ONITHYECKON MIIOTHOCTH
pactBopa HaHOotUIacTHH CdSe B rekcane perucTprupoBaIach
¢ momoripto criekrpodoromerpa Specord M40 B 1uarnasone
obiacteit ot 200 10 900 HM.

Jlnist u3amepeHus crieKTpa (pOTOTFOMUHECIICHIUN UCCIIe-
JlyeMBIX HaHOCBUTKOB MCITIOJIb30BaH BOJOKOHHBII CIEK-
tpometp Ocean Optics Maya 2000 Pro ¢ [13C-marpurieit,
JIMAIa30H JUTMH BOJIH PErHCTPallMi KOTOPOTO COCTaBHII
200-1100 uM. B xayecTBe McTOUHMKA BO3OYXK/ICHHS MTPHU-
MeHeH nMnynbcHbIH J1azep Coherent Mira 900, koTopbIit
n3nydana B obmactu 350 HM co cpegHEd MOIIHOCTHIO
96 MKBT 1 nMen IIMTENpHOCTh UMITYJIBCOB 3 1ic. Yactora
MTOBTOPCHMUS UMITYJIBCOB J1a3epa coctaBmia 76 MI.
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CI'IeKTpaJ'IbeIe N KNHETNYEeCKne XapakTepUCTUKn CBEPHYTbIX B BUOE CBUTKOB YJIbTPATOHKMX HAHOTJTACTUH...

Kunernueckue 3aBucumoctu OJI nanocButkoB CdSe
MOJIyYEHBI C TOMOIIBIO METO/1a BPEMsI-KOPPETUPOBAHHOIO
cdera oquHOYHBIX (PoToHOB. J{ns Bo3Oy)aeHuss DJI 06-
pasua ucnonb3oBad azep Coherent Mira 900 ¢ mmuHOU
BONHBI M3ydeHus 350 HM. CpeqHssa MOIIHOCTS JIA3€PHOIO
M3IIy4eHUsS cOCTaBUia 3 MKBT, AUTETFHOCTh UMITYIIb-
coB 3 1ic, a 9acTOoTa TMOBTOPCHISI UMITYIIHCOB JIa3epa BEI-
Opana 1,9 MI'. U3znyuenne oOpasia 3aperucTpupoBaHO
COTIPSDKEHHBIM C MOHOXPOMATOPOM (hOTO3IEKTPOHHBIM
ymuoxutesiem PicoQuant PMA-C 192-N-M, 4yBCcTBUTEIb-
HBIM B auarnaszoHe 250-850 HM u paboTaloIUM B PEXKUME
cueTa OIMHOYHBIX POTOHOB. DOTOINEKTPOHHBIH YMHOXKH-
TeJb OB TIOJIKITIOUEH K TUIaTe CUeTa OJANHOYHBIX (JOTOHOB
PicoQuant TimeHarp 100.

Ha ocHOBe noay4eHHBIX CHEKTPOB TOMUHECLHEHIUN
OBLTH OTIPENIEIICHBI KOIOPUMETPHUCCKUE XapPaKTCPUCTHKHI
M3IIy4YeHUS UCCIEAYEeMbIX HaHOKpHCTALIOB. [[BeToBBIC
KOOPJIMHATHI, KOPPEIMPOBAaHHAS IIBETOBAsI TEMIIeparypa,
JOMHUHHUPYTOIIAs IUTHHA BOJIHBI W YHUCTOTA I[BETA P PACCUH-
TaHBI IO METOIMKE, OTIMCAaHHOH B padortax [19, 20].

Pe3y.]'l])TaTLl U UX oﬁcymzlelme

B cniexpe normomenus (puc. 1, a) Hanocsutkos CdSe
HaOJIIOAAIOTCS IBa SKCUTOHHBIX NMHKa Ha JUIMHAX BOJH
373 uam u 394 HM, KOTOpBIE XapaKTEpU3YIOTCs NEpEeXoaa-
mu 1S,-1S, u 1S;,,-1S, Mmexny nonzonamu nerkux (/h) n
TsOKENBIX (hh) ABIPOK B BAaJCHTHOW 30HE M 30HOH MPOBO-
JVMOCTH.

BbInonHUM OLIEHKY IIMPUHBI 3alIPEILEHHOM 30HbI Ha-
HOKpucTana (E,, 5B) Ha OCHOBaHHU TOJIINHEI (d, um)
ucciieayeMbix HaHoCTpykTyp CdSe ¢ moMoIpio aMIIupu-
4yecKol 3aBucuMoctu [21]:

1,27
E,=149+——.
d

B pesynbrare pacuera momydeHo 3HadeHue d = 0,77 HM,
gT0 cooTBeTcTBYeT 2,5 MC CdSe [21, 22].

B ¢uonerooii obnactu crnekrpa ®JI (puc. 1, a) Ha-
OmromaeTcs mosoca JTIOMUHECHEHIINH, 00yCI0BICHHAS
MECXK30HHBIMU NICPEXOJaMU, MAKCUMYM MHTCHCUBHOCTHU
KOTOPOl MPUXOAUTCS HA JJIUHY BOJHBEI 397 HM, a moJ-

OnTudeckast IJIOTHOCTh

T T T 1
500
JlmHa BOJTHBI, HM

T T
300 700

‘19 "HLO “LLOOHSI/IOHQLHI/I

Has IIMPUHA Ha MOJyBBICOTE MOJIOCHI COCTABIsIET 12 HM.
B cpaBHeHMM co chepruuecKMMU KBAaHTOBBIMH TOYKAMHU,
HeOOJIBIION CTOKCOB cBUT (3 HM) 00YCIIOBJICH MEHBILCH
BEJIMUYUHON DHEPreTUYECKOr0 PACIIEIUIEHUS MEXy CUH-
TJICTHBIM M TPUTUICTHBIM SKCUTOHaMU [23]. B kpacHOIt 00-
JACTH CIEKTpa HAOIIONAeTCs IUPOKast TI0JI0Ca JTIOMUHEC-
[ICHIINY, CBSA3aHHAsI C PEKOMOMHAIINEeH HOCUTENEH 3apsaa
Ha Te(heKTHBIX COCTOSIHUSAX HAaHOCTPYKTYp [11]. Makcumym
MOJIOCHl PEKOMOMHAIIMOHHON JTIOMHHECICHIINHU TTOIYUYCH
Ha JuirHe BOMHBI 580 HM, a MoJHAS IIMpPUHA Ha MTOTyBHI-
core — 196 HMm.

ITonyuyennsie cnexrpsl OJI uccnenyemMbx CBEpHYTHIX
HAHOIUIACTUH CPaBHUMBI CO CIIEKTpoM n3nydeHus ConHia
(puc. 1, b). OTinumeM sBJISIETCST OTCYTCTBUE MH(DpaKpac-
HOTO «XBOcTa» B obmactu 6osee 800 HM, a TakKe mMajas
MHTEHCHBHOCTD JIFOMUHECIICHIINY B CHHEW M (DHOJICTOBOM
o0nacTsax crnekTpa. OTo MOXKET OBITh ITOJIE3HO JUISL CO3/1a-
HUSI HOBBIX MCTOYHHKOB CBETA CO CIIEKTPOM, OJIM3KUM K
COJTHEYHOMY, Y KOTOPBIX MTPAKTHYECKH OTCYTCTBYIOT BpPEI-
HBIE JUISl 3pEHUS CTIEKTPAJIbHBIE KOMITOHEHTBI.

ITonoce! nornowenus u @JI uccaenyeMbplX HaHOKPH-
crayutoB CdSe, cpemsis TomuHa KOTophix 0,77 HM, OKa3a-
JICH CMEIICHBI B CHHIOIO 00JIaCTh CIIEKTPa 10 CPAaBHEHUIO
¢ Oosee TOJCTHIMHE TUTAHAPHBIMU HaHOKpucTauiamu CdSe
[11], nanocBuTKamu [14] u oObeMHBIM KprcTamiom CdSe
[24]. JauHbIl GakT 00BSCHSICTCS MPOSBICHUEM KBAHTO-
BO-pa3MepHoro 3¢ ¢exra. Hanpumep, B padore [11] Obin
MPOAEMOHCTPUPOBAH AUCKPETHBIM XapaKTep U3MEHEHUs
MIOJIOKEHHSI MAKCUMyMa 00YCJIOBICHHONH MEK30HHBIMH
nepexomamu DJI mranapHex HaHOKpHcTamoB CdSe B
3aBHCHMOCTH OT TONIIWHBI — IMPH YBEIWYCHUN TOJIIHU-
HBI yBEJIMYHMBAIACh JJIMHA BOJIHBI MaKCUMyMa. B pe3yib-
TaTe MOoJTydYeHbl 3HaueHus TommuH: 461, 509 u 558 um.
Pesynprar manHo# pa®oTHI IS yABTPATOHKUX HaHOTLIA-
ctu CdSe ¢ COOTBETCTBYIOIUM 3HAYEHUEM MaKCHUMyMa
397 HM pacipui pe3yasrarsl padotsr [11].

Ha puc. 2, a npeacrasnens! kpuBble 3aTyxaHus OJI
KOJUIOMJIHBIX ITOJTYIIPOBOJIHUKOBBIX HaHOCBUTKOB CdSe,
tomuuHoi 0,77 M. KpuBast 4 xapakTepusyer 3aTyXaHue
@JI, 00ycoBICHHON MEK30HHBIMH TIEPEXOAAMH, & KpUBas
B — zaryxanme ®JI ¢ yuactueM ae(heKTHBIX YPOBHEH.
BunHo, 9TO 3TH KpUBBIE HMEIOT HEIKCIIOHCHIINATBHBIN

OnTnyeckas IIOTHOCTH

T
600
JlnrHa BOJHBI, HM

T
200

Puc. 1. CriekTpbl nonIomIeH s (MyHKTHPHAS KpHBasi) ¥ (OTOTIOMHHECIICHIINH (CIUIOIIHAST KPUBAsl) HAHOCBUTKOB CEJICHHA KaIMUsI
(CdSe) (a); cnekrpsl u3nyuenns: ComnHia 1 GOTONOMUHECIICHIIMU HccieayeMbIx HaHocBuTkoB CdS ()

Fig. 1. Absorption (dashed curve) and photoluminescence (solid curve) spectra of CdSe nanoscrolls («); Emission spectrum of the
Sun, photoluminescence spectrum of CdSe nanoscrolls (b)
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[.C. Jainbare

BuA. UTOOBI CpaBHUTH HOPMHPOBAHHOE YHCIO (POTOHOB,
pEeTUCTPUPYEMBIX IIPU HcclieoBaHuN Mexx30HHOH DJI, ¢
AQHAJIOTUYHBIM 3HaYCHHUEM Ul pekoMOuHanmoHHoH DJI,
BBIYMCIIMM MHTETPAIB! S OT KHHETUYECKNX KPUBBIX /(f)
JIIOMUHECIICHIINN HAaHOCTPYKTYp 110 BpeMeHu ¢. Pacuer
UHTETrpasioB S, M Sp OT KHHETUYECKUX KPUBBIX [,(f) 1
I(¢) ®JI, cOOTBETCTBYIOIINX KPUBBIM 3aTyxaHus 4 u B,
npousBezeH B npenaenax or 0 go 100 mc. OTHOMICHHE
Sp/S, cocrasuio 44,83, rne S, = 1,75, a Sy = 78,46.
BuaHo, 4TO HOPMHUPOBAHHOE YHCIIO (POTOHOB, PErHU-
CTPUPYEMBIX IIPH MCCIIEOBAHUH 3aTyXaHHs peKoMOnHa-
nuonHon @JI B paccMarpuBacMOM BPEMEHHOM MHTEpBAJIC
0-100 Hc, B 45 pa3 npeBbIIIaeT AHAIOTHYHOE 3HAYEHUE IS
ME)K30HHOH JIIOMHUHECIEHIIUH TIPH WICHTHYHBIX yCIIOBHU-
SIX OKCIIEpUMEHTa. Takoe IoBeleHIe KPUBBIX 3aTyXaHus

100

S=[I(r)dt

//

HopmupoBanHsie 0TCUeThI

Bpewms, He

XapaKTepHO JUIsl JIOBYIIIEYHBIX YPOBHEH KOJUTOMIHBIX Ha-
HOKpHCTAJOB [25].

Ha xpomarnueckoii tuarpamme (puc. 2, b) cumsosiom /
MOKa3aHbl [IBETOBBIE KOOPAMHATHI, COOTBETCTBYIOIIHE
cnekrpy @JI nccnenyempix HanocBuTKoB CdSe. Criektp
@JI uccnemyembrx HaHOCTpYKTYp (CdSe 2,5 MC) xapak-
TEPU3YETCs] N3TYIEHHEM B KEITO-OPAHKEBON 00IacTH C
JIOMUHHPYIOIEH UIMHOW BOMHBI A* = 576 HM 1 9rcTOTON
Beta p = 69 % (tabnuma). HeBbicokas grcToTa 1iseta 00-
YCIIOBJICHA HAJTMYMEM LIMPOKOH TOJIOCHI PEKOMOMHAIIMOH-
Hoit DJI, koTopast OXBaTbIBAET MPAKTUYECKU BECh BUIUMBIN
nuana3oH (puc. 3). KoppenupoBaHHas 11BeToBasi TeMIIe-
parypa T, cocraBuna 3506 K, 4to cooTBeTCTBYET TeIIO-
My Oenomy cBety. PaccunTanHble IBETOBBIE KOOPHHATHI
(x, y), M*, pu T, coorBercTBytomue cnexkrpam DJI Gonee

QA Lo~

620

Puc. 2. Kpussie 3aryxanus poromromuHecueHnnu (OJI) nanocsurkos CdSe.

KpuBast 4 u3mepeHa B MakCUMyMe SKCUTOHHOH JitoMuHecueHuuu (397 M), KpuBast B — B MakCUMyMe I10JIOCBI, 00y CIIOBIEHHON
TTOBEPXHOCTHBIMH cocTosTHUSIME (580 HM) (a).
Xpomarnyeckas quarpamma: /| — OJI uccnenyembix HanocBuTkoB CdSe; 2 — @JI Gosee Toscteix HanocBuTKoB CdSe u3 [14];
3,4 u 5 — OJI nanomnactur CdSe u3 [11]; 6 — cranmaptHoe n3nydenue CIE D65 (6enstit cer). CIUIONIHAS JIMHUS — JIMHHS BETHOCTH
abcomoTHO yepHOTro Tena (kpusas Ilnanka); 7,., K — xoppenupoBanHas 1BeToBas TeMieparypa (b)

Fig. 2. Photoluminescence (PL) decay curves of CdSe nanoscrolls.

Curve 4 is measured at the interband luminescence maximum (397 nm), curve B is measured at the maximum of the recombination
luminescence (580 nm) (a).
Chromaticity diagram: / — PL of CdSe nanoscrolls; 2 — PL of thicker CdSe nanoscrolls from [14]; 3, 4 and 5 — PL of CdSe nanoplatelets
from [11]; 6 — standard D65 CIE illuminant (white light); Solid line — Planckian locus; 7., K — correlated color temperature (b)

Ta6ﬂuz4a. Ornruyeckue u JIIOMHAHECIICHTHBIE CBOICTBA MCCIICIOBAHHBIX HAaHOCTPYKTYpD

Table. Optical and luminescence properties of the investigated nanostructures

I{BeToBBIE KOOPIAUHATHI
Hccnenyempre B nipoctpatcrse CIE Jomunupyrommas JuiMHa Yucrora ceera LiperoBas Temneparypa
HaHOCTPYKTYPBI BOJIHBI A ¥, HM P, % -
X y
1 0,43 0,46 576 68,9 3506
2[14] 0,52 0,43 586 84,6 2202
3[11] 0,56 0,36 600 77,0 1517
4[11] 0,32 0,51 552 52,8 5859
5[11] 0,45 0,53 571 94,2 3656

Ilpumeuanue. IlpuBenieHbl CBONCTBAa HAHOCTPYKTYP:

— quts1 ciekTpoB oTtomomuHecteHiyu (/): uBetoBble KoopanHatsl B ipoctpanctse CIE xyY (1931 ), moMuHupyroLas AJ1Ha BOJIHBI,

YHUCTOTA CBETA, KOPPEINPOBAHHAS 1IBETOBASI TEMIIEPATypa;

— must HaHorutactiH CdSe (3—5), TommumHa KOTOPBIX cocTaBisieT oT 3 10 5 MC, 1BeTOBBIE KOOPAWHATHI PACCYUTAHBI 110 TAHHBIM PaOOTHI

[11], a ans manocBuTKOB CdSe (2) — mo manHBIM [14]
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WHTEHCUBHOCTD, OTH. €]1.
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JlommHA BOITHBI, HM

Puc. 3. CriekTpbI (HOTOTIOMHUHECHICHIINY IUTAHAPHBIX U
CKpy4eHHBIX HaHOKpHcTamioB CdSe.

L{BeToM BbIIEIEHBI O0JIACTH, COOTBETCTBYIOLINE KAXKIAOMY
CHEKTPaIbHOMY JJHara3oHy BUAUMOTO cBeta. CrieKTpbl
tdoromomunectenimn Hanoractud (HIT) tommuunoi ot 3 1o 5 MC
3auMcTBOBaHbI U3 padotsl [11], a HanocBuTkOB (HC) CdSe — u3
[14]

Fig. 3. PL spectra of planar and scrolled CdSe nanocrystals.
The regions corresponding to each optical range of visible light
are highlighted in color. The PL spectra of the nanoplatelets
with thickness from 3 to 5 monolayers were borrowed from
[11], and the spectrum of CdSe nanoscrolls was taken from [14]

TOJICTBIX HAHOCBUTKOB 2 U IJIAHAPHBIX HAHOKPHUCTAJUIOB
3-5 CdSe, npuseznens! B Tadiume. /s pacyera Koimopume-
TPUYECKHUX XapaKTEPUCTUK HCTIOIb30BaH HCTOUYHHK OO0
ceera CIE D65 6.

Ha puc. 3 npeacrasnensl cnextpsl OJI HaHOKpHCTAI-
noB CdSe pa3Hoii TommuHb 1 Mopdonorun. L[BeTom BeI-
JIeTICHBI 00JIACTH, COOTBETCTBYIOIINE KaXKIOMY CIIEKTPab-
HOMY JMara3oHy BUANMOTO cBeTa. BuaHo, uTo B 06nactu
3KkCUTOHHON DJI caMbIX TOHKMX HAaHOIIJIACTUH JOMUHHUPYET
(hroNeToBBIN BET, a B 4ACTU CIEKTPA, COOTBETCTBYIO-
mei pexkomOuHanonHoi MJI — kpacHbiil 1BeT. OHAKO
CMEIIMBaHUE BCEX CHEKTPATbHBIX COCTABISAIONINX JAcT B
pe3ysbTaTe JKeNTO-OPaH)KEeBOE CBEUCHHE, YTO U OTPAKCHO
Ha XpPOMAaTHYCCKOW nuarpamme (puc. 2, b).

3akaouenne

B pabote mokaszaHo, 4TO B CIICKTPE MONIOMICHHUS KOJLIO-
HNAHBIX HOHprOBO}IHI/IKOBI)IX yJ'[BTpaTOHKI/IX HAHOIIJIAaCTHUH
CCJICHU/Ia KaJMUsl, CKPYUCHHBIX B BHJIC CBUTKOB, HAOIIO-
JTAFOTCS JIBA TUIIA MIEPEXO0B MEK/Y MOA30HAMH JICTKUX U
TSDKEJIBIX JIBIPOK B BAaJICHTHOW 30HE M 30HOW MPOBOIUMO-
CTH. YCTaHOBJICHO, YTO U3TYYCHHE UCCIICTYCMbIX HAHOKPH-
CTaJUTOB B OOJIBIICH CTEIICHH BHI3BAHO PEKOMOMHAIIMOHHOMN
nroMuHectiennueit. Hopmuposanuoe uucio GoToHOB, pe-
THCTPUPYEMBIX MTPU MCCIIEIOBAHUN KHHETHUECKOW KPUBOM
JUIsl SKCUTOHHON KOMITOHEHTBI B CIIEKTpe (DOTOIIOMUHEC-
LEHIINUH, B 45 pa3 MEHbIIC aHAJOTHYHOTO 3HAYCHUS IS
PEKOMOMHAIIMOHHON JTFOMUHECIICHIIUN IPU MJCHTUYHBIX
YCIIOBUSIX IKCIIEPUMEHTA, YTO O0YCIIOBJICHO TeM (haKToM,
qTOo HOBerHOCTHBIe COCTOSAHUA HpeHHTCTByIOT 1/13ny11a-
TEJIBHBIM MEepPeXo/iaM, 3aJepKUBasi HOCUTENICH 3apsa B
JoByIIKax. M3 pacueToB KOJIOPUMETPHUCCKUX XapaKTe-
PHUCTHK BHJIHO, YTO M3JIyUYCHHE, BEI3BAHHOC MEIK30HHBIMH
MIePEXOIaMH, IIPOUCXOAUT B (PHOJICTOBOM 00IACTH CIIEKTA,
a (DOTOMFOMIHECIICHITHS, 00y CIIOBIICHHAS TIOBEPXHOCTHBIMU
COCTOSIHHSIMH, OXBATHIBAET MPAKTHUYECKU BECh ONTHYCCKHUI
nuara3oH. Koppennposannast nBeToBast Temreparypa 7,
Jutst (DOTOFOMHHECIIEHIINHU UCCIIEOBAHHBIX HAHOKPHCTAI-
JI0B ceneHnaa kaamus coctasmia 3506 K u mpubmimkena x
MCTOYHHUKY M3ITy4CHUS! TEIJIOro Oenoro cBera.
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