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BJIMAHUE TIPUMECHU MAPTAHIIA HA JIIOMUHECHEHIINIO HAHOKPUCTAJJIOB CdS

B.A. Cmotnmoina, B.M. Crobeesa, H.B. Maaywun, J[.A. Cmpyy

AnnoTamus. B cTtaTbe npencraBieHbl pe3yibTaThl UCCAEA0BaHMUS JIOMUHECLIEHTHBIX CBOMCTB HAHOKPUC-
tajoB CdS, slerupoBaHHbBIX HOHAMK Mn?". OGpasLbl IT0JIyYEHbI B 3KeJIATUHOBOM MaTpULEe, CPEAHUI pa3Mep
HaHOKPUCTAJUIOB cocTaBiisia 4 - 5 HM. Ha ocHoBaHMU MpOBeIeHHBIX MCCIe0OBAaHU I MPeIokeHa BO3MOXKHas
cXxeMa OINTUYECKMX IepexoqoB B HaHOKpucTauiax CdS:Mn?*, coriacHO KOTOPOii MEXaHU3MOM BO30YyxKie-
HUsSI MIOHOB Mn?' sIBjIsieTCsl pe30HaHCHAs Mepegavya SHePrud MexXIy IOBEpXHOCTHBIMU ypoBHsIMu CdS u
BO30YXIeHHBIM YpoBHeM “T| B MapraHue.

KmoueBbie ciioBa: TIOMUHECLIEHIINSI, HAHOKPUCTAJUIBI CYTb(dUaa KaaMus, TpUMeCHOe JIeTUpOBaHe

BIIVIMB JOMIIIKU MAPTAHIIIO HA JIIOMIHECHEHIIIIO HAHOKPUCTAJIIB CdS
B.A. Cmunmuna, B.M. Cxooecea, M.B. Maaywun, J[.A. Cmpyy

AHoTanidg. Y crarTi npencraBieHi pe3yJbTaTyi JOCTiIXKeHHS IIOMiHECLIEHTHUX BJIaCTUBOCTEN HAHOKPUC-
tayiB CdS, jeroBanux ioHamu Mn?*. 3pa3ku OTpUMaHi B KeJIaTUHOBIM MaTpULI, CepeaHiil pO3Mip HAHO-
KpucTalliB ckianas 4-5 HM. Ha nigcraBi mpoBeaeHUX 1OCTiIXKeHb 3alIpONoHOBaHa MOXJIMBA CXeMa ONTUYHUX
nepexofiB B HaHokpucTanax CdS:Mn?*, 3rigHo 3 KO0 MexaHi3MOM 30y KeHHs i0HiB Mn?" € pe3oHaHCHa
nepenaya eHeprii Mix nopepxHesumu pisHamu CdS i 30yakenum pisaeM ‘T B MapraHii.

Kouoi cioBa: JIxomiHecleHIIisI, HAHOKPUCTAJIM CYIb(iny KaaMmilo, JOMIIIIKOBE JIeTyBaHHS
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INFLUENCE OF THE IMPURITY OF MANGANESE ON LUMINESCENCE
CADMIUM SULFIDE NANOCRYSTALS

V.A.Smyntyna, V.M.Skobeeva, N.V.Malushin, D.A. Struc

Abstract. The results of researches of luminescent properties of Mn?*-dopped CdS nanocrystals are presented
in the article. Samples were prepared in a gelatinous matrix, the middle size of nanocrystals - 4-5 M. On the
basis of the researches the possible scheme of optical transitions in CdS:Mn?* nanocrystals is offered, excitation
mechanisms of Mn?* ions is a resonance transmission of energy between the surface levels of CdS and excited

level “T | in a manganese.

Keywords: Luminescence, cadmium sulfide nanocrystals, impurity doping

Bcerynienue

JltomuHOMOPBI HA OCHOBE MOJYIPOBOJHUKOBBIX
HAHOKPUCTALJIOB SIBJISIIOTCSI IEPCIEKTUBHBIMU LTSI
HWCITOJTb30BAaHUS UX B KauecTBe (hJIyopeCIeHTHBIX
MapKepoB TSI OMOXUMIIECKOTO 1 OMOMETUIIMHCKO-
ro mpuMeHeHwMs. [1o cpaBHEHMIO ¢ TPaTUIIMOHHBIMHI
OPTaHMYECKUMU JTIOMUHO(POPaAaMU HAHOKPUCTAJLTBI
UMeIoT 00J1ee BICOKUIM KOA(P(PULIMEHT MOTrJIOLIEHUS,
0OJIBIIIYIO SPKOCTh U3JIyYeHUsI 1 BBICOKYIO (hOTOCTa-
OMUJIBHOCTB. B 2TOM cMBICIIE IerMpoBaHKe HAHOKPUC-
TaJUIOB SIBJSIETCS] OMHUM U3 CITIOCOO0B KOHTPOJIMPYe-
Moro hOpMUPOBAHUS CIIEKTPa CBEYEHUST B HY>KHOM
CIIEKTpaJIbHOM Mara3oHe.

B mocnenHee BpeMs aKTMBHO MCCIEOYIOTCS
TTOJTYTIPOBOTHUKOBBIC HAHOYACTUIIBI JISTUPOBAHHEIE
aToMaMM¥ TIepeXOAHBIX MeTautoB. OMHON UX Ha-
nboJiee N3yYeHHBIX IpUMeceil KaK B 0ObeMHBIX, TaK
Y B HAHOKPHUCTAJIaX COeAMHEHUI A B sBisieTca
mapranell [1-4]. K omimuuTebHbIM CBOMCTBaM JtO-
MUWHECIEHIINH, 00YCITOBICHHO 3TOI MPUMECHIO,
SIBJISIETCSI BhICOKAsT 9(P(PEKTUBHOCTD, Y30CTh MOJIOCHI
WU3JTy4eHMsI, HE3aBUCUMOCTD TTOJIOXKEHUS MaKCUMyMa
OT MaTepuaja MoJylpoBOIHUKA.

Bbu10 0O0HApPYKEHO, YTO JIETUPOBAHUE MapTraHIIeM
MPUBOIUT K MOSIBJIEHUIO B CIIEKTPE JIIOMUHECLICHLIMU
HaHokpuctaioB CdS, ZnS, ZnSe noysockl cBsI3aH-
HOI ¢ BHYTPUIIEHTPOBOM JIIOMHHECIIEHIIEN Map-
raHiia, MaKCMMyM KOTOpPOIi HaOJromancs B 00JacTu
A e = 385 HM, YTO COBIALAET MAPTaHLEBOM MOJIOCO
cBeueHus B 00beMHBIX KprcTauiax A’B° [3,5].

YCTaHOBJIEHO, YTO OTBETCTBEHHBIM 332 MEXaHU3M
M3JTydaTeIbHOM PeKOMOWHAIINU SIBIISIETCST TIEPEXOJ
Mexy ypoBHaAMM MapraHua ‘T, —°A [1,6,7]. B o
XK€ BpeMsl MHTEHCUBHOCTDb CBEUCHUSI 3aBHCEa OT
TEXHOJIOTMYECKUX METOAOB MOJYyIEHMST HAHOUYACTUIL
U cIIoco00B 00paboTKU MoBepXxHOCTH [8,9]. buLio
3aMeyeHO, YTO B MOJYIIPOBOJHUKOBLIX HAHOKPHCTAI-
Jlax CBeYeH1e MapraHlEeBbIX LIEHTPOB SIBJIsIeTCs OoJiee
3 dekTuBHBIM, YeM B 00beMHbIX [10]. B pabote

3TUX aBTOPOB HaHouacTulibl CdS, serupoBaHHbIE
MapraHiieM, ObUIY TOJyYeHbl U3 BOJAHBIX PAaCTBOPOB
COOTBETCTBYIOIINX KOMIIOHEHTOB M C HCITIOJIh30Ba-
HHEM MepKaIlToalleTaTa B KaueCTBe IMOKPHIBAIOIIETO
peareHTta. OTMeUYEHO, YTO JIETMPOBaHKE MOHAMU Mn>*
MMPUBOAUT K U3MEHEHUIO KaHAJI0B peKOMOWHAIINH,
a UMEHHO, HaJIMYMe IMMOBEPXHOCTHBIX COCTOSHUM
CITOCOOCTBYET JIIOMUHECLIEHIIUU, CBSI3aHHON ¢ Map-
raHlEeM.

Takum 00pa3oM, aHaIU3 JTUTEPATYPHBIX TaHHbBIX
MOKAa3bIBAET, YTO aKTyaJIbHBIMU OCTAIOTCSI BOIPOCHI
Kak 00 yciaoBUsIX Ae(eKTooOpa3oBaHUs B Mpoliecce
KOJUTOMAHO-XMMMUECKOIO CUHTE3a HAHOKPHCTAJIOB,
TaK ¥ 0 MEXaHU3Me BO30YXK/IeHWSI MapTraHIIEBbIX 1IeH-
TpOB cBeueHUs. He 10 KoHIIa BBISICHEHHOM ocTaeTcs
1 POJIb TTIOBEPXHOCTH B M3JTydaTeJIbHOM IIpoIriecce,
CBSI3aHHOM C TIPUMECHIO MapraHiia.

EctecTBeHHO Mpeanoa0XUTh, YTO Mpolecc
JIETUPOBAHMSI HAUMHAETCS C aAcopOLUU MIpUMe-
CHM Ha MOBEPXHOCTU HaHoyacTull. B aTom ciyuae
aICOpPOLIMOHHBIE MPOLIECCHl MOTYT 3aBUCETh OT
rnmapaMeTpoB CMHTe3a HAaHOYACTUIL U, B YACTHOCTH,
OT BJIMSIHUSI CPeJbl, B KOTOPOM IUCTIEPTUPOBAHBI
HaHOKPUCTAJLIbI.

B nacrosiee BpeMs epcIeKTUBHBIMU HAITPaB-
JICHUSIMU Pa3BUTUS TeXHOJIOrMU noyydeHuss HY
SIBJISIIOTCST TEXHOJIOTUM, B KOTOPBIX MCITOJIB3YIOTCS
HETOKCHMYHBbIE MaTepualibl. B nanHHo# paboTe ajs
nonyyeHuss HY CdS B kauecTBe cTaOUIU3UPYIO-
el cpelbl UCIONb3YeTCs XeJJaTMHA — XOPOIIOo
M3BECTHBI HETOKCUYHBIN MPUPOIHBINA TTOJUMEDP.
IIpencraBasier MHTepeC U3yYyeHUE ONTUUYECKUX U
JroMuHecleHTHBIX cBoiicTB HK CdS nerupoBaHHbIX
Mn?*, BeIpallleHHBIX B K€JaTUHOBOW MaTPUIIE, YTO
U SIBUJIOCH 11€JIbIO JaHHOU paboThI.

DKcnepuMeHT U 00CyxKIeHHne
Hanoxkpucrannbsl cyabduma KagMus ObLIU
MOJIYYeHbl KOJUIOUTHO-XUMHUYECKUM METOJIOM U3
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BOIHBIX pacTBopoB coseit Cd(NO,),, Na,S (0,5
M) u MnCl, (10 Bec.%) B 5% BOAHOM pacTBOpe
xenmatuHbl. [TogpoOHOe omrcaHe CMHTe3a HaHO-
KPHUCTAJUIOB CyIb(HIa KaIMUS B KeJTaTHHE OTTICaHO
B MpeabIAYIIMX HaluX padoTtax [11, 12].

Ha pucynke 1 nmpencraBieH CIeKTp ONTUYEC-
KOro TorioeHus. BunHo, 4to IJIMHHOBOJIHOBBII
Kpail ToJIOChl TOTJIOIIEHUs] JeTMPOBAHHBIX 00-
pasuoB (KpuBas 2) He cMelleH OTHOCUTEJIbHO He
nerupoBaHHbix HK (kpuBas 1). DTo cBUACTEILCTBYET
0 TOM, UTO MOHBI TpUMecu Mn He BAUSIIOT Ha IIUPUHY
3alpellleHHOM 30HbI HAHOKPpUCTAIOB. PasMep Ha-
HOKPUCTAJIJIOB OIPEeIelsiicsa M0 SHEePTUU TIePBOTO
OTITIYECKOTO TIepexoaa Ha OCHOBAHUM TEOPUH MEX-
30HHOTO nomoleHus [13] u coctaBui 4-5 HM.

Crektp @®JI HK comepXuT MUPOKYIO ITOIOCY
chv =185~ 1,88 5B (puc.2, kpusas 1). Ilpu
BBEICHUH TIPUMECH MOJIOCa TIOMUHECIICHITNN CMeC-
TUJIACh B CTOPOHY OOJIBIIIMX HEPTHUIT C MAKCUMYMOM,
Jokanmu3oBaHHbM y hv = 2,1 B. O4eBUIHO, 4TO
HabonaeMas moMuHecueHus: CdS:Mn?*" coctout
U3 HECKOJIBKMX T10JI0C. @8 UMEHHO: COOCTBEHHO JTI0-
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Puc. 1. HopmupoBaHHBIe CIEKTPHI MOIIOLLIEHHS
HaHokpuctaioB CdS go nerupoBanus (1), mocie
JIeTUpOBaHMSI MapraHiem (2).
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muHecteHunu CdS, 1 IroMuHeCHeHIIMY MOHOB Mn?*,
KOTOpasl 10 JIUTePaTypHBIM JaHHBIM JIOKaJIM30BaHa
B o6mactu 2,1 3B (4 =585 Hm).

AHanmm3 ciroxHo moockl DJI ocymecTBIsIICS ¢
ITOMOIIIBIO Pa3IOXKEeHUS TTOJIOCHI Ha 3JIeMEeHTapHEIE.
B HateM cityyae annmpoKcuMupoBaiu HabJIo1aeMyto
oJiocy TpeMsl roJjiocamu layccoBckoii (hopMbl (puc.2,
KpuBas 2, 3, 4). Cnenyet 3aMeTUTh, YTO IIMpOKAas
rnojoca JIOMUHECLEHIIMU HederupoBaHHbXx HK
CdS saBasieTcsl TakKxKe CIIOXHOM U COCTOUT U3 IBYX
nojoc ceedenus A, = 520 um u A, = 685 um (hv__
= 2,38 u 1,81, COOTBETCTBEHHO) U COOTHOIIIEHNE
WHTEHCUBHOCTEH 3TUX TOJIOC, KaK TTOKa3aHO HaMM
paHee [14] 3aBUCUT OT COOTHOILIEHUSI KOHIIEHTpa-
nuit Cd u S. B nanHoii pabore koHneHTpauun Cd
1 S 5KBUBAJICHTHHI, TTO3TOMY TIOJIOCHI HE pa3pela-
1oTcst. JlaHHbBIE O TIOJIOXEHUU Makcumyma hy - u
noJiyimpuHbl AH MapraHiieBoii ojochl U3aydeHus
ObUIM B3SITHI U3 IUTEPATYPHI [6], a uMenHo, hy  =2,1
3B, AH=2,33B. B coOTBeTCTBIY C BBIIIIeCKAa3aHHBIM,
BO3MOXXHbBIE U3TyJaTeIbHbIE MIEPEX0Ibl COOTBETCTBY-
JOIlIMEe YKa3aHHBIM M0JocaM IMoKa3aHbl HA pUCYHKeE 3.
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Puc. 2. Criextp poTOIIOMUHECIIEHIINM HAHOKPHC-
tajnoB CdS:Mn?+ .
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DKCcnepuMeHTaIbHO MOJYYeHO, YTO HabogaeMast
®JI He 3aBUCUT OT TeMIIepaTyphl U JUIMHBI BO30YX-
JAIOIIETo CBeTa. DTO MOXKHO OOBSICHUTD TEM, UTO 13-
MEHEHMEe TeMIIepaTyphl He BIUSIET Ha SHEPTUIO U3ITY-
YeHUS IIPY BHYTPUIICHTPOBBIX TIEPeX0Iax, a SHEPT U
aKTUBAIIMK HAOTI0TAaeMBIX TIOJIOC OMMHAKOBA.

Bo3MOXXHBIN MeXaHU3M BO30YKIASHUST U JIIOMU-
HEeCUEHILUN IIpeACcTaBieH Cleaylolleil cxeMoil (pu-
cyHok 3). I[Tepexon 1 cooTBETCTBYET BO30YKIACHUIO
JIJIMHOM BOJIHBI U3 00JaCTU COOCTBEHHOTO MOTIJIO-
meHust CdS. CBoOOIHbIE HOCUTEN 3aXBaThIBAIOTCS
KaK Ha TTOBepXHOCTHBIC YPOBHU CyIb(praa KaaMus,
nepexoabl 2 U 4, Tak U Ha BO30YXIEHHBIN ypo-
BEeHb MOHA MapraHia, nepexoj 7. [lepexomamu 3
1 6 moKasaHa M3jydaTesibHasi peKOMOMHALIMS Ha
NoBepXHOCTHBIX YpoBHsIX CdS, a mepexon 8 co-
OTBETCTBYET BHYTPHMIIEHTPOBOMY TEPEXOIy MEXKIY
ypoBHsimu ‘T, —°A B none Mn?*. B cBsi3u ¢ Tem, 4TO
KOHIIEHTpAIINS TTOBEPXHOCTHBIX YPOBHE# OOJIBIIIE
M0 CPaBHEHUIO C YPOBHSIMMU MapraHiia, TO 3axXBaT
Ha YPOBHM MOBEPXHOCTHBIX COCTOSTHUI MPEeBaIu-
pyeT. Tak KaK 3HEprusi HEKOTOPbIX MOBEPXHOCTHBIX
YpOBHEI 6J1M3Ka K SHEPTUU BO30YKIEHHOTO YPOBHS
Maprasiia, TO BO3MOXEH MeXaHU3M Pe30HaHCHOM
rnepenadyu saHeprum (mepexon S).

YcTaHOBIEHO, YTO MapraHIEBBIE IEHTPHI,
OTBETCTBCHHBIE 3a MOJOCY JIOMUHECIHEeHIIUN
A, =385 HM, BO30YXIalOTCs 3a CYET PE3OHAHC-
HOTO MeXaHM3Ma Tiepeaadynd SHepTUM OT IIEHTPOB,
JIOKAJIM30BAaHHBIX Ha TTOBEPXHOCTU HEJIETMPOBAHHBIX
HaHokpucTauioB CdS. DTOT BbIBOA MOATBEPXKAAETCS
cileayomuMu pakTamu: 1) TemiieparypHasl 3aBU-
CUMOCTh MUHTEHCUBHOCTH (POTOJIOMUHECILIEHIIUU
nonocel A = 580 1 650 HM MMEIOT OAMHAKOBYIO
SHEPrYIo aKTUBALMU; 2) pa3Mep CUMHTE3MPOBAHHBIX
HAHOKPHMCTAJ/UIOB paBeH 4-5 HM, UTO o0OecreyunBaeT
BBIITOJTHEHUE HEOOXOAMMOTO YCJIOBUS AJis1 pe30-
HAaHCHOTO B3aWMOIEHCTBUS IIEHTPOB, a UMEHHO,
MaJIoTO PaCCTOSTHUSI MEXKIY HUMU, 3) C YBeTMYECHUEM
MHTEHCUBHOCTH MapraHLeBoO mojaocel 4 = 580
HM MHTEHCHUBHOCTb MOJIOCHI A = 650 HM yMeHb-
IIaeTcsl, U4TO SIBJIIETCS MOKA3aTeIbCTBOM y4acTHs B
PEKOMOMHAIIMOHHBIX ITPOIIEeCCaX JOHOPHBIX IIEHTPOB
OIMHAKOBOI MPUPOIbI, @ UMEHHO, TTOBEPXHOCTHBIX
COCTOSTHUI.

BoiBoabl

ITokazaHo, 4TO MeTOJl KOJJIOUAHONW XUMUM TO-
3BOJISIET OCYIIECTBJSITh JISTUPOBAaHUE HAHOKPUCTAI -
JioB CdS B XxenaTvHe HEMOCPEACTBEHHO B Ipoliecce
pocrta. JlerupoBaHnue Mn IpUBOIUT K IOSIBJIEHUIO
B CIIEKTpE JIOMUHECIUEHIIMU BHYTPULIEHTPOBOM
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Puc. 3. Cxema ONTUYECKUX MEPEXOAOB B HAHO-
kpucramurax CdS:Mn?".

nosiockl Mn, xapakrepHoii a1 nepexona ‘T, — 6A1.
CriexTp sIBJsIeTCSI HEdJIEeMEHTapHbBIM, COIEPKUT TPU
MOJIOCHI CBEUCHUSI: HApsIAy C MapraHiieBOM MOJIOCOM
(2,1 3B), npucyTCTBYIOT 2 TOJIOCHI COOCTBEHHOTO
ceeueHus CdS ¢ sneprueit 1,81 u 2,38 9B - (685 n
520 HM COOTBETCTBEHHO), MHTEHCUBHOCTb KOTOPBIX
YMEHbIIIAETCS IIPU YBEJIUYEHUU KOHLIEHTPALUU 1O~
HOB Mn?*,

IToBepXHOCTHBIE COCTOSIHUS IPMHUMAIOT y4acTre
B MexaHunsme Bo30yxaeHus ®JI HK CdS:Mn?*, a
MMEHHO, HEpPaBHOBECHBIC HOCUTEJIM 3aXBaThIBAIOTCS
M3 30HbI IPOBOAUMMOCTH Ha MOBEPXHOCTHHIE CO-
CTOSIHUMS C TOCJIeAYIOLIEe pe30HAHCHOM Tepeaadeit
SHEPIrUM Ha BO30YKIEHHBIN ypoBeHb Mn?",
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