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B cTaTbe npeacTaB/ieHbl pe3yibTaTbl UCC/1Ie[0BaHUS
Kkpuctannos Li,_,Mg,,,(M0oO,);, NermpoBaHHbIX
MoHaMu eBponus, Meau U TUTaHa. OTU KpUCTanbl
NpUMeHSIOT A1 perncTpauum gBoMHOro
6e3HeNTpUHHOrO B-pacnapa B 3KCNepuMeHTax,
CBSI3aHHbIX C peleHneM npobaemMbl onpepeneHns
Maccbl HeMTpUHO. MpepcTaBsieHbl pe3y/ibTaTbl
pacyeTta BpeMeHMU XU3HU GOTONIOMUHECLLeHLUN Ha
OCHOBE perucTpupyemMbix crekTpos. [MMoka3aHo, 4To
nerunposaHue Kpuctannos Li,_,,Mg,,,(MoO,); noHamu
esponus, Mmeau u TUTaHa NpUBOAUT K YBESINYEHUIO
MHTEHCUBHOCTU JIIOMUNHECL,EHLIMU C MaKCUMYMOM

Ha AJIMHEe BOJIHbI 0KOJ10 520 HM. [ng KpucTaniaos
Li,_,,Mg,,,(M00O,);:Eu peructpmpoBasncs cnekTp
dpoTontoMUHecCLLeHL MK, 06YC/IOBJIEHHbIN NepexoaamMu
eBponus, U COOTBETCTBYIOLLMNE BpEMEHA XU3HU 6bln
paccuuTaHbl Kak 0,57 n 3,4 mc. Ha ocHoBe aHanusa
Yr/I0BbIX 3aBMCUMOCTEN cnekTpoB DIMP Kpucranios
Li,_,,Mg,,,(M00,);:Cu 6b1J1I0 yCTAHOBJIEHO, YTO

MOHbI MeAU BXOAAT B CTPYKTYPY B cocTosHUM Cu?*

M 3aHUMaAIOT MOJI0XKEeHUe MarHus c o6pasosaHMem
KUCNOpOAHOM BakaHCUU, 4To6bl o6ecnevynTb
KOMMeHcauuto 3apsaa. PaccymtaHbl napamMmeTpbl
crnekTpos I1P noHos Meaun.

a3BUTHE COBpeMEeHHOMN GU3HUKHU TBEPAOro Tena,

37IeKTPOHUKH, AaTOMHON OH3HUKHM M MHOTHX

OPYTHUX OTpacied HayKH M TeXHUKH HEeMBIC-
numMo 6e3 LIMPOKOro IIPUMeHEHHsS MOHOKPHCTAJ-
JTHUYeCKUX MaTepHaoB. B HacTosImee BpeMsl pas-
paboTaHBl CIIOCOOBI IOy4eHMS Pa3HOOOpa3HBIX
MOHOKPHUCTAJIJIOB C IIapaMeTpPaMH, YIOBJIETBOPSIO-
IMMH HayYHBIM 1 TeXHUYeCKUM TpeboBaHUSIM. TeM
He MeHee, HayKa M TeXHHKA HeIPepbIBHO TPeby0T
CO3[aHHUSI HOBBIX MOHOKPHCTA/UIMYeCKUX MaTepHa-
JIOB C elle 6oJiee BBICOKUMH XapaKTePUCTUKAMU KU
HOBBIMH COYETAaHUSIMHU QU3UYECKUX U TEXHUUECKHUX
IapaMeTpoB. M3ydeHHBble K HACTOSIIIEMY BPeMeHHU
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The paper presents the results of study of crystals
Li,_,,Mg,,,(M00,);, doped with europium, copper
and titanium ions. The photoluminescence
spectra are recorded and the photoluminescence
lifetimes are calculated. It is shown that

the doping of Li,_,,Mg,,,(M00,), crystals with
europium, copper, and titanium ions leads to

an increase in the luminescence intensity with

a maximum at a wavelength near 520nm. For
Li,_»,Mg,,,(M00O,),: Eu crystals, a photoluminescence
spectrum due to europium transitions was recorded
and the corresponding lifetimes were calculated

to be 0.57 and 3.4ms. Based on the analysis of

the angular dependences of the EPR spectra

of Li,_,,Mg,,,(M00,),:Cu crystals, it was established
that copper ions enter the structure in the Cu?* state
and occupy the position of magnesium with the
formation of an oxygen vacancy to provide charge
compensation. The parameters of the EPR spectra of
copper ions are calculated.

he development of modern solid-state physics,

electronics, atomic physics, and many

other branches of science and technology is
unthinkable without the widespread use of single-
crystal materials. Currently, methods have been
developed for producing a variety of single crystals
with parameters that meet the scientific and technical
requirements. Nevertheless, science and technology
continuously require the creation of new single-crystal
materials with even higher characteristics or new
combinations of physical and technical parameters.
The crystals studied to date, used as lasers and
scintillators, have several disadvantages. Therefore,
the search for new laser and scintillation materials
that meet modern requirements is relevant. The
relevance of studies of the features of the transition
metal ions into the structure of oxide crystals is also
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KPHUCTaJI/IBl, IPHMeHsieMble B KadecTBe JIa3epoB
U CUMHTH/IATOPOB, UMEIOT PsJi HeJOCTaTKOB. I103-
TOMY IO-IIPeKHeMy 3KCIIePHUMeHTATOPhl HY>KIAKTCS
B HOBBIX JIa3ePHBIX WU CLUHTH/ISLIHUOHHBIX MaTe-
pHaax, OTBEYAIOIINX COBPEMEHHBIM TPebOBAHUSIM.
AKTYaJIbHOCTb HCCIeIOBAaHHUSI 0CODEHHOCTEIH BXOXK-
JeHHs HOHOB IIepexOJHBIX MeTAJJIOB B CTPYKTYpy
OKCHJIHBIX KPHCTAJIJIOB Takke CBS3aHa C pa3pabor-
KOM ONTHYeCKHX aKTUBHBIX Cpell, OCHOBAHHBIX Ha
HOBBIX TUIIaX OKCUJHBIX KPHUCTAJIIOB, IETHPOBAHHBIX
HOHAMU IIepPeX0IHbIX MeTAJIJIOB. B IocjiefHee BpeMst
aKTHUBHO H3y4aeTCsl BO3MOXHOCTb HKCIIONIb30BaHHUS
KPHUCTa/I0B BOAbOPaMaToB M MONIKOIATOB B Kaue-
CTBe CUMHTH/UISILIMOHHBIX MaTepHasloB 61aromaps Ux
XHMHYeCKOH, TepPMHUYeCKON U PafHUallMOHHON CTOM-
KOCTH M XOPOILIeHM TeXHOJOTHYHOCTH. Ocoboe mecTo
CpelU IIepCHeKTHBHBIX CLUHTH/UISLMOHHBIX Mare-
PHAJIOB 5TH KPUCTAJIIBL 3aHUMAIOT 61arogapsi Tomy,
YTO 3TH COeJHHEHMs I[03BOJISIIOT PelIUTh 3afady
PerucTpalMu ABOMHOro 6esHeHTpUHHOrO b-pacmaga
(0n2b) [1]. 3HAUUTETBHBIN HHTEPEC K 3TOH Ipobieme
CBSI3aH C OIpeleseHHeM MacChl HeUTpHHO, a °°Mo
SIBJISIETCSI OMHUM U3 Haubosee MePCIeKTUBHBIX Sep
IJ1sL 9KCIIePUMEHTOB II0 2b-pacrazsy M3-3a ero BBICO-
KOM SHepruu rnepexona Q,,=3035 k3B [2].

B mocnemHee  Bpemsl  [eTaibHO  HCCIIe-
OyIOTCS  KPUCTalAbl  JBOMHOro  Monubmarta
Li,,.Zn,, ,(MoO,); [3-7]. ABTopam paborel [3] yma-
7och BBIpACTUTh MeTomoM TSSG (top-seeded solution
growth) kpucrannsl Li,,,Zn,, (MoO,); TOIBKO CAHTHU-
MeTPOBOIO pa3Mepa, 4TO B [IepPBYIO ouepelb CBSI3aHO
c mox6opoM yCJIOBUM BhIpaliMBaHUs. B paborax [4-7]
MeTooM Y0XpasIbCKOTO B YCIOBHUSIX HHU3KHX I'PaJH-
eHTOB TeMIlepaTyp (AT/Ax < 1 rpasa/cm) BhIpallleHbl
KpynHble (1o 100 MM) ONTHYeCKH OJHOPOAHBIE KPH-
cTaansl Li,,.Zn,, (MoO,);, KaK HeJOIHPOBaHHBIE,
TaK W JOIHMPOBAaHHble MOHAMH I1epeXOAHBIX MeTasl-
710B. MetomoM JIIP ompezeseHbl 3apsa0Bble COCTOS
HHS U CTPYKTYPHEIE IIOJIOKEHH S IIPUMeCHBIX HOHOB,
M pacCUMTaHBl IIapaMeTpPhl CIHH-TAMUJIBPTOHHAHA.
Kpome TOro, mOKa3aHO, YTO HH3KOTEMIIEpaTypHas
JIOMHHECHEeHIUS C MaKCHMYMOM BOMIM3KU 560 HM
obycyioB/leHa KaTHOHHBIMHM BaKaHCHSIMH, KOTOpBIe
obecrieurBaIOT 3aps/IOBYI0 KOMIIEHCAIIUIO MPHUMeC-
HBIX HOHOB I1IepPeXOJHbIX MeTaJlJIOB.

[IpenCcTaBlsS0OT HHTepeC MCCAeOBAHHUS POCTa
U CBOMCTB JPYyTHX COeJHHEHHM, H30CTPYKTYPHBIX
Li, ,,Zn,(Mo0O,);. K 3ToMy psay oTHocuTcs Li,
2xMg,.(M00O,);: CHHTOHU S -~ poMbHyecKast, IPOCTPaH-
CTBeHHasIrpynna-Pnma;061acTb3MeHeHHU 1 COCTaBa
Li, ,,Mg,,«(M00O,); coctaBnsier 0<x<0,30. KaTHOHBI
JTATHS W MarHHS CTaTUCTHUYEeCKH PaCIIOIOKeHBI
B IIOJIOKeHHU X M1, M2 1 M3 KpHUCTa/UIMYeCKOH CTPYK-
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currently associated with the development of optical
active media based on new types of oxide crystals
doped with transition ions. Recently, the possibility
of using tungstate and molybdate crystals as
scintillation materials due to their chemical, thermal
and radiation resistance and good processability
has been actively studied. These crystals occupy a
special place among promising scintillation materials
due to the fact that these compounds allow solving
the problem of double neutrinoless B-decay (0v2p)
detection [1]. Considerable interest in this problem is
associated with the determination of the neutrino
mass, and!®®Mo is one of the most promising nuclei
for experiments on 2B-decay due to its high transition
energy Qg = 3035 keV [2].

Recently, double molybdate crystalsLi, ,,Zn,, (M0O,);
have been studied in detail [3-7]. The authors of [3]
succeeded in growing the Li,, Zn,, (MoO,); crystals
by the TSSG method (top-seeded solution growth)
only centimeter in size, which is primarily associated
with the selection of growing conditions. In [4-7],
the Czochralski method under conditions of low
temperature gradients (AT/Ax < 1 deg/cm) grown
large (up to 100 mm) optically homogeneous Li,
»xZn,,,(M00,); crystals, both undoped and doped
with ions of the transition metals. The charge states
and structural positions of the impurity ions are
determined by the EPR method, and the parameters of
the spin Hamiltonian are calculated. Furthermore, it
was proved that low-temperature luminescence with
a maximum near 560 nm is due to cationic vacancies,
which provide charge compensation for impurity ions
of transition metals.

It is of interest to investigate the growth and
properties of other compounds, isostructural Li,
221, (M0O,);. This series includes Li, ,,Mg,, (M0O,);:
syngony - rhombic, space group - Pnma; Li, , Mg,,,
(MoO,); composition change area is 0<x<0.30. Lithium
and magnesium ions are statistically located at
positions M1, M2, and M3 of the crystal structure
(Fig. 1) [8,9]. Melting point is 1030 °C (incongruent)
(10]. The authors of [15] determined the charge
state and the structural position of impurity
copper ions. It was found that for a pure Li, , Mg,
(MoO,); crystal, luminescence is observed with a
maximum at a wavelength of 520 nm, the intensity
of which increases with decreasing temperature. It
was established that doping of Li, , Mg,,, (M0O,);
crystals with copper ions leads to an increase in the
luminescence intensity by 520 nm. It is assumed that
cation vacancies are responsible for the luminescence,
which provide charge compensation. Also, Li, ,,Mg,,,
(MoO,);: Eu crystals were studied from the point of
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Typsl (puc. 1) [8,9]. Temmneparypa mnaBaeHus 1030 °C
(MHKOHTPY3HTHOe) [10]. ABTOpaMHu B pabote [11] ompe-
Tle/IeHO 3apsiiloBOe COCTOSIHHEe M CTPYKTYpHOe II0JIO0-
SKeHHe MPHMeCHBIX HOHOB Mequ. Ob6HapyskKeHO, YTO
nns becripuMecHOro Kpucraana Li,, Mg, (MoO,);
Hab/ofaeTcsl JIIOMUHeCLEHLIIHS ¢ MaKCHMYMOM Ha
IMHe BOMHBI 520 HM, UHTEHCHBHOCTb KOTOPOI pac-
TeT C IIOHM)KeHHEeM TeMIlepaTyphbl. YCTaHOBJIEHO,
YTO [ONMPOBAHHE KPUCTALIOB Li,, Mg,, (M0oO,),
HOHAMHU MeJH{ IIPHUBOAUT K YBeJIMYEHUI0 HHTEeHCHB-
HOCTH JIIOMHUHeCLeHIIMH Ha 520 HM. IIpearionaraercs,
YTO 3a JIIOMHHECIIeHLIUIO OTBeTCTBEHHBI KaTHOHHBIE
BaKaHCUM, obecIledMBalOIlHe 3apsIOBYI0 KOMIIEH-
canuio. Takxke KpucTtamnsl Li,, Mg, (MoO,);:Eu
M3ydeHbl C TOUKH 3peHHUSsI IPUMeHeHHs B KadecTBe
CLUMHTHIIALMOHHOrO 6omoMeTpa. CBETOBOK BBIXO[,
CUHMHTHJUIATOPA OLIEHHUBAeTCs KaK ~ 1,3 k3B /MaB.
CUMHTHIISLIUOHHBIE 6onomerp Li, , Mg,(MoO,);
[I0Ka3aJl OTIMYHYI0 JUCKPUMHHALMIO YacTUL. ITH
6omoMeTpHUyeckre H3MepeHMs IoKasaau, 4To Li,
»xMg,(M0O,); SIBNSETCS MOTeHIIMAJbHO MepCIeKTHB-
HBIM MaTepHaJIOM MAJISl PerucTpanuy 6e3HeNTpPHH-
HOro ABOMHOro 6era pacrmazga, a TakxKe AJIsI IIOUCKA
OPYTHUX peIKUX COOBITHI [12].

B nanHOM paboTe, HU3KOIPaJUEHTHBIM MeTOLOM
YoXpabCKOTO BbIpallleHbl JONKMPOBAaHHBIE MOHAMH
eBpOIHs, TUTaHA M Me[U ONTHYeCKH OFHOPOJHBIE
KpucTamnsl Li,, Mg, (MoO,); (puc. 2 u 3). IIpose-
IOeHbl HCC/IeJOBAHUS JIOMHUHECLeHTHBIX CBOMCTB
HeJOIIMPOBAHHBIX KPHUCTAJIJIOB, BBIPAIleHHBIX
paHee 13] ¥ JONMPOBAHHBIX HOHAMU €BPOIIHSI, MeAH
Y TUTaHa.

SKCNMEPUMEHTAJNIbHAA YACTb

KpucTasaapl ABOMHOIO JTUTUHA-MarHHEBOTO MOIHG-
nara Li, , Mg, (MoO,);, HeIONHNPOBAaHHOIO K [OIH-
poBaHHOro moHamMu Eu3t, Cu?, Ti*, BelpamuBaIu
MeTooM Y0XpasbCKOr0 B YCAOBHSIX HHU3KHUX I'PagH-
eHTOB TeMmiepaTyp (AT/Ax<1 rpanm/cm) Ha 3aTpas-
Kax pasmMepamMu 4x4x20MM, OpHEHTHPOBAHHEIE
no HampabieHHI0 [010]. CKOpOCTb BBITSTHBAaHUS
cocTaBisia IPUOIU3UTENBHO 2 MM/CYTKH, CKO-
pocTb BpameHUs 30-40 06/MHH. B KauecTBe IIKMXTHI
HCIIONb30Baach MeXaHHYecKass CMeChb PpeakTH-
BoB Li,CO; (ocu), MgO (ocu), MoO; (oc4) B Konude-
CTBaxX, HeOOXOMMMBIX [/Is IIOJIy4eHHUs PacTBOpa-pac-
IIaBa C MOJIBHBIM COOTHOIIeHHEeM KOMIIOHEHTOB
Li, , Mg,,,(M0O,);:Li,M0oO, paBHBIM 1:2 (m1s ciy4as
¢ moHaMu Eu3* 2:3), cooTBeTCTBeHHO. JIJis BBIpaIU-
BaHus KpucTanna Li,, Mg,, (MoO,);, DONHUpPOBaH-
Horo woHamu Eu’t, B muxty mobasnsnu Eu,0; (ocu)
B KonuvecTBe 10 ar.%, a OONKMPOBAHHOIO HOHAMH
Cu?, Ti** - B konuvecTBe 1 at.%. [Ipoliecc BhIpAIIHBa-
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Puc. 1. Cmpyxmypa coedurerus Li,_,,Mg,,,(M0O,,),, 8ud
800Ab ocu a, M1, M2, M3 = no3uuuu UOHO8 AUMUST U MA2HUS$I

8 cmpykmype

Fig. 1. Crystal structure of Li,_,,Mg,,,(M0O,);, view along a
axis, M1, M2, and M3 - lithium and magnesium ions positions
located at of the crystal structure

view of use as a scintillation bolometer. The light
output of the scintillator is estimated as ~ 1.3 keV /
Me V. Li, ,,Mg,(MoO,); scintillation bolometer showed
excellent particle discrimination. These bolometric
measurements showed that Li,,,Mg,(MoO,); is
a potentially promising material for recording
neutrinoless double B-decay, as well as for searching
for other rare events [12].

In this work, the low-gradient Czochralski method
has been used to grow optically homogeneous Li,
Mg, (MoO,); crystals doped with europium,
titanium and copper ions (Fig. 3, 4). Researches
luminescent properties of undoped crystals grown
previously [13] and europium-doped ions, copper and
titanium are carried out.

Puc. 2. Kpucmana Li,_, Mg,,,(M0O,);
Fig. 2. Li,_,,Mg,,,(M0O,); crystal
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HUS OCYILIECTBJISUIM M3 IUIATHHOBOIO TUIJIA AHaMe-
TpoMm 70 MM U BBICOTOM 120 MM Ha YCTaHOBKe C BeCO-
BBIM KOHTPOJIeM IIpoliecca (1abopaTopHasi yCTaHOBKA
HX-620H). ITo ORKOHYaHHU U KPUCTAJIJIN3ALUH CKOPOCTh
OXJIKJEeHHUSI KPUCTAJZIA A0 KOMHATHOM TeMIIepa-
Typhl cocTaBisaa 30-50 °C B wac. [y uCC/IefoBaHUS
MeTomaMHU GOTONIOMHHeCLieHIUU U JIIP CIIeKTpo-
CKOITMH OBUIM IIOATOTOBJIEHBI Kybmyeckue oO6pasiibl,
BBIPe3aHHBIe B BHIEe KYOMKOB pa3smMepoM 3x3x3 MM
C IIPUBS3KOMU K KpUCTaorpaduuecKuM OCSIM, OTIIO-
JIMPOBAHHBIE CO BCEX CTOPOH.

CrieKTpsl GOTONIOMHUHECLIEHIIUU U BO3Oy>KIeHHU s
JIIOMHUHeCLIeHIIUHY, a TaK’Ke BpeMeHa >KHU3HH GOTOIII0-
MUHeCIeHITN Y OBI/IN CHSITHI Ha CIIeKTPodIyoprMeTpe
Fluorolog-3 (Horiba Jobin Yvon) c oxiaskmaeMbsIM MOny-
neM peructpauuu ¢oroHos PC177CE-010, ocHaIeH-
HbIM ®JY R2658. IIpubop ocHaIleH CUCTEMOM H3Me-
peHuMs BpeMeHHU SKU3HH (yopecleHIIMHU Ha OCHOBe
TeXHOJIOTUH BPeMSKOPPeIHPOBAHHOIO CYeTa e[H-
HUYHBIX poToHOB (TCSPC) myisa H3MepeHHsI KHHeTHKU
3aTyXaHUs SMHUCCHUHU. [IJ11 U3MepeHU s BpeMeH JKHU3HU
B HAHOCEKYH/JHOM [IHMaIla30He IIPUOOP YKOMIIJIEKTO-
BaH HabopoM TBEepIOTEIbHBIX J1a3€POB PA3IHUYHBIX
IJIMH BOJMH. MccinemoBaHue CIieKTpoB JIIP IIpoBogu-
nock Ha DIIP criektpomeTp E-109 dupmbl Varian B X-
4 Q- Juama3soHaxX 4YacTOT B MHTepBaJie TeMIIepaTyp
77-300K.

PE3YJIbTATbl UCCIEJOBAHUA

N X OBCYXXAEHUE

BecnpumecHbie Kpuctanibl
I-i2—2x|\/|gz+x(Mc’o4)3

B HacTosmel paboTe IPOBOAMIIOCH HCCIeJOBAHHE
CIIEKTPOB QOTOMIOMUHECLIEHIIMH HeTOIIHPOBAHHBIX
Kpuctayios Li, , Mg, (MoO,); IpU KOMHAaTHOH TeM-
nepaType mpu Bo3bykaeHHHU A, = 280 HM. CIeKTp
bOTONIOMUHECLIEHIIUY IIPeCTaBIIsieT cO60H OLHHOY-
HYI LIHPOKYIO JIMHHUIO C MaKCHMMYMOM Ha J[JIKHE
BOJMHBI BOMM3K 520 HM. KpHBBHIe 3aTyXaHHS TIOMH-
HeCLIeHIIUY OIMCBIBAIOTCS JBYXIKCIIOHEHIIMATbHBIM
CIIaZIOM CO BpeMeHaMH >KU3HHU 60 1 220 MKC COOTBeT-
CTBeHHO (CM. Tabi.).

LiZ—ZXMgz+X(MOO4)3: Eu3+

Kak 6p10 oTMeueHO B pabore [14] pns
UOEeHTUYHBIX 1o CTPYKType KPHUCTAJI/IOB
Li, ,,Zn,, (M0O,)s, yBeJlH4YeHHe  KOHIleHTpa-

LUHM IIPUMECHBIX MOHOB IIPUBOOUT K YBelHue-
HHUI0O HHTEHCHBHOCTH JIIOMHHeCLEeHLHH C Mak-
CMMyMOM Ha 560 HM. [IoMHpOBaHHE KPUCTAJIOB
Li, ,,Mg,,,(M0O,); HOHAMU eBPOIIK S TAK>Ke IIPUBOAT
K YBeJIMYeHHI0O MHTEHCHUBHOCTH UIMPOKOM II0TOCHI
JIOMHHeCLeHIUH C MaKCUMYMOM Ha 520 HM (puc. 4).

=

Puc. 3. Kpucmana Li,_, Mg, (M0O,);: Cu?*
Fig. 3. Li,_,,Mg,,,(M00O,,);: Cu?* crystal

EXPERIMENTAL PART

Double lithium-magnesium molybdate
Li, ,,Mg,, (M0oO,), crystals undoped and doped with
Eu3*, Cu?, Ti* ions were grown by Czochralski method
in the conditions of low temperature gradients (AT/Ax
< 1 deg/cm) on seed with dimensions of 4x4x20mm,
oriented in the direction [010]. The drawing speed
was approximately 2 mm/day, the rotation speed was
30-40 rpm. As a charge, a mechanical mixture of
Li,CO; (optical purity standard), MgO (optical purity
standard), MoO; (optical purity standard) reagents
was used in quantities necessary to obtain a solution-
melt with a molar ratio of Li, ,,Mg,,, (M0O,);: Li,M0O,
equal to 1:2 (for cases with Eu?* ions 2:3), respectively.
For growing a Li,, Mg,,, (M0oO,); crystal doped with
Eu3* ions, Eu,0; (optical purity standard) was added
to the charge in an amount of 10 at%, and doped
with Cu? and Ti* ions in an amount of 1 at.%. The
growing process was carried out from a platinum
crucible with a diameter of 70 mm and a height of 120
mm on an installation with process weight control
(Iaboratory unit HX-620H). At the end of crystallization,
the cooling rate of the crystal to room temperature
was 30-50 °C per hour. For the study by the methods
of photoluminescence and EPR spectroscopy, cubic
samples cut into cubes 3x3x3 mm in size with reference
to the crystallographic axes, polished from all sides,
were prepared.

The photoluminescence and luminescence excitation
spectra, as well as the photoluminescence lifetime,
were recorded on a Fluorolog-3 spectrofluorometer
(Horiba Jobin Yvon) with a cooled PC177CE-010 photon
registration module equipped with a R2658 PMT. The
instrument is equipped with a fluorescence lifetime
measurement system based on the technology of
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BBeleHMe HOHOB eBpPOIMS B CTPYKTYpPy KpHCTaJlla
Li, ,,Mg,,, (M0oO,); IPUBOAUT K YBeJIHYEHHIO0 UHC/IA
KaTHOHHBIX BaKaHCHUH AL obecriedeHUs 3apsifoBOK
KoMIleHcauuu. [Ipeamonaraercs, 4To Habnogaemas
JTIOMHHeCIeHIIMS C MaKCHMyMoM Ha 520 HM o06y-
C/I0BJIeHa KaTHMOHHBIMHM BaKaHCHUSIMU, KOJIHYECTBO
KOTOPBHIX BO3pacTaeT IIPH OOIMPOBAHHUK KpHCTaJllIa
MOHAMHM eBPOIHs, YTO B CBOIO Ouyepeib IIPHUBOLUT
K POCTY HHTeHCHBHOCTHU JTIOMUHECLIeHIIUH.

[Tony4yeHHBle  KHHeTHYeCKHe  XapaKTepu-
CTUKH JIIOMUHECLIEHLIIUH HOHOB Eu’* B Kpucrtamie
IIPU UMITYJIbCHOM BO30OY>KIE€HUHU Ha [JIKMHe BOJIHBI
400 HM B cocTosiHHe °D; (ITpu 3TOM HOHBL Eu* 65ICTPO
be3pI3TyuaTeNbHO peNaKCHUPYIOT B bonee HU3KOIe-
>Kalllee COCTOsIHHWe °Dy) KM PerucTpHUpyeTcs OCHOB-
HOM IIHK JIIOMUHECLeHIIHMH Ha JJUHe BOJHBI 610-
620 HM, ompefensSOUMH XapaKTepHOe KpacHoOe
cBedeHMe 06pa3suoB. CrekTp GpOTONIOMUHECIeHIIUH
COCTOMT K3 YeThIpeX OCHOBHBIX IIMKOB Ha 593, 616, 652
U 702 HM, KOTOPBIE COOTBETCTBYIOT C/IEAYIOIIUM IIepe-
xomam °Dy~'F, (n=1,2,3,4) Eu(ll) °D,~F, Ha 580 HM,
°D,~F, Ha 595 HM, °D,~F, Ha 618 HM, °D,~'F; Ha 656 HM
u °D,~’F, Ha 706 HM (puc. 5). Tak ke Kak U I Hel0-
IIMPOBAHHBIX KPHUCTAJIZIOB U KPUCTAJIJIOB, LOIIKUPO-
BAaHHBIX HOHAMH MeJ{ U TUTAHA, ITPU BO3Oy>KIeHUHU
Aoy =400 HM B cIIeKTpe HabIroJaeTcst MIMPOKas I10J10Ca
C MaKCHMYMOM Ha JJIMHe BOJHBI BOIK3K 520 HM.

KpuBasg 3aTyxaHHs JIOMHHeCUEHLHH HMeeT
JIBYX3KCIIOHeHIJUAJIPHBIM XapaKTep C BpeMeHaMH
sku3sHU Eust 0,57 u 3,4 mc (cM. Tabin.). [lonydeHHOe
BpeMsi KU3HHU 0,57 Mc 67113K0 K 3Ha4eHUSM T(°D,) m1st
HOHOB Eu’* B MOHOK/JIHMHHBIX KPHUCTQ/IaX. MOXKHO
IIPeJII0JIOKUTH, UTO MOHEI €BPOIIH S 3aMeIlal0T MOHBI
MarHusl B JIByX M3 TPeX BO3MOXXHBIX CTPYKTYPHBIX
IIOJIO’KEH U SIX.

1 COCTOSIHUY, KOTOPBIMU 00yC/IOB/IeHA LIHUPO-
Kas II0JIoca C MaKCHMYyMOM Ha 520 HM, cmaj JTIOMH-
HeCLeHLIMK TaKXKe IIpeACTaBiseT CO6OM ABYX3KIIO-
HeHIIMAJIFHYIO 3aBUCHMOCTh OT BpeMeHH >KU3HHU 64
U 152 MKc (cM. Tabs1.). DTO TOBOPUT O TOM, UYTO B KPH-
CTa/IaX, OONMPOBAHHBIX MOHAMM eBPOIIMS, Cylle-
CTBYeT [Ba THUIIA LIEHTPOB — KaK B HeJOIIHMPOBAHHBIX
c bomee KopoTKMMH (MKC) Bpe-
MeHaMHU >KHU3HU U [JIUTeJIbHbIe
(Mc), XxapaKTepHBbIe [J15 [IepeXofoB
eBPOIIHS.

BpemeHa >u13Hu
Lifetimes

Li;5xMg,,,(M0O,);
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Puc. 4. Cnekmpbl pomontomuHecyeHuuu Kpucmanaos
Li5_5,Mg,,,(M00O,); npu 6036ysdeHuu A,,=280 Hm, T=300K,
1-Ti*, 2 - Cu?*, 3 - EU3*, 4 - becnpumecHbili

Fig. 4. Photoluminescence spectrum of Li,_, Mg, (M0O,);
crystal with excitation A,,=280 nm, T=300K, 1~ Ti**, 2 - Cu?,
3-Eu*, 4-pure

time-correlated single photon counting (TCSPC) for
measuring the emission decay kinetics. To measure
the lifetimes in the nanosecond range, the device
is equipped with a set of solid-state lasers of various
wavelengths. The study of EPR spectra was carried out
on a Varian EPR spectrometer E-109 (Varian) in the X
and Q frequency ranges in the temperature range of
77-300 K.

RESEARCH RESULTS AND THEIR DISCUSSION
Pure Li,_,,Mg,,, (M0oO,); crystals

In this work, we studied the photoluminescence
spectra of undoped crystals Li, ,,Mg,,, (M0oO,); at room
temperature 300K with excitation A,, = 280nm. The
photoluminescence spectrum is a single broad line
with a maximum at a wavelength of about 520 nm.
The luminescence decay curves are described by a
two-exponential decay with lifetimes of 60 and 220 ps,
respectively (Table).

Aoy =280 HM; A, =520 HM Aox=390 HM; A, = 620 HM

Li2—2ngz+x(M 0(.)4)3:Cu2+ Pure 220 MKC (ps) 60 MKC (ps) - -

fs KpHCTa/IoB le‘zngz+X(Moo42)3’ Eu 152 mKc (ns) | 64mKc(ps) | 3,4mc(ms) 0,57 mc(ms)
JOIIMPOBAHHBIX HOHaMu Cu-,

CIIeKTP doTONIOMUHECLEH Cu 187 MKC (Us) 33 MKC (us) = -
LUK [IPpU KOMHATHOM TeMIlepa- Ti 196 mic (us) 32 ke (u9) i i
Type 300K mpu BO36yXKAeHUHU
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Puc. 5. Cnekmp ¢pomonromuHecueHuUU Kpucmanaa
Liy5Mg5.,,(M0O,);: Eu** npu 8036y>kdeHuu A, = 400 HM npu
memnepamype 300K

Fig. 5. Photoluminescence spectrum of Li,_,,Mg,,,(M00O ,);:
Eu3* crystal with excitation A,, = 400 nm at temperature 300K

Aex=280HM IpeAcTaBIseT cO60M OAHUHOYHYIO LIHUPO-
KYIO IMHHIO C MAKCUMyMOM BOn1r3u 520 HM. KprBble
3aTyXaHUs JTIOMUHECUEHIIMH OIKMCBIBAKTCA OBYX-
SKCIIOHEHIIMATbHBIM CIIAIOM C BpeMeHaMH >KH3HU
B MHMKPOCEKYHIHOM [HaIla30He M PaBHBI COOTBET-
CTBEHHO 33 1 187 MKc (cM. Tabi1.).

Crmextp 2IIP B X nuara3soHe 4acTOT IIPU KOMHAT-
HOHN TeMIlepaType HCCIelyeMOro KpHUCTajla, LOIH-
POBAaHHOIO MOHAMH MeJH, IpefcTaBsieT cobom nBa
KBapTeTa JIMHHUH C aHHU3O0TPOIHBIM g-PaKTOPOM.
JaHHBIN crekTp obyciosieH CTC OT ABYX H30TO-
noB Menu %Cu u %Cu ¢ [=3/2 U ecTeCcTBeHHOH pac-
IIpoCTpaHeHHOCTrIO0 69,17 u 30,83%. M3 uccinenmosa-
HUS YIVIOBOH 3aBUCUMOCTH BUJHO, YTO B CTPYKType
MMeeTCd [Ba MarHUTHO -HEe3KBHUBAJIEHTHBIX I10JIOXKe-
HHS. MoJennupoBaHHe YIJIOBOM 3aBHUCHMOCTH CIIeK-
Tpos [15], I103BOIMJIO PACcCUMTATh IIapaMeTPBhl CIIHH -
ramuabTOHHMaHa: g,=2.398, g,=2.061, A;=102 It,
A, =6 Ic (puc. 6). IlapameTpsl crekTpa SIIP monHO-
CThIO COOTBETCTBYIOT IIOJIYyUeHHBIM [Jil HUIeHTHUY-
HOT'0 KPUCTaJI/Ia MCCIe/JOBAaHHOTO paHee B paboTe [11].
HoHbl MeAy 3aMelIaloT MOHBI MarHWS B CTPYKTYyp-
HOM I10JIO>KEHMHM ~ M3, [/ KOTOPBIX IIaBHBIE 3HaYe-
HUA g-dpakTopa g, u TeH3opa CTC A, eskat B IJIOCKO-
CTH a M COCTaBJIAOT yroi 30° ¢ 0ChIo C.

i T4+
LIZ_Zngz+X(MOO4)3.TI .
B cmexrtpax JIIP KkpucrtamnoB Li,, Mg,, (MoO,)s,
BBIPAIIEHHBIX C TUTAHOM, HET CIIeKTPOB OT THUTAHA.
9TO 03HAYyaeT, YTO THUTAH AUAMArHUTEH U BXOLUT

i g

Li,—5,Mg,,, (M0O,);:Eu

As noted in [14], an increase in the concentration
of impurity ions leads to an increase in the
luminescence intensity with a maximum of 560 nm
for the structurally identical Li, ,,Zn,,, (M0O,); crystals.
Doping of Li, ,,Mg,,,(M0O,); crystals with europium
ions also leads to an increase in the intensity of the
broad luminescence band with a maximum of 520 nm
(Fig. 4). The introduction of europium ions into the
structure of the Li, , Mg,,,(M0oO,); crystal leads to an
increase in the number of cationic vacancies to provide
charge compensation. It is assumed that the observed
luminescence with a maximum at 520 nm is due to
cationic vacancies, the number of which increases when
the crystal is doped with europium ions, which in turn
leads to an increase in the luminescence intensity.

The obtained kinetic characteristics of the
luminescence of Eu’*ions in the crystal under pulsed
excitation at a wavelength of 400 nm into the®D,
state (Where the Eu*ions quickly relax non-radiatively
to a lower-lying state’D,) and a main luminescence
peak is registered at a wavelength of 610-620 nm,
which determines the characteristic red glow of the
samples. The photoluminescence spectrum consists
of four main peaks at 593, 616, 652 and 702 nm, which
correspond to the following transitions’D,~F, (n =
1, 2, 3, 4) of Eu (III) °D,~F, at 580nm,’D,~F, at 595
nm,°D,~'F, at 618nm,°D,~F; at 656 nm and>D,~F, at
706 nm (Fig. 5). As well as for undoped crystals and
crystals doped with copper and titanium ions, at
excitation Aex = 400nm, a wide band with a maximum
in the spectrum at the wavelength near 520 nm is
observed.

The luminescence decay curve has a two-
exponential character with lifetimes of Eu’* of0.57
and 3.4 ms (Table). The resulting lifetime of 0.57 ms
is close to ©(°D,) values for Eu’* ions in monoclinic
crystals. It can be assumed that europium ions replace
magnesium ions in two of the three possible structural
positions.

For conditions that cause a wide band with a
maximum of 520 nm, the luminescence decay
also represents a two-eponential dependence with
lifetimes of 64 and 152 s (Table). This suggests that in
crystals doped with europium ions there are two types
of centers, as in undoped with shorter (us) lifetimes
and longer ones (ms) characteristic for the transition
in europium.

i . 2+
Li, 5,My,, (M0O,);:Cu . .
For Li,, Mg,,.(M0O,); crystals doped with Cu? ions,
the photoluminescence spectrum at room temperature
at excitation A,, = 280nm represents a single broad line
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B CTPYKTYpy KpHcTaaia Li,, Mg, (MoO,); B cocTo-
aHuu Ti*. BBUAY OTCYTCTBHUS CIIeKTpoB JIIP o4deHb
CJIO’KHO FOBOPUTH O CTPYKTYPHOM II0JIOKEHU U HOHOB
TUTaHa. IIpoBemeHHBIe MCCAeNOBAHHSA JIIOMUHEC-
LIeHTHBIX CBOMCTB KpHCTa/LIOB Li, , Mg, (M0O,);,
AKTUBUPOBAHHBIX MOHAMM THTaHAa, II0Ka3bIBAIOT
MHTEHCUBHYIO JIOMHUHECLEHIUIO C A, =520 HM. JTO
JlaeT OCHOBAHMeE IIPeIIOI0KHUTh, YTO, KaK U B C/ly4yae
OPYyTHUX IIPUMECHBIX HOHOB, MOHBI THTaHA IIPEHMY-
IeCTBEHHO BXOAST B IIOJIOKeHHe MarHus c obpaso-
BaHHEM [ONOJIHHUTEeIbHBIX KaTHOHHBIX BaKaHCHMH.
KpuBble 3aTyXaHHUs JIOMHHECLEHUIHUH HMEIOT IBYX-
5KCIIOHEHILIMAJIbHBII XapaKTep, KaK U B C/1ydasx bec-
IIPHMECHOTO0, AOIKMPOBAHHOTO MEIbI0 W eBPOIIHeM
KPHUCTasIoB (pHUC. 7). BpeMeHa >KHU3HHU COCTABISIOT 32
1 196 MKc (cM. Tabr.).

BbiBO/ bl

HuskorpaiueHTHBIM MeTOLoM Y0XpasbCKOIO BbIpa-
IleHbl KPyIHBble, OecrprMecHBle U [OIHPOBAH-
Hble HOHAMHU MefH, TUTaHa W eBPOIMS KPHUCTAJLIBI
Li, ,,Mg,,,(M0O,);. HccaenoBaHUS  IIO3BOIHUIH
olpefesUTh 3apsfoBOe COCTOSHHe U CTPYKTIYp-
HOe II0JIOKeHHe IIPHMeCHBIX HOHOB MeJU K Ipel-
[I0JIOKUTb CTPYTypHOe II0JIOKeHHe HOHOB THTaHa
u epponusi. O6HapyskkeHo, uTO A/ Oecrnpumec-
HOro Kpucramaa Li,,Mg,, (MoO,); Habmomaercs
JTIOMHHeCLeHLIUSI ¢ MAKCUMYMOM Ha JJIMHEe BOJIHBI
520 HM. YCTaHOBJIEHO, YTO LOIMHPOBAHHE KPHUCTAJ-
noB Li, , Mg, (M0O,); pa3TuUHBIMH HOHAMH IIPHBO-
OUT K yBeJIH4YeHHUI0 MHTeHCHUBHOCTH JIOMHHeCIeH-
LMK C MaKCHMyMoM Ha 520 HM. IIpeamonaraercs,
YTO 33 JIOMHHECLeHIIMI0 OTBeTCTBeHHBI KaTHOH-
Hble BaKaHCHHM, obeclledMBaIOIIHe 3apsLOBYI0 KOM-
MeHCalldIo. B ciydyae MONHMPOBAaHUSI KPUCTAJIOB
Li, ,,Mg,,.(M0oO,); HMOHaAaMH eBpOIHS B CIIeKTpax
JTIOMUHeCIleHI MK HabofaoTcs CIeKTpsl, 06ycioB-
JeHHBble IlepeXofaMH eBPOIMs, a KHHeTHKa CIaja
HMeeT JIBYX3KCIIOHEeHIIMaJ/IbHBIK XapaKTep C BpeMme-
HaMu >xu3Hu 0,57 u 3,4 Mmc.
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Fig. 6. The angular dependences of the EPR spectra of

Liy 5,Mg,,,M0O,);: Cu?* while sample rotating around

the crystallographic axis +c (dots denote the experimental
dependence, solid lines show the simulation results)

with a maximum near 520nm. The luminescence decay
curves are described by a two-exponential decay with
lifetimes in the microsecond range and are 33 and 187
is, respectively (Table).

The EPR spectrum in the X frequency range at room
temperature of the investigated crystal doped with
copper ions is two quartet lines with an anisotropic
g-factor. This spectrum is due to HFS from two isotopes
of copper,®*Cu and®Cu with I = 3/2 and a natural
prevalence of 69.17 and 30.83%. From the study of the
angular dependence, it is clear that the structure
has two magnetically nonequivalent positions.
Simulation of the angular dependence of the spectra
(15] allowed us to calculate the parameters of the
spin Hamiltonian: g = 2.398, g,=2.061, A|=102Hs, A=
6Hs (Fig.6). The parameters of the EPR spectrum are
fully consistent with those obtained for an identical
crystal studied previously in [11]. Copper ions replace
magnesium ions in the structural position - M3, for
which the main values of the g-factor g and HFS
tensor Aj lie in the a plane and form an angle of 30°
with the c axis.

Li, 5,Mg,,, (M0O,);:Ti*
In the EPR spectra of Li, ,,Mg,,,(M0O,); crystals grown
with titanium, there are no spectra from titanium.
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