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Penko3zemenbHble MOIMOAEHCOAEPXKALLME OKCUABI HOMUHaIbHOTO cocTaBa Li,Nds;_ ,M0;0,..s (x = 0,
0.05, 0.15, 0.25) co cTpyKTypoOii, MpOU3BOAHOI OT (hbI0OpUTA, ObLIN BIIEPBbIE MOJYUYEHBI B BUIE MOHO-
KPUCTAJIJIOB U3 PAaCTBOPA B pacIliaBe U TBEPAO(MA3HBIM CUHTE30M Ha BO3IYXE B BU/E MOJIMKPUCTAJUINYE-
CKUX 00pa3LoB. HoBble (a3bl 0XapakTepr3oBaHbl METONAMM PEHTIEHO(A30BOTO aHATHN3a, CHHXPOHHOTO
TEpMHUYECKOTO aHATHM3a U UMITEJAaHCHOI CIIEKTPOCKOMHUH. PEHTTeHOCTPYKTYPHBII aHaIM3 OKa3al, 4TO
aTOMBI JINTHUSI JIOKAJIU3YIOTCSI BOJIM3U MO3ULMI1 aTOMOB PeKO3eMeIbHOIO KaTHOHA. XuMudeckast hopmy-
Jia ¥ccyeioBaHHOro MoHokpucrtaua Lij 5, Nd, 7,M0,0,, .5 Hebonbl10€ conep:kxanue TUTHS HE OKa3alo
CYLLECTBEHHOTO BIMSIHUS HA CIOCOOHOCTD UCCIeayeMbIX (Da3 K AMCCOLUATUBHOMY MOMIOLIEHUIO BOIBL,
HO MPUBEJIO K CHIKEHMIO OO0LLIei MPOBOAMMOCTH TUTUPOBAaHHBIX KepaMuK Li Nd;_ . M0;0 ..
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BBEAEHHUE

Kucnopon-noHHble MPOBOAHUKU UMEIOT OOJIbIIIOE
3HaYEHMeE IJIs IPUMEHEHMS B pa3IMYHbIX YCTPONCTBAX,
TaKMUX KakK, HallpuMep, BHICOKOTeMIIepaTypHbIe TO-
TUIMBHBIE DJIEMEHTHI U IaTYMKU KUCIopoaa. Penkose-
MeJIbHBIE MoJmbaeHconepxkatue okenabl LnsMo;0 ¢ s
(Ln = La—Gd, 6 = 0-0.5) [1-3] ¢ xybuyeckoit ¢oo-
PUTOINOAOOHOI CTPYKTYpOil (1p. rp. Pn3n) SIBISIOTCS
MepCreKTUBHBIMU MaTepragaMu il JEKTPOIOB CUM -
METPUYHBIX TBEPAOOKCUIHBIX TOTUIMBHBIX 2JIEMEHTOB
[4]. KatnoHbl MonubaeHa B 3TUX (ha3ax MEHSIIOT CTe-
MeHb OKUCJICHUsI TIPU U3BMEHEHUU TTapLUMaIbHOTO AaB-
JICHUSI KMCJIOpOoJia, KpUCTaNInUecKasi CTpyKTypa coe-
JUHEHUI coxpaHsieTcsl. DJIeKTPOHHbIE Ne(eKThl C 13-
MEHEHUEM CTETIEHU OKMCIEHUSI MOJIMOIEHA CO3AI0TCS
B COOTBETCTBUM C KBa3UXMMUYECKOM peakIUen, 3arm-
caHHoI1 B obo3HaueHussx Kperepa—Bunka [5]:

05 =V5 +2e + %Oz(g),

rae Of — aToM KUCJIOpO/a B PETY/ISPHON TO3ULIUY,
V5 — BakaHCHs KMCIOpo/a, g 0003HavaeT razodas-
HYIO YacTULy, e’ — 3JeKTPOHHBII nedekT. Takum 00-
pa3oM, BbIXOJ KMCJI0pO/a B Ta30oBylo a3y U3 perysp-
HOTO y3J1a PEUIETKU COMPOBOXIAETCS 0Opa3zoBaHUEM
BaKaHCUM KUCJIOPOaA U COOTBETCTBYIOIIETO KOJIUYe-
CTBA BJIEKTPOHOB. DTU 3JIEKTPOHBI JIOKATU3YIOTCS Ha
MoJiubaeHe, oA BO3AECUCTBUEM BHEIIHETO IOJIsI OHU
MOTYT IeJI0KaTM30BaThCsl U 00ECEeUNThb JIEKTPOHHYIO
MIPOBOANMOCTh. KBasmxumMudaeckasi peakiiiss MOXeT
OBITH 3aICcaHa TaKKe B CJIEAYIOIIEM BUIE:

2Moy, + OF <> 2Mojy, + %Oz + Vs,

rae OF — aToM KMCJIOpoIa B PEryJIsSpHOii MO3UIINH,
V5 — BakaHcus KUCJIopona, Moﬁ,[0 — aToM MoJu0-
neHa Mo®" B perynsapHoii mosuuu, Moy, — atom
MosbaeHa Mo’ B peryssipHoii TIO3ULINN.

Bcrnenctere nepeMeHHOI BaJIeHTHOCTU MOJTMOAEHA
colepXkaHue KUcaopoaa B coequHeHusAX LnsMo;0 4,
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usMeHsiercsd B npenenax 6 = 0—0.5. BeiuuuHa d xapak-
Tepu3yeT N30BITOK AHMOHOB KMCIOPONia BHE OCHOBHBIX
MTO3ULIMIT, OTBEYAOIINIf 32 aHMOHHYIO TTPOBOIMMOCTD.
ITpu yacTUYHOM BOCCTaHOBJIEHUN KAaTUOHOB MOJIMO-
neHa (Mo®" — Mo’") nosiBisieTcst 31€KTPOHHBII BKJIAJ
B CMEIIaHHYIO KUCIIOPOTHO-3JIEKTPOHHYIO TTPOBOIM -
MocTb a3 LnsMo;0¢, s, nocturawormyio 1072 Cm/cm
npu 700°C [2, 3, 6—8]. B [3] npu ucciienoBaHum coe-
auHeHust NdsMo,0,4, s OTMEYEHO, YTO JIEKTPOHHBI
BKJIaJ B IPOBOAMMOCTDb YMEHbIIIAETCS TIPY YBEITNYC-
Huu Temreparypbl, npu 700°C poist 31eKTPpOHHOMK
nposoauMocTu 6auska K 10%. B psne pabor [3, 6] or-
MeuyeHa TepMOMeXaHUYeCKasi COBMECTUMOCTD COCIIH -
HeHuit PrsMo;0 ¢, s 1 NdsMo;0,4, 5 cO cTaHIapTHBIMU
TBEPABIMU JIEKTPOJIUTAMMU.

CewmelicTBo penko3eMenbHBIX ha3 LnsMo;04, 4
0J13KO 1o CTPYKType K coennHeHnto CdTm,Mo,0 ¢
[9], mpousBomHOMYy oT (paoopura. KaTuoHbl Mo-
JINOIeHAa B CTPYKTYpe NMPEUMYILIECTBEHHO HaXOISITCS
B TeTpasapax, a KATMOHBI JIJAHTAHOUIA 3aHUMAIOT JIBe
CUMMETPUYHO-HE3aBUCUMBIe No3uuuu Ln 3" u Ln23*
B BOCBbMUBEPIIMHHUKAX — MCKaXXeHHBIX KybOax. Te-
Tpasapsl MoO, HE UMEIOT OOIIMX NOHOB KUCIIOPOAa
U U30JMPOBAHBI Ipyr oT Apyra. B padorax [10—12],
MPOBEACHHBIX HAa OECIIPUMECHBIX U JOIMUPOBAHHBIX
MoHokpuctamax LnsMo;0 ¢.5 (Ln = Nd, Pr), 6110
MOKAa3aHO, UTO CTPYKTypa 3TUX COCAUHEHUI UMeeT
psa ocobeHHocTeil. K HUM OTHOCUTCS BO3MOXHOCTD
B3anMMO3aMellleHUs] KaTUOHOB Mo U Lx, 4TO IPUBOIUT
K pacIIeIICHUTO TTO3UIINI KaTHOHOB PEIKO3eMETbHBIX
MeTaJuIoB, MoJinbaeHa u Kuciopoga. Kpome Toro,
B CTPYKType coennHeHui LnsMo,0 ¢, s 00HapyKeHbI
OoJTBIIIME OKTAdAPUICCKIE TTOJOCTU (MHTEPCTUIINN).
B [12] axcniepuMeHTa bHO MTOKa3aHO, YTO B 3TUX MEX-
Y3eJbHBIX TTOJOCTSIX CTPYKTYPHI JIOKATU30BaH CBEPX-
CTEXHOMETPUYECKUI KUCTOPOI, CoAepKaHUe KOTOPO-
ro cocrtaBiisieT 8. PacueT sHeprum akTUBaIlM MOHOB
Kucjiopoza [13] yka3eIiBaeT Ha BHICOKYIO BEPOSITHOCTD
HX TTIePECKOKOB MEXIY MO3UIIUSIMHU B TTOJIOCTSIX CTPYK-
TYPBI M paclIeIJIeHHbIMU 0a30BBIMU MO3ULIUSIMU, YTO
CO3/1aeT SHEPTeTUYECKU BBITOAHBIC MYTH IJISI MUTpa-
LIMU MOHOB Kucjiopoaa. KoinyecTBo MexXy3eIbHOTO
CBEPXCTEXMOMETPUUECKOI0 KMCIOpOAa U HAIU4ue Ba-
KaHCUi1 B 06a30BOI aHMOHHOM MOAPEIIEeTKE BIUSIOT Ha
MEXaHW3M aHUOHHOM COCTABJISAIOLIEN MPOBOAUMOCTU
(moopurtononooHsIx coeauHeHU LnsM0;0 ¢, s — TIpn
YMEHBIICHUN BEIUYUHBI 8 CMEIIAHHBIN MHTEPCTULI -
OHHO-BAaKaHCUOHHBIM MEXaHNU3M CTAHOBUTCS BaKaH-
cuoHHBIM. B [12, 14, 15] ObL1O OTMEYEHO, UTO MpPU
JOIMMPOBAHUM PEAKO3eMEJIbHOIO MOJIMOIATa COCTaBa
Nd;Mo0;04, s TeTEPOBAJIEHTHBIMUA TPUMECAMU, TIPU-
BOMSIIIIUMU K YMEHBIICHUIO KOJMYECTBA MEXY3elb-
HOTr0 KMCJIOPOJa U BO3HUKHOBEHUIO KUCIOPOIHBIX
BaKaHCHII B CTPYKType, KUCITOPOIHAs TIPOBOAUMOCTD
COENMHEHNI YMEHbIIaeTcs Ha 1—2 TopsiiKa 1o cpaB-
HEHHUIO ¢ 6ecripuMecHbIM coenHeHHeM NdsMo,0 4, 5.

Takum o06pa3zoM, KHUCIOPOIHYIO COCTaBJSIO-
myo nposoaumoctu a3 Lrn;Mo;0,.,; MOXHO

OPJIOBA u np.

peTyIUpOBaTh 100 U3MEHEHMEM TTapLMaIbHOTO 1aB-
JICHUST KUCIIOpOJA BO BHEIIHEN cpene, 1100 ¢ MOMO-
IIbIO TETEPOBAJIEHTHOTO JOIMUPOBAHUST PEIKO3EMETb-
HBIX KATUOHOB L1 My MOIUOOeHa.

K vHTEpecHbIM pe3yjbraTaM MPUBEIO OJHOBpE-
MEHHOE KaTMOHHOE W aHMOHHOE JonupoBaHue ha3
LnsMo050 4,5 [16]. B cepun uccnenosanuii [17—19]
ObLJIO MOKAa3aHO, YTO YacTUYHasl 3aMeHa peako3e-
MeJIbHOTO 3JIeMeHTa Ha JIUTUI, a KUCIopoJa Ha GTop
NPUBOAUT K BOBHUKHOBEHUIO B TAKUX COEAMHEHMUSIX
oOparumoro ($a3zoBoro rnepexoja, CONpoOBOXKIAIOLIE-
rocst ckaukom nposoaumoctu. Coo0b11ajoch 0 TUrpo-
CKOMUYECKUX U MTPOTOHIPOBOISIINX CBOMCTBAX (hTO-
pupoBaHHbIX ¢a3 LiLn,Mo0,0F (Ln = La, Pr, Nd),
npupona KOTOPbIX, MPEANOJOXUTEIbHO, CBs3aHa
€ OCBOOOXIEHUEM MOJIOCTEN CTPYKTYPhI OT KUCI0POa
1 3arojiHeHueM ux Boaoii. B [18] 6bl10 oTMeueHo, 4To
oecnipumecHble Gasbl SmsMo;0 4,5, TOJTOCTU KOTOPBIX
3ace/IeHbl CBEPXCTEXMOMETPUUECKUM KUCIOPOIOM, HE
MPOSIBJISIIOT CIIOCOOHOCTHU K AUCCOLIMATUBHOMY TMOIJIO-
LIEHUIO BOIbI.

B Hacrtosiiieit paboTe NpoaokKeHo uccieaoBaHue
BJIUSIHUSI TETEPOBAJICHTHBIX 3aMELIEHUIT HA TPOBOJIS -
mue cBoiicTBa coennHeHuit LnsMo;0, 4, 5. s sToit
LIeJIV BIIEPBbIE MOJYUYECHbI JIUTUPOBAHHbBIEC (ha3bl HO-
MuHaibHoro cocrasa Li,Nd;_Mo,0,4,; B BUIe kepa-
MMK 1 MOHOKpUCTALIIOB. OXKaT0Ch, YTO BBeAECHUE
OIIHOBAJIECHTHOTO JIMTHS OKaXeT BJIMSIHUE Ha MPOBO-
JUMOCTb U MIPUBEAET K BOSHUKHOBEHUIO TUTPOCKO-
NMUYECKUX CBOMCTB TaKUX MaTepuanoB. ClloCOOHOCTh
MaTepuagoB K IUCCOLMATUBHOMY TMOIJIOIIEHUIO BOIbI
U3 ra30Boi (pa3bl SIBASIETCS HEOOXOAMMBIM YCIOBUEM
BO3HMKHOBEHHUS B HUX IMPOTOHHOTO nepeHoca. Oco-
OBl MHTEpEeC NPEACTaBIISIO UCCIeN0BaHNE aTOMHOMI
CTPYKTYpPBI HOBBIX COENMHEHUI, KOTOpasl BIIEPBHIC
M3y4eHa ¢ TIOMOIIBI0 PEHTIeHOCTPYKTYPHOTO aHAIN3a
(PCA) nipu temmiepatypax 293 u 85 K.

OKCINEPUMEHTAJIbHAA YACTb

[Monukpucranaueckue oopasupl Li, Nd;  Mo;0 .5
(x =10, 0.05, 0.15, 0.25) ObLIM TTOJIyYEHBI HA BO3AYXE
TBepAo(a3HbIM CUHTE30M C MCITOJIb30BAaHUEM OKCH-
JIOB HeoauMa, MoJIMOAeHa U KapOoHaTa JUTUST YUCTO-
ThI 99.99%. Okcua HeomuMa MpeaBapUTETbHO 00XKM-
ranu nipu temneparype 1000°C B TeyeHue CyTOK JJIsT
yaajaeHus BOAbl U yriekuciaoro raza. C moMmolIbio
TMIPaBIMYECKOTO IIpecca ¢ Harpy3koii 1o 100 xr/cm?
¢dopmupoBanu TabJIeTKU HY>KHOI'O COCTaBa, KOTOPbIE
3aTeM obOxuranu npu Temneparypax 800 u 1150°C
B T€UEHHUE CYTOK C ITPOMEXKYTOUHBIM pacTUpaHUEM
1 TIOBTOPHBIM IIpeccoBaHueM. CKOPOCTh Harpesa
n oxaaxnaeHus coctapisuia 300 rpan/4. beuta olieHeHa
IUIOTHOCTb CUHTE3UPOBAHHBIX MTOJTUKPUCTAIINYECKUX
00pa3loB METOAOM TMAPOCTATUUECKOrO B3BEIINBA-
HUSI B TOJIyOJIe, KOTOpasl COCTaBMUIa B cpeagHeM 95%
OT TEOPETUUECKOI (PEHTIeHOBCKOI) MJIOTHOCTH JJIST
BCEX KepaMUK.
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CTPYKTYPA U ITPOBOANMOCTDL JOITNMPOBAHHBIX TUTUEM

JlutTupoBaHHBIE MOHOKPHMCTAJUTBI HOMUHAJIBHOTO
cocraBa LiNd;s ;M0;04,; ObUIH TTOTy4eHBI METOTOM
CITOHTAHHOM KPUCTAIIM3AlIMU U3 pacTBOpa B pacIuia-
Be B cucreMe Nd,0,—MoO; ¢ nobaBieHneM oKkcuaa
nutust. C TOMOIIBIO BBICOKOTEMITEpaTypHOM MUKPO-
CKOITMU OBLIT OIpeneiecH ONMTUMAaIbHBIN COCTaB pac-
TUTaBa ISt BIpAIIBaHUsI KPUCTAJIOB, KOTOPBIN CO-
crasisui 33 mon. % Nd,O,, 67 mon. % MoO;, 5 mon. %
Li,O. PacnnaB HarpeBaJiM B IUIATUHOBOM THUIJIE 1O
1300°C u 3aTeM oxJiaxIajau co CKOpocThlo 1 rpan/u
1o 1050°C. OTtMmbIThIe TOpsiueii BOAOH OT pacTBOPU-
TeJIsl KpUCTAJJIbl TIPEACTABISLIM COOOI cMech IBYX
OCHOBHBIX (a3. OnHa ¢a3a B BUIE U30METPUYHBIX
TEMHO-KPAaCHbBIX KPUCTAJIOB C pa3MepaMu Mopsiaka
1—-2 MM (puc. 1) uMena, MPennoJIOXUTEILHO, COCTaB
LiyNd;_  M0;0,,s.

PentreHodazoBbiii aHanu3 (P®A) npoBeaeH Ha j1a-
OopaTOpHOM peHTIreHOBCKOM AudpakToMmeTpe Rigaku
Miniflex 600 (CuK,) B unTepBaje yrios 20 = 20°—60°
¢ mwaroM 0.02°. [11g MccienoBaHuii ObIJIA MOATOTOBJIE-
HBI NToIMKpUcTajunyeckue oopasusl Li, Nds_ Mo;0 .5
(x =0, 0.05, 0.15, 0.25) u pacTepTble 4O MEIKOIMUC-
TMEPCHOTO COCTOSTHUSI MOHOKPUCTAILIIBI, TIPEATTOIOXKM -
tenbHO, Li,Nds ) M0;0,¢,5. [lonydeHHbIe nudpakro-
rpaMMbl 00OpabOTaHbI ¢ TIOMOIIBIO MaKeTa IporpaMm
Miniflex Guidance, PDXL-2 ¢ ucronb3oBaHneM aK-
TyanbHbIX 6a3 gaHHbIX ICDD PDF-2 u ICSD/CCDC.
TMomHOTTPODMIBLHBIN KOJIMYECTBEHHBIN aHATN3 METO-
noM PuTBenpaa mpoBeaeH ¢ TMTOMOIIBIO TIPOrpaMMBbL
Jana2006 [20]. YTouHeHne (Pa30BBIX COOTHOIIEHUA
BBITIOJTHEHO MYTEM ITOCIEI0BATEIBHOTO TO0aBICHMS
YTOYHSIEMBIX TTapaMeTPOB OT Hambojee CTaOMIbHBIX
K KOPPETUPYIOIINM IIPU MTOCTOSTHHOM TpaduuecKoM
MOIEeTMPOBaHNN (hOHA O CTAOWIM3ANK 3HAYCHU
R-dakTOpOB. YTOUHEHHbIE MTapaMeTPhbl AJTEMEHTAPHbBIX
sgeeK 1o pesyiabrataM PMA mipencrasieHsl B Tao. 1.

KoHmeHTpaust MOHOB JTUTHUST B MOHOKPHCTAJIJIaX
Li)Nd;_ M0;0,4,, M3MepeHa METOLOM MacC-CIIeKTPO-
METPUU C MHAYKTUBHO cBsi3aHHOI rutazmoit (MCII-
MC) nHa cnektpoMeTpe iCapQc (Thermo Scientific,
CIIA). Jinst uccaenoBaHusi 0oTOOpaHbl MOHOKpPUCTA -
Juueckue oopasubl, macca HaBecku 0.012 1. Paznoxe-
HUE MOHOKPHUCTAJJIOB MpoBeaeHo B cucteme: H,SO,
(2 M) + H;PO, (2 Mi1) B MUKPOBOJIHOBOM aBTOKJIa-
Be npu Temnepatype 240°C B TeueHue 1.5 4, Bpems
noabeMa TemnepaTypbl 55 MuH. B nmpouecce nmpo6o-
MOATOTOBKYU MCIOJIb30BaHbl OMHOPA30BbIe MJIACTUKO-
BbIE KOJIOBI 00beMoM 15 1 50 M1, IeMOHU3UPOBaHHAs
Bola (C OCTaTOYHBIM compoTusiieHueM 18.2 MOwm),
cepnas (H,SO, 96%, EMSUREISO, Merck), opto-
docdopnas (H;PO, 85%, ACROS) u azotHast (HNO,
65%, EMSURE ISO, Merck) kuciotsl, cepTuduriim-
poBaHHble 1 UCIT-MC-aHanu3a, a Takxke cucrema
MUKPOBOJIHOBOTO pasznoxeHus CEM Mars 6. Kanu-
OpOBKa MPOBEACHA C MOMOLIBIO CTAHAAPTHOTO MHOTO-
BJIEMEHTHOr0 pactBopa MS-68 Solution A. JIj1s1 KOH-
TPOJIST YYBCTBUTEBHOCTH OTHOCUTEIFHO MAaTPUIHOTO
addekTa OB MCITOIb30BAHBI AIMKBOTHI PACTBOPOB

KPUCTAJIJIOT PAOU A Ne 2

TOM 69 2024
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Puc. 1. ®ororpadus monokpucranna Li Nd; ,M0;0,¢,5,
OCBEIICHHOTO cBeTonuomHoki tamroi (5600 K).

Sc (2 mupn™) u In (2 mapa~!). Kanmubposka, sm1e-
MEHTHBIN aHAJTM3 U KOPPEKIIUS CIIEKTPaTbHBIX HAJIO-
JKEHU# OBUIM BBITIOJHEHBI C TTOMOIIIBIO TIPOTPaMMBbI
QTegraThermoFisher. /1151 moayyeHust Hauboiee TOY-
HOTO M BOCIIPOM3BOAMMOTO pe3yybTaTa UCCIeIOBaHNE
MPOBEIEHO TPVKIBI.

MHTeHCcMBHOCTU AUGPAKIIMOHHBIX OTPaXKeHUI OT
MoHokpucTaioB Li,Nds_,Mo;04,, pasmepom He 60-
see 0.3 MM u3Mepsiiu npu Temriepatypax 293 u 85 K
Ha peHTreHoBcKoM nudpakrtomeTpe XtalLAB Synergy R
(Rigaku Oxford Diffraction). DxcriepuMeHTaIbHbIE TaH-
HbIe 00paboTaHbI ¢ TTOMOIIBIO TporpaMmMbl CrysAlisPro
[21]. TTorolieHe CKOPPEKTUPOBAHO C YYETOM (POPMBI
¥ pa3MepoB obpaslia ¢ IpUMEeHeHNeM MeToia YMCIIeH-
Horo uHTerpupoBaHus l'aycca [21]. Kpucrannorpa-
(maeckre pacueTs! (BBOI IMOMPaBKM Ha aHOMAaJIbHOE
paccesiHUe, yCpenHEeHWE SKBUBAJICHTHBIX TTO0 CUMME-
TPUU OTPAKEHMIT) OCYIIECTBIISUIA C MCTIOJIb30BaHUEM

Taomuna 1. [TapameTpsl 271eMeHTAPHBIX STYEEK IO PE3YIThb-
TataM peHTreHo(ha30BOro aHaau3a

IMomkpucrammae- | MOHOKpHUCTaJTAYE-

Iapa- cKuit oOpasel cKuii oOpa3zelr

MeTp OcHoBHa# (asa OcHoBHas ¢a3za

Li,Nds;_Mo0,0,4.; Li)Nds_ ,M0;04,5

IIp. rp. Pn3n

a, A 11.0276(1) | 11.0268(1)

[To6ounasg daza LiNdMo,Oq

Ip. rp. 14,/a
a,c, A |5.2733(1), 11.5744(1) ‘ 5.2714(1), 11.5658(1)
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Tadomuna 2. Kpucramiorpacbuueckue XapakKTepyuCcTUKU, TaHHBIE 9KCITIEPUMEHTA W Pe3yJIbTaThl YTOYHEHMST CTPYKTYPhI

coenHeHUst HoMMHabHOTO cocTaBa LiNds  ,M0;0 4,4

Xumnueckasi popmyiia

Lij,16Ndy 754M05014 145

Cucrema, mip. rp., Z

KyGuueckast, Pn3n, 4

T, K 293 85

a, A 11.0322(1) 11.0121(1)
Vv, A3 1342.72(1) 1335.40(1)
D, r/em? 5.947 5.979
WUznyuenue; A, A MoK ; 0.71073

u, MM~ 20.92 21.03

Pasmep obpasiua, MM

0.167 x 0.233 x 0.311

JdudpakromeTrp XtaLLAB Synergy R

Tun ckanupoBaHUS o}

Yuer normomieHUs Ty, T 0.036, 0.268 0.051, 0.308

0,0 TDAL 70.09 70.19

Mpexensi . k, | —28<h §229, —28<k<28, | —28<h<29,-28<k<28,
—29</<28 —28<7<29

Yuco oTpakeHU: 345450/2195, 0.12/255 352617/2004, 0.11/259

M3MEPEHHbIX/HE3aBUCUMBIX, R ., /I > 3c(])

MeTton yToOUYHEeHUSI MHK 1o F

Yucao yrouHsieMbIX ITapaMeTpoB 21

R(F)/wR(F) 0.0163/0.0263 0.0148/0.0258

S 2.47 243

AP, i/ AP e 3/A° —1.15/0.7 —0.94/0.61

koMrIutekca mmporpamMm Jana2006 [20]. KoopouHaTe
aTOMOB HeoauMa, MoiubaeHa u kuciaopoaa Ol u 02,
KOTOpbIe HaXoAsTcsl B 0a30BBIX KpUcTajjaorpapuue-
CKMX MO3ULIMAX, HaineHbl MeTonoM charge flipping mo
nporpamme Superflip [22]. KoopauHaTbl aTOMOB JIMTHUS
n kuciopona O3 B MeXy3eJIbHOI TTO3UIINY HAaWIEHBI
B pe3yibTaTe aHaJlIn3a pa3HOCTHBIX cCMHTEe30B Dyphbe
9JIEKTPOHHOM MJIOTHOCTU, PACCUUTAHHBIX HA 3aKJIIO-
YUTEJILHOM 3Tare YTOUYHEeHUsI CTPYKTYPHOU MOIEesu.
CTpyKTypHBIE IMTapaMeTPhl KPUCTAIIJIOB YTOYHEHBI Me-
TOIOM HAaWMEHBIINX KBAIPaTOB B MOJTHOMATPUUYHOM
BapuaHTe. OCHOBHbIE KpUCTalJlorpachuuyeckue xapak-
TEPUCTHUKH, TaHHBIC SKCITEPUMEHTA U Pe3YIIBTaThl YTOU-
HEHMs CTPYKTYpPbI IpuBeaeHbI B Ta0s1. 2. MHdopmaLims
00 ucclenoBaHHOI CTPYKTYpe AeIOHMpPOBaHa B OaHK
CTPYKTYPHBIX JaHHBIX KeMOpMIKCKOTO KpUcTaiorpa-
(pmueckoro enTpa (CCDC 2313424, 2313425).

TermoBbIe CBO¥ICTBA MOJYIEeHHBIX MOHOKPHUCTA-
JINYECKUX U TIOJIMKPUCTAJUIMYECKUX 00pa310B U3yJaiu
MeTomaMu nrdhepeHITNaTBHON CKaHUPYIOIIe Kato-
pumetpuu (JICK) u repmorpaBumeTpuu B atmMmocde-
pe Bo3ayxa Ha obopynoBanuu NETZSCH STA 449C
B uHTepBaje temnepatyp 20—1000°C npu cKopocTu
HarpeBa u oxjaxaeHust 300 rpazg/4.

s mccnenoBaHUsS 3JIEKTPODU3NIECKIX CBOMCTB
MOJIyYEHHBIX COEIUHEHU UCTOJIb30BATU METOI UM-
TeTaHCHO# crieKTpocKonuu. Ha monukpucrammmae-
ckue oopasuel coctaBa Li,Nd;_ ,M0;0,4,5 (x =0, 0.15)
MpeaBapUTEIHHO HAHOCWIIN TTATUHOBBIC 2JIEKTP OB
MyTeM BXXKWUTAHUS TUIATWHOBOM MacThI MPU TeMIiepa-
type 700°C B TeyeHue 1 4, CKOpOCTb HarpeBa 1 OX-
JnaxaeHus: meuu coctasisiia 300 rpan/y. U3mepe-
HUS TIPOBOAMJIM Ha MOTEHIIMOCTATE,/TaIbBAHOCTATE
P-5X (Electrochemical Instruments Ltd) B nuanasoHe
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Puc. 2. IludpakrorpaMMbl MOHOKPUCTALINYECKUX 00~
pasuoB HoMuHaIbHOTO cocraBa Li,Nds  \Mo0;0,¢.s (1)
n kepamuk Li Nd;_ M0;0 ¢, x: 0 (2), 0.05 (3), 0.15 (4),
0.25 ().

yacToT 0.1 I'u—500 kI11 B uHTepBasne temnepatyp 400—
900°C B cyxoii 1 BiaxkHOU aTMocdepax. AMIUIATYIa
curHazia coctasisia 150 mB. O6paboTKy crieKTpoB
WMIIeaHca MPOBOAUINA C MOMOIILIO MPOrpaMMbI
ZView Version 3.2b.

PE3VIIBTATBI 1 UX OBCYXIEHUE

Ha puc. 2 npeacraBieHbl MOPOIIKOBbIE AUDpaK-
TOrpaMMBbl, TTOJyYeHHbIE 1JISI MOHOKPUCTAJIOB HO-
MuHanabHOro cocrasa Li Nds_ Mo0;0,,,s 1 KepaMuK
Li,Nd;_ M0;0 .. (x =0, 0.05, 0.15, 0.25). ITonukpu-
crayumndeckue oopasusl ¢ x = 0 u 0.05 (puc. 2, kpu-
BbIe 2, 3) u3ocTpykrypHsbl. Ilpu x = 0.15 (puc. 2, kpu-
Bas 4) mosBisieTcs MUK BTOpoii a3l (0 = 28.47°),
WHTEHCUBHOCTb KOTOPOTO BO3PACTaeT C YBEIUYCHM -
€M KOJIMYecTBa JIUTUS B oOpaszie (puc. 2, KpuBas J).
[In0oTHOCTD, M3MEpEeHHAsI TUAPOCTATUYECKUM B3BE-
IIMBaHUEM B TOJYyOJie, cCOCTaBujIa B cpeaHeM 95% ot
TEOPETUUYECKOI (PEHTITEHOBCKOI ) TUIOTHOCTU JIJISI BCEX
CUHTE3MPOBAHHBIX KEPAMUK.

IMomHOMPO(PUABHBIN KOJTMYECTBEHHBIN aHaIN3
MPOBEAEH JIJIsT TUTUPOBAHHOM MOHOKPUCTAJUIMYECKOMN
daser LiNds_  ,M0;0 4,5 1 TOTUKPUCTATITHICCKOTO
o6pasua Li Nd;_ Mo;0,..5 (x = 0.15). B pesyabra-
Te aHajJM3a B COCTaBe KaxJa0ro oopasiia J0CTOBEPHO
YCTAHOBJICHBI JIBe KpUcCTa/uinueckue (pasbl — UCKO-
Mast piaroopuTonogooHas dasa, a Takxke paHee U3y-
yeHHas ¢aza LiNdMo,0O; [23] (Tabu. 1). [TonyueH-
HbIe pe3y/IbTaThl XOPOIIIO COIJIACYIOTCSI C HOBBIMU 3KC-
NepuMeHTaJbHBIMU U JIUTEPATYPHBIMU JTaHHBIMU.
CoOTHOIIIEHUSI OCHOBHOI M MOOOYHOI (pa3 mpuBe-
neHbl K 100% u coctaBisior 89.2(3) u 10.8(3)% s
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Puc. 3. [laHHbIe ﬂ3 K xum MOHOKpI/ICTaJUH/I'-ICCKI/IX 00-
pasioB LifsNd355MoS" Mo Ofg 5ey_. /(1 — ma-
rpes, 2 — oxnaxiaeHue) u kepamuk Li,Nds_ Mo;0 4,5,
x =10.05 (3 — HarpesB, 4 — oxJIaXacHUE).

noJuKpucTayinyeckoro oopasua u 98.1(3) u 1.9(3)%
JUTSI TIEPETEPTOr0 MOHOKPMCTAJLIIA.

NCII-MC-anann3 MOHOKPUCTAJUIMYECKUX 00-
pasuoB HoMuHainbHOTO cocraBa Li,Nds \M0;0,¢,,
MOOTBEPANII TIPUCYTCTBUE KATHOHOB JINTHUSI B aHa-
JIM3MPYEMOM pacTBope B Koandectse 1228.8, 1165.3
n 1210.6 MKr B mepecyere Ha 1 T HaBECKU JJIs TPEX
MOBTOPEHUI COOTBETCTBEHHO. J1J1s1 pacyeTa XumMuye-
CKO#1 (hopMyJIbl COCAUMHEHUSI UCTIOJb30BAHO yCPe/ -
HEHHOE 110 TPEeM U3MEPEHUSIM 3HAaUYeHUE KOHILIEHTpa-
uuun 0.12016 mac. %. CrangapTHOE OTKJIOHEHUE HE
npeBbimaeT 5%. Ucxonst U3 3JeKTpOHENTPaIbHOCTH
COEIMHEHUS U C Y4ETOM BO3MOXHOTO MPUCYTCTBUS
B CTPYKType KaTUOHOB Mo BLIMUCIIEHA XNMUe-
ckas popmyna Lig,sNd3hs4Mo§! MoY O 554 -
HccnenoBaHre MOHOKPUCTAIIMYECKUX U MOJUKPHU-
crajmnueckux oopasios MetogoM JICK He BbIIBUIO
KakKux-J1100 aHOMaJINii BO BCel MCcienyeMoii o0j1acTu
temmeparyp (puc. 3). OTMeTum, 4TO B (hazax cocTa-
Ba LiLn,Mo,0,;F (Ln = La—Eu) Habmonascs [17—19]
oOpaTuMBbIii (ha30BBIi Tepexo, MPUpPoaa KOTOPOro,
OYEBUIHO, CBsI3aHa ¢ (pTOpUPOBAHUEM TaKUX (PJIIOO-
PUTONOTOOHBIX COCANHEHMIA.

st MpoBEpPKU TUTPOCKOIMMUYECKUX CBOMCTB MC-
cienyeMbIx ¢a3 o0pas3ibl 0eCIpUMECHBIX U TUTUPO-
BaHHBIX MOHOKPHCTaJUIOB COCTABOB NdsMo50 4.5
nu LIO 216Nd4 784MO MO 016 284-7/2> a TaKXKeE Ke-
pamuku Li Nds_ Mo, Ol6i6 (x =0, 0.05, 0.15) ObLM
BBIIEp>KAHbI 1B HEAEIU B Z[HCTI/I)IJIHpOBaHHOﬁ BOIE
py KOMHATHOM TeMmeparype. 3aTeM oOpa3lbl CyIIr-
JIM Ha BO3[yXe B T€YCHUE CYTOK IJIs YOaJeHUs BOIbI
C TIOBEPXHOCTH, TIOCJIE YeTO HarpeBaju B aTMocdepe
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Puc. 4. Jannbie TepmorpaBumerpuu (TT) mis MoHOKpU-
CTAJUTUYECKUX o6pa3u0B ucxonHoro Nd Mo32 1615 (1)
1 JIUTUPOBAHHOTO LIO 216Ndi 784M0g ZMO 0164284—1 2
(2), a taxxe kepamuk Li Nd;_ Mo0;05,5, x: 0 (é),

0.05 (4), 0.15 (5).

BO3[yXa B MHTEpBaJie TeMIMepaTyp OT KOMHATHOM 10
1000°C (puc. 4). Kak 6ecipuMecHblii, TaK U JUTHUICO-
JIepXKaliuii MOHOKPUCTATNYECKUE 00pa3Ilbl 1eMOH-
CTPUPYIOT IOTepU Macchl (KpuBble /, 2). Bo3aMoxHO,
YTO MaJloe ColepKaHUe JIUTUSI B CTPYKTYpE COeqHe-
HUI He 0Ka3aJ10 CYIIECTBEHHOTO BIMSIHUS Ha CIIOCO0-
HOCTb UccieayeMbix a3 K abcopouuu Boabl. Ha6mto-
JIal0TCsl MMOTEPU MACChl BCEX MOJUKPUCTAIUNYECKUX
00pa3uoB (kpusble 3—5) B nuanasone no 300—400°C,
CBSI3aHHBIC C UCTTAPEHUEM BOJIbI U3 MOP KEpaMUK, YTO
XOPOIIIO COTIACYETCST ¢ MONYYSHHBIMU 3HAYCHUSIMU
K03(hPUILIMEHTOB MOPUCTOCTU 00PA3IIOB.

Crpoenne monokpucramios Li)Nds_ Mo,0¢, s n3-
yueHo metonoM PCA npu temmepatypax 293 u 85 K.
[1py MOHMXEHUU TeMIepaTypbl CTPYKTYPHBIN (a-
30BBIN Mepexon He BhIsBIeH. [1oncK aeMeHTapHOM
SYeKM B MCCAETOBAaHHOM MOHOKpPHCTAJIJIe 3aBep-
LIUJICSI BHIOOPOM KyOMUECKO sTYeiiKu ¢ TapaMeTpoM
a = 11.0322(1) A npu KOMHATHOII TemMIeparype, 4To
MO3BOJIMJIO POMHAMILIMPOBATE OoJiee 83.26% n3me-
peHHbIX pediiekcos, u a = 11.0121(1) A npu 85 K,
YTO TTO3BOJIMJIO IMIPOUHIUIIMPOBATh Oosiee 85% u3-
MepeHHBIX pediiekcoB. IToaydyeHHBIE TTapaMeTphbl
3JIEMEHTAPHOI SIUeiiKU COOTHOCSITCSI C MapaMeTpoM
3neMeHTa HoMl aueiiku ¢mooputa CaF, kak a = 2a;
(a;= /E) BDieMeHTapHas siueiika KyoOu4ecKoil pe-
LIETKU L1 ,Nds_,M030,¢,5 COmepXUT NATH HE3aBU-
CHUMBIX B TPYIITIE CUMMETPUU Pn3n OCHOBHBIX aTOM-
HbIX TTo3uLmii: Nd1, cmemannyto (Nd2, Li2), Mo, O1
u 02, 1 onHy MexXy3enbHylo no3unuio O3 (puc. 5). Ha
aTare YTOYHEHMS KOOPIWHAT U TETIOBBIX TapaMeTPOB
atomoB Nd1, Nd2, Mo, O1, O2 B aHM30TPOITHOM MpH-
onmkeHu 1 O3 B UBOTPOITHOM MPUOJMXKEHUU ObLIN
YTOUYHEHBI ITapaMeTphl 3aceieHHOCTH aToMaMu Ndl,
Nd2 u Mo cBoux Kpuctamiorpapuueckux mo3uluii
7 BBISIBJIEHA HETTOTHAS 3aCEeJICHHOCTh TTO3UITUY aToMa
Nd2. YrouHeHue 3aceIeHHOCTU CMELIAHHOM MO3UIIU
atromamu Nd2 u Li2 ocyuiecTBasiiv B TIPeaNoaoxe-
HHUU, 4TO OHa 3acejieHa COBMECTHO aTOMaMU HeoanMa

OPJIOBA u np.

u mutust Ha 100%. [lonydyeHbl ciaeayiolme 3HaYeHUs
3aCeJIEHHOCTHU TTO3UIIMKA aTOMaMU HeOaUMa W JIUTHS
B cTpykType: Nd2 — 89.2(2)%, Li2 — 10.8%.

OoOpaiaet Ha ce0s1 BHUMaHUE TOT (pakT, YTO aTo-
MBI IIpUMeCcH (JINTHS) He BXOOIT B mo3unuio Ndl, kak
U B TIOJIy4eHHBIX paHee coennHEeHUAX NdsMo;0 .5,
JIETUPOBAHHBIX aTOMaMU CBUHIA [12] mim Kanbuus
[14]. Takum oOpa3om, HE3aBUCUMO OT pa3Mepa Ka-
THOHA TIPUMECH, BXOISIIEH B CTPYKTYPY COCTMHEHMST
NdsMo,0¢. 5, €f CBOIICTBEHHO 3aMELIEHNE PENKO3e-
MEJTLHOTO 2JIEeMEeHTa TOJIBKO B OMHOI U3 IBYX €T0 KpH-
cTaymorpaMIecKUX MO3UINI B CTPYKTYpe, a UMEHHO
Nd2. ITonyyeHHas1 110 3HAYEHUSIM 3aCEJIEHHOCTH MO~
3ULIUI aTOMOB XUMUYecKast (popMysia UCCIETOBAHHOTO
MoHokpucTasia Lij,(Nd, ,44M050, |, COOTBETCTBYET
naHHbIM MCIT-MC o Koln4yecTBEHHOM COCTaBe Ka-
TUOHOB B CTpyKType. UTo KacaeTcsi conepxkaHUs aTo-
MOB KUCJI0pofa B 06paslie, TO ClenyeT OTMETUTh, YTO
B CTPYKTYpE U3yYEHHOTO MOHOKPUCTAJIA YacTHAsI Mo~
sunus O1 (16f) 3acenena ¢ BepositHocThio 100%, B 00-
weit nosuuu 02 (487) ectb BakaHcuu (¢O2 = 0.83(2)),
a 3acesieHHocTb no3uunu O3 (2a) ~0.14(2). 1ns anek-
TPOHEUTPATBLHOCTU XMUMUYECKOUN (hOpMYIbI UCCIeno-
BAHHOT'O COEMMHEHUS HEAOCTATOUHO KOJIMUYECTBA aTo-
MOB KHCJI0pO/a, KOTOPhIE JTIOKATU30BaHbl B OCHOBHBIX
KpucTauiorpad®uyecKux Mo3uIMsIX U B MEXYy3eTbHON
MO3UIIMHY. AHAJIN3 PA3HOCTHBIX CHHTE30B 3JIEKTPOHHOM
TUTOTHOCTH, TIOCTPOCHHBIX Ha 3aKJIIOUYMTEILHOM 3Tarie
YTOYHEHUS CTPYKTYPHOM MOIEN, BBISIBUII OCTaTOYHBIC
MMKY 3JIEKTPOHHO}1 ILIOTHOCTU Ha paccTostHiu ~0.6 A
ot atoma O2. K coxaljieHu1o, JJoOKaJu30BaTh U YTOY-
HUTb 9TH MMO3ULINH OBLTIO HEBO3MOXKHO.

TemmepaTypHble 3aBUCUMOCTH MPOBOAMMOCTH
OeCTIpMMECHOr0 M JIMTUPOBAHHOTO TMOJMKPUCTAI-
nnuecknx oopasuos Li Nd; ,Mo0,0 4., (x = 0, 0.15),
TTOJTy9eHHBIE B CYXOM M BJIaXKHOM BO3MIyXe, MTOKa3aHbI
Ha puc. 6. B o6actit BBICOKMX TEMIIEPATYP ITPOBOIM -
MOCTb GecripuMecHbIX (a3 npesbimaet 1072 Cm/cM,
4YTO corjlacyercs ¢ gaHHbiMH [2, 3]. HomupoBaHue
KepaMWK JIMTUEM TIPUBENIO K He3HAYNTETbHOMY CHU-
JKEHHIO UX OOIIel TPOBOAUMOCTH 32 CUET TTOSBICHUS
KHUCJIIOPOTHBIX BaKaHCUM B CTPYKTYpe U HEOOJBIIIOTO
YMEHBIIIEHUS KOJIMYeCTBa MeXy3eJIbHOTO KMCIopoaa.
Tem He MeHee, TTOCKOIBKY KOHIICHTPAITUS JINTHS B (a-
3ax HeBeJIMKa, 3aMEeTHOIO YXYIIIEHUS] TPaHCITOPTHBIX
XapaKTepUCTUK He HabjromaeTcs. Takoke He M3MEHSI-
IOTCSl BEJIMUMHA U XapaKTep MPOBOIUMOCTU COENU-
Henuit Li,Nd;_ Mo,0,..5 (x = 0, 0.15) mpu nepexone
K U3MEPEHMSIM BO BJIaXKHOI aTMocdepe.

3AKJIIIOYEHUE

BriepBbie B BUIe KepaMiUK M1 MOHOKPHUCTAIIJIOB CHH-
TE3MPOBAHBI TUTUPOBAHHBIE PEIKO3EMEIbHBIC MOJTHO-
neHconepxatue okcuapl coctaBa Li, Nds_ . Mo0;0,4,4
(x=0,0.05, 0.15, 0.25). HoBble a3nr oxapakTepu30Ba-
HbI ¢ nomoInbio PDA | tepmorpasumerpun, JICK 1 nm-
neJaHCcHO criekTpockonuu. OligHeHa OTHOCUTEIbHAasK
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Nd1 Nd2/Li

Mo

Puc. 5. ITpoexumsa KpucTaummyeckoi cTpyKType Lij 5,4Nd, 76,M030,, ;5 Ha IIOCKOCTB be.

IUTOTHOCTh KepaMHUK, KoTopasi coctaBuia 95% ot Te-
OpeTuYecKoit (PEHTTeHOBCKOI) TIJIOTHOCTU ISl BCEX
00pas3noB. PEHTreHOCTPYKTYPHBI aHaJIM3 MOHOKPH-
CTaJUTMYECKUX 00pa3loB MoKa3asl, YTO aTOMBbI JIUTHS
JIOKAJIM3YIOTCS BOJIM3M MTO3ULIMIA aToMOB Heoauma. I1o-
JydeHHas 10 3HAYSHUSM 3aceJIeHHOCTH KpUCTaJIorpa-
(bruecKux Mo3uLnii aTOMOB XUMHUYecKasi (hopmyJia uc-
CJIeIOBAaHHOTO MOHOKpUCTaLIA Lij 5 Nd, 76,M0,04 15,
yto coorBeTcTBYeT naHHbIM MCII-MC. Hebomnbiias
KOHLIEHTpAIIUs JTUTUS B UCCIIeAyeMbIX (pasax He MOBJIHU-
sijla Ha UX CIIOCOOHOCTD K AUCCOLIMATUBHOMY TIOIJIO-
ILIEHUIO BOJbI U MPOTOHHOMY TI€pEeHOCY, HO MpuBeIa
K HE3HAYUTEJTbHOMY CHIKEHUIO O0Iel TPOBOIUMOCTH
JIUTUPOBAHHBIX KEPAMUK.

Pabora BhINoJIHEHA Npu noaaep:KKe Poccuiickoro
HayuyHoro ¢onna (rpaHTt Ne 23-12-00221) ¢ ucnoJib3o-
BaHUeM obopynoBaHus LleHTpa KOJJIEKTUBHOTIO IT0JIb-
3oBaHusl KKKu® “CrpykrypHas 1MarHoCTMKa Marte-
puanoB”. U3MepeHusT MpOBOAMMOCTH 00pa31oB BhI-
TTOJTHEHBI B paMKaX TeMbI TOCYAapCTBEHHOTO 3aIaHUs
OUILI ITXD u MX PAH (HoMep rocynapCcTBEHHOI pe-
ructpauuu 124013000692-4). H.B. JIbicKOB BbIpaxa-
eT 6J1aromapHOCTh HAayYHO-00pa30BaTeTLHOM TPYIIIIe
HWY BIID (nmpoekt Ne 23-00-001).
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Puc. 6. TemnepaTypHble 3aBUCUMOCTH MPOBOAMMOCTH
kepamuK Lij, (Nd, ;4,M0;0,,,,s pu x = 0, 0.15 (Tem-
HBIE U CBET/IbIE CUMBOJIBI COOTBETCTBEHHO), U3MEPEH-
HBIE B CyXOM (3aKpalleHHbIe CUMBOJIbI) U BJIAaXHOM (ITy-
CTBIE CHMBOJIbI) BO3IyXE.
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STRUCTURE AND CONDUCTIVITY OF LITHIUM-
DOPED FLUORITE-LIKE MOLYBDATES NdMo,O,,
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Rare-earth molybdenum-containing oxides of nominal composition Li Nd;_ M0;0,4,s (x =0, 0.05,
0.15, 0.25) with a fluorite-derived structure were first obtained as single crystals from a melt solution and
by solid-phase synthesis in air as polycrystalline samples. The new phases were characterized by X-ray
phase analysis, synchronous thermal analysis, and impedance spectroscopy. X-ray structural analysis
showed that lithium atoms are localized near the positions of rare-earth cations. The chemical formula
of the investigated single crystal was determined as Li; ,;sNd, ;54M0,0,, ;5. A small amount of lithium
did not significantly affect the ability of the studied phases to undergo dissociative water absorption but
led to a decrease in the total conductivity of lithium-doped Li,Nd;_ . Mo0;0,4, ceramics.
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