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JlocnipKeHO TeMIepaTypHi 3aJIeHOCTI IHUTOMOTO eleKTpoonopy choiyk RjgCug,Snyg
(R=Ce, Gd, Th, Dy, Ho, Er, Tm, Yb) B iurepBani temmeparyp 4,2-300 K Ta R;gCug,SN;g
(R =Y, Sm, Lu) 3a temneparyp 11-300 K. ocmimkeHi CHOMyKH XapaKTEepU3YIOThCS MalMMU
3HAYCHHSMH IIUTOMOTO €JIEKTPOOIOpY Ta MeTaiYHUM TUMoM mipoBiguocti. s cnonyk 3 Ce, Dy ta
Tm BU3HaU€HO HASBHICTH MArHITHOTO BIOPSAKYBAHHS 32 HU3bKUX TEMIIEPATyP.
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1. Beryn

Horpiiiai  cuctemun R-Cu-Sn (R —  pigKiCHO3eMENbHHI  €JIEMEHT)
XapaKTepU3yIOThCs 3HAYHOIO PI3HOMAHITHICTIO CTEXIOMETpPId 1 KPUCTAIIYHHUX CTPYKTYP
MPOMIKHHUX TepHapHUX ¢a3. Anamiz cucreM R-Cu—Sn, ski BUBYEHI NPaKTHYHO I
MOBHOTO psiAy piAkicHo3eMmenbHuX MetamiB [1—8], 3acBimuye, 1m0 TepHApHi CHOIYKH
YTBOPIOIOTHCS, TOJIOBHO, 32 3HauHOTO BMicTy Kynpymy i Cranymy (1o 60 ar. %). B obnacri
CHCTeM 3a BMicTy cTaHyMy 15 1 20 ar. % yTBOPIOIOTHCS ABI TepHApHi codykH R 9Cug Sny g
(ctpyxtypHuit THI Dy 9Cu9,Sn,5) [9] 1 RCusSn (ctpyxrypuit tTun CeCusAu) [10],
CTPYKTYpH sIKuX € moxigHumu Bif crpykrypu tuny CaCus. BumiproBaHHS MarHiTHUX
BiactuBocreir cnoiyk RCusSn (R = Gd—YDb) [10] 3acBimumio, 1o OUIBIIICTE 3 HHX
XapaKTepU3YIOTHCS aHTH()EPOMArHITHUM YIOPSIKYBAaHHSIM 32 HU3bKUX TEMIIEParyp, CTaHia
YbCusSn mposiBiisie IpoMiXkKHY BalleHTHICTh. MarHiTHe BHopsiikyBaHHs cronyk RCusSn
HiATBEPIKEHO BUMIipIOBaHH;M TeMIEPaTypHUX 3aJIeKHOCTEH IUTOMOTO
enexrpoonopy [11]. dus crmonyk R;oCug,Sn, s DOCHIKEHHS €NeKTPHYHHMX 1 MarHiTHHX
BJIACTUBOCTEH TpOBOAMIOCH B iHTepBani Temmeparyp 80—-300 K [12]. 3’scoBano, mo y
JIOCHIDKYBAaHOMY THTEpBalli TEMIIEPATyp CIIONYKUA XapaKTEePU3YIOThCS METATIYHHM THUIIOM
MPOBIHOCTI, @ CIIONYKH, SIKI MICTSITh PIAKICHO3EMENbHI €JIEMEHTH 3 JIOKAIi30BaHUMHU
MarHiTHUMH MOMEHTaMH, € napamarnetukamu Kropi-Beiica.

Bepyun 10 yBaru, mo OCOOJMBOCTI TOBEHIHKH CICKTPUYHUX YU MAarHITHUX
BJIACTHBOCTEH iHTEpMETANIIB MPOSBIAIOTHCS, TOJOBHO, 32 HU3BKHX TEMIIEpaTyp, B Il
mpani  MOJaHO  pe3yNbTaTH  JOCTI/DKEHHS  €NeKTPHYHMX  BJIACTHBOCTEH  CTaHiIiB
R;9CugsSmys (R =Y, Ce, Sm, Gd, Th, Dy, Ho, Er, Tm, Yb, Lu) B inTepBani Temneparyp
11-300 ta 4,2-300 K.
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2. MaTepiajin Ta METOAUKA eKCIIEPUMEHTY

3pasku ckimany RisCug;Sny, e R =Y, Ce, Sm, Gd, Th, Dy, Ho, Er, Tm, Yb, Lu,
TOTYBaJIM UUISXOM CIUIABJICHHS INWUXTH BHXIJHHX KOMITOHEHTIB (BMICT OCHOBHOTO
KOMITOHEHTa He HIbKumi 3a 99,9 mac. %) B arMocdepi OYMIIEHOTO aproHy (SK TeTep
BUKOPHUCTOBYBIN TryOuacTuii TuTaH). CIjlaBH 3alaloBaly y BaKyyMOBaHI KBapIIOBi
ammynu Ta BignamoBamn 3a Temneparypu 1 070 K ynpomosx 720 rox 3 momanbIInM
rapTyBaHHAM Yy XOJOAHIN Boai. PeHTreHo(a3oBmii aHami3 MpoBOAMIN 32 TU(paKTorpaMaMu
3paskiB, orpuManumu Ha gudpaxromerpi JIPOH-2,0M (Fe K,—BumpomiHiOBaHHS).
Ximiuauit 1 QazoBuil ckiax 3pa3kiB KOHTPOJIIOBAIM 32 JOMOMOTOI0 €HEproAnCIIepCiiHOl
pentreniBebkoi  criektpockomii  (EJIPC)  (emexTpoHHMI — CKaHYIOUMH  MIKPOCKOII
PEMMA 102-02). {nst po3paxyHKY I1epiofiiB IpaTK¥ BUKOPHUCTOBYBAIM KOMIUIEKC ITPOTpaM
WinCSD [13]. MacuBu audpakuiiiHuX JaHUX OTPUMAaHi y KDOKOBOMY PeXHUMi 3HOMKH Ha
aBroMatuuHomy audpakromerpi STOE STADI P (Cu Kay—BunpominroBaHHs). Jlist
PO3paxyHKiB BUKOPHCTOBYBaK KoMIutekc niporpamu FullProf [14].

Jns  BUMIpIOBaHHSI €JEKTPUYHUX BIIACTUBOCTEH BHKOPHCTOBYBAJIM 3pa3sKd
MIPaBMJIBHOI T€OMETPHYHOI ()OPMH, BUTOTOBJICHI 13 3aCTOCYBAHHSM EIIEKTPOiCKPOBOI Pi3KH.
TemnepaTypHi TOCHTIPKESHHSI TMTOMOTO €JIEKTPOOTIOPY IPOBOIMIN ABO30HIOBIM METOI0M
3 BUKOpHCTaHHSIM KpioctatHoi cucremu (Advanced Research Systems, CIIA) mns
ONTUYHHUX Ta CEICKTPO(PI3UIHUX IOCTIKCHh Ha 0a3i TemieBoro pedprokeparopa i3
3aMKHYTHM ITUKJIOM 3 poboumM miamazoHoM Ttemmeparyp 11-300 K. JlomatkoBo st
OisTpIIIOCTI 3pa3KiB BUMipIOBaHHS IPOBOAWIIN B TeMIieparypHoMy inTepami 4,2-300 K.

3. Pe3yabTaTu 10caigxeHb Ta iX 00roBopeHHst

3rimHO 3 peHTreHo(a30BMM aHaIi30M, CHHTE30BaHI 3pa3kd croilyk R;qCug,Snyg
(R=Y, Ce, Sm, Gd, Th, Dy, Ho, Er, Tm, Yb, Lu) Hamexars 10 CTPYKTYPHOTO THITY
Dy, 9Cug,Snyg (mpoctopoBa rpyma P6y/mmc), SKWii € pO3yHOPSIKOBAHHM BapiaHTOM
crpykrypu CeNisSn. Jlani aHamizy Ta mepiofgn KOMIpKH CIIOIyK HaBemeHo B Tabm. 1. Sk
NpUKJa, B Taba. 2 TOAAHO pe3yNbTaTH YTOUHEHHS CTPYKTypH croinyku Dy;oCug,Snys.
ExcniepnMeHTanbHy, TEOPETHUHY Ta Pi3HUIEBY AU(paKTOrpamMu 300pakeHo Ha pHc. 1.

Tabauys 1
Jani EJIPC ananizy Ta nepioau enemeHTapHOi KoMipku croiyk R ¢Cug,Sn, g
Table 1
EPMA data and lattice parameters for R; ¢Cug,Sn; g compounds
JHani EJIPC, at. % [Mepionu KOMIpKH, HM
a Cc
Y13,22Cu66,218n20,57 0,50348(3) 2,0445(5)
C813Y51CU55v228n20v27 0,5084(2) 2,0631(4)
Sm13'32CU65’298n20’3g 0,50559(2) 2,0578(5)
Gd13,52Cu55,24Sn20,24 0,50419(3) 2,0516(3)
Tb13'41CU66’368n20’23 0,50341(2) 2,0484(3)
Dy13,35Cu56‘35Sn20‘29 0,50273(2) 2,0480(1)
H013,44Cu66,398n20,17 0,50238(1) 2,04708(6)
Er13,49Cu55‘315n20‘20 0,50233(3) 2,0455(3)
Tm13'52CU66’zgsn20’19 0,50225(4) 2,0440(4)
Yb13,42Cu65,178n20,41 0,50412(4) 2,0798(4)
Lu13,47Cu56,208n20,33 0,50210(1) 2,03974(5)
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Tabnuys 2
ATOMHI KOOPIMHATH Ta 30TPOIHI MApaMeTPH aTOMHOTO 3MIIICHHS
y cTpykTypi cnoyku Dy 9Cug,Sn; g
Table 2
Atomic coordinates and isotropic displacement parameters for Dy, ¢Cug,Sn, g compound
? K31
B -10
ATOoM IICT xla y/b z/c so
(1M )
Dyl 2d 1/3 2/3 3/4 0,79(2) 0,86(2)
Dy2 2a 0 0 0 0,66(2) 1
Cul 12k 0,1645(1) 0,3290(2) 0,1419(1) 0,53(1) 1
Cu2 4f 1/3 2/3 0,0412(3) 1,23(2) 1
Cu3 2b 0 0 1/4 1,21(3) 1
Sn 4f 1/3 2/3 0,5844(1) 0,64(5) 1
(Sn/Cu) 2C 1/3 2/3 1/4 0,62(2) 0,81(4)/0,19(4)
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Puc. 1. Teoperndna (cyniagbHa JiHISA), eKCTIEpUMEHTaIbHA (TOUKH) Ta Pi3HHUIIEBA (BHU3Y)
audpaxrorpamu cnoayku Dy, oCug,Sn, g
Fig. 1. The observed, calculated and difference X-ray patterns of Dy, ¢Cug,Sn, g compound

BuMipioBaHHS TeMIiepaTypHUX 3aleXHOCTeH mnmTomoro enekrpoonopy (o(7))
cnomyk R;oCug,Sn,s BukOHaHO B iHTepBanmi Temmneparyp 4,2-300 K (mns cmomyk
Y1,9Cu9,2Sn2,8, Sm1’9CU9’zsn2’g 1 Lu1’9CU.9,ZSI12,g — B iHTCpBaJ'Ii TEMIIEpATyp 11-300 K)
I'padixm TemneparypHux 3anexHocreid p(7) AOCHIIKYBaHUX CIIOJIYK HABEJCHO Ha PHC.
2—-6. SIx Gaunmmo 3 puc. 2—6, aOCONIOTHI BETMYMHUA HMUTOMOTO EJIEKTPOOIOPY € OIHOTO
MOPSAAKY IUIA BCIX CIIONYK, 3POCTAlOTh 3 IIIBHIICHHSM TEMIIEPaTypH, IO pa3oM i3
HEBEMKUMHU 3HAYCHHSAMHU MUTOMOTO enekTpooropy (85-170 mxOm-cm mpu 300 K)
CBIUUTBH MPO METAJIEBUU THII IPOBITHOCTI Y BHKOPHCTAHOMY TEMIIEPaTypHOMY iHTEpBAJI.
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Jus cranigiB Y 9CugoSnyg 1 Luy gCug,Sny g, sIKI MICTATH HEMarHiTHI eneMeHTH Y i
Lu, BizcytHicTs mepexony Ha 3anexHoctsix o(T) sume 11 K (puc. 2) y3romkyerbes 3
napamaraeti3moM Ilaymi cronyk [12]. Ha rpagiky TemepaTypHOi 3a€KHOCTI TATOMOTO
€JIEKTPOOTIOpY CIOIYKH Yb; 9Cug 2SN, g TaKoXK HE TMPOCTEXYIOTHCSI OCOOIMBOCTI MOBEIIHKH
SNEKTPOOIIOPY 32 HU3BKUX TEMIIEpaTyp, OCKIIBKH JUIs CIIOIYKH 3TiHO 3 [12] XapakTepHuii
CTaH NPOMIXHOI BaJleHTHOCTI. TemmepaTypHa 3aJieKHICTh MUTOMOIO EIeKTPOOIOpY
YbyoCug,Snyg Mae iHiMHWIA XapakTep 3a BHCOKHX TEMIIEpaTryp, B OONACTi HHU3bKHX
TEMIIepaTyp MPOCTEKYEThCA HE3HAYHE 3POCTAaHHSA IHMTOMOIO EJIEKTPOOIOpY, XapakKTepHe
st Kongo-cucrem.
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Puc. 2. TemneparypHi 3aI€KHOCTI IMTOMOTO €JIEKTPOOIIOPY CIOIYK
) Y1,9CU9,2SH2,8, Ybl,e_cuf),zsn_z,s_i _Lul,9cu9zsnz,8
Fig. 2. Temperature dependences of electrical resistivity for Y| 9Cug,Sn, g, Yb; 9Cug,Sn; g
and Lu,; ¢Cug,Sn, g compounds

Hus  cmomykn  Smy 9Cug,Sn,g  XapakTepHe JIiHIMHE 3pOCTaHHS IHMTOMOTO
eJIEKTpooTopy 3 Temneparypoto. Ha BigMiny Bix pemtu craniniB R;gCug,Sn, g 3Ha4EHHS
MTUTOMOTO eneKTpoonopy Smy oCug,Sn, g Habararo Bumi (157-232 MkOM-cMm), 1m0 Moxe
OyTH TOB’sI3aHO 3 HAsBHICTIO HOp y 3pasky. TemmepaTypHa 3aJleXHICTh HHTOMOTO
enexktpooniopy craHimy Ce;oCUg,SN,g  XapakTepu3yeThCsl 3HAYHOIO  HEJNIHIHHICTIO
3anexHocTi p(T), a TAKOXK CTPIMKUM 3MCHIICHHSIM MMHTOMOTO EIEKTPOOINOpY 3a HU3BKHX
temneparyp (puc. 3).

ExctpeMyM Ha 3ayieXHOCTI muTOMOrO enekTpoornopy mpu 17,3 K Bimnosinmae
MarHiTHOMY BHOPSIKYBaHHIO crionyku Ceg gClUg 2SNy g.
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Puc. 3. TemneparypHi 3a1eHOCTI TUTOMOTO exekTpoonopy croiyk Ce; oCug,Sny g
i Sm1,9Cu925n258
Fig. 3. Temperature dependences of electrical resistivity for Ce; 9Cug,Sn; g
and Sm; ¢Cuy,Sn, g compounds

Hust cnonyk R, 9Cug,Sny 5, e R = Gd, Tb, Ho, Er, xapaxrepHoi 3MiHM IHTOMOTO
€JIEKTPOOTIOPY 332 HHU3BKUX TEMIIEPATyp, TOB’S3aHOi 3 MArHITHUM YIIOPSIKYBaHHSIM, HE
BUSIBJIEHO B JIOCITI/DKEHOMY TeMIIEpaTypHOMY iHTepBaii (puc. 4, 5).
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Puc. 4. TeMnepatypHi 3a1€HOCTI TUTOMOTO eneKTpoonopy cnoiayk Hoj 9Cug,Snyg
i Erl’QCUQ,zsnzqg
Fig. 4. Temperature dependences of electrical resistivity for Ho; 9Cug,Sn; g
and Er; 9Cug ,Sn, g compounds
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Puc. 5. TeMnepatypHi 3a1€HOCTI TUTOMOTO enekTpoonopy cronayk Gd; 9Cug,Sny g
i Tb; 9Cug,Snyg
Fig. 5. Temperature dependences of electrical resistivity for Gd; ¢Cug,Sny g
and Tb; 9Cuyg ,Sn;, g compounds

B oOmacti HM3bkHX Temmeparyp anst ctaHimiB Dy oCug,Snyg 1 Tmy gCug,Sn, s Ha
3anexHocTIX p(T) mpocTexyroThes MakcuMymu 3a Temmeparyp 8,1 K i 7,9 K, BianosigHo,
(puc. 6), 110 CBiUUTE PO MATHITHE BIOPSAAKYBAHHS IIUX CIIONYK 33 HU3BKHX TEMIIEPATYP.
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Puc. 6. TeMnepatypHi 3a1€KHOCTI TUTOMOTO eJeKTpoonopy croayk Dy, 9Cug,Sn; g
i Tml’QCUQ,zsIlzqg
Fig. 6. Temperature dependences of electrical resistivity for Dy; ¢Cug,Sn; g
and Tm; ¢Cuyg ,Sn, g compounds
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3 ormagy Ha HeE3HAYHy HENiHIWHICTh TEMIIEPaTypHi 3aJeKHOCTI IHUTOMOTO
enektpoornopy cmoiyk R;oCug,Snyg (R = Sm, Gd, Ho, Er, Lu) y napamaruitaiii o6macri
MOXYThb Oymn 3370BUIEHO orcaHi 3a JIOIIOMOT 010 thopmynu
Brioxa—I pronaiizena—Motra [15]:

40pIT 5
L
Op,) 3 (&"-DH(A-e7)

ae Oy — TeMIlepaTypHO-He3allexkHa CKJIaZoBa OIopy, 110 MiCTUTh PO3CiIOBaHH: €EKTPOHIB

NPOBIMHOCTI Ha JedeKTax KPHUCTATIYHOI IpaTku (3ATUIIKOBHHA OIip) 1 pO3CIIOBaHHS,
NIOB’sI3aHE 31 CIIIHOBUM PO3YIOPSAAKYBAHHSIM 3a HAsBHOCTI PO3YIOPSAIKOBAHUX MAarHiTHHUX
MOMEHTIB; mnapametrp Gp — Ttemmeparypa J[lebas. B Tabm. 3 HaBeaeHO 3HAYEHHS

3aIMIIIKOBOTO OIOpPY My Ta Temieparypu Jebas st cionyk R, oCugoSny g (R = Sm, Gd, Ho,
Er, Lu).

Tabauys 3
3anuikoBuii exexTpoomnip Ta Temneparypu ebas @p nns cnoayk R 9Cug,Sn, g
(R =Sm, Gd, Ho, Er, Lu)
Table 3
Residual resistivity and Debye temperatures @p for R 9Cug ,Sn, g compounds
(R =Sm, Gd, Ho, Er, Lu)

Cromnyka o, MKOM-cM 6p, K
Sm; 9Cug,Sny g 157,2 133,2
Gd, oCug, St g 91,5 140,9
Ho, 5Cug St g 68,1 1412
Ery9Cug- St g 63,1 1295
Lu; 5Cus Sty g 54,1 150,2

4. BUCHOBKH

BumiproBanHs TeMIepaTypHHUX 3aJeKHOCTEH IMTOMOIO EJIEeKTPOOIIOpY CIONYK
R14Cug,Sn, 5 (R = Ce, Gd, Th, Dy, Ho, Er, Tm, Yb) B intepBani temneparyp 4,2—-300 K Ta
R19CuUg,SN,5 (R = Y, Sm, Lu) 3a temmeparyp 11-300 K 3acBigumio, mo mociimKeHi
CIIOJIYKH XapaKTepU3YIOTHCSl METaJIeBUM THITOM TipoBiaHocTi. st conyk 3 Ce, Dy Ta Tm
BU3HAYCHO HAsBHICTh MAarHITHOTO BIIOPSAKYBaHHS 3a HHU3bKHX Temneparyp. Otox
JIOCII/DKEHHSI CTPYKTYPHHX XapakTepHcTHK craHimiB R;oCug,Sn,g y Kommuiekci 3
eKCIIEPUMEHTAIBHIMH ~ JIOCHI/DKCHHSIMH ~ TEMIIEPaTypHUX  3aJIEKHOCTEHl  ITMTOMOTO
€JIEKTPOOTIOPY Ja€ 3MOTY XapaKTepH3yBaTH MAarHiTHHH CTaH KOMITOHEHTIB 1 pEYOBHHHU
3arajJioM i CIIyrye NOJAaTKOBHM ITiATBEPPKCHHSIM HAasBHOCTI MarHiTHOTO BIOPSIKYBaHHS
a0 Horo BiICYTHOCTI.
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ELECTRICAL TRANSPORT PROPERTIES OF R;4Cug,Sn,s COMPOUNDS
L. Romaka'", B. Kuzhel®, V. Romaka?, Yu. Stadnyk®
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Electrical transport properties of the R; gCug,Sn, g (R = Y, Ce, Sm, Gd, Th, Dy, Ho, Er, Tm,
Yb, Lu) compounds with the Dy;oCug,Sn,g structure type (space group P6z/mmc) were studied.
Polycrystalline samples were prepared by arc melting of the stoichiometric amounts of the constituent
elements (nominal purities: rare earth metals — 99.9 wt. %, Cu — 99.99 wt. %, Sn — 99.999 wt. %) on
a water-cooled copper hearth under a protective Ti-gettered argon atmosphere. Subsequently the
buttons were annealed at 1 070 K for 720 h in evacuated silica tubes, followed by quenching in cold
water. Quality of the prepared samples was tested by X-ray powder diffraction (diffractometer
DRON-2.0M, Fe K, radiation) and Scanning Electron Microscopy (REMMA 102-02 electron
microscope equipped with an energy-dispersive spectroscopy X-ray analyser). XRPD data were
collected in the transmission mode on a STOE STADI P diffractometer (Cu Ko, radiation).

The temperature dependencies of electrical resistivity (o(T)) of Ry gCug,Sn; g stannides were
measured employing two-probe method on millimeter-scale, well-shaped pieces cut by spark erosion
from the polycrystalline samples in the temperature range 4.2-300 K (R = Ce, Gd, Tbh, Dy, Ho, Er,
Tm, Yb) and 11-300 K (R =Y, Sm, Lu). Electrical resistivity measurements showed that the
resistivity values of the all studied compounds increase with temperature indicating metallic type of
conductivity. For Y1 9Cug,Sn,g and Lu; gCug,Sn; g stannides, which contain nonmagnetic elements Y
and Lu, the absence of transition on the p(T) dependences at low temperatures is consistent with the
Pauli paramagnetism of compounds. The temperature dependence of the resistivity of Yb; sCug,Sn,g
compound is almost linear at high temperatures, at low temperature part there is a slight increase in
resistivity, which is characteristic of Kondo systems. Change of the resistivity caused by magnetic
ordering was not observed in the studied temperature interval for the R; gCug,Sh, g compounds where
R are Gd, Th, Ho, Er. The slope change of the resistivity at low temperature part of p(T) dependencies
for the R1.9Cug,Sn, g compounds with R=Ce, Dy, Tm is associated with their magnetic ordering.

Keywords: intermetallics, electrical resistivity, X-ray analysis, crystal structure.

Crarrs Haailma go peakonerii 27.10.2021
[pwuiinsta no apyky 10.06.2022



