Tpani HTHI Proc. Shevchenko Sci. Soc.
Xim. Hayku 2025. T. LXXVIIL C. 194-205 Chem. Sci. 2025. Vol. LXXVIIL P. 194-205

VK 546.3-663.730.682

https://doi.org/10.37827/ntsh.chem.2025.78.194

Tanuna HU9UIIOPYK, /lasuo THMHTPHAJ[I, Bacuns 3APEMKEA,
Onez /IEJIEHKO, Apocnaée KAJTH9AK

CUCTEMA Tb-Co-In: ®A30BI PIBHOBAI'
I KPUCTAJITYHA CTPYKTYPA CIIOJIYK

Jlvsigcokuti nayionanoHull ynigepcumem imeni leana @panka,
eyn. Kupuna i Megoois, 6, 79005 Jlvsie, Yrpaina
e-mail: yaroslav.kalychak@Inu.edu.ua

Memooamu X-npomeneozo azoe02o i, 4acmkoso, MIKpOCMPYKMYPHO2O aHalizié ma
eHnepeooucnepcitinoi X-npomenegoi cnekmpockonii 0ocniodceno gazosi pienosacu ma
nobyoosano izomepmiuHuii nepepiz oiacpamu cmany cucmemu Th—Co—In y nosnomy
KoHyenmpayitinomy inmepeani sa memnepamypu 870 K. 'V cucmemi eusnaueno posuun-
Hicmb [HOI0 630060ic [30KOHYyenmpamu kobanemy y cnoayyi TbCos (0o 5 am. %) ma
niomeepodicero ichysanns socbmu mepuaprux cnonyk: TbColns (CT HoCoGas), Thb2Colns
(CT Ho:CoGas), TbCoxn (CT PrCo:Ga), ThioCoslnio (CT TbioCoslnig), ThiiCone
(CT NdiiPdidng), Th23Cos7lnz0s3 (CT Er23Coe7lnz3), TbeCozislnoss (CT HosCoxGay),
Th14Coslns (CT Lu14Coslns). Memooom nopowiKy YmoOYHeHO KpUCMmAniuHy CmpyKmypy
cnonyku Th2sCoslnii (cmpyxmypruii mun Sm26Co11Gas, npocmopoea epyna P4/mbm, tP86,
a = 11,893(6); ¢ = 15,824(8) A, Rup = 0,0552). Kpucmaniuna cmpykmypa Hosux cnoiyk
npubnuznozo cxaady TbCoqln i ThsCoslnz negiooma.

Kmiouosi cnosa: inoiti, xobanem, mepOil, nompiiHa cucmema, i30mepMiyHUll nepepis,
MEPHAPHA CROYKA.

Beryn

[MoTpiiiHi cucremMu pinKiCHO3EMEIBHUX METANIIB 3 MEPEXiTHUMH MeTalaMH Tpiaan
3aji3a Ta 1HIIEM BHUPI3HSIOTHCS CKIIAJHUM XapaKTepoM B3a€MOJii KOMIIOHEHTIB 1 OaraTi
Ha iHTepMeTaliuHi crionyku. TepHapHi cnonmyku R:7yIn. (R — pinkicHO3eMenbHUI MeTal,
T — nepexiJJHui MeTalT) XapaKTepU3YIOThCs PI3HOMAHITHICTIO CKJIAJTY, PI3HOIO CKIIA/IHICTIO
KPHUCTAJIIYHOI CTPYKTYpH, LIKaBUMH (Pi3MYHUMH BIIACTUBOCTSIMH. Hampukiaz criomyku
KOOaJIbTy € MEepCHeKTHMBHUMH MarHiTHUMH Matepiamamu [1, 2], cmomykm CeColns i
CeyColng — yHikagpHIMHU 00’ekTamMu (yHIaMeHTanbHoi dizuku [3, 4]. LinecnpsmoBanuii
TIOIITYK HOBHMX 0araTOKOMITOHEHTHHX CITONYK, a BiITaK HOBUX MaTepialiB, mepeadadeHui
4yepe3 JOCIIDKSHHS JliarpaM CTaHy BiIIIOBITHUX CUCTEM abo TXHIX 130TepMiYHUX mepepi-
3iB. YV 11pbOMY BifHOIIEHHI TIepcieKTUBHUMHE € cucteMi P3M—Co—In, siki omHaK BHBUYCHI
3HAYHO MEHINE, HIK cucTeMH Hikenmto [5—14] ta mixi [15]. [lonmepeaHii orisa Croiyk
cucreM P3M—Co—In naBenenwmii y [15, 16]. [3oTepmiuni mepepizu miarpam cTa"y mooy-
noBani aist cucteM i3 Sc [17], Ce [18], wactkoBo Pr [19] Ta Er [20]. IIpogoBxyroun
CHUCTEMAaTHYHi IOCHTIHKeHHS B3aeMofii KoMmoHeHTiB y cuctemax P3M—-Co-In, y miif
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mpalli MpecTaBiIcHo aiarpamy (asoBux piBHoBar cuctemu Tb—Co—In 3a Temmnepatypu
870 K y moBHOMY KOHIIEHTpAIIfHOMY iHTEpBaJi Ta BiIOMOCTI PO KPUCTATIYHY CTPYK-
TYpy CHOJYK. 3 JITepaTypHHUX JDKEpel BiJIoMO IMpo icHyBaHHs B cuctemi criosryk TbColns
[15, 16], szCOIng [15, 16], TbCOzIn [15, 16, 21], Tb10C03In10 [22], Tb11C04In9 [2, 23],
Tb23Co¢,7In203 [24], TbeCo2,14ln0,86 [25] 1 Tb14CosIns [26]. dns noagiitaux cuctem Co—In
[27, 28], Tb—Co [29-33] i Tb—In [34-38], sKi 0OMEXYyIOTH HOCHIIHKyBaHy MHOTPIHHY,
no0yI0BaHO JiarpamMy CTaHy Ta JIOCHIPKEHO KPUCTaNIIYHI CTPYKTYPH CIIOJIYK.

YV gac HanMcaHHS THOTO pyKomucy omyomikoBaHa mpars “Tb—Co—In system at 870 K
and magnetic ordering of Tb,Colng, Tby3Co7Inzg, TbasCoslniz and TbsCozIn™ [39].

Matepianu Ta MeTOANKA eKCIIEPUMEHTY

Jlnst mocmimKeHHsT B3aeMOIii KOMIOHEHTIB y cucteMi Tb—Co—In BUTOTOBICHO MOHAM
60 moaBiMHUX 1 MOTPIMHUX cIUIaBiB. 3pa3Ku Macolo ONMM3BKO | T CHHTE3yBaIH €IEeKTPO-
JIyTOBUM CIUIABJISIHHSIM IIMXTH 3 KOMIIAaKTHUX MeTajiB (TepOii 31 BmicTrom 0,999 mac.
gactku Tb; xobambr — 0,9992 wmac. wactku Co, iHmiit — 0,9999 mac. gactku In) y
BIJIMIOBITHMX MAacCOBUX CIIIBBIHOIICHHSIX B aTMOC(epi OYHINECHOro aprony (rerep —
ryOoyactuii Tutan). Jns 3a0e3medyeHHs TOMOTreHi3aulii CIIaBU TNEperulaBisuId JIBidi.
Brparu nig gac rutaBieHHsT He epeBHILyBad 1 Mac. %, TOMy CKJIaj CIUIaBiB MpHHMaIH
TaKUM, IO JIOPIBHIOE CKiIady mMXTh. OzepxKaHi 3pa3ky BilIaliOBalIN Y BaKyyMOBaHHX
KBapIoBux ammyiax 3a 870 K ynpomosx ABOX MICSIIIB 3 HACTYITHIUM 3arapTOBYBaHHIM y
XOJIOZHY BOJy Oe3 momnepeHpOro po3ouBanHs aMiyii. CruiaBy, sIK JIWTI, TaK i BiHajicHi,
CTiMKi 7O Mii HABKOJMIIHBOTO CEPEIOBHINA IMPOTITOM TPUBAJIOTO HYacy. BHHATKOM €
crmiaBH 31 BMicToM Big ~ 0,30 mo ~ 0,50 at. wactox Tb Ta ~ mo 0,15 ar. yactok Co, sKi
BIIPOJIOBXK KUTBKOX THO)KHIB PYHHYIOTBCS 3 YTBOPEHHIM aMOpGHHX (a3 Ta KPUCTATIIHOTO
1H/IIO.

®a3oBuil aHANI3 BUKOHYBAIH 32 PEHTI€HOTpaMaMy, OTpUMaHIMH B kKamepax Jlebast-
eppepa (Cr K-BunpoMiHioBaHHS) Ta Ha opoikoBomy audpakromerpi (JJPOH-2.0, Fe
Ko-BUTIpOMiHIOBaHHSA) NUIIXOM IXHBOTO TIIOPIBHAHHS 3 MOPOIIKOTpaMaMH BiJOMHUX
OiHapHUX Ta TEpHApHHUX CIOJIyK I YUCTUX KOMIIOHEHTIB. TeopeTHuHi peHTreHoramMu
otpumyBanu 3a goromororo nporpam Powder Cell [40] i STOE WinXPOW [41]. [dna
JIETANBHIIIOr0 BUBYEHHS KpUCTaNiYHOI cTpyKTypH (iporpama FullProf [42]) BukopucTto-
ByBaJM MacHBH EKCHEPHMEHTAIBHUX IaHUX, OoTpuMaHux Ha mudpakromerpi STOE
STADI P (Cu Koy-BUOpOMIHIOBaHHS). AHAaNi3 MIKPOCTPYKTYP HOBEPXOHb OKPEMHX
3pa3KiB Ta SIKICHUH 1 KUTbKICHMH aHali3 MPOBOAWIN HAa CKaHYBAJIHHOMY EJIEKTPOHHOMY
Mmikpockomi Tescan Vega 3 LMU, ochamenomy merektopom Oxford Instruments SDD
X-MaxN?,

PesyabTaTn nociaigkeHs Ta 00roBOpeHHsA

3a pesynbraramu X-IpoMeHeBOro (ha3oBOro Ta, YaCTKOBO, MIKPOCTPYKTYPHOTO M
JIOKAJIBHOTO €HEeproIucIiepCiitHoro X-MpoMEeHeBOT0 aHaji3iB MiATBEpIKEHO iCHYBaHHS
OiHapHUX CIONYK y IMOABIHHMX CHCTEMax, sIKi OTOYYIOTh JIOCHIKyBaHy HaMH IOTPIiHHY
cucremy Tb—Co—In: Tbyln (CT NizIn), Tbslns (CT MnsSiz), Tbin (CT CsCl), Tbslns
(CT PU3Pd5), Tbln; (CT AuCU3); TbsCo (CT Fe3C), Tb12Cos (CT Tb12C07), Tb5C04,5
(CT HOéCU.4,5), Tbc02 (CT MgClh), TbC03 (CT PuNi3), Tb2C07 (CT CezNi7 ), TbCOs
(CT CaCus); TbyCoi7 (CT ThyZny;). Crnonyku cuctemu Co-In (Coln, ta Colns)
YTBOPIOIOThCA HIDKYE TEMIIEPATYPH BiINANOBaHHS i BIICYTHI y MOTPIHHUX CIUIaBax 3a
870 K.



196 T'AJIMHA HUYUIIOPYK, JABU AUMHWUTPUAL, BACUJIb 3BAPEMEBA, OJIET' IEJIEHKO...

[3oTepmiunmii nepepi3 piarpamu crany cucteMu Tb—Co—In y moBHOMY KOHIIEHTpa-
miitHomy iHTepBai 3a Temueparypu 870 K 300paxkeno Ha puc. 1. Y cuctemi yTBOPIOETHCS
11 tepHapuux crnonyk (tadbn. 1). OkpiM 3a3HaYeHUX BUILIE 1 OMHMCAHUX B JiTEpaTypi
BOCBMH CITONYK, BHSIBIICHO imie croyku mpuonusHoro ckmaay TbCosln, TbsCosln, i
TbasCogln;i. BinapHi cIlOMykH NPakTUYHO HE PO3UMHSAIOTH TPETHOTO KOMIIOHEHTa, 3a
BuHATKOM crnoiyku TbCos 3i cTpykryporo tumy PuNis, sika 3a JaHUMHU TOCIiIKEHHS
MmikpocTpykTypu Ta EDX ananmizy cmaBy Tbis;Cosselnie;, po3umuHse B310BX i30-
koHIeHTpatH 75 at. % Co 6mm3bko 5 at. % In (puc. 2). [loxiOxmit TBepaMHA pO3YNH Ha
ocHogi ciontyku ErCos crioctepiranu y BuBueHii panime cucremi Er—Co—In [20, 43].
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Puc. 1. [3oTepmiunnii mepepi3 niarpamu crany cucremMu Tb—Co—In 3a 870 K
(HyMeparis CIoNyK BiANOBiAa€e faHUM Tadm. 1).
Fig. 1. Isothermal section of the phase diagram of Tb—Co—In system at 870 K
(the numbering of compounds corresponds to the data in the table 1).

MiKpOCTPYKTYpHI JOCHi/pKEHHS cIutaBiB  cknaniB:  TbsgCozslnys, TbssCoazslngg,
TbsoCo20lnz0 , ThsoCo10ln3o mpomemMonCcTpyBanm ixHIO TeTepodasnicTs (puc. 2). OgHak, y
KO)KHOMY 3 IMX CIUIaBiB 3a pesynbratamu EDX ananizy HasBHa (asa NpakTH4HO
0JHAKOBOTO CKIamy: Tbso33)Coi453)In262(1), Tbsos2)CoisomIngs i), Tbso,13Coi4.9(1)In2e,1(3),
Tbeo33)Co12,53)IN27,53) BinnmoBimHO. 3BiACH BHIUIMBA€E, WO ii CKian OJM3BKUHA 110
TbysCoglnii 1 y Hel Hemae momiTHOI 00JacTi TOMOTEHHOCTI. X-TIPOMEHEBHH (ha30BHiA
anaimiz 3paska TbegoCozlnyy (mporpama STOE WinXPOW [41]) Takok MHiATBEPKYE
HasBHICTb HEBIOMOi (a3u Ta nomaTKoBO cHOIYKHA TbsCo2 14lnggs (CTPyKTYpHHIH THIT
HosCo0,Ga) [25]. Ckiaa HEBIIOMOI CHOJYKH, PO3TANTYBaHHS Ta IHTCHCUBHOCTI BIJIOUTH
Ha audpaxTorpami Janmd 3MOTy 3pOOHWTH NPUIYLICHHS MPO il i30CTPYKTYpHICTH IO
LuasPty s5Ing 45 [44] (ctpykrypHuii THI SmosCo11Gags [45]).
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Tabnuya 1
Kpucranorpadiuni xapakrepucrukn TepHapHux cnoayk cuctemu Th—Co—In 3a 870 K
Table 1
Crystallographic characteristics of the ternary compounds in the Tb—Co-In system at 870K
Howmep Iepioau komipku, A
3a Cnonyka CT nr Jliteparypal
mop. a b c
1 TbColns HoCoGas P4/mmm 4,549 - 7,425 15
2 TbCo4ln *
3 Tb2Colns Ho:CoGas | P4/mmm 4,568 - 12,008 15
5,033 4,050 7,122 15
4 TbCozIn PrCo2Ga Pmma 5.028 4041 7117 71
5 Tb10Co3Inio Tb10CosInio Pbam 25,462 24,026 3,605 22
14,423 21,606 3,6216 23
6 Tb11Co4lny Ndi1Pdalne Cmmm 14.435 21,626 3.617 5
7 Tb23Co6.7In203 | Er23C06.7In203 | Pham 23,448 28,722 3,5916 24
8 TbsCoslna *
9 Tb26Coslnii | Sma6Co11Gas | P4/mbm | 11,893(6) - 15,824(8) *
9,428 9,450 9,969 25
10 | TbeCoz,14lnos6 | HosCo2Ga Immm 9.446(6) | 9.513(6)| 9.964(6) "
9,544 23,225 15
11 Tb14CosIn; Lui4Coslns | Pda/nmc 9.539 - 23,174 26

* Pe3ynbTaTH i€l mpari.

YTOYHEHHS CTPYKTYpH CIIONYKH 3 BHKOPHUCTAHHSIM KoMIulekcy mporpam Fullprof
[42] mipTBepmxye Hamn mpunynieHHs (puc. 3). Jlerani ekcrnepuMeHTy Ta pes3ysbTaTh
YTOYHEHHS KPHCTANIYHOI CTPyKTypu croinyku TbrsCoglni;; HaBemeno y Tabm. 2.
KoopaunaTHi nmapamerpy aToMiB HaBeseHi y Tabi. 3, a MikaToMHI1 Bignaii — y Tabum. 4.
Bwmict ¢asm y 3pasky cranoButh ~70 mac. %. Immoro daszoro (~30 mac. %) €
TbeCo2,14ln 36 13 cTpykTyporo tuny HosCooGa [46]. Ha Bigminy Big LunePts sslng gs, ae
yacTrHa atoMiB Pt Ta In yTBOPIOIOTH CTATHCTHYHI CYMIIi, Y CTPYKTYpPi HOBOI CIIOIyKH
TbyCogln;; aToMu MeHmoro posmipy 3alMarOTh OKpeMi MOJIOKEHHS. MiXkaTOMHI
BiJTaji B IUJIOMY Y3TOIDKYIOTBCS 3 CYMOIO BiATIOBIAHMX aTOMHHUX pamniyciB [47], mpoTe
Bimmani Tbl-Inl (2,696 A) i Tb4-Inl (2,695 A) cyTTeBo cKOpodeHi, OfHAK CyMipHi 3
BimmanaMu y cTpykTypi LuasPtyssingss (Lu4-Ptl/Inl & = 2,781A) [44]. Tpoexuis
cTpykTypu cnoiayku TbosCoslni; Ha muonmnay XZ Ta KOOpAMHAINHI MHOTOIPAaHHUKH
aToMiB 300paxeHo Ha puc. 4. IlonepeaHe MOBIIOMIIEHHS HPO II0 CHOIYKY 3po0JeHO Y
[48]. OcobauBOCTI CTPYKTYPH LIBOTO THITY JETANBHO OnucaHo B [44, 45]. I3ocTpyKTypHI
no tarmy SmoeCoi1Gas crionykn y cucremax P3M—Co—Ga [45] ta P3M-T-In (T = Co,
Rh, Ir, Pt) [44] xapakTepH3yIOThbCsl HasBHICTIO PI3HOTO CKJIAJy CTATUCTUYHHUX CyMillen
MeHIHX 3a po3Mipamu aromiB (Co/Ga; T/In) i, BigmoBizHO, 4acTO 3MIHHMM CKJIaJIOM
B3IOBXK 130KoHIEHTpaTH P3M, Ttomi sik TbysCogln;; Mae mpaktuuHo cranuii, 3a
TEMIIepaTypy JIOCTIPKEHHs, CKiIal.. BapTo nomary, mo 1t criosryka pa3oM i3 OaraTumu
Ha TepOiit cnonykamu TbsCo2,14ln036 1 Tb14Co3Ins popmye rpymny ckiagHux, i3 BETUKHM
00’eMOM KOMIpKH OaratomapoBuX CTPyKTYp.
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van Franta Hatianai u

TbsoCo2sInas TbsoCoszInis
Puc. 2. ®otorpadii noBepxoHs MikponntiiB okpemux 3paskiB cuctemn Tb—Co-In 3a 870 K.

Tbi16.7C0s6.6In16.7

Fig. 2. Scanning electron micrographs of polished samples of the Tb—Co—In system at 870 K.
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Puc. 3. ExcniepumenTasbHa (*), po3paxyHKoBa (—) Ta pi3HHIEBa (3HH3Y) AUGpAKTOrpaMu 3pa3Ka
TbeoCo20In20 (STOE STADI P, Cu Koi—BHIIPOMiHIOBaHHS).

Fig. 3. Experimental (), calculated (—) and difference (bottom) X-ray patterns of the alloy
TbsoCo20In20 (STOE STADI P, Cu Kai—radiation).
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Cxuaj 3pa3ka

CkJaz Crontyku

Bwict y 3pasky, %
Pospaxosana ryctuna Dx, r/cm?
CTpyKTypHU# THIT

[IpocToposa rpymna, Ne

Tabnuys 2
JleTani ekClepUMEHTY Ta pe3yJIbTaTH YTOYHEHHsI KPUCTAJIIYHOI CTPYKTYpH
(a3 3paska TbeCozolnz
Table 2
Experimental details and results of crystal structure refinement of the phases in ThsCo20Inz0 sample
TbeoCo20In20
Tb2sCosInii TbsCo2,14In0,86
69,5 30,5
8,53 8,80
Sm26GasCorr [45] HosCo2Ga [46]
P4/mbm, 127 Immm, 71
tP86 0l36

CumBon [lipcona
JudpaxkromeTp
BumnpomintoBaHHs, A
Mexi 26, °

Kpoxk, yac 3HiMaHHs

apameTpu Komipku, A

06’eM KoMipky, A3

BOverall, AZ

Kopexiiist Ha abcopOILito, (Refr
[Mapamerpu npodinto U; V; W
[Tapamerp; HampsMm TekcTypu G
Rp; Rwp, Rexp

STOE STADI P
1,54060 (Cu Ka)
6,000-110,625
0,015°, 2500 ¢

a=11,893(6); c=15824(8) | 9~ 2446(6): 0 =9.513(6);

¢=9,964(6)
2238,2(2) A3 895,4(9)
2,3(3) 2,5(3)

1,2
0,062(6); -0,018(1); 0,021(1)
0,17(2); [100] | -
0,0434; 0,0552; 0,0532

Tabnuys 3
Koopannarthi napamerpu atomiB cTpykTypu cnojyku Tb26Coslni
Table 3
Parameters of the atoms for Th2sCosIni1 structure

Atom IICT x/a y/b z/c
Tbl 16/ 0,0887(1) 0,1956(1) 0,1243(1)
Tb2 16/ 0,1997(1) 0,0814(1) 0,3198(1)
Tb3 8j 0,0857(1) 0,2339(1) 1/2
Tb4 4g 0,1775(1) 0,6775(1) 0
Tb5 4f 0 1/2 0,3920(1)
Tb6 4f 0 1/2 0,1810(1)
Col 8k 0,6517(1) 0,1517(1) 0,2974(1)
Co2 4h 0,1507(1) 0,6507(1) 1/2
Inl 8k 0,1928(1) 0,6928(1) 0,1695(1)
In2 4g 0,5912(1) 0,0912(1) 0
In3 4e 0 0 0,4140(1)
In4 4e 0 0 0,2349(1)
In5 2a 0 0 0
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Tabnuys 4
MixkaTomHi Binaaai (8) Ta koopauHaniiiHi yncaa aromiB y crpykrypi cnosrykn Thz6CosInn
Table 4
Interatomic distances () and coordination numbers of atoms for Tbh2sCo¢Ini1 structure
ATtoM 0, A K4 Atom o, A K4
Tbl Inl 2,696(1) 15 Tb3 Tb3 3,035(1) 15
In4 3,096(1) Co2 3,128(2)
In2 3,209(1) 2In3 3,260(1)
In5 3,224(1) Co2 3,287(2)
Col 3,370(2) 2Tb2 3,499(1)
Tb4 3,413(1) 2Col 3,571(2)
2Tbl 3,612(2) 2Tb2 3,641(1)
Tb2 3,627(1) 2Tb5 3,738(1)
Tbl 3,628(1) 2Tb3 4,189(2)
Inl 3,671(2) Tb4 2Inl 2,695(1) 15
Tb2 3,696(1) 2In2 3,356(2)
Tb6 3,876(2) 4Tbl 3,413(1)
Tbl 3,934(2) In2 3,891(1)
Tbh4 4,021(1) 4Tbl 4,021(1)
Tb2 In4 2,895(1) 14 2Tb6 4,137(1)
In3 2,966(1) Tb5 2Col 2,958(1) 14
Inl 3,008(1) 2Co2 3,057(1)
Col 3,245(2) Tb6 3,339(2)
Col 3,307(1) Tb5 3,417(2)
Co2 3,461(1) 4Tb3 3,738(1)
Tb3 3,499(1) 4Tb2 3,873(2)
2Tb2 3,627(2) Tb6 2Col 3,146(1) 13
Tbl 3,627(1) 2Inl 3,247(1)
Tb3 3,641(1) 2In2 3,250(1)
Tb2 3,682(1) Tb5 3,339(2)
Tb1 3,696(1) 4Tbl 3,876(2)
Tb5 3,873(2) 2Tb4 4,137(1)
Col Tb5 2,958(1) 11 In2 In2 3,068(1) 10
Tb6 3,146(1) 4Tbl 3,209(1)
2Tb2 3,245(2) 2Tb6 3,250(1)
2Tb2 3,307(1) 2Tb4 3,356(2)
Inl 3,307(1) Tb4 3,891(1)
2Tbl 3,370(2) In3 In3 2,721(2) 10
2Tb3 3,571(2) In4 2,834(2)
Co2 2Tb5 3,057(1) 10 4Tb2 2,966(1)
2Tb3 3,128(2) 4Tb3 3,260(1)
2Tb3 3,287(2) In4 In3 2,834(2) 10
4Tb2 3,461(1) 4Tb2 2,895(1)
Inl Tb4 2,695(1) 9 4Tbl 3,096(1)
2Tbl 2,696(1) In5 3,718(2)
2Tb2 3,008(1) In5 8Tbl 3,224(1) 10
Tb6 3,247(1) 2In4 3,718(2)
Col 3,307(1)
2Tbl 3,671(2)
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Kpucraniuni crpykrypu cnonyk npubiamnsnux ckiagiB TbCosln ta TbsCosln, (nus.
puc. 2) 3aNMIIarThCS MOKH-IIO HEBIMOMUMH i OyOyTh 00’€KTOM HAIINX MOJAITBIINX
JIOCITIJPKEHB.

[Hmy rpymy, copigHEeHHX MiX COOOI0 CHONYK, CTAaHOBJATH ONM3BKI 3a CKIAIOM i
MoTuBOM CTPYKTYpu TbigCoslnig (Tbas 45C013,04I043.45), Tb11Coslng (Tbas3C016,671037,50)
Ta Tb23C067IN203 (Thas00C01340IN4060). Lle mBOITapOBI B3MOBK HAHKOPOTIIOTO HAIIPSIMY
(~3,6 A) cTpykTypu, B sikMX omuH map cOpMOBaHHil BUKIIOYHO aToMamH Tepbiio, a
IHIAH — aToMaM# KOOalbTy Ta iHAIIO. Ix Takox MoxHA po3rismaT K moOymoBaHi 3
LEHTPOBAaHMUX aTOMaMH MEHIIOro po3Mipy terparoHansHuX ((pparment tumy CsCl) i
TpuroHanbHUX (¢pparmeHT Tumy AlB,) mpusm. Pi3Huns monsrae B TOMy, IO IS
Tbi1Coslng mpusmu matote cknan Tbin ta TbCo (y cmiBBimHOmeHHi 18:4), mis
TbioCoslnyp  nmomarkoBo €  TpuroHampHi mpu3mu  Tbln,  (cmiBBiTHOIICHHS
TbIn:TbCo,:Tbln, = 28:6:6) ta mis Tba3Cos7Inz 3 10 TPHOX HaBemeHHX (pParMeHTIB
nmonaroThest TerparoHansHi npmmu TbCo (cmiBBigHOmEeHHs TbIn:TbCo,:TbIn,:TbCo =
36:6:2:2).

Barari Ha iHmiit 1 Omm3pki 3a ckinamom croykd TbColns (Tbis24Co1424I07142) T2
Tb,Colng (Tbis,18C09,09In72,73) HajgekKaTh O TOMOJOTIYHOIO PsIIy, 3aCHOBAHOTO Ha
¢parmentax npocrimmx tumie AuCus (¢pparment ckiany Tblns) i PtHg, (dbparment
ckiany Colny). dnst cnionyku TbColns npunaznae no ongHoMmy ¢pparmenty crpykryp Tbilns
i Colny, a nust Tb,Colng Ha nBa ¢pparmentn Tblns npunanae oqun gpparment Colny [15].

Takox crpyktypy cnoiyku TbCosln MoHa po3misgatd sk MoOyAOBaHy 3
¢parmentiB TumiB CsCl (ckmany Tbln) ta CaCus (cknaxy TbCosln) y cmiBBigHOIIEHHI
1:1[15].

Mix pe3ynbTaTaMy HallUX AOCHIDKEHB 1 MaHWUMHA mpami [39] € meBHI MPHUHIUNOBI
po30ixkHOCTI. M miarBepauiu e icHyBanHs croyyk TbColns i TbjoCoslnjo Ta Bu3Ha-
gy, 1o crnoiiyka TbysCoglni; Mae mpakTHYHO CTamuil CKjIal, HAaTOMICTh y [39]
MIPUITICYIOTH i 007aCTh TOMOT€HHOCTI B3ZI0BXK 130KOHIICHTPATH TepOito.

Puc. 4. Ipoexuist kpucraniqHoi cTpyKTypH crioidyku TbasCoslnii Ha mnommHy XZ i
KOOpIWHALIHI MHOTOTPaHHUKH aTOMIB.

Fig. 4. Projection of the Tb2¢Coslnii structure onto the XZ plane and
coordination polyhedra of atoms.
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BucHoBKkH

[ToOynoBano i30TepMmiuHMi nepepi3 aiarpamu crany cucteMu Tb—Co—In y nmoBHOMY
KOHIICHTpaliifHOMY iHTepBaii 3a Temreparypu 870 K. ¥V cucremi BUSIBIECHO pO3YHHHICTD
1HJTIF0 B3JIOBXK 130KOHIIEHTPATH K0OabTy y conyii TbCos (1o 5 ar. %) Ta miaTBepaKeHO
ICHyBaHHS BOCBMH TEpHAPHHX CIOIYK. METOIOM IOpOIIKY yTOYHEHO KPHCTATIYHY
cTpykTypy cronyku TbysCoslni; 1 BcranoBneno ii HajexHicTh 10 tHIy SmysCoi1Gas
(mpocropoBa rpyma P4/mbm, tP86, a = 11,893(6); ¢ = 15,824(8) A, Rup = 0,0552).
KpucraniuHa cTpykTypa BUSBICHUX cHONyK mpubausHoro ckiaay TbCosln ta TbsCoslns
HEBIgOMA.

IToasika

ABTOpH BAAYHI IPOBIJHOMY HayKoBoMmy cmiBpoOiTHHKY II. 1O. Jlemuenky 3a nono-
MOTY B OTPMMaHHI €KCHEepHUMEHTaIbHUX MacHBiB AU(PPAaKTOrpaM OKPEMHUX CIUIAaBIB Ta
CTapIIOMy HayKOBOMY CHiBpOOITHHKY A. B. 3emiHCBKOMY 3a JIONIOMOTY Y JTOCHIPKEHHI
MIKPOCTPYKTYpP OKPEMHX 3pa3KiB.

I''H., B.3. ta . K. Basuni 3a ¢inancoBy mintpumky ¢onay Simons Foundation
(PD-Ukraine-00014574).
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SUMMARY

Galyna NYCHYPORUK, Davyd DYMYTRYADI, Vasyl ZAREMBA,
Oleg DELENKO, Yaroslav KALYCHAK

THE SYSTEM Tb—Co-In: PHASE EQUILIBRIA
AND CRYSTAL STRUCTURE OF THE COMPOUNDS

Ivan Franko National University of Lviv,
Kyryla i Mefodiya Str., 6, 79005 Lviv, Ukraine
e-mail: yaroslav.kalychak@lInu.edu.ua

Interaction between the components in the Tb—Co—In system was investigated by X-ray powder diffraction
and, partially, scanning electron microscopy with energy-dispersive X-ray spectroscopy. Isothermal section of
the phase diagram was constructed in full concentration range at 870 K.

The samples were synthesized in an arc-furnace on a water-cooled Cu-plate under an argon atmosphere
and annealed in silica tubes at 870 K for two months. The phase analysis was performed by X-ray powder
diffraction method. Microstructures of polished samples and quantitative and qualitative analysis were carried
out on a Tescan Vega 3 LMU scanning electron microscope equipped with an Oxford Instruments SDD
X-Max"? detector.

Existence of eight ternary compounds, namely TbColns (HoCoGas-type structure), Tb,Colng (Ho,CoGas-
type structure), TbCoyIn (PrCo,Ga-type structure), Tb;oCoszlnig (TbioCoslnjo-type structure), Tby;Coslng
(Nd;PdyIns-type structure), Tba;Cog7Inggs (ErsCogsInygs-type structure), TbeCos alngss (HosCo,Ga-type
structure), Tbi4Cosln; (LusCoslns-type structure) has been confirmed and three compounds have been
discovered in the Tb—Co—In system at the temperature of investigation. The crystal structure of TbasCogln;
compound was refined using X-ray powder data (STOE STADI P, Cu Ka, radiation). It belongs to
SmyCo,,Gag structure type (space group P4/mbm, tP86, a = 11.893(6); ¢ = 15.824(8) A, Ry, = 0.0552). The
crystal structure of the compounds TbsCosIn, and TbCo4ln remains unknown. The substitution of Tb for In up
to 5 at.% was observed for compound TbCos.

Compounds of the Tb—Co—In system with a known crystal structure can be divided into two groups. The
first group consists of terbium-rich compounds TbysCosln;;, TbsCo; 14Ing 56 and Tb;4CosIn;. These are complex
multilayer structures with large values of cell parameters. Another group of compounds includes double-layer
structures in the direction perpendicular to the shortest cell period. It should be noted that the value of shortest
cell parameter decreases from ~ 4.5 to ~ 3.6 A with increasing terbium content. These compounds can be
considered as being built from fragments of simpler structures. Compounds TbColns and Tb,Colng are built
from fragments of structural types AuCu; and PtHg,, compound TbCo,In — from fragments of CsCl- and
CaCus-types, and compounds Tb¢CosInyg, Tbi1Coslng, Tba3Cog7Inyg 5 — from fragments of CsCl- and AlB,-types.

Keywords: indium, cobalt, terbium, ternary system, isothermal section, ternary compound.
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