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3 METOI0 MOIIYKY HOBHX cronyk y cucremax R—Co—Al-Ge (R — piakicHO3eMebHHIT MeTan)
cuHTe30BaHO 3pa3ku R3COAl;Ge, MEeTosoM eneKTpOyroBOro CIUIaBisHHS. BU3HAUCHO iCHYBaHHS
inrepmeranigie Rz3CoAl;Ge; (R = Y, Sm, Tm, Yb ta Lu) Ta 3a JOMOMOrOI PEHTIE€HIBCHKOIO
IUPaKIHHOTO METOMY MOPOIIKY BH3HAYECHO iXHIO KpHCTamiuny cTpykrypy: THI Y3NiAl;Gey,
cumBod [lipcona hP9, npocroposa rpyna P-62m. KoopauHal[iifHUMH MHOTOTPAHHUKAMH MEHIIHX 32
po3mipom aromis, Co ta Ge, € Tpumankosi TpuroHansHi npusmu ckiaany CoAlgR; ta GeAlsRg.
Crpykrypy crnoiyk R3COAl;Ge, MokHa Takox po3risiaaTu yepes nosienpu atomiB Al — yxmaganus
(parMenTiB, MoOYIOBaHHUX i3 TPHOX B3aEMONpPOHUKAIOYHX KyOookTaeapi ckiaxy AIC0,Al,Ge,Rg.
Koxen atom Al 0HOYACHO € K aTOMOM, IO LIEHTPYE OAWH KyOOOKTae/p, Tak i BEPLIMHOK JBOX
IHIMX KyOooKkTaenpiB. MiK ImMMH (parMeHTaMu i3 KyOOOKTaeIpiB pO3MIIIEHO IIyCTOTH 3
TPUTOHAIBHUX JHIipamif ckiany OR3Ge,.

Kniouosi  cnosa: piakicHO3eMENbHMA MeTad, KoOalnbT, TETpPApHUH alOMOTepMaHil,
PEHTTEHIBCHbKHI TU(PPAKIIHHAI METOA TOPOLIKY, KPHCTAIYHA CTPYKTypa, DAL 130CTPYKTYPHHUX
CIIOJTYK.
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Hamia ™mera — CcHHTE3 HOBUX TETpPapHUX QJIIOMOrepMaHiNiB KoOambTy Ta
piAKiCHO3eMEIbHUX MeTamiB. 3rigHo 3 0a3or0 manux Pearson’s Crystal Data [1]
JOTUPUKOMIOHEHTHI cuctemMu R—CO0-Al-Ge mocmipkeHO Ha MpeaAMeT ICHYBaHHS
TETPApPHUX CIOJYK OKPeMHX CKiamiB. JOCTI/KeHHS pO3MOYaTro 3 PiAKiCHO3EMETbHUM
MeTajoM epbieM: € BimoMocTi mpo yTBopeHHS TBepaux po3unHiB ErCo,Algs.,Gey g,
(x = 0-0,3, y = 0-0,15, z = 0-0,36, crpykrypuuii tun ErGe, s, cumBon Ilipcona 0S16,
npocropoBa rpynma Cmcm) ta ErgCo,AlGes, (X = 0-0,14, Hf3Ni,Siz, 0S32, Cmcm) na
ocHoBi 6iHapHOT ErGe; 15 Ta TepHapHoi Er;C0,Ge; cnonyk, BiloOBiIHO, a TAKOX TETPApPHUX
amomorepmaninis  Er,CoAl,Ge, (Tb,NiAl,Ge,, t118, 14/mmm) Tta Erz;CoAl;Ge,
(Y3NiAl;Ge,, hP9, P-62m) [2-4]. ¥V npaui [5] noBimomieHo mpo iCHyBaHHsS psijiiB
i3octpykrypHux crnonyk R,CoAl,Ge, (R =Y, Sm, Gd, Th, Dy, Ho, Er, Tm, Yb, Lu) Ta
R3CoAlsGe, (R =Y, Sm, Gd, Th, Dy, Ho, Er, Tm, Yb, Lu). ITapamerpu Kpucramigaoi
CTPYKTYypH OKpEeMHX croiyk omyOuikoBano y mparsix [6-8] (R,CoAl,Ge, (R = Y, Sm,
Gd-Lu)) ta [9] (RsCoAl;Ge, (R = Gd-Er)). V miii npani moBigomiseMo mapameTpu
Kpucrtaniunoi cTpykTypu cnoiyk R3CoAl;Ge, (R =Y, Sm, Tm, Yb, Lu).
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Jlnst ipoBeIeHHST OCIIIKEHb CHHTE30BaHo 3pasku ckiuany RzCoAl;Ge, (R =Y, Sm,
Gd, Th, Dy, Ho, Er, Tm, Yb, Lu) CIJIaBIsSHHSAM YHCTHUX MeTaliB (BMICT OCHOBHOTO
kommoHeHTa (Mac. %): Y > 99,76, Sm > 99,83, Gd > 99,86, Tb > 99,83, Dy > 99,83,
Ho > 99,83, Er > 99,83, Tm > 99,82, Yb > 99,82, Lu > 99,83, Co > 99,99, Al > 99,998,
Ge 99,999) B armocdepi aproHy Ha BOJOOXOJIOKYBAHOMY MiJTHOMY MOZ1 €JIeKTPOAYTrOBO1
neyi 3 BONb(PAMOBUM €JEKTPOAOM. JlIsl OUMIIEHHS aproHy SK TeTep BHKOPHUCTaHO
nopuctuii TuTaH. CIIaBM TOMOTEHI30BaHO Yy BAaKyyMOBaHHMX KBapLIOBHX aMIIyJiaX HpHU
600 °C mpotsirom 1 800 rox, micis 4oro 3araproBaHo y xojoaHii Boai. [Ticns crmaBnsHHS
3pa3Ky NepeBipeHO Ha BTPATy MacH, sSKa B CepeAHbOMY He HepeBuinyBana 1 %. Macusu
TUQpaKIifHIX JaHUX BiJ MOMIKPUCTAIIYHMUX 3pa3KiB OTPUMAHO Ha TUPPAKTOMETPax
JPOH-2.0M (npominus Fe Ka) ta STOE STADI P (npominus Cu Koy). VtouneHHs
KPUCTAJIIYHOT CTPYKTYpH 3IifiCHEHO MeTomoM PiTBenpia 3 BHKOPHUCTaHHSIM IPOrpaMu
DBWS-9807 [10]. BusiBneHo, 1o BCi ciiaBu € oaHO(A3HUMHU Ta MICTATH CIONYKY 3i
crpykrypoto tumy Y3NiAl;Ge,. Jns crmomyk 3 R = Y, Sm, Tm, Yb ta Lu Bmepre
BU3HAYCHO KpHUCTANIOrpadiuHi mapamMmerpH.

VY tabn. 1 HaBeAeHO MapaMeTpH eIEeMEHTApPHUX KOMIPOK 130CTPYKTYPHHX CIHOJYK
R3CoAl;Ge,. BoHH 3aKOHOMIPHO 3MEHIIYIOTHCS 31 30LIBIIEHHSIM TMOPSAAKOBOIO HOMEpA
PiAKICHO3EeMEIBHOrO METay i Yac nepexoay Bix Sm g0 Lu (puc. 1). ExcriepumenranbHi
YMOBH OJiepKaHHS MacuBiB AM(MPAKUIHHUX JaHUX 1 pe3yJbTaTH YTOYHEHHS KPUCTAIIYHOT
CTPYKTYypH TeTpapHux cronyk 3 R =Y, Sm, Tm, Yb ta Lu naBeneHo B tabn. 2. V Tadn. 3
300pakeHO KOOPAWHATH Ta 130TPOIHI MapaMeTpu 3MIIIEHHS aTOMIB Y CTPYKTYpi CHOIYKH
Lu;CoAl;Ge,, a B Tabi. 4 — Mi>kaTOMHi Bifgaii B 1iit CTpyKTYpi, sIKi 10Ope y3roKyOThCS
31 cymoro paniyciB BimnoBimHux artomiB [11]. EkcnepuMeHTanbHy, pO3paxoBaHy Ta
pisHuieBy mudpaxrorpamu 3paszka ckiany LusCoAl;Ge, 306paxeHo Ha puc. 2.

Tabauys 1
IMapamerpu enemenTapHOT KoMipku crionyk RgCoAl;Ge,
Table 1
Unit cell parameters of R;CoAl;Ge, compounds
Crionyka | a, A | c, A | v, A3
Y3CoAl;Ge, 6,91969(5) 4,16534(3) 172,724(2)
SmzCoAl;Ge, 7,01973(8) 4,23526(5) 180,739(4)
Gd;CoAl;Ge, 6,97397(9) 4,20444(8) 177,092(6)
GdsCoAl3Ge; [9] 6,9733 4,2027 176,98
Th3CoAl;Ge, 6,9325(2) 4,1800(2) 173,98(1)
ThsCoAl;Ge; [9] 6,9318 4,1815 174,00
Dy;CoAl;Ge, 6,9044(3) 4,1616(3) 171,81(2)
Dy;CoAl;Ge; [9] 6,9052 4,1624 171,88
Hos;CoAl;Ge, 6,8825(3) 4,1473(2) 170,13(1)
Ho;CoAl;Ge; [9] 6,8815 4,1520 170,28
Er;CoAl;Ge, 6,8582(3) 4,1351(2) 168,44(2)
Er;CoAl;Ge; [4] 6,8538 4,1318 168,09
Er;CoAl;Ge; [9] 6,8596 4,1299 168,08
Tm3CoAl;Ge, 6,83243(5) 4,12116(3) 166,569(2)
Yb;CoAl;Ge, 6,82967(9) 4,12014(6) 166,474(4)
LuzCoAl;Ge, 6,79909(4) 4,09956(3) 164,123(2)
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Puc. 1. Tlapamerpu enemenTtapHoi koMipku crionyk R3CoAl;Ge,
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Fig. 1. Unit-cell parameters of R;CoAl;Ge, compounds
(o — results of this work; A — results from [9]; o — results from [4])
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Fig. 2. Observed, calculated and difference X-ray diffraction powder patterns
for the sample Lu;CoAl;Ge, (Cu Ka, radiation)
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ExcnepumenTans

Tabauys 2
Hi YMOBU OZIep>KaHHS MacUBiB AU(PaKIifHUX JaHUX 1 pe3yIbTaTH

YTOYHEHHS KPUCTAYHOI cTpyKTypH crionyk R;CoAl;Ge,

Experimental con

Table 2
ditions for obtaining X-ray diffraction powder patterns and results

of the structural refinement of R;CoAl;Ge, compounds

CHOHyKa Y3C0A|3G62 | Sm3COAI3G92 | Tm3COA|3G92 | ngCOAIgGEZ | LU3COAI3GEZ
IIpocroposa rpyna P-62m
[Tapamerpu
€JIEMEHTapHOT KOMipKH
a,A| 6,91969(5) | 7,01973(8) 6,83243(5) 6,82967(9) | 6,79909(4)
c,A| 4,16534(3) | 4,23526(5) 4,12116(3) 4,12014(6) | 4,09956(3)
06’em xomipxu V, A® 172,724(2) | 180,739(4) 166,569(2) 166,474(4) | 164,123(2)
Kinpkicte popmymsHEX
oauHULE Z 1
['ycruna Dy, r-om™ 5305 | 6765 | 785 | 8021 | 819
Mudpaxromerp, STOE Stadi P,
MIPOMIHHS Cu Koy
Merton ckaHyBaHHS,
inrepsan 20, ° 0120, 6-110,61
Kpok ckanyBaHHs1, ° 0,015
Yac ckaHyBaHHS B
TOYII, ¢ 250
Hynwose 3nauenns 20, °© | -0,0050(9) 0,0025(8) 0,0023(5) 0,0050(9) 0,0016(4)
[TapameTrpu mupuHU
KB U 0,0243(9) 0,020(2) 0,028(1) 0,083(3) 0,0295(9)
\ -0,0087(9) -0,015(2) -0,016(1) -0,024(3) -0,0129(9)
w 0,0096(2) 0,0149(4) 0,0156(3) 0,0147(5) 0,0127(2)
IMapamerp 3mimyBannust 77 | 0,509(4) 0,582(8) 0,468(4) 0,415(6) 0,513(4)
[Napamerp acumeTpii
mikiB  Cy -0,049(5) -0,168(7) -0,139(4) -0,142(7) -0,099(4)
[apamerp Texcrypu G
[001] 0,8909(9) 0,905(1) 0,917(1) 0,850(1) 0,8966(9)
KinpkicTh BiOUTTIB 76
KisbKiCTh yTOUHEHUX
rapaMeTpiB 16
KoopanHati aToMHHX
TIOJIOKEeHb XR 0,5940(1) 0,5959(1) 0,5935(1) 0,5927(1) 0,5933(1)
Xal 0,2254(4) 0,2247(9) 0,2319(6) 0,2280(9) 0,2253(7)
®dakTopu
noctoBipHOCTI  Rg 6,52 7,88 4,70 7,69 7,09
Ry 1,79 1,56 2,81 3,15 3,21
Rwp 2,37 1,99 3,64 4,31 4,16
Tabauys 3
KoopauHarty Ta mapameTpH 3MilleHHsI aTOMiB y cTpyKTypi crioiyku LuzCoAl;Ge,
Table 3
Atom coordinates and isotropic displacement parameters in the structure
of the Lu;CoAl;Ge, compound
ATOM | [ICT | X | y | z | By, A®
Lu 4f 0,5933(1) 0 0 0,92(1)
Co la 0 0 0 1,29(7)
Al 39 0,2253(7) 0 1/2 1,67(8)
Ge 2d 1/3 2/3 1/2 1,28(5)
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Tabnuys 4
MixaTtoMHi Bigmaii y crpykrypi crionyku LusCoAl;Ge,
Table 4
Interatomic distances in the structure of the Lu;CoAl;Ge, compound
Atomu I J, A Atomu | o, A
Lu -1Co 2,7652(7) Al -2Co 2,600(1)
-4 Ge 2,9079(1) -2 Ge 2,663(3)
—4 Al 3,1597(3) -2Al 2,771(6)
—2Al 3,182(4) -4 Lu 3,1597(3)
-4 Lu 3,5727(2) -2Lu 3,182(4)
Co -6 Al 2,600(1) Ge -3 Al 2,663(3)
-3 Lu 2,7652(7) -6 Lu 2,9079(1)

Crpyxrypuuii Tun Y3NiAl;Ge, [12] HanexuTs 10 KIacy CTPYKTYp i3 TPUTOHATIBHO-
NpU3MaTUYHIM OTOYEHHSM s aroMiB MeHmoro po3mipy (Ni ta Ge), abo y Bumaaxy
conyku LusCoAl;Ge, nms atomis Co ta Ge. EnemenTapHa KOMipKa CTPYKTYPH CIOJIYKH
LusCoAl;Ge, Ta koopauHaliiiHi MHOTOTPaHHMKH aTOMIB 300pakeHO Ha puc. 3 3a
noromororo mporpamu ATOMS [13].

Puc. 3. Enemenrapna komipka crpykrypu crioinyku LusCoAl;Ge, Ta
KOOPIUHALIITHI MHOTOTpaHHUKH aTOMIB
Fig. 3. Unit cell of the structure of the LusCoAl;Ge, compound and
coordination polyhedra of the atoms

Paniyc aroma Co € memo MeHmuM Bix pamiycy atoma Ge, a pamiyc atoma Al €
MEHIIUM Bif pagiycy aroma LU, TOMy y BepIIMHAaX TPUTOHAIBHOI MPU3MH HABKOJIO aTOMIB
Co € meHmni atomu Al, a y BepImIMHaX TPUTOHAIBHOI MIPU3MH HABKOJO atoMiB Ge € aToMu
Lu. TpuronameHa mpm3ma HaBkoiio atomMa CO mae Tpu atomu LU HaBmpotm OGOKOBHX
rpaneii (CoAlgLus), a HaBIPOTH NPSIMOKYTHUX TPaHE TPUTOHAIBHOI MPU3MH HABKOJIO
atoma Ge e tpu aromu Al (GeAlzLug). o ckmamy xoopAMHALIHHHX MHOTOTPAHHHKIB
HaBKkoJo aroMmiB Al Ta LU BXomsare yci 4oTHpu copTH aroMmiB. ATtoM Al meHTpye
TETparoHajbHy Mpu3My, MoOymoBaHy 3 aBox aromiB CO Ta miectd atomiB LU, HaBmpoTH
ycix 60koBHX rpaHeil skoi € atomu Ge abo Al; KoopauHaIliiiHe OTOUYEHHS HABKOJIO aTOMa
Al MOHa TaKOXK PO3IISLAATH SIK JeIo aeopmoBanii kybookraeap (AlCo,Al,Ge,Lug).
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AtoMm LU posramoBaHWii B IIEHTPiI IMEHTaroHaJbHOI MPU3MH, Y BEPIINHAX SKOI € YOTHPH
atomu Ge Ta mIicTe aTOMiB Al, HABIPOTH OZHi€T MPSIMOKYTHOI TpaHi € JOAATKOBUI aToM
Co, HaBIPOTH YOTHPHOX IHIIHUX MPSIMOKYTHHX 1 ABOX I’ SITUKYTHUX TpaHe# € atomu LU, a
me oxuH aroM CO pO3TalIOBaHUI HAaBIOPOTHM OJHOrO i3 pebep mpu3mu 3 aromis Al
(LuCoGe,4AlgLu,). 3aramom 10 CTPYKTYpY MOXKHA PO3IJISIATH SK YKIaJaHHSA (parMeHTis,
no0y/I0BaHUX 13 TPhOX B3aEMONMpPOHMKarOUnMX KybookraempiB ckiaxy AlCo,Al,Ge,Lue.
Koxen atom Al oHOYaCHO € SIK aTOMOM, IO LIEHTPYE OJKUH KyOOOKTaeaAp, TaK i BEPIIHHOO
JBOX IHIIMX KyOookTaenpiB. Mix nuMH ¢parmMeHTaMu i3 KyOOOKTaeApiB MOXKHA
BUOKPEMUTH ITYCTOTH 13 TPUTOHAIBHUX JumipaMiz ckinany olusGe, (puc. 4).

Puc. 4. Yxnananus ky6ookraeapis cknaxy AlCo,Al,Ge;Lug
y crpykrypi crionyku LusCoAl;Ge,
Fig. 4. Stacking of cuboctahedra AlCo,Al,Ge,Lug in the structure
of the Lu;CoAl;Ge, compound
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NEW QUATERNARY ALUMOGERMANIDESWITH
Y3NiAl,Ge,-TYPE STRUCTURE
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A search for quaternary alumogermanides has beencarried out in R—-Co-Al-Ge systems
(R = rare-earth metal). Ten alloys of nominal composition Rz;CoAl;Ge;have been synthesized from
high-purity metals by arc melting and annealed at 600°C for 1800 h. Phase and structural analyses
have been performed on the basis of X-ray powder diffraction data. Structural parameters have been
refined by the Rietveld method. All the alloys appeared to be single-phase. The existence of
quaternary compounds R3;CoAl;Ge, (R = Y, Sm, Tm, Yb, and Lu) has been established. The
compounds are isotypic and their crystal structures belong to Y3NiAl;Ge, type (Pearson symbol hP9,
space group P-62m). As expected, the cell parameters decrease with decreasing radius of the rare-earth
metal, from Sm to Lu.
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Y3NiAl;Ge, structure type belongs to a class of structures with trigonal-prismatic
environment around the smaller atoms (Ni and Ge, or in the case of Lu;CoAl;Ge, - Co and Ge). Co
atoms are smaller than Ge atoms, and Al atoms are smaller than Lu atoms; the trigonal prisms around
Co atoms are formed by the smaller Al atoms, and the trigonal prisms around Ge atoms are formed by
the larger Lu atoms. The trigonal prism around Co atom has three Lu atoms situated above the side
faces (CoAlgLus), and above the rectangular faces of the trigonal prism around Ge atom, there are
three Al atoms (GeAlsLug). The coordination polyhedra around Al and Lu atoms contain four
chemical elements. Al atoms center tetragonal prisms formed by two Co atoms and six Lu atoms and
Ge or Al atoms are located above the lateral faces; the same coordination polyhedra may also be
considered a slightly deformed cuboctahedra (AlCo,Al,Ge,Lug). Lu atoms are located at the center of
pentagonal prisms formed by four Ge and six Al atoms. Above one rectangular face there is an
additional Co atom, opposite the four other rectangular and the two pentagonal faces there are Lu
atoms, and another Co atom is located beyond one of the edges of the prism of Al atoms
(LuCo,GezAlgLug).

The structure of R;CoAl;Ge,compounds may be considered a stacking of units constructed
from three interpenetrating cuboctahedra of composition AlCo,Al,Ge,Rs. Each Al atom
simultaneously centers a cuboctahedron and forms a vertex of two other cuboctahedra. Between these
units, one can distinguish trigonal bipyramidal voids of oR;Ge,composition

Keywords: rare-earth metal, cobalt, quaternary alumogermanide, X-ray powder diffraction,
crystal structure, isotypic compounds.
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