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PeHTreHiBCbKUM METOJJOM MOHOKPHCTANY ITiITBEP/HKEHO MPUHANICKHICTh KPUCTAIIYHOI CTPYKTYPH
iTepOiit nuamromininy YbAl, o tumy ¢asu JlaBeca MgCu,: npocroposa rpymna Fd-3m; cumon ITi-
pcona CF24; a=7,7011(4) A, V = 456,73(7) A%; Z=8; Yb B 8a 1/8 1/8 1/8, U,,,, = 0,0095(5) A% Al
B 16d 000, U, =0,006(1) A% R =0,0261, wR = 0,0747. Macus PEHTTeHIBCHKUX TU(PPaKIIHHIX
JIaHuX oTpuMaHo Ha nudpakromerpi Xcalibur Atlas CCD (npominas MoKa). Ckitag MOHOKpUCTAITY
miaTBeppKeHo 3a nonomororo EDAX-ananisy.

KnrodoBi cmoBa: iTepOiii AuamoMiHi[, KpUCTaJidHAa CTPYKTYypa, PEHTTEHIBCHKHHA METOJ
MOHOKPHUCTAIY.

BCTVII. YV cucremi Yb—-AIl, 3rigHo 3 6a- KCnt
3010 JgaHuX [1], yTBOPIOIOTBCS NIB1 CIIOJNIYKH — Alka
YbAI; ta YbAl,. Ocranns kpucramizyerbes 31 307 L
crpykrypoto Tuiy MgCuy 1 mapamerpu ii cTpyk- Yol
Typu OyJM BH3HA4YeH1 PEHTTEeHIBCbKUM audpak-

[IAHUM MeTOJ0M Topomiky [2-12]. Mu moBi- o EneMenT AT.%
JOMJISIEMO TIPO YTOYHEHHS KPUCTAIIYHOI CTPYK- YbK 36.44
TypHu croinyku YbAl, MeToqoM MOHOKpHUCTAITy. i AIK 63.56

EKCITEPUMEHTAJIBHA YACTHHA. Tlin Marpuus | ZAF

qac 0CIiKeHHs ()a30BOro CKiIaay CIUIaBiB CH-
cremu Yb—Co—Al 3i cruaBy ckinany YbsssAles7 12 dka
Macoro ~2 T, OTPUMAHOTO CIUIABISHHAM IIUXTH
3 kommakTHUX MetaniB (Yb > 98.9 % mac., Al > SkKa

99.999 % wmac.) B eneKTpPOAYyroBiil me4i B aT- oo - . : , ,
Mocdepl OUHIIEHOTO aproHy Ta TOMOT€HI30- 200400600 sé?,i,gy.m? 12001400100
BaHoro npu 500 °C BOposoBX OJHOTO Micsls B )

eBaKyi{oBaHiii KBapLOBii ammyJi, BiiGpaHo Mo- PI/IC.-]... Pe?:yJ]LTaT.I/I EDAX-ananizy MOHOKpUCTaa,
HOKpHCcTan pomipoM  0.054x0.045x0.026 wmm’, Binibparoro i crunasy crany YbsssAlssr.
NPUIATHUM JJI8 PEHTIEHOCTPYKTYPHOTO Hoc- HO 3a gonomoror EDAX-ananizy (FEINovaNa-
mimkennst. Ckiag MOHOKpHCTany miarBepake- N0 SEM 230, puc. 1).

YbLa
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Taonuumsa 1

ExcnepuMeHTabHi YyMOBHM 3WOMKH Ta Pe3yJIbTATH YTOYHEHHS KPHCTATIYHOI CTPYKTYPH MOHO-
Kpucraiay cmoayku YDAI,

[Mapamerpu YbAI,
BimHocHa Maca (hopMyITbHOT OTMHHUIN M, = 226.98
CTpyKTypHUI THIT MgCu,
CumBbou Ilipcona cF24
[Ipoctoposa rpymna Fd-3m
ITapameTrpu emeMeHTapHOI KOMipKH a=7.7011(4) A
06’em V = 456.73(7) A®
Kinbkictb hopMyIBHUX OTUHUIE Z=8
I'yctuna Dx = 6.602 r/cm®
F(000) 768
Judpakromerp Xcalibur Atlas CCD
[IpoMiHHS, TOBXKMHA XBHIII MoK, 1 =0.71073 A
Temnepatypa T=295K
KoedimienT abcopbuii p=41.264 mm™
dopMa Kpucraty [Ipuzma
Po3mipu kpucray 0.054%0.045%0.026 mm
Komip Yopawuii
KinpkicTh BiIOWTE, BUKOPHCTAHUX JUI BU3HAYCHHS 42
napamMeTpiB KOMipKH
Merton ckaHyBaHHS w-CKkaHyBaHHS
AbcopOis AHaTITHYHUNA METOJ
KinpkicTh BifOUTH 3aMipsTHIX 473
HE3aJIKHUX 47
i3 F>20(F) 42
®DakTop AOCTOBIPHOCTI yCepeTHEHHS Rine = 0.0912
Trepsan -6<h<10, -9<k<10, -10<1<8
4.584°< § < 29.801°
[Iporpama SHELXL-97
YTOuHEeHHS Ha OCHOBI F
R =0.0261(0.0324), (R_mms Bcix BigOWUTH)
dakTopu TOCTOBIPHOCTI WR = 0.0726 (0,0747) (WR_ mst BCiX BimOWTh),
S=1211
KinbkicTh BifOUTH, BUKOPUCTAHUX JIJISl YTOUHEHHS 42(47)
KinbKicTh yTOUHEHHX MapamMeTpiB 4
w=1/[\s"2"\(Fo""2/)+(0.0290P)"2"+64.7080P],
Barosa cxema ne P=(Fo"2"+2Fc"2M)/3'
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MacuB peHTreHIBCbKHUX AU(paKiiiHuxX 1a-
HUX oTpuMaHo Ha audpakromerpi Xcalibur
Atlas CCD (nmpominus MoK,). Moaens cTpyk-
TYypH BU3HAYCHO MPSIMUMHU METOJAMH 3 BHKOPH-
cranssiM nporpamu SHELXL [13].

OFI'OBOPEHHA PE3VJIPTATIB. 1lin-
TBEP/DKEHO, IO CTPYKTypa 1TepOil auairoMi-
Hiny YbAl, namexuts no tumy ¢aszu JlaBeca
MgCu,. ¥V Tabn. 1 momaHo nerayii eKcrepu-
MEHTY Ta YTOUYHEHHS CTPYKTYPH MOHOKPHUCTATY
YDbAIl,. VY tabn. 2 HaBeneHi KOOPAMHATH Ta Ia-
pamMeTpu TEIUIOBOTO 3MIIIEHHS aTOMIB.

Tadobnunoa2

Koopaunatu Ta mapaMeTrpu TemIoBOro 3mi-
menns atomis (A%) y crpykrypi YbAI

Atom IICT X Yy Z UeKB
Yb 8a 1/8 1/8 1/8  0.0095(5)
Al 16d 0 0 0 0.006(1)

AToM Ui U,, Uss
Yb 0.0095(5) 0.0095(5) 0.0095(5)
Al 0.006(1) 0.006(1) 0.006(1)

ATtoMm U, Uiz Uz
Yb 0 0 0
Al 0.001(2) -0.001(2) 0.001(2)

[Mpoexktist ctpykTypu MoHokpuctany YDAI,
Ha MJIOIIMHY ab moka3aHa Ha pHC. 2, MIKATOM-
HI BiJJaJli Ta KOOPJWHAIIMHI MHOTOTPaHHHUKHU
aToOMIB y CTpYKTypi — B Ta0i. 3.

KoopauHariiiHumMu MHOTOrpaHHUKaMH  aTo-
MIB aJIFOMIHIIO € iKocaeApu (KOOpAUHAIIIHE Yn-
cio 12), atomiB itepbito — Dpank-Kacmnepis-
cbki 16-BepmmmHHMKH. Tpeba 3a3HayuTH, 110 B
yCiX BUIAJKaX MDKATOMHI BiJali MEHIIN CyMH
aTOMHHX paJiiyciB.

3a manumu pobotu [14] B ycix cucremax
{Y, La-Nd, Sm-Lu}-Al yrBOproroThcs crioiayku

Tabaungsa 3

MiskaTomui Bigmami Ta xoopauHamidHi MHO-
rOrpaHHHKHN aToMiB y cTpykTypi YDAI,

ATOMH S ( A) MpHoro-
IpaHHUK
Yb 12 Al 3.1927
4Yb 3.3347
Al 6 Al 2.7227
6Yb 3.1927 X ~
|
S \ S
® ©© ¢
L W
@ © © ¢
q « q¢
¢ U ¢ ¢
b . [
¢ © ¢

Puc. 2. [IpoeKIlist CTPYKTYpH MOHOKPHCTAIY
YbAI, na mrommuy ab.

31 cTpykTyporo tuny MgCu,. 3mina 06’eMy ere-
MEHTapHOT KOMIPKHU B 3aJIeKHOCTI BiJl MOPSAKO-
BOrO HOMEPY P1AKICHO3EMEIBHOTO METaly Io-
Ka3aHa Ha puc. 3.

O0’eM eneMeHTapHUX KOMIPOK CIIOIYK
RAI; 3MeHIIyeThCs 31 3pOCTAHHSAM IOPSIIKOBO-
ro HOMEpY R KOMITOHEHTY, IO Y3TOIKYETHCS 3
e(EeKTOM JaHTAaHOIJHOTO CTHCKY. BUKIOUeHHS
CKJIaMal0Th croinyku Eu ta Yb. 3a3Buyaii piaki-
CHO3EMEJIbHI METalM BUSIBIISIOTH CTYIIHb OKH-
CHeHHs +3. V Jeskux BHIIaJKax Liepid MposiB-
Jsi€ CTyMib OKMCHEHHS +4, a eBporiii 1 iTepOiii
— +2. binbmi 3HayeHHS 00’eMy B CIIOJyKax
EuAl, ta YbAIl, cBiguare, 10 cTymiHb OKHC-
HEHHS [UX PIAKICHO3EMEIbHUX METaNliB, Bif-
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Puc. 3. 3mina 00’eMy eneMeHTapHOT KOMIPKH CIIO-
Jyk 31 crpykryporo tuny MgCu, y 3ainexHOCTi Bif
MOPSIAKOBOTO HOMEPY PIiAKICHO3EMEIBHOTO METalTy
3a ganumMu  pobotu [14]; 1 (m) — pesynbraTi
Hamoi Tparti.

Mminaud Bijg +3. Ha-npuknax, B po6oti [11] mo-
BioMysieThes, 1mo B croaymi YDAI, crocrepi-
ra€ThCs MPOMDKHA BAJCHTHICTH iTEpOiro.

OtpumaHi B Hamriil mparii 3HayeHHs a ta V
(a = 7.7011(4) A, V = 456.73(7) A% cyrreso
BIJIPI3HAIOTHCS BIJ JIITEPATYPHUX, HAINPUKIAL,
BiJ 3HaueHb B poboti [12] (a = 7.881 A, V =
=489.49 A3), [l€ MOYXHA IOSICHHUTH BiIMIiHHIC-
TIO METOAY AOCHIIKEHHSI (MOHOKpHUCTAIly y Ha-
IOMY JIOCIHITKeHH] Ta mopoiky y [12]). Cuig
3a3HAYMTH, 1[I0 3HAYEHHs MEpioay TPaTKU Ta
00’eMy €JIeMEHTApHOI KOMIPKH JUIsl CIHOJYKH
YbAIl,, HaBeneni B miTeparypi, Jie)kaTh B MEXKax
Bin a=7.85A,V=78374 A%y poGori [7] mo
a=7.8866 A, V =490.53 A®y[11] i, six 3a3Ha-
YeHO BUIE, OUIbILII 3a 3HAYEHHs, OTPUMaHl B
JaHiil mpari.

NCCIIEAOBAHUE CTPYKTYPBI COEIMHE-
HUA YbAlL, METOJIOM MOHOKPUCTAJIIA
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PeHTTeHOBCKMM METOZ0M MOHOKPHCTAUIA TIOJ-
TBEP)KICHA TPUHAUICKHOCTh KPHCTAIUTMIECKON CTpy-
KTypbl utTepOuii quamomunnaa YDbAI, k tumy ¢aser
JlaBeca MgCu,: mpocTpancTBeHHas rpymma Fd-3m;
cumBon Ilupcoma CF24; a = 7.7011(4) A, V =
56.73(7) A% Z = 8; Yb B 8a 1/81/81/8, U,, =
0.0095(5) A% Als16d 000, U, =0.006(1) A%
R = 0.0261, wR = 0.0747. MaccuB peHTTEHOBCKHX
IUQPaKIUOHHBIX JIAaHHBIX MONYYeH Ha TU(PPaKTO-
metpe Xcalibur Atlas CCD (uznyuenue MoK,).
CocTaB MOHOKpPHCTaJIJIa TOATBEPXKICH METOIOM
EDAX-ananusa.

KniouyeBble CJIOBa: UTTCPOUN TUATIOMUHHU/I,
KpUCTAJTHUEKasi CTPYKTYPa, PEHTTCHOBCKUA METO.
MOHOKPHUCTAJIIA.

SINGLE CRYSTAL INVESTIGATION OF THE
YbAl, COMPOUND
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?Institute of Low Temperature and Structure
Research, Polish Academy of Sciences,
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A sample of nominal composition Ybg; 3Ale 7
was synthesized from high-purity elements (Yb >
98.9 wt. % and Al > 99.999 wt. %) by arc-melting
under a purified argon atmosphere, using Ti as a get-
ter and a tungsten electrode. To achieve high ef-
ficiency of the interaction between the components,
the sample was melted twice. The ingot was an-
nealed at 500 °C in an evacuated quartz ampoule for
720 h and subsequently quenched in cold water. The
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weight loss during the preparation of the sample was
less than 1 % of the total mass, which was 2 g. The
chemical composition of the selected crystals was
checked with a field-emission scanning electron mi-
croscope (FEINovaNanoSEM 230) equipped with
an EDS analyzer.

Laue and rotation diffraction patterns of se-
lected single crystals showed cubic symmetry. Integ-
rated intensities measured with graphite-monochro-
matized MoK radiation (1 = 0.71073 A) on an Xca-
libur Atlas CCD diffractometer confirmed the cu-
bic lattice. The structure type MgCu, was assigned
and the structure was refined using the program
SHELXL (full-matrix least-squares refinement on
F?)] with anisotropic displacement parameters for
all of the atoms: Pearson symbol cF24, space group
Fd-3m, a=7.7011(4) A, V =456.73(7) A%, Z =8,
R =0.0261, R, =0.0726 for 42 reflections.

It is well-known that the trivalent state is usu-
al one for the rare earth metals. The dependence
of the mean atomic volume of the RAIl, binary
showed of the so-called “valence” fluctuation state
for Eu and Yb.

Keywords: X-ray single crystal investigation,
crystal structure, ytterbium, aluminum, ytterbium
dyaluminide.
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