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Contribution to the investigation of the ternary Lu—Cu—Sn system
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A detailed study of the Lu-Cu-Sn ternary system wagerformed in the composition range Cu-LuCyg—
LuCuSn-Sn at 670 K. The crystal structure of two peviously unknown stannides formed in this region wa
determined using X-ray powder diffraction. The Lu; gCug,Sn, g compound crystallizes in the DysCug S, g
structure type (space groupP6s/mmc), whereas the LyCu,Sn, stannide belongs to the TRCu,Sny structure
type (space groupC2/m). The formation of a substitutional solid solutionLuCus,Sn, up to 15 at.% Sn was

observed.

Stannides / Phase diagrams / Crystal structure / Xay powder diffraction

Introduction

A previous study of the phase equilibria in the
Lu-Cu-Sn ternary system at 670 K allowed us to find
three ternary compounds, as reported[lir?]. The
crystal structure was determined for LuCuSn, at fir
based on a Cajftype structure (space group (SG)
P6:;/mmq@ with a mixture (0.5Cu + 0.5Sn) in thefy(
position[3]. A more detailed study performed [,
using X-ray powder and single crystal diffractiomda
Mdéssbauer spectroscopy, led to the LiGaGe structure
type (SG P6smc an ordered non-centrosymmetric
variant of the Calntype with full occupancy of all
atomic positions) for the LuCuSn compound. The
crystal structure of the two other compounds, foahd
the compositions LiyCussSpe and LipgCugsSies was
not determined.

With regard to the work in progress on the
R-Cu-Sn ternary systems formed by the rare earths, i
this paper we report the data obtained during tigbar
revision of the Lu-Cu-Sn system and the crystal
structure determination of two new intermetallics,

Lu16Clp 2Srps and LuCu,Sn,.
Experimental
The samples were prepared by arc melting the

constituent elements (Lu, Tm purity 99.9 wt. %, Cu
99.99 wt. %, and Sn 99.999 wt. %) under a purified,

1wt. %. The alloys were annealed at 670 K in
evacuated quartz tubes for 720 hours, and
subsequently quenched in ice water. Independently,
part of the samples with compositions§CussSipo,
LussCugeSrgs, and TmgCugeSryg was annealed at
770 K (720 hours) to check the temperature range of
existence of the formed compounds.

X-ray phase analysis of the samples was carried
out using the powder patterns obtained on
DRON-2.0m (FeK, radiation) and Philips PW1720
(Cu K, radiation) powder diffractometers. The
observed diffraction intensities were compared with
reference powder patterns of known binary and
ternary phases. For the crystal structure refingsnen
the powder patterns obtained on Bruker D8 (graphite
monochromator, Ci,, radiation, 20—100° € range
with scanning step 0.02° and 20 s exposure tinmg), a
HZG 4A automatic diffractometers (8y radiation,
15-150° @ range with scanning step 0.05° and 20 s
exposure time) were used. The calculations of the
crystal structure parameters were accomplishedyusin
the CSD[5] and WinPLOTR6] program packages.

Results and discussion

In the present work a detailed investigation of the
Lu—Cu-Sn ternary system was performed in the
composition range Cu-LuGd .uCuSn-Sn at 670 K.

Data concerning the phase diagrams and

Ti-gettered, argon atmosphere with a non-consumable crystallographic characteristics of the binary mEsasf

tungsten electrode and a water-cooled copper hearth the Cu-Sn and Lu-Cu systems as assessed by

The overall weight losses were generally less than Massalski[7] and Villars and Calveri8], were used
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Table 1 Atomic coordinates and isotropic displacement peters for Ly gCug »Srp g (SGP6/mmg.

Atom Wyckoff x/a y/b zlc Biso107 (1)
position
Lul 2a 0 0 0 1.22(2)
Lu2? 2d 1/3 2/3 3/4 1.59(2)
cul 1x 0.1630(2) 0.3260(2) 0.14207(3) 0.06(2)
cu2 4f 13 2/3 0.04197(7) 2.09(4)
cu3 2b 0 0 1/4 2.06(5)
sn1 4 13 2/3 0.58428(3) 0.97(2)
(Sn,Cuf 2c 13 213 1/4 1.59(2)

#occupation of Lu2 — 0.80(1); (Sn,Cu) — 0.83Sn#7CQ.u

for our investigation. Previous investigations bgt
Cu-rich corner of th&R-Cu-Sn ternary systems where
R =Y, La—Yb showed the formation of ternary phases
at the compositionRsCu,oShs, crystallizing with
CeCu-type structurg9,10]. Thus, it was decided to
perform a detailed study of this range also inlthe
Cu-Sn system to check for the possible existence of
an analogous compound with Lu. The phase analysis
of the powder pattern of the corresponding ingots
showed the formation of a substitutional solid Solu
LuCus,Sn, up to about 15at.% Sn (including the
composition LysCu;,0Snys) based on the LuGbinary

(ST AuBes) (Fig. 1). At a higher Sn content a new
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Fig. 1 The variation of the cell parametas.
composition for the LuGSn, solid solution.

ternary compound with composition {sCussSye was
found. The powder pattern of the EQussSry alloy
was successfully indexed on the basis of a hexagona
lattice with cell parameters a=0.501254(7),

c = 2.04491(4) nm. The crystal structure appeared to
be very similar to N@CusSny; [11] and He s:Cus7Siy;
[12], both related to the Cefdin structure. A detailed
crystal structure investigation performed on the
Lu;sCussSne sample showed that this structure
belongs to the DywCu-Srpg Structure type (space
group P6s/mmq [13], which is a partly disordered
substitution variant of the Cefin structure. The final
atomic parameters, refined R = 0.113,R,, = 0.154,
Reragg = 0.056, are listed iMable 1 The observed,
calculated, and difference X-ray patterns for the
Lu; ¢Cuy ,S1p g compound are presentedhig. 2. The
series of isotypid; ICuy .Sy g compounds, wherR is

Y, Ce, Pr, Nd, Sm, Gd, Th, Dy, Ho, Er, Tm, and Yb,
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was investigated earlier by our research tE&3h and

it was shown that this structure consists of fragime
of RyoCw,Sng and a hypothetical structure of
composition RCusSny". A crystal chemical analysis
showed that the interatomic distances between the
rare-earth atom in the positiod 2nd the Sn/Cu atoms
in the position 2 are shorter (0.291-0.311 nm) than
the sum of the corresponding atomic radii, which
could be explained by partial occupation of the &it
Some difference in the occupation of the dte by
rare earth elements was observed RCuy S g
compounds. Additional investigation of alloys with
1-3 at.% deviations of each component from the
stoichiometry did not show any significant
homogeneity range.

Another series o0R;CwSn, stannidesRR = Y, Ce,
Nd, Gd-Tm) was found earlier at 770 K and the
crystal structure was studiedl11,14-16] These
compounds crystallize with GGu,Ge,-type structure
(SG Immn). From single crystal data it was
established16] that the TregCw,Sn, compound also
has a monoclinic modification (SG2/m), derived by
deformation from the orthorhombic eGe,
structure. The phase analysis performed on powder
pattern samples near the compositiongCukeSrse
showed that these phases appeared to be veryrsimila
to the GdCw,Ge type, but the structure refinements
using this starting model were not satisfactoryug,h
for further crystal structure calculations the ttay
model of the monoclinic TeCwSn, structure was
chosen. The reflections in the powder pattern ef th
LusCuSn, phase were well indexed in space group
C2/m with the parameters a= 1.58842(4),

b =0.43644(1),c = 0.68851(2) nm, = 114.538(2)".
The final atomic parameters, refined Ry = 0.024,
Rup = 0.032,Rgragg = 0.097, are listed iffable 2 The
observed, calculated, and difference X-ray pattésns
the LuCwSn, compound are shown iRig. 3, and a
model of the crystal structure is presented-ig. 4.
Further investigations showed that the same
compound was observed also after annealing at 770
and 870 K.During this work it was decided to
perform detailed crystal structure calculation® dts

the TmCuSrn, compound annealed at 670 K. The
results of the structure refinements confirmed the
GdCuGey type structure &= 0.45957(3),

b =0.70193(4),c = 1.50963(9) nm). Refined atomic
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Fig. 2 The observed, calculated, and difference X-rayepastfor the LykCussShy alloy.
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Fig. 3The observed, calculated, and difference X-rayepastfor the LpgCussShss alloy.
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Table 2 Atomic coordinates and isotropic displacement peters for LuCu,Sn, (SGC2/m).

Atom Wyckoff x/a y/b zlc Biso0” (Nn¥)
position
Lul 2a 0 0 0 0.34(3)
Lu2 4 0.1288(1) 0 0.6426(3) 0.55(2)
cul 4 0.3122(4) 0 0.6139(8) 1.01(5)
Cu2 4 0.3408(3) 0 0.0234(8) 1.17(6)
sn1 4 0.2175(2) 0 0.1975(4) 1.06(3)
Sn2 4 0.5114(2) 0 0.3103(4) 0.48(2)

Table 3 Atomic coordinates and isotropic displacement peeters for TrgCw,Sn, (SGImmnj).

Atom Wyckoff x/a y/b zlc Biso0” (NnF)
position
Tmi 2 0 0 0 1.778)
Tm2 4 112 0 0.3648(4) 1.41(12)
Cu g 0 0.3094(13) 0.3268(6) 0.59(12)
sn1 4 0 0 0.2170(4) 0.98(8)
Sn2 h 0 0.1978(9) 112 0.19(8)

coordinates and isotropic displacement parameters a

presented
Reragg= 0.055),

the

calculated,

difference X-ray patterns are shown kiig. 5 The

crystal structure of TeCwSn,

(GCu,Gey type

in Table 3 (R,=0.023, R,,=0.029,
observed,

and

structure) is presented ig. 6. Detailed analyses of

the interatomic

distances

in  {CuwSn and

TmsCwSn, did not show significant deviations from
the sum of the corresponding atomic radii, except f
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Fig. 4 A model of the crystal structure of the Gw,Sn, compound (S&2/m).

the shorter Sn2-Sn2 distances (0.283(2) and
0.278(1)) nm for the Tm and Lu compound,
respectively), which indicate covalent bonding

between the atoms. As noted above, the monoclinic
modification of TmCuwSn, was established from a
single crystal study, while the orthorhombic
GdCuGes-type structure appeared in a Z@ssShsg
alloy annealed at 670 K (or 770 K), which could be
explained by the existence of two modificationghef
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Fig. 5The observed, calculated, and difference X-rayepastfor the TrCuseShys alloy.

Fig. 6 A model of the crystal structure of the J@w,Sn, compound (SGmmnj.

TmsCwSn, compound. Similar results were obtained Acknowledgements
for RNi,Snp, (R=La—Sm) isotypic compoundp?],
which are characterized by two polymorphic This work was supported by the Ukrainian Ministfy o
modifications, the second one formed by deformation Education and Science (Grant 010U001299).
of the tetragonal CaB@e, structure to a monoclinic
one, depending on the annealing temperature.
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