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Abstract

The crystal structure of the YCy8ompound was investigated using X-ray powder diffraction (space d®@1#32;, a=0.62756(2) nmb
=1.33863(4) nm¢ = 0.39704(1) nm, Pearson symindt16,R; = 0.0628). The S atoms are stacked in a close-packed arrangement with layers
in the sequence AB. The Y atoms occupy half of the octahedral interstices, the Cu atoms occupy quarter of the tetrahedral interstices. Using
X-ray powder diffraction, the crystal structures of the compourgl3isn$ (LasCuSiS structure type, space gro@s, a=0.96766(1) nm,
¢=0.61717(1) nm, Pearson symtn#24, R; = 0.0694) and YCuPhS 8-BaLaCuSe structure type, space grolmma a = 1.01957(7) nm,
b =0.39370(2) nm¢ = 1.29625(6) nm, Pearson symlm#24, R; = 0.0765) were determined.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction in evacuated quartz ampoules. The synthesis was realized in
a shaft furnace with a heating rate of 20 K/h. The ampoules
The crystal structure of the YCu8ompound has beende- with the samples were heated to a maximal temperature of
scribed as ErAgSestructure type (space grol2;2121) in 1420K. The samples were kept at the maximal temperature
[1] and YCu$ structure type (space groBmma in [2]. The during 4 h. After that they were cooled slowly to 870 K with a
existence of the YGi5; compound with ErCgSs structure rate of 10 K/h and annealed at respective temperature during
type (space group3) has been determined [8]. One qua- 240 h. After annealing the ampoules with the samples were
ternary Y3CuSnS compound (CgAl10/3S14 Structure type, quenched in cold water.
space group6) [4] has been found in thexB3—Cwp,S-Sn$g X-ray powder diffraction patterns of the samples for the
system. The lattice parameters have been refined. No quatererystal structure determination were recorded usinga DRON-
nary compounds of the 26;—CwS—PbS system have been 4-13 powder diffractometer (CuKradiation, 10 < 20 <

reported yet in literature. 100, step scan mode with a step size of 0.@5d counting
The crystal structures of the compounds YGuUS time of 20 s per data point).The crystal structure determina-
Y3CuSnS and YCuPhb$ are given in the present paper. tion was performed using the C9B] and DBWS-94116]
programs.

2. Experimental details
3. Results and discussion
The alloys were prepared by fusion of the high purity ele-
ments (the purity of the ingredients was betterthan 99.9 wt.%) 3.1. Crystal structure of the YCp8ompound

The formation of the ternary YCuyScompound was

Corresponding author conformed during an investigation of the phase relations

E-mail addressgulay@lab.univer.lutsk.ua (L.D. Gulay).

0925-8388/$ — see front matter © 2004 Elsevier B.V. All rights reserved.
doi:10.1016/j.jallcom.2004.06.074



60 L.D. Gulay et al. / Journal of Alloys and Compounds 388 (2005) 59-64

Table 1

Results of the crystal structure determination of the Y&ZYSCuSnS and YCuPbg compounds

Compound YCugS Y3CuSnSs YCuPbS

Structure type YCus LazCuSiS pB-BaLaCuSe
Number of formula units per unit cell 4 2 4

Space group P21212¢ P63 Pnma

a(nm) 0.62756(2) 0.96766(1) 1.01957(7)

b (nm) 1.33863(4) 0.96766(1) 0.39370(2)

¢ (nm) 0.39704(1) 0.61717(1) 1.29625(6)

Cell volume (nn3) 0.33354(3) 0.50048(2) 0.52032(9)
Number of atoms in cell 16.00 24.00 24.00
Calculated density (g/cth 4.3125 4.4680 5.818

Radiation and wavelength (nm) Cu 0.154178 Cu 0.154178 Cu 0.154178
Diffractometer Powder DRON-4-13 Powder DRON-4-13 Powder DRON-4-13
Mode of refinement Full profile Full profile Full profile
Number of atom sites 4 6 6

Structure solution and refinement CSD CSD DBWS-9411
Ry 0.0628 0.0694 0.0765

Rp 0.0981 0.0969 0.0377

Texture axis and parameter [100] 1.15(2) [110]0.99(3) [001] 0.910(5)

2 Presence of the phases YGusd PbS was taken into account during the refinement procedurgi¢ség

in the Y2S3—CwS system. The peaks of the X-ray powder Table 2
diffraction pattern ofthe sample YCu®ere indexed conclu- Atomic coordinates and isotropic temperature factors for the %CuS

sively on the basis of a primitive orthorhombic lattice with ~ °mPoUnd
=0.62756(2) nmb = 1.33863(4) nm and = 0.39704(1)nm.  Atom _Position x/a ylb zlc Bisox 10 (¥)
The obtained lattice parameters are close to those reported 4(a) 0.2420(2) 0.13515(7) 0.249(1) 0.55(2)

for YCuUS; in [1]. According to[1] the ErAgSe structure ~ CU j((z)) g-gﬁ;((i)) g-ggggg)) g-%g((g (2)'22((2))

type (space group21212;) [7] asa sta.rtlng model was use 52 a(a) 0 4806(4) 0:2093(2) 0:730(3) 0:12(9)

by us for the crystal structure investigation of the YGuUS

compound. Our attempts to determine the positional param- _ ) _
eters in the model of ErAgSevere not successful. No rea- technical and crystallographic data of the structure refine-
sonable results were obtained. Finally, the crystal structure Ments. The atomic coordinates and isotropic temperature
of the YCuS compound was determined in an indepen- factors are listed ifmable 2 All crystallographic positions
dent way. By assuming space group symmey2;2; we are fully occupied. The experimental and calculated diffrac-
were able to extract a plausible structural model from the togramsandthe corresponding difference diagram for ,CuS
powder X-ray intensities by means of direct methods and are_shqwn irFig. 1 Relevant mteratoml_c distances and co-
difference Fourier syntheseEable 1contains the essential  Ordination numbers of the atoms are listedTable 3 The

Intensity (arb. units)
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Fig. 1. The experimental and calculated diffractograms and the corresponding difference diagram fgr YCuS
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Table 3 The Y atoms occupy half of the octahedral interstices, the
Interatomic distance$(nm) and coordination numbers (C.N.) of the atoms ¢\, atoms occupy quarter of the tetrahedral interstices (see
In the YCuS structure Fig. 3. The Se atoms in the structure of the ErAg8em-

Atoms 8 (nm) C.N. pound are stacked also in a close-packed arrangement with
Y -182 0.2619(9) 6 layers in the sequence AB, but these layers are significantly
-1s2 0.2652(3) distorted compared with the respective layers of the YLCuS
j:; 8'3;3283 compound. Half of the octahedral interstices are occupied by
—1s1 0.2789(3) Er atoms. The remaining octahedral interstices are occupied
-1s81 0.281(1) by Ag atoms Fig. 3). The Er atoms are located in the centres
cu _152 0.2312(4) 4 ofthe octahedra. The Ag atoms are shifted from the centres of
-151 0.2332(3) the respective octahedra in a way as showfign 4. Two of
-1s1 0.250(1) the Se atoms in the Ag-centered octahedra are located at the
-1s1 0.258(1) longer distances from Ag compared with the remaining four
S1 -1Cu 0.2332(3) 6 Se atoms. Accordingly, a tetrahedral surrounding exists for
-1Cu 0.250(1) the Ag atoms. The surroundings of the S atoms in the struc-
—1Cu 0.258(1) ture of the YCu$ compound and the Se atoms in the struc-
:g g:gégg ture of the ErAgSg compound are different. The atoms of
_1Y 0.281(1) S;(SZ) .have octahgdral (tetrahedral) surrqunding in YCuS
s> 1cu 0.2312(4) 4 Five ne|ghpou.rs exist for Sgl(SeZ) atoms in ErAgSe
_1y 0.2619(9) The projections of the unit cells of the compounds YguS
-1Y 0.2652(3) and ErAgSe on the XY plane are shown ifig. 5. The lo-
-1y 0.2736(9) cations of the Y(Er) and S(Se) atoms in both structures are

similar. Significant differences exist in the locations of the

interatomic distances agree well with the sum of the respec- Cu and Ag atoms.
tive ionic radii[8].
A crystal structure refinement of the YCuSompound ~ 3.2. Crystal structure of theg€uSn$ compound
in the model of space groupnmal2] was also performed.
Better agreements between observed and calculated intensi- The formation of quaternary compound with composi-
ties were observed for space groBp12:21 (R; = 0.0628) tion Y3CuSn$S was confirmed during the investigation of the
compared with space grolnma(R; = 0.0699). phase relations in the )63—CwpS—Sn$ system. The peaks
The unit cell, coordination polyhedra of the Y (a), Cu (b), ©f the X-ray powder diffraction pattern were indexed on the
S1 (c) and S2 (d) atoms and the layers of S atoms of hexag_basis of a hexagonal unit cell with the lattice parameters
onal topology in the structure of the YCuSompound are ~ 0-96766(1) nm and = 0.61717(1) nm. The obtained lattice
shown inFig. 2 The Y and S1 atoms are surrounded by oc- Parameters are close to those reported fgE¥SnS in [4].
tahedra, the Cu and S2 atoms by tetrahedra. The atoms ofl e C&Al10/3S14 structure type (space groR6s) [9], as
S in the structure of the YCySompound are stacked in a Proposed inf4], was used as a starting model for the crys-
close-packed arrangement with layers in the sequence AB.tal structure determination. Results of the crystal structure
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Fig. 2. The unit cell, coordination polyhedra of the Y (a), Cu (b), S1 (c) and S2 (d) atoms and the layers of S atoms of hexagonal topology in thef structure o
the YCu$ compound.
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YCuS, ErAgSe,

space group P2,2,2, space group P2,2,2,
a=0.62756 nm a=0.688 nm
bh=1.33863 nm b=1.379 nm
¢=0.39704 nm ¢=0.418 nm

O
X O = © ()
_— ErAgSe, o o 0 Er
sp:;cc; 8g§0up P2,2.2, o OO 5 © QO ¢4
a=0. nm Se
5=1.379 nm o o O © © @] O
¢=0.418 nm @) o0
. . o (%] [©) @] (@) [®)
Fig. 4. Transformation from octahedron to tetrahedron for Ag-centered O o O
polyhedron in the structure of the ErAgSeompound.
determination are given imable 1, whereas, atomic coordi-
nates and isotropic temperature factors are listetabie 4 YCuS,
Since the Cu and Sn atoms occupy independent crystallo-space group P2,2,2, X oy
graphic positions, the ls€£uSiS structure type (space group  a=0.62756 nm 8 (Sfu

P63) [10] is used for the description of the crystal structure £~1-33863 nm

Table 4

¢=0.39704 nm

o O O

Atomic coordinates and isotropic temperature factors for th€SnS

compound Fig. 5. The projections of the unit cells of the compounds Y£a8d
— ErAgSe on XY plane.

Atom Position x/a y/b zlc Biso x 107 (nm?)
Y 6(c) 0.3623(2) 0.1552(2) 0.3737(8) 0.63(3)
Cu  2(a) 0 0 0.0000  0.83(8) .
sn 2(b) 13 23 0.3095(8) 0.20(5) of the YgCuSnS compound. The exper|rr_1enta_l and calcg—
s1 6(c) 0.2617(4) 0.1135(5) 0.9485(9) 0.3(1) lated diffractograms and the corresponding difference dia-
S2 6(c) 0.5200(6) 0.4351(6) 0.6307(9) 0.5(1) gram for Y3CuSnS are shown inFig. 6. The interatomic
S3 2(b) 13 213 0.692(1) 0.6(2) distancesTable § agree well with the sum of the ionic radii

2 Fixed.

[8]. The coordination surroundings of the respective atoms in
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Fig. 6. The experimental and calculated diffractograms and the corresponding difference diagrag@utn$.

Interatomic distance$(nm) and coordination numbers (C.N.) of the atoms

in the Y3CuSnS structure

Table 6

Atomic coordinates and isotropic temperature factors for the YCwPbS
compound

Atoms § (nm) C.N.
Y -181 0.2750(5) 7
-1S1 0.2757(7)
-1S1 0.2775(5)
-1S3 0.2797(4)
-1S2 0.2837(6)
-1S2 0.2856(7)
-1S2 0.3127(6)
Cu -3S1 0.2223 3
Sn -1S3 0.236(1) 4
-3S2 0.2366(7)
S1 -1Cu 0.2223 4
-1Y 0.2750(5)
-1Y 0.2757(7)
-1y 0.2775(5)
S2 -1Sn 0.2366(7) 4
-1Y 0.2837(6)
-1Y 0.2856(6)
-1Y 0.3127(7)
S3 -1Sn 0.236(1) 4
-3Y 0.2797(4)

the structures of the compoundsGuSnS and YsCuSnSe
[11] are similar.

3.3. Crystal structure of the YCuPp&mpound

The formation of a new quaternary YCuRb&mpound
was observed during an investigation of the phase relations indistances and coordination numbers of the atoms are listed
the Y>S3—CwS—PbS system. The sample with composition in Table 7 The interatomic distances are close to the sum
YCuPbS was used for the crystal structure determination of Of the respective ionic radjB]. The coordination polyhedra
this compound. The presence of peaks of the Y£argl PbS
phases was observed in the X-ray powder diffraction pattern YCUPb& and YCuPbSg [11] are similar except S2(Se2)

Atom  Position x/a ylb  zlc Bisox 10 (nn?)
Y 4(c) 0.499(2) 1/4 0.248(2) 0.5
Cu 4(c) 0.766(2) 1/4 0.7836(5) 0.5
Pb 4(c) 0.749(1) 14 050433) 0.5
s1 4(c) 0.258(5) 1/4 0.3278(8) 0.5
s2 4(c) 0455(3) 14 0.6002) 05
s3 4(c) 0.073(2) 1/4 0619(2) 05

of the sample. The remaining peaks were indexed on the basis
of a primitive orthorhombic lattice witla = 1.01957(7) nm,

b = 0.39370(2) nmgc = 1.29625(6) nm. The similarity of
the X-ray powder diffraction patterns of the YCuRb&hd
YCuPbSeg [11] compounds allows us to conclude that these
compounds are isostructural. Accordingly, the crystal struc-
ture of theg-BaLaCuSe (space groupnmag compound12]

was used as a starting model for the crystal structure deter-
mination of the YCuPb$compound.Table 1contains the
essential technical and crystallographic data of the structure
determination. The atomic coordinates and isotropic temper-
ature factors are listed ifable 6 The Y, Pb and S atoms in
YCuPbS occupy the positions of the La, Ba and Se atoms, re-
spectively, in3-BaLaCuSe. The positions of the Cu atomsin
both compounds are identical. All crystallographic positions
are fully occupied. The presence of the phases Y.Cu&l

PbS was taking into account during the refinement procedure.
The experimental and calculated diffractograms and the cor-
responding difference diagram for YCuR($: YCuPbS, 2:
YCu$; and 3: PbS) are shown Fig. 7. Relevant interatomic

of the respective atoms in the structures of the compounds
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Fig. 7. The experimental and calculated diffractograms and the corresponding difference diagram for ¥@QuFBE8PbS, 2: YCuS and 3: PbS).

Table 7 the structure of the YCuPh®ompound. This fact can be ex-
Interatomic distance$(nm) and coordination numbers (C.N.) of the atoms plained by slight shifting ofthe atoms in the case of YCupPbS
in the YCuPbg structure .
compared with YCuPbSe

Atoms 8 (hm) C.N.
Y -1S1 0.267(5) 6

-2S3 0.269(2)

-1S1 0.282(5)

252 0.282(3) References
Cu -1S3 0.234(3) 4

[1] M. Julien-Pouzol, M. Guittard, Ann. Chim. 7 (1972) 253.

-152 0.245(3) [2] P. Lauxmann, Th. Schleid, Z. Anorg. Allg. Chem. 626 (2000)

—2S1 0.2454(9) 1608
Pb -2S1 0.2935(8) 7 [3] R. Ballestracci, E.-F. Bertaut, Bull. Soc. Fr. Miner. Cristallogr. 88

-2S3 0.312(2) (1965) 575.

—282 0.317(2) [4] G. Collin, J. Flahaut, Bull. Soc. Chim. Fr. (1972) 2207.

-182 0.324(3) [5] L.G. Akselrud, Yu.N. Grin’, P.Yu. Zavalij V.K. Pecharsky, V.S.
s1 oC 0.2454(9 6 Fundamensky, 12th Eur. Crystallographic Meet, Moscow, August,

—2Cu -2454(9) 1989. Vol. 3, Izv. Acad. Nauk SSSR, Moscow (1989) 155 (collected

-1y 0.267(5)

1y 0.282(5 abstract).

_2 b 0'293( )8 [6] R.A. Young, A. Sakthivel, T.S. Moss, C.O. Paria-Santos, in: Program

—2P 2935(8) DBWS-9411 for Rietveld Analysis of X-ray and Neutron Powder
S2 —1Cu 0.245(3) 6 Diffraction Patterns, Georgia Institute of Technology, Atlanta, GA,

-2Y 0.282(3) 1995.

-2Pb 0.317(2) [7]1 M. Julien-Pouzol, P. Laruelle, Acta Cryst. B 33 (1977)

-1Pb 0.324(3) 1510.

[8] N. Wiberg, Lehrbuch der Anorganischen Chemie, Walter de Gruyter,

S3 -1Cu 0.234(3) 5 :

oy 0.269(2) Berlin, 1995.

- : 9] D. de Saint-Giniez, P. Laruelle, J. Flahaut, C.H. Hebd, Seances Acad.

—2Pb 0.312(2) (9] n-oiniez u .

Sci. 267 (1968) 1029.
[10] G. Collin, P. Laruelle, Bull. Soc. Fr. Mineral. Cristallogr. 94 (1971)
175.

[11] L.D. Gulay, V.Ya. Shemet, |.D. Olekseyuk, J. Alloys Compd. 385
and S3(Se3). In the case of the YCuPpSkucture the Se2 (2004) 160-168.

and Se3 atoms have five and six neighbors, respectively. Thgi2] A E. Christuk, P. Wu, J.A. Ibers, J. Solid State Chem. 110 (1994)
S2 and S3 atoms are surrounded by six and five cations in  330.
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