DE GRUYTER

Z. Kristallogr. NCS 2019; 234(3): 421-422

Silvana Moris, Patricia Barahona and Antonio Galdamez*

Crystal structure of (Cug.s1Ing.49)tet[Cr1.741M0.26]oct
Se4 Selenospinel, CU0.51||'|0.75C|'1.74594

[Cr,In]Se,

https://doi.org/10.1515/ncrs-2018-0426
Received October 14, 2018; accepted December 17, 2018; available
online January 24, 2019

Abstract

Cug.s1Ing7sCri7Ses, cubic, Fd3m (no. 227), a =10.6506(13) A,
V=12082 A%, Z=8, Rg(F)=0.0371, WR.f(F?)=0.0912,
T=293(2) K.

CCDC no.: 1861215

The crystal structure is shown in the figure. Tables 1 and 2
contain details on crystal structure and measurement condi-
tions and a list of the atoms including atomic coordinates and
displacement parameters.

Source of material

Cuo.51Ing75Cr1.74Se4 was prepared by directly combining high-
purity elemental powders (99.99%, Aldrich) in stoichiomet-
ric amounts. All manipulations were carried out under argon
atmosphere. The reaction mixtures were sealed in evacuated
quartz ampoules and placed in a programmable furnace. The
ampoules were then slowly heated at a rate of 2.5 °C/min,
from room temperature until 500 °C for 2 hours, followed by
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Table 1: Data collection and handling.

Crystal: Black prism

Size: 0.05 0.04 0.04 mm
Wavelength: Mo Ka radiation (0.71073 A)
u: 31.6 mm !

Diffractometer, scan mode:

Bmax, completeness:

N(hkDmeasureds N(hkl)unique, Rint: 1089, 109, 0.040

Criterion for lobs, N(hkDgt: lobs = 2 0(lgps), 109

N(param)reﬁnedz 10

Programs: Bruker [1], SHELX [2], Olex2 [3],
DIAMOND [4]

D8 VENTURE Bruker AXS,
30.0°,>99%

Table 2: Fractional atomic coordinates and isotropic or equivalent
isotropic displacement parameters (A2).

Atom X y z Uiso*/Ueq
Cu1? 1/8 1/8 1/8 0.0031(11)
In1b 1/8 1/8 1/8 0.0031(11)
Cr2¢ 1/2 1/4 1/4 0.0082(13)
In2d 1/2 1/4 1/4 0.0082(13)
Sel 0.26060(10) X X 0.0085(7)

aQccupancy: 0.51(5), POccupancy: 0.49(5), COccupancy: 0.87(2),
d0ccupancy: 0.13(2).

a heating-rate of 1 °C/min up to the maximum temperature of
850 °C, and held for 7 days.

Experimental details

Three models were considered for the permutations of the
metal atom positions in (A)et[BloctSes spinel-type: (1) indium
and copper cations sharing the tetrahedral position (A)te¢-site;
(2) indium and chromium cations sharing octahedral [B]oct-
sites; and (3) indium sharing both tetrahedral (A)- and octa-
hedral [B]oc-sites. For the tetrahedral cation site, the sum
of site occupation factors (SOF) was constrained to equal 1
(fully occupied) for8a=(1 x)Cu + xIn. The sum of SOF in the
octahedral cation site was constrained to equal 2 (fully occu-
pied) for 16d =(2 y) Cr + yIn. Moreover, cations sharing the
same site were constrained to have identical thermal displace-
ments. A careful examination of the structural details, such as
the thermal equivalent isotropic displacements Ueq, 0ccupa-
tion sites, Rgt and WRys indices provided a strong indication
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of crystal structure final refinement. The best convergence
refinements was obtained in model (3).

Comment

The (Cu, In)tec-Se distances in (Cuos1Ino.49)tet[Cri.74100.26 JoctSes
were consistent with the bond lengths of CugsIngsCraoSes
(2475 A) [5] and CuosIngs,Cry0sSes (2.433-2.507 A) [6]. The
[Cr, In]oci-Se (2.5548 A) bond distances are comparable with
[Cr,M]oci-Se bond lengths for CuCrisZrosSes (2.538 A) and
CuCry5SngsSes (2.5671 A) [6]. The [Cr,InJoct-Se bond length
in the CdCrygIng19Ses compound is 2.55413 A [7]. Baur and
Wildner et al. evaluated the degree of distortions of the tetra-
hedra and octahedra using distortion indices [8, 9]. These
indices have been used in our research group for describ-
ing the polyhedra in CuCr, xSnxSes [6], CuCr, xTixSes [10]
and CuCr, xZrxSes [6]. In (Cuy xInyeet[Cr2 yInyloccSes, the
(Cu,In)tSe, tetrahedra was ideal, with an angle of 109.47°.
The [Cr,In]otSes octahedron edge length distortion (EDL)
indice is 4.5%. This value of octahedral distortion is approx-
imately twice that of the compounds previously reported:
CuCr, «TixSes, CuCr, xSnxSe; and CuCr, xZrxSes;. These
materials obtained by ceramic synthesis present interesting
magnetic properties such as other spinels substituted in A-site
[11].
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