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SUMMARY
In this work we report the structural characterization of the semiconductor system CuFelllSe; (III= Al,

Ga, In), using X-ray powder diffraction data. All compounds crystallize in the tetragonal space group

P42c (N° 112), Z = 1, with unit cell parameters a = 5.609(1) A, ¢ = 10.963(2) A for CuFeAlSes, a =

5.6165(3) A, c=11.075(1) A for CuFeGaSes, and a =5.7762(3) A, ¢ = 11.5982(7) A for CuFelnSes;.

RESUMEN
En este trabajo se reporta la caracterizacion estructural del sistema semiconductor CuFelllSe; (I1I= Al,

Ga, In), utilizando difraccion de rayos-X en muestras policristalinas. La tres fases cristalizan en el

grupo espacial tetragonal P4 2c, Z= 1, con pardmetros de celda unidad a = 5.609(1)A, ¢ = 10.963(2)A
para CuFeAlSe;, a = 5.6165(3)A, ¢ = 11.075(1)A para CuFeGaSe; y a = 5.7762(3)A, ¢ = 11.5982(7)A

para CuFelnSes.
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Introduction

The compounds with ternary structures of the chalcopyrite family CulllSe, (III = Al, Ga, In) form an
extensive group of semiconductor materials with diverse optical and electrical properties (Shay and
Wernik, 1974). From the structural point of view they crystallize with tetragonal symmetry in the space
group 142d (N°122). The addition of a Fe-Se binary compound to chalcopyrite produces alloys of
composition (Cu-III-Se,),x (Fe-Se)x. All these phases belong to the normal semiconductor compound
families (Parthé, 1995; Delgado, 1998). Recently, the formation of some member with compositions
CuFelllSes (x= '2), CuFe,llISes (x= %) and Cu,FelllSes (x= !3) have been reported (Grima-Gallardo
and Ruiz, 1999; Grima-Gallardo et al., 2001a; Grima-Gallardo et al., 2001b; Mora et al., 2007).

In a previous work, the crystal structure characterization of the first I-II-III-VI; semiconductor member,

CuFelnSe;, indicated a degradation of symmetry from the chalcopyrite structure 142d to a related

structure P4 2c (Mora et al., 2007). In this work, we report a structural analysis for the three members

of the CuFelllSes family (IlI= Al, Ga, In) using X-ray powder diffraction data.

Experimental

Ingots of CuFeAlSe;, CuFeGaSes; and CuFelnSe; were prepared by the melt and annealing technique as
described elsewhere (Grima-Gallardo et al., 2001). The stoichiometric relation of the sample was
investigated by SEM technique, using a Hitachi S2500 microscope equipped with a Kedex EDX
accessory. The average chemical composition of different regions of each sample gave atomic
percentages in good agreement with the ideal composition 1:1:1:3.

For the X-ray analysis, small quantities of the samples were ground mechanically in an agate mortar
and pestle. The resulting fine powders, were mounted on a flat zero-background holder. The X-ray

powder diffraction data were collected at 293(1) K, in 6/6 reflection mode using a Siemens D5005



diffractometer equipped with an X-ray tube (CuKo radiation: A= 1.5418 A; 40kV, 30mA) using a
secondary beam graphite monochromator. The specimens were scanned from 10°-100° 20, with a step

size 0of 0.02° and counting time of 40s. Quartz was used as an external standard.

Results and discussion

The three X-ray diffractograms showed single phases. The powder patterns were indexed using the
program Dicvol04 (Boultif and Louér, 2004), and tetragonal cells with similar magnitudes to the parent
chalcopyrite structures; CuAlSe, (Hahn el at., 1953), CuGaSe, (Mandel et al., 1973) and CulnSe,
(Knight, 1992), were founds. Systematic absences indicate P-type lattices. The crystal structure
determination was performed using several structural models derived from the structure of the selenium
rich phase CulnSe, ; (Hoenle et al., 1988) by permuting the cations in the available Wyckoff positions.
Details of this determination were described elsewhere (Delgado et al., 2007).

The Rietveld refinements (Rietveld, 1969) of the structures were was carried out using the Fullprof
program (Rodriguez-carvajal, 2007). The atomic coordinates of CuFeInSe; (Delgado et al., 2007) were
used as starting model for the refinements. The angular dependence of the peak full width at half
maximum (FWHM) was described by the Caglioti’s formula. Peak shapes were described by the
parameterized Thompson-Cox-Hastings pseudo-Voigt profile function. The background variation was
described by a polynomial with six coefficients. The thermal motion of the atoms was described by one
overall isotropic temperature factor.

Figure 1 show the observed, calculated and difference profile for the final cycle of Rietveld refinements
for CuFeAlSes;, CuFeGaSe; and CuFelnSes;. Figure 2 show the unit cell diagram of the chalcopyrite
CullISe; structures compared to CuFelllSes compounds, and Table I show a comparison between the

unit cell parameters for both families.



TABLE I
UNIT CELL PARAMETERS FOR THE CulllSe, CHALCOPYRITES AND THE RELATED CuFelllSe;

COMPOUNDS
Compound  SG a(A) c(A) c/a V (A% Ref.
CuAlSe, 142d 5.606(5)  10.90(1) 2.12 342.6(5) (Hahn et al., 1953)
CuFeAlSe; P42¢ 5.609(1)  10.963(2) 1.95 344.9(1)
CuGaSe,  142d 5.614(1)  11.022(1) 1.79 347.4(1) (Mandel et al., 1973)
CuFeGaSe; P42¢ 5.6165(3) 11.075(1) 1.97 349.36(4)

CulnSe, 142d 5.781(1)  11.642(3) 2.01 389.1(2) (Knight, 1992)
CuFelnSe; P42c 5.7762(3) 11.5982(7)  2.00  386.97(3)

CuFelllSes; (I1I= Al, Ga, In) are normal adamantane-structure compounds (Parthé, 1995) related to the
CullISe; chalcopyrite parent structures, where the Fe cation is “diluted” leaving the cell volume almost

unchanged. In these compounds occurs a degradation of symmetry from the chalcopyrite structure

142d to a related structure P4 2c. In these new structures, each Se atom is coordinated by four cations
[one Cu, one Fe, one III cation and one M cation (either Cul, Fel or II11)] located at the corners of a

lightly distorted tetrahedron. In the same way each cation is tetrahedrally bonded to four anions.

Conclusions

The CuFelllSe; (III= Al, Ga, In) compounds crystallizes in a sphalerite derivative structure, in which

the introduction of the additional cation Fe in the chalcopyrite CulllSe, leaves the cell volume

unchanged from the space groups 142d to P4 2c.
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Figure 1. Rietveld final plots of CuFeAlSe;, CuFeGaSes; and CuFelnSes.
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Figure 2. Unit cell diagram for the chalcopyrite CulllSe, compared to the CuFelllSe; compounds.



