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Seleno-spinels with nominal chemical composition Cu0.5 Fe0.5 Cr2 Se4 and
Cu0.2 Fe0.8 Cr2 Se4 were prepared as polycrystalline samples using ceramic
method. The assumed composition was verified by wavelength-dispersive
X-ray fluorescence spectrometry. The X-ray analysis was carried out in order
to make phase analysis and to compare its results with those obtained with
the Mössbauer spectroscopy.
PACS numbers: 61.05.cp, 61.66.Fn, 82.80.Ej, 75.50.Gg

1. Introduction
The synthesis of polycrystalline ferrites Cu1−x Fex Cr2 Se4 has been described
elsewhere [1]. The end members of this series exhibit different crystal structures.
CuCr2 Se4 crystallizes in spinel structure, space group F d-3m [2, 3]. It has a normal
cation distribution, the copper ions being located at the tetrahedral interstitial
sites of the selenium sublattice, and chromium ions at the octahedral ones. The
lattice parameter is equal to 1033.76 pm. FeCr2 Se4 crystallizes in the monoclinic
2
structure, space group I m
; where both iron and chromium occupy octahedral sites
in the selenium array [4].
Attempts to substitute copper by iron were undertaken in this paper.
X-ray and Mössbauer spectroscopy analyses were carried out in order to make
phase analysis. It was established that iron ions were located in two different interstitials. The oxidation state of iron was confirmed. The occurrence of a spinel
phase as a non-magnetic one acknowledged the formation of a low-spin complex.
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2. Experimental procedure
2.1. Samples preparation

The spinel ferrites were obtained using the ceramic method. As the starting
materials, the stoichiometric amounts of metal selenides: CuSe, Cr2 Se3 , and FeSe
were used.
The samples were obtained from the binary selenides: CuSe, Cr2 Se3 , and
FeSe. The ceramic method was used. Stages of the process were as follows:
• the stoichiometric amounts of binary selenides were weighed and put in
quartz ampoules,
• ampoules were evacuated to 10−5 Torr and sealed,
• samples were sintered in annealing furnace for six days: first day at 573 K,
second day at 873 K and the following days at 1073 K,
• ampoules were opened, samples were pulverized in an agate mortar, sealed
in quartz ampoules and sintered again using temperature of 1273 K at the
last step.
Then, the obtained quaternary compounds were subjected to phase analysis
using X-ray powder diffraction method. X-ray diffraction (XRD) patterns were
collected using Siemens D5000 diffractometer and Cu Kα radiation. The data
stored in JCPDS catalogue were used in order to identify spinel and other phases.
As the obtained samples occurred multi-phase, the third annealing procedure in
temperature of 1273 K and quenching was applied in order to obtain single phase
compounds. The X-ray phase analysis was repeated and lattice parameters were
determined by the computer program HX 61S [5].
2.2. Analytical measurements
The chemical composition of polycrystalline samples was determined by
wavelength-dispersive X-ray fluorescence spectrometry (WDXRF). The material
was weighed on a micro-analytical balance in amounts of 25 mg. Then the material was etched in 1 mL of concentrated nitric acid and 3 mL of hydrochloric acid.
The solution was transferred into 25 mL volumetric flask and filled up to the mark
with water. Then 0.5 mL of the solution was pipetted onto the Millipore filter,
dried and measured by WDXRF. The quantitative analysis was performed using
several multielement standards. Measurement conditions: side-window silver target X-ray tube operated at 50 kV and 40 mA; LiF(200) analyzing crystal; vacuum;
Kα lines; flow-proportional counter (counter gas 90% Ar + 10% CH4 ) for Cr and
Fe, flow-proportional counter and scintillation counter for Cu and Se.
2.3. The Mössbauer spectroscopy
The measurements of the 57 Fe Mössbauer spectra were performed in transmission geometry by means of a constant spectrometer of the standard design. The
14.4 keV gamma rays were provided by a 50 mCi source of 57 Co/Rh. The spectra
were measured at room temperature. The selected obtained spectra are presented
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Fig. 1. The 57 Fe Mössbauer transmission spectra for (a) Cu0.53 Fe0.54 Cr2.05 Se4 and
(b) Cu0.19 Fe0.82 Cr2.02 Se4 .

in Fig. 1. Hyperfine parameters of the investigated spectra were related to the
α-Fe standard. Experimental spectrum shape was described with a transmission
integral calculated according to the numerical Gauss–Legendre procedure.
In the Mössbauer effect investigations the samples were prepared in the form
of pellets with Li2 CO3 as a binder, in which the investigated material was placed
uniformly. The uniformity of samples was confirmed using optical microscope.
3. Results and discussion
Based on the X-ray analysis, the existence of the two phases — the spinel and
the monoclinic one — was determined for both compounds. The Cu0.2 Fe0.8 Cr2 Se4
compound was formed mainly in a monoclinic phase whereas Cu0.5 Fe0.5 Cr2 Se4 —
in a spinel structure. Values of Miller’s indices for monoclinic phase suggested
2
2
space group I m
as for pure FeCr2 Se4 (the other possibility is C m
).
The increase in lattice parameters for spinel phase (Table I) with the increase
in a doped iron is connected with bigger value of ferrous ionic radius in tetrahedral
coordination than that of copper: rFe = 77 pm, rCu = 71 pm [6].
The Mössbauer spectroscopy also confirms the occurrence of two phases: the
magnetic (connected with monoclinic structure) and non-magnetic (corresponding
to spinel) one in both samples. The non-magnetic phase was described by unresolved quadrupole lines (Q-1). The magnetic phase was characterized by two
components (Q-2 and Q-3) described as doublet of lines (which approximates an
unresolved Zeeman sextet) corresponding to the change of local surroundings of
the Mössbauer nuclide.
The non-magnetic line on Cu0.5 Fe0.5 Cr2 Se4 spectra is much stronger than in
spectra of Cu0.2 Fe0.8 Cr2 Se4 which is in good agreement with the X-ray analysis
where similar quantitative distribution between these two phases was established.
The non-magnetic behavior of ferrous ions in spinel constituent confirms the formation of a low-spin complex.
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TABLE I
The chemical composition, phase analysis and lattice parameters.
The nominal

The obtained

Phase analysis and

chemical composition

chemical composition

lattice parameters [pm]

Cu0.5 Fe0.5 Cr2 Se4

Cu0.53 Fe0.54 Cr2 Se4

spinel a0 = 1037.88,
traces of monoclinic phase
a0 = 627.15, b0 = 362.27,
c0 = 1185.84, β = 90.92◦

Cu0.2 Fe0.8 Cr2 Se4

Cu0.19 Fe0.82 Cr2.02 Se4

monoclinic phase,
a0 = 627.64, b0 = 362.59,
c0 = 1185.87, β = 90.92◦ ,
spinel a0 = 1039.75

The presence of Q-2 and Q-3 components was connected with the spinel
structure but different further neighborhoods. Some excess of cations confirmed
by analytical measurements could occupy extra sites in the selenium array [7]
which could cause different interactions of iron.
TABLE II
Hyperfine parameters: isomer shift (IS) and quadrupole splitting (QS)
and A — subspectral area of the investigated samples.
The obtained

IS∗ [mm/s]

QS [mm/s]

A [%]

±0.005 (mm/s)

±0.005 (mm/s)

±2 (%)

Q-1

0.28

0.24

68

Q-2

0.38

0.48

13

Q-3

0.41

0.15

19

Component

chemical
composition
Cu0.53 Fe0.54 Cr2.05 Se4

Cu0.19 Fe0.82 Cr2.02 Se4
∗

Q-1

0.21

0.23

37

Q- 2

0.32

0.31

27

Q-3

1.20

0.11

36

Relative to the α-Fe foil at room temperature.

The values of hyperfine parameters (Table II, Fig. 1) pointed out the ferrous
state in samples which was in good agreement with our preparation assumption.
4. Conclusions
Based on X-ray analysis and the results of the Mössbauer spectroscopy, the
phase composition of the samples under study was determined. The existence of
two phases: magnetic (connected with monoclinic structure) and non-magnetic
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(corresponding to spinel) one in both samples was defined. The predominance of
the non-magnetic phase was specified in the case of Cu0.53 Fe0.54 Cr2.05 Se4 , while in
Cu0.19 Fe0.82 Cr2 Se4 the magnetic component prevailed. The good compatibility of
the results obtained from Mössbauer spectroscopy and XRD methods was received.
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