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Abstract

Monoclinic and trigonal CrsTeg show a transition into the ferromagnetic state with a Curie temperature 7., which sensitively
depends on the actual composition. Monoclinic samples exhibit a lower 7. despite their higher Cr content. This observation is
explained on the basis of less effective ferromagnetic superexchange in the monoclinic compounds and the larger number of Cr
atoms being antiferromagnetically coupled. Magnetization experiments performed at 5 K demonstrate that the compounds saturate
already at rather low magnetic fields. In addition, small values are estimated for the coercitive field H, as well as for the remanence
magnetization both being typical for weak ferromagnetic materials. The values for the saturation magnetization amount to about
72% and 65% for monoclinic and trigonal CrsTeg, respectively. These low values can partially be explained on the basis of
antiferromagnetically coupled Cr(III) @> centers. An additional spin canting is assumed to fully account for the reduced saturation
moments. Above 300 K the susceptibilities follow a Curie-Weiss law with large positive values for the Weiss constant and magnetic
moments in accordance with a Cr’* 3d® spin configuration. Low temperature X-ray investigations reveal unusual thermal
expansion of the a as well as b lattice parameters of the monoclinic and of the a lattice parameter of the trigonal sample, respectively.
Near T, the slope of the thermal expansions changes significantly.
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1. Introduction

The crystal structures of monoclinic and trigonal
CrsTeg are closely related to the hexagonal NiAs
structure type. The metal atom deficient phases are
obtained by removing metal atoms from every second
metal atom layer in the NiAs structure type in an
ordered way. In monoclinic CrsTeg (m-CrsTeg) the Cr
atoms occupy four different crystallographic sites. The
resulting ordering of the vacancies is significantly
different from the structures of other transition metal
chalcogenides with composition MsXs (M=Ti, V;
X=S, Se, Te). A slight increase of the tellurium content
leads to an order—disorder transition from the mono-
clinic to a trigonal phase (tr-CrsTeg). In tr-CrsTeg the Cr
atoms are located on four crystallographically different
sites leading to the formation of a five-layer super-
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structure of the CdI, type. The transition from the
monoclinic to the trigonal phase occurs in a very narrow
composition range: monoclinic symmetry is found in the
range 59.6-61.5at% Te (CrTe; 45—CrTe; ) [1]. Stoi-
chiometric m-CrsTeg (61.54at% Te) is stable at low
temperatures whereas the trigonal modification is
obtained by quenching the samples from about 1075 K
to room temperature [1]. The homogeneity range of
tr-CrsTeg was reported to be about 61.8-62.5at% Te [2]
and the space group for this modification to be P3cl [1].
However, as was shown in our previous work the space
group of tr-CrsTeg is rather P-3ml [3]. A slightly
different upper phase boundary for tr-CrsTeg of
63.6(6) at% Te was reported by Viswanathan et al. [4].
Until know only a few studies were performed on m-
CrsTeg and tr-CrsTeg regarding their physicochemical
properties. The pressure dependence of the spontaneous
magnetization of CrsTeg measured at 4.2 K was reporteg
for a trigonal sample with lattice parameters a = 3.914 A
and ¢ = 5.998 A [5]. The heat capacities of m-CrsTeg
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and tr-CrsTeg show an order—disorder transition of m-
CrsTeg to the vacancy ordered Cr;Tey type structure at
815K [6,7]. The lattice parameters of m-CrsTeg were
given with a =13.535A, b=7822A, c=11.994A
and f=090.4° [6]. In their discussion the authors
in Ref. [6] assumed that m-CrsTeg is isostructural to
VsTeg, which according to our investigation can be ruled
out [3].

Shimada et al. performed photoemission studies on
CrsTeg and concluded that CrsTeg is an itinerant
ferromagnet [§8]. We note that the sample investigated
by this group showed trigonal symmetry with lattice
parameters a = 3.924A and ¢ = 6.008 A. Recently, the
magnetic properties of solid solutions with compositions
(Cry_,V,)sTeg and (Cr,_,Ti,)sTes were investigated
[9-11]. But in all contributions the crystal structures
correspond to a CdI,-type cell and the ratio of Cr:Te
was always fixed to 5:8. In addition, no monoclinic
samples were studied by the authors and no attention
was drawn onto the fact that the actual composition of
the samples should sensitively influence the physical
properties.

Assuming that divalent Te anions are present the
average oxidation state of Cr is 3.2. Using an ionic
picture, the compounds can be formulated as
(Cr*")4(Cr**)Teg, with electronic configurations 3d?
and 3d? coexisting. This electronic situation is altered
changing the stoichiometry from the exact 5:8 ratio for
Cr:Te. However, it is highly unlikely that Cr(IV) exists
in the presence of Te. As was demonstrated in several
contributions Te-Te interatomic separations as large as
about 3.8 A may lead to weak interactions, found, e.g.
for ZrSiTe or TiTe, [12,13]. As established in a
preceding work, the Te-Te contacts in both phases are
significantly shorter than 3.8A thus indicating weak
Te—Te interactions. Such weak interactions may reduce
the negative charge on the Te anions because the top of
the Te sp bands, which has some antibonding character,
is depopulated and the Te-Te distances are shortened.
The existence of short anion—anion contacts may be
indicative of an electron transfer from sp anion to d
cation electronic states. In addition, in both phases
relatively short Cr—Cr distances are observed suggesting
weak bonding between the Cr atoms. Such metal-metal
bonds may further reduce the positive charge on the
Cr atoms.

In view of this electronic situation an investigation
of the magnetic properties of monoclinic and tri-
gonal CrsTeg particularly as function of actual composi-
tion may provide further insight into the bonding
properties of these compounds. It can be expected
that the physical properties are very sensitive to
the actual Cr content and will vary significantly within
the narrow composition range in which the crystal
structure transforms from monoclinic to trigonal
symmetry.

2. Experimental details
2.1. Synthesis

Elemental Cr and Te powders (99.6% and 99.9%)
were mixed in the desired ratios and were transferred
into dried silica ampoules. The ampoules were evac-
uated (~10>mbar) and heated to 400°C at a rate of
100°C/h. After 4 days the temperature was raised to
1000°C at a rate of 5°C/h and after 3 days the ampoules
were cooled to room temperature at a rate 100°C/h. The
products consisted of black powders and black crystals
with a platelet like shape. The samples are stable in air
over a long period. The composition of the samples was
determined by atomic absorption spectroscopy (AAS).

2.2. Magnetic susceptibility investigations

Between 300 and 600K magnetic susceptibility
measurements were measured with a Faraday balance
in an applied field of 1.5T. Magnetization measure-
ments at 300 K in magnetic fields between 0.1 and 1.5T
showed that ferromagnetic impurities can be neglected.
The susceptibility data were corrected for core diamag-
netism using Pascal increments.

Low temperature susceptibility measurements be-
tween 4 and 300K were performed in a Quantum
Design MPMS SQUID magnetometer on the two
samples m-Crsgj6Teg and tr-CrygTeg in a field of
0.1 T. Isothermal magnetization was measured up to 7 T
at different temperatures between 5 and 200K on both
powders and pressed pellets.

2.3. X-ray studies

X-ray powder patterns were collected at room tem-
perature on a Siemens DS5000 diffractometer using
monochromatized CuKa radiation (A = 1.54056 A). Riet-
veld profile refinements of the powder patterns of all
magnetically investigated samples were performed using
the FULLPROF program package [14]. The background
was modelled with interpolated points. For Cr and Te the
isotropic displacement parameters were tied for each
group and refined with a freely varying variable. Preferred
orientation was treated using the March—Dollase func-
tion. A Thompson—Cox—Hastings function with 5 profile
parameters was used to model the peak shapes.

Single-crystal X-ray work was done using a Nonius
CAD-4 four-circle diffractometer (monochromatized
MoKu radiation, 4 = 0.7107 A) equipped with a cooling
device from Oxford instruments. The lattice parameters
were determined between 320 and 100 K. Because no
single crystals suitable for the X-ray work could be
selected from the product of the monoclinic sample with
composition Crs o6 Teg the low temperature experiments
were performed on a crystal with composition
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Cry40802Teg very near to the 5:8 composition. We note
that at lower temperatures a significant broadening of
the reflections occur. Nevertheless, a structure refine-
ment was performed for one data set (160K) of the
monoclinic sample to get an impression which intera-
tomic distances are mainly affected by the anisotropic
changes of the lattice parameters. The raw intensities
were treated in the usual way and structure refinement
was done against F? using SHELXL-97 [15]. The
occupancy of Cr4 position is low and the occupancy
of this position was refined with isotropic displacement
factors whereas for all other atoms anisotropic displace-
ment parameters were allowed. The main results of the
structure refinements (300 and 160K) and some
technical details are summarized in Table 1.

3. Results
3.1. Magnetic properties in the high temperature region

In Fig. 1 the temperature dependence of the magnetic
susceptibilities between 300 and 600 K of m-Crs;¢Teg

Table 1
Selected technical details of data acquisition and refinement results for
monoclinic Cry 932 Teg obtained at 300K and at 160K
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and tr-Crgg76Teg are displayed. The numerical results
are summarized in Table 2. The fit with the Curie-Weiss
law yields an effective magnetic moment of 3.86(2) g/
Cr for m-CrsTeg and 3.87(2) ug/Cr for tr-CrsTeg. Both
effective moments are near the spin only value expected
for a Cr’" with a d® electronic configurations. The
values for the paramagnetic Curie temperature 0 are
found with 196(1) and 235(1)K for m-CrsgTeg and
tr-Cryg76Teg, respectively, indicating considerable
predominant ferromagnetic exchange interactions.

We note that fitting the data with a modified Curie—
Weiss law including contributions from temperature-
independent paramagnetism (TIP) always yielded un-
realistic negative values for the TIP. This is not
surprising since the density of states at the Fermi level
is low [8]. Hence, one cannot expect an appreciable Pauli
paramagnetic contribution to the susceptibility.

We further draw particular attention to the finding
that the trigonal sample with the lower Cr content
exhibits the higher value for 6 and for 7. (see below),
indicating more effective ferromagnetic exchange.

3.2. Magnetic properties in the low temperature region
The temperature dependence of the susceptibilities for

m-Crs g16Teg and tr-Cryg76Teg recorded between 300

Table 2
Magnetic data for m-CrsTeg and tr-CrsTeg

300K 160 K
a (I:A) 13.539(3) 13.5712(6)
b (A) 7.8096(14) 7.8286(5)
c (A) 11.987(2) 11.8813(11)
p (deg) 90.156(14) 90.140(6)
V(A% 1267.4(4) 1262.31(15)
20max (deg) 60 60
No. unique reflections 985 976
R; (all reflections) 0.0467 0.0802
WwR; (all reflections) 0.0917 0.1274
GOF 1.008 1.029
OF (e/A%) 1.76/—2.99 2.36/—4.25
Estimated standard deviations are given in parentheses.
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Fig. 1. The inverse magnetic susceptibilities between 300 and 600 K for m-CrsTeg (left) and tr-CrsTeg (right). The dotted lines are the results of a

Curie—Weiss fit.
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Fig. 2. The magnetic susceptibilities below 300K for m-CrsTeg and
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Fig. 3. The dependence of the Curie temperature 7, from composition
of the chromium tellurides. The dotted line is a guide for the eyes.

and 4K are shown in Fig. 2. The extrapolated Curie
temperatures 7T, are 190 K for m-Crs g 6Teg and 245K for
tr-Cry g76 Teg, both being close to the paramagnetic Curie
temperature 0 obtained from a the fit of the high
temperature (see above). The variation of 7, with
composition is displayed in Fig. 3. With increasing Te
content 7, raises and close to the monoclinic to trigonal
structural phase transition a jump like increase is observed.

For trigonal CrsTeg samples 7, values were reported
as 220 [8] and 223 K [11] (see Introduction).

Hysteresis loops taken on polycrystalline sample
between 5 and 300K are displayed in Figs. 4 and 5.
Below 200K the magnetization strongly increases
at very low fields reaching saturation above 0.2T.
The saturation magnetization M, is 10.2up for
m-Crs g16Teg and 8.65 ug for tr-Cry g76Teg. Both values
are significantly smaller than is possible for a full
ferromagnetic alignment (14.1 ug for m-Crs6Teg and
13.3 ug for tr-Cryg76Teg) of the magnetic dipoles. For
the remanent magnetization M, values of 6.62 and

6.92 uy are estimated for the monoclinic and trigonal
sample, respectively. The shape of the curves for m-
CrsTeg and tr-CrsTeg differ and may be attributed to the
different crystallite sizes in the two investigated samples.
Recently, Kanomata et al. reported saturation measure-
ments performed at 4.2K on a trigonal CrsTeg sample
[5] (note also the remarks in the Introduction), but no
saturation was observed up to about 9 kOe and the data
presented in the paper differs significantly from our
results. The estimated magnetic moment was found to
be 1.2 ug per Cr atom [5].

3.3. X-ray diffraction studies

A comparison of the crystal structure of m-CryogTeg
with Cr-richer monoclinic samples reveals that the two
sites in the partially occupied layers are successively
depleted. This observation indicates that with decreasing
Cr content the two positions 4b and 8e are depopulated
and for Cr4.95Teg the site occupation factors (sof) for 45
and 8e are 0.17(1) and 0.07(1), respectively. Note, that
for a Cr richer monoclinic sample m-Crs joTeg the sofs
for the two sites were refined to 0.217(1) and 0.057(2) [3].

For m-Cr493Teg and tr-CrsTeg the evolution of the
lattice parameters with temperature was recorded
between 330 and 100K (see Figs. 6 and 7). For m-
Cryo3Teg the c-axis contracts linearly with decreasing
temperature. In contrast, a and b grow when the
temperature is lowered, and both exhibit a nearly linear
increase down to about ~225K (Fig. 6). Below this
temperature region the slope changes and a second
regime with linear behavior is observed down to about
140 K. Below this temperature the cell parameters reach
a plateau extending to 100 K. For the first temperature
region 330-230K an expansion of the a and b lattice
parameters of 1.6 x10™* and 9.6 x 107> A/K is ob-
tained, between 230 and 140 K the values are 3.1 x 10~*
and 1.8 x 10_4A/K. The contraction of the c¢ lattice
parameter over the whole temperature range amounts to
—6.8x107* A/K. The overall contraction of the unit cell
volume amounts to about 8 A3, i.e. about 0.7%,
emphasizing the open character of the structure Within
error bars the monoclinic ff angle remains constant. We
note that the unit cell volume exhibits a linear decrease
over the whole temperature range. A change of the slope
at ~225K is not visible (see Fig. 6).

The variation of the unit cell parameters of the
trigonal modification exhibits a similar temperature
dependence (Fig. 7). The a parameter starts to increase
when the temperature is lowered and the ¢ parameter
contracts with decreasing temperature. There are again
two regimes with different slopes. A linear behavior is
obvious for both axes down to about 250 K. At this
temperature the slope changes and a second regime
down to 160 K can be discerned. Below 160 K both axes
reach a plateau with no significant alterations down to



Fig. 4. The magnetization vs. field for m-CrsTeg measured at different temperatures. Note: the value of M is given for 1 Cr atom.
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Fig. 5. The magnetization vs. field for tr-CrsTeg measured at different temperatures. Note: the value of M is given for 1 Cr atom.

In contrast to the monoclinic sample, the evolution of
the unit cell volume with temperature shows a clear
deviation from linearity at around 250 K with slopes of
—1.3x10%and —2.1x 1072 A3/K above and below this

100 K. For the a parameter the expansion amounts to
9.5x 107> and 1.6 x 1074A/K for the two regions
and for the ¢ parameter the values are —5.6x 10~*
and —8.410*A/K.
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temperature regime, respectively. Over the whole
temperature range the unit cell volume shrinks by about
43A%(0.7%).

4. Discussion

For a discussion of the results we briefly recall the
main features of the crystal structures of m-CrsTeg and
tr-CrsTeg (see Fig. 8) [3]. In both compounds the Cr
atoms are in an octahedral environment of Te anions.
Within the layers the CrTeq octahedra share common
edges. In m-CrsTeg the Cr2 and Cr3 atoms are in the
fully occupied metal atom layers whereas Crl and Cr4

0 | Crd X
]
Cr3 Cr2 ' cr3
Cr3 1 Cr3
o ‘. ® 9 L d "
cr3 Cr2. cr2 cr3
cr1@ cri@

_/%1/ +.Cr4 Cra

® [ 4 " 4 ‘Cr3 ~|Cr2 ...

Z
s  ©
. ) ——
Fig. 8. : The arrangement of the Cr atoms within the unit cell of

m-CrsTeg (bottom) and of trigonal CrsTeg (top). The Te atoms are
omitted for clarity.

are located in the metal deficient layers. The Crl and
Cr3 as well as the Cr2 and Cr4 centered octahedra
share common faces and relatively short Cr—Cr separa-
tions parallel to the crystallographic c-axis result
(m-Cry o5 Teg: 3.059(1) and 3.000(1) A). The other Cr-
Cr distances are longer and amount to ~3.8A. The
positions Crl and Cr4 are statistically occupied and
infinite Cr—Cr atom chains parallel to the c-axis cannot
form. According to the occupancy derived from X-ray
diffraction results for the full and metal deficient layers
the composition formula may be written as
Cry[Cry 916[2.984]Teg (O denotes vacancies).

In tr-CrsTeg two crystallographically different Cr
atoms (Cr2 and Cr3) are located in the fully occupied
layers. The Cr atoms in the metal deficient layers (Crl
and Cr4) are distributed over two different sites, with a
significantly higher abundance on site Crl. The Cr2 and
Cr4 as well as the Crl and Cr3 centered octahedra share
common faces and as in the monoclinic modification,
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short Cr—Cr distances result (Cr2-Cr4: 3.018(1),&,
Crl1-Cr3: 3.047(1)/0\). The final stacking sequence of
the metal atoms parallel to the c-axis can be represented
by the sequence abcba (see Fig. 8) and the structure can
be regarded as a five-layer superstructure of the Cdl,
structure type. Note that the CrlTeg octahedra in one of
the metal deficient layers are isolated and these are only
connected to the Cr3Teqs octahedra via common faces.
As in m-CrsTeg four Cr atoms occupy the sites in the full
metal atom layers and 0.876 Cr are in the metal deficient
layers and the formula could be given as
Cry[Cro.876[13.124] Teg.

In the high temperature regime the magnetic suscept-
ibilities of both compounds follow a Curie-Weiss
behavior with effective magnetic moments per Cr atom
consistent with the spin only value for Cr’* (d?),
supporting the conclusion suggested in our previous
work, that Te®~ donates electron density to the Cr
centers thus stabilizing the Cr(III) oxidation state. In an
ionic picture m-CrsggTeg may be written as
[Cr’ " laosalCr* " 1o9sa[Te* Iy and  tr-Crag76Tes  as
[Cr*" 15 504[Cr* 711 372[Te* Js. Formally the tellurides
then are mixtures of Cr** (4%) and Cr*" (4?) cations,
and the expected effective moments f./Cr are 3.70 and
3.61 ug/Cr for the monoclinic and trigonal samples,
respectively. These values are about 4.4% and 6%
smaller than the spin only value for Cr’" with a d°
configuration (S =3/2). As experimentally found,
lower values for the effective magnetic moments
are obtained when the fitted range is extended to
higher temperatures (see Table 1). Note that pu.y/Cr
for most chromium chalcogenides reported in the
literature varies over a wide range even for compounds
with precise valency [16-23]. Hence it is not straightfor-
ward to deduce the oxidation state of the Cr atoms from
an analysis of the experimental magnetic moments
alone. The Cr*" (d?) ion is a Jahn-Teller ion but no
significant distortions of the CrTes octahedra were
observed [3].

The paramagnetic Curie temperatures are positive
and the magnitudes suggest strong ferromagnetic inter-
actions. According to Kanamori and Goodenough two
different exchange contributions must be taken into
account to explain the observed magnetic properties
[24-27]. The direct Cr>*—Cr’" interaction involves the
two f, orbitals at the two Cr atoms leading to
antiferromagnetic exchange. The magnitude strongly
depends on the Cr-Cr interatomic separation. A critical
distance R, of about 3.5A was reported below which
direct exchange interactions can be expected [28].
Ferromagnetic superexchange occurs on the Cr sub-
lattice via 90° Cr—Te—Cr /% bonding which links a half-
filled #,, (m) on one Cr with an empty e, (o) level on the
other. Large deviations from the 90° angle weakens the
ferromagnetic exchange. Whether a compound exhibits
ferromagnetic or antiferromagnetic interactions depends

on the detailed geometric configuration such as the Cr—
Cr distance and the Cr-Te—Cr angle.

In the compounds short Cr—Cr distances are observed
between Cr atoms in the octahedra which share
common faces (see above). Within the full and partially
depleted metal atom layers the Cr—Cr distances are
found between 3.75 and 3.93 A and thus are too large
for direct exchange interactions. In the monoclinic
sample the Cr—Te—Cr angles are found between 87.1°
and 97.3° in the full layers. They range from 90.3° to
94.4° in the metal deficient layers. In the trigonal
compound the analogous angles are between 87.9° and
95.9° and between 90.7° and 93.5°, respectively. In both
compounds the angles are close to 90° and ferromag-
netic superexchange is favored. It appears to be
enhanced in the trigonal samples as the angles are closer
to 90°.

Without a detailed knowledge of the spin structures
one can only speculate why the experimental Mg, is
significantly smaller than expected for a full alignment
of all magnetic dipoles. Obviously, the Cr atoms located
in the octahedra sharing common faces have a Cr
neighbor at a short distance of about 3 A favoring
antiferromagnetic interaction. If these Cr atoms are not
considered about 2.98 Cr atoms in m-CrTeg and 3.15 Cr
atoms in tr-CrsTeg can contribute to the ferromagnetic
long-range order. The expected values for M, are then
8.94 uy for m-Crs g16Teg and 9.45 g for tr-CrsTeg which
are close to the experimental data. We note that for all
chromium tellurides in the composition range CrTe to
Cr,Tes investigated so far the observed ordered mag-
netic moments derived from saturation magnetization
are smaller than the moments calculated using an ionic
model. These deviations have been assigned to spin
canting [29-34], non-collinear spin arrangement [35], or
a canted antiferromagnetism [36].

The composition dependence of T, indicates larger
values for the samples with lower Cr content. This may
be attributed to the increasing number of Cr atoms that
do not participate in antiferromagnetic coupling. In
addition, ferromagnetic exchange is more effective when
Cr—Te—Cr angles approach 90° as it is the case on going
from m-CrsTeg to tr-CrsTeg. We note that for ferro-
magnetic CryTe, 7. strongly depends on the actual
composition and values between 315 K and about 350 K
were reported [29,35-42].

The low temperature X-ray experiments yield unusual
results. For the monoclinic sample the a and b lattice
parameters increase below 300 K (compare Fig. 6). Near
T both axes show a significant deviation from a linear
behavior and the growth is even more pronounced than
far above T.. In contrast, the ¢ lattice parameter exhibits
a smooth decrease over the whole temperature range.
The wunit cell volume contracts with a moderate
deviation from a linear behavior near 7.. For the
trigonal sample the c lattice parameter decreases and
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Table 3 X
Selected interatomic distances (A) and angles (deg) for monoclinic
Cry 982y Teg obtained at 300 and 160 K

300K 160K
Cr(1)-Te(3) 2.7117(4)4 x 2.6930(9)
Cr(1)-Te(2) 2.7412(7)2 x 2.7455(12)
(Cr(1)-Ted 2722 2711
B 0.0295 0.0525
Cr(2)-Te(1) 2.6782(8)2 x 2.686(2)
Cr(2)-Te(3) 2.7075(6)2 x 2.7167(8)
Cr(2)-Te(2) 2.7561(9)2 x 2.740(2)
(Cr(2)-Ted 2714 2714
B 0.0779 0.054
Cr(3)-Te(1) 2.6802(11) 2.689(3)
Cr(3)-Te(3) 2.7213(8)2 x 2.713(3)
Cr(3)-Te(3) 2.7279(8)2 x 2.715(3)
Cr(3)-Te(2) 2.7561(12) 2.741(3)
(Cr(3)-Te 2722 2714
5 0.0759 0.052
Cr(4)-Te(1) 2.6537(4)2 x 2.6633(9)
Cr(4)-Te(3) 2.6796(6)2 x 2.7036(8)
Cr(4)-Te(2) 2.7540(5)2 x 2.7253(9)
(Cr(4)-Te> 2.696 2.697
B 0.1003 0.062
Cr(1)-Cr(3) 3.0527(11) 3.004(3)
Cr(2)-Cr(4) 2.9990(5) 2.9716(3)
Cr(4)-Te(1)-Cr(4)  94.74(2) Cr(4)-Te(1)-Cr(4)  94.59(4)
Cr(2)-Te(1)-Cr(2) ~ 86.43(4) Cr(2)-Te(1)-Cr(2) ~ 88.22(11)
Cr(2)-Te(1)-Cr(3)  89.92(2) Cr(2)-Te(1)-Cr(3)  91.07(6)
Cr(4)-Te(2)-Cr(4)  90.296(19) Cr(4)-Te(2)-Cr(4)  91.80(4)
Cr(1)-Te(2)-Cr(4)  90.643(16) Cr(4)-Te(2-Cr(1)  91.44(3)
Cr(3)-Te(2-Cr(2)  93.97(2) Cr(2)-Te(2-Cr(3)  93.70(6)
Cr(3)-Te(2)-Cr(2)  93.872(18) Cr(3)-Te(2-Cr(2)  93.57(5)
Cr(2)-Te(2-Cr(2)  97.42(2) Cr(2)-Te(2)-Cr(2)  96.56(4)
Cr(4)-Te(3)-Cr(1)  92.898(15) Cr(1)-Te(3)-Cr(4)  93.07(3)
Cr(2)-Te(3)-Cr(3)  88.31(3) Cr(3)-Te(3)-Cr(2)  89.86(9)
Cr(3)-Te(3)-Cr(3)  91.675(17) Cr(3)-Te(3)-Cr(3)  92.35(3)
Cr(2)-Te(3)-Cr(3)  95.88(3) Cr(2)-Te(3)-Cr(3)  94.86(9)

Estimated standard deviations are given in parentheses. ¢ (delta):
difference between largest and shortest Cr-Te bond length.

the a-axis increases on lowering the temperature (see
Fig. 7). The unit cell volume shrinks and the cell
parameters as well as the unit cell volume show a non-
linear behavior near 7.. Comparing the structural data
obtained at 300K and at 160K several alterations are
obvious. The Cr—Cr distances across the face-sharing
CrTes octahedra are reduced from 3.0527(11) and
2.9990(5) A to 3.004(3) and 2.9716(3) A at 160K due
to the reduction of the ¢ parameter (see Table 3). The
shortening of the Cr—Cr distances indicates a stronger
Cr-Cr bonding interaction. The average Cr—Te
bond lengths are only slightly affected, whereas
the distortion expressed as the difference between the
longest and shortest Cr—Te distance increases for
Cr(1)Teg and decreases for the other CrTeq octahedra

when the temperature is lowered (Table 3). The angles
Te—Cr—Te show also some remarkable changes within
the planes perpendicular to the c-axis (Table 3). This
leads to an expansion of the a and b parameters in the
monoclinic sample. We are convinced that the same
alterations occur in the trigonal structure. In m-CrsTeg
the angles Cr—Te—Cr come closer to 90° thus supporting
ferromagnetic superexchange to become more effective.
We note that depending on the nature of the dominating
exchange mechanism an anomalous thermal expansion
or contraction of the lattice parameters as well as of the
unit cell volume has been reported for different Cr
tellurides and selenides [43—49].

In summary, monoclinic and trigonal CrsTeg are
ferromagnetic materials. Their Curie temperatures 7,
sensitively depend on the actual composition. Samples
with the lower Cr content exhibit higher 7.’s. This
observation can be understood on the basis of the
crystal structures. A larger amount of isolated Cr atoms
are found in Cr-depleted samples because the reduction
of the Cr content removes Cr atoms from CrTeg
octahedra sharing common faces with neighbors.

Neutron scattering experiments are scheduled to
determine the magnetic structure. Knowledge of the
spin arrangement is essential for an understanding of the
low temperature magnetic properties.
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