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Abstract We report the magnetism properties on single
crystal of CayFeMoQOg double perovskite prepared by a
floating zone technique. This high quality material has been
studied by X-ray powder diffraction (XRD), and magnetic
measurements. The field dependence of the magnetization
at 5 K, 100 K, and 300 K suggest a ferrimagnetic behav-
ior with a saturation magnetic moment of approximately
2.1 up, 2.0 up, and 1.4 pp per formula unit, respectively.
From dc susceptibility, we observed two magnetic tran-
sitions at Tc; = 380 K (paramagnetic—ferrimagnetic) and
Tc1 = 336 K (orthorhombic—monoclinic phase).

Keywords Ca;FeMoOg - Half-metallic ferrimagnets -
Double perovskite

1 Introduction

In the 1990s, materials exhibiting colossal magnetoresis-
tance (CMR) were widely studied due to technological
interest [1]. The first compounds exhibiting CMR were
manganese-oxides based on LaMnOj3 perovskites. A few
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years later, some members of the family of double per-
ovskite of composition A;MTOg (A = alkali earths, M, T =
transition metals) were proposed as half-metallic ferromag-
nets, as an alternative for perovskite manganites [2, 3]. We
focused our attention on the Ca analogue of the AyFeMoOg
family. Polycrystalline CazFeMoOg is a double perovskite
that exhibits increase of magnetoresistance from 16.7 % to
44.2 % between 4 K and 300 K at a magnetic field of 7 Tesla.
This increase is larger than that of SrpFeMoOg¢ (Tc =
420 K) at the same corresponding extreme temperatures
and applied magnetic field [4]. This makes CayFeMoOg at-
tractive enough for immediate colossal magnetoresistance-
related applications, and availability of their single crystals
is not only useful but convenient to better study their mag-
netotransport properties [6—8].

Neutron powder diffraction (NPD) study on a polycrys-
talline sample of Ca;FeMoOg reveal that its magnetic struc-
ture can be described as a ferrimagnetic arrangement of Fe
and Mo moments lying in the bc plane, approximately along
the [110] direction [5].

In this work, we report the growth of high-quality sin-
gle crystals of CaFeMoOg using a floating zone technique
method and its magnetic characterization by magnetiza-
tion measurements as a function of temperature and applied
magnetic field.

2 Experimental Details

X-ray powder diffraction (XRD) patterns were obtained in
a Rigaku diffractometer at room temperature. The magne-
tization measurements were performed in a Quantum De-
sign superconducting quantum interference device (SQUID)
MPMS-7T dc-magnetometer.
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Fig. 1 Susceptibility vs. T for CayFeMoOg with H = 1 kOe applied
in two crystallographic directions. Inset shows inverse susceptibility
for CapFeMoOg, straight line is the fit with Curie-law

CayFeMoOg perovskite has been prepared in single crys-
talline form by using the laser heated pedestal growth
method (LHPG) as described elsewhere [9]. The crystals
were grown in isostatic inert atmosphere (ultrapure N») at
a specific pressure range (0.25-0.50 atm), using unreacted
starting reagents. Laue X-ray diffraction (LXRD) photogra-
phies in the back-reflection mode were used to evaluate the
crystalline quality and growth direction of each crystal.

3 Results

The obtained fibers are single crystals with black surfaces
and were not detected inclusions of other phases in their
volume or surface. The fibers have a diameter around 1 mm
and are up to 40 mm long. The quality of the crystals was
confirmed by Laue in the back-reflection mode and rocking
curves performed along the fiber axis.

X-ray powder diffraction data obtained from crushed
crystals were refined by the Rietveld method for phase iden-
tification and fitting of structural parameters. The crystal
structure determined by X-ray diffraction is monoclinic,
space group P21/n, with unit cell parameter a = 5.41(1) A,
b=5.52(1) A, c=7.71(2) A, and B = 89.9(8)° and are
in good agreement with the results reported by Alonso et
al. [3]. The crystal contains alternating FeOg and MoOg oc-
tahedral, considerably tilted due to the relatively small size
of the Ca’* cations. The crystal growth direction obtained
from Laue photograph is [110].

Figure 1 shows the dc magnetic susceptibility x as a
function of the temperature for an applied magnetic field of
1 kOe parallel and perpendicular to the crystal growth axis
[110]. The Curie temperature is 380 K and is indicated in
Fig. 1 with an arrow; this value is in agreement with the
obtained by others authors in polycrystalline sample [10].
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Fig. 2 Field dependence of magnetization at 5 K, 100 K, 300 K for
CayFeMoOg

At 20 K magnetic susceptibility with the field perpendicu-
lar to crystal growth direction decreases, while along [110]
increase until the lowest temperature of 2 K.

The dc susceptibility reveals two peaks at Tc; and Tca,
respectively, which shows that in the sample there are two
magnetic transitions. The first magnetic transition corre-
sponds to a paramagnetic—ferrimagnetic transition at 7c; =
380 K, which is close to the magnetic transition temper-
ature (Tc = 377 K) reported in [6, 10]. This magnetic
transition corresponds to the orthorhombic structure phase
with space group Pbnm. The second magnetic transition at
Tca = 336.4 K emerges slightly below the magnetic transi-
tion temperature and could be associated to the monoclinic
structure phase, as reported by Borges et al. in monoclinic
CayFeMoOg samples [6].

In the paramagnetic state, the inverse susceptibility was
fitted to the Curie-Weiss law. We find the effective mo-
ment P = 5.4 pg/f.u. and the Curie temperature 6 = 398 K
for both magnetic field applied parallel and in perpendic-
ular direction [110]. The effective moments are somewhat
smaller than the theoretical Fe3* free ion value of g =
5.9 pg/Fe’t.

The magnetization versus magnetic field curves M (H) is
shown in Fig. 2. Data have been collected by first cooling
the sample in the 70 kOe field from 300 K directly to 5 K.
The same procedure was repeated until 100 K and 300 K, re-
spectively. The field dependence of magnetization with the
magnetic field at 5 K, 100 K, and 300 K are typical of a ferri-
magnetic material with a saturation magnetic moment of ap-
proximately 2.1 g, 2.0 g, and 1.4 pg per formula unit, re-
spectively. There are not great differences between M vs. H
curves when the magnetic field is applied in both directions.
A similar behavior is also observed in the x(7") (Fig. 1).
Hence, we conclude that there is no magnetic anisotropy in
the crystal growth direction [110].
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As expected, the magnetization saturates, at rather low
fields, at a value of about ~ 3.5 pg. This value is smaller
than that expected (4 pg, Stotal = 5/2—1/2) for samples with
strictly zero antisites defects. The low saturation magnetiza-
tion observed, was explained in terms of the antisite defects
at the Bpe and By, sites. For instance, if a Mo®t (S = 1 /2)
is at the Bp. site surrounded by the Mo>* neighbors, its
magnetic moment tends to be parallel to those of the Mo+
ions, which decreases the net magnetization by 6 pg. In con-
trary manner, if a Fe>* (§ =5/2) is at a By, site, its mag-
netic moment tends to be antiparallel to those of the Fe’*
ions, causing a decrease in the net magnetization by 4 ug [5].

This reduction in the magnetic moment was also noticed
the curves of x (T) in Fig. 1. Coercivity field is typically as
low as 30 Oe. The ideal ferrimagnetic configuration 3d>"
4d™¥ would yield a magnetic moment of 4.0 ug/unit for-
mula. Our data seems to point out that ferrimagnetic Fe
ion gives rise to some non-collinearity in the spin struc-
ture. Magnetism indicate a large component of itinerancy
for down-spin Fe ta, electrons.

4 Conclusions

In summary, we report the growth of CaFeMoOg dou-
ble perovskite single crystals by the laser heated pedestal
growth method technique. Ca;FeMoOg single crystal ex-
hibits magnetic properties typical of ferrimagnetic materials.

Our data seems to point out that ferrimagnetic Fe ion gives
rise to some non-collinearity in the spin structure. The size
and crystal quality of the studied samples were adequate for
full characterization.
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