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The electrical resistivity and magnetoresistance �MR� have been measured under high pressure using single
and polycrystalline samples of Sr2FeMoO6. It is found that the intrinsic negative MR in the single crystal is not
affected by applying pressure. However, the MR in polycrystalline samples exhibits two distinct pressure
dependences, a strong pressure dependence at low field below 2 T and small changes at high field above 2 T.
These findings indicate that, in this material, the large MR at low field is dominated by spin-polarized tunneling
between grains and is strongly suppressed by applying pressure.
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I. INTRODUCTION

The intergranular magnetoresistance in half-metallic
granular systems has attracted great interest since the discov-
ery of low-field magnetoresistance in polycrystalline samples
of the perovskite manganite. In the ferromagnetic ground
state of manganites �e.g., La1/2Sr1/3MnO3�, the density of
states near the Fermi level is composed only of up-spin eg
electrons. That is, a half-metallic nature is realized, which
allows spin-dependent carrier scattering processes at the tun-
nel junctions, twin boundaries in the crystal, and grain
boundaries in polycrystalline ceramics.1–3

As it has been indicated in Ref. 4, such a half-metallic
state is also realized in complex oxides with the ordered
perovskite structure, A2FeMoO6 �A=Ca, Sr, and Ba�.
Sr2FeMoO6 has long been known as a conducting ferromag-
net �or ferrimagnet� with fairly high magnetic transition tem-
perature around 410–460 K. The occupied up-spin band
mainly comes from the Fe 3d electrons, and the Fermi level
exists within the down-spin band composed of Fe t2g and Mo
t2g electrons. As an intuitive picture for the electronic state,
the electrons of Fe and Mo cations may be considered as
localized and itinerant, respectively, with the valence states
of Fe3+ �3d5 ; t2g

3 eg
2, S=5/2� and Mo5+ �4d1 ; t2g

1 , S=1/2�. In a
polycrystal of Sr2FeMoO6,4 as a result, a fairly large magne-
toresistance �MR� due to the intergrain tunneling of spin-
polarized electrons has been reported. In Ref. 5, it has been
shown that a different thermal treatment of annealing modi-
fies the transport phenomena including the intergrain tunnel-
ing MR. These results as indicated in Refs. 4 and 5 suggest
that the intergrain tunneling MR is strongly dependent on the
properties of the grain boundaries, which can be changed by
the preparation conditions.

Application of hydrostatic pressure on polycrystalline
samples can change the coupling between grains, which also
affects the intergrain tunneling MR. In this paper, we report

the pressure effects on the magnetotransport properties of
both a polycrystalline sample and a single crystal of
Sr2FeMoO6. We quantitatively analyze the pressure-
dependent MR of the polycrystalline sample in comparison
with that of the single crystal. It is found that for the single
crystal no significant pressure effect is seen on the MR while
for the polycrystalline sample the magnitude of MR is sup-
pressed significantly by pressure. These facts further make
clear the role of grain boundaries in intergrain tunneling MR
in the polycrystalline sample of Sr2FeMoO6. The format of
this paper is as follows. The experimental procedure is de-
scribed in Sec. II and then the pressure effects on the MR
and temperature profiles of resistivity are shown for both the
single crystal and the polycrystalline sample in Sec. III. Sub-
sequently, a quantitative analysis of the pressure-dependent
MR is shown for the polycrystalline sample in Sec. IV. The
summary is given in Sec. V.

II. EXPERIMENTAL PROCEDURE

The polycrystalline sample of Sr2FeMoO6 was prepared
by the solid-state reaction process described in Ref. 6, and
the single crystal was prepared by the floating zone method.7

In this paper, an annealed single crystal was used in which
the Fe and Mo ordering was about 92%.7 The temperature
dependence of electrical resistivity was measured using a dc
four-terminal method. The magnetic field at 4.2 K was gen-
erated by using a superconducting magnet and the maximum
applied field was 7 T. We used a cryogen-free magnet to
generate the magnetic field above 77 K. Hydrostatic pressure
was generated up to 3 GPa by a piston-cylinder device uti-
lizing the conventional Teflon-cell technique. The pressure
inside the cell was always kept constant by controlling the
load of the hydraulic press within ±5% throughout the mea-
surement. The details of the present pressure apparatus were
reported previously.8
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III. RESULTS

Figure 1 shows the electrical resistivities of the single and
polycrystalline samples as a function of pressure, normalized
to the resistivity at 0 GPa. It is found that the resistivity of
polycrystalline sample is decreased by applying pressure at
the rate 1 /���� /�P�=−0.33 GPa−1, which is larger than that
of the single crystal �1/���� /�P�
=−0.042 GPa−1�. The resistivity of the polycrystalline
sample ��7�10−3 � cm� is an order of magnitude larger
than that of the single crystal ��6�10−4 � cm�, which
seems to be too high for a metallic state. This indicates that
the resistance of the polycrystalline sample is dominated by
the scattering of carriers at grain boundaries, as widely seen
for polycrystalline ceramic samples.1,9,10 These facts imply
that pressure affects mainly not the bulk properties but the
grain boundary. After releasing pressure, the resistivity is the
same as that before pressurizing within the experimental er-
ror. This fact indicates that the pressure effect on the grain
boundaries is reversible below 3 GPa.

Figure 2 shows the temperature profiles of resistivity
���T�� under several applied pressures for a single crystal �a�
and polycrystalline sample �b�, respectively. In Fig. 2�a�, the
resistivity shows metallic behavior down to 4.2 K at 0.1 GPa
�nearly ambient pressure�, and no significant pressure effect
is observed except for a small decrease of resistivity around
room temperature. In Fig. 2�a�, we could not see anisotropy
in the temperature profiles of resistivity. In Fig. 2�b�, on the
other hand, the resistivity at 0.1 GPa shows a gradual in-
crease as temperature decreases, although the resistivity at
the lowest temperature is not as high as that for a semicon-
ductor. As the pressure increases, a distinct decrease in resis-
tivity is seen for the whole temperature range, and the in-
crease in the magnitude of ��T� between room temperature
and 4.2 K is also suppressed. As a result, the value of the
resistivity at 4.2 K under 3 GPa is decreased to be nearly a
quarter of that under 0.1 GPa. There are small kinks in the
��T� curves above 1.7 GPa in this figure around 250 K. They
might be due to the effect of melting of the pressure medium
although the details are not known at present. But the results
and discussion are not affected by the existence of these
small kinks.

In Fig. 2�b�, the ��T� curve does not show metallic behav-
ior even at 3 GPa but seems to be semiconducting, where the
magnitude of � increases with decreasing temperature. In
order to examine the temperature dependence in detail, we
attempted to fit the ��T� curve to the well-known activated
type or variable-range-hopping type. It is found that the ��T�
curve at ambient pressure obeys neither the T−1 nor T−1/4 law.
This fact implies that the semiconductinglike behavior in the
polycrystalline sample originates from another mechanism.
García-Hernádez et al.9 have explained the difference be-
tween single and polycrystalline La2/3Ca1/3MnO3 by compar-
ing with granular metals embedded within an insulating ma-
trix. They suggested a two-channel model: there are poor and
good contacts between grains and thus the variation of con-
ductance is dominated by the poorest ones.2,9 The connectiv-
ity should be understood in a broad sense: it refers not only
to the quality of the physical contacts between grains, but
also to any alteration of the effective conductance by impu-
rities or defects. Since pressure is considered to make the
materials homogeneous, the connection between grains is ex-
pected to be enhanced, the resistivity decreases, and the tem-
perature dependence tends to show metallic behavior like
that of a single crystal by further pressurizing more than
3 GPa.

Figure 3�a� shows MR �=100���H�−��0�� /��0�� vs H
curves of the single crystal with varying pressure from
0.1 to 2.5 GPa, where ��0� is the resistivity at zero field. In
Fig. 3�a�, the MR decreases smoothly with increasing H, and
the higher the field the smaller the rate of decrease. It should
be noted that the MR vs H curves are almost independent of
pressure at least up to 2.5 GPa. In the case of the single
crystal, as indicated in Ref. 7, negative MR originating from
the antisite defects at the Fe and Mo sites is seen below about
150 K. The result in Fig. 3�a� indicates that application of
pressure does not have an effect on the MR relevant to the
single crystal.

FIG. 1. Pressure dependence of the normalized resistivity �� /�0�
at room temperature for both the single crystal and the polycrystal-
line sample. �0 is the resistivity at ambient pressure.

FIG. 2. Temperature profiles of resistivity under several applied
pressures for both �a� the single crystal and �b� the polycrystalline
sample.
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Figure 3�b� shows the MR vs H curves taken at several
applied pressures for the polycrystalline sample. In contrast
to the case of the single crystal, the MR vs H curves for the
polycrystalline sample show significant pressure depen-
dence. The magnitude of the MR decreases with increasing
pressure. In Fig. 3�b�, the MR near zero field shows a rather
rapid decrease, which may be explained by the conduction
being dominated by the spin-polarized tunneling between
grains associated with the magnetic domain rotation at grain
boundaries.10 At higher fields, however, the rate of decrease
of MR becomes smaller, comparable with the case of the
single crystal.

Figure 4 shows the MR for a single crystal and a poly-
crystalline sample at 7 T as a function of pressure. In the

case of the single crystal, the MR is almost unchanged up to
2.5 GPa, which may be related to the fact that the origin of
the small negative MR at low temperature for the single
crystal is the antisite defects at the Fe and Mo sites. In the
case of the polycrystalline sample, on the other hand, the MR
shows a distinct decrease, e.g., from 25.5% at 0.4 GPa to
22.6% at 3 GPa. Since the MR at low field is known to be
due to the spin-polarized intergrain tunneling, the decrease of
MR originates from a decrease of electron scattering at grain
boundaries1,4,11 caused by applying pressure.

Figure 5 shows the MR vs H curves at 0.1 and 2.0 GPa
for the polycrystalline sample, which are taken at �a� room
temperature and �b� 77 K, respectively. The overall features
of the MR vs H curves shown in Fig. 5 are similar to those at
4.2 K as shown in Fig. 3�b�. The MR values decrease with
increasing pressure at both room temperature and 77 K.

IV. DISCUSSION

As indicated in Fig. 3, the MR vs H curves for the single
crystal are almost independent of pressure while those for the
polycrystalline sample are changed significantly by pressure.
In order to study the difference in detail, we show in Fig. 6
the normalized resistivity ���H� /��0�� vs H curves with
varying applied pressure for the single crystal �a� and the
polycrystalline sample �b�, The derivatives of � /��0�
d�� /��0�� /dH are also shown in the insets. In Fig. 6�a�,
� /��0� at 2.5 GPa is quite similar to that at 0.1 GPa, and as
shown in the inset, the magnitude of d�� /��0�� /dH remains
less than 0.05 even at �0H�0. Figure 6�a� again confirms
that in the case of the single crystal the magnetotransport is
not affected by pressure. In Fig. 6�b�, on the other hand, the
� /��0� vs H curves are strongly dependent on pressure. Fur-
thermore, as shown in the inset of Fig. 6�b�, the magnitude of
d�� /��0�� /dH distinctly increases as the magnetic field ap-

FIG. 3. Magnetoresistance �MR� vs H curves under several ap-
plied pressures for �a� a single crystal and �b� a polycrystalline
sample, respectively, taken at 4.2 K. The MR is defined as
100���H�−��0�� /��0�, where ��0� is the resistivity at zero field.

FIG. 4. MR �=100���H�−��0�� /��0�� values at 7 T as a func-
tion of pressure for both the single crystal �open squares� and poly-
crystalline sample �closed circles�.

FIG. 5. MR �=100���H�−��0�� /��0�� vs H curves at 0.1 and
2.0 GPa for the polycrystalline sample, taken at �a� room tempera-
ture and �b� 77 K.
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proaches zero, irrespective of the applied pressure. The ob-
served difference in Fig. 6 seems to be attributable to the
existence of the grain boundaries in the polycrystalline
sample, which gives rise to a large MR effect.

In the insets, the d�� /��0�� /dH vs H curves for both the
single crystal and the polycrystalline sample become inde-
pendent of the applied pressure as the magnetic field in-
creases. At high fields ��0H�2 T�, the decrease in the mag-
nitude of d�� /��0�� /dH may be approximated as linear
against H, which indicates that � /��0� at high fields should
be expressed as aH+bH2+c. In this paper, however, for sim-
plicity, we roughly approximate � /��0� by assuming the fol-
lowing equation:3

�/��0� = a + bH , �1�

where a and b are constants depending on temperature and
pressure. In this equation, we may estimate the contribution
to the MR from the spin-polarized tunneling effect and that
from the bulk properties at high fields as 1−a�=MR*� and b,
respectively.

The � /��0� vs H curves at the same applied pressure as
shown in Fig. 6 are analyzed with use of Eq. �1�, and we plot
in Figs. 7�a� and 7�b�, MR* and b against the applied pres-
sure, respectively. The same analysis is also applied to the
� /��0� vs H curves at 77 K and room temperature, the re-
sults of which are also plotted in Figs. 7�a� and 7�b�. In Fig.
7�a�, MR* at 4.2 K decreases with increasing pressure, and
the decreasing rate �1/MR*� �d�MR*� /dP� is roughly esti-
mated to be about −7.6�10−2 GPa−1. Similar pressure de-
pendence is also found at 77 K: the pressure coefficient of
MR* is almost the same as that at 4.2 K. At room tempera-
ture, the values of MR* decrease also with increasing pres-
sure. In Fig. 7�a�, the MR* at 4.2 K is about 18% at ambient
pressure. In Fig. 4, which is the result at 4.2 K, the MR at
7 T is about 27% at ambient pressure. For the present poly-
crystalline sample, therfore, the MR from spin-polarized tun-
neling between grains and that from the bulk properties be-
come about 18% and about 9%, respectively.

In Fig. 7�b�, on the other hand, b at the corresponding
temperature seems to be almost independent of applied pres-
sure. The value at 4.2 K �about −0.012 T−1� is almost the
same as that at 77 K, and it is about −0.006 T−1 at room
temperature. In the cases of 4.2 and 77 K, since the tempera-
ture is well below TC�=420 K� and the bulk properties �e.g.,

FIG. 6. �a� The normalized resistivity � /��0� vs H curves at 0.1
and 2.5 GPa for the single crystal, taken at 4.2 K. �b� The � /��0� vs
H curves at various pressure �0.1–3 GPa� for the polycrystalline
sample, also taken at 4.2 K. The insets show the magnetic field
dependence of d���H� /��0�� /dH for �a� the single crystal and �b�
the polycrystalline sample. The lines in the insets are guides to the
eyes indicating that d���H� /��0�� /dH at high fields ��0H�2 T� is
linearly dependent on H.

FIG. 7. �a� MR* �see text� and �b� the high-field MR slope for
the polycrystalline sample, plotted against the applied pressure. The
values at 4.2 K, 77 K, and room temperature are denoted as closed
circles, open squares, and closed squares, respectively.
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the saturation magnetization Ms� are almost independent of
the temperature, b should also be independent of tempera-
ture. The same analysis is also done on the � /��0� vs H
curves for the single crystal �Fig. 6�a�� and b at 4.2 K is
estimated to be about −0.011, which is nearly the same as
that shown in Fig. 7�b�. That is, the MR from the bulk prop-
erties for the polycrystalline sample is comparable to that for
the single crystal. It should also be noticed that for the
Sr2FeMoO6 single crystal, TC and Ms are increased by appli-
cation of pressure.12 The coefficient dTC/dP is about
3–5 K/GPa, and the change in Ms is not more than 1% up to
0.8 GPa. Figure 7�b� indicates that such changes in TC and
Ms due to the application of pressure seem to be too small to
noticeably change the value of b.

Figure 8 shows the temperature variation of MR*�T� /MR*

�4.2 K� at 0.1 and 2 GPa, plotted against the reduced tem-
perature �T /TC� with TC=420 K. For comparison, the nor-
malized magnetization M�T� /M�5 K� and its square
�M�T� /M�5 K��2 taken at 1 T for the polycrystalline sample
are also plotted in the figure. For the present polycrystalline
sample, the value of M�5 K� is about 2.9�B / f.u. at 1 T. In
the perovskite manganites, as reported in Ref. 3, the tem-
perature variation of MR* decays much faster than that of the
square of magnetization �M2� and approximately shows lin-
ear dependence against T /TC. In Fig. 8, the MR*�T� /MR*

�4.2 K� for La0.35Pr0.35Sr0.3MnO3 and La0.67Sr0.33MnO3 �Ref.
3� are shown for comparison. MR*�T� of Sr2FeMoO6 seems
to decrease as M /Ms rather than �M /Ms�2. Although further
study is needed to discuss the temperature variation of MR*

in more detail, the present result as shown in Fig. 8 implies
that as temperature increases, the MR* of the polycrystalline
Sr2FeMoO6 might decay more slowly than that of the man-
ganites.

V. CONCLUSION

In summary, we have examined the MRs of single and
polycrystalline samples of Sr2FeMoO6 at high pressure. The

resistivity for the polycrystalline sample decreases rapidly
with increasing pressure, which is in contrast to that for the
single crystal. The negative MR of the single crystal does not
change under high pressure. The MR in the polycrystalline
sample is suppressed by pressure, in particular at low field.
In this study, the transport properties of the bulk and grain
boundaries are examined by application of pressure. The
large pressure effects on the tunneling magnetoresistance
�TMR� in the polycrystalline sample originate from spin-
polarized tunneling at grain boundaries, in sharp contrast to
the behavior for a single crystal. The connection of grains is
enhanced by pressure to give rise to a suppression of the
magnitude of the TMR.
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