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Abstract. The Hall coefficient (RH) of Al73Mn27�xFex

(x ¼ 0, 2, 4 and 6) complex metallic alloys has been meas-
ured in the temperature interval from 90 to 400 K. All
the alloys are T (Taylor) phase except Al73Mn21Fe6 that is
a decagonal (d) quasicrystal. The Hall coefficients of all
the samples are positive and they decrease strongly with
the increase of temperature according to the Curie-Weiss
[C/(T–q)] law. Therefore, for the separation of the normal
(R0) and anomalous (RS) Hall coefficients, the results for
the paramagnetic susceptibility (c) in the corresponding
temperature interval have been used. The values deduced
from RH(c) plots are about �2 � 10�10 m3 C�1 for R0, and
about 5 � 10�7 m3 C�1 for RS. When the possible depen-
dence of RS on temperature, that is due to the temperature
dependence of the electrical resistivity q(T), is taken into
account the values are about zero for R0, and about
3 � 10�7 m3 C�1 for RS (295 K). No significant composi-
tion dependence of R0 has been detected.

Introduction

The Al––Mn––Fe system contains several complex metallic
alloy phases which recently attract increasing interest.
Among them is the orthorhombic Taylor (T) phase, the
structure of which is built of atomic layers stacked along
the [010]-direction. Along this axis pentagonal columnar
clusters are formed [1]. Therefore, they are considered to
be approximants of the decagonal (d) Al––Mn phases. The
unit cell of the T-phase contains 156 atoms with many of
the sites having either fractional occupation or mixed Al/
Mn occupation, so that a great inherent chemical disorder
exists on the lattice. As a part of the systematic investiga-
tion of the transport and magnetic properties of T-
Al––Mn––Fe, here we present the results of the Hall-effect

measurement on Al73Mn27�xFex complex metallic alloys.
Al73Mn27 and its ternary extensions Al73Mn27�xFex (x ¼ 2
and 4) are T phases, whereas Al73Mn21Fe6 is a quasycris-
talline decagonal phase [2].

Experimental procedure

Polycrystalline samples were produced from the constituent
elements by levitation induction melting in a water-cooled
copper crucible under argon atmosphere. The Hall-effect
measurements were performed by a standard AC technique
and by a five point method in magnetic fields up to 1T. The
measurements were performed in the temperature interval
from 90 to 370 K. The average of five data sets was taken to
calculate RH at each temperature. As we intent to use the
same samples for the measurements of other physical prop-
erties they were not cut into the appropriate shape for the
Hall-effect measurements. The samples were bar-shaped
with dimensions of 1 � 1 � 6 mm3. The small influence of
the inappropriate shape on the demagnetizing field is dis-
cussed with the susceptibility results. The temperature-de-
pendent magnetic susceptibility c was investigated in the
temperature interval between 2 and 300 K, using a Quantum
Design SQUID magnetometer, equipped with a 5T magnet.
Electrical resistivity was measured between 1.5 and 300 K
using the standard four-probe AC technique.

Results and discussion

In the temperature interval explored and for the magnetic
fields up to 1T the Hall resistivity qH of all samples is a
linear function of the magnetic field (B) and therefore we
present the results for the Hall coefficient RH ¼ qH /B
only. In Fig. 1 the Hall coefficient of Al73Mn27 and
Al73Mn27xFex is presented as a function of temperature.
The shape of the RH(T) curves indicates that the samples
are paramagnetic, and that the anomalous (spontaneous)
magnetic contribution to the Hall effect is dominant.
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In magnetic materials the Hall resistivity follows the
empirical relation [3]

qH ¼ R0Bþ m0MRS ; ð1Þ
where R0 and RS are the ordinary and anomalous Hall
coefficients respectively and M is the magnetization. The
normal and anomalous contributions have different origins.
The normal Hall effect comes from the Lorentz force act-
ing on the electrons that conduct electrical current. In
crystalline solids it is directly connected with the proper-
ties of the Fermi surface and the relaxation times of the
electrons. The anomalous or spontaneous Hall effect, on
the other hand, is not due to the Lorentz force, but is a
consequence of asymmetric scattering which stems from
spin-orbit orbit interactions [3] or is due to the influence
of the spin-orbit interaction on the electronic wave func-
tions [4]. Asymmetric scattering is still present in the un-
magnetised sample and a magnetic field brings this asym-
metry up to the macroscopic level by introducing the net
magnetization of the sample. In Fig. 2 we present the
magnetic susceptibility of our Al73Mn27�xFex samples as a
function of temperature.

These materials belong to the class of magnetically-fru-
strated spin system [5]. Spin-freezing temperatures of all
the samples are well below those of interest for the separa-
tion of R0 and RS. Paramagnetic susceptibility follows the
Curie-Weiss (c � (T � q)�1) law with negative Curie-
Weiss paramagnetic temperatures and negligible tempera-
ture independent part (<1 � 10�5). What is very important
is that the susceptibility is small and of the order 10�3.
Therefore, in spite of the inconvenient geometry of the
samples, we can completely neglect the effects of demag-
netizing fields and the difference between the inner and
applied field. Therefore we can replace m0 �M with the
c � B so that Eq. (1) yields

RH ¼ R0 þ c � RS : ð2Þ
If R0 and RS do not depend on temperature, RH is linear in

c and the normal Hall coefficient is given by the intercept
on the RH axis and RS by the slope of the straight line.

The Hall coefficient RH of Al73Mn27 and
Al73Mn27�xFex samples as a function of paramagnetic sus-

ceptibility is presented in Fig. 3. We can conclude that RH

is almost linear in c and this enables us to estimate the
values for R0 and RS which are listed in Table 1. We ex-
pect the temperature dependence of R0 to be negligible for
the materials with the metallic conductivity.

It is generally accepted [6] that in systems with a high
resistivity the anomalous Hall effect is dominated by a
side-jump mechanism i.e. by the lateral displacement
which electrons undergo during scattering in the presence
of the spin-orbit interaction. In this case the anomalous
Hall coefficient RS should be proportional to the square of
the resistivity. Skew scattering yields RS / q and is ex-
pected to be dominant in materials with small resistivity.
We suppose that in our materials RS / q2 holds. The Elec-
trical resistivity of Al73Mn27�xFex samples as a function of
temperature is shown in Fig. 4. The values of the resistiv-
ity are rather high and the temperature dependence of the
resistivity, although small, is not negligible.

In Fig. 5 we plotted RH (c � q2) (arbitrarily normalized
to room-temperature values qRT). The RH (c) and RH

(c � q2) plots are similar. Here it may be argued that, with
the exception of the “pure” Al73Mn23 alloy, the RH(c)
plots exhibit a small concave curvature while the RH
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Fig. 1. Temperature-dependence of the Hall coefficient of
Al73Mn27�xFex.

Fig. 2. Zero-field-cooled magnetic susceptibility of Al73Mn27�xFex as
a function of temperature.

Fig. 3. The Hall coefficient of Al73Mn27�xFex as a function of para-
magnetic susceptibility.
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(c � q2) plots, exhibit a better linearity. However, the most
important difference between Figs. 3 and 5, is the shift of
the intercept on the RH axis from negative values of about
�2 � 10�10 m3 C�1 to positive values or zero. The results
deduced for R0 from both RH(c) and RH(c � q2) plots are
summarized in Table 1. We recall that the effective num-
ber of electrons for the case of a single band that corre-
spond to R0 ¼ �1 � 10�10 m3 C�1 is equal to
0.6 � 1023 cm�3 and is characteristic for metals. However,
the absolute values of R0 lower than �1 � 10�10 m3 C�1

do not imply a higher carrier concentration but rather a
mutual cancellation of the contributions of the electron-

like and hole-like regions of the Fermi surface. Table 1
also summarizes the values found for the anomalous Hall
coefficient RS. The values deduced from the RH vs. c � q2

plots are the room temperature values. We emphasize that
the anomalous Hall coefficient of all samples is rather
large, which is certainly due to their high resistivity. The
RS values are close to those determined for T-Al80Mn20

and T-Al78Mn22 phases (3.2 and 4.8 � 10�7 m3 C�1) [7].
Recently, for quasicrystalline icosahedral Al70.4Pd20.8Mn8.8

a high value RS ¼ 1.8 � 10�5 m3 C�1 has been reported
[8]. For comparison, in amorphous ferromagnetic alloys
with resistivities around 150 mW cm, RS is usually of the
order 10�8 m3 C�1 [6]. However, the fact that in our alloys
RS practically remains the same in the samples whose re-
sistivity differs almost for an order of magnitude may con-
tain meaningful informations on the simultaneous changes
in the electronic structure that cancel out the impact of the
resistivity onto the anomalous Hall coefficient. The above
discussion does not contradict our proposition about the
temperature dependence of RS.

Conclusion

The lower bound of the normal Hall coefficient in Mn
rich Al73Mn27�xFex alloys is determined to be
�2 � 10�10 m3 C�1. This value corresponds to the high
metallic conduction electron density of the order
1023 cm�3. When the possible dependence of RS on tem-
perature, due to the temperature dependence of the electri-
cal resistivity, is taken into account, the values for R0 are
about zero. This would imply the mutual cancellation of
contributions from the electron-like and hole-like regions
of the Fermi surface. In either case no significant composi-
tion dependence of R0 was deduced. The anomalous Hall
coefficient of these alloys is very large, due to the high
resistivity, and of the order of 10�7 m3 C�1. However,
while the resistivity of these alloys significantly depends
on the composition, the anomalous Hall coefficient does
not. This indicates that, upon the alloying, a number of
changes in the electronic properties are taking place simul-
taneously which cancel out the impact of the resistivity.
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Table 1. Normal Hall coefficient R0 and the anomalous Hall coeffi-
cient RS deduced from RH (c) and RH (c � (q/q295 K)2) plots.

Alloy
composition

R0 ð10�10 m3 C�1Þ RS ð10�7 m3 C�1Þ
from c from cq2 from c from cq2

Al73Mn27 �1.9 0.0 3.5 2.3

Al73Mn25Fe2 �2.4 0.5 5.3 2.7

Al73Mn23Fe4 �1.6 0.3 4.8 2.7

Al73Mn21Fe6 �2.7 �0.3 5.5 3.1

Fig. 4. Temperature-dependent electrical resistivity of Al73Mn27�xFex.

Fig. 5. The Hall coefficient of Al73Mn27�xFex as a function of
c � (q/qRT)2.
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