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The magnetic susceptibility, magnetization and the temperature and field dependence of the Hall
coefficient have been measured for the magnetically ordered icosahedral quasicrystals
Al;o_PdisMn;sB, (x=0,2,4,6,8,10 The temperature dependence of the real and imaginary part of
the complex ac susceptibility indicates re-entrant magnetic behavior and dc magnetization
measurements are interpreted in the context of this behavior. The present Hall resistivity
measurement shows the existence of both normal and anomalous Hall effects. The normal Hall
coefficient is independent of temperature in all the alloys and changes from negative to positive with
increasing boron concentration. This can be explained by the effeds atybridization. The
anomalous Hall coefficient is also found to be temperature independent and has a compositional
dependence correlated to the spin—orbit scattering rate19@6 American Institute of Physics.
[S0021-89706)12808-7

I. INTRODUCTION lll. RESULTS AND DISCUSSION

Since the first discovery of quasicrystals in Al-Mn Figure 1 shows the room temperature ac susceptibility of
alloys? the electronic and magnetic properties of these mafl7o0xPdisMn 5B, (x=0-10. The measured susceptibility
terials have been studied extensively. Although early reportéicreases with increasing and is consistent with previous
indicated that most quasicrystals are weakly magrfetic, magnetization, nuclear magnetic resonatd#R) and fer-
some recently developed materials have shown strong magomagnetic resonancéFMR)*> results for these alloys.
netic behavior. Yokoyamat al*° have reported the synthe- This behavior can be described by the model in which the
sis and characterization of ferromagneticA\PdisMn,B,  ferromagnetic coupling originates from the Mn—B bonding.
icosahedral alloys. These alloys have Curie temperatures be- A typical measurement of the real and imaginary parts of
tween 300—500 K and exhibit saturation magnetization up téhe ac susceptibility for the present alloys is shown in Fig. 2.
18 emu/g which disappears after crystallization. In theThese measurements show a kneg'i(il) and, to a lesser
present work the Hall effect, magnetic susceptibility andextent, iny"(T), for 6<x=<10. No anomalous features have
magnetization of A?'O—xpd15Mn155x have been investigated been observed for the SUSCGptibi“ty of Samples with4.

and these complement our previous transport studies of thigesults may be compared with the previous data of Hattori
series etall® which showed that the ac susceptibility of

Al;PdisMn; 5 showed a cusp at low temperature which was

attributed to the existence of a reentrant spin gid®SG
Il. EXPERIMENTAL TECHNIQUES transition_. There is some _a_mbiguity in the in_terpretation of

features in the ac susceptibiffy** which can arise from ex-

Single phase icosahedral l,Pd,sMn,sB, alloys were perimental conditions such as the exciting field frequency
prepared in the form of ribbons by the melt spinning
method’ The quasicrystalline nature of these samples was
confirmed from x-ray diffraction patterns. The temperature
dependent ac susceptibility was measured by a standard mu-
tual inductance technigfiat a frequency of 127 Hz in an ac
magnetic field of~80 A/m. dc magnetization measurements
were carried out using a conventional superconducting quan-
tum interference devic€SQUID) magnetometer. Hall effect
measurements were performed using a six-point dc technique =
in applied magnetic fields up to 44.0° A/m. o ‘
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Ypresent address: ET/335, Argonne National Laboratory, Argonne, ILFIG. 1. The room temperature ac susceptibility of icosahedral
60439. Al4o_xPdisMnysB, alloys as a function ox.
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FIG. 4. Hall resistivity as function of field for AjPdsMn,sBg at 4.2 K.
FIG. 2. The temperature dependence of zero-field cooled real and imaginary
parts of the ac susceptibility for APdsMn;5B1,.

| | Ru= (%) =R, @
and amplitude. The so-called Hopkinson p&atan obscure 9B /g o
the characteristic behavior and, as a result, RSG features may, the slope at high fields, givés:
be absent or may be shifted to a lower temperature. A com-
parison with magnetization data is often helpful in under- _(Wi) ~R 3)
B, T

standing the behavior of these materials. In most cases, the
transition from ferromagnetism to the RSG state is defined ) ] )

by the onset of deviations from the plateau in theFigure 5 shows thaR, changes sign as a functionefThis
magnetizatiot? Results of these studies are illustrated inP€havior can be explained in terms of the effectsefd

Fig. 3 for the present series of alloys. The knee associate@yPridization. This mechanism results from a shift of the
with the RSG on lowering the temperature is clear for a"_Ferml energy and has been used to explain Hall effect results

alloys with x=2. The observed temperature dependence i @morphous alloys as it gives rise to regions of negative
consistent with the behavior as described above. group velocity leading to positiv&,. In the present alloys

In magnetically ordered materials both the ordinary Halthe substitution oB for AI causes thg Fermi Ievel' tp increase
effect(OHE) and spontaneous Hall effe(BHE) are present. a5 2 result of a reductu_)n in the unit cell voluhwiving rise
The latter is not restricted to ferromagnetic materials, but caf the observed behavior. o
appear in any material where strong magnetic interactions N disordered alloys the SHE coefficient may be related
are preserit® These two components combine to give thel© the temperature dependent resistiviffT), as:

total Hall resistivity agSl unitg: R«(T)=ap(T)+bp?(T) (4

pr=RoB+RsuoM (1) where the first term results from quasiclassical skew scatter-
where B is related to the applied magnetic field by ing a_nd t.he sesclgnd term results from the quantum mechani-
B=uo(H+M), M the magnetization anR, andR; are the cal side jump> Ip amorphous alloys, bec.ause of.the Igrge
ordinary and spontaneous Hall coefficients, respectively, number of scattering centers, the quadratic term is believed

The field dependence of the Hall resistivipy(B) for to dominate. In the present allofg is constant in tempera-

Al0xPA,Mn.eB, is shown in Fig. 4. This behavior is virtu- Uré while p(T) changes by as much as about 20%here-
ally independent of temperature. The initial slope gives fore, at least to first order, there is no measurable correlation

betweenR, andp. This has been observed in other systems
and has been explained by different scattering mechanisms
for p and py, .° The x dependence dRq is shown in Fig. 6.

8r- =2 2N R; is negative for all alloys and shows a systematic change
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FIG. 3. Temperature dependence of the magnetization-gf Ad;sMn; 5B,
as a function of measured in an applied field of &0* A/m.
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FIG. 5. The ordinary Hall coefficient of Aj_,Pd;sMn,sB, as a function of

x at 4.2 K.
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ture independent and suggests that the scattering mechanisms

-5t I 10 Es responsible foR(T) andp(T) are different. The composi-
£ 1RS/T * :"’ tional dependence dR; is similar to that of the spin—orbit
5 3 se =5 = scattering rate and indicates that this is the responsible inter-
g * X action for the spontaneous Hall behavior in these materials.
) “— x kS ‘_8
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