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Institute for Materials Research, Tohoku University

(1) Introduction

_Ternary cerium intermetallic CePdAl crystallizing in the hexagonal ZrNiAl-type with space group
P62m is a typical geometrically frustrated magnetic system. Strong anisotropy and frustration of the
magnetic interactions are expected for this compound due to the distinct layered character and the
triangular coordination symmetry of Ce atoms on its lattice. Indeed, CePdAl has been experimentally
investigated using different techniques and unusual magnetic properties were found. The temperature
dependences of electrical resistivity and specific heat show an antiferromagnetic (AF) order below 7T)=2.7
K with heavy-fermion behavior. The existence of strong magnetic anisotropy with easy c-axis has been
confirmed by susceptibility study. Moreover, neutron diffraction measurements suggest that the AF
structure in CePdAl is incommensurate; one third frustrated Ce moments coexist with two third
magnetically ordered moments below Ty. We are interested in metastable magnetic behavior in such a
geometrically frustrated system. Here, we report the results of ac susceptibility y,.(7), field-cooled (FC)
and zero-field-cooled (ZFC) dc magnetization M(7) and magnetic relaxation M(f) measurements on a
polycrystalline CePdAl sample.

(2) Experimental

The sample was prepared by arc melting stoichiometric amounts of the constituent elements under
purified argon atmosphere. X-ray diffraction measurements showed only a single phase with hexagonal
ZrNiAl-type structure for the as-cast sample, while several additional lines attributable to impurity phase
were observed for the sample annealed at 750 °C for 10 days. Thus the as-cast samples of CePdAl were
used in this work. Magnetic properties were measured using a SQUID magnetometer,

(3) Results

The temperature dependencies of FC and ZFC dc magnetization of CePdAl were measured in various
magnetic fields. The low-temperature data in a field of H=0.01 T is shown in Fig. 1 plotted as M(T)/H vs. T.
The ZFC curve exhibits an evident peak at 7,,=2.4 K. This peak signifies the occurrence of AF ordering in
the sample though the 7, value is slightly smaller than the Néel temperature defined as the peak point in
specific heat curve. Below T,,, magnetic irreversibility manifesting as a bifurcation between the FC and
ZFC curves is observed suggesting the metastable character of the magnetically ordered state, which is
further confirmed by the magnetic relaxation measurement. To measure M(f), the sample was first cooled
in zero-field from 50 K (far above T,,) to 1.8 K, then a magnetic field of 0.1 T was applied for 5 min and
switched off at r=0. As illustrated in Fig.2, the decay of M(¥) is remarkably slow. After waiting for one hour,
M(¢) drops from the initial zero-field value by about 50%. Frustrated magnetic moments may be related to

T
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Fig. 1 Comparison of the low-temperature FC Fig. 2 Magnetic relaxation behavior plotted as
(open symbols) and ZFC (filled symbols) M(f)/M(0) vs. t, measured at 1.8 K for
susceptibilities (M/H) for CePdAl measured CoPdAl

in A=0.01T.
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the irreversible magnetism and the long-time magnetic

relaxation effect. Note that metastable magnetic behavior has 330F o 1000 HA
also been observed in some other long-range AF ordered CePdal —0— 100 Hz
—~ 325 —A—10Hz A
systems. = —v—1Hz
In order to explore the possible spin-glass effect, ac 5 3201 “O01Hz
susceptibility measurement on the CePdAl sample was also Tg 315 - T, 1
performed at frequency range 0.1 Hz <o2z< 1000 Hz. As sl _
. . . =
shown in 'Flg. 3,.tl'16 in-phase componenjc 7. (T,w) of the ac 305 L ]
susceptibility exhibits a pronounced maximum at 7,, which 100 . . .

shifts to high temperature with increasing the frequency like that 20 25 3.0 35
usually observed for a spin glass. It is well known that the initial ' T®)

frequency shift of the peak position in ' (7,0) calculated as felfi iomzzr:éftragrzcdzﬁgggggieh(;yf tf}(l)er
OT,=AT,/(T,Alogw) is usually used to distinguish a spin glass CePdAl at different frequencies.

from a spin-glass-like material [5]. In the present case,
07,=0.012 is estimated for the CePdAl sample comparable to
the typical values (from a few thousandths to a few hundredths)
for most spin glasses [5]. Assuming the characteristic frequency
ap/2m =10" Hz as typically taken in the spin glass systems [6],
our experimental data for CePdAl could also be fitted well using
the empirical Vogel-Fulcher law, w = @, exp[-E, / k,(T, - T,)] , with
two fitting parameters: Vogel-Fulcher temperature 7 =2.1 K and
activation energy E, =4.5 k3T, (solid line in Fig. 4). Clearly, the

CePdAl sample shows the “spin-glass” ac susceptibility 3.0 35 40 45
100/1n(10'3/e)

T, (K)

behavior.

However, since one of the necessary conditions, random Fig. 4 The frequency dependencies of
truct for the formation of spin ¢l tate is im ible in an the peak temperature 7, plotted as T, vs.
structure, for the formation of spin glass state is impossible in a 100/n(10'*/a).

ideal hexagonal ZrNiAl-type compound, and a long-range AF

ordering near 7, has been confirmed by neutron diffraction and both electrical and specific heat
measurements, the observed frequency dependent ac susceptibility behavior for CePdAl cannot, at least at
present, be ascribed to spin glass effect.

(4) Conclusion

In conclusion, geometrically frustrated compound CePdAl is confirmed to show metastable magnetic
properties at low temperatures mainly manifesting as the irreversible magnetism, long-time magnetic
relaxation effect and frequency dependent ac susceptibility behavior. Whether some type of randomness
exists in the CePdAl sample and whether the frustrated spins can be frozen in the AF ordered state at low
temperature are interesting questions and call for further studies.
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