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Magnetic Properties of CeNi4MnyAl1−y Compounds
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The magnetic properties of the polycrystalline CeNi4MnyAl1−y compounds have been investigated combining
AC susceptibility, �eld-cooled and zero-�eld-cooled DC magnetization and magnetic relaxation measurements.
The X-ray di�raction measurements showed that the group CeNi4MnyAl1−y is isostructural and crystallizes in the
CaCu5-type structure (P6/mmm). For 0 < y < 1 irreversible magnetism, long-time magnetic relaxation e�ect
and evident upshift of the AC susceptibility peak with increasing frequency are observed at low temperatures.
The spin-glass-like behaviour originates from disorder due to the statistical occupation of the 3g site. Using our
data we have constructed the tentative phase diagram.
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1. Introduction

Cerium based intermetallic compounds are demonstra-
tive examples of systems with strong electron correla-
tions. They exhibit fascinating e�ects like: e�ective mass
enhancement (heavy fermions � HF), �uctuating va-
lence (FV), Kondo e�ect, Kondo lattices (KL) formation,
superconductivity, ferromagnetism (FM), spin-glass (SG)
behaviour, etc.
Our interest was attracted by the CeNi4Al�CeNi4Mn

isostructural systems due to a possible valence transi-
tion and the interplay between 3d and 4f magnetism.
The CeNi4Mn compound is a soft ferromagnet with TC ≈
130 K and a stable Ce+3 valence, whereas in CeNi4Al FV
has been observed.
Although many studies have been carried out on Ce

based materials in which the Ce ions are in non-magnetic
host environments, very little work has been done on ma-
terials in which the Ce ions are embedded in robust inter-
nal host magnetic �elds [1]. Moreover, the substitution
of Mn by Al is rather rare.
In this paper, we report for the �rst time the mag-

netic properties and we focus on characterization and dis-
cussion of the diluted magnetic system of the Mn-doped
CeNi4Al (0 < y < 1).

2. Experimental details

Polycrystalline samples were prepared by induction
melting of stoichiometric amounts of pure elements in
the argon atmosphere. The samples were turned and re-
melted several times to achieve a better homogeneity.
The crystal structure was established by a powder X-

ray di�raction (XRD) technique, using Co Kα radia-
tion. The full-pattern Rietveld re�nement using Full-
Prof has con�rmed the hexagonal CaCu5-type structure
(P6/mmm space group) for all the prepared samples.
Ce occupies the 1a site (0, 0, 0) and Ni(1) the 2c site
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(1/3, 2/3, 0). Ni(2), Al and Mn are statistically dis-
tributed over the 3g sites (1/2, 0, 1/2).
The DC and AC magnetic susceptibility were mea-

sured in the temperature range 2�300 K using the PPMS
(Quantum Design) commercial device.

3. Results

The XRD patterns revealed that all samples show es-
sentially a single phase. Figure 1 presents an exemplary
XRD pattern for the CeNi4Mn0.7Al0.3 sample recorded
at room temperature. The obtained lattice parameters
decrease with the Mn content (not shown here). The Ve-
gard law is not strictly obeyed, which may stem from the
valence variation of the Ce and/or Mn atoms. Addition-
ally, the strain energy, the stress �eld or the compressibil-
ity of the components could result in the deviations from
the Vegard law. Such variation of lattice parameters are
often observed in similar systems [2, 3].

Fig. 1. X-ray di�raction pattern along with the �tting
curve for the CeNi4Mn0.7Al0.3 sample. The bottom
solid line shows the di�erence between the measured
and the calculated patterns. The vertical bars indicate
the positions of the structural re�ections.

Figure 2 shows the temperature dependence of the zero
�eld cooled (ZFC) magnetization normalized to the max-
imum value for each sample. There is a peak for all
Mn and Al containing samples, which moves to higher
temperature with the Mn concentration. For the sam-
ple with y = 0.1 the peak is out of temperature range.
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As can be seen in Fig. 3 the peak of χDC becomes broader
and moves to lower temperatures while increasing the
strength of the magnetic �eld. Moreover, a comparison
of the ZFC and FC curves reveals a strong irreversibility
(Fig. 3). Such magnetic behaviour is observed in many
SG systems. Above the peaks, samples are paramagnetic
(PM) and the magnetic susceptibility curves can be �tted
with the Curie�Weiss formula (not shown here).

Fig. 2. Temperature dependence (ZFC mode)
of the normalized DC magnetization curves for
CeNi4MnyAl1−y as a function of y. The applied
magnetic �eld was equal to 1 kOe.

Fig. 3. Temperature variation of the DC magnetiza-
tion of the CeNi4Mn0.5Al0.5 alloy in the ZFC and
FC modes.

The �eld variation of the magnetizations taken at 2 K
are presented in Fig. 4. For all Mn and Al containing
samples a hysteresis was observed. One cannot see a com-
plete saturation of magnetization even at high �elds for
any compositions, which is often observed in SG systems.
In order to con�rm the SG e�ect, we performed an

AC susceptibility χAC measurement at the frequency
range 10 Hz ≤ ω/2π ≤ 10 kHz with an AC �eld
HAC = 5 Oe. Figure 5 shows real χ′ and imag-
inary χ′′ part of χAC for CeNi4Mn0.5Al0.5 alloy as
an example. The position of the cusp in χ′ and
χ′′ is frequency-dependent, shifting to higher tempera-
tures at higher frequencies. This behaviour can be de-
scribed by the empirical Vogel�Fulcher (V-F) law, f =
f0 exp (−Ea/kB(Tf − T0)), with two �tting parameters:

Fig. 4. Isothermal magnetization vs. magnetic �eld up
to 90 kOe measured at 2 K for the CeNi4MnyAl1−y

alloys.

Fig. 5. Temperature and frequency dependence of the
real (top, left y-axis) and imaginary (down, right y-axis)
part of the AC magnetization of CeNi4Mn0.5Al0.5.

V�F temperature T0 and activation energy Ea. f0 is a
characteristic frequency �xed as 1013 Hz.
The plot of Tf as a function of 1/ ln(f0/f) is displayed

in Fig. 6a. Additionally, we have used the dynamical
slowing down expression, τ/τ0 = [(Tf/Tg) − 1]zv, to de-
scribe the frequency dependence, where τ = 1/2πf , τ0 is
the relaxation time related to f0, Tg is the spin-glass tem-
perature and zv is the critical exponent, which is in the
range 4�12 for SG. From Fig. 6b it is clear that this re-
lation is obeyed. Using the analysis method mentioned
above, the values of characteristic parameters were esti-
mated for all Mn and Al containing samples and all of
them fall in the values range typical of SG materials.
The presence of magnetic glassy state is often char-

acterized by the presence of time-dependent remanent
magnetism. Unlike a permanent magnet, the magneti-
zation of SG materials decreases fast within a relatively
short period. Time dependence of normalized magne-
tization at 2 K after cooling the sample without mag-
netic �eld is shown in Fig. 7. For all Mn and Al con-
taining samples the change of magnetization in time
shows similar behaviour. Using a function, M(T, t) =
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M0(T, 0)+α(T ) ln(t+ ts)+β exp((−t+ ts)/τ), the M(t)
data can been �tted very well over the full time range
studied. M0(T ), τ , ts, α and β are �tting parameters.

Fig. 6. Frequency dependence of spin freezing tem-
perature Tf for CeNi4Mn0.5Al0.5 plotted as (a) Tf vs.
1/ ln(f0/f) and (b) log(τ) vs. Tf . The solid lines repre-
sent the �ts to the experimental data.

Fig. 7. The magnetic relaxation for the
CeNi4MnyAl1−y samples normalized to magneti-
zation in t = 0. The solid line is the result of
the �tting of the experimental data to M(T, t) =
M0(T, 0) + α(T ) ln(t+ ts) + β exp ((−t+ ts)/τ).

Figure 8 shows a magnetic phase diagram for the
CeNi4MnyAl1−y system where Tf has been obtained both
from the AC and DC method. In this phase diagram, we
de�ne the spin freezing temperature Tf at f = 10 kHz of
CeNi4MnyAl1−y as the peak temperature in χ′AC curve

and as a peak in ZFC χDC measured at H = 1 kOe.
Tf changes almost linearly, which is often observed in
spin glass systems. The deviations for samples with
small amount of Mn can be due to the VF of Ce atoms.
The magnetic phase diagram shows mostly a simple tran-
sition from the paramagnetic state to SG, which is often
observed in Mn containing alloys and compounds [2, 4, 5].

Fig. 8. The magnetic phase diagram for
CeNi4MnyAl1−y.

4. Conclusions

In conclusion, we have observed the SG behaviour
down to 2 K � the lowest temperature used in our stud-
ies, for 0 < y < 1 in the CeNi4MnyAl1−y system, via
magnetic properties measurements. Only a small doping
with Mn in the place of Al is enough to reveal the SG
behaviour. For samples with y < 0.1 the SG interaction
is suppressed, and the system moves towards regime with
VF. The origin of SG is due to the magnetic moments on
Mn atoms and due to the disorder on the 3g sublattice
in the crystallographic unit cell. The statistical distri-
bution of Mn, Ni and Al atoms introduces the randomly
distributed magnetic interactions, which is necessary for
formation of the frustration in the SG state.
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