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The magnetic properties of CeCoMn, Ce3Co3Mn4 and Ce3Co6Mn alloys have been investigated by magneti-
zation and susceptibility measurements in the temperature range (5�300) K and magnetic �eld up to 12 T. X-ray
powder di�raction measurements showed that all three alloys are isostructural and crystallize in the cubic MgCu2

structure type. Both Ce and Co atoms are non-magnetic in all alloys like in the isostructural compound CeCo2.
Magnetic behavior of the investigated alloys is mostly due to the Mn moments and depends essentially on the
Mn�Mn distances. The interaction between the Mn moments is antiferromagnetic in CeCoMn and Ce3Co3Mn4

but a paramagnetic behavior for Ce3Co6Mn was evidenced in the studied temperature range.
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1. Introduction

In the ternary metallic system Ce�Co�Mn, many in-
termetallic compounds and alloys with di�erent crys-
tallographic structures are reported [1]. The nearest-
neighborhood of Co and Mn atoms, as well as, the Co�
Co, Co�Mn, and Mn�Mn distances are di�erent in each
compound. By combining X-ray photoelectron spec-
troscopy (XPS) and magnetic measurements, we have
shown that in Ce2Co15Mn3 (with Th2Zn17 structure
type) [2] and CeCo7Mn5 and CeCo8Mn4 (with ThMn12

structure type) [3] compounds both Co and Mn atoms
carry magnetic moments and Ce atoms are in the inter-
mediate valence state. The complex magnetic structure
of the three compounds is determined by the competition
between the ferromagnetic (Co�Co pairs) and antiferro-
magnetic (Co�Mn and Mn�Mn pairs) interactions.
According to Pearson's handbook of crystallographic

data for intermetallic phases, three intermetallic compo-
sitions CeCoMn, Ce3Co3Mn4 and Ce3Co6Mn have been
reported to crystallize in the MgCu2 structure type and
are isostructural with the parent compound CeCo2 [1].
Earlier studies on the magnetic properties of CeCo2 have
shown that this compound is an enhanced Pauli param-
agnet [4�6]. The magnetic susceptibility of CeCo2 cor-
rected for ferromagnetic impurities [6, 7] and addition-
ally for the Curie�Weiss term attributed to Ce3+ im-
purity ions (about 3%) is almost constant in the tem-
perature range (4�300) K [8]. The low magnetic sus-
ceptibility and relatively weak temperature dependence,
with values in the range (1−1.3) × 10−3 emu/mol, in-
dicates that in this compound both Ce and Co atoms
are non-magnetic. It was also shown that this slightly
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temperature dependence of the intrinsic magnetic sus-
ceptibility is due to the �ne structure of the density of
states in the vicinity of EF [7]. XPS and X-ray absorp-
tion edge studies have shown that only the Ce4+ va-
lence state is present in the bulk of CeCo2, while both
Ce3+ and Ce4+ valence states coexist on the surface of
CeCo2 [9]. The theoretical calculations have brought out
strong hybridization of the itinerant 4f (Ce) and 3d (Co)
states, which leads to a �lling of the peculiar bonding
band. It is demonstrated that the magnetic properties
of CeCo2 are consistent with itinerant behavior of the
4f electrons of Ce [10�13]. In CeCo2, both the strongly
correlated 4f -electrons and 3d-electrons contribute to the
enhanced Pauli susceptibility [14]. The reported experi-
mental data and the theoretical studies infer that CeCo2

compound is an exchange-enhanced Pauli paramagnet
with a spin �uctuation temperature Tsf higher than room
temperature and this is consistent with the almost tem-
perature independent magnetic susceptibility below room
temperature [6�8].
The aim of this paper is to study the in�uence of Mn on

the magnetic properties of the parent compound CeCo2

by correlating the results obtained from XRD and mag-
netic measurements as a function of �eld and tempera-
ture. The Anderson condition for the existence of the
local moment at a transition metal site (T ) when solute
in another transition metal is π∆/U < 1, where ∆ is the
width of the d states (corresponds to the virtual bound
states in the Friedel model [15] and U is the Coulomb
correlation energy between d electrons [16]. It was found
experimentally that this condition is ful�lled in many in-
termetallic compounds and alloys based on Mn [17�32].
It is worth mentioning here that the Mn-based alloys and
compounds are assumed to exhibit a strong dependence
of Mn�Mn exchange interaction as a function of distance
between the nearest-neighbor Mn atoms. It is well known
that the Mn�Mn interaction is antiferromagnetic when
the distance dMn−Mn is smaller than the critical value
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of dcr ≈ 2.8 Å. Typical examples are the antiferromag-
netic compounds XMn (X = Ni, Pd, Pt) [17�20], RMn2

(R = Y, Pr, Nd, Sm, Gd, Tb) [21, 22], RMn12 (R = Y
and heavy rare earths) [23] with dMn−Mn < dcr.

2. Experimental

The alloys CeCoMn, Ce3Co3Mn4 and Ce3Co6Mn were
prepared by argon arc melting. The samples were melted
repeatedly in the same atmosphere to ensure homogene-
ity. The purity of the starting materials was 99.9% for
all the constituent elements. The crystalline structure of
the samples was analyzed at room temperature by using
a D 5000 Brücker Bragg-Brentano di�ractometer with
Cu Kα radiation. The magnetic measurements were per-
formed in the temperature range 5�300 K and magnetic
�eld up to 12 T using a vibrating sample magnetometer
VSM from Cryogenics.
XRD measurements showed that CeCoMn,

Ce3Co3Mn4 (or CeCoMn1.33) and Ce3Co6Mn (or
CeCo2Mn0.33) are single phases and crystallize in the cu-
bic MgCu2 structure type (Fig. 1). This is in agreement
with the recently reported results on RCo2Mn (R = Ho
and Er) [31] and RNi2Mn with R = Tb, Dy, Ho, Er
alloys [32], which crystallize in the MgCu2-type structure
and are isostructural to RCo2 and, respectively, RNi2
compounds. Both these studies have shown the presence
of vacancies in the crystallographic structure and that
the excess Mn occupies both the R and the Co/Ni
atomic positions.

Fig. 1. X-ray di�raction pattern of CeCoMn,
CeCoMn1.33 and CeCo2Mn0.33 recorded using the
Cu Kα radiation.

At room temperature, the lattice parameters for the in-
vestigated compounds are: a = 7.30 Å for CeCoMn, a =
7.33 Å for CeCoMn1.33 and a = 7.16 Å for CeCo2Mn0.33,
in good agreement with the values reported in the lit-
erature [1]. The lattice parameter of the parent com-
pound CeCo2 was found to be a = 7.16 Å [1]. Since
the atomic radius of Mn atoms is larger than that of

Co atoms (1.307 Å and 1.252 Å, respectively), the lat-
tice parameter of compounds with higher Mn content
are larger than that of CeCo2. In the parent com-
pound CeCo2, the Ce and Co atoms occupy the 8a sites
(0,0,0) and 16d (5/8,5/8,5/8), respectively. In the inves-
tigated compounds the Mn atoms occupy both Ce and
Co sites. The minimum distance between Mn atoms is
dMn−Mn < 2.6 Å for both Mn atoms occupying 16d sites,
while for Mn atoms in the 8a sites the dMn−Mn > 2.9 Å.
Due to the smaller number of Mn atoms in the unit
cell, the average distance dMn−Mn in CeCo2Mn0.33 is
much larger than that in the isostructural CeCoMn and
CeCoMn1.33 alloys.

3. Results and discussions

Figure 2 shows the temperature dependence of the zero
�eld cooled (ZFC) magnetization for CeCoMn1.33 mea-
sured in two applied magnetic �elds B = 1 T and 2 T.
The M(T ) curves exhibit a maximum around 44 K
and 35 K, respectively, revealing the antiferromagnetic
behavior of CeCoMn1.33 alloy. This maximum shifts to
lower temperatures when the magnetic �eld increases,
suggesting a �rst order character of the magnetic transi-
tion antiferromagnetic�paramagnetic at TN. In order to
con�rm this assumption, further investigations like vol-
ume, resistivity and/or speci�c heat versus temperature
measurements are necessary. SimilarM(T ) dependences,
with transition temperatures closed on those observed
in CeCoMn1.33, were obtained for CeCoMn compound.
Since the Ce and Co atoms do not carry any ordered
magnetic moment, like in CeCo2, the magnetic behaviour
of these alloys is due to the interactions between the Mn
local moments. The nearest-neighbour Mn�Mn distance
between Mn atoms in both alloys is about 2.6 Å, smaller
than the critical value, which explains the antiferromag-
netic interaction between the neighbouring Mn atoms.
The isostructural compound YMn2, with dMn−Mn =
2.73 Å, has been shown to be an antiferromagnet with
µ = 2.7 µB/Mn and TN = 100 K [33, 34].

Fig. 2. Temperature dependence of the magnetization
for CeCoMn1.33 measured in the ZFC state with applied
�elds of 1 T and 2 T.
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The upturn of the M(T ) curves at lower temperatures
is due to traces of magnetic impurities, possible to some
Co clusters. The M(B) curves at 5 K show a small
concavity towards �eld axis at low �elds, followed by
a linear high �eld regime, revealing both the presence
of a ferromagnetic component, which saturates at lower
�elds, and the antiferromagnetic behavior of CeCoMn
and CeCoMn1.33 alloys. The extrapolation of the linear
M(B) dependence to B = 0 gives for the spontaneous
magnetizations of the ferromagnetic components the val-
ues around 0.01 µB/f.u. in both alloys. Supposing a
value of 1.7 µB/Co, like in metallic Co, the magnetic im-
purities represent less than 1% from the total number of
Co atoms. toward the temperature axis (Fig. 5 � open
circles)

Fig. 3. Magnetic susceptibility and reciprocal mag-
netic susceptibility versus temperature for CeCoMn and
CeCoMn1.33 alloys; the curve �tting results (solid lines)
are superposed on the measured data.

The magnetic susceptibilities of CeCoMn and
CeCoMn1.33 for T > 100 K (Fig. 3) may be described by
the Curie�Weiss law: χ = C/(T − θ)+χ0, as one can see
from the linear temperature dependences of (χ− χ0)

−1.
The pure Curie�Weiss term C/(T−θ) is attributed to Mn
magnetic moments whereas χ0 originate essentially from
the itinerant 4f (Ce) and 3d (Co) states. The parameters
obtained from curve �tting are: C = 1.203 K emu/mol;
θ = −122.1 K and χ0 = 0.72 × 10−3 emu/mol for
CeCoMn and C = 1.720 K emu/mol; θ = −188.3 K and
χ0 = 0.63 × 10−3 emu/mol for CeCoMn1.33. The values
of the e�ective magnetic moments, calculated from the
Curie constants, are µeff = 3.12 µB/Mn in CeCoMn
and µeff = 3.22 µB/Mn in CeCoMn1.33. This is a clear

evidence of the local moments on Mn sites, in good
agreement with the Anderson condition for the existence
of local magnetic moments on T sites. Since the
dCe−Ce, dCe−Co, and dCo−Co distances in all investigated
alloys are very close to the corresponding distances in
the parent compound CeCo2, it is expected that the
hybridization degree between the itinerant 4f (Ce)
and 3d (Co) states remains practically constant and in
consequence the electronic band structure near EF of the
investigated alloys is almost unchanged relative to that
of CeCo2. The Co and Ce atoms are non-magnetic in
the investigated alloys, like in CeCo2, and due to a high
value of the spin �uctuation temperature Tsf , they have
no contribution to the temperature dependence of the
susceptibility below room temperature. One can observe
that values obtained for the e�ective magnetic moments
of Mn atoms in the two alloys are close. In the ordered
magnetic state, these values corresponds to a magnetic
moment µ ≈ 2.35 µB/Mn, which is slightly smaller than
for the isostructural compound YMn2. This is to be
expected considering that the dMn−Mn distances in the
investigated alloys are smaller than those in YMn2. One
can also remark that the increase of the paramagnetic
Curie temperature θ bears witness to the increase of the
overall dominant antiferromagnetic interactions.

Fig. 4. Temperature dependence of magnetization for
CeCo2Mn0.33 in 1 T magnetic �eld.

The magnetization as a function of temperature for
CeCo2Mn0.33 (Fig. 4), measured in a magnetic �eld
B = 1 T, reveals the paramagnetic behavior of this al-
loy in the investigated temperature range.
The reciprocal magnetic susceptibility of CeCo2Mn0.33

alloy shows a pronounced concavity, suggesting the
presence in the measured susceptibility of an important
temperature independent contribution χ0. Indeed, the
magnetic susceptibility may be described within the mod-
i�ed Curie�Weiss law, χ = C/(T − θ) + χ0, for wide
temperature range, as one can see from the linear de-
pendence of (χ − χ0)

−1 versus temperature (shown also
in Fig. 5 � stars). The �t parameters are as follows:
C = 0.706 K emu/mol; χ0 = 1.9 × 10−3 emu/mol and
θ ≈ −1 K. The Curie�Weiss term is due to the Mn
local magnetic moments like for the isostructural com-
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pounds CeCoMn and CeCoMn1.33. From the Curie con-
stant results the value of the e�ective magnetic moment
µeff = 4.1 µB/Mn. The value of the paramagnetic Curie
temperature suggests that the interaction between the
Mn local magnetic moments in CeCo2Mn0.33 is negligi-
ble. This was to be expected due to a larger distance
between the Mn moments in comparison with that found
in the other two alloys CeCoMn and CeCoMn1.33, which
are much richer in Mn. In the case of CeCo2Mn0.33 alloy,
the Mn atoms are diluted in the CeCo2 matrix and con-
sequently are only expected to be found as second near
neighbours. It is to note that the value of the Mn e�ec-
tive magnetic moment in CeCo2Mn0.33 alloy is very close
to that calculated in the cluster model for Mn impurities
in non-magnetic metals, namely 4.04 µB/Mn [35, 36].

Fig. 5. Reciprocal magnetic susceptibility versus tem-
perature for CeCo2Mn0.33. In the inset there is shown
the temperature dependence of the intrinsic magnetic
susceptibility of CeCo2 [6].

It is worth mentioning here that the value of χ0 for
all three alloys are of the order of susceptibility for the
parent compound CeCo2 [6�8]. The temperature inde-
pendent susceptibility χ0 may be expressed as: χ0 =
SχP + χorb + χdia + χL, where χP = µ2

BN(EF) is the
Pauli spin susceptibility, S = 1/[1 − IN(EF)]

−1 is the
Stoner enhancement factor, I is the e�ective exchange-
correlation interaction between the conduction electrons,
χorb represents the orbital Van-Vleck-like susceptibil-
ity, χdia � the diamagnetic susceptibility of core elec-
trons and χL � the Landau diamagnetic susceptibility
of the conduction electrons. The last three contribu-
tions in χ0 are expected to be small in comparison with
the strongly enhanced spin susceptibility. In CeCo2, the
Stoner enhancement factor was estimated to be S ≈ 5 [7].
The smaller values of χ0 in CeCoMn and CeCoMn1.33

in comparison with the corresponding values found in
CeCo2 and CeCo2Mn0.33 may be explained by a weak-
ness of the exchange-correlation interaction between the
Co d electrons due to the changes in the �rst neighbor-
hood of the Co atoms.

4. Conclusions

The partial substitution of Co by Mn in CeCo2 and the
supplementary addition of Mn to the parent compound
conserve the MgCu2 structure type and have signi�cant
e�ects on the magnetic behavior of the three investi-
gated alloys. Magnetic behavior of the investigated alloys
is mostly due to the local magnetic moments con�ned
on Mn sites. The Ce and Co atoms are non-magnetic
in all alloys like in the isostructural compound CeCo2.
The interaction between the Mn moments depends on the
Mn�Mn distance and is antiferromagnetic in CeCoMn
and CeCoMn1.33, but is negligible in CeCo2Mn0.33 de-
termining a paramagnetic behaviour of this alloy in the
(5�300) K temperature range. The temperature inde-
pendent contribution in the magnetic susceptibility of
CeCo2Mn0.33 alloy is of the order of susceptibility for
CeCo2 compound.
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