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Abstract

@X-ray diffraction measurements on CexFei7 have been performed in the temperature range from 8 to 300K
at the magnetic fields up to 5T. The thermal expansion curves along the principal axes for antiferromagnet and
ferromagnet CezFe;7 are presented. A distinct lattice expansion was observed simultaneously with the metamagnetic
transition. This suggests that the hybridization between Fe 3d- and Ce 4f-electrons in Ce;Fey7 is suppressed by the

application of magnetic field.
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The magnetism of CezFei7 is sensitive to alloying,
magnetic field and hydrostatic pressure. Two types of
magnetic structures in the ground state for CexFeqr
have been proposed. One is a fan structure with the
ferromagnetic component parallel to the basal plane
and the other is a helical spin structure with no spon-
taneous magnetizationm1-3n.

It has been known that RpFei7 ( R=rare earth )
show a large spontaneous magnetostriction similar to
that of Invarm4n. The thermal expansion measure-
ments on CezFei7 which exhibited the fan structure in
the ground state were performed by several researchers
mb,6n. In this work, we have measured the tempera-
ture and magnetic field dependence of the lattice pa-
rameter for two compounds of CezFe17, which exhibit
the fan and the helical spin structure, respectively, and
investigated the magneto-volume effect in the ferro-
magnetic and antiferromagnetic state.

The single-phase polycrystalline sample with a
rhombohedral ThyZn;7-type structure was prepared
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by arc melting with subsequent annealing at 1310K
for a week. The sample had no spontaneous magneti-
zation at 5K and showed a metamagnetic transition
around H=1T, indicating the helical spin structure
in the ground state. Hereafter, we call this sample
?antiferromagnet CexFei7 (CexFei7(AF))”. We also
prepared a reference sample of CexFei7; with a fer-
romagnetic component at 5K. This sample is called
7 ferromagnet CegFey7 (CezFei7(F))”.

Powder X-ray diffraction measurements were carried
out in the temperature range from 8 to 300K at the
magnetic fields up to 5T using Fe-Ka or Cu-Ka radi-
ationm7n. We measured (300), (024), (600) and (309)
reflections, which were indexed in a hexagonal cell, to
calculate the lattice parameter.

The temperature dependences of lattice parame-
ters a and ¢, and the cell volume v (=v/3a%c/2 ) for
CesFe17(AF) and CezFer17(F) are shown in Fig.1. The
values of a, ¢ and v at 0T and 300K for Ce;Fei7(AF)
are 8.488A, 12.411Aand 774.4A° | which are smaller
about 0.07, 0.12 and 0.25 % than those of Ce;Feq7(F),
respectively. A clear spontaneous magnetostriction
originated in the magnetic order of itinerant Fe sub-
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Fig. 1. The temperature dependences of the lattice parame-
ter for CezFej7. The symbols of open and closed circles rep-
resent the data for antiferromagnet CegFei7 ( CexFei7(AF)
) and ferromagnet CesFei7 ( CegFeq17(F) ) at magnetic field
of 0T, respectively. The open squares represent the data for
CezFei7(AF) at magnetic field of 5T.

lattice moments is observed in the c-axis below the
Néel temperature Tx210K in both CesxFei7(AF) and
CegFei7(F). While, there is no distinct anomaly in
the a-axis at Tk in each compound, indicating the
existence of anisotropic exchange interactions. On the
other hand, the thermal expansion curve of the a-axis
for CegFei7(AF) shows no remarkable anomaly at
Ti=125K, where the helical spin structure changes to
another one with a smaller wave vectorm3n. A slight
upturn is observable below 100K in the curve. This
result is quite different from that of CezFei7(F) which
shows a distinct expansion in the a-axis at Tc=100K
as shown in Fig.1. Andreev et al. reported a simi-
lar anomaly at Tc=100K for CesFei7 which showed
ferromagnetic property in the ground statem6n. As
a result, the temperature dependence of v obtained
for CegFei7(AF) is quite different from that for

CegFey7(F) as shown in Fig.1. These results indicate
that the helical spin structure is stabilized in CezFeq7
with no distinct spontaneous magnetostriction in the
a-axis at low temperatures. We consider that the heli-
cal structure in the ground state of CezFey7 is intrin-
sic, and the structure is easily suppressed by a slight
increase of the Ce-Fe interatomic distance in the basal
planem3n.

On the other hand, we observed that the Bragg peaks
for CegFe17(AF) shifted toward low 26 angle side at the
magnetic fields above 1T. The values of a, c and v at 5T
at 8K, 90K and 150K are illustrated with open squares
in Fig.1. It is noteworthy that the lattice parameters
and the unit cell volume at 5T are close to those of
CegFei7(F) at 0T. This simply suggests that the forced
ferromagnetic state in CexFe17(AF) at 5T is similar to
the magnetic state in CeaFei7(F) at 0T.

In conclusion, it has been made clear that the heli-
cal spin structure with a smaller spontaneous volume
magnetostriction below T is stabilized in CezFeq7. The
antiferromagnetic interaction between the iron atoms
in CezFei7 should be influenced by the hybridization of
Fe 3d-electrons with the itinerant Ce 4f-electronsm3n.
The anisotropic thermal expansion in CexFe17 is a ev-
idence for the effect of anisotropic hybridization. We
consider that the hybridization is suppressed and the
field induced fan structure is stabilized with increasing
the magnetic field, accompanied with a distinct volume
expansion.
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