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Abstract

We have studied the magnetic properties of Ce(Feo,), with x=0 and 0.05 by magnetization measurements under high pressure. In
both compound, the remarkable suppression of the magnetization is observed/bétotie ferromagnetic (FM) state under 1.2 GPPa.
shifts to lower temperature with increasing the magnetic field, and the extrapolated value to the zero magnetic field is estimated to be 95 an
123 K. These high pressure and magnetic field effects are probably due to the enhancement and the suppression of the AFM spin fluctuatio
respectively.
© 2005 Elsevier B.V. All rights reserved.

Keywords: Ce(Fa_,Co,)2; Magnetic phase transition; High pressure; Antiferromagnetic spin fluctuation; Magnetic frustration

1. Introduction AFM spin fluctuation and the AFM spin wave observed by
them are associated with the Fe spins. They also showed that
The compound Cekewith the C15 cubic Laves-phase the AFM state of Ce(Fg3C0p.07)2 is not a simple collinear
(MgCuw-type) structure is a unique ferromagnet with the low- AFM structure but a non-collinear one. Fujiwara et al. per-
est Curie temperatufg: = 230 K and the smallest saturation formed the neutron diffraction experiments of single crystal
momentMs=2.3up/f.u. at 4.2 Kamong RFE&R: rare earth CeFe under high pressurfs]. These results showed that
metal) compounds. By a small amount of substitution of Co the Fe static magnetic moment along the [111] at 1.5 GPa
for Fe, the ferromagnetic (FM) ground state changes into shrinks below about 110 K, and that the AFM spin fluctuation
the antiferromagnetic (AFM) statd,2]. This substitution is enhanced by applying pressure. From magnetization mea-
does not come from the change in the magnetic state of thesurements using a Cefgingle crystal, Fukuda et al. revealed
Ce sublattice, but comes mainly from the instabilities of the that the magnetization along the [1 1 1] direction at 5K is

magnetic state of the Fe sublatti&. anisotropically suppressed by applying hydrostatic pressure
Paolasini et al. have probed the Fe magnetic instability in [7]. According to their conclusion, such the anisotropic sup-
CeFe with neutron scattering experimeris5]. They ob- pression of the magnetization originates from the anisotropic

served that the AFM spin fluctuation with a propagation vec- Ce 4f—Fe 3d hybridizations with the strong magnetoelastic
torg=[1/2, 1/2, 1/2] and an energy ofl meV exists below  effect.
about 100K even in the FM state. They also revealed thatthe = Magnetization measurements under high pressure are use-
AFM spin fluctuation with the samgvector exists inthe FM  ful methods to obtain the information on the hybridization
state for Ce(Fg93C.07)2, and that it changes into a typical effects between electron states. Quite recently, we reported
AFM spin wave in the AFM state at low temperatures. The magnetization measurements of Cg(E€o,), with x=0,

0.05 and 0.1 under high pressure, and found that the re-

* Corresponding author. Tel.: +81 22 215 2148; fax: +81 22 215 2149,  Markable suppression of magnetization under high pressure
E-mail address: hironari@imr.tohoku.ac.jp (H. Okada). at lower temperaturd8]. In this paper, we will present the
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results of magnetization measurements of the polycrystalline 3.0 . - : T T
samples of Ce(Re,Co,)2 withx=0 and 0.05 under 1.2 GPa ~0O— P=12GPa, B=01T
in the magnetic field up to 1 T in detail, which is discussed 254 _@_ ;: :f g[f:ﬂ g: g-gi_
. . . . =1.z2 a, =
considering the AFM spin fluctuation. o P=12GPaB=10T

2.0k —&— P=0.1MPa, B=0.1TH

2. Experimental

M (ﬂw"‘f‘, ll.)

The polycrystalline samples of Ce(EgCo,)2 with x=0
and 0.05 were prepared by arc-melting the constituent metals
with nominal 99.99% purity in an Ar flow atmosphere. The
ingots were annealed in an evacuated quartz tube at 1123 K
for one week. By the powder X-ray diffraction measurement
at room temperature, the samples were confirmed to be a
single phase of the C15 cubic structure except for a very
weak Ce oxide phase. Fig. 2. Temperature dependence of the magnetization of Ge{€ep os)2
Temperature dependence of the magnetization in the mag-n the various magnetic fields up to 1 T under 1.2 GPa. The closed circles
netic field up to 1T under 1.2GPa was measured by a indicate the data @=0.1T under 0.1 MPa.
SQUID magnetometer (Quantum Design). We used a hand-
made miniature cell made of a Cu—Be alloy. In this study, the fected by the magnetic anisotropy in the magnetization mea-
magnetization was measured in heating process. surement using the polycrystalline at low magnetic field.
Fig. 2 shows the temperature dependence of the magne
tization of Ce(Fg.95C0p.05)2 in the various magnetic fields
3. Results and discussion upto 1T under 1.2 GPa. The dataBat 0.1 T under 0.1 MPa
is also shown in this figure. With increasing temperature un-

Fig. 1 shows the temperature dependence of the magne-der 0.1MPa, the AFM ground state abruptly changes into
tization of CeFe in the various magnetic fields up to 1T the FM state at transition temperatufg = 49K, and then
under 1.2 GP#8]. The data aB=0.8 T under ambient pres- the FM state changes into the paramagnetic (PM) state at
sure (0.1 MPa) is also shown in this figure for comparison 7c=209K. By applying pressure of 1.2 GP&, increases
with the behavior under 1.2 GPa. CeFhows a typical fer- 10 83K at0.1T, whereafc decreases to 183K at0.1T. On
romagnetic behavior with Curie temperatureZef= 230 K the contrary to this, with increasing the magnetic field under
under 0.1 MPaTc decreases by applying pressure, and is 1.2 GPaTa slightly decreases, whereBsslightly increases.
estimated to be 209K at 0.1 T under 1.2 GPa. Furthermore, !N addition, we can see that the magnetization in the FM re-
the remarkable suppression of magnetization under 1.2 GPzgion under 1.2 GPa begins to suppress befow 120K at
is observed beloWw* =80K at 0.5T and™*=65K at 1.0 T, 0.5, 0.8 and 1.0 T with decreasing temperature.
respectively. Here, we cannot estimdteat 0.1 T, because By recent neutron scattering experiments for GePao-

the temperature dependence of the magnetization is also afJaSini et al revealed that the AFM Spin ﬂ.UCtuation with a
propagation vectog =[1/2, 1/2, 1/2] exists in the FM state

below about 100K4]. They also observed that the AFM

3.0

' o P-12GPa. B-01T spin fluctuation with the same vector exists in the FM
~— P=12GPa, B=0.5T state for Ce(Fg93C00.07)2 [5]. In addition, Fujiwara et al.
e —V— P=1.2GPa, B=1.0T] reported that the Fe static magnetic moment along [1 1 1] at

N o OrDRT 1.5 GPa shrinks below about 110K for CeFand that the

AFM spin fluctuation is enhanced by applying presdéie
Therefore, the remarkable suppression of magnetization be-
low T* for CeFe and Ce(FggsC o5)2 is probably due to the
enhancement of the AFM spin fluctuation by applying high
pressure.
Figs. 3 and &how theB-T magnetic phase diagrams un-
der 1.2 GPafor Cekh@and Ce(Fg95C0p.05)2, respectivelyr™
, shifts to lower temperature with increasing the magnetic field
;h((qu 200 300 in both compounds. The extrapolated value to the zero mag-
netic field is estimated to be 95 and 123 K, and the magnetic
Fig. 1. Temperature dependence of the magnetization ofGefes various field dependence df* is obtained to be dia*/dB=—0.31
magnetic fields up to 1 T under 1.2 GPa. The closed circles indicate the data@nd —0.061 T-! for CeFe and Ce(Fg95C0p.05)2, respec-
atB=0.8T under 0.1 MPa. tively. The value of dIrf™/dB of Ce(Fe.95C0p.0s)2 is smaller
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three-dimensional network of corner-sharing tetrahedral in
this compound. In Co doped compounds, the AFM corre-
lation is enhanced, compared to that of CeHgy apply-

ing pressure, the Ce 4f—Fe 3d hybridization is enhanced due
to the lattice contraction, leading to the enhancement of the
AFM correlation. Therefore, the AFM spin fluctuation due to
the magnetic frustration effect is also enhanced by applying
pressure. As a consequence, the magnetization is suppressed
belowT* and the AFM state become more stable befaw
whereas the FM state is suppressed by applying pressure.
On the other hand, the FM state becomes stable by applying
magnetic field, leading to the decreas@btndTa, because
the AFM spin fluctuation is suppressed.

Fig. 3. B-T magnetic phase diagram for Cefender 1.2 GPa. Acknowledgments
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