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Tu-D-1.11-37
The electric structure transition for multiferroic
Cd],rFEmCI'QS,l (BDSXSO-Q)
Bae Soon Son', Chin Mo Kim?, Sam Jin Kim?, Chul Sung Kim?

Korea Atomic Energy Research Institute, Dagjeon 305-353, Korea
2 Department of Physics, Kookmin University, Seoul 136-702, Korea

The electric structure transition by substituting Cd with Fe on tetrahedral site
for multiferroic Cd;_ . Fe,Cr,Sy (0.0<x<0.9) was studied by SQUID, resistance
measurement and Mdssbauer spectroscopy. The crystal structures which were
determined as cubic spinel (Fd3m) and a lattice parameter gy from 10.249
(x=0.0) to 10.019 A(x=0.9) was decreased by substituting Fe. We found that
Fe ion states were ferrous ions from isomer shift values. The electric structures
changed from insulator to semiconductor with increasing Fe ions and the band
gap energies are ranged from 0.004 to 0.12 eV which were calculated by the
Arrhenius model. The resistances dependency on the temperature show cusp
point at 145 and 165 K at x=0.7 and 0.9, respectively. It is in accordance
with the magnetic Curie temperatures ( 7). Moreover, the change of magnetic
behavior from ferromagnetic to ferrimagnetic at x=0.7 can be explained by the
ion configuration and spin interaction. It was concluded that magnetic and
electric structures were strongly correlated in these system.
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Magnetoelectric hexaferrite Zn,-Y: thermal treatment
and properties.*
K. Koufil', J. Bursfk?, V. Chlan', H. Stépdnkové!, P. Novak®, K. Knizek®, §.
Kamba®, M. Savinov®, T. Kimura?, Y. Hiraoka*
1 Faculty of Mathematics and Physics, Charles University in Prague,
Czech Republic
2 Institute of Inorganic Chemistry ASCR v.v.i., Rez, Czech Republic
3 Tnstitute of Physics, ASCR v.v.i., Prague, Czech Republic
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Hexaferrite type Y is a member of broad family of magnetic oxides attractive
for various applications. Composition of Bag5Sr; 5ZnyFe 202, has rich magne-
tic phase diagram including non-collinear magnetic order in which the mag-
netoelectricity was recently discovered [T. Kimura et al., Phys. Rev. Lett.
94 137201 (2005)]. We have investigated polycrystalline samples prepared by
liguid-mix technique and single crystal samples grown from flux. We have
employed several experimental techniques (e.g. X-ray, nuclear magnetic re-
sonance, impedance spectroscopy) to characterize samples exposed to diffe-
rent preparation conditions and following thermal treatment. The aim was
to specify the features supposedly responsible or important for magnetoelect-
ric behaviour, namely the distribution of Zn?* and Fe®** ions on tetrahedral
sublattices, electrical conductivity and the amount of oxygen vacancies and
ferrous ions.

*This work was supported by MSMT project KONTAKT No. ME08059 and GAAV
project No. IAA100100803.
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Magnetoelectric Properties of (Ca,_,Sr,)CoSi;O;
Crystals

M. Akaki, J. Tozawa, M. Hitomi, D. Akahoshi, H. Kuwahara
Department of Physics, Sophia University, Tokyo 102-8554, Japan

Since the discovery of novel ferroelectricity due to spiral spin structures in
TbhMnOy, materials with spin frustration or nontrivial spin structures have
attracted renewed interest as a promising candidate for new magnetoelectrics.
Yi et al. have recently reported that Bay,CoGesOr is a new class of multiferroic
materials. In this context, we have focused on CasCoSizO7 and SryCoSiz Oy,
which have the same crystal structure as Ba,CoGe,Os, as the new multiferroic
materials. Both compounds show the large magnetocapacitance, however, their
magnetoelectric properties are quite different from each other. CayCoSi;O;
shows the magnetic-field-induced electric polarization, while SroCoSi, 07 does
not. For further understanding of the magnetoelectric properties of this system,
we have investigated the magnetoelectric properties of (Cay_.Sr,)2CoSizO7
(0 <z < 1) crystals.
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Magnetic properties of single crystals
Ndi_; Dy, Fe3(BO3)4

E. Eremin, I. Gudim, V. Temerov
Kirensky Institute of Physics SB RAS, Krasnoyarsk, Russia

NdyoDyyFez(BO3s)y and Ndg g5 Dypas Fea(BOs)y crystals were grown and
magnetic properties were investigated. Rare-earth ferroborates is interested
due to very strong electric polarization which induced by magnetic field. The
experiments on single crystals with double rare-earth subsystem, for exam-
ple, of the solid solution NdFes(B0O3)s and DyFes(B0;), for interpretation
of magnitoelectric polarization microscopic mechanism are interested. It was
noted that magnetic behavior essentially depends on x. So samples with x
= 0.1 and x = 0.25 has spontaneous and induced magnetic field H||C; spin-
reorientation transitions in contrast to easy-plane NdFe;(BO3), and easy-axis
DyFes(BO3)a. These transitions have taken place because of competition ani-
sotropy easy-plane and easy-axis subsystem.
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Magnetic Structure of the Field-Induced Polarization
Phases of Rare Earth Ferroborates®
Christie S. Nelson!, Haiding Mo!, Leonard N. Bezmaternykh?, Irina A.
Gudim?

! National Synchrotron Light Source, Brookhaven National Labaratory,
Upton, NY 11973, USA

2 L.V. Kirensky Institute of Physics, Siberian Branch of RAS, Kras-
noyarsk 660036, Russia

We report magnetic x-ray scattering studies of the field-induced multifer-
roics GdFeg(BO3); and NdFes(BOy)s in a magnetic field. The combination
of resonant— at the rare earth L edges— and nonresonant scattering allows
the behaviors of the rare earth and iron magnetic subsystems to be unrave-
led. Both materials are found to exhibit commensurate and incommensurate
magnetic phases below Ty in zero field. In the field-induced polarization pha-
se of GdFes(BOs)s, the magnetic structure is believed to be commensurate
as evidenced by a decrease in the magnetic peak width observed at T = 25
K for magnetic field applied along the a axis. In NdFe3(BOj)4, in which the
zero field incommensurability is much larger than that in GdFes(BOs)y, the
incommensurability at T = 1.8 K decreases for H > 0.6 T' and the magnetic
structure is commensurate for H > 0.9 T. Our results and a comparison to po-
larization data indicate a correlation between the field-induced destruction of
incommensurate magnetic phases and multiferroic behavior in the rare earth
ferroborates.

*Use of the National Synchrotron Light Source, Brookhaven National Laboratory, was
supported by the US Department of Energy, Office of Science, Office of Basic Energy
Sciences, under Contract No. DE-AC02-98CH10886.
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Direct evidence of frustration effects in Multiferroic
material using by high-field M&ssbauer spectroscopy

Kang Ryong Choi, Sung Wook Hyun, Bong Yeon Won, Chul Sung Kim
Kookmin University, Seoul 136-702, Korea

‘We have investigated that weak frustration effects for CoCry g5°"Fep g0, are
used by high-field Méssbauer spectroscopy. Mossbauer spectra taken at 30 K
with 4.8 T applied field show that the spin structure of CoCry g5% Feq 0204 has
the saturated magnetic moment caused by collinear Néel model. Therefore, the
second and fifth lines of the Mdssbauer patterns vanished with 4.8 T applied
filed. In case of Méssbaner spectra taken at 4.2 K with 4.8 T applied field, the
second and fifth lines of the Mossbauer patterns remained weakly. We observed
that high-field Méssbauer spectra comprehend with spin behaviour of Cr ions
changed incommensurate(Non-collinear) at 4.2 K to commensurate (collinear)
states at 30 K. We provide direct evidence using high-field Massbauer that
CoCr; o4 Fen 0o Q4 have frustration effects.
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