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Magnetic Properties of the Orthoferrites TbFeO3 and ErFeO3
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The magnetic properties of the single-crystalline orthoferrites TbFeO3 and ErFeO3 were investigated by using a vibrating sample magnetometer (VSM). Both ferrites exhibit weak ferromagnetism
with the maximum saturated moment being 0.125 and 0.054 B /Fe for TbFeO3 and ErFeO3 , respectively. We con rmed the spin reorientation transition (SRT) in both systems. These two ferrites
display di erent temperature-dependent behaviors of the magnetization, which we analyzed within
the molecular eld model. The results suggest that the Fe 3d-Er 4f magnetic coupling through the
molecular eld of the ordered Fe net moment is unexpectedly antiferromagnetism, opposite to the
ferromagnetic Fe 3d-Tb 4f coupling. Further, the coupling widely varies with temperature and/or
with the SRT, indicating that the Tb/Er moment is not simply explained by the partial polarization
of the paramagnetic spins experiencing the molecular eld of the net Fe moment.
PACS numbers: 75.30.Cr, 75.30.Gw, 75.50.Dd
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a-axis [6]. From this ratio, the canting angle can be estimated to be 10 mrad (0:5 ). The magnetic structure
undergoes a gradual spin reorientation transition (SRT)
in the ac plane on cooling through a temperature range
from T1 to T2 (T2 < T1 ) well below TN ; the Fe local spin
axis rotates from the a-axis (x-direction) to the c-axis (z direction) while the axis of the FM moment rotates from
the c-axis (z -direction) to the a-axis (x-direction). This
spin reorientation is often represented by 4 (Gx ; Fz ) !
24 (Gxz ; Fxz ) ! 2 (Gz ; Fx ) [1, 13]. The Neel temperatures in TbFeO3 and ErFeO3 were reported to be TN
 650 K and 640 K and TNR = 3.2 K and 4.3 K [1, 6],
respectively.
The rare-earth ion sublattice is paramagnetic above
TNR . Thus, their magnetic spins are expected to be disordered well above TNR and are partially polarized by
the molecular eld of the net FM moment of the ordered Fe sublattice [1,6,12,14]. Thus, both the Fe and
the R sublattices contribute to the total magnetization.
The induced moments at the R sites vary with temperature and are also possibly a ected by the SRT. As a
result, the magnetization is expected to exhibit rather
complicated temperature-dependent behavior. However,
the temperature-dependent behaviors have roughly been
discussed in a simple molecular eld model only above

I. INTRODUCTION

Recently, the rare-earth orthoferrites with a general
formula RFeO3 (R = rare-earths) [1, 2] have attracted
much attention due to possible applications to ultrafast nonthermal magnetic control devices [3]. RFO3 is
crystallized in an orthorhombically distorted perovskite
structure with P bnm space group [4, 5]. The magnetic properties and structure have been studied by using various techniques, including neutron di raction and
Mossbauer spectroscopy [6, 7]. RFO3 , which is an antiferromagnetic (AFM) insulator, consists of two di erent magnetic ions, the 4f R3+ and the 3d Fe3+ ions.
As widely observed in many rare-earth transition-metal
compounds [1,8{10], the magnetic moments at Fe sites
are ordered at high Neel temperature, TN , (600 { 750
K) while those at R sites are at low TNR (1 { 4 K)
[1, 6, 11, 12]. The Fe site ordering structure is the Gtype AFM with spin canting, resulting in weak ferromagnetism. The ferromagnetic (FM) moment was observed
to be 0.05 B /Fe along the c-axis, which is about 2
% of the Fe3+ (S = 5=2, 5 B ) local moment along the
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