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Abstract

Measurements of magnetization and Cotton Mouton effect (CM) under external magnetic field (Heyx)
combined with specific heat experiments at Hex =0, were performed on dysprosium iron garnet DysFes01,
(or DyIG) single crystals. The low-temperature dependences of some magnetic, magneto-optical and
thermodynamic quantities, such as spontaneous magnetization, both magnetic and CM susceptibilities and
the excess specific heat due to the contribution of the Dy>* ions only, give rise to the appearance of two
types of anomalies. The first one which is related to the ‘low temperature paraprocess’ effect, occurs in the
region of the ‘Belov point’ Ty predicted at 42 K. Whereas the second one, which is due to the previous first-
order spin reorientation phase transition, takes place at Tsg=15K. The easy axis of magnetization defined by
the resultant iron sublattice magnetization vector Mge, which remains along the {111) direction above
Tsgr, changes spontaneously below Tsg and becomes aligned along the low symmetry angular {uuw)
phase. The results are analyzed taking into account those reported earlier, such as the negative
magnetodielectric property for Hex < 10 kOe and the Schottky effect which are related to the anomalies
observed respectively in the temperature dependences of the dielectric constant at Tsg and the excess
specific heat near Tg.

Introduction

The rare earth iron garnets with general formula REsFes01; or REIGs (where RE is a trivalent rare earth ion
or the yttrium) have been extensively studied over the last four decades and lot of theoretical and
experimental works on bulk properties have been reported in the renowned review articles [1], [2], [3], [4]
and references therein]. The REIGs which were first synthesized by Bertaut and Forrat [5] were found to
have a cubic crystallographic structure containing eight molecules per unit cell with lattice parameters of
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about 12 A and described by the space group Ia §d—(0111°) No. 230. The first magnetization measurements
of different REIGs reported for polycrystalline materials by Pauthenet in his famous thesis [6] have well
illustrated the Néel theory of ferrimagnetism [7]. They were followed some years later by similar
experiments carried out by Belov et al. [8] on polycrystalline specimens and on ultrapure single crystals by
Geller et al. [9] and Harrison et al. [10].

In the point of view of applications, the REIGs exhibit a strong potential in various fields of science and
technology. Their extraordinary magnetic and optical properties make them attractive materials for a wide
range of applications ranging from optical communications, in the field of magnetic storage, magnetic
recording, magnetic field sensor and magneto-optical devices based on photonic and magneto-photonic
crystals [11], [12], [13] to magnetic refrigeration process due to the magnetocaloric effect [14].

The magnetodielectric (MD) effect is defined as a change in the dielectric permittivity by an applied external
magnetic field. This MD effect itself is very attractive for practical applications and was observed in some
materials due to magnetoelectric (ME) coupling which consists in inducing the electric polarization in an
applied external magnetic field, or vice versa, inducing the magnetization in an applied electric field. REIGs,
as nontraditional materials towards magnetoelectricity, have been beyond the mainstream of the intensive
research. However, an interest in REIGs was renewed after the recent discovery of the ME and MD effects in
TbIG and DyIG at low temperatures and in surprisingly low external magnetic fields, Hex<10kOe [15], [16],
[17], [18]. These ferrimagnets have attracted significant attention at this juncture with regard to their
enhanced bulk properties. From the recent works related to the magnetic and thermodynamic properties of
TbIG single crystals [19], [20], it appears in this regard, that the accurate measurements of magnetization
and specific heat have contributed greatly to our better understanding of the mechanisms behind these MD
and ME effects knowing that the origin of such effects in the REIG crystals still remains a puzzle [15]. The
case of the Dy3* ion is particularly appealing if we consider the anomalous temperature dependence of the
static value of the dielectric constant, £(T) reported by Song et al. [16]. In fact, a peak-like anomaly was
observed at a transition temperature of about 17K on the temperature dependence of &(T) at zero Hex with
AC electric field, E applied on a single crystal along the (11 0) direction. A second feature was also reported
with the measurement of the corresponding negative MD effect, [Ag/e](T) of about 1% for Hex =10 kOe and
applied along the (111) direction. Similar results were found in the measurements of (T) with E applied
along the (100) direction with a peak anomaly at 16K and a negative MD effect for Hey < 10 kOe and
applied along the {011) direction [17], [18]. The cusplike anomaly revealed at 17K [16] in the temperature
dependence of the magnetic susceptibility, x(T) defined as M/Hex measured along the direction {(111) for
zero field cooling and Hex =1 kOe field cooling, was interpreted as the results of the long-range noncollinear
magnetic ordering of the Dy3* moments which form the so called ‘double-umbrella’ structure revisited
previously by one of us [21 and refs. therein]. Whereas, the sharp minimum occurred at 16 K in the
temperature derivative of magnetic susceptibility, dxgex (T) / dT with xgex (T) = M (T) /Hex and Hex=1
kOe applied along the {011) direction, was received a different interpretation from Rogers et al. [17] and
Kang et al. [18] who considered that significant ferromagnetic interactions between the Dy3* ions should
appear below 16 K. It must be noted that this transition temperature at 16 or 17 K in both &(T) and ¥(T)
coincides with the previous transition temperature, Tsg predicted theoretically and confirmed
experimentally at 12-16K [22], [23], [24], [25], [26]. It was found that a spontaneous first-order spin
reorientation (SR) phase transition occurs from the high-symmetry {(111) phase at high temperature to
the low symmetry angular {uuw) phase below Tsg. Measurements carried out on single crystal and
polycrystalline samples belonging to the substituted dysprosium-yttrium iron garnet Dy,Y3—4IG system
showed that the transition temperature was found almost independent of the Dy concentration, X with a
value equal to 13.5+1.5K [27]. The different interpretations of the observed MD effects were based on the
field induced change from canted to a coaxial spin structure as well as the magnetic domain rotation [16] or
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on the magnetic reordering of the Dy3* ions only [17], [18] without taking into account the change of the net
iron sublattice magnetization vector Mg during the SR phase transition. Therefore, in order to precise the
role of the SR phase transition {111) « {uuw) inthe MD effect observed at Tsg, we decided to revisit
some magnetic and magneto-optical properties of DyIG at low temperatures.

In addition, the study of the connection of the far-infrared spectra of the magnetic exchange resonances and
optical phonons to magnetic and dielectric properties of DylIG [17], [18] has also revealed an anomalous
temperature dependence of the frequency of the ligand-field and crystal-field excitations for T<45K. This
concerns particularly, the region of the ‘low-temperature point’, Tg predicted by Belov [28] and estimated at
42K from the maxima observed in the temperature dependences of the paraprocess of the forced
magnetostriction, [dAp/dHex](T) and the paraprocess of magnetic susceptibility, x,(T) [29]. This Tg point,
named firstly as the “locking-temperature”, was evaluated at a higher value (80K) from the temperature
dependence of the inverse of magnetic susceptibility, x"'(T) deduced by isothermal magnetization [6].
Whereas a peak was found at 50K in the excess of specific heat, C,(T) deduced on the basis of
experimental data C,(DyIG) obtained on polycrystalline sample [30]. Such anomalies can be interpreted
partially on the basis of the theoretical and experimental works of Belov on ferrimagnets as REIGs
possessing a ‘weak sublattice’ of the most heavy RE3* ions [28]. Without making any microscopic
hypothesis, this author has attributed such anomalies to the occurrence of a “sharp change of the long-range
magnetic order in the ‘weak sublattice’ of the RE3* ions in the crystallographic site {24c}. The interactions

energy of the RE3* ions with the effective exchange field is comparable with the thermal energy and the

£5EsS (Hexch )i
ks ?

where g is the Landé-g factor of the spin S of the RE3* ions and (Hexcn )efr, the effective exchange field

calculations based of the molecular field approximation yield the following relation:Tg =

induced by the ‘strong sublattice’, mainly the Fe3* ions in the (24d) sublattice or by the unidirectional
exchange anisotropy of the J.q interactions”. Then, another major unresolved question that we may have to
pay specific attention is how one can ascertain the anomalous features due to the Tg point only knowing
that the Schottky effect causes anomaly in the same temperature region. As it was reported previously in
the C, studies of TbIG and DyIG [30], this Schottky effect seems contributed in part to C,** due to Tb3* ions
deduced from C,(TbIG) [19], [20] and would be expected to produce a superimposed Schottky contribution
in the anomaly revealed in the experimental C,(DyIG)/C,(YIG) ratio [31].

Section snippets

Experimental details

The flux grown crystals are prepared by the standard PbO/PbF,/B,03 method as already described elsewhere
[19], [20], [31]. The first set of DyIG specimens is composed on two spherical samples, #1 and #2 which will
be used for magnetization and specific heat measurements. They respective diameters are about 4.5 and

3 mm while their weights are equal to 376.82 and 203.08 mg. For magneto-optical experiments, polished
plates 300-800 um thick cut in the (111) plane (sample #3) are used. The...

Magnetization

Shown in Fig. 1, is the forced rotation magnetization measured at 4.2 K and at Hex =35 kOe. At this
temperature, this limited value for Hey is not high enough to make the sample single domain and can no
longer achieve its saturation of magnetization. Here, one can observe that Ms,(a) presents two flat maxima
when a takes a value corresponding of an easy axis of magnetization (EAM) located between

the (111) and <100) axes. The magnetization is rotated from {(111) towards {100) in...
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Conclusion

We have reported new experimental investigations based on precise measurements carried out on DyIG
single crystals at low temperatures. The results of magnetization and Cotton Mouton effect under an
external magnetic field Hey with specific heat data obtained at Hex =0 are reported. Anomalies are observed
near Tsg=15K where the iron spin reorientation phase transition occurs and in the region of low-
temperature point Tg=42K predicted by Belov. Whereas the first-order nature of the Tp...
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