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A B S T R A C T

We report on the high-resolution spectroscopic study of multiferroic ErFe3(BO3)4. The energies of all eight
Kramers doublets of the ground 4I15/2 multiplet of the Er3+ ion were determined by the high-resolution 4I13/2 →
4I15/2 infrared luminescence spectra. The spectroscopically determined temperature dependence of the splitting
of the ground Kramers doublet was used to calculate the contribution of the erbium subsystem into the specific
heat and the magnetic susceptibility of erbium iron borate. The analysis of the thermodynamic properties based
on these calculations allowed us to suggest the domain structure in the easy-plane antiferromagnetically ordered
iron subsystem, with two magnetically nonequivalent erbium positions in each domain.

1. Introduction

The erbium iron borate belongs to the family of multiferroic rare-
earth (RE) iron borates RFe3(BO3)4 (R = Y, La-Er) possessing the tri-
gonal structure of the natural mineral huntite (space symmetry group
R32 [1]). Magnetoelectric (ME) multiferroic properties of the RE iron
borates were discovered and studied in a number of papers (see, e.g.,
Refs. [2–4]). The largest ME effect was observed in neodymium and
samarium iron borates, in a magnetic field of 1 T values of 400 [2] and
500 μC/m2 [3], respectively, were registered. TbFe3(BO3)4 demon-
strated a significant quadratic ME effect at room temperature, the value
of which exceeded the value observed for the high-temperature multi-
ferroic BiFeO3. The effect changed its sign at a rotation of the magnetic
field by 90° [5]. Such multiferroic materials have a potential for ap-
plications in ME sensors, magnetic switches, high-speed magnetor-
esistive random-access memory (MRAM), spintronic devices.

Like neodymium and samarium iron borates, erbium iron borate
ErFe3(BO3)4 is an easy-plane magnet. It was expected to find large
values of the ME effect in it, similar to those registered in NdFe3(BO3)4
and SmFe3(BO3)4. However, in magnetic fields up to 10 T, the electric
polarization in ErFe3(BO3)4 turned out to be negligible — less than
5 μC/m2 [4]. The authors of [4] suggested that the magnitude of the ME
effect depends on the type of the RE ion, in particular, on the char-
acteristics of its electronic structure. Detailed knowledge of the mag-
netic structure also can be important. Based on neutron scattering

results, Ref. [6] reported an easy-plane antiferromagnetic arrangement
of magnetic moments below TN = 39 K, however, not only a collinear
one, like in NdFe3(BO3)4 and SmFe3(BO3)4, but also a 120° one for
erbium magnetic moments at temperatures below 10 K. Thus, in-
formation on electronic crystal-field (CF) levels of the ground Er3+

multiplet as well as on magnetic structure of ErFe3(BO3)4 in a magne-
tically ordered phase is topical for understanding ME properties of this
compound.

As for the CF levels of the ground Er3+ multiplet (4I15/2) in
ErFe3(BO3)4, contradictory results were published [7,8]. The magnetic
structure could be clarified by neutron scattering experiments on single
crystals of ErFe3(BO3)4. Another way to refine it is to model thermo-
dynamic characteristics of the compound. Magnetic susceptibility and
specific heat of ErFe3(BO3)4 single crystals were experimentally mea-
sured in Ref. [9]. However, a simulation of the temperature de-
pendences of these thermodynamic quantities [9] was performed not
taking into account spectroscopic data on ErFe3(BO3)4. For a correct
modeling, the CF structure of the 4I15/2 ground multiplet is, again, es-
sential.

In Refs. [7,8], the CF structure of the 4I15/2 ground multiplet was
determined from the absorption spectra at elevated temperatures when
excited CF levels are populated. Due to the temperature broadening of
spectral lines in complicated spectra consisting of a great number of
lines, this determination is difficult to make precisely. Much more
precise data on the CF structure of the ground multiplet can be
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extracted from the low-temperature luminescence spectra. To solve the
existing ambiguity in the CF structure of the ground multiplet 4I15/2 of
Er3+ in ErFe3(BO3)4, we decided to search for a luminescence, which
was not explored before because of a supposed strong quenching in this
concentrated in Er and Fe compound [10]. Our efforts have been
crowned with success.

Here, we report on a high-resolution temperature-dependent spec-
troscopic study of the infrared luminescence of newly grown high-
quality single crystals of erbium iron borate. A thorough analysis of the
4I13/2 → 4I15/2 spectra allowed us to establish unambiguously the en-
ergies of the CF levels of the 4I15/2 ground multiplet of Er3+ in
ErFe3(BO3)4. Below TN = 39 K the erbium Kramers doublets split in an
internal magnetic field created by ordered iron magnetic moments. We
have determined the temperature dependence of these splittings by
analyzing high-resolution 4I15/2 → 4I13/2 absorption spectra. We use the
obtained results to model the literature data [9] on the thermodynamic
properties of the compound. A magnetic structure compatible with
these results is suggested.

2. Materials and methods

The RE iron borates melt incongruently and single crystals are
grown by the solution-melt method [1]. It should be noted that in the
series of RE iron borates, the ErFe3(BO3)4 compound is the last to be
grown as single crystals. In this connection, the problem arises of im-
proving the technology of growing high-quality single crystals with the
subsequent characterization of the samples obtained.

For these studies, we have elaborated a special technology for
growing single crystals of the erbium iron borate. The following com-
position of the solution-melt was selected:

76.7 wt% [Bi2Mo3O12 + 3.15B2O3 + 0.6Er2O3] + 23.3 wt%
ErFe3(BO3)4. The saturation temperature of this solution-melt was
940 ± 3 °C. A two-stage spontaneous crystallization during 24 h re-
sulted in single crystals with dimensions up to 1 mm3, which were used
as seeds. The growth of large high-quality crystals from so obtained
seeds placed onto rotating holders continued for 89 days in an oven
with software controlled temperature. More details on the technology
will be published elsewhere.

Samples with a thickness of 2.016 and 0.15 mm were cut perpen-
dicular and, respectively, parallel to the crystallographic c axis and
polished. A Fourier spectrometer Bruker IFS125HR with an InSb liquid-
nitrogen-cooled detector and a closed-helium-cycle cryostat Cryomech
ST403 were used to register the infrared luminescence and transmission
spectra in the spectral range 5000–9000 cm−1 with a resolution down
to 0.2 cm−1 in a broad range of temperatures (10–300 K). The lumi-
nescence was excited by a diode laser with the wave length
λ = 450 nm.

3. Spectroscopic results on the crystal-field levels of the ground
multiplet 4I15/2 of Er3+ in ErFe3(BO3)4

The erbium iron borate crystallizes in the R32 space group with a
single D3 symmetry position for the Er3+ ion. At Ts = 431 K, i.e., well
above the room temperature, the compound undergoes a structural
phase transition into the P3121 phase [11,7], wherein the symmetry of
the erbium site lowers from the D3 point group to the C2 one. In the
crystal field of such symmetry, the 2S+1LJ levels of the free Er3+ ion
split into (2 J + 1)/2 Kramers doublets characterized by the Γ34 irre-
ducible representation of the C2 point symmetry group.

In Ref. [7], some of us have determined the energies of the CF levels
of the two lowest CF manifolds of ErFe3(BO3)4, namely, of 4I15/2 and
4I13/2, from the analysis of the high-resolution temperature-dependent
optical transmission spectra in the infrared region between 6000 and
7000 cm−1. The obtained data are given in Table 1. Independently, Ref.
[8] reported differing data on the structure of the ground multiplet 4I15/
2, derived from the analysis of the π- and σ-polarized absorption spectra

of ErFe3(BO3)4 at T = 90 К in the spectral region 9000–23000 cm−1.
To check our data of Ref. [7] on 4I15/2, we have performed high-re-
solution temperature-dependent measurements of the infrared lumi-
nescence spectra in the region of the 4I13/2 → 4I15/2 transition
(6000–7000 cm−1) of ErFe3(BO3)4 in the low-symmetry P3121 struc-
tural phase (10–300 K).

Fig. 1a shows the luminescence spectra of ErFe3(BO3)4 at the two
temperatures, 150 and 10 K (measured at the sample holder). The no-
tation of a given spectral line acquires notations of both the initial and
final level of an optical transition, wherein the CF levels of the ground
(excited) multiplet are designated by numbers (capital letters), as it is
shown at the scheme of Fig. 1b. With lowering temperature, the spectral
lines narrow (but shift very little) and some of them disappear, because
of depopulation of the initial levels of optical transitions (G, F, etc. in
Fig. 1b). The presence of the lines originating from the levels B, C, and
even D in the low-temperature spectra can be explained by two reasons,
namely, (i) a slow relaxation to the lowest-energy level of the 4I13/2 CF
manifold, due to a low density of the lattice phonon states at energies
equal to the differences EB – EA, EC – EA, etc. (the so-called hot lumi-
nescence) and (ii) heating of the sample by the excitation laser light.
Whatever the reason is, it does not prevent us from an unambiguous
identification of the spectral lines. In Fig. 1, positions of the spectral
lines A1, A2, …, B1, etc. calculated from the absorption data of Ref. [7]
(Table 1) are shown. An excellent agreement between our absorption
and luminescence data can be seen. In Fig. 1, we have also plotted
expected positions of the luminescence lines in the case of the CF levels
of the ground multiplet suggested in Ref. [8] (A1′, A2′, etc.). Wrong
energy values for the levels 4′, 5′, 6′, and 7′ of Ref. [8] are evident.

Thus, by analyzing the high-resolution infrared luminescence
spectra of ErFe3(BO3)4, we have confirmed the CF levels’ scheme for the
4I15/2 ground multiplet of the Er3+ ion determined earlier from the
absorption spectra [7] and removed an ambiguity in the literature data.

4. Spectroscopic results on the temperature dependence of the
Er3+ ground-state splitting in a magnetically ordered phase of
ErFe3(BO3)4

At TN = 39 K, ErFe3(BO3)4 orders into an easy-plane anti-
ferromagnetic structure [12,4,9] and this phase transition is accom-
panied by a splitting of the CF Kramers doublets [12]. As a result, each
spectral line splits, in a general case, into four components (as is evident
from the scheme of Inset in Fig. 2b). Fig. 2a shows the 1B absorption
line of the 4I15/2 → 4I13/2 optical transition at different temperatures.
Components of the split line are labeled according to the notations
adopted in the mentioned scheme. Due to a relatively large line widths,
the 1′b″ and 1″b′ components are present as shoulders at the high- and
low-frequency side of the line, respectively. Lines originating from the
upper level 1″ of the split ground Kramers doublet diminish in intensity
with decreasing temperature, due to depopulation of the 1″ level. The
exchange splitting of the ground Kramers doublet
Δ0(5 K) = 6.3 ± 1 cm−1 follows from the analysis of the shape of the
line 1B at T = 5 K [7]. Fig. 2b demonstrates the temperature depen-
dence of the Er3+ ground-state splitting in ErFe3(BO3)4 obtained from
the analysis of high-resolution absorption spectra and compares it with
the temperature dependence of iron magnetic moments measured in
neutron scattering experiments [6]. Proportionality of these two phy-
sical quantities testifies a decisive role of the Er – Fe interaction in the
splitting of erbium Kramers doublets.

Table 1
Energies (cm−1) of CF levels of the Er3+ ion in ErFe3(BO3)4, according to our
high-resolution transmission and luminescence data ([7], this work).

4I15/2 [7], this work 0 46 105 160 194 244 279 296

4I13/2 [7] 6539 6573 6623 6639 6684 6714 6723
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In the following sections, we use these spectroscopic data to simu-
late the temperature dependences of the specific heat and magnetic
susceptibility of ErFe3(BO3)4 single crystals, which have been reported
in the literature [9].

5. Specific heat of ErFe3(BO3)4: Simulation of the Schottky
anomaly. The domain structure of the ordered iron subsystem

Fig. 3 presents the temperature dependence of the specific heat C(T)
of ErFe3(BO3)4 [9]. A sharp λ-type anomaly at 38 K corresponds to a
second-order magnetic phase transition into an antiferromagnetic
structure of the iron magnetic moments [9]. The Schottky anomaly
observed in the specific heat data around 3 K is due to the temperature-

Fig. 1. (a) The luminescence spectra of 2.016 mm thick ErFe3(BO3)4 sample in the region of the 4I13/2 → 4I15/2 optical transition of the Er3+ ion and (b) the scheme of
the CF levels of the two lowest-energy multiplets of Er3+ in ErFe3(BO3)4. Arrows show some of the transitions observed in the luminescence (A1, G8) and absorption
(1B) spectra. Hatching notations in (a) refer to the line positions calculated with the data of Ref. [8].

Fig. 2. (a) Absorption line 1B in the spectrum of ErFe3(BO3)4 (see the scheme of Fig. 1b) at different temperatures. Components of the lines split in a magnetically
ordered state are labeled according to the scheme presented as Inset of Fig. 2b. (b) Temperature dependences of the ground-state splitting and of the magnetic
moment of iron ions in ErFe3(BO3)4 measured in neutron scattering experiments [6]. Inset: the scheme of exchange splittings of the Kramers doublets in a mag-
netically ordered state.
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driven depopulation of the upper sublevel of the ground Kramers
doublet of the Er3+ ion split by an internal magnetic field appearing at
the magnetic ordering.

In Ref. [9], the contribution of the erbium subsystem into the spe-
cific heat was calculated taking into account only the ground Kramers
doublet of the Er3+ ion. Here, we perform calculations considering all
eight Kramers doublets of the ground state of the Er3+ ion, according to
the formula:
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where R is the gas constant, = ±xi
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i i0 , k is the Boltzmann constant,
Ei0 is the energy of the i-th Kramers doublet of the ground state in the
absence of an internal magnetic field, Δi is the splitting of the i-th
Kramers doublet in the internal field. We note that when modeling the
Schottky anomaly with the maximum at 3 K, only the splitting of the
ground Kramers doublet Δ0(T) should be taken into account, since the
population of all excited levels is negligible in this temperature range.
In our calculations, we used the spectroscopically determined tem-
perature dependence of the ground-state splitting Δ0(T) (see Fig. 2b).
The calculated contribution of erbium to the specific heat is shown by a
solid line in Fig. 3, it occupies a wide temperature range up to 300 K
and has a maximum in the region of 90 K. However, only at low

temperatures the contribution of the erbium subsystem significantly
exceeds the lattice contribution and results in an observable Schottky
anomaly in the measured specific heat with the maximum at about 3 K.

The exchange splitting Δ0 = 6.3 ± 1 cm−1 at 5 K was reported for
the ground Kramers doublet from the analysis of high-resolution spec-
troscopic data [7]. However, we failed to fit well the experimentally
observed Schottky anomaly in the C(T) dependence of ErFe3(BO3)4
when using this value: the maximum of the calculated curve was shifted
to a higher temperature by about 1 K with respect to the experimental
data and its value was slightly higher than the experimental one.

To find the reason of this discrepancy, we return to the information
on the magnetic structure of ErFe3(BO3)4 reported in Ref. [6] on the
basis of neutron scattering experiments. Ref. [6] announced a collinear
easy-plane antiferromagnetic structure of the ordered iron magnetic
moments directed along the C2 symmetry axis in the ab crystallographic
plane of ErFe3(BO3)4. In each ab layer, the ferromagnetic order of the
iron magnetic moments takes place but the nearest layers are ordered
antiferromagnetically (see Fig. 6 of Ref. [6]). Each Er3+ ion is con-
nected through six oxygen ions, which form a distorted coordination
prism, with six Fe3+ ions residing in the next-nearest layers and, thus,
having equally directed magnetic moments. As a result, the erbium ion
experiences an effective internal magnetic field (the exchange field Bex)
directed along these iron magnetic moments.

We note here that such structure implies an existence of the three
types of domains, because there are three equivalent C2 axes in the ab
plane with the angle of 120° between them. In the P3121 crystal
structure of ErFe3(BO3)4, there are three crystallographically equivalent
but magnetically nonequivalent erbium sites (Er1, Er2, and Er3) de-
scribed by the C2 point symmetry group, with their C2 axes along one of
the three C2 symmetry axes of the crystal. In the case of a domain of a
collinear structure of the Fe magnetic moments, one of these Er ions,
e.g., Er1, experiences an internal magnetic field directed along its C2

axis, while Er2 and Er3 are subjected to a magnetic field at the an-
gles± 120° respective to their local C2 axes (see the scheme of Fig. 4 for
the domain 1) and, thus, one should await different Zeeman splittings of
the Kramers doublets, Δ1 for Er1 and Δ2 = Δ3 for Er2 and Er3.

The Zeeman splitting of Kramers doublet of a given erbium ion in a
magnetic field (which is the sum B of both an external magnetic field B0

and an internal exchange one Bex) reads:

= + + +μ B g B g B g B gΔ [( ) ( ) ( ) ]B x xx y yy y yz z zz
2 2 2 1/2

(2)

where μB is the Bohr magneton, gij are the g-tensor components (i,j = x,
y, z) for a considered Kramers doublet of the ground multiplet of the
Er3+ ion; Bi is the component of the magnetic field; =B Bcosϕi i where

=ϕ α β γ, ,i are the angles between the direction of the magnetic field
and the local x,y, z axes of a given erbium ion, respectively (the z axis is
directed along the crystallographic c axis and the x axis goes along the
local C2 symmetry axis).

Calculations have shown that the best agreement with the experi-
mental C(T) dependence is achieved if we assume that in the absence of

Fig. 3. The temperature dependence of the specific heat of ErFe3(BO3)4. Blue
filled symbols refer to the experimental data [9]. A red solid line is a con-
tribution of the erbium subsystem to the specific heat calculated from the
spectroscopic data. Green open symbols represent the experimental data minus
the contribution of the rare-earth subsystem. Inset highlights the temperature
range below 20 K. The simulation was performed under the assumption of two
magnetically nonequivalent Er positions. (see the text). (For interpretation of
the references to colour in this figure legend, the reader is referred to the web
version of this article.)

Fig. 4. The scheme clarifying magnetically nonequivalent erbium positions in a single magnetic domain. The C2 symmetry axes lay in the ab plane of the crystal.
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an external magnetic field the splitting of the ground Kramers doublet
for one of the Er3 + ions (e.g., Er1) is =Δ Δ1 0/2, while for the other
two (Er2 and Er3) it is = =Δ Δ Δ2 3 0. Substituting each of the values Δ0

and Δ0/2 as well as the values = =g g8.68, 10.14xx yy [13] into Eq. (2),
of the two obtained equations we find that =g 16.3yz and that the
magnetic moments of the Fe3+ ions lie along one of the C2 axes in the
ab plane of the crystal within each domain The estimated internal
magnetic field acting on the erbium subsystem is about Bex = 0.76 T at
2 K. Thus simulated C(T) curve is shown in Inset of Fig. 3. The above
made assumption about two values of splitting Δ1 and =Δ Δ2 3 does not
contradict our spectroscopic data (Ref. [7] and this work). In the
lowest-temperature optical spectra, the line shape is due to the splitting
Δ0 whereas the splitting Δ0/2 is hidden inside the inhomogeneous
broadening of the line, which is rather large (see Fig. 2a).

6. Simulation of the magnetic susceptibility of ErFe3(BO3)4.
Considerations on the magnetic structure

In the magnetic susceptibility measurements, the external magnetic
field =B 0.05T0 was directed along the a, b′, and c axes of the crystal
(the b′ axis is perpendicular to the both a and c axes). First of all, we
estimate the contribution of the iron subsystem into the magnetic sus-
ceptibility of ErFe3(BO3)4. In the case of the magnetic field directed
along the c axis, the antiferromagnetic vector of ordered iron magnetic
moments in each domain remains perpendicular to the magnetic field
and the total magnetic susceptibility of the iron subsystem χ⊥ is tem-
perature independent below the Néel temperature. If the applied
magnetic field is perpendicular to the c axis, each domain makes a
different contribution to the magnetic susceptibility. In the case of
B0||a, the antiferromagnetic vector of one of the domains is parallel to
the magnetic field, and the magnetic susceptibility of this domain
amounts to χ||. The other two domains contribute a value equal to

+ ⊥χ χ( 3 )|| , and the total magnetic susceptibility of the iron subsystem
amounts to = + ⊥χ χ χ(2 3 )a

Fe 1
3 || . In the case of B0||b′,

= + ⊥χ χ χ( 3 2 )b
Fe
'

1
3 || . Taking into account that =χ 0|| at T = 0 K and

= ⊥χ χ|| at T = TN, we find that the magnetic susceptibility of the iron

subsystem is = ⊥χ χa
Fe 3

3 , = ⊥χ χb
Fe
'

2
3 at T = 0 K and

= = + ⊥χ χ χ(2 3 )a
Fe

b
Fe
'

1
3 at T = TN. So, the total contribution of the

iron subsystem into χ T( )a and χ T( )b' measured along the a and b′ axes,
respectively, is almost identical. The value of χ⊥ was estimated from the
χ T( )c dependence measured along the c axis: = =⊥χ χ 0.078 .c

Fe emu
mol

Next, we consider the erbium contribution into the total magnetic
susceptibility. In the presence of an external magnetic field in the ab
plane, the effective magnetic field acting on the Er3+ ions is
B = B0 + Bex. The splitting of Kramers doublets depends on the
magnitude and direction of the effective magnetic field with respect to

the local axes of each Er3+ ion. The contribution of the erbium sub-
system into the total magnetic susceptibility can be defined as a sum of
projections of the magnetic moment components for each Er3+ ion of
each domain on the direction of the external magnetic field. The mx and
my components contribute to the total magnetic susceptibly in the case
of the external magnetic fields B0||a and B0||b′, whereas the mz com-
ponent should be taken into account in the case of B0||c. Using Eq. (2)
and taking into account the Boltzmann distribution for the population
of the components of the split Kramers doublets, we find for each
Kramers doublet of the ground erbium multiplet:

=m μ
B g

th kT
2Δ

(Δ/2 )x B
x xx2

2
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+ +

m μ
B g g B g g

th kT
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2Δ
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2 2
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th kT
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(Δ/2 )z B
z zz y yz zz2

2

Note that the components of the magnetic moments refer to the
local coordinate systems which are placed at the erbium sites. The
modeling of the magnetic susceptibility of the erbium subsystem along
the a, b′, and c axes was carried out with the use of Eqs. (3) taking into
account the temperature-dependent populations of all eight Kramers
doublets of the ground crystal-field multiplet of the Er3+ ions in mag-
netically nonequivalent positions in each domain and splitting of these
doublets calculated according to Eq. (2) with g factors from [14]. The
experimental data on the magnetic susceptibility and the calculated
total contributions of the erbium subsystem are shown in Fig. 5.

Fig. 6 presents the moments of magnetically nonequivalent Er1, Er2,
and Er3 ions in each domain at different temperatures in the zero ex-
ternal magnetic field, calculated with the help of Eqs. (3). For erbium
ions with the splitting of the ground Kramers doublet equal to Δ0, the
direction of the magnetic moment slightly changes with temperature,
whereas for the Er3+ ions possessing the splitting Δ0/2, the magnetic
moments are directed along the a axis of the crystal at any temperature.

Fig. 7 displays the calculated temperature dependences of the
magnetic moments of Er1, Er2, and Er3 ions in different domains in
zero external magnetic field. These two curves are similar to those of
Fig. 9 in Ref. [6] determined from neutron scattering experiments.
However, in Ref. [6] the smallest magnetic moment was referred to the
“120° structure” of the Er magnetic moments below 10 K. We argue that
the lowest curve corresponds to the Er1, Er2, and Er3 in the domains 1,
2, and 3, respectively, with their C2 symmetry axes along the direction
of the iron magnetic moment in a given domain and with the same
splitting of the ground Kramers doublet equal to Δ0/2. The highest
curve in Fig. 7 represents six erbium ions with the same splitting Δ0,

Fig. 5. Temperature dependence of the magnetic susceptibility of ErFe3(BO3)4. The symbols represent the experimental data [9]. The solid line is a calculated
contribution of the erbium subsystem to the magnetic susceptibility.
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namely, Er1 in domains 2 and 3, Er2 in domains 1 and 3 , and Er3 in
domains 1 and 2 (See, Fig. 4).

7. Conclusions

Applying high-resolution temperature-dependent spectroscopic
measurements, we have unambiguously established the energies of the
crystal-field levels of the ground multiplet 4I15/2 of Er3+ in ErFe3(BO3)4
and derived the temperature dependence of the erbium ground Kramers
doublet splitting in the magnetically ordered phase of ErFe3(BO3)4. We
used these data to simulate the experimentally measured temperature
dependences of the specific heat and magnetic susceptibility of the er-
bium iron borate single crystals. The experimental data were well re-
produced by calculations, which accounted for the existence of the
three types of magnetic domains with a collinear easy-plane structure of
the ordered iron magnetic moments in each of them and of magneti-
cally nonequivalent positions of erbium. Based on these simulations, we
suggested an alternative explanation to the “120° structure” of the Er
magnetic moments in ErFe3(BO3)4, announced in the neutron scattering
study of Ref. [6] below 10 K, namely, the existence of 120° domains of
collinear arrangement of the Fe magnetic moments along the C2 sym-
metry axes (with the angle 120° between them) in the ab plane and two
magnetically nonequivalent positions of Er3+ ions with different di-
rections of their magnetic moments in different domains.
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