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Abstract—A magnetic resonance method is applied to the investigation of a number of isostructural diamag-
netic compounds ABO; (A = Sc, Lu, In) with small additions of Cr" ions (S = 3/2) sufficient to observe sin-
gle-ion spectra. It is shown that the resonance spectra for isolated Cr** ions can be described to a good accu-
racy by the ordinary axial spin Hamiltonian for 3d ions in octahedral oxygen environment. The parameters of
the spin Hamiltonian are determined. It is established that Cr®* ions in these crystals are characterized by

easy-axis-type anisotropy.
DOI: 10.1134/S1063776116040087

1. INTRODUCTION

Borates of transition metals with chemical formula
ABO; (A = Fe, V, Cr, Ti) have attracted attention
because of the variety of their physical properties that
are manifested in this isostructural series of com-
pounds [1]. However, a number of borates of 3d metals
ABO;, except for FeBO;, remain poorly studied. For
example, from among the whole series of 3d borates,
magnetic anisotropy has been experimentally investi-
gated to date only in FeBO; [2].

In the present study, we apply the electron para-
magnetic resonance method to the experimental
investigation of the anisotropic properties of Cr** ions
in diamagnetic matrices of isostructural compounds
of ABO; (A = Sc, Lu, In) borates. In this case, a Cr**
ion is chosen due to the unusual magnetic properties
of the isostructural crystal CrBO; [3]. In [4], the
authors showed that the magnetic properties of the
CrBO; crystal can be described on the basis of a simple
model of a collinear two-sublattice antiferromagnet
with magnetic moments along a third-order axis. The
authors of [3] suggested, on the basis of static mag-
netic measurements, that it is more probable that, on
the contrary, the antiferromagnetism vector of CrBO;
lies in a plane close to the base plane.

‘We assume that the study of electron paramagnetic
resonance in ABO; (A = Sc, Lu, In) diamagnetic crys-
tals will allow one to determine the type of anisotropy
of Cr3* ions in these compounds.

2. SAMPLES AND THE EXPERIMENTAL
METHOD

ABO; (A = Sc, Lu, In) crystals with small (about
5% at of A) addition of Cr*" were grown by a technol-
ogy similar to that of [5]. In this technology, a Cr** ion
substitutes for the A ions. We obtained single crystals
in the form of thin plates with a size of 2 X 2 mm and
thickness of about 0.1 mm with a smooth shining sur-
face of light gray color.

ABO; (A = Sc, Lu, In) isostructural crystals have a

trigonal unit cell with R3¢ symmetry, the point group
symmetry of the A ion being (—3m). The parameters of
the unit cell are presented in Table 1 [6] for Sc, In, and
Lu. The C; axis of the crystal is normal to the plane of
the plate of a sample (the c axis in Fig. 1).

The A ions are located in the octahedra formed by
oxygen ions bound to boron ions by a strong covalent
bond. The electron paramagnetic resonance measure-
ments were carried out on a Bruker Elexsys E-580

Table 1. Unit cell parameters of ABO; crystals (data from
(61

Effective ion |Unit cell parameters, A
ABO; . c/a
radius r, A P B
Sc 0.745 4.759 15.321 3.22
In 0.800 4.823 15.456 3.21
Lu 0.861 4.915 16.211 3.30

The effective ion radius of Cr>" is » = 0.615 A.
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Fig. 1. Crystal structure of ABOj.

spectrometer operating in the X band at temperatures
of 300 K and 77 K.

3. EXPERIMENTAL RESULTS

An example of a resonance spectrum of a Cr’* ion
in ScBOj; at various temperatures for the external mag-
netic field vector in the base plane of the crystal is
demonstrated in Fig. 2. The set of weak lines between
intense single-ion absorption lines of Cr3* ion (in
magnetic fields from 2000 to 6000 Oe) belongs to the
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spectrum of Cr3>*—Cr?' ion pairs and is not discussed
in the present paper.

The angular dependence of the resonance spectra
measured under the rotation of the external magnetic
field in the aa plane of ABO; (A = Sc, Lu, In) crystals
revealed the axial symmetry about the crystallo-
graphic axis C;. The angular dependence of the reso-
nance fields of the transitions observed in the ac plane
are shown in Fig. 3. Note that the observed spectra for
the ScBO; compound have a two orders of magnitude
higher intensity compared with the spectra of InBO;
and LuBO; in spite of the fact that nearly identical
Cr,0; batch loading was used during the synthesis of
the crystals.

The resonance spectra for isolated ions of Cr3* can
be described to a good accuracy by the following axial
spin Hamiltonian for 3d ions:

%ngBHzSz+gJ_B(HxSx+HySy)+DSzzs (1)

where D is the axial constant of the spin Hamiltonian,
gjand g, are the values of the g factor for parallel and
perpendicular orientations of the external magnetic
field with respect to the C; axis of the crystal, f3 is the
Bohr magneton, S; and H; are the projections of the
spin of a Cr3* ion and the external magnetic field to the
C; axis of the crystal, and S = 3/2 is the spin of the Cr**
ion.

The experimental and theoretical spectra were fit-
ted with the use of the XSophe software [7]. The
results are presented in Table 2.

The values of the g factors obtained are nearly iso-
tropic and correspond to appropriate values for d° ions
in the octahedral environment [8]. The spin Hamilto-
nian constant D correlates with those in the earlier
investigated compounds Al,O; [9] and ZnGa,0, [10,

11], in which the Cr*' ion is also in an octahedral
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8000 10000
H, Oe

0 2000 4000 6000

Fig. 2. Resonance spectra of a cr’tionin ScBOj at various temperatures. An external magnetic field is applied in the base plane

of the crystal; (a) 7= 300 K, and (b) T =77 K.
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Fig. 3. (Color online) Angular dependence of resonance fields observed in ABOj crystals; (a) A = In, (b) A= Sc, and (c) A= Lu.
Dots represent experiment and solid curves, calculation (see Table 1).
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Fig. 4. (Color online) Calculated schemes of energy levels of a cr’tion in ScBOj3; (a) external magnetic field is parallel to the
base plane of the crystal, and (b) external magnetic field is parallel to the C; axis.

coordination. The sign of the constant D of the Cr3* As an example, Fig. 4 demonstrates the calculated
ion in ABO; (A = Sc, Lu, In) is determined from the  schemes of energy levels of the Cr** ion in ScBOs.
ratio of the intensities of the transitions —3/2 <> —1/2

and 1/2 <> 3/2 (see Figs. 2 and 4) at temperatures The value of D in the InBO; compound signifi-
300 K and 77 K. cantly differs from the values in ScBO; and LuBO;,
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Table 2. Parameters of the spin Hamiltonian for an isolated
Cr** ion in the ABO; matrix at room temperature

A 8 81 D,cm™!
In 1.980(1) 1.982(1) | —0.314(1)
Sc 1.980(1) 1.982(1) | —0.402(2)
Lu 1.980(1) 1.982(1) | —0.407(3)

Note: The numbers in parentheses indicate an error estimate in
the last digit.

which poorly correlates with the variation of the lattice
parameters (see Table 1). In our view, this behavior
can be accounted for by both the difference in the
degree of covalent bonds of the Cr*" ion in diamag-
netic matrices of ABO; (A = Sc, Lu, In) and the dif-
ference in the hybridization degree of electron orbitals
of ions in the matrix.

Thus, as a result of investigation of the single-ion
magnetic resonance spectra of Cr** ions in ABO; (A =
Sc, Lu, In) diamagnetic matrices, we have determined
the parameters of the uniaxial spin Hamiltonian and
have shown that Cr3* ions in these crystals are charac-
terized by easy-axis-type anisotropy.
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