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The single crystals of Fe,Ga, ,BO; with 0 < x <1 have been synthesized by solution-
melt method. Optical absorption spectra demonstrate substantial changes in the region of
the strong absorption band edge depending on Fe concentration. This is explained, prefer-
ably, by Fe—Fe charge transfer transition processes. Magnetic circular dichroism spectrum
in the region of 6A1g—> 4Eg,4A1 d—d transitions and its temperature dependence were
measured in the crystal containing 67 % of Fe for the first time.

Monoxpucramaer Fe,Ga; ,BO; ¢ 0 < x <1 cHHTesHpOBaHBl PACTBOP-PACILIABHBIM MeETO-
pom. OnTudyecKre CIeKTPhI IIOIVIOMIEHU IPOJEeMOHCTPUPOBAIY CYII[€CTBeHHbIC U3MEHEHUS B
ofJyiacTy KPas II0JIOCHl CHUJIBHOI'O IOIVIOLIEHUA B 3aBUCUMOCTH OT KOHIEHTPALUU sKeaesa. OTo
00LACHALTCH, IPENMYINECTBEHHO, IIepexogaMn ¢ mepenocoM sapsaga Fe—Fe. Cmextp marmwur-
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HOTO KPYTOBOTO AUXpOM3Ma B obyacTu d—d mepexosoB 6A1g —4E .,4A1 U €ro TeMIlepaTypHas
3aBHCHUMOCTh BIEPBBIE U3MepeHbl B Kpucrajae, cogepsaimem 67 % Fe.

1. Introduction

Weak ferromagnet FeBOj; synthesized
for the first time in [1] is the unique crys-
tal: it is one of few materials combining
room temperature magnetism and a high
transparency up to near ultraviolet. FeBO;
has the rhombohedral calcite structure with
the space group D$, and, hence, it is opti-
cally uniaxial. From the magnetic point of
view, FeBO; is two-sublattice easy-plane an-
tiferromagnet with a weak in-plane moment
and Neel temperature T = 348 K. The re-
view of its magnetic, optical, and magneto-
optical properties can be found in [2]. Sev-
eral authors studied an effect of diamag-
netic dilution of the crystal on its magnetic
properties (e.g. [8-6]). In particular,
Fe,Ga,_,BO; single crystals with x varied
from O to 0.45 were synthesized in [3], and
their magnetic properties were studied
using magnetometric techniques and Moss-
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bauer measurements. It was shown that at
these levels of diamagnetic dilution the
crystal and magnetic structures did not
change and Neel temperature decreased
with increasing gallium ion concentration.
For x = 0.45 T, was about 200 K. Substitu-
tion of paramagnetic ions by diamagnetic
ones in magnetic materials, generally, and
in FeBOj, specifically, effects substantially
on their optical properties which can be use-
ful amk studying in solving of some prob-
lems common for all antiferromagnets con-
taining 8d® ions. Appearance of clusters of
magnetic ions at high levels of diamagnetic
substitution and properties of the clusters
in dependence on concentration of such
ions, on the one hand, and appearance of a
long-range magnetic order and evolution of
magnetic and optical properties of a crystal
with the increase of the magnetic ions con-
centration, on the other hand, are among
these problems. Diluted FeBOj crystal is the
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proper substance for investigations of such
kind. It possesses the majority of antiferro-
magnetic properties and presence of the
weak ferromagnetic moment leads to the ex-
istence of the linear on magnetization mag-
neto-optical effects (Faraday rotation and
magnetic circular dichroism (MCD)), that
essentially expands possibilities of experi-
mental researches. It is important for the
present investigation that undiluted crystal
of FeBO; has been comprehensively investi-
gated.

In the present work we study optical ab-
sorption and magnetic circular dichroism
for crystals Fe,Ga,_,BO; with variation of
x from O to 1.

2. Experimental

The experimental samples are isostructural
series of rhombohedral crystals Fe,Ga,_,BO;
of optical quality with a wide range of sub-
stitution O <x < 1. The crystals were
grown by solution-melt method using the
System of FeZO3—Ga203—BZO3—PbO—PbF2.
The main problem was to determine the
ratio of incoming components and tempera-
ture conditions of crystallization for each
composition. The concentration of iron and
gallium in the synthesized samples was de-
termined by methods of X-ray fluorescence
analysis (XRFA) and energy-dispersive spec-
troscopy (EDS). It is important to note that
the concentration of these elements in the
crystals differs significantly from the con-
centration in the starting charge.

The synthesized crystals range in size
from 1.5 to 6 mm in diameter and from 50
to 100 um in thickness. Samples of GaBO;
are colorless transparent hexagonal plates.
With the increasing concentration of iron
atoms the crystals’ color gradually changes
to green one (Fig. 1).

Optical absorption and MCD spectra were
investigated in the spectral range of 350—
1000 nm and at temperatures 85-293 K.

2. Results and discussion

There are three possibilities for the
strong absorption associated with Fe3* ions.
There are: allowed d — p transitions inside Fe3*
ion with the energy ~10° em™! (A ~ 100 nm);
allowed charge transfer transitions 2p — 3d
between molecular 2p-orbitals of ligands
and 3d-orbitals of Fe3* ion inside FeOg clus-
ter (energies ~36000 cm™! (A~ 275 nm));
charge transfer transitions between Fe3*
ions (Mott-Hubbard transitions):
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Fig. 1. Fe,Ga,_ ,BO; monocrystals charge for
single crystals.
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Fig. 2. Absorption spectra of Fe,Ga, BO,
single crystals at T = 85 K. Inset: absorption
spectra of Fe Ga, BO, (66.8 % Fe) single
crystal in the region of 6A1g
tion at T =85 K and 293 K.

4 .
- *T, g transi-

8d® + 8d® + E, — 3d* + 3dS. (1

These transitions are forbidden in the
first approximation by parity and also by
spin selection rules, if total spins of the
ions in the ground state have the same di-
rections. However, the transitions are spin
allowed if they take place between antifer-
romagnetically coupled ions with the oppo-
site spin orientations. Parity forbiddenness
is removed since the pair of atoms under
consideration has no center of inversion, at
least, in the excited state. Thus, these tran-
sitions can be considered as partially parity
allowed ones without participation of odd
vibrations. They are weaker than 2p — 3d
transitions between molecular orbitals of the
cluster, but much stronger than d-d transi-
tions inside 3d ions. Position of the strong
absorption band edge of the studied crystals
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Fig. 8. Absorption spectra of Fe,Ga, ,BO,

single crystal harge for single crystals.at T =
293 K.

(energy ~20000 cm™1 (A ~ 400 nm)) depends
on Fe ions concentration (see Figs. 2, 3) and
it is far from the mentioned 2p — 3d tran-
sitions, whose position weakly depends on
Fe3* concentration. Therefore we can sup-
pose that the observed strong absorption
band edge refers to Fe — Fe charge transfer
transitions.

Pair states in the left and right sides of
equation (1) give rise to Mott-Hubbard
bands. Activation energy (or insulating gap
or optical gap) is equal to:

E,=U - (By + By)/2. (2)

Here U = E(d* + d%) — E(2d®) is the elec-
tron correlation energy modified by crystal
field (CF) and covalence. In particular, in-
stead of one transition between high spin
states in the free ion approximation (1) we
have four transitions in the cubic CF ap-
proximation:

641,64, — SE(d%),5To(d5);5T 5(d*),5T5(d®);
SE(d*),5E(dS);5T4(d%),5E(db). (3)

For samples containing lower Fe concen-
tration, absorption maxima near 380 and
450 nm are observed. Maximum near
450 nm (C-band) corresponds to that ob-
served at 443 nm in FeBOj single crystal
and can be ascribed to the 4, — 1E,, 44,
transition in Fe3* ion (see Figs. 2, 3). Posi-
tion of this maximum does not depend on
Fe concentration. Intensity of C-band re-
duce with Fe concentration growth (Fig. 3)
that testifies to the pair exchange assisted
absorption. In the higher concentrated sam-
ples absorption bands associated with
transitions are observed. Their positions are
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Fig. 4. MCD spectra of Fe,Ga,_,BO; (66.8 % Fe)
single crystal at different temperatures.
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Fig. 5. Temperature dependence of MCD in-

tensity of Fe,Ga, ,BO; (66.8 Y% Fe) single
crystal on A = 466 nm.

also close to those in FeBOj [7]. But decrease
of Fe concentration results in shift of these
bands to lower wave lengths (Fig. 2). The
fine structure on the long wave length edge
of 6A;, — 4T, transition in the sample
with 67 % Fe (Fig. 2, Inset) is similar to
that observed in FeBO; [7]. It is due to
exciton-magnon lines and testifies to ap-

pearance of the magnetic ordering.
MCD spectra of Fe,Ga,_,BO; (66.8 % Fe)

single crystal at different temperatures are
presented in Fig. 4. The maximum near
460 nm corresponds to C-transition. Tem-
perature dependence of the MCD intensity
of Fe,Ga,_,BO; with 66.8 % Fe (Fig. 5) per-
mits to find Neel temperature T ~ 245 K. It
correlates with Tp ~ 200 K obtained in [3]
from magnetic measurements for the crystal
containing lower Fe3* concentration (55 %).
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4. Conclusion

Thus, measurements of Fe,Ga,;_,BOj; sin-
gle crystals optical absorption spectra have
shown the complicated changes in the re-
gion of strong absorption band edge. The
main features of the spectra in this region
are ascribed to the processes of charge transfer
between Fe3* ions in sublattices with the oppo-
site spin directions. Weak absorption bands
associated with d—d transitions are mainly due
to pair exchange assisted absorption. Absorp-
tion and MCD spectra of the crystal containing
~ 67 %Fe are very similar to that of the nomi-
nally stoichiometric FeBO;, and temperature
dependence of the MCD testifies to the mag-
netic ordering in this crystal at T ~ 245 K.
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OnTuuHi i MAarHiTOONTHUYHI BJIACTHBOCTI KpHCTAJdiB
FeXG’al_xB03

I. Edenvman, A. Manaxoecvruii, A. Coxonos, A. Cyxauwos,
B. 3a6nyda, C. Azynoe, M. Cmpyzayvruii, H. Ilocmusiil,
K. Cenesnvosa.

Monoxpucramu Fe,Ga, ,BO3 3 0 <x <1 cuHTe30BaHO POZYMH-POSIIABHUM METOJIOM.
OnTuuHi cHeKTpU TOTJIMHAHHA NPOJEMOHCTPYBajau icToTHiI 3MiHU B 00jacTi Kpaio cMyTu
CUJILHOTO TIOTJIMHAHHA, 3aJeKHO Bifg KoHieHTparii 3amiza. Ile moscHIOeTbCsA, TepeBakHO,
nepexigHUMM mpollecaMu mepeHeceHHsa zapsagy Fe—Fe. CrmexTp mMarmiTHoOro Kpyrosoro maux-
poismy B obmacti d—d mepexofnis GAIg - 4Eg,4A1g i fioro TeMnepaTypHa 3aleKHICThL yIepIe

BUMIip#AHO y Kpucraji, uo micturs 67 % Fe.
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