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Basing on the analysis of the FeBOj crystal refractive indices, the electron dipole
polarizability (DEP) in the crystal structure has been calculated and the effective ion
charges have been estimated. Within the frame of the model used, the ferric borate ionic
formula Fe"z'SBJ'z'403‘1'63 has been established to be the most preferable. The following
cation DEP values answer to that formula: oc,:ez0.30~10_24 cmS3, ochO.45-10_24 cm3. The
DEP of oxygen anions has been shown to be anisotropic, the main components of oxygen
DEP tensor being 0L11z1.81~10’24 cm?® and 0L33z1.43-10’24 cmS.

Ha ocmoBe amamusa mokasareseii mperomienus Kpucraunos FeBO, mposeneno Berumcie-
HUe AUIONBbHOM 9eKTPoHHOH moasapusyemoctu ([I3II) MOHOB B CTPYKType S9TOr0 KPHUCTAJIA
¥ BBIIOJIHEHA OlleHKa nX 9(M(MEeKTUBHBIX 3apAL0B. YCTAHOBJIEHO, UYTO B PAMKAX HCIIOJb30BaH-
HOUM Mozesin Hambojsiee 0OOOCHOBAHHON SABJSETCA CjeAyIomas MOHHAs (opmyJia Oopara Keie-
sa: Fe*25p+24 03‘1-63. Jroii (QopmyJie oTBeuaioT ciaenyiomue sHaueHud [IOIl KaTHMOHOB:
ocFezO.30-10_24 em®, ocB~0.45-10_24 cmB. Tlokasamo, uro [OI1 MOHOB KIUCIOPOZA AHUBOTPOIHA W

YCTAHOBJIEHBI IVIaBHBIE KOMIIOHEHTHI TeHsopa I9II: 0L11z1.81~10’24 emd u a33z1.43-10’24 emS.
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Weak ferromagnetic FeBO; crystal is a
promising material for practical applica-
tions in various magneto-optical and mag-
neto-acoustical devices [1]. The magnetic
and acoustical properties of this material
are widely studied due to its practical im-
portance. Computer simulations of ionic or
partially ionic systems are widely used now
in solid state physics [2], but no attempts to
investigate the peculiarities of FeBO3 physi-
cal properties and crystal structure by this
method were done. In computer simulations,
empirical, semi-empirical or ab initio meth-
ods are used to analyze the intracrystal in-
teractions. The commercially available com-
puter program packages for the analysis of
single crystal properties (GAUSSIAN,
CRYSTAL, GAMESS, etc.) are based on the
cluster calculation methods, but the applica-
tion thereof results in some cases in am-
biguous results [3]. However, if correct in-
formation is available on the so-called "ef-
fective” charges of ions ¢,z their electronic
polarizability and short-range interaction
parameters, the computer simulation using
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the empirical approach can be productive
enough [4, 5]. So the main aim of this study
is to calculate the possible sets of dipole
electronic polarizability (DEP) of ions in
FeBOj structure and the evaluation of their
effective charges.

It is well-known that the ¢,; and DEP
values of the same ion are influenced
strongly by its chemical environment and
differ significantly for different compounds
[6, 7], therefore, the chemical bonds in the
compound under investigation are to be con-
sidered previously. The length of the short-
est (Fe=0) bonds in FeBOj structure is com-
parable to the sum of the of Fe3t and 02"
ionic radii, so that bond is close to pure
ionic one. Therefore, the effective charge of
Fe ions, gp,, must be close to its formal
charge +38le| where |e| is the electron charge
modulus, and DEP of this ion o, seems to
be close to the corresponding value for a
free Fe3* ion: op, = 0.248.10724 cm3 [8].
The shortest (B3*-02") distance in FeBO,
crystal is 0.13415 nm [1] and it is known
[9] that if this bond length is less than
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0.143 nm, the bond must be an ionic-cova-
lent one. It was shown before that partially
covalent binding of an 02~ ion results in a
significant anisotropy of its DEP [5, 10, 11].
So it is reasonable to believe that the an-
isotropy of the oxygen ion DEP must be
presented in FeBOj;, too. Proceeding from
symmetry considerations, we believe that the
principal ’3’ axis of oxygen ion DEP tensor
must be coincide with the shortest (B—O) bond
direction and this tensor likely has an axial
symmetry, so that o;; = ag97033.

To calculate the possible DEP sets of ions
in FeBO3;, a method was used based on
modified Lorenz-Lorentz equation [10]:
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where n, is the experimental refractive in-
dices of the crystal (n, = 2.09; n, = 2.02 for
A = 1.06 nm) at the light wave electric compo-
nent directed along the k direction (k = x,y,2);
S, the number of structurally non-equiva-
lent ions in the crystal; N;, the volume con-
centration of the i-th ion species; (Ozp)ip,
so-called effective DEP of i-th ion species
[10] influenced by the nearest (<10 nm) di-
pole surrounding of that ion. If E is di-
rected along the x crystal axis, (Opp;, is
expressed as:
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where (ay); are the DEP tensor components
of the i-th ion kind in its own coordinate
system; 6;;, the angles between [-th main
axis of DEP tensor and f direction, where
f=x, y, z. The structure sums (T
(T and (T are defined as:
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Fig. 1. Dependences of oxygen ion DEP ten-
sor main components on op at op, values
(10724 cm?®): 0.256 (squares), 0.307 (trian-
gles), 0.358 (circles).

where g =x, y, 2; Rijm is the distance be-
tween the specified ion of i-th species to the
m-th ion of j-th species; Gy;, and F;;, are
the projections of Rijm onto g and f direc-
tions; 8,¢ is the Kronecker symbol. A simi-
lar equation for (a,fp);, can be derived from
Eq.(2) by relabelling the (x<2z) indices.

The calculations were done under vari-
ation of ag and af, within reasonable areas
of their values. In spite of the fact that
DEP of isolated B3* ion is very small (ag3*=
0.03-10724 ¢m3), the real total charge of
boron ion must be smaller than +8le| due to
the partially covalent character of (B-O)
bonds. It is to note that the configuration
of the outer electron shells affects strongly
the ion polarizability; for example, DEP of
Li* ion o* is 0.032:10724 cm3, but it in-
creases by two orders for non-ionized Li
atom [12]. Therefore, the calculations were
done under assumption that boron DEP in
FeBO3; ag lies within the limits of 0.1 to
1.00-10724 cm3.

The dependences of calculated oy; and
agg Pprincipal components of oxygen ion
DEP tensor in FeBOj; crystal on the og
value at T = 293 K and three different val-
ues of oap, are presented in Fig. 1. Accord-
ing to [13], we can introduce into considera-
tion the average polarizability o of oxygen
ion o =1/3(0j; + 0gg + 0g3); the corre-
sponding dependences are presented in Fig.
1, too. The fact of decreased oxygen DEP
o in FeBO3 as compared to its value for free
02 ion (0c02‘=2.402-10’24 cm3) agrees
well with other results obtained for oxygen
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DEP in mixed borate oxide (BOj) glasses
[14].

It is possible to believe as a first ap-
proximation that DEP of any ion must be
proportional to the charge of its outer elec-
tron shells deformed by an external electric
field [15]. Let the results obtained be con-
sidered using this principle. It is assumed
that the charge of the outer electron shells
(dipole forming charge, DFC) of OZ~ ion is
equal to —2.848le| [16], thus, the effective
charge of oxygen ion g5 can be expressed as:

go=- 2:848-% 5848 (4)

0(02—

Dependences of qo on the ag value ob-
tained using Eq.(4) for some fixed of, val-
ues are shown in Fig. 2. According to the
electroneutrality condition for the ecrystal
unit cell, the effective charges of ions are
connected as ¢rgr + gg+ 3 go =0, so as-
suming gg, = +3le|, it is possible to calculate
the same dependences for the effective
charge of boron ¢gg, which are shown in Fig.

2, too.
A certain contradiction is contained in
these results — the discrepancy between gg

value and DEP of boron ion, which can be
partially excluded by assuming that the
gre =( 2.4 to 2.6)le|, that is, the (Fe-O)
bonds are the mixed ionic-covalent ones. A
certain compromise between all the consid-
ered conditions can be obtained by introducing
the following approximated ionic formula for
iron borate: Fe*25B*240,~163, The following
values of DEP are consistent with this ionic

formula: ope=0.80-1024 cm3;  0z=0.45-10"
24 em3;  oqy= 1.81:10724 em?;  034=1.43-107
24 omS3.

Although the values of effective charges
and DEP of ions in FeBOj crystal estimated
by us are results of the calculations under
"first approximation”, those can be used for
the simplified calculations of local electric
fields in this crystal. The electrical parame-
ters of ions can be corrected by taking into
account the possible anisotropy of boron ion
DEP due to peculiarities of BOjz complex
electron configuration, or by using one of
the above-mentioned program packages
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Fig. 2. Dependence of effective charges of oxy-
gen (qg) and boron (gg) on op at ap, values
(-10724 cm3): 0.256 (1), 0.307 (2), 0.358 (3).

based on the first-principle methods of cal-
culations.
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AHanmi3 eJeKTPOHHOI MOJSAPUIYEMOCTi i0OHIB
B crabkomy depomaraerury FeBO;

M.B.Cmpyzayvrui, A.A.Ayenxo, A.B.Ayenko

Ha mixcrasi amanisy mokasHukis sanommenHs kpucranis FeBO,; mposenmeHo o6uucieHHs
IUIOIBHOL eekporHol moaspusoanocti (JIEIL) iouiB y crpyKTypi miporo Kpucrasa ta 3podeHo
OI[IHKY iX e()eKTHMBHHUX 3apsAmiB. BcramopieHo, 1[0 y paMKax MOMAeJi, fAKa Oyjga BUKOPHCTAHA,
HaHGLIBII OBIPYHTOBAHOI € HACTYIHA ioHHA (opMyna Gopary samisa: Fet25B+24 03‘1'63. i
dopmyai BifTlOBifae Take 3HAUEHHSA KAaTiOHiB: ocFe~0.30-10_24 cm3, 0(B~0.45-10_24 em8. Ilo-
KasaHo, mo [EIIl ioHiB KucHIO aHi30TpOIIHA Ta BCTAHOBJIEHO T'OJIOBHI KOMIIOHEHTH TEH30DPY
IEI: oy; ~1.81-10724 em® Ta 0g9~1.48:10724 B,
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