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Using the density functional theory, we perform a full atomic relaxation of
the bulk ferrite with 12.5% -concentration of monoatomic interstitial Cr,
which is periodically located at the edges of the Fe, b.c.c. cell. As shown,
structural relaxation leads to significant atomic displacements and results in
the formation of novel high-stable magnetoelastic configurations with paral-
lel chains of octahedrically arranged Fe. The enhanced magnetic polarization
in the low-symmetry metallic state of such alloys can be externally controlled
by additional introduction of nonmagnetic impurities like nitrogen. The elec-
tronic properties of obtained interstitial alloys can have important conse-
quences for the applications in spintronic and multifunctional devices.

3 BUKOpPHUCTAHHAM Teopil (QYHKIIIOHATY T'YCTUHM BUKOHAHO TOBHY ATOMOBY
penakcairito 06’emuoro ¢geputy 3 12,5% -KOHIIEHTPAIIi€l0 MOHOATOMOBOT'O Mi-
skBy3ygoBuHHOr0 Cr, AKWII MepiogmuHO po3TaIllloByeThca Ha rpaHax OITK-
komipku Fe,. ITokasaHo, 1110 CTpYKTYpPHA pejlakcallis IpUu3BOAUTD 10 SHAYHUX
3MiIlleHb aTOMIiB i (h)opMyBaHHA HOBUX BHUCOKOCTAOIIBHUX KOH(Irypariii 3 ma-
paJIeIbHUMU JIAHITIOMKKaMU OKTaeIpUUHO BHoOpanKoBaHoro Fe. 306inbimena
Mar=eTHa II0oJIAPU3allid B HUIBbKOCUMETPiiiHOMY MeTaJIeBOMY CTaHi I[bOT0 TUITY
CTOITiB MOKe KOHTPOJIIOBATHCA 330BHI JOJATKOBUM BBEJEHHAM HEMAarHEeTHUX
JOMIIIIOK, TaKWX AK a30T. KJIEKTPOHHI BJIACTUBOCTiI OJep:KaHUX CTOIIB BTi-
JIEHHSI MOKYTh BUSBUTHUCS BAYKJINBUMU AJIA iX 3aCTOCYBAHHA B CIIIHTPOHIIII Ta
6araTodyHKI[IOHAJIbHUX IPUIaTaX.

C umcmoJsib3oBaHMEM Teopuy (PYHKI[MOHAJA IIJIOTHOCTY IPOM3BENEHA MIOJIHAS
aToMHasl peJiakcanus o0bémuOro geppura ¢ 12,5% -KOHIleHTpanell MOHO-
ATOMHOTO MeXJ0y3eabHoro Cr, KOTOPBHIM MepHOJUYECKHU pPacIiojaraercsa Ha
rpauax OLIK-saueiiku Fe,. [lokasaHo, 4TO CTPYKTypHAas pejaKcaliusa MIPUBOIUT
K 3HAUYUUTEJbHBIM CMEIIEeHHNAM aTOMOB U q)OpMI/IpOBaHI/IIO HOBBIX BBICOKOCTAa-
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OMIBHBIX KOHGUTYPAIUi ¢ TapaJIeIbHBIMU eTIOYKAMU OKTadIPUUECKH YIIO-
panouenHoro Fe. YBenuueHHas MarHuTHAd MNOJIAPUSANUSA B HU3KOCHUMMET-
PUHAHOM METaJINYECKOM COCTOSTHUU 9TOTO TUIA CILIABOB MOYKET KOHTPOJIUPO-
BaThCA U3BHE JOIOJHUTEIbHBIM BHEPEHEM HEMAarHUTHBIX IpUMeceil, Takux
KaK as30oT. JJIeKTPOHHBIE CBOMCTBA IOJYYEHHBIX CIIJIABOB BHEAPEHUS MOTYT
0Ka3aThCs BaYKHBIMHU AJIS UX MPUMEHEHUs B CIMHTPOHUKE U MHOTODYHKIHO-
HaJIbHBIX IpUOOpax.
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1. INTRODUCTION

Last years demonstrated an increased activity in search for novel ma-
terials where the electronic properties can be altered by inclusion of
different atoms or ionic groups. The prominent example is the stain-
less steels, where the implantation of chromium, molybdenum, nitro-
gen, and other elements strongly change microstructure of subsurface
layers and modify their corrosion and hardness[1].

In search for new efficient multifunctional materials for technologi-
cal applications in wide series of long-term devices, the properties like
hardness, corrosion, heat resistance and other types of mechanical and
chemical durability are of central interest [2, 3]. As it frequently ap-
pears in science and technology, some well-known materials, when ana-
lysed from different points of view and in combination with other com-
pounds, give rise to unexpected features not revealed previously.

As an example of such a new behaviour, in the present work, we dis-
cuss a Fe—Cr alloy. Substitutional alloys of Fe with Cr attracted much
attention of theory and experiment due to their magnetic properties,
and especially due to local antiferromagnetism in the proximity of Cr
[4—T7]. In our work, we consider different type of alloys, namely, inter-
stitial Fe—Cr alloys where the Cr impurities are located in the intersti-
tial positions of the b.c.c. lattice of Fe,. The alloys Fe—Cr doped with C,
Ni or other compounds are widely used as basic components for ferrite,
martensitic and austenitic steels and are responsible for their mechani-
cal and physical properties. In the theoretical studies of the interstitials
in Fe—Cr, the different types of the interstitial configurations were
previously calculated. Among them, a pair configuration <111> dumb-
bell is considered as the most energetically favourable, which requires
about 4.2 eV for its formation under irradiation [8, 9]. In this work, we
analyse monoatomic interstitial configurations with single Cr atoms on
the edges of the b.c.c. ferrite. As appears from the calculations of opti-
mized structures, the energy gain for such configurations can approach
6.17 eV that makes this type of interstitial defects especially stable and
robust. It should be also noted that the fundamental difference between
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the industrial alloys and the alloy studied in the present work is the or-
dered and periodic character of the latter. In steels, due to their amor-
phous character, the impurities are distributed randomly. Moreover,
the process of the hardening of steels proceeds through the surface
treatment and is accompanied by formation of granular microstructure
with the changed concentration of impurities and modified properties
[10]. In contrast to this, in the systems considered in the present work,
the Cr impurities are located periodically in the cubic lattice of Fe,. Due
to substantial local forces, the atomic positions have to be structurally
relaxed, which produces patterns with unexpected microstructures and
new properties. Last x-ray studies give a direct support of the presence
of Cr in the interstitial positions of stainless steels that motivates the
studies of interstitial Fe—Cr alloys.

In the present work, we obtain that the optimized lattice microstruc-
ture has a clusterized or chain-like character where the chains of octa-
hedrically arranged Fe are parallel arranged along the (001) axis. We
show that the competing ferromagnetic and antiferromagnetic interac-
tions lead to spatially inhomogeneous magnetic moments. We also find a
significant increase of the magnetization of the structurally relaxed
system, which makes the generated systems perspective candidates for
spin polarisers in spintronic applications. In the chain-like structures,
the relaxation leads to the formation of spatial areas with low carrier
density. We suggest that these areas can be considered as channels for
the diffusion of light impurities like N, Li, C and others. In a study of
the diffusion of nonmagnetic nitrogen in these channels, we calculate
diffusion barriers for nitrogen and obtain a strong dependence of the
magnetization on N location. Our findings show that the structural re-
laxation plays a central role and must be inevitably considered in any
realistic studies of the considered interstitial alloys.

2. STRUCTURAL RELAXATION OF INTERSTITIAL Fe,—Cr ALLOY

To study Cr atoms in the interstitial positions of b.c.c. Fe,, we generat-
ed a supercell, which is based on a doubled 2x2 cubic cell of ferrite with
Cr located on one of the edges of elementary cubic unit cell (see Fig. 1).
In this way, the modelled FesCr structure is determined as interstitial
Fe—Cr alloy with Cr concentration n = 0.125 that is typical for stainless
steels. The presence of interstitial Cr leads to significant local forces
acting on the neighbouring Fe atoms. To minimize these forces, the co-
ordinates of all atoms have been relaxed by the application of the pro-
cedure of the minimization of the total energy. The optimization of the
supercell has been performed by employing a density functional theory
(DFT) implemented using linearized augmented plane wave (LAPW)
method in the full potential Wien2k code [11]. It is known that the Cr
impurities perturb the antiferromagnetic surrounding of Fe, in the
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Fig. 1. Schematic view of unrelaxed Fe containing 12.5% of interstitial Cr.
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Fig. 2. Relaxed structure of Fe with 12.5% of Cr: (a) LDA calculations; (b)
spin-polarized LSDA calculations in the structure with a = b= 2.86 A; (¢) spin-
polarized LSDA calculations in the structure with a =b=38.0 A. The path 1
and path 2 identify possible paths for diffusion through the channels formed
due to atomic relaxation.

substitutional alloys. Therefore, to study the effect of spin polariza-
tion, two different relaxation approaches have been employed. In the
first approach, the atomic optimal positions were calculated in the lo-
cal density approximation (LDA) on a 2x2x5 k-points grid. In the se-
cond procedure, to consider the states with different spin orientations,
we have optimized the structure by employing a local spin density ap-
proximation (LSDA). The results of both methods of the structural re-
laxation are represented in Fig. 2.

The central feature, which is commonly present after performing
both LDA and spin polarized-optimization, is the clusterization of the
sublattice of iron atoms. In the LDA-optimized structure (Fig. 2, a), the
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clusterization leads to the formation of a high-symmetry network. In
the (x, y) (or a, b) planes, this network consists of Fe; octahedra in the
middle of the edges of tetragonal unit cell which are connected to the
neighbouring iron octahedron of the opposite edges by the Fe—Cr bonds
of the length 1.9 A. It is worth noting that despite the significant dis-
placements of iron atoms, the net electric polarization of the cell is zero
due to high structural symmetry C4/m remaining after the relaxation.
The formation energy of the relaxed FesCr configuration can be calcu-
lated as E(LDA)=E, (FesCr)-8E,(Fe) - E,(Cr), where the last two
terms are the total energies of bulk b.c.c. Fe, and Cr respectively. For
the bulk Fe,, we used the energy value obtained in the ferromagnetic
state, whereas the total energy of bulk Cr has been calculated for a non-
magnetic system. With these values, we find that E(LDA)=4.82¢eV. In
a similar way, we calculated the energy E (unrlx) of the formation of ini-
tial unrelaxed configuration, which is equal to 5.02 eV. Therefore, the
significant energy gain due to the structural relaxation, AE(LDA)=
= E{unrlx) - E(LDA)=0.196 eV, shows a central importance of the
atomic displacements for the stability of the considered systems.

In the LDA-optimized structure, the spin-polarized calculations lead
to the local magnetic moment for Cr: Fec, = —0.23Fe,, which is of the
opposite sign to the moments of Fe atoms. In the relaxed cell, iron at-
oms the most distant from Cr have the bulk magnetic moment of
1.7Fe,. In distinction from this, the magnetic moments of Fe in the
close vicinity of Cr are substantially suppressed to the values of
0.97Fe,. As a result, the appearing spatial magnetic pattern is strong-
ly inhomogeneous and contains the antiferromagnetic regions near Cr
separated by ferromagnetically ordered Fe atoms. The obtained signif-
icant suppression of the Fe moments close to Cr is in contrast to the
substitutional Fe—Cr alloys for which the LSDA approach gives almost
homogeneous values of all Fe moments in the range of 2.65—2.85Fe,,.
In this case, for the magnetic moment of Cr, we obtain Fe.,=—-2.93Fe,,.

In distinction to the LDA relaxation, the LSDA optimization proce-
dure produces completely new ordered structural patterns shown in
Fig. 2, b and Fig. 2, ¢ for two different (unrelaxed, a=b=2.86 A, and
relaxed, a = b= 3 A) lattice constants. The last structure (c) corresponds
to the 13% -increase of the unit-cell volume due to the insertion of the
interstitial Cr. In these two cases, the optimized structural pattern is
characterized by the chains of atomic groups along the x (a) direction
where each group contains six Fe atoms. The obtained chains are parallel
arranged along the x axis with the distance of about 4 A between the Fe
atoms in the neighbouring chains and are connected to each other by the
Fe—Cr bonds with the length of about 2.4 A, for the structure (b) with
a=2.86 and 2.7 A, for the structure (¢) with relaxed a = 3.0 A. The local
antiferromagnetic ordering is characterized by the magnetic moments
Mo, =—0.72U5, Ws=2.4l5, and Ug = 1.25u; of the neighbouring atoms Fe;
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and Fe; respectively. The magnetic moments of the more distant iron
atoms have the values around 2.5u;, which is close to values found in
substitutional alloys and in pure iron [8].

As compared to the tetragonal structure of the LDA-optimized sys-
tem, the chain-like structure of the LSDA-relaxed supercell is character-
ized by substantially lower crystal symmetry and by the absence of the
inversion centre. The formation energy of the LSDA-relaxed FesCr con-
figuration, EA(LSDA)=E, (FesCr)—-8E,(Fe)-E, (Cr)=-1.15eV, is
well below the energy E{LDA) of formation of the LDA configurations.
We can also calculate the energy gain due to the structural relaxation by
the LSDA approach, AE(LSDA) = E{(unrlx) - E(LLSDA)=6.17 eV, which
demonstrates a high stability of the relaxed spin-polarized structure.

In the considered systems, we also analysed the dependences of the
local magnetic properties on the interatomic distances. To see how the
atomic displacements affect magnetic moments of surrounding atoms,
in Fig. 3, we show the local moments of Cr and of two nearest neigh-
bouring Fe as a function of the Cr displacement A = x(Cr)—x(Fe;) be-
tween Fe; and Feg along the x axis. The increase of A leads to the change
of Uc, from —0.7ug to the value of about —0.73u. On the other hand, the
larger A and the resulted elongation of the [Fe,—Cr] bond leads to the
reduced 5 = 2.39u;, which implies a tendency for the suppression of
antiferromagnetism near Fe;. In contrast to this, the increase of A pro-
duces the enhancement of | from 1.25u; to the values of about 1.28—
1.3, an opposite trend, which occurs with the shortening of the bond
between Cr and Feq.

In Figure 3, the negative A leads to the changes of magnetic mo-

Magnetic moments

02 0 0.2 04 0.6
Change of distance [Cr-Fe,]

Fig. 3. Local magnetic moments of the atoms in Fe,—Cr—Fe, triad versus the
displacement A=[Fe,—Cr]-[Fe;—Cr]° of Cr along the (100) axis. Here,
[Fe,—Cr]° is the equilibrium distance between Fe; and Cr.
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ments, which are strongly asymmetric to the corresponding changes at
A>0. Consequently, the obtained magnetoelastic coupling produces
the anisotropy of the magnetic moments and is accompanied by the loss
of the inversion centre due to the atomic displacements—an effect,
which can be observed in Fig. 2, b and c¢. In Figure 2, ¢, the low-
symmetry structure corresponds to the minimum of the total energy.
In Figure 2, a, a principally different high-symmetry structure ap-
pears from the relaxation of structural degrees of freedom in the spin-
unpolarized structure. In view of this, the neglecting of the magneto-
elastic coupling in electronic structure calculations does not allow to
achieve a full relaxation in this-type interstitial alloys.

Figure 4 shows the valence 3d electron density contours in the (x, z)
planes, which are plotted for the spin-up and spin-down magnetically
polarized states. One can see that the majority 3d spin-up states of Fe

N spin up
12

10

R

010

0
8 10 12

spin down

Fig. 4. Contours of electron density maps in the (x, z) plane (y/b = 0.25, x and
z given in A) obtained by integration of electronic states in the energy window
E between —3 eV below the Fermi level and the Fermi level. The results ob-
tained by the structural optimization using the LSDA approximation.
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are highly occupied by electrons, whereas the electron concentration of
Cr spin up states is substantially lower. The opposite effect with high
electron occupation of Cr and lower electron density on Fe is obtained
for the spin-down electrons. The chain-like structures Fe—Cr observed
in this case in the z direction result in strong hybridization between
the intrachain 3d spin-down orbitals of Fe and Cr. The last feature
leads to the spatial charge redistribution and to higher charge densi-
ties on the bonds between spin-down Cr and Fe. In the LSDA-optimized
system, the structural optimization produces areas with low charge
density in the y (b) direction, where each area can be identified between
the chains of Fe octahedron. As can be seen in Fig. 4, these areas are
almost free of charge and can be considered as channels for the diffu-
sion of light atoms like H, Li or N.

Figure 5 presents the density contours calculated for the LDA-

N

124 -

Fig. 5. Contours of electron density maps in the (x, z) plane (y/b =0.25, x and
z given in A) calculated by integration of electron states in the energy window
E between —3 eV below the Fermi level and the Fermi level. The LSDA results
obtained in the initially LDA-relaxed structure.
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Fig. 6. Total density of states for structures optimized using (a) LDA approach
and (b) spin-polarized LSDA approximation. The Fermi level corresponds to
E=0.

optimized structure. Similarly to the contours in Fig. 4, the electron
density of the majority Fe and Cr orbitals and on the bonds between Cr
and Fe is substantially lower than the charge density on the spin-down
contours, although the spatial charge distribution is more homogene-
ous as compared to that in Fig. 4.

For the LDA-relaxed structure, the density of states is characterized
by a strong suppression of the majority spin-up DOS near the Fermi
level (Fig. 6, a). In contrast, the minority spin-down DOS exhibits sig-
nificant values at the Fermi level. Similar, although much stronger,
suppression of majority DOS is typically observed in half-metallic sys-
tems where the electric current is conducted by electrons with the same
direction of spin [12]. In contrast to the half-metallic-like features of
the high-symmetry alloys, the DOS for the LSDA-optimized system
(Fig. 6, b) demonstrates substantial values at the Fermi level for both
spin directions, which implies an enhancement of the metallic state for
the majority electrons. Such an enhancement occurs due to the signifi-
cant atomic distortions, which are in the range from AR, =0.2 A (i =3,
Fe, in Fig. 2) to AR,=0.84 A (i=0, Cr in Fig. 2) in the low-symmetry
structure.

In the transition metal oxides, the metallic state obtained by the
LDA method frequently disappears by the additional account for the
local Coulomb corrections for the electrons of d orbitals[13, 14]. In our
work, the Coulomb corrections are taken into account within the SIC
variant of the LSDA + U approximation introduced in Ref. [13]. The
results are presented in Fig. 7 for two different values of U =2 eV and
U=4.5 eV estimated and employed in Refs. [15-17] for the electron
repulsion of charge of 3d orbitals of Fe and Cr. One can clearly see that
despite the significant Coulomb corrections, the metallic state mani-
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Fig. 7. Total densities of states for the LSDA-optimized structure calculated
by the LSDA + U method with the local Coulomb corrections for the 3d orbit-
als of Fe and Cr U = 2 eV (‘black’ curves) and 4 eV (‘blue’ curves). The Fermi
level corresponds to E = 0.
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Fig. 8. Total densities of states for bulk Cr and Fe. Here, the Fermi level corre-
sponds to E =0.

fests itself by a finite density of states at the Fermi level corresponding
to E = 0. The close examination of the DOS of bulk Fe and Cr in Fig. 8
shows that the origin of the metallic state is in the conducting 3d
charge of Cr, which becomes highly hybridized with the 3d orbitals of
Fe due to the atomic distortions in the structurally relaxed interstitial
alloy. This explains why the metallic state of the considered Fe—Cr al-
loy appears to be a sustainable macroscopic property.

Although the LSDA-optimized structure is characterized by the dis-
appearance of the majority energy gap, the cell magnetic moment,
Migpa = 3.841p, is larger than the magnetic moment in the LDA-
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optimized cell, My, = 2.88l. Such an enhancement of the magnetic
polarization is caused by the increase of electric polarization and
should be considered as a direct evidence of the strong magnetoelastic
effect, i.e., the increase of M due to the distortions, AR,. It is remarka-
ble that, in the substitutional alloy Fe—Cr with 12.5% of Cr, the LSDA
approach gives a value of 3.8 for the cell magnetic moment, which is
slightly lower than the magnetic moment for the considered LSDA-
relaxed substitutional alloy.

The obtained high spin polarization of the interstitial Fe—Cr alloys
allows us to suggest these materials as possible candidates for spin po-
larisers in the spintronic devices. Another question related to the sta-
bility of the considered interstitial alloys is how other kinds of atomic
impurities can modify the electronic properties. In the structurally re-
laxed system, the location of the light impurity atoms like N or Li is
expected to be mainly restricted to the channels discussed above and
observed in Fig. 4. Therefore, the diffusion of the impurities should be
considered in the context of possible diffusion paths within the chan-
nels formed in Fe, due to atomic distortions.

3. DIFFUSION PATHS OF N IN INTERSTITIAL Fe,—Cr ALLOYS

It is worth noting that the distortions due to the atomic relaxation
produce well-defined diffusion channels along the (001) direction. In
two different configurations shown in Fig. 9, such a channel contains
one atom of N. The top picture presents an example of N on the bound-
ary surface of the cubic cell with zy=0, whereas the bottom picture
demonstrates a configuration with N (zy= 0.5¢) located inside the cell.
Therefore, the diffusion paths of N contain two stages: (i) the intracell
stage with the migration of N within the cell and (ii) the intercell
stage, which combines the diffusion of N near the boundaries of the
cells and the crossing of these boundaries.

To study the diffusion process in the channel, we consider first the
relaxed structure of Fe—Cr alloy, which does not contain additional
impurities like nitrogen. In the relaxed structure with the channels
appeared due to atomic distortions (Fig. 2, ¢), we choose an interstitial
position for N at the cell boundary (position (VI) indicated in Fig. 10)
and perform the full LSDA optimization of the generated Fe—Cr—N
ternary alloy. In this way, by continuous relaxation of the surrounding
due to the migration of N, we can study the diffusion paths and the ac-
tivation energies for the migration of N atoms through the alloy. The
results of the full relaxation of the surrounding are presented in Fig. 9
in the two snapshots of the cell atomic structure. In these pictures,
modifications of the position of N due to the migration are accompa-
nied by additional distortions of the neighbouring Fe and Cr.

The examples of the diffusion paths 1 and 2 formed by the motion of
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LFe- & ‘

Fig. 9. Two different cases of structure relaxation due to migration of nitro-
gen in the channel of the optimized crystal cell of Fe—Cr. The left picture rep-
resents the location of N on the boundary of the cell with z=0, and in the
right structure, N at z = 0.5c¢ is located inside the unit cell.
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Fig. 10. Schematic paths of the migration of N inside the conducting channel.
Here, the positions I-III-VTI on the face z = 0 of the unit cell correspond to the
migration of N along the path 1 shown in Fig. 2, ¢. The positions VI-V-IV—
VII (z = 0.5¢) identify the diffusion of N inside the channel along path 2.

N between different positions (I, II, III, IV, V, VI) are schematically

shown in Fig. 2, ¢ and are presented in details in Fig. 9 in projection on
the (x, y) plane.

To analyse the diffusion mechanism along different paths, two types
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Fig. 11. Total energy of the system versus the distance A from Cr to N. Here, the
positive and negative A correspond to the diffusion along the path 1 and path 2,
respectively. The symbols I-VII identify the location of N on these paths.

of the locations of N have been selected: (i) position VI on the boundary
2z =0 close to Cr and (ii) the internal positions I-II-III and VI-V-IV-VII
with z =0.5¢, which corresponds to two different directions (path 1 and
path 2) of the migration of N inside the channels of the unit cell. Using
the procedure of the structural relaxation described above for each con-
sidered fixed position 2 =I-VII for N, we have calculated the expendi-
ture of energy, AE,, = E, — E,, for the migration of N. In the definition
of AE,,, E, is the total energy of the relaxed system with N fixed in the
position k£, whereas E, is the energy of the initial configuration (posi-
tion VI in Fig. 10). The results in Fig. 11 show the presence of the ener-
gy barrier of about AE,=1.3 eV, which must be overcame at the migra-
tion of N from the vicinity of Cr inside the channel. The obtained value
is in sufficiently good agreement with the recent experimental find-
ings, which report an activation energy in the range from 1.7 eV to 0.8
eV for the diffusion of nitrogen in stainless AISI steels[17].

The question, which arises due to the inclusion of N into the Fe—Cr
alloy, is how the N impurities modify the magnetic properties of the
system. Figure 12 presents the change of the total magnetic moment of
the cell during the migration of N along path 1 and path 2 identified in
Fig. 10. Although the nitrogen is initially nonmagnetic in the bulk, it
becomes magnetic near the Cr—Fe complex with a small magnetic mo-
ment of —0.04p; induced by the magnetism of the surrounding. It is
noteworthy that the total magnetic moment of the cell is also increased
when N is located near Cr. Such an increase is explained by the strong
additional distortions in the range from 0.04 A (Fe,) up to 0.2 A (Fe;)
caused by the migration of N. Like in the pure Fe—Cr, such extra dis-
tortions lead to the increase of magnetic polarization due to magnetoe-
lastic effect.
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Cell magnetic moment

A(Cr - N), A

Fig. 12. Total cell magnetic moment versus the distance A from Cr to N. Here,
the positive and negative A correspond to the diffusion along path 1 and path 2,
respectively. The symbols I-VII identify the location of N on these paths.

In Figure 12, the increase of the distance to Cr leads to suppression
of the magnetic moment of N and to decrease of the total magnetic po-
larization within the cell to the values obtained for LSDA-relaxed Fe—
Cr alloys. The obtained drastic change of the magnetic polarization
clearly demonstrates a crucial importance of the location of nonmag-
netic impurities like N for the electronic properties of alloy. As follows
from our findings, a possible control of the location of N, for example,
by external electric field, can lead to externally controlled changes of
the magnetic polarization—a feature, which is of crucial importance
for the spintronic devices.

4. CONCLUSION

We have shown that the full atomic relaxation of the bulk ferrite with
12.5% concentration of interstitial Cr stabilizes new chain-like struc-
ture of lower symmetry. In this structure, the monoatomic Cr in the
edges of ferrite b.c.c. cells leads to the local atomic distortions and re-
sults in the formation of parallel-aligned chains of Fe; octahedrons,
which are connected by the interchain Fe—Cr bonds. The energy gain
caused by such a structural relaxation approaches 6.17 eV, which
makes this-type interstitial alloy highly stable and energetically fa-
vourable with the negative formation energy approaching —1.15 eV.
The novel electronic state of the system can be characterized as metal,
where the metallic properties are the result of high Fe—Cr hybridiza-
tion of the structurally relaxed alloy. In the investigations of the mag-
netic state of the generated relaxed structures, we have obtained a lo-
cal antiferromagnetic order in the close proximity of Cr atoms, where-
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as the more distant Fe atoms are coupled ferromagnetically. As a re-
sult, in the obtained chain-like structure, the atomic distortions lead
to the formation of the metallic state with high magnetic polarization.
We have also shown that the nonmagnetic impurities like nitrogen can
substantially modify the magnetic properties of the interstitial alloy,
which can be considered as an additional manifestation of the strong
magnetoelastic effect in this type of multiferroics. We suggest consid-
eration of the generated interstitial alloys as perspective candidates
for future applications in spintronic and multifunctional devices.
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