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We are studied the electronic and magnetic properties of the A-site ordered
perovskite CaCo3V4012 within the density-functional theory using the gener-
alized gradient approximation (GGA) with the consideration of strong Cou-
lomb correlations (GGA + U) in the framework of the fully relativistic spin-
polarized Dirac linear muffin-tin orbital method of band-structure calcula-
tion. The x-ray absorption spectra and x-ray magnetic circular dichroism at
the Ca, Co, and V K-edges are investigated theoretically. The effect of the
electric quadrupole E: transitions and magnetic dipole M1 transitions are an-
alysed. The calculated results are in good agreement with experimental data.
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EnexTponHi Ta MarseTHi BJIACTUBOCTI BIIOPAAKOBAHOTO 3a A-IIO3UII€I0 IIEPOB-
cbKiTy CaCosV40i12 mocaimsxkeHo B paMKax Teopii QyHKIiOHANTy T'yCTUHU 3 BU-
KOPHCTaHHAM y3arajJbHEHOr'o I'PaJi€HTHOrO HAOIMKEeHHA 3 ypaxXyBaHHAM CHU-
apHuX KymonoBux xopensaiit (GGA +U) y paMKax DOBHICTIO PeIATHUBICTCH-
Koro cmiu-moaspusoBanoro lipaxkosoro JIMTO-meTony pospaxyHKY 30HHOL
CcTPYKTypu. TeopeTuuHo mocaimskeHo PeHTr'eHOBI CIeKTPM IIOTJIMHAHHS Ta
PenTr'eniBs MarHeTHuii nmupkyaAapuuii auxpoism Ha Ca-, Co- Ta V-K-Kpaax.
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IIpoanasisoBaHO BILIUB €JIEKTPUYHUX KBaAPYHOJbHUX E2-mepexoxniB i marue-
THUX OUIOJbHUX Mi-iepexoniB. PesyimbTaTy po3paxyHKiB m00pe y3TromKy-
IOTHCA 3 EKCIIEPUMMEHTAJIbHUMU JaHVUMMU.

Karouogri cioBa: e1eKTpOHHA 30HHA CTPYKTYpPa, MAarHeTHUIT MOMEHT, y3aTraib-
HeHa I'paJieHTHA allPOKCUMAILis, CIIeKTPU IIOTVIMHAHHA PeHTTr'eHOBUX IIpoMe-
HiB, PeHTI'eHiB MarseTHu TUPKYJIAPHUN TUXPOI3M, IIOABiiHI TepPOBCHKITHU.

(Received 1 September, 2023; in final version, 22 September, 2023 )

1. INTRODUCTION

Transition-metal perovskites have been studied for half a century, and
most intensively during the last decade, for their fascinating electronic
and magnetic properties arising from narrow 3d bands and strong Cou-
lomb correlations [1-5]. Perovskite-structure oxides with the general
formula ABOs display a large variety of intriguing properties and raise
lots of important fundamental issues in solid-state physics and chemis-
try. The structure can be described as a framework of corner-sharing
BOs octahedra that has an A-site cavity formed by twelve coordinated
oxygen ions. The smaller B-site cations have octahedral coordination by
the O anions. The octahedra share corners to form a three-dimensional
network, while the larger A-site cations sit in the 12-co-ordinate cubooc-
tahedral cavities within this network. Perovskites display a wide range
of properties including superconductivity (e.g., Ba;_.K,BiOs), colossal
magnetoresistance (e.g., La;_.Ca,MnQ;), itinerant electron ferromag-
netism (e.g., SrRu0;), multiferroic behaviour (e.g., TbMnOs), ferroelec-
tricity (e.g., BaTiOs), piezoelectricity (e.g., PbZr:_.Ti.Os), and ionic con-
ductivity (e.g., Lag.er-.Lis.TiOs, BaCeO;_,). Perovskites arguably repre-
sent the most important family of complex oxides. Distortions from the
ideal perovskite structure can significantly influence the physical prop-
erties. Octahedral tilting distortions, which are present in 80-90% of
all perovskites, occur when the A-site cation is too small for the cubooc-
tahedral cavities [6, 7]. The octahedral tilting distortions alter the con-
duction bandwidth [8] and the strength of the magnetic super-exchange
interactions [9]. As such, they provide a mechanism for fine-tuning the
electrical, magnetic and optical properties.

More sophisticated double perovskites, e.g., those that are called ‘A-
site ordered’ with the general formula A(A')sB4O12, comprise one more
site (A’) for cations with unusual two-dimensional square oxygen coor-
dination. The A-site ordered perovskite-structure oxides A(A')sB4O:2
can be obtained by filling 3/4 of the A-sites with small transition-metal
cations and the other 1/4 with larger alkali, alkaline earth, or rare
earth cations. They have a 2ax2ax2a structure stabilized by heavy tilt-
ed BOs octahedra and consequently forming A’'O4 square-planar units.
Cu and Mn are typical transition-metal cations readily accommodated
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by the A’ site. Compounds with this structure type were synthesized in
the 1960s and 1970s [10, 11], and recently lots of fascinating func-
tional properties have been discovered in this class of compounds.
Among them are a large dielectric constant in CaCusTis0:2[12], a large
negative thermal-expansion-like volume change due to interstitial
charge transfer in LaCusFesO:;2 [13], and multiferroism in
CaMns;Mn4O;z [14]. New A-site ordered perovskites with novel proper-
ties have been attracted much attention recently [15]. These perov-
skites not only have the B—B interaction (or B—O—B interaction via ox-
ygen ions) largely responsible for the properties of simple perovskites
but also have interactions between the transition-metal ions at the A’
sites (A'—A’ interaction) and between those at the A’ and B sites (A'—B
interaction).

Among different families of the A-site ordered A(A')3sB4012 double
perovskites, the most studied to date are compounds with B =Fe be-
cause of their nontrivial magnetic properties and charge dispropor-
tionation reactions, which can lead to spectacular phenomena [13].
Members of other double-perovskite families, for instance, those of V-
based perovskites, A(A");V4012, also find various applications, but they
are less systematically studied to date [16, 17]. Recent investigations
of some vanadium compounds show that V-based perovskites may re-
veal rather spectacular and novel physical properties [17, 18].

CaCo3V 4012 was synthesized by Ovsyannikov et al.[19]. It was shown
that this new double perovskite possesses high-spin Co?" ions in the
Im3 cubic symmetry. The magnetic susceptibility measured on bulk
polycrystalline samples of CaCosV 4012 shows a sharp maximum around
98 K, which is a characteristic of an antiferromagnetic (AFM) ordering
transition. The authors established that the Co?" ions in CaCo3V 4012 are
in the high-spin state with a sizable orbital moment. Electrical resis-
tivity data suggest semiconducting behaviour in the temperature
range of 1.6—370 K. The chemical formula of this perovskite can be
written as Ca*'Co."V,"0Z,. Later Ovsyannikov et al. investigated the
structural, vibrational, magnetic, and electronic properties of the Ca-
Co3V 4012 perovskite at low temperatures and high pressure [17]. They
found no apparent signatures of metallization of this perovskite up to
60 GPa. From the high-pressure thermoelectric power measurements,
its electrical conduction may be described as semi-metallic and strong-
ly compensated. By means of ambient-pressure neutron powder dif-
fraction, the authors established that, below 100 K, CaCosV40;; trans-
forms into an AFM phase, in which all the magnetic moments of the
Co?" ions are aligned along the c-axis, and the magnetic structure has a
2-fold periodicity along this axis. They also measured the XAS at the
Ca, Co, and V K-edges at 70 and 298 K.

The aim of this paper is the theoretical study from the first princi-
ples of the electronic and magnetic structures and x-ray magnetic cir-
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cular dichroism in the double perovskite CaCo3zV4O12. The energy band
structure of CaCosV 402 is calculated within the ab initio approach tak-
ing into account strong electron correlations by applying a local spin-
density approximation to the density functional theory supplemented
by a Hubbard U term (GGA + U) [20].

The paper is organized as follows. The computational details are pre-
sented in Sec. 2. Section 3.1 presents the electronic and magnetic struc-
tures of CaCosV4O12. Section 3.2 presents the theoretically calculated XA
and XMCD spectra at the Ca, Co, and V K-edges calculated in the GGA + U
approximation. The theoretical results are compared with experimental
measurements. Finally, the results are summarized in Sec. 4.

2. CRYSTAL STRUCTURE AND COMPUTATIONAL DETAILS
2.1. X-Ray Magnetic Circular Dichroism

Magnetooptical (MO) effects refer to various changes in the polarization
state of light upon interaction with materials possessing a net magnetic
moment, including rotation of the plane of linearly polarized light (Far-
aday or Kerr rotations), and the complementary differential absorption
of left and right circularly polarized light (circular dichroism). In the
near visible spectral range, these effects result from excitation of elec-
trons in the conduction band. Near x-ray absorption edges, or resonanc-
es, the magnetooptical effects can be enhanced by transitions from well-
defined atomic core levels to empty valence or conduction states.

Within the one-particle approximation, the absorption coefficient
up(®) for incident x-ray polarization A and photon energy %m can be
determined as the probability of electronic transitions from initial core
states with the total angular momentum j to final unoccupied Bloch
states:

w0 = 2|9

where ¥;, and E;, are the wave function and the energy of a core state
with the projection of the total angular momentum m, V.. and E,; are
the wave function and the energy of a valence state in the n-th band
with the wave vector k, Er is the Fermi energy. II, is the electron—
photon interaction operator in the dipole approximation:

2
(E, — E;,, —ho)AE, — E;), (1)

%)

~

IT, = —eaa, ; (2)

here, o are the Dirac matrices and a, is the A polarization unit vector of
the photon vector potential with a, = (1/ 2,+ i/ J2 ,0) a,=(0,0,1).
Here, ‘+’ and ‘-’ denote, respectively, left and right circular photon
polarizations with respect to the magnetization direction in the solid.
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Then, x-ray magnetic circular and linear dichroism are given by pu. — pu-
and py— (- +p)/2, respectively. More detailed expressions for the ma-
trix elements within the electric-dipole approximation may be found in
Refs. [21-28]. The matrix elements due to magnetic dipole and electric
quadrupole corrections are presented in Ref. [23].

2.2, Crystal Structure

The crystal structure of CaCosV40:2 shown in Fig. 1 can be considered
as a variant of the cubic perovskite oxide ABOs. The superstructure
A(A")3B4012, with space group Im3 (No. 204), is formed by quadru-
pling the parent unit cell and replacing 3/4 of the element A with A’.
Due to the introduction of A’, the symmetry of the structure is lowered
by a large rotation of the BOs octahedra, which brings four oxygen ions
closer to the A'(Co) site to form a seemingly nearly square-planar envi-
ronment. This particular quadruple perovskite house VO octahedra,
which are virtually regular: all V-0 distances are identical, and the O—
V-0 angles deviate from 90° by only 0.04° [19]. The CoO. plaquettes
are not so regular, with the O—Co—0 angles being 93.6° and 86.4°. The
V ions separated by a/2 lie on a simple cubic sublattice, while the Co
ions lie on a b.c.c. sublattice with the same nearest-neighbour Co—Co
distance. The two perovskite A and B sublattices form a CsCl configu-
ration, making it likely that nearest-neighbour Co—V exchange inter-
actions (versus Co—Co or V-V) are the driving force for the magnetic
order [24]. The crystal parameters of CaCo3V 4012, which are used in our

Fig. 1. The crystal structure of CaCosV4O12. There is square-planar oxygen
coordination of the Co?" ions occupying the A’ sites and the octahedral net-
work of V** ions. The solid lines are the unit cell boundaries.
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TABLE 1. Atomic positions of CaCosV4012 at room temperature (lattice con-
stant a = 7.3428 A[19].).

Atom ‘ Site ‘ x ‘ y ‘ 2
Ca 2a 0 0 0
Co 6b 0 1/2 1/2
A% 8¢ 1/4 1/4 1/4
0} 24g 0 0.2990 0.8115

band structure calculations, are presented in Table 1.

2.3. Calculation Details

The details of the computational method are described in our previous
papers [25—28], and here, we only mention several aspects. The band-
structure calculations were performed using the fully relativistic line-
ar muffin-tin orbital (LMTO) method [22, 29], which uses four-
component basis functions constructed by solving the Dirac equation
inside an atomic sphere [30].

The exchange-correlation functional of a GGA-type was used in the
version of Perdew, Burke and Ernzerhof (PBE) [31]. The Brillouin zone
(BZ) integration was performed using the improved tetrahedron meth-
od [32] and the self-consistent charge density was obtained with 1728
k-points in the BZ. The basis consisted of Ca, Co, and V s, p, d, and f
and O s, p, and d LMTO’s.

We found that the agreement between the theoretically calculated
and experimentally measured XA and XMCD spectra becomes much
better with taking into account strong Coulomb correlations. To in-
clude the electron—electron correlations into the consideration we used
the ‘relativistic’ generalization of the rotationally invariant version of
the LSDA + U method [33], which takes into account the spin—orbit
coupling (SOC) so that the occupation matrix of localized electrons be-
comes non-diagonal in spin indexes.

This method is described in detail in our previous paper [33] includ-
ing the procedure to calculate the screened Coulomb U and exchange </
integrals, as well as the Slater integrals F2, F*, and F®. In our calcula-
tions the intrashell Coulomb repulsion U and interorbital Hund’s mag-
netic coupling J were applied to both Co and V sites: Uco=5¢eV,
Jew=1eV, Uy=3.4eV, Jy=0.7eV. Similar parameters were used by
Rhee and Pickett [24].

The x-ray absorption and dichroism spectra were calculated taking
into account the exchange splitting of core levels. The finite lifetime of
a core hole was accounted for by folding the spectra with a Lorentzian.
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The widths of core levels I'x for Ca, Co, and V were taken from [34]. The
finite experimental resolution of the spectrometer was accounted for
by a Gaussian of 0.6 eV.

3. RESULTS AND DISCUSSION
3.1. Electronic Structure

Since the experimental evidence suggests the AFM order in CaCosV 4012
[19], we provide the energy band structure of this double perovskite in
the AFM state with and without taking into account the SOC. The re-
sults are presented in Fig. 2. The collinear AFM CaCo3V40:2 ground
state within GGA (Fig. 2, a, b) as well as GGA +SOC (Fig. 2, c) is metal-
lic. It is in contradiction to the electrical resistivity data, which sug-
gest semi-conducting behaviour in the temperature range of 1.6—
370K [19].

Adding an on-site Coulomb repulsion on each of the Co and V ions

GGA spin up DOS
1.0 e
N - >

" RMX Rdo 10 20 30

Fig.2. The energy band structure and total density of states, in
states/(cell-eV), of AFM CaCosV4O::2 calculated in GGA (a, b), GGA +SOC (¢),
and GGA + SOC + U (d).
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results in a Mott-isolator-type electronic structure of CaCosV4O:2 (the
lower panel of Fig. 2). The energy band gap is rather small and equal to
0.109 eV at the I symmetry point.

The crystal field at the Co sites (Ds; point symmetry) causes the

splitting of Co 3d orbitals into five singlets (di:, dxy, dy:, d,, ,, and

3

dxg,_y2 ). The V site possesses the Cs point symmetry and V 3d states split

into one singlet a (the combination of d.., d.,, d,. orbitals) and two dou-
blets d dxz_yz and the combinations of d.., d.y, dy..

32217

Both the Co?" and V*" ions in CaCo3V 4012 are expected to be magnetic
and Mott insulating, and carry a substantial orbital moment to account
for the observed Curie—Weiss moments. Our calculations reveal that
the Mott insulating character of the open-shell Co ions arises mostly
through the d_,  orbital with a small amount of dxz_yg (see Fig. 3). The

partial density of states (PDOS) of V ions is relatively small at the
Fermi level.

The Co?" ions are situated in the rectangular CoO, plaquettes with
the electronic configuration tgge:; therefore, one would expect a large
Co orbital moment. From magnetic susceptibility [19] and neutron dif-
fraction measurements of CaCosV4012, the authors of Ref. [17] suggest
that the orbital moment at the Co site has to exceed 1ug. Our band
structure calculations confirm this suggestion. We have found that
the spin and orbital magnetic moments for the Co; ion are
ms=2.6062us, m;=1.2268uz, and for the Coz ion, they are

Partial DOS, states/(atom-eV)

1

1

1

]

i

~10- —Co 322—1\ ‘ ;

]

Coxz_yz 'nl ‘ i

\ ]

—Cot,, | ;

]

—V 3d l‘ !

-20- l i

lIll’#1]l\'TTTT1‘]IlI‘IITTTII!lIlllll’TTl"TllllIITT

-0.2 -0.1 0.0 0.1 0.2

Energy, eV

Fig. 3. The symmetry resolved partial density of states, in states/(atom-eV),
of AFM CaCos3V4012 calculated in GGA.
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TABLE 2. The theoretically calculated (in us) spin ms, orbital m;, and total
Miotal magnetic moments in CaCoszV4O1s.

Atom ms | m ‘ Mtotal
Cax 0.0086 0.0182 0.0268
Caz 0.0040 0.0210 0.0250
Co: 2.6062 1.2268 3.8330
Coz -2.5239 —-1.1888 -3.7130
A% 1.0360 -0.3082 0.7278
O: 0.0100 -0.0067 0.0033
O: —-0.0648 —-0.0082 -0.0729

ms=-2.5239us and m;=-1.1888uzs. The spin and orbital magnetic mo-
ments at the V site are equal to m;=1.0360us and m;=-0.3082p5. The
Co spin and orbital moments are parallel and the ones at V are antipar-
allel in CaCo3V 4012 in accordance with Hund’s third rule.

The induced spin magnetic moments at the O; and O; sites are equal
to 0.0100us and —0.0648uz5, respectively. The orbital magnetic mo-
ments are found to be equal to —0.006 7z and —0.0082p; for the O; and
O sites, respectively. The Ca spin and orbital magnetic moments are
rather small for both sites (see Table 2).

Figure 4 presents the partial density of states for CaCosV4O12. The O
2s states are located mostly between —19.6 eV and —17.8 eV below Er.
The O 2p states are situated from —7.9 eV to —1.9 eV, however, a small
amount of them appears between —1.9 eV and —1.1 eV as well as from
—1.0eV to 0 eV due to their hybridization with the Co and V 3d valence
states, respectively. The spin splitting of the oxygen 2p states is quite
small (around 0.2 eV). The V 3d states are situated from —-1.2eV to 0 eV
below Er and from 0.1 eV to 5.4 eV above Er in the majority spin chan-
nel. The spin-down V states are mostly empty and occupy the energy
interval from 0.9 eV up to 6.3 eV. There are some V 3d occupied states
from -7.8 eV to —1.2 eV due to their hybridization with the oxygen 2p
valence states. The spin-up Co 3d states are situated between —7.8 eV
and —1.2 eV below Er. There is a small peak in the close vicinity of Erin
the Co 3d states due to their hybridization with V 3d states. The Co 3d
spin-down states occupy the energy interval from —7 eV to —1.5 eV and
from 0.8 eV up to 3 eV. The Ca 3d empty states occupy the 6.2—-8.9 eV
energy interval.

3.2. X-Ray Absorption and XMCD Spectra

X-ray absorption and XMCD spectra in metals and alloys at the K-
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Fig. 4. The partial density of states, in states/(atom-eV), of AFM CaCo3V4O12
calculated in GGA + SOC + U.

edge, when the 1s core electrons are excited to empty p states through
the dipole transitions, are quite important. They are sensitive to the
electronic states at neighbouring sites because of the delocalized na-
ture of p states.

Figure 5 presents the partial 4p density of states of Ca, Co, and V
ions in CaCo3V4012 above Er calculated in the GGA + SOC + U approxi-
mation for the AFM ordering. The 4p DOS in the close vicinity of the
Fermi level are quite small. The first peak of 4p DOS starts at 6.8 eV,
10.2eV, and 12.5 eV for Co, Ca, and V, respectively. The V 4p DOS is
the smallest and the one for Ca 4p is the largest. All the PDOSs are ex-
tended far above the Fermi level.

The upper panels of Figs. 6, 7 and 8 show the x-ray absorption spec-
tra (open circles) at the Co, V, and Ca K-edges in CaCo3V 4012 measured
at TOK [17] in comparison with the theoretically calculated ones (full
blue lines) in the GGA +SOC+ U approximation. The Co K-x-ray-
absorption spectrum possesses a major peak at 7726 eV with a low en-
ergy shoulder at 7721 eV, two small high-energy shoulders at 7735 eV
and 7742 eV, and a high-energy fine structure at 7778 eV (Fig. 6). The
theory reproduces the energy position of the major peak and the low
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Fig.5. The partial 4p density of states, in states/(atom-eV), of AFM Ca-
Co3V 4012 calculated in GGA +SOC + U.

and high energy shoulders quite well but fails to describe correctly the
position of the high energy peak at 7778 eV. The Co K-XAS is extended
over a very large interval up to 75 eV above the edge, and it is difficult
to expect that a linear energy band structure method can describe the
spectrum in such a large interval.

The V K-x-ray-absorption spectrum possesses two major peaks at
5485 eV and 5502 eV besides a low energy pre-peak at 5470 eV which we
discuss later (Fig. 7). The theory reproduces well the energy position of
two major peaks. Like in the case of Co K-XAS, the theory does not re-
produce the energy position of the highest fine structure above 5530 eV.

The Ca K-x-ray-absorption spectrum possesses a two-peak fine
structure at around 4049 eV and several small peaks between 4060 eV
and 4120 eV (Fig. 8). The theory reproduces well the energy position of
this two-peak structure, however, with inverse intensities of the
peaks. Our calculations give the larger intensity for the high-energy
peak but the experiment shows the larger intensity for the low energy
peak. The structure of Ca K-XAS reflects the energy distribution of
the corresponding Ca 4p partial DOS (see the lower panel of Fig. 5). The
partial DOS has two peaks at 12 eV and 15 eV above the Fermi level,
which produce the major two-peak structure in Ca K-XAS.

We investigate also the effect of the electric quadrupole E; transi-
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Fig. 6. Top panel: the experimental x-ray absorption spectrum (open circles) at
the Co K-edge in CaCo3V4012 measured at 70 K [17] in comparison with the theo-
retically calculated one. The dotted black curve shows the background spectrum.
Lower panel: the theoretically calculated XMCD of CaCosV4012 at the Co K-edge.
The dashed red curves show the quadrupole contributions to the spectra.

tions and magnetic dipole M; transitions on the XA and XMCD spectra
at the transition metal K-edges. We found that the M, transitions are
extremely small in comparison with the E. transitions and can be ne-
glected. The E; transitions indeed contribute to the low energy XA
spectra. Such transitions are responsible for the pre-peak structures of
all three K-XA spectra shown in the inserts of Figs. 6, 7 and 8. The
smallest E. contribution is found for the Co K-XA spectrum and the
largest one for V K-XAS. The pre-peak in the Ca K-XA spectrum has a
two-peak structure with the lower energy peak due to the dipole E;
transitions and the higher energy one due to the quadrupole E; transi-
tions (see the insert of Fig. 8).

The lower panels of Figures 6, 7 and 8 show the XMCD spectra at the
Co, V, and Ca K-edges, respectively. The exchange splitting of the ini-
tial 1s core state is extremely small [35]; therefore, only the exchange
and spin-orbit splitting of the final 2p states is responsible for the ob-
served dichroism at the transition metal K-edge. For this reason, the
dichroism is found to be very small, at least three orders of magnitude
smaller than the XAS. The Co, V, and Ca K-XMCD spectra possess
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Fig. 7. Top panel: the experimental x-ray absorption spectrum (open circles) at
the V K-edge in CaCo3V1012 measured at 70 K [17] in comparison with the theo-
retically calculated one. The dotted black curve shows the background spec-
trum. Lower panel: the theoretically calculated XMCD of CaCo3V4O12 at the V
K-edge. The dashed red curves show the quadrupole contributions to the spec-
tra.

quite complicated structures with several minima and maxima. The
largest contributions are found to come from the energy regions of the
corresponding 3d states. The contributions of the quadrupole E; tran-
sitions to the XMCD spectra are one order of magnitude smaller than
the dipole E; transitions and, hence, four orders of magnitude smaller
than the intensity of the corresponding K-XAS. Therefore, the detec-
tion of the quadrupole transitions in the XMCD spectra of these 3d K-
spectra is very close to impossible.

4. CONCLUSION

The electronic and magnetic structures as well as the XAS and x-ray
magnetic circular dichroism of the A-site ordered perovskite Ca-
CosV4012 have been investigated theoretically within the DFT-
GGA + U approach in the framework of the fully relativistic spin-
polarized Dirac LMTO band-structure method.
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Fig. 8. Top panel: the experimental x-ray absorption spectrum (open circles) at
the Ca K-edge in CaCo3V4012 measured at 70 K [17] in comparison with the theo-
retically calculated one. The dotted black curve shows the background spectrum.
Lower panel: the theoretically calculated XMCD of CaCosV4012 at the Ca K-edge.
The dashed red curves show the quadrupole contributions to the spectra.

According to magnetic susceptibility and electrical resistivity
measurements CaCosV4012 possesses the AFM ordering and semicon-
ducting behaviour at low temperature [19]. The collinear AFM Ca-
Co3V4012 ground state calculated within the GGA and GGA + SOC ap-
proaches is metallic in contradiction to the experiment. Adding an on-
site Coulomb repulsion on each of the Co and V ions results in a Mott-
isolator-type electronic structure of CaCo3V4012. The energy band gap
is rather small and equal to 0.109 eV at the I symmetry point. Both the
Co?" and V*" ions are magnetic in Mott insulating CaCo3V4012. There is
a substantial orbital moment over 1uz at the Co site. Such a big orbital
magnetic moment is due to a specific crystal structure of this double
perovskite. The Co ion possesses the Ds;, local symmetry in the rectangu-
lar CoO, plaquettes that leads to strong local anisotropy. Our calcula-
tions reveal that the Mott insulating character of the open-shell Co ions

arises mostly through the d_, , orbital with a small amount of dxz_yz .

The 3d partial DOS of V ions is relatively small at the Fermi level.
We have studied the XAS and XMCD at the Co, V, and Ca K-edges.
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The calculations show good agreement with the experimental meas-
urements of the x-ray absorption spectra.

We have investigated the effect of the electric quadrupole E: and
magnetic dipole M, transitions on the XA and XMCD spectra at the
transition metal K-edges. We have found that the M, transitions are
extremely small in comparison with the E; transitions and can be ne-
glected. The E; transitions indeed contribute to the low energy part of
XAS. Such transitions are responsible for the pre-peak structures of
all three XA K-spectra. The smallest quadrupole contribution has been
found for the Co K-XA spectrum and the largest for V K-XAS. The ex-
change splitting of the initial 1s core state is extremely small, there-
fore only the exchange and spin—orbit splitting of the final 2p states is
responsible for the observed dichroism at the transition metal K-edge.
For this reason, the dichroism has been found to be very small, at least
three orders of magnitude smaller than the XA spectra. We have found
that the largest quadrupole contributions come from the energy re-
gions of the corresponding 3d states.

V. M. Antonov gratefully acknowledges the Max-Planck-Institut fir
Festkorperforschung in Stuttgart for the hospitality during his stay
there.
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