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Double perovskites (DPs) are a large family of compounds that exhibit a wide range of properties of both
fundamental and potential technological interest. Due to the presence of 3d, 4d, or 5d transition metal atoms
with narrow f,, and e, bands in DPs, the correlation effects play an important role for the properties of
these materials, leading to diverse physical phenomena, such as colossal magnetoresistance, ferroelectricity,
magnetism, and superconductivity. By employing the constrained random-phase approximation within the
full-potential linearized augmented-plane-wave method, we have calculated the effective on-site Coulomb
interaction parameters between localized d electrons in Sr,ABOg (A = Cr, Mn, Fe, Co, Ni, and B = Mo, W)
DPs. We find that the correlated subspace can be defined to contain only the e, states in Ni-based compounds,
leading to a simple two-band low-energy model, whereas at least an eight-orbital (d + t,,) model is necessary
for the other compounds. Except for Ni, the U values for A sites in Mo (W) based compounds are around 4 eV
(4.5 eV), and they are almost independent of the 3d electron number, while the U for Mo (W) 1,, electrons
slightly decreases with increasing 3d electron number, from 3 to 2.5 eV. Moreover, our calculations reveal that
the contribution of the 3d — 3d channel to the total electronic screening is larger in DPs than the corresponding

contribution in elementary transition metals.
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I. INTRODUCTION

Double perovskites (DPs) show incredibly rich physical
properties owing to the huge variety of elements that can
be combined [1]. Ferrimagnetism above room temperature
was first reported in Re- and Os-based systems [2,3]. Since
then, other DP compounds have been found to show magnetic
orderings ranging from ferromagnetism to ferrimagnetism
and antiferromagnetism. Beside metallic and insulating com-
pounds, notably half-metallic DPs such as Sr,FeMoOg
(SEMO) have been found. Experimentally, SFMO is reported
as a ferrimagnetic half metal. The possibility of 100% spin
polarization is very important in the field of spintronic appli-
cations. Other interesting properties of DPs include colossal
magnetoresistance, presence of ferroelectricity, and supercon-
ductivity at high temperatures [4—7]. The presence of both half
metallicity and perfectly compensated ferrimagnetism in a
single material has even been anticipated to lead to single-spin
superconductivity [8]. Moreover, the extensive tunability of
the physical properties of DPs through chemical substitutions
makes the family especially interesting.

Due to the presence of 3d, 4d, or 5d transition metal
atoms with narrow ,, and e, bands, correlation effects play
an important role in the DPs. In calculations utilizing density
functional theory (DFT), the DFT+U method has been used
to obtain electronic, magnetic, and optical properties of sev-
eral DP compounds [9-16]. In the literature, it is common to
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use a “standard” value for the Hubbard U parameter, usually
taken from the values found for other compounds containing
the same transition metal ion. However, this approach does not
give satisfactory results when compared to experiments. It has
been shown, for example, that there is a strong dependence of
the spin-phonon coupling effects on the Hubbard U in both
single and double perovskites [12]. Only recently, refined ap-
proaches such as DFT+DMFT (dynamical mean-field theory)
have been used for Sr, YIrOg and Ba, YIrO6, with Hubbard U
parameters obtained from ab initio calculations to study their
electronic and magnetic structures [14]. These recent works
suggest that a fully ab initio treatment is highly desirable to
avoid bias in the determination of complex physical properties
of DPs.

The ab initio determination of the effective Coulomb inter-
action parameters for transition metals (TMs) and their com-
pounds was already addressed by several authors employing
different methods [17-33]. The earliest approach, the con-
strained local-density approximation (cLDA) [20-22], is still
in wide use even though it is known to deliver unreasonably
large U and J values especially for late TMs. Moreover, since
the Hubbard U is, within this approach, calculated in the
framework of DFT, its frequency dependence cannot be ob-
tained. The constrained random-phase approximation (cRPA)
is an approach that, though numerically much more demand-
ing, does not suffer from these deficiencies. In contrast to
cLDA, the cRPA also allows individual Coulomb matrix
elements to be accessed, e.g., on-site, off-site, intraorbital, in-
terorbital, and exchange elements. The frequency dependence
gives access to the study of dynamical properties [23,27].
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The aim of the present work is to identify suitable corre-
lated subspaces and present a systematic study of the effective
on-site Coulomb interaction parameters for the d electrons
in Sr,ABOg (A = Cr, Mn, Fe, Co, Ni, and B = Mo, W)
DPs. Employing the cRPA approach within the full-potential
linearized augmented-plane-wave (FLAPW) method, we have
determined the effective on-site Coulomb interaction param-
eters in a series of 10 DPs. We consider the constrained non-
spin-polarized (nonmagnetic) and the spin-polarized ground
states of the DPs. For the nonmagnetic state, we find U values
around 4 eV (4.5 eV) for the A sites except A = Ni in Mo
(W) based compounds, almost independent of the 3d electron
number. On the other hand, the U values for Mo and W 1,,
orbitals slightly decrease with increasing 3d electron number,
from 3 to 2.5 eV. For the spin-polarized case, the U parameters
show some variations due to the exchange splitting and a re-
distribution of the states around Fermi energy, but the overall
trend is similar to the nonmagnetic state. Moreover, our cal-
culations reveal that the contribution of the 3d — 3d channel
to the total electronic screening is stronger in DPs than in the
case of the elementary transition metals. We show that all DPs,
except the Ni-based ones, can be described by an eight-orbital
effective low-energy model. The calculated U parameters are
not only important for a fundamental understanding of the
physics of DPs, but they can also serve as effective inter-
action parameters to be used in model Hamiltonians applied
to describe electronic, optical, and magnetic properties. This
provides model parameters from first principles rather than
having to fit them to experimental data, thus increasing the
predictive power of model calculations.

The rest of the paper is organized as follows. In Sec. II,
we briefly present the computational method. In Sec. III, we
present calculated values of Coulomb interaction parameters
for two series of DPs, with electronic properties ranging from
insulator to half metal and to metal, depending on the filling
of the 3d shell. Finally, we summarize our conclusions in
Sec. IV.

II. COMPUTATIONAL METHOD

DPs represent a step further in complexity from simple per-
ovskites and crystallize in a cubic structure as shown in Fig. 1.
Two perovskite unit cells are combined to form compounds
in which several stacking patterns of different cations give
rise to complicated structures whose general formula unit is
X,ABOg [34]. As for simple perovskites, the basic unit cell
is cubic, but very often distortions are present, such as an
elongation of lattice vectors, and tilting and deforming of the
oxygen octahedra. In the case of DPs with a rocksalt type of
ordering of the two present cations, the DPs are described by
a unit cell shown in Fig. 1. The X cations occupy the positions
{3.0,1} {3.0,3}, {0, 5,1}, and {0, 3, 2}. The A cations
occupy positions {0, 0, 0}, {%, %, %}, while the B cations are
at {%, %, 0} and {0, O, %}. The cations A and B are surrounded
by octahedral oxygen cages, and the AOg and BOg groups
are arranged in two interpenetrating fcc sublattices. Here, we
consider a series of ten DPs with formulas Sr,ABOg where
A = (Cr, Mn, Fe, Co, Ni) and B = (Mo, W). Their lattice
parameters are taken from Ref. [1] and presented in Table I. In
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FIG. 1. Cubic double-perovskite structure for the general for-
mula X,ABOg used in this work.

order to obtain the trends with increasing number of electrons
in the studied DP series, all calculations have been performed
for the ideal cubic structure with the unit cell comprising
ten atoms, without taking into account the relaxation of the
internal coordinates of the ions, or possible distortions specific
to each of the compounds. Moreover, while the distortions in
DPs can lead to shifts of the Fermi level, Er, and even to a
metal-to-insulator transition, we note that Er remains within
the d manifold. As we observe the screening of the d states
by all the other states, we therefore do not expect the effect of
the deformations to be very strong, especially in the case of
the unscreened U.

The FLAPW method as implemented in the FLEUR
code [35] is used for the constrained non-spin-polarized (non-
magnetic) as well as for the spin-polarized ground-state cal-
culations. We employ the generalized gradient approximation
(GGA) to the exchange-correlation potential as parametrized

TABLE 1. Lattice parameters (in A), atom-resolved and total
magnetic moments (in wp), and ground state (GS) for the two series
Sr,AMoQg and Sr,AWOg.

SrzAMOOG

A a Al Mol lCell GS

Cr 784 2.30 —0.44 2.00 Half metal

Mn 7.96 3.14 —0.51 2.71  Ferrimagnetic metal

Fe  7.90 3.79 —0.31 4.00  Half metal

Co 8.09 2.70 —0.18 3.00 Half metal

Ni  7.89 1.59 0.06 2.00 Magnetic insulator
Sr 2AWO§

A a mH! mW! mlCell GS

Cr 7.8l 2.23 —0.35 2.00 Half metal

Mn 8.02 3.55 —0.24 3.51 Ferrimagnetic metal

Fe  7.94 3.74 —0.20 4.00  Half metal

Co 8.14 2.67 —0.08 3.00 Half metal

Ni 7.92 1.61 0.06 2.00 Magnetic insulator
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by Perdew et al. [36]. To keep the trends in the results
consistent, calculations have been performed using the same
value for the cutoff of the wave functions (kmax = 4 a.u.”!)
and the same 10 x 10 x 10 k-point grid in the determination
of the ground states. We have checked that these parameters
yield well-converged Coulomb interaction parameters in all
the studied compounds. The maximally localized Wannier
functions (MLWFs) are constructed with the WANNIER90
library [37-39]. The Ni-based DPs show well-isolated e,
bands at the Fermi energy [see Fig. 2(b)], which motivates a
simple two-band model for these compounds with e, Wannier
orbitals. In the other DPs, the e, states for the B-site cations
are well separated from the f,, states and are located 4-5 eV
above the Fermi energy. Thus, we construct Wannier functions
for the 3d orbitals at the A-site cations and for the #,, orbitals at
the B-site cations (see Fig. 2). These states are mainly respon-
sible for the electronic, magnetic, and transport properties of
the DPs. In the nonmagnetic state, they are disentangled from
the other bands of O p and Sr s character, giving an eight-band
model. Note that in spin-polarized calculations the #,, bands of
the A-site cations are weakly entangled with the O p bands in
some parts of the Brillouin zone [see Fig. 2(c)], which is why
we included a few more states in construction of the Wan-
nier functions. The effective Coulomb potential is calculated
within the cRPA method [23,25,26] implemented in the SPEX
code [40] (for further technical details see Refs. [27,41]). We
use a5 x 5 x 5 k-point grid in the cRPA calculations.

In the cRPA approach, the full polarization matrix P is
divided into two parts: P = P; + P,, where P; includes only
d-d transitions and P, is the remainder. Then, the frequency-
dependent effective Coulomb interaction is given schemat-
ically by the matrix equation U(w) =[1 — VP ()],

(a) Sr,FeMoO, (b)
4f {4}

—— DFT-PBE

‘Wannier-interpolation

SeriMOO6

Sr,FeMoO, [spin-down]
-
4t f 4} —1 i ,

r K W L r r K W L r

FIG. 2. DFT-PBE and Wannier-interpolated band structure of
nonmagnetic (a) Sr,FeMoOg and (b) Sr,NiMoOQg. (c) and (d) The
same as (a) for the spin-polarized case. Dashed lines denote the
Fermi energy, which is set to zero.

where v is the bare Coulomb interaction and U(w) is
related to the fully screened interaction by U(w) = [1 —
U(w)Py(0)]~'U(w). In the paramagnetic state, the correlated
subspace P, is well defined for all compounds: From A = Cr
to A = Co it contains A-site cation 3d (2, + ¢,) and Mo (W)
Iy, states, which are disentangled from the rest of the Hilbert
space, whereas the subspace only consists of the Ni e, states
in the Ni-based compounds. In Figs. 2(a) and 2(b), we show
the correlated subspaces for paramagnetic Sr,FeMoOg and
Sr,NiMoQg. For comparison, the spin-polarized correlated
subspace for Sr,FeMoOg is presented in Figs. 2(c) and 2(d).
Note that in the paramagnetic state all compounds except
SrpFeMoOg possess correlated states crossing the Fermi en-
ergy. The comparison of the DFT-PBE band structure (see
Fig. 2) with Wannier interpolated bands reveals that the corre-
lated subspace can be well represented by a minimal number
of Wannier orbitals in a model Hamiltonian description of
the DPs. In Fig. 3, we visualize the #,,- and e,-like Wannier
orbitals for paramagnetic Sr,FeMoQOg. As seen, Wannier or-
bitals are well localized on atomic sites.
We consider matrix elements of U in the MLWEF basis:

01,02
Uinl,jng,inz,jm; (@)

= // drdr’wf;‘]*(r)w}’f:(r/)U(r, v, w)w;'fm(r/)w;;‘z(r).
(D

FIG. 3. Fe t;,- and e,-like and Mo f,,-like Wannier orbitals for
nonmagnetic Sro,FeMoOg.
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There are two parametrizations of this cRPA Coulomb
matrix in the static limit (w = 0) [42,43]. The first is the
Hubbard-Kanamori parametrization,

l 010

U= 7 Xm:Um,;;nm, )

1
U=—Yyan 3
L(L _ 1) ’%;Z mn;mn ( )

1
J=— Y yoo . 4
7T I)mZ# @

where L is the number of localized orbitals, i.e., five for d,
three for f,,, and two for e, orbitals. [Henceforth, with U we
refer to the average value, Eq. (2), rather than to the matrix,
Eq. (1).] If the crystal field has cubic symmetry as in the
considered DPs, then the U’ is given by U’ = U — 2J. In this
case, only two parameters of U, U’, and J are independent,
but the Coulomb term of the Kanamori Hamiltonian is still
uniquely defined for #,, and e, subspaces (but not for the d
subspace).
The second parametrization is given by

1
US = 17 Z U;Z;]f;’z?m’ (5)
1 ’ 00 a0
Js =Us — L= mZ#n (Ui, — Uiz, . (6

This parametrization relies on a simplification of the Hubbard
Hamiltonian, where the Coulomb interaction is restricted to
terms that only contain orbital number operators. To be con-
sistent, we have calculated these parameters for the d and 1,
orbitals.

Note that due to the spin dependence of the maximally
localized Wannier functions in spin-polarized calculations,
the U and J parameters are spin dependent. This effect is
negligible in practice. Similarly to U, U’, and J, we can
also define the so-called fully screened (unscreened) U ),
U’ (V'), and J (Jy). Although the fully screened Coulomb
interaction parameters are not used in model Hamiltonians,
they provide an idea about the correlation strength of the
considered electrons.

III. RESULTS AND DISCUSSION

This section is divided into two parts. In the first part
we briefly discuss the ground-state electronic and magnetic
properties of the DPs. The second part deals with a detailed
discussion of the effective Coulomb interaction parameters
for correlated electrons focusing on the paramagnetic state.
The cRPA results will be presented for the two different
parametrizations of the Coulomb matrix discussed in the
previous section.

A. Ground-state electronic and magnetic properties

We start with a brief description of the ground-state elec-
tronic and magnetic properties of the considered DPs. As
mentioned in the preceding section, all compounds are as-
sumed to be cubic with lattice constants taken from Ref. [1]
and given in Table 1. Note that although the low-temperature

phase of Sr,FeWOQyg is in fact insulating [44] with a unit
cell composed of 80 atoms, we expect a small influence of
this approximation to the obtained U and J values, since
the screening channels coming from low-energy excitations
(i.e., the ones taking place in the bands of the subspaces) are
specifically eliminated in the Hubbard parameters (in contrast
to the fully screened parameter, which should be affected
more strongly). The different electronic properties of these
compounds derive from the crystal field splitting and from
the varying occupation of the A- and B-site cations with the
increasing band filling from Cr to Ni at the A site. In the first
two compounds Sr,CrBOg and Sr;MnBOg the Cr and Mn
have a charge valence of 3+ with @ and d* configuration,
respectively, while the formal valence of Fe, Co, and Ni in the
next three compounds Sr,FeBOg, Sr,CoBOg, and Sr,NiBOg
are 2+ with d%, d’, and d® configuration. The largest change
in the electronic structure of the DPs is visible in the minority
spin channel (see Fig. 4). The minority ,, orbitals are com-
pletely empty in the case of Cr at the A site and are found to
be completely filled in the case of Ni. At the same time, the
minority ., orbitals of the B-site cation move up in energy
from being at the Fermi level in the case of the compounds
with Cr at the A site to around 1 eV above the Fermi level in
the case of Ni at the A site. Both SryMn{Mo, W}Og¢ systems
are found to be metallic, while the Sr,Ni{Mo, W}Og¢ ones are
found to be insulating. All other compounds are half metallic
with a band gap in the majority spin channel. These large
changes of the electronic structure with band filling explain
the variety of ground states found in these compounds.

In Table I, the atom-resolved as well as the total magnetic
moments are reported. The magnetic moments on the A-
site cation reflect the expected values due to the increasing
occupation of the electronic states, with a maximum around
Mn-Fe and a minimum for Ni. On the B-site cation, high
negative moments of about —0.5 up are found for A = Cr,
Mn, and Fe, which is consistent with a partial filling of the
B-site minority t,, orbitals in these compounds. The formal
valence of B cations for the first three compounds is 54 with
the d' configuration and 6+ (d®) for the latter cases. These
d configurations can describe the small negative moments of
B cations in Sr,Co{Mo, W}Og¢ and Sr,Ni{Mo, W}Og. As the
filling of the A-site cation’s orbitals increases, the #,, orbitals
of the B site are emptied, and the magnetic moments at the B
site decrease to a negligible value for Ni. All compounds are
ferrimagnetic except the Ni-based ones. Moreover, the total
magnetic moments presented in Table I reflect the ground-
state properties of the compounds; i.e., for half metals and
insulators the total moment assumes integer values, while
for the metals it is fractional. Note that interstitial magnetic
moments are not shown in Table I.

B. Coulomb interaction parameters

In the model Hamiltonian description of the correlated
materials, the noninteracting one-body part of the effective
model is defined for a paramagnetic state. The calculation
of the effective Coulomb interaction parameters should be
based on the same state. As discussed in the preceding section,
all DPs can be described by an effective eight-orbital low-
energy model, five d orbitals stemming from 3d transition
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FIG. 4. Spin-polarized density of states (DOS) calculated by
DFT-GGA for the double-perovskite series. Each panel shows the
total DOS (black lines), the DOS projected onto the A-site cation
(dashed red lines), and the DOS projected onto Mo or W (thick blue
lines). The Fermi energy is set to zero.

metal atoms (Cr, Mn, Fe, and Co) and three 1,, orbitals from
Mo (W) atoms, while the Ni-based compounds can even be
described by a simpler two-orbital model. In the following,
we will discuss effective Coulomb interaction parameters
calculated within the cRPA method considering two different
parametrizations of the Coulomb matrix.

In Fig. 5, we present the average on-site intraorbital par-
tially screened Coulomb interaction parameters (Hubbard-
Kanamori U) for correlated electrons of the ten DPs for
the paramagnetic state. For comparison, the corresponding
fully screened Coulomb interaction parameters U are also
included. As seen, the U values for the 3d transition metal
atoms (except Ni) slightly increase with increasing electron
number. In Mo-based DPs, the U is just above 4 eV, while
for W-based compounds it is slightly larger, around 4.5 eV.
The slight increase of U from Cr to Co is probably due to

Sr,AMoO, St,AWO,
20[7 0T Moy | \ e Tmly
—a U(A) -—a U(A)
11.6
11.2
10.8
3 0.4
s (60 U(Mo) o0 UW)] 5
o—e U (A o—o U(A)
S\ 4 1r 4
L
> 3 o\ﬂ\o\o 1o—o——o—4 13
2 1r 2

ér Mn F‘e do Ni ér Mn Fé do Ni

FIG. 5. RPA and cRPA results for the double-perovskite series.
The values of the partially screened interaction U (bottom) and the
fully screened interaction U (top) for both the A and B sites are
presented.

the increased localization of the Wannier functions, which is
also reflected by the matrix elements of the unscreened (bare)
Coulomb interaction shown in Table II. Indeed, the bare on-
site V slightly increases from Cr to Co due to the contraction
of wave functions with increasing nuclear charge. Moving
from Cr to Co, the existence of d states in the vicinity of Eg
leads to a significant effective screening of the d electrons and,
as a consequence, to larger V — U differences. The situation
for Ni-based compounds is somewhat different. In this case,
the obtained U values are about 30%—45% smaller, which is
due to the larger number of screening channels contributing
to the P, [see Fig. 2(b)]. In this respect, note that there are
no U values for Mo and W atoms for Ni-based DPs, since
their subspaces lack corresponding orbitals. For the rest of
the compounds, the U values for Mo (W) 1, orbitals are just
below 3 eV and slightly decrease from Cr to Co. Although
a two-orbital model is more suitable for Ni-based systems,
we have, for comparison, also calculated the U parameters
using an eight-orbital model and obtained 4.21 eV (4.65 eV)
for Ni 3d electrons in Sr,MoNiOg (Sr, WNiOg). These values
are perfectly in line with the trends seen in Table II.

The fully screened on-site U in DPs are much smaller
(almost a factor of six) than the partially screened U. Fig-
ures 5(a) and 5(b) show a marked maximum of U for the
Fe-based compounds. This is due to a small band gap in
paramagnetic SroFe{Mo, W}Og, which reduces the screening
stemming from the 3d — 3d and 3d — 4(5)d channels and
which leads to a U value that is larger by more than a factor
of two. The U for Mo (W) t,, electrons is slightly larger than
the corresponding values for the 3d atoms, and it follows the
same trend; i.e., it increase slightly with increasing 3d electron
number.

The calculated U values for Cr, Fe, Mn, and Co (see
Fig. 5) are similar to the corresponding values in elementary
transition metals [27], while the U values for Mo and W
atoms turn out to be smaller. Note again that the U for Ni
in Sr;Ni{Mo, W}Og¢ cannot be directly compared with the
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TABLE II. Hubbard-Kanamori parameters [bare V, U, U’, and J (in eV)] and parameters according to Egs. (5) and (6) [Us, Js (in eV)] for
the two series Sr,AMoOg and Sr,AWOg in paramagnetic state. In parentheses, we present Us and Js for the spin-polarized case.

SI'2AM006
A VAl U'Al Ul JAl U Mol /Mol JMo] US[A] JS[A] US[MO] JéMO]
Cr 19.54 4.06 2.95 0.53 2.85 2.26 0.27 3.17 (3.26) 0.75 (0.67) 2.46 (2.46) 0.47 (0.47)
Mn 20.31 4.00 2.87 0.55 2.72 2.13 0.27 3.10 (2.86) 0.78 (0.68) 2.33 (2.06) 0.47 (0.48)
Fe 21.62 4.07 2.90 0.57 2.68 2.10 0.26 3.13 (2.89) 0.80 (0.62) 2.29 (2.03) 0.45 (0.46)
Co 21.81 4.11 2.94 0.57 2.51 1.93 0.25 3.17 (2.34) 0.80 (0.58) 2.12 (1.91) 0.44 (0.44)
Ni 18.57 2.14 1.00 0.57 1.57 (1.72) 1.14 (0.86) (1.78) 0.41)
SrzAWO6
A V4l U U’ JAl U™ U™ JW US[A] JS[A] US[W] JS[W]
Cr 19.87 4.50 3.34 0.57 291 2.32 0.28 3.57 (3.64) 0.80 (0.71) 2.52 (2.53) 0.48 (0.47)
Mn 20.60 4.53 3.36 0.59 2.85 2.26 0.27 3.59 (3.31) 0.82 (0.71) 2.46 (2.16) 0.47 (0.48)
Fe 21.89 4.56 3.32 0.61 2.81 2.22 0.27 3.57 (3.53) 0.86 (0.70) 2.42 (2.17) 0.47 (0.47)
Co 21.93 4.61 3.37 0.61 2.68 2.09 0.27 3.62 (2.70) 0.86 (0.61) 2.29 (2.02) 0.47 (0.47)
Ni 18.97 2.99 1.67 0.66 2.33 (2.22) 1.32 (0.95) (2.06) (0.43)

corresponding U value in fcc Ni because the subspace of
the former is formed only by the e, states, whereas the one
of the latter comprises the full d shell. On the other hand,
due to presence of narrow 3d (4d, 5d) states around the
Fermi level, the d — d screening channel is very efficient
in the DPs. Therefore, the U values turn out to be quite
small. The U parameter varies between 0.3 and 1.6 eV, while
in elementary transition metals the corresponding values are
around 1-1.5eV.

For completeness, we present in Table II both Hubbard-
Kanamori (U, U’, and J) and the parameters defined in
Egs. (5) and (6) (Us and Js) for the paramagnetic systems.
The latter parameters are also calculated for the spin-polarized
case and presented in parentheses. As mentioned in the pre-
ceding section, the Hubbard-Kanamori parameters satisfy the
U’ = U — 2J relation and the Hund exchange Js is given by
Js = 1.4J due to the cubic symmetry of the systems [45]. The
J (Js) values are less affected by the electronic features and
slowly increase for the A-site cation, while remaining rather
constant in all cases for the Mo and W cations. This increase
can be attributed to the localization of Wannier functions with
increasing electron number. For the spin-polarized state, the U
parameters show some variations due to the exchange splitting
and a redistribution of the states around Fermi energy, but
the overall trend is similar to the paramagnetic case for most
of the compounds. Note that in the spin-polarized case, the
correlated subspace of the Ni-based compounds contains #,
states of Mo (W) atom in addition to the Ni e, states. The
corresponding Us and Jg values are presented in Table II in
parentheses.

Finally, we discuss the frequency dependence of the U (w)
for the case of Sr,FeMoOg, which is certainly one of the most
studied DPs [46]. Sr,FeMoOg is an example of a ferrimag-
netic half-metallic compound with a Curie temperature well
above room temperature, 7, ~ 420 K. In Fig. 6, the frequency-
dependent U parameters for Fe d and Mo 1,, electrons are
presented for the paramagnetic state. At low frequencies,
the U values for both Fe and Mo gradually decrease with
increasing frequency and present a small spike in the §-10 eV
range, after which the U values show strong fluctuations up

to the plasmon frequencies, which are around 25 eV for Fe
and 20 eV for Mo. At energies higher than 30-35 eV, the
screening becomes ineffective and the effective interaction
approaches the bare value, which is about 22 eV for Fe
(13 eV for Mo). In the inset, the values for the exchange
parameter J are shown. Again, some variations are seen at low
energies, before the J parameters reach a relatively constant
value above the plasmon frequency, where the value of Fe is
about 100% higher than the one of Mo. The presence of large
fluctuations in the low-energy regime suggests that the use of
the static U(w = 0) value might be insufficient to correctly
describe low-energy physics, and that a renormalization of
the values of U in the low-energy range would be more
appropriate.

IV. CONCLUSIONS

We have identified the correlated subspaces in Sr,ABOg
(A=Cr, Mn, Fe, Co, Ni, and B= Mo, W) DPs and
employed a parameter-free cRPA scheme to calculate the

25F o o
SrzFeMoOé o~

S 02F

0

0 10 20 30 40 50 60
o (eV)

FIG. 6. Frequency dependence of U and J (inset) for Fe 3d and
Mo 1, electrons in paramagnetic Sr,FeMoOe.
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effective on-site Coulomb interaction parameters between
localized d electrons in these compounds. We find that in the
(paramagnetic) Ni-based compounds the correlated subspace
can be defined to contain only Ni e, states, so they can
be described by a two-orbital effective low-energy model,
whereas for the other compounds at least an eight-orbital
(d + 1) low-energy model is necessary. We find that except
for Ni, the U values for the A sites in the Mo (W) based
compounds are around 4 eV (4.5 eV) and that they are almost
independent of the 3d electron number, while the U values
for Mo (W) 1, electrons slightly decrease with increasing 3d
electron number, from 3 to 2.5 eV. Moreover, our calculations
reveal that the contribution of the 3d — 3d channel to the
total electronic screening is stronger in DPs than in elementary
transition metals. The calculated U (J) parameters are not
only important for a fundamental understanding of the physics
of these compounds, but they can also serve as effective
interaction parameters to be used in model Hamiltonians

applied to describe electronic, optical, and magnetic prop-
erties, thus increasing the predictive power of LDA+U and
LDA+DMEFT calculations.
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