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Abstract: All-d metallic Heusler compounds are promising materials for nanoelectronic applications.
Such materials combining 3d, 4d, and 5d atoms have not yet been studied. In this respect, we perform ab
initio electronic structure calculations and focus on Co2MnZ, Rh2MnZ, and Ru2MnZ compounds, where
Z represents transition metal atoms from groups 3B, 4B, 5B, and 6B of the periodic table. Our results
demonstrate that most of these compounds exhibit a distinctive region of very low minority-spin state
density at the Fermi level when crystallized in the L21 lattice structure. The Co-based compounds
follow a Slater–Pauling behavior for their total spin magnetic moments, while the Ru-based compounds
consistently deviate from the predicted Slater–Pauling values. Rh-based compounds show similarities
to Co-based compounds for lighter Z atoms and to Ru-based compounds for heavier Z atoms. We find
that the choice of the Z element within the same periodic table column has only a minor effect on the
results, except for the Rh2Mn(Cr, Mo, W) compounds. Our findings suggest that these compounds hold
significant promise for applications in spintronics and magnetoelectronics.

Keywords: Heusler compounds; ab initio calculations; first principles; electronic structure;
ferromagnetic materials; Slater–Pauling rule

1. Introduction

In the early 20th century, German metallurgist Heusler made a notable discovery while
investigating ways to enhance the electrical conductivity of steel: the novel compound
Cu2MnAl [1,2]. As the century progressed, advances in instrumentation revealed that this
compound possessed a face-centered cubic (f.c.c.) lattice structure, similar to those found
in semiconductors like silicon (Si) and gallium arsenide (GaAs). This lattice structure is
common among a variety of intermetallic compounds, each with unique properties. These
compounds, collectively known as “Heusler compounds” or “Heusler alloys” [3,4], often
exhibit ferromagnetic properties with high Curie temperatures. Among the most common
are the full-Heusler compounds, such as Co2MnSi, which follow the X2YZ formula and
crystallize in the “L21” structure [3,4]. When the X element has a lower valence than Y, an
“XA” structure may form, where the arrangement of atoms differs from the “L21” structure.
These are referred to as inverse Heusler compounds.

Half-metallic magnetic Heusler compounds [5], which behave as metals for one spin
direction and as semiconductors for the other, exhibit high spin polarization at the Fermi
level [6], and their total spin magnetic moment (in µB units) follows integer values, a
phenomenon known as the Slater–Pauling rule [7]. This makes them highly attractive for
spintronic and magnetoelectronic applications, where they can provide novel functionalities
in electronic devices [8–12]. First-principles calculations, or ab initio methods, have been
critical in understanding material properties and predicting new Heusler compounds
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with customized characteristics. In recent years, comprehensive databases based on first-
principles calculations have cataloged hundreds of magnetic Heusler compounds [13–20].
Oliynyk et al. [21] also employed machine learning models trained on crystallographic
data to predict the synthesizability of regular and inverse Heusler alloys, leading to the
successful synthesis of new Ru–Ga-X (X = Ti − Co) Heusler alloys, which have great
potential for spintronic and magnetoelectronic applications. These databases complement
focused studies on a smaller subset of Heusler compounds.

In typical full-Heusler compounds, one of the atoms is a metalloid; however, in
certain magnetic Heusler alloys undergoing martensitic transformations, the metalloid
can be replaced by a transition metal, leading to the creation of “all-3d-metal Heusler
alloys” [22–37]. A recent study examined the anomalous Hall and Nernst conductivities of
ferromagnetic all-d-metal Heusler compounds [32], utilizing high-throughput screening
to assess their compositional range, ground-state structures, and mechanical and thermo-
dynamic properties. This research predicted 686 (meta-)stable compounds and linked
intermetallic bonding to structural preferences between regular and inverse Heuslers,
correlating these preferences with mechanical properties. The study also screened the
compounds for magneto-structural transitions at finite temperatures, opening up new
pathways for optimizing materials for magnetic shape memory and caloric applications.
A subsequent effort expanded this work by building a database of all-d Heusler compounds
for magneto-caloric applications [38,39].

Building on these results, we performed first-principles electronic band structure
calculations on a new class of magnetic all-3d Heusler compounds, specifically Fe2CrZ and
Co2CrZ, where Z is an early 3d transition metal such as Sc, Ti, or V [40]. These compounds
exhibit a pseudogap and high spin polarization at the Fermi level, although their total
spin magnetic moment slightly deviates from the Slater–Pauling rule [7]. Compounds
like Co2CrTi and Co2CrV demonstrate strong magnetic properties, driven by short-range
magnetic exchange interactions, with Curie temperatures well above room temperature.
Even with B2 disorder, these compounds maintain their magnetic properties, making them
highly promising for spintronic and magnetoelectronic applications [40]. In a follow-up
study [41], we explored the electronic and magnetic properties of Co2YZ compounds,
where Y and Z are 3d transition metals, revealing that their high spin magnetic moments
further highlight their potential for spintronic and magnetoelectronic technologies.

In this study, we build on previous work with Co2Mn(Sc,Ti,V,Cr) all-3d Heusler com-
pounds [41] and examine the effects of substituting Co and Sc(Ti,V,Cr) atoms with 4d and 5d
elements. Specifically, we investigate potential (Co,Rh or Ru)2Mn(Sc,Ti,V,Cr/Y,Zr,Nb,Mo
or Lu,Hf,Ta,W) compounds. The resulting electronic and magnetic properties indicate
that these compounds share several promising characteristics, making them suitable for
relevant technological applications.

2. Computational Details

Our research focuses on investigating the ground-state properties of all-d-metal
Heusler compounds. For this, we employ the full-potential nonorthogonal local-orbital
minimum-basis (FPLO) method for first-principles electronic band structure calculations,
as described in Refs. [42,43]. In these calculations, we apply the generalized gradient
approximation (GGA) as the exchange-correlation functional within the Perdew–Burke–
Ernzerhof (PBE) parametrization [44]. This choice is well-known for yielding precise
outcomes, especially when dealing with half-metallic Heusler compounds, aligning closely
with experimental observations [45,46]. To ensure the accuracy of our calculations, the
total energy is converged to the 10th decimal point. Furthermore, a dense grid of k-points,
specifically a 20 × 20 × 20 grid, conforming to the Monkhorst–Pack scheme [47], is utilized
for the integrals in reciprocal space.

Full-Heusler compounds, as mentioned earlier, can crystallize in either the regular L21
or inverse XA lattice structures (see Figure 1 in Ref. [41] for a detailed illustration of the
structure). What differentiates the two structures is the sequence of the atoms in the unit
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cell. In the case of the regular L21 structure, the two Co(Rh.Ru) atoms occupy equivalent
sublattices with identical environments of nearest and next-nearest neighbors. In contrast,
in the inverse XA structure, the two Co(Rh.Ru) atoms are no longer equivalent, leading to
a different symmetry and atomic arrangement.

In the initial phase of our study, we focus on Co2MnZ compounds, where Z is a 3d, 4d,
or 5d transition metal, examining both the L21 and XA lattice structures using data from the
Open Quantum Materials Database (OQMD) [48–50]. The reliability of the OQMD data is
confirmed by the calculated lattice constants for Co2Cr(V, Ti, or Sc) compounds in the regular
lattice, which differ by less than 1% from those obtained through total energy calculations
in Ref. [40]. Table 1 compiles all the results from OQMD for these compounds. Additionally,
Table 2 presents results from the OQMD database for compounds where Co is substituted
by Rh or Ru, assuming only the L21 lattice structure, as OQMD identifies this as the ground
state for these materials. Both tables include the lattice constants, formation energy (Eform),
and hull distance (Ehull) in an eV/atom. For stability, Eform should be negative, indicating that
the formation of the compound is energetically favorable compared to the separate elemental
crystals. When assuming the L21 structure, the compounds studied either have negative
formation energy or values close to zero. However, while a negative Eform is necessary for
experimental growth, it is not sufficient on its own. The hull distance (Ehull) measures the
energy difference between the assumed lattice structure and the most stable phase or mixture
of phases. Although none of the studied compounds is the most stable phase, in most cases,
the L21 lattice corresponds to a hull distance of less than 0.200 eV/atom, which is considered
the empirical limit for experimentally growing a material in a specific lattice structure.

Table 1. For the Co-based Heusler compounds, we present the equilibrium lattice constant aeq, the
formation energy Eform, and the hull distance Ehull (all data are taken from the Open Quantum
Materials Database [48–50]). Star, ∗, denotes the calculated ground state in the OQMD. The last
column presents the energy difference between the L21 and the XA lattice structures as calculated in
the present study.

XYZ Structure aeq (Å) Eform (eV/atom) Ehull (eV/atom) ∆EL21−X A (eV/f.u.)

Co2MnSc L21∗ 5.902 −0.169 0.102 −0.735
XA 5.964 0.005 0.276

Co2MnTi L21∗ 5.759 −0.289 0.010 −0.587
XA 5.799 −0.154 0.144

Co2MnV L21 5.603 0.196 0.365 −0.143
XA∗ 5.669 −0.035 0.134

Co2MnCr L21∗ 5.614 0.093 0.122 −0.216
XA 5.628 0.129 0.158

Co2MnY L21∗ 6.161 0.072 0.213 −0.749
XA 6.225 0.246 0.388

Co2MnZr L21∗ 6.004 −0.174 0.068 −0.769
XA 6.040 0.005 0.247

Co2MnNb L21∗ 5.892 −0.080 0.068 −0.534
XA 5.873 0.034 0.182

Co2MnMo L21∗ 5.805 0.078 0.138 −0.397
XA 5.743 0.151 0.211

Co2MnLu L21∗ 6.046 −0.063 0.161 −0.769
XA 6.114 0.125 0.349

Co2MnHf L21∗ 5.958 −0.250 0.037 −0.853
XA 5.973 −0.050 0.237

Co2MnTa L21 5.807 0.181 0.401 −0.433
XA∗ 5.863 −0.015 0.205

Co2MnW L21∗ 5.816 0.072 0.157 −0.390
XA 5.749 0.140 0.226
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Regarding the stability of the two possible Heusler lattice structures, the second
column of Table 1 marks the most stable structure for the Co-based compounds according
to the OQMD with an asterisk. Except for Co2MnV and Co2MnTa, the L21 structure is the
most stable. We also performed our own total energy calculations, with results shown in
the last column of Table 1. Negative (positive) values indicate that the L21 (XA) structure
is more stable. Our findings align with the OQMD, except for Co2MnV and Co2MnTa,
where our calculations suggest that L21 is the more stable lattice structure. For the Rh- and
Ru-based compounds presented in Table 2, we report only on the L21 lattice, as it is the
most stable according to the OQMD, with the XA structure being significantly less stable.

Table 2. These data are similar to Table 1 for the Rh- and Ru-based compounds assuming only the
L21 lattice structure. All data are taken from the Open Quantum Materials Database [48–50].

XYZ Structure aeq (Å) Eform (eV/atom) Ehull (eV/atom)

Rh2MnSc L21 6.258 −0.623 0.013
Rh2MnTi L21 6.127 −0.586 0.000
Rh2MnV L21 6.047 −0.236 0.075
Rh2MnCr L21 6.047 −0.063 0.070

Rh2MnY L21 6.484 −0.462 0.092
Rh2MnZr L21 6.352 −0.576 0.011
Rh2MnNb L21 6.236 −0.298 0.085
Rh2MnMo L21 6.163 0.029 0.220

Rh2MnLu L21 6.394 −0.595 0.005
Rh2MnHf L21 6.309 −0.662 0.011
Rh2MnTa L21 6.227 −0.375 0.091
Rh2MnW L21 6.166 0.023 0.226

Ru2MnSc L21 6.183 −0.187 0.103
Ru2MnTi L21 6.065 −0.346 0.049
Ru2MnV L21 5.984 −0.154 0.001
Ru2MnCr L21 5.961 0.109 0.110

Ru2MnY L21 6.414 0.077 0.306
Ru2MnZr L21 6.292 −0.230 0.092
Ru2MnNb L21 6.192 −0.162 0.002
Ru2MnMo L21 6.122 0.061 0.115

Ru2MnLu L21 6.323 −0.084 0.209
Ru2MnHf L21 6.252 −0.328 0.079
Ru2MnTa L21 6.187 −0.253 0.006
Ru2MnW L21 6.139 0.004 0.069

3. Results and Discussion

In Ref. [40], we introduced a new class of Heusler compounds consisting exclusively
of 3d transition metal atoms. We found that the Co2CrZ compounds were of particular
interest for applications since they combined a pseudogap in the minority-spin band structure,
high spin polarization at the Fermi level, high values of the spin magnetic moment, and
Curie temperatures above room temperature. In a follow-up study [41], we explored the
electronic and magnetic properties of Co2YZ compounds, where Y and Z are 3d transition
metals, revealing that their substantial spin magnetic moments further highlight their potential
in spintronic and magnetoelectronic technologies. In this study, we use Co2Mn(Sc,Ti,V,Cr)
all-3d Heusler compounds as the starting point and investigate the effects of replacing Co
and Sc(Ti,V,Cr) atoms with 4d and 5d elements, considerably increasing the number of all-d
Heusler compounds with potential spintronic and magnetoelectronic applications.

3.1. Electronic Properties

In the initial phase of our study, we concentrated on Co2-based compounds and
performed electronic band structure calculations at their equilibrium lattice constants.
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From these calculations, we derived the total density of states (DOS) per formula unit (f.u.),
which is illustrated in Figure 1, along with the atom-resolved DOS shown in Figure 2. As
our findings consistently indicate that the L21 structure is the ground state, we only present
results for this lattice configuration in both figures.
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Figure 1. Total density of states (DOS) for all studied compounds assuming the L21 lattice structure.
Positive (negative) DOS values correspond to the majority (minority)-spin electronic band structure.

In the L21 lattice, the total DOS displays similar features across all the compounds
analyzed. A small DOS contribution at low energy, primarily from s-states, is present
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but not shown in the figures. The overall DOS is largely dominated by the d-states of the
transition metal atoms, with broad bands due to the high number of d-electrons in each
formula unit. Specifically, the total DOS for Co2MnZ compounds, where Z elements belong
to the same column of the periodic table, shows a consistent shape, similar regions of low
DOS in the spin-down channel (often referred to as the pseudogap), and the same relative
positioning of the Fermi level within this pseudogap. In the atom-resolved DOS presented
in Figure 2, as we move down a column of the periodic table, and the period increases,
the main change occurs in the DOS of the Z atom. As expected, the width of the d-band
associated with the Z atom increases, which, through hybridization, slightly broadens the
d-bands of both Co and Mn atoms. However, despite these variations, the DOS remains
largely consistent across all compounds, as previously noted.
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Figure 2. Atom-resolved DOS for the Co-based compounds assuming the L21 lattice. Details as in
Figure 1.

In Figure 1, we also display the total DOS for all the studied Rh and Ru compounds
crystallizing in the L21 lattice. Additionally, Figure 3 presents the atom-resolved DOS for the
RhMn(Sc,Ti,V,Cr) and RuMn(Sc,Ti,V,Cr) compounds, compared with the corresponding Co-
based compounds. When Rh replaces Co, as shown in Figure 1, the broader 4d band results
in less pronounced peaks and alters the shape of the spin-down pseudogap. The pseudogap
itself narrows, while the DOS increases more gradually just below and above it. This trend
is even more noticeable when Ru replaces Rh. The atom-resolved DOS in Figure 3 further
highlights this effect. The wider 4d and 5d bands of Rh and Ru, compared to Co’s 3d band,
significantly impact the DOS, particularly for the Z atoms. A notable example is observed
when Z is Cr: as we progress from Co2MnCr to Rh2MnCr to Ru2MnCr, the Cr majority spin
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peak, which is just above the Fermi level in Co2MnCr, shifts slightly below it for Rh2MnCr
and becomes pinned precisely at the Fermi level in Ru2MnCr.
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Figure 3. These data are similar to Figure 2 for the Co-, Rh-, and Ru-based compounds in the L21

lattice structure when the Z atom is a 3d transition metal atom.

3.2. Magnetic Properties

In Table 3, we present the calculated atomic and total spin magnetic moments for
all Co2 compounds investigated, based on their equilibrium lattice constants for both
considered lattice structures. When a 4d element (Sc, Ti, V, Cr) is replaced by another 4d
element (Y, Zr, Nb, Mo) or a 5d element (Lu, Hf, Ta, W), the magnetic properties of the
compounds remain largely unchanged, with only small variations in the total spin magnetic
moment within the same lattice structure and periodic table column. The spin magnetic
moments of 4d atoms are smaller than those of 3d atoms, and this trend continues when
substituting a 5d atom with a 4d atom. This effect is particularly notable when substituting
Mo for Cr and W for Mo. Despite the changes in the atomic moments of the Z atoms, the
spin moments of Co and Mn atoms are only slightly impacted, resulting in minor changes
in the total spin magnetic moment. Overall, the findings from Ref. [41] concerning the total
and atom-resolved spin magnetic moments in the L21 and XA lattice structures also apply
to the compounds examined in this study.

In Table 4, we present the atom-resolved and total spin magnetic moments for all
compounds studied in the L21 lattice, grouped according to their total number of valence
electrons. When Rh is substituted for Co, the spin magnetic moment of Rh is significantly
smaller than that of Co. This results in a more localized atomic-like behavior for the
Mn spin magnetic moment, which increases to compensate for the reduction in the Rh
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spin moment. Consequently, the total spin magnetic moments of both Co- and Rh-based
compounds are quite similar. However, a key distinction arises for compounds with
31 valence electrons. While Co2MnCr and Rh2MnCr exhibit similar total spin magnetic
moments, around 7 µB, this is not the case for Co2MnMo and Co2MnW. When Rh replaces
Co in these compounds, the total spin magnetic moment decreases significantly. Unlike
Cr, the Mo and W atoms are unable to carry substantial spin magnetic moments. The spin
magnetic moment of each Rh atom is roughly 1 µB smaller than that of Co, and the increase
in Mn’s spin magnetic moment is insufficient to compensate for this decrease. Moreover,
Mo and W atoms contribute little to the deficit, resulting in the total spin magnetic moment
of Rh2MnMo (Rh2MnW) being approximately 47% (40%) smaller than that of Co2MnMo
(Co2MnW). Substituting Ru for Co leads to an even greater reduction in total spin magnetic
moment, as the 5d states of Ru experience minimal exchange splitting, preventing Ru from
carrying a significant atomic spin magnetic moment.

Table 3. We present the atom-resolved and total (per formula unit) spin magnetic moments for the
Co-based compounds assuming both L21 and XA lattice structures. The last column presents the
total number of valence electrons in the primitive unit cell, which contains exactly one formula unit.
Note that in the case of the XA lattice structure the two Co atoms are nonequivalent.

X2YZ Structure mCoI
(µB) mCoI I

(µB) mMn (µB) mZ (µB) mf.u. (µB) Zt

Co2MnSc L21 0.82 0.82 3.12 −0.44 4.31

28

XA 1.23 1.56 2.95 −0.42 5.31
Co2MnY L21 0.85 0.85 3.46 −0.35 4.82

XA 1.19 1.50 3.16 −0.36 5.50
Co2MnLu L21 0.76 0.76 3.27 −0.30 4.49

XA 1.14 1.51 3.01 −0.29 5.38

Co2MnTi L21 1.05 1.05 3.23 −0.45 4.87

29

XA 1.20 1.61 2.45 −0.65 4.61
Co2MnZr L21 0.98 0.98 3.47 −0.37 5.07

XA 1.03 1.54 2.60 −0.49 4.68
Co2MnHf L21 0.98 0.98 3.43 −0.35 5.03

XA 0.98 1.55 2.48 −0.39 4.62

Co2MnV L21 1.15 1.15 3.07 0.25 5.62

30

XA 1.12 1.52 2.14 −0.93 3.85
Co2MnNb L21 1.22 1.22 3.50 −0.13 5.80

XA 0.88 1.46 2.25 −0.52 4.07
Co2MnTa L21 1.19 1.19 3.44 −0.13 5.70

XA 0.76 1.50 2.04 −0.44 3.86

Co2MnCr L21 1.23 1.23 2.95 1.32 6.73

31

XA 0.76 1.53 2.32 −1.71 2.89
Co2MnMo L21 1.40 1.40 3.38 0.20 6.37

XA −0.05 1.34 2.04 −0.47 2.85
Co2MnW L21 1.39 1.39 3.41 0.11 6.29

XA −0.01 1.42 1.83 −0.37 2.87

As evident from the discussion above on spin magnetic moments, only the Co2MnZ
compounds adhere to the Slater–Pauling rule, as outlined in Ref. [41]. In these compounds,
there is no true gap, and the Fermi level consistently crosses a spin-down energy band.
When the total spin magnetic moment approaches the integer value predicted by the Slater–
Pauling rule described in Ref. [41], the spin-down gap can be attributed to the hybridization
of the d valence orbitals of neighboring atoms. If Mt represents the total spin magnetic
moment per formula unit, and Zt − 24 is the total number of valence electrons per unit
cell, then the Slater–Pauling rule becomes Mt = Zt − 24. This rule links the electronic and
magnetic properties of ideal half-metals.
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Table 4. These data are similar to Table 3 for all compounds under study assuming only the L21

lattice structure.

L21 mCo,Rh,Ru (µB) mMn (µB) mZ (µB) mf.u. (µB) Zt

Co2MnSc 0.82 3.12 −0.44 4.31

28

Co2MnY 0.85 3.46 −0.35 4.82
Co2MnLu 0.76 3.27 −0.30 4.49
Rh2MnSc 0.28 3.96 −0.22 4.31
Rh2MnY 0.25 4.17 −0.13 4.53
Rh2MnLu 0.39 4.07 −0.12 4.42
Ru2MnSc −0.20 3.10 −0.09 2.61
Ru2MnY −0.15 3.60 −0.02 3.28
Ru2MnLu −0.19 3.41 −0.01 3.03

Co2MnTi 1.05 3.23 −0.45 4.87

29

Co2MnZr 0.98 3.47 −0.37 5.07
Co2MnHf 0.98 3.43 −0.35 5.03
Rh2MnTi 0.33 4.07 0.05 4.78
Rh2MnZr 0.28 4.20 −0.03 4.72
Rh2MnHf 0.28 4.17 −0.03 4.71
Ru2MnTi −0.01 3.33 −0.01 3.28
Ru2MnZr 0.01 3.63 −0.04 3.62
Ru2MnHf −0.00 3.55 −0.06 3.49

Co2MnV 1.15 3.07 0.25 5.62

30

Co2MnNb 1.22 3.50 −0.13 5.80
Co2MnTa 1.19 3.44 −0.13 5.70
Rh2MnV 0.33 3.90 0.14 4.70
Rh2MnNb 0.19 4.05 −0.05 4.39
Rh2MnTa 0.17 4.04 −0.04 4.35
Ru2MnV 0.07 3.44 0.44 4.01
Ru2MnNb 0.18 3.70 0.01 4.07
Ru2MnTa 0.19 3.71 −0.02 4.06

Co2MnCr 1.23 2.95 1.32 6.73

31

Co2MnMo 1.40 3.38 0.20 6.37
Co2MnW 1.39 3.41 0.11 6.29
Rh2MnCr 0.26 3.79 2.85 7.17
Rh2MnMo 0.09 3.92 −0.50 3.59
Rh2MnW 0.10 3.90 −0.27 3.83
Ru2MnCr −0.08 3.32 1.89 5.05
Ru2MnMo 0.35 3.75 0.03 4.49
Ru2MnW 0.39 3.85 0.01 4.63

In the lower panel of Figure 4, we plot the total spin magnetic moment for Co2MnZ
compounds as a function of the total number of valence electrons when Z is a 3d, 4d, or
5d transition metal atom. In all cases, the total spin magnetic moments closely match the
values predicted by the Slater–Pauling rule, and the hybridization scheme discussed in
Ref. [41] applies. However, when Ru substitutes for Co, the total spin magnetic moment for
isovalent compounds is constantly lower than the value predicted by the Slater–Pauling
rule, as shown in the upper panel of Figure 4. For Rh compounds (middle panel of Figure 4),
the behavior for early transition metal atoms resembles that of Co-based compounds, while
for heavier transition metals, it mirrors the behavior of Ru compounds, with the exception
of Rh2MnCr. As mentioned in the previous section, there is a spin-down pseudogap in all
Rh and Ru compounds (see Figure 1), and in most cases, the Fermi level lies within this
pseudogap. When compared to the schematic minority spin band structure in Figure 7 of
Ref. [41], for compounds that deviate from the Slater–Pauling rule, a band just above the
Fermi level in the Co2-compounds becomes occupied, leading to a narrower pseudogap
and a smaller spin magnetic moment than the ideal value.
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Figure 4. Ab initio calculated total spin magnetic moments, Mt, in µB as a function of the total number
of valence electrons, Zt, in the primitive unit cell for the studied compounds at their equilibrium
lattice constant assuming the L21 lattice structure. The dashed line represents the Mt = Zt − 24
Slater–Pauling rule.

4. Summary and Conclusions

All-d metallic Heusler compounds have been recently proposed as promising materials
for nanoelectronic devices, also encompassing magnetic materials, but studies have been
limited to cases where only 3d transition metal atoms are present. Using ab initio electronic
structure calculations, we have introduced a new class of magnetic Heusler compounds,
consisting solely of 3d, 4d, and 5d metallic atoms and characterized by high spin magnetic
moments. These compounds have the chemical formula X2MnZ, where X is Co, Rh, or
Ru, and Z is a transition metal atom such that the valence order is Co(Rh, Ru) > Mn > Z.
Most of these compounds exhibit a region of very low density of minority-spin states at
the Fermi level when crystallized in the L21 lattice structure. For Co-based compounds,
the total spin magnetic moments per formula unit are close to integer values and follow
the Slater–Pauling rule. In the Ru-based compounds, the 5d valence states result in total
spin magnetic moments that are about 2 µB lower than those of the corresponding Co-
based compounds. Rh-based compounds show magnetic properties similar to Co-based
compounds for lighter Z elements and to Ru-based compounds for heavier Z elements.
Our results further indicate that the electronic and magnetic properties are only minimally
influenced by the specific choice of the Z element within the same column of the periodic
table, with the exception of the Rh2MnCr and Rh2MnMo(W) compounds.

We expect that our findings will encourage additional theoretical and experimental re-
search on these compounds, which have promising potential for applications in spintronics
and magnetoelectronics.
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