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ABSTRACT: MnPd5Se, a derivative of the anti-CeCoIn5-type phase, was
synthesized from a high-temperature solid-state reaction, structurally determined
by X-ray diffraction, and magnetically characterized with a combined magnetic
measurement and neutron powder diffraction (NPD). According to the X-ray
diffraction results, MnPd5Se crystallizes in a layered tetragonal structure with the
same space group as CeCoIn5, P4/mmm (No. 123). MnPd5Se shows
antiferromagnetic ordering around 80 K on the basis of the magnetic property
measurements. An A-type antiferromagnetic structure was revealed from the
analysis of neutron powder diffraction results at 300, 50, and 6 K. Moreover, a
spin orientation rotation was observed as the temperature decreased. Pd L3 X-ray
absorption near edge spectroscopy results for MnPd5Se semiqualitatively
correlate with the calculated density of states supporting a nominal 0.2 electron
transfer into the Pd d orbital from either Se or Mn in the compound. The
discovery of MnPd5Se, along with our previously reported MnT5Pn (T = Pd or Pt; Pn = P or As), provides a tunable system for
studying the magnetic ordering from ferromagnetism to antiferromagnetism with the strong spin−orbit coupling effect.

■ INTRODUCTION

Understanding, further design, and synthesis of rare-earth-free
magnetic intermetallic materials with high transition temper-
atures and large magnetic moments are essential for applied
information technology, such as magnetic and magnetoelastic
devices, spintronics, and even biomedical sensors. In the past
several decades, most research was focused on complex
intermetallic compounds containing magnetically active Mn,
Fe, and Co atoms.1−4 By tuning various 3d transition metal
interactions, one can determine and analyze the magnetic
exchange as a function of atomic distances and chemical
bonding interactions.2,5−7 The previous research shows that
the magnetic ordering that originated from magnetic interlayer
exchange interaction is extremely sensitive to magnetically
atomic distances.7−9 Moreover, it has been reported that the
transformation between ferromagnetic (FM) states and
antiferromagnetic (AFM) states can be manipulated by various
parameters, such as temperature, pressure, applied magnetic
field, and defects, for example, topological magnetic RMn6X6
and RMn2X2 (R = rare-earth element; X = Sn or Ge).9−12 On
the contrary, heavy-Fermion system CeCoIn5-type compounds
with tetragonal lattice symmetry make up the family that has
been well studied in terms of the transformation between
superconductivity and magnetism.13−17 Recently, a new family
of compounds with anti-CeCoIn5 structure was discovered
with diverse physical properties, such as the rare-earth-free
ferromagnetic MnPt5As, YbxPt5P with the coexistence of

superconductivity and magnetism, spin-flop FePt5P, etc.
18−20

The magnetically atomic distance between layers can be easily
tuned by chemical doping. Furthermore, the spin−orbit
coupling (SOC) effect can strongly influence the magnetic
ordering. To further understand how valence electron counts
and electronegativity govern the magnetic ordering, the Group
V elements P and As were replaced with Se atoms. A new
compound, MnPd5Se, was synthesized accordingly. MnPd5Se
with the same structure as MnT5Pn (T = Pd or Pt; Pn = P or
As) was determined to order antiferromagnetically with a TN
of ∼80 K. The neutron scattering experiments show the
magnetic moment vector rotation as the temperature
decreases. The new antiferromagnetic MnPd5Se, along with
our previously reported MnT5Pn (T = Pd or Pt; Pn = P or As),
can be an ideal platform for investigating the tunable
magnetism in rare-earth-free magnetic intermetallics.

■ EXPERIMENTAL SECTION
Synthesis. Polycrystalline MnPd5Se was synthesized by the solid-

state high-temperature pellet method. Mn powder (Mangan, >99%),
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Pd powder (BTC, −200 mesh, 99.95%), and Se shots (BTC,
99.999%) were weighed in a 1:5:1 Mn:Pd:Se atomic ratio. The
mixture was ground well and pressed into a pellet with a total mass of
200 mg. The pellet was placed in an alumina crucible and sealed into
an evacuated silica ampule (<10−5 Torr). The sample tube was heated
to 1050 °C at a rate of 40 °C/h, annealed at 1050 °C for 48 h before,
and then slowly cooled to room temperature at a rate of 10 °C/h. The
reaction scheme yielded small single-crystal MnPd5Se, which was
stable in air and moisture.
Phase Identification and Structural Analysis of MnPd5Se.

The crystal structure of MnPd5Se was determined by a Bruker D8
EcoQuest Single Crystal X-ray Diffractometer (SC-XRD) with Mo
radiation (λKα = 0.71073 Å). Multiple single crystals were tested to
confirm the purity, and the crystal structure was determined using the
SHELXTL package with direct methods and full-matrix least squares
on the F2 model.21,22 Atomic mixtures and vacancies were tested in
the refinement. The powder X-ray diffraction (PXRD) pattern was
collected using the Bruker D2 Phaser XE-T edition benchtop X-ray
powder diffractometer with Cu radiation (λKα = 1.5405 Å) over a
range of Bragg angles (2θ) from 5° to 90°. LeBail fitting of PXRD
data was conducted in the Fullprof Suite software.23

Scanning Electron Microscope (SEM). To further evaluate the
chemical composition, the sample was analyzed using a high-vacuum
Zeiss Sigma field emission SEM (FESEM) with an Oxford INCA
PentaFETx3 Energy-Dispersive Spectroscopy (EDS) system. Spectra
were recorded from multiple areas of the crystals mounted on a
carbon tape with an accelerating voltage of 30 keV.
X-ray Absorption Near Edge Spectroscopy (XANES). Pd-L3

XANES data were collected in total electron yield mode, with
sequential standards for calibration, on the Brookhaven National
Synchrotron Light Source II (NSLS-II) insertion device beamline 7-
ID-2 SST-2 using a Si-111 monochromator. Here the total electron
yield mode was important for minimizing self-absorption rounding of
the spectra.
Neutron Powder Diffraction (NPD). To determine the magnetic

structure of the titled compound, neutron powder diffraction patterns
were collected on the time-of-flight (TOF) powder diffractometer
(POWGEN) at the Spallation Neutron Source (SNS) at Oak Ridge
National Laboratory (ORNL). Multiple reactions were carried out as
explained in the previous section to synthesize high-quality single
crystals for the NPD experiments, and the purity of the products from
each reaction was confirmed with PXRD. A powder sample of ∼1.6 g
was loaded into a 6 mm diameter vanadium sample can with a copper
gasket inside the argon gas-filled glovebox. The data were collected at
temperatures of 6, 50, and 300 K using a neutron wavelength band
(2.13−3.198 Å) with a center wavelength of 2.665 Å. The nuclear
structure was determined from the data collected at 300 K using the
FullProf refinement suite, while magnetic structure analysis at low
temperatures was performed using the FullProf refinement suite and
the SARAh Representational Analysis and Refine Software.23−25 The
k-search functionality within FullProf revealed a commensurate
magnetic propagation vector of k = (0, 0, 1/2) for MnPd5Se. The
representational analysis of the propagation vector in the parent P4/
mmm space group was performed using SARAh and resulted in three
unique irreducible representations with basis vectors, similar to the
reported MnPt5P magnetic structure analysis.26

Physical Property Measurements. Magnetic properties and
heat capacity measurements were conducted on a Quantum Design
Dynacool physical property measurement system (PPMS). The
instrument operates from 1.8 to 300 K with applied fields of ≤9 T.
The magnetic susceptibility is defined as χ = M/H, where M is the
magnetization in units of electromagnetic unit and H is the external
magnetic field. The standard relaxation calorimetry method was used
to measure the heat capacity. Data were collected from 1.8 to 150 K
using N-type grease.

■ RESULTS AND DISCUSSION

Structural Analysis of MnPd5Se. MnPd5Se, which is the
first ternary compound of the Mn−Pd−Se system, crystallizes

in a TlPd5As-type structure in space group P4/mmm (No.
123). The refined crystallographic data, atomic coordination
information, and anisotropic displacement parameters are
listed in Tables 1 and 2. The only difference between the

CeCoIn5-type structure and MnPd5Se is the interchange of Pd
on the 1a site and the Mn atom on the 1c site. When MnPd5Se
was modeled with the CeCoIn5-type structure, the residual
values increased, excluding the existence of this alternative
CeCoIn5-type structure in MnPd5Se. Furthermore, the partial
and mixed occupancy was tested, and the results led to the
conclusion that neither is observed for MnPd5Se. As shown in
panels a and b of Figure 1, MnPd5Se possesses a layered
structure with Mn@Pd12 polyhedral layers intercalated
between two-dimensional Se layers. The nearest neighbor
Mn−Mn distance in the a−b plane is ∼3.978 Å, whereas the
interlayer Mn−Mn distance along the c-axis is ∼6.976 Å. The
Pd1 atom at the origin is coordinated with four Mn atoms and
the eight Pd2 atoms in a distorted cuboctahedron as shown in
Figure 1b (bottom). Similarly, the Mn atom is in the center of
a cuboctahedron surrounded by Pd atoms Figure 1b (top).

Phase and Chemical Composition Analysis. A Rietveld
fitting of the PXRD pattern represented in Figure 1c indicates
the purity of the bulk material is in agreement with the refined
lattice parameters obtained from SC-XRD. The refinement
results for Rp, Rwp, and χ2 are 7.92, 10.7, and 2.22, respectively,
which indicate a reasonable PXRD refinement. Furthermore,
the Rietveld refinement of the nuclear neutron powder
diffraction data at 300 K also confirms the purity of the bulk
sample. The results of the refinement are given in Figure S1. In
addition, the chemical compositions of the new material were
further examined by SEM-EDS and found to have an average
composition of Mn1.0(1)Pd5.08(5)Se0.95(5), which is in agreement

Table 1. Single-Crystal Refinement Data for MnPd5Se at
273(2) K

empirical formula MnPd5Se
formula weight (g/mol) 665.90
space group, Z P4/mmm, 1
a (Å) 3.978(2)
c (Å) 6.976(5)
volume (Å3) 110.4(1)
extinction coefficient none
θ range (deg) 2.920−33.866
no. of reflections, Rint 670, 0.0358
no. of independent reflections 165
no. of parameters 13
R1, ωR2 [I > 2δ(I)] 0.0390, 0.0933
R indices (all data) (R1, ωR2) 0.0538, 0.1010
goodness of fit on F2 1.083
diffraction peak and hole (e−/Å3) 3.087 and −2.240

Table 2. Atomic Coordinates and Equivalent Isotropic
Displacement Parameters of MnPd5Se

a

atom Wyckoff x y z occupancy Ueq

Mn 1c 1/2
1/2 0 1 0.0073(9)

Se 1b 0 0 1/2 1 0.0060(7)
Pd1 1a 0 0 0 1 0.0062(6)
Pd2 4i 0 1/2 0.2783(2) 1 0.0072(4)

aUeq is defined as one-third of the trace of the orthogonalized Uij
tensor (square angstroms).
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with the SCXRD results. Detailed images and the composition
of the multiple crystals examined via SEM-EDS are given in
Table S1.
Antiferromagnetic Ordering Dominating in

MnPd5Se. Figure 2a illustrates the isothermal magnetization
curves measured over the temperature range of 2−300 K with
an applied field of ≤9 T on the polycrystalline MnPd5Se
sample. The magnetization curve at 2 K increases sharply from
0 to ∼0.05 μB up to 500 Oe followed by a linear increment up
to ∼2 μB, which appears to be unsaturated up to 9 T. This
linear behavior of magnetization indicates a tendency toward
an antiferromagnetic (AFM) interaction between the Mn
atoms. However, as the temperature increases to 60 K, the
magnetic moment is larger than that detected at 2 K. The
unusual magnetic behaviors indicate more complicated
magnetic ordering in the system. The extrapolation of the
magnetization data at 2 K to zero applied field (shown as the
dotted line in the inset of Figure 2a) gives a positive intercept
of 0.025 μB to the magnetization axis. This residual moment

was initially thought to be a weak ferromagnetism or spin
canting, but what was observed was a spin reorientation
according to neutron powder diffraction data analysis. Possible
magnetic impurities such as MnSe2 (ferromagnetic),27 Mn3Pd5
(ferrimagnetic),

28 MnPd3 (antiferromagnetic),29 and other
ferromagnetic Mn−Pd alloys with various Mn concentrations
were tested with the PXRD refinement using FullProf Suite.30

This magnetic behavior in the field-dependent magnetization
may be attributed to a competing antiferromagnetic state with
an intrinsic weak ferromagnetic transition. This has been
further investigated using our neutron powder diffraction
results.
The temperature dependence of the magnetic susceptibility

(χ) measured under various fields for MnPd5Se is depicted in
Figure 2b. When the temperature is decreased under an
applied field of 0.05 T, the magnetic susceptibility increases
rapidly around 150 K, reaching a maximum at ∼80 K, and then
decreases upon further cooling. This steep increase in χ at 0.05
T around 150 K is characteristic of a ferromagnetic transition,

Figure 1. (a) Unit cell of MnPd5Se. (b) Layered crystal structure of MnPd5Se with cuboctahedra showing Mn and Pd coordination. (c) Rietveld
refinement of PXRD of MnPd5Se.

Figure 2. (a) Magnetization vs applied field up to 9 T at temperatures ranging from 2 to 300 K. The inset shows an enlarged view of low-field
magnetization showing the extrapolation of the magnetization at 2 K as a dotted line. (b)b. Magnetic susceptibility vs temperature measured under
fields of 0.05, 1, and 3 T. The inset shows the Curie−Wiess fitting of the inverse magnetic susceptibility at 1 T. FC and ZFC refer to field-cooled
and zero-field-cooled methods, respectively.
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while the peak at ∼80 K could originate from an
antiferromagnetic state. However, when the applied field is
increased, the weak ferromagnetic interactions observed at 0.05
T are suppressed while the antiferromagnetic behavior
dominates, consistent with the isothermal magnetization
data. Furthermore, Figure 2b illustrates a splitting of the
zero-field cooling (ZFC) and field cooling (FC) curves at 0.05
T indicating magneto crystalline anisotropy or a coexistence of
ferromagnetic and antiferromagnetic interactions or a spin
canted state.31−33 The magnetic susceptibility above 150 K (1
T) was used to fit the data with the Curie−Weiss law,
χ χ= +

θ−
C

T0 CW
, where χ, χ0, C, and θCW represent the

magnetic susceptibility, the temperature-independent contri-
bution to the susceptibility, the Curie constant, and the Curie−
Weiss temperature, respectively. The Curie−Weiss fit yielded
an effective moment of 5.6(1) μB/Mn and a positive θCW of
80(1) K. The positive θCW is not in agreement with the
dominant antiferromagnetic behavior suggested by the magnet-
ization results, thus indicating potential competing magnetic
interactions.34 Therefore, to investigate the magnetic structure
of the new compound, neutron powder diffraction experiments
were carried out.
On the contrary, to confirm the intrinsic magnetic ordering,

heat capacity measurements were performed on the same piece
of MnPd5Se that was used in the magnetic measurements. The
results for heat capacity without an applied field are shown in
Figure 3. The sharp peak observed around 80 K with a ΔCp of

∼12 J mol−1 K−1 is attributed to the antiferromagnetic ordering
of MnPd5Se, which is consistent with the magnetization
measurements. The entropy calculated from the integrated Cp/
T data is shown on the right axis of Figure 3. According to the
neutron powder diffraction analysis presented below, Mn in
MnPd5Se ordered with an Seff of 4.1(8) μB. Thus, the
theoretical entropy change is expected to be R ln(2Seff + 1)
∼ 18.5 J mol−1 K, which is marked in Figure 3.35 However, due
to the lack of information about the contributions of phonons
to heat capacity, the experimental magnetic entropy of
MnPd5Se could not be derived from heat capacity data.
Magnetic Structure of MnPd5Se. To determine the

magnetic structure of MnPd5Se, the neutron powder

diffraction (NPD) data were collected at 6, 50, and 300 K.
The refined NPD patterns at 6, 50, and 300 K are given in
Figure 4 and the Supporting Information. The analysis of NPD
data at 300 K confirms the tetragonal P4/mmm structure of
MnPd5Se and the purity of the bulk sample, which agrees with
the SCXRD and PXRD results. Upon cooling to 50 K, a set of
magnetic peaks were detected and reasonably indexed by the
propagation vector k = (0, 0, 1/2), indicating that the magnetic
unit cell a × b × 2c is double the crystal unit cell along the c-
axis for the MnPd5Se phase. The magnetic moments continue
to order down to 6 K as shown by the increase in the magnetic
moment from 3.1(6) to 4.1(8) μB/Mn from 50 to 6 K,
respectively. Furthermore, the refinement reveals that the
magnetic moments are confined in the a−b plane at both 6 and
50 K. The calculated ordered magnetic moment at 50 K has
the components μa = 1.8(5) μB/Mn and μb = −2.5(4) μB/Mn
with a total magnetic moment of μtot = 3.1(6) μB/Mn, whereas
upon cooling to 6 K, the components of μa = 3.6(4) μB/Mn
and μb = −1.9(8) μB/Mn with a total ordered moment of
4.1(8) μB/Mn were determined. Detailed values of the
moments along the different crystal axes are listed in Table
3. Figure 5 represents the magnetic structure of MnPd5Se at 50
and 6 K. The magnetic moments obtained from neutron
diffraction are smaller than the saturated moments measured at
1.8 K, which may result from the measured temperature
differences. The results reveal that the compound has an A-
type antiferromagnetic structure where the spins align
ferromagnetically within the a−b plane and align antiferro-
magnetically between the Mn layers along the c-axis. These
results are in agreement with the positive θCW value
corresponding to the ferromagnetic interactions in the a−b
plane, while the sharp peak observed in magnetic susceptibility
measurements, which is characteristic of an antiferromagnetic
transition, is consistent with the interlayer antiferromagnetic
ordering. Furthermore, cooling to 6 K resulted in a rotated
AFM axis as shown in the schematic diagram in Figure 5c. The
rotation angle was calculated considering the ordered magnetic
moments along directions a and b and found to deflect 27.2°
toward the a-axis. Thus, the residual magnetization observed at
2 K in the isothermal magnetization curve could originate from
this spin rotation state. Spin reorientation has been observed in
a variety of Mn compounds such as MnBi, CeMnAsO, Pr-
doped Yb14MnSb11, and REMnO3.

36−39 These studies show
that the crystalline electric field (CEF) and the subsequent
large anisotropy play a key role in the spin reorientation of
these materials. However, even though the parent Yb14MnSb11
compound shows anisotropy, spin reorientation is induced
only when the doped Pr changes the 3d−3d interaction
between [MnSb4]

9− layers via 3d−4f interactions.36,40 More-
over, the anisotropic thermal expansion observed in MnBi that
largely originated from nominally nonmagnetic Bi atoms with
SOC strongly influences the spin reorientation behavior.37

Thus, the temperature-dependent spin reorientation observed
in MnPd5Se may originate from altered Mn 3d−3d
interactions through 3d−4d (Mn−Pd) interaction with SOC.
Furthermore, two kinds of spin reorientation have been
previously reported: (1) sharp spin reorientation with a first-
order phase transition and (2) a gradual tilt of spins with a
second-order phase transition.36,41−43 Accordingly, the spin
reorientation observed in MnPd5Se can be attributed to a slow
tilt of spins, which is also supported by the broad peak
observed from heat capacity measurement at low temperatures.

Figure 3. Heat capacity (Cp) measurements on MnPd5Se from 2 to
150 K on the left axis and change in entropy of the material with
temperature on the right axis.
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Pd Configuration and Electronic Structure of
MnPd5Se. The L2,3 edges of the 5d/4d row of transition
metal (T) materials manifest sharp “white line” (WL) features
due to transitions into empty d states above the Fermi level
(EF).

44−50 The differing details of the d5/2 and d3/2
contributions to the WL features at the L2,3 edges are beyond
the scope of this paper on zeroth-order charge transfer and
bonding effects. Evidence that the intensity and energy
distribution of the WL feature reflect the d hole state count/
distribution, weighted by matrix elements, has been indicated
in elemental,44,46,50 alloy,48,49 and intermetallic44−47 materials.
In Figure 6a (bottom), the L3 edge absorption coefficient (μ)
spectrum of elemental ∼d9 Pd displays a sharp/intense WL
feature due to transitions into the 4d hole state impinging on
EF. In contrast, the ∼d10 Ag spectrum shows no WL but only a
structured onset of transitions into the itinerant continuum
states above EF. (Here the Ag spectrum has been greatly
shifted in energy for comparison.) Turning to the MnPd5Se,

Pd L3 spectrum in Figure 6a (bottom), we find the WL feature
is still quite sharp; however, its intensity is dramatically
decreased relative to that of elemental Pd. This would support
electron transfer into the 4d orbitals shifting them below EF in
this compound. To illustrate the WL feature only spectral
contributions, a shifted Ag spectrum has been subtracted from
the Pd spectra and the resulting absorption coefficient
difference spectra (Δμ) are displayed in Figure 6a (top).
The energy shift of the subtracted Ag spectrum has been
chosen so that the first shoulder of the subtracted spectrum lies
under the center of each of the WL feature peaks. In Figure 6a
(top), the WL feature of elemental Pd can be seen to be
asymmetric with a sharper spectral cutoff on the low-energy
(EF) side. The very notably lower-intensity MnPd5Se WL
feature is weekly broadened with a modest intensity enhance-
ment on the high-energy side. The integrated MnPd5Se WL
feature intensity is 20% less than that of elemental Pd,
supporting a nominal 0.2 electron transfer into the Pd d orbital
in the compound from either Se or Mn.44−50 The broadening
of the WL feature on the high-energy side suggests the
upshifting of the energy of some antibonding 4d states in the
compound.45,46,48−50 Figure 6b presents the Pd d-projected
DOS on the same energy scale as the XANES results for
MnPd5Se.

45,46,48−50 Here the compound Pd-DOS is domi-
nated by the 4-fold more numerous Pd2 sites. The higher-
energy broadening of both the WL feature and the Pd-DOS in
the ∼3 eV above the aligned peaks provides a semiqualitative
correlation between the two despite the much lower energy
resolution of the XANES.
The density of states (DOS) from −2 to 2 eV calculated

from the wien2k package for MnPd5Se is shown in Figure 7.

Figure 4. Refined neutron powder diffraction patterns at 300, 50, and 6 K.

Table 3. Projection on Each Crystal Axis from Magnetic
Moments on Mn in MnPd5Se

magnetic moment (μB)

translation crystal axis 6 K 50 K

(0, 0, 0) a 3.6(4) 1.8(5)
b −1.9(8) −2.5(4)
c 0.000 0.000

(0, 0, 1) a −3.6(4) −1.8(5)
b 1.9(8) 2.5(4)
c 0 0

total 4.1(8) 3.1(6)
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The DOS for the energy range from −6 to 8 eV is presented in
Figure S2. The DOS was determined first without applying
SOC and spin polarization (SP) using the experimentally
crystallographic unit cell information. The results indicate that
there is a large density of states near the Fermi level where the
major contribution is coming from Mn d orbitals and then
from both Pd d atoms while the Se p orbital has the smallest
contribution. Next, the SOC and SP effects were considered in
the calculation, and here the magnetic unit cell determined
from NDP analysis was utilized. The doubled unit cell used in
this case is shown in Figure S3. As indicated in Figure 7b, the
DOS at EF for MnPd5Se has decreased significantly when both
SOC and SP have been included. In MnPd5Se, due to
antiferromagnetic ordering, the Mn orbital contribution near
EF has been minimized by concentrating the major Mn1 and
Mn2 orbital contributions around 1.5 and −1 eV, respectively.
Additionally, Mn1, Mn2, Se, Pd1, and Pd2 hybridize near EF,

decreasing the corresponding DOS, while Pd3 and Pd4 in the
4i site contribute most to the Van Hove singularity near EF.
Furthermore, the electronic structure of MnPd5Se displays a
pseudogap at ∼0.3 eV.

■ CONCLUSION

In this paper, we discovered the first ternary compound in the
Mn−Pd−Se system, antiferromagnetic MnPd5Se. The crystal
structure and magnetic properties were fully characterized by
both X-ray diffraction and neutron scattering techniques.
MnPd5Se crystallizes in the anti-CeCoIn5 structure with a
layered tetragonal structure (space group P4/mmm). Below TN
∼ 80 K, the A-type antiferromagnetic ordering was detected
along direction c. Temperature-dependent neutron scattering
confirms a slow spin reorientation as the temperature
decreases. Semiqualitative comparison of Pd-L3 XANES results

Figure 5.Magnetic structure of MnPd5Se refined from NPD at (a) 50 K and (b) 6 K showing the interlayer and intralayer magnetic interactions at
50 and 6 K. (c) Schematic representation of the AFM axis rotation with cooling.

Figure 6. (a) Pd L3 edges, with the WL features indicated, for MnPd5Se and elemental Pd (bottom). For comparison, the energy-shifted elemental
Ag L3 edge, with a negligible WL feature, is shown. Approximation of the WL features for the Pd spectra obtained by subtracting the Ag L3
spectrum with an energy shift placing it at the center of the WL feature for each material (top). (b) Pd L3 edge spectrum of MnPd5Se compared to
the superimposed calculated DOS above EF for Pd states in MnPd5Se. Here the dashed vertical line indicates the EF in the calculation.

Inorganic Chemistry pubs.acs.org/IC Article

https://doi.org/10.1021/acs.inorgchem.1c03637
Inorg. Chem. 2022, 61, 3981−3988

3986

https://pubs.acs.org/doi/suppl/10.1021/acs.inorgchem.1c03637/suppl_file/ic1c03637_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.inorgchem.1c03637/suppl_file/ic1c03637_si_001.pdf
https://pubs.acs.org/doi/10.1021/acs.inorgchem.1c03637?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.inorgchem.1c03637?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.inorgchem.1c03637?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.inorgchem.1c03637?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.inorgchem.1c03637?fig=fig6&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.inorgchem.1c03637?fig=fig6&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.inorgchem.1c03637?fig=fig6&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.inorgchem.1c03637?fig=fig6&ref=pdf
pubs.acs.org/IC?ref=pdf
https://doi.org/10.1021/acs.inorgchem.1c03637?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


and the DOS of the compound support the idea that the
energies of some antibonding 4d states are increased with
nominal 0.2 electron transfer into the Pd d orbital from either
Mn or Se. Further manipulation of the spin reorientation
intrinsic to MnPd5Se by doping with strong spin−orbit
coupling elements could be interesting in future studies.
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