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Plastic deformation in MnAu2Al
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The Heulser intermetallic MnAu2Al is shown to undergo a dramatic change in net magnetization in response
to plastic deformation. A mechanism is proposed involving antiferromagnetic interactions in the otherwise
ferromagnetic compound (when ordered) that arise due to chemical changes at the antiphase boundaries
created by the deformation. The coupling between chemical and magnetic order across antiphase boundaries
is likely to occur in other ordered magnetic systems and may provide an explanation for otherwise anomalous
magnetic behavior across several systems, including other Heusler intermetallics.

I. INTRODUCTION

For material systems in which magnetic interactions
depend strongly on local order and interatomic dis-
tances, mechanical deformation can lead to a wide range
of interesting magnetic phenomena. The coupling be-
tween mechanics and magnetism is particularly evident
in ordered intermetallics that undergo plastic defor-
mation, where dislocations may place atoms on new
atomic sites, and therefore create new chemical environ-
ments and interatomic distances. We examine this phe-
nomenon in Heusler MnAu2Al, wherein we derive the
atomistic mechanism underlying the strong dependence
of bulk magnetic properties on defects induced through
plastic deformation.

Heusler intermetallics crystallize in the L21 struc-
ture in space group Fm3̄m, and have the chemical
formula XY2Z where, respectively X and Y are usu-
ally an earlier and later transition metal, and Z is a
main group element. Friedrich Heusler first discovered
this family of compounds in 1903, noting the ordered
structure MnCu2Al was ferromagnetic, despite none of
the constituent elements exhibiting ferromagnetism.1

Since then, Mn-based Heuslers with the general formula
MnY2Z have proven to be a diverse class of materials
that include ferromagnets, ferrimagnets, and antiferro-
magnets with the particular magnetic order sensitive to
valence electron count.2,3

A simple model often used to explain the magnetic or-
der observed in Mn-based Heuslers assumes the Y and
Z elements are nonmagnetic. The magnetism is then
attributed to localized magnetic moments on the Mn
atoms that couple to one another via Ruderman-Kittel-
Kasuya-Yosida exchange facilitated by the Z element.4–6

Although this simple model fails to acknowledge the
importance of direct magnetic exchange, where mag-
netic atoms couple to one another on neighboring
sublattices,7,8 it provides a foundation for understand-
ing the oscillation between ferromagnetic and antifer-
romagnetic exchange within Mn-based Heuslers. This

phenomenon has been experimentally verified by inelas-
tic neutron scaterring performed by Noda and Ishikawa
on MnNi2Sn and MnPd2Sn,9 and Tajima et al. on
MnCu2Al.10

The oscillatory nature of the magnetic exchange in-
teractions as a function of interatomic distance, as well
as local chemical order, indicates the relative strength
of ferromagnetic and antiferromagnetic magnetic ex-
change within Heuslers can be impacted by planar faults
and dislocations. This phenomenon has been employed
to describe the decrease in bulk magnetization that
has been observed after cold working in a number of
Heusler alloys including MnCu2Al and MnPd2Sn.11–13

Lorentz transmission electron microscopy performed on
MnCu2Al by Lapworth and Jakubovics13 provided some
of the first substantial evidence of strong antiferro-
magnetic interactions in the otherwise ferromagnetic
MnCu2Al as it was revealed that magnetic domains were
pinned at antiphase boundaries (APBs) generated via
thermal stress or plastic deformation.13 A similar behav-
ior was reported for MnPd2Sn when Shinohara et al. ob-
served a seemingly anomalous decrease in bulk magne-
tization after crushing induction melted MnPd2Sn into
a fine powder.11 These data were suggested as indirect
evidence that Mn atoms across the APBs were coupling
antiferromagnetically, although direct evidence of such
an atomistic coupling has not been reported.

In this contribution, we resolve the full atomistic
mechanism of magnetoplastic coupling in the MnAu2Al
model system for ordered intermetallic ferromagnets in
which plastic deformation can disrupt macroscopic mag-
netic order. We derive the likely chemical structure of de-
fects created by plastic deformation and show that these
defects lead to new, antiferromagnetic interactions and
the formation of pinned magnetic domain walls. Pre-
vious work on MnAu2Al has led to uncertainty around
the material’s properties as the saturation magnetiza-
tion, Curie temperature and processing conditions have
been inconsistently reported.14–19 Our work highlights
the importance of defect induced magnetic exchange in
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this material when characterizing the macroscopic mag-
netic properties. The behavior is quantified here by us-
ing density functional theory (DFT) to identify the pla-
nar defects likely to form during plastic deformation and
map out their magnetic configuration as a function of
chemical order and Mn–Mn distance. To the best of our
knowledge this is the first time coupling between mag-
netism and plastic deformation has been understood on
the basis of the electronic structure at the level of atoms
and near-neighbor ordering. X-ray diffraction, magnetic
measurements, and transmission electron microscopy on
MnAu2Al are complemented by the detailed DFT calcu-
lations here. The calculations then help outline a process
for identifying similar ordered intermetallics that may
provide a platform for engineering the magnetic domain
structure of materials through mechanical means.

II. MATERIALS AND METHODS

Starting materials of cleaned Mn (Alfa Aesar, pieces,
99.99%), Au (Alda Aesar, powder, 99.96%), and Al
(Sigma Aldrich, powder, 99.95%) were weighed in a
1.2:2:1 stoichiometry to account for Mn volatilization
during melting, and ground for 10 minutes in a mortar
and pestle to ensure homogeneity. The mixed powder
was pressed into a 6 mm pellet using a force of 2 tons.
Sample masses were between 300 mg and 600 mg. Pel-
lets were arc melted twice in an Ar atmosphere, flipping
the ingot between melts, with mass losses between 0.7%
and 3.2%. The ingots were ground into powder and
sealed in an evacuated fused silica ampule. The powder
was annealed at 500 ◦C for 6 days, and then slow cooled
to room temperature at a rate of 0.5 ◦C min−1. For sam-
ples labeled “annealed”, the powder was not ground any
further. Samples that have been ground after the 500 ◦C
anneal are referred to as “ground”. The ground samples
were hand ground with a mortar and pestle for 5 min to
20 min. Additional magnetic and microstructural analy-
sis was performed on an arc melted polycrystalline ingot
that was annealed under the same conditions and then
deformed by mechanically pressing in a hydraulic press.
The change in thickness of the pressed ingot was mea-
sured with calipers and corresponded to a plastic strain
of roughly 6.5%.

X-ray diffraction patterns were collected for 30 min on
a laboratory diffractometer (Panalytical, Empyrean) us-
ing a Cu Kα source (λ = 1.5406 Å). Pawley refinements
were performed in TOPAS.20 The peak shape fit from the
annealed sample, measured under identical conditions
to the ground sample, was fit with a Lorentzian func-
tion. This peak shape was used as a basis where addi-
tional broadening in the ground sample is assigned to
size broadening. As peak broadening can be caused by
both strain and crystallite size, the diffraction pattern of
the ground sample was initially assumed to be due to
a convolution between the diffraction pattern of the an-
nealed sample, a pseudo-Voigt function due to crystal-

lite size, and a pseudo-Voigt function due to microstrain.
The best fit results from assuming the peak broadening is
caused exclusively by a reduction in crystallite size. Crys-
tallite size is then calculated using the integral breadth
or full width at half max (FWHM) of diffraction peaks
in the ground sample, resulting in a weighted average of
crystallite size.21

Magnetic measurements were performed on a SQUID
magnetic property measurement system (MPMS3, Quan-
tum Design) equipped with a vibrating sample magne-
tometer (VSM). Field-cooled and zero-field-cooled mag-
netization (M) vs. temperature (T ) measurements were
taken upon warming at a field H = 20 mT while sweep-
ing temperature at 5 K min−1. Magnetization was mea-
sured as a function of field at T = 2 K between H = −7 T
and 7 T.

A detailed microsctructural investigation was per-
formed on an electron transparent lamella microma-
chined from the mechanically pressed ingot using a
focused ion beam incorporated within an FEI Helios
Dualbeam Nanolab 600. Transmission electron mi-
croscopy (TEM), exploiting multiple imaging modes, was
performed in an FEI Talos F200X S/TEM operated at
200 kV. Conventional bright field TEM imaging paired
with selected area electron diffraction (SAED) patterns
were recorded to acquire representative microstructure
images and identify the phases present, respectively.
Scanning transmission electron microscopy (STEM) per-
formed using a high angle annular dark field (HAADF)
detector was applied to explore and elucidate nanos-
tructural features. Specifically, the HAADF detector was
set to a camera length of 95 mm to preferentially col-
lect electrons from elements with large atomic number.
Images recorded at this camera length will therefore be
referred to as atomic mass sensitive images. Addition-
ally, the HAADF detector was set to a camera length of
440 mm to record images sensitive to strain contrast.

All electronic structure calculations were per-
formed using the Vienna Ab–Initio Simulation Package
(VASP),22–24 using the Perdew–Burke–Ernzerhof (PBE)
exchange–correlation functional25 and the projector–
augmented wave (PAW) method.26 All calculations are
converged to 10−6 eV in total energy and relied on a
reciprocal space discretization of 400 k–points per Å3 (≈
6000 k–points per atom). Data processing and analysis
were performed using the pymatgen package.27

γ–surface calculations of the planar fault energy were
performed using supercells with at least 18 Å separa-
tion between periodic images of the interface. The in-
terfacial energy was minimized across possible normal
displacement28 at the interface and ferromagnetic versus
antiferromagnetic alignment across the interface.

To explore the coupling between magnetic and chem-
ical order in this system, we construct a cluster expan-
sion combining chemical and magnetic degrees of free-
dom. A cluster expansion builds a quasi-classical, atom-
istic representation of the configurational energy of a lat-
tice system by summing effective interactions between
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groups of lattice sites. These interactions between pairs,
triplets, etc. of sites depend on the chemical occupa-
tion of each site and, if the site is occupied by a mag-
netic element, its spin orientation. The energy contri-
bution of these effective interactions are determined by
fitting the cluster expansion Hamiltonian to energies ob-
tained from electronic structure calculations within den-
sity functional theory (DFT), taking care to enforce the
invariance to the energy under the symmetries of the sys-
tem. Further descriptions of this method are available in
the literature29–31.

Of particular value to this work is the fact that a clus-
ter expansion disentangles the coupling between chem-
ical and magnetic order. While a cluster expansion can
provide a very precise parametrization of the configura-
tional energy, it is also readily interpretable and compa-
rable to illustrative toy models. This combination of rigor
and interpretability allows us to quantify how chemical
changes perturb specific magnetic interactions. The clus-
ter expansion Hamiltonian we use has the form

E =
∑
ω1

Jω1

∏
i∈ω1

σi +
∑

(ij)=ω2

Jijσiσj (Si · Sj)

where ω1 represents 2, 3, and 4–body clusters of sites
for the purely chemical part of the Hamiltonian, ω2 rep-
resents pairs of sites for the chemomagnetic part of the
Hamiltonian, σ are chemical occupation variables, S
are spin unit vectors and J are fitted interaction coef-
ficients. Pair-interactions up to 8 Å, are included while 3
and 4–body chemical interactions are only treated within
the nearest-neighbor shell. The magnetic couplings are
treated to lowest-order, in Heisenberg model form, as a
dot-product interaction between spin vectors. We ne-
glect non-linear pair interactions and all 3- and 4-spin
interactions as the lowest-order Heisenberg model gives
satisfactory agreement with DFT in terms of both the rel-
ative energy of spin configurations (6 meV/Mn) and the
ground-state spin structures for low-energy chemical or-
derings.

The interactions J are determined by fitting a linear
regression between the spin-Hamiltonian and energies
obtained from DFT for a wide set of chemical and spin
configurations. Specifically, we enumerate chemical or-
derings with an overall MnAu2Al stoichiometry up to a
supercell of size 8 with respect to the primitive cell of the
underlying BCC lattice. For low energy chemical order-
ings, we then consider all distinct collinear magnetic or-
derings up to 8 spins per unit cell, and spin-wave config-
urations with low miller-index propagation vectors. The
uncertainty ei in the value of interaction Ji is determined
from C = FT F, the covariance of the regression data ma-
trix F, and e2i = C−1ii e

2, where e is the standard error of
the fit.

FIG. 1. X-ray diffraction patterns and Pawley refinement fits of
annealed and ground MnAu2Al. The annealed sample shows
much higher intensity and narrower peak width than after
grinding. This peak broadening is due to the nanoscale crys-
tallite size.

III. RESULTS AND DISCUSSION

X-ray diffraction patterns of the annealed and ground
MnAu2Al powders are shown in Figure 1. After an-
nealing at 500 ◦C, sharp peaks located exclusively at the
Bragg positions of the cubic MnAu2Al ordered Heusler
structure are observed. When the annealed powder is
ground further, the Bragg peaks are broadened. As out-
lined in the materials and methods, the broadening of
diffraction peaks in the ground sample is captured best
when attributed to reduction in crystallite size. The
calculated average crystallite size is 10.4(1) nm based
on integral breadth, or 14.5(2) nm based on FWHM. It
should be noted that this value is best interpreted as a
lower bound on the crystallite size as it is not possible
to completely rule out the presence of strain based on
the present laboratory x-ray diffraction data. In particu-
lar, in Figure 1 it is clear that at large Bragg angles the
peaks of the ground sample become nearly compromised
by the background. This is problematic when attempt-
ing to deconvolute strain broadening from crystallite size
broadening since broadening caused by strain occurs pre-
dominately at large Bragg angles (crystallite broadening
and strain broadening vary with respect to Bragg angle
as a function of tan θ and 1/ cos θ, respectively).21 It is
therefore best to evaluate the presence of microstrained
regions within plastically deformed MnAu2Al based on
the electron microscopy results that are presented later
on in this contribution.

The magnetization M as a function of the applied field
H, obtained at T = 2 K are displayed for the annealed
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FIG. 2. (a) Magnetization vs. applied magnetic field (H) for an-
nealed and ground powders at 2 K. (b) Magnetization vs. tem-
perature at H = 0.02 T for each. Values of magnetization of the
ground powder are multiplied by a factor of 100 so they may
be viewed on the same axes. Dotted lines indicate zero-field-
cooled measurements.

FIG. 3. (a) M vs. H at 2 K for an annealed piece and a piece
that has been pressed in a hydraulic press after annealing. (b)
Magnetization vs. temperature at H = 0.02 T for each. Dotted
lines indicate zero-field-cooled measurements.

and ground powder in Figure 2a. The annealed powder
shows the characteristic S-shaped curve of a ferromag-
net and a saturation magnetization of 3.2µB f.u.−1. The
curve for the ground powder is not reminiscent of a fer-
romagnet. Magnetization changes almost linearly with
applied field, and there is no saturation magnetization.
In addition, Figure 2b demonstrates the annealed sam-
ple has a clear Curie temperature, whereas there is no
clear magnetic transition after grinding. The magnitude
of the magnetization of the ground sample is multiplied
by a factor of 100 in order to be viewed on the same axes.

Clearly, grinding of MnAu2Al after the anneal leads to a
near zero macroscopic magnetic moment.

This dramatic change in M vs. H and M vs. T sug-
gests the grinding step modifies the local magnetic or-
dering in MnAu2Al. To clarify whether this phenomenon
is unique to the grinding process, the magnetic proper-
ties of a mechanically pressed ingot of MnAu2Al were
also measured. A plastic strain of approximately 6.5%
was imparted on the sample (see methods and materi-
als) and shows a similar decrease in net magnetic mo-
ment, although to a lesser extent, as illustrated in Fig-
ure 3. Achieving a strain of this magnitude confirms
MnAu2Al experiences plastic deformation before frac-
ture. In result, it is possible for dislocations to be gen-
erated in MnAu2Al via mechanical stress. The observed
changes in M vs. H and M vs. T are therefore ex-
pected to be due to plastic deformation caused by the
process of grinding annealed powder or pressing an in-
got of MnAu2Al. One possible mechanism for this cou-
pling is the generation of APBs during plastic deforma-
tion that lead to dramatic decreases in bulk magnetiza-
tion caused by antiferromagnetic coupling between Mn
on an Mn site and Mn on an Al or Au site, similar to
the previously observed behavior of the Heusler systems
MnPd2Sn11,12,32 and MnCu2Al.13,33 An alternative expla-
nation is that plastic deformation may induce a change in
the magnitude of the local magnetic moment. However,
we exclude this possibility because all configurations of
MnAu2Al consistent with the lattice observed in diffrac-
tion maintain nearly the same atomic moment magni-
tude as the pristine L21 phase.

It is also worth noting in both the annealed powder
and the annealed ingot, we observe a downturn in the
magnetization below 65 K, indicating the presence of an-
tiferromagnetic interactions below this temperature even
in the pristine material. As the downturn in magne-
tization is limited to the zero-field-cooled data of the
annealed powder, the most likely explanation for the
anomaly observed within the annealed powder is the for-
mation of anti-aligned ferromagnetic domains. However,
since this downturn persists in both the zero-field-cooled
and field-cooled data of the annealed ingot, the ingot
may very well partially transform into a spiral magnetic
phase forming with a lower magnetization, as proposed
by Bacon et al.14 They determined using neutron diffrac-
tion that part of their sample formed with this spin-spiral
structure, and part remained ferromagnetic. This could
be due to chemical inhomogeneity or thermal disorder
on the Mn and Al site caused by the 500 ◦C anneal.

To identify characteristic microstructural features of
plastically deformed MnAu2Al, we characterize the me-
chanically pressed ingot using TEM. Conventional TEM
bright field imaging in Figure 4a reveals a finely grained
microstructure. The corresponding SAED pattern con-
sists of rings that indicate the presence of the Heusler
phase and an unidentified secondary phase. Although
the exact composition of the secondary phase is un-
known, atomic mass contrast HAADF-STEM in Figure 4b
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FIG. 4. (a) Bright field TEM micrograph and the corresponding SAED pattern revealing a fine grained microstructure. The
diffraction rings identify the Heusler phase (H) and a secondary phase. (b) Atomic mass contrast HAADF-STEM reveals the
secondary phase consists of 20 nm Au deficient particulates located at grain boundaries. (c) Strain sensitive HAADF-STEM identifies
intra-granular contrast caused by low angle grain boundaries that have formed during plastic deformation.

reveals the secondary phase consists of 20 nm precip-
itates that are deficient in Au and located at MnAu2Al
grain boundaries. These precipitates are not expected
to contribute to the change in magnetization that is ob-
served in the pressed ingot. If this was the case, it would
be expected that the powder diffraction of the ground
sample, which is subject to larger stresses than the me-
chanically pressed ingot, would have a significant phase
fraction of this secondary phase.

Strain sensitive HAADF-STEM imaging was also car-
ried out to better understand potential intra-granular
features indicative of plastic deformation. A repre-
sentative microstructural region characterized with this
imaging mode is shown in Figure 4c, revealing ultra-
fine elongated grains with a high intra-granular de-
fect density. Ultra-fine grain microstructures are often
observed in materials that have undergone processing
that impart severe plastic deformation onto a specimen
such as accumulative roll-bonding,34–36 equal-channel
angular extrusion37 or a surface mechanical grinding
treatment.38 It is expected that mechanical stress applied
by the hydraulic press leads to the formation of low an-
gle grain boundaries (a dense dislocation network). In
fact, the variation of the intra-granular strain contrast
observed, for example, in the center grain of Figure 4c is
indicative of a lattice orientation change which presup-
poses a high density of crystalline defects that form low
angle grain boundaries via the interaction of a multitude
of dislocations.

The combination of x-ray diffraction, magnetic mea-
surements and TEM characterization reveals that both
the grinding of annealed powder and pressing of an an-
nealed ingot leads to nanoscale grain refinement. The
grain refinement is facilitated by the formation of low
energy dislocation structures and therefore will also lead
to the formation of a significant density of crystal de-
fects. The dense defect density observed within the me-
chanically pressed MnAu2Al ingot makes it difficult to

discriminate isolated dislocation dissociation events that
lead to the formation of planar defects such as APBs and
is not within the scope of this current study. For the sake
of clarity, no physical traces of planar defects in the intra-
granular regions can be resolved after 6% plastic strain.
However, plastic deformation of this magnitude will cer-
tainly promote energetically favorable dislocation disso-
ciation processes that may have been visible when the
sample was deformed to a lesser extent. Kamiyama et
al.39 proposed the decrease in magnetization of plasti-
cally deformed MnPd2Sn can be attributed to an APB
with a displacement vector of R = a

2 < 100 > (where a
is the lattice parameter) that is generated and bound by
the dissociation of a superdislocation with Burgers vector
b = a <100> into two partial dislocations. Energetically
favorable dissociation events similar to this proposed
mecahnism can introduce defects within MnAu2Al that
modify both local chemical order, and the interatomic
distance between Mn atoms. This change in atomic struc-
ture could modify local magnetic ordering.

Our approach to resolving the structure and magnetic
behavior induced by the plastic deformation of MnAu2Al
is to search for likely defects in the material, and solve
for the magnetic configuration these defects induce via
DFT. Since the change in magnetic behavior is observed
following plastic deformation, we examine the role of
planar faults, which include APBs associated with stack-
ing faults and dislocations. These planar faults are de-
fined by the displacement of the perfect crystalline mate-
rial along a plane, therefore deforming the crystal into
two distinct regions, as shown in Figure 5a. Of the
symmetrically–distinct low–index planes present in the
L21 structure of MnAu2Al, relative displacements across
the (010) and (110) planes can lead to APBs which pre-
serve the lattice but change chemical order by permut-
ing the Mn, Al, and Au sublattices. The on–lattice APBs
which switch the Mn and Al sublattices are strong lo-
cal minima, as can be seen in Figure 5b, indicating that
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dislocations induced by plastic deformation are likely to
create these types of planar defects. The full γ–surface
shown in Figure 5b shows both the stacking fault en-
ergy (0.05 and 0.11 J/m2), and the barrier required to
reach these local minima (0.64 and 0.41 J/m2) for the
(010) and (110) planes, respectively, are well within the
regime of mechanically–accessible faults in a plastically–
soft material.

All low–energy APBs, which correspond to the ex-
change of Mn and Al sublattices across the (010) or
(110) planes, induce a strong antiferromagnetic coupling
across the fault. Figure 5c shows the relative energy
of an antiferromagnetic configuration across the planar
fault, as compared to preserving the ferromagnetic order
of the pristine material. For small lattice displacements
away from the pristine material, ferromagnetic order is
preserved, but at the APBs, the antiferromagnetic config-
uration becomes stable.

The origin of the antiferromagnetic coupling across the
interface is strongly antiferromagnetic Mn-Mn exchange
interactions which are present only when one of the in-
teracting Mn is on the Al or Au sublattice. To resolve
these interactions, we compute all magnetic couplings
present in this system, both in the pristine material and
at on-lattice defects by constructing a cluster-expansion
Hamiltonian which couples chemical and magnetic de-
grees of freedom on the underlying BCC lattice, as de-
scribed in the methods. The magnetic component of
the cluster expansion reveals that the sign and magni-
tude of Mn-Mn Heisenberg exchange strongly depends
on the distance between the Mn atoms, and correspond-
ingly, the sublattice on which each Mn resides. In pristine
L21 MnAu2Al, the dominant first and second nearest-
neighbor interactions are ferromagnetic. Placing Mn on
the Al sublattice results in two new couplings: a fer-
romagnetic nearest-neighbor interaction, and antiferro-
magnetic next-nearest neighbor interaction which is both
larger in magnitude, and has a higher multiplicity. This
pair of interactions determines the magnetic behavior of
the low-energy APBs in the (010) and (110) planes - as
the Mn and Al sublattices swap across the interface, the
magnetic interactions are those corresponding to MnMn-
MnAl, which sum to give an antiferromagnetic coupling
across the interface. Consistent with this picture, the
cluster expansion model predicts that the lowest energy
spin configurations for the interfaces given in Figure 5b
are collinear, with a magnetization reversal across the
interface. Mn on the Au sublattice could also induce a
strongly antiferromagnetic coupling, but this configura-
tion is unlikely to be observed as evidenced by both the
high energy of an isolated MnAu defect, and high energy
of any stacking fault which permutes the Mn and Au sub-
lattices. Finally, while the pristine Mn-Mn magnetic in-
teractions may vary between the bulk and the interfacial
region as depicted by the error bars in Figure 6, these
variations are too small to induce a qualitative change in
magnetic order.

IV. CONCLUSIONS

The presence of exchange interactions are established
here as being strongly coupled to chemical order to ex-
plain the acute sensitivity of the bulk magnetic moment
in MnAu2Al to plastic deformation: dislocations lead
to the formation of low–energy APBs in the (010) and
(110) planes, which in turn force the magnetic moment
to reverse across the dislocation and result in the disap-
pearance of macroscopic magnetization. In contrast to
magnetoelastic phenomena which are often controlled
by weak spin–orbit interactions40 and require the pres-
ence of large, spatially–extended strain fields, we expect
that this type of coupling between magnetism and plastic
deformation is likely to be ubiquitous in ordered mate-
rials with multiple equivalent sublattices. Similarly, this
coupling between the magnetism and chemical order im-
plies that the magnetic configuration may be controlled
either thermally, by controlling partial disorder in the
material,41,42 or through engineering a dislocation net-
work via the incorporation of a precipitate phase.43 The
relative simplicity and large magnitude of this mecha-
nism makes the further exploration of plasticity in or-
dered intermetallics a promising direction for obtaining
mechanical control over magnetic behavior.
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