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Mn-based antiperovskite compounds in the form Mn3;AX, where A is a main group element and X is C or
N, undergo magnetostructural transitions with which these materials acquire magnetocaloric, giant magnetore-
sistance, and spin-transport properties, which can be modified or tailored by manipulating the compositions of
numerous compounds. This enables closer investigations and better understandings of the underlying principles
governing these properties. Mns_,Ni,GaC, which is a derivative of the prototype Mn3;GaC antiperovskite, would
normally be expected to form a cubic structure with a homogeneous composition. Contrary to this, we find that
the addition of Ni leads to a heterogenous compound consisting of an antiperovskite part and a Ni,MnGa Heusler
insertions. The system shows kinetic arrest features, which we study as a function of Ni composition using the
techniques of x-ray diffraction, magnetization, and neutron diffraction under a magnetic field.
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I. INTRODUCTION

Nitrides and carbides of transition metals and alloys are
interstitial compounds in which C and N take up positions
located at octahedral or tetrahedral sites in various crystal
structures. Stable 3d transition-metal carbides and nitrides
form in elements lying left of Co in the periodic system, and
as of Ni, stable 3d interstitial compounds are not found or are
either difficult to stabilize or are metastable in metals up to
Zn. The reason for this is because interstitial C or N requires
from the host-metal a d-band that has sufficient space for the
p-electrons of the interstitial atoms to hybridize and build a
compound [1,2].

Among the 3d metals, Mn and Fe in their fcc structure are
particularly important in relation to accommodating intersti-
tials. It is long-known that these metals readily form the stable
compounds MnyN and Fe,N. More recently, it was reported
that MnyC can also be stabilized [3-5]. Fe4C is not stable,
however, much theoretical work has been carried out on this
system, and it has been shown that some derivatives of this
system containing doped elements can be stabilized as an
antiperovskite compounds [6—10].

Fcc-Mn and fce-Fe with C or N form the basis of the
important class of magnetic antiperovskite compounds M3AX,
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where M is Mn or Fe, A is a metal or a semi-metal in
groups 12 to 15 of the periodic system, and X is C or N.
Early detailed reviews and current works are available on
the basic properties of the magnetic states and structural and
magnetic transitions in a broad range of M3AC and M3;AN
compounds [10-17]. Here also, the binding of the interstitial
is accomplished over the hybridization of the p-electrons of
the interstitials with the host M—A d-band. More recently,
however, M as Ni is also attracting attention because of the
presence of superconducting properties appearing in some Ni-
based antiperovskites [18-23]. The binding of the interstitial
atom in the Ni-based antiperovskites is usually accomplished
over the p-bands of the A and X species as suggested by the
density of states determined for various compounds [24-27].
Nevertheless, the presence of a stable Ni3;GaC or a Niz;GaN
compound has until now not been reported.

More recent studies on Mn-based antiperovskites have
revealed other detailed properties such as the occurrence of
deviations from ideal cubic positions of the atoms [28,29] and
nonergodic effects at the magnetostructural phase transitions
with inverted hysteresis loops [30]. It appears, therefore, that
there is much more to be investigated to be able to understand
many more underlying principles that govern the properties of
these systems.

A material that particularly stands out among the antiper-
ovskites with its antiferromagnetic (AF) to ferromagnetic
(FM) magnetostructural transition at 160 K is Mn3GaC. The
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presence of this transition has been the source of many studies
particularly related to magnetocaloric effects as well as to the
properties of the magnetostructural transition itself [31-34].
Although many combinations by gradually varying the A-
species of this material have been studied, substituting Mn by
other 3d elements in Mn3;GaC has been less studied [10,35].
Ni3GaC is not stable. Therefore, to understand how the prop-
erties of Mn3GaC would develop as the composition of the
unstable compound Ni3;GaC is approached, we substituted
progressively small amounts of Ni for Mn and examined
the destabilization of the pure antiperovskite phase and the
evolution of the magnetic properties along with emerging
kinetic arrest effects related to the presence of magnetic
inhomogeneities.

II. EXPERIMENT

Polycrystalline samples of Mn;_,Ni,GaC with x = 0.1,
0.2, 0.5, and 1.0 were prepared by mixing Mn and Ni powders,
Ga pieces, and graphite powder in stoichiometric proportions
and pressed into a pellets. The pellet was sealed in a quartz
tube under argon atmosphere, and the sample was held at
850° C for five days to undergo a solid-state reaction. The
pellet was then grinded, repressed into a pellet, and fired at
850° C for a further five days, and this was repeated two
times. The Mn-Ni/Ga proportions were determined by using
energy dispersive x-ray spectroscopy. The magnetization mea-
surements were carried out using a superconducting quantum
interference device magnetometer. X-ray diffraction (XRD)
studies were carried out at room temperature with Cu-Ko
radiation. Neutron diffraction experiments were performed
on the E6 spectrometer at Helmholtz-Zentrum Berlin using a
wavelength of 2.45 A in conjunction with a superconducting
magnet. The sample was placed in an aluminum container.
Rietveld analysis was carried out on both x-ray and neutron
diffraction using FULLPROF software [36].

III. RESULTS

We present first the XRD data for Mn;_,Ni,GaC and ex-
amine the strain properties. We then present the results of the
magnetization measurements for both systems and finally, the

results on neutron diffraction studies carried out in magnetic
fields.

A. X-ray diffraction

The refined XRD data are shown in Figs. 1(a) and 1(b)
for x = 0.1 and x = 0.2, respectively. In addition to the peaks
associated with the antiperovskite compound, peaks related
to the cubic Heusler structure of Ni,MnGa are also observed
(marked with an asterisk). MnO is also present.

The situation is similar in Fig. 2 for x = 0.5 [Fig. 2(a)]
and x = 1.0 [Fig. 2(b)], except that the peaks related to the
Heusler structure are now broader. In addition to the broad-
ening, a cubic phase corresponding to a lattice parameter of
3.683 A appears. This can be related to the presence of a
Ni-rich fcc Ni-Mn phase. MnO is absent in this case.

In all cases, the lattice parameters of the antiperovskite
is 3.888 4 0.005 A corresponding to the lattice parameter
of Mn;GaC. The lattice parameter for the identified Heusler
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FIG. 1. Refined XRD data for Mn;_,Ni,GaC for (a) x = 0.1 and
(b) 0.2. The asterisks correspond to the position of the Heusler peaks.

structure is 5.833 A which is in good agreement with that of
Ni,MnGa. The phase fractions obtained from the analyses are
collected in Table I. As seen from the table, there is a tendency
of the Heusler quantity to increase as the Ni concentration
increases, particularly for x = 0.1, 0.2, and 1.0. The deviation
for x = 0.5 is because of the uncertainties in the analysis due,
in particular, to the weak Heusler peaks.

The broadening of the peaks indicate that strain develops
as the Ni concentration, and therefore, the amount of Heusler
phase increases. The developing strain is associated with the
lattice mismatch of the Heusler and the antiperovskite. The
full-width at half-maxima (FWHM) corrected to the instru-
mental broadening are plotted as a function of Ni concen-
tration in Fig. 3. The FWHM of the peaks corresponding to
the antiperovskite structure, indicated as AP in the figure, for
x = 0.1 and 0.2 are identical to the instrumental broadening
determined with a Si standard. The Heusler peaks (H) for
these two compositions are broader. For x = 0.5 and 1.0, the
AP peaks themselves become broader. Their corresponding
H-peaks become so broad that they are plotted in the inset
on another scale. For the lower two Ni concentrations, ac-
commodating a Heusler insertion causes first strain in the
insertion itself and not in the antiperovskite. For the higher Ni-
concentrations, not only the Heusler insertion but the entirety
of the sample is under strain. Broadening of the Heusler peaks
for the lower two Ni-concentrations could be occurring due to
additional size-effects next to strain-effects when the Heusler
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FIG. 2. Refined XRD data for Mn;_,Ni,GaC for (a) x = 0.5 and
(b) 1.0. The asterisks correspond to the position of the Heusler peaks.

insertion is small. However, since the FWHM of the H-peaks
increases with increasing Ni concentration and thereby the
insertions are not getting smaller, the increase of the width
would be due entirely to strain.

B. Magnetization

We present here the data on the temperature and field
dependencies M(T) and M (B) for the individual samples of
Mn;_,Ni,GaC. M (B) are obtained in the first quadrant only.

1. x=0.1

M(T) for x = 0.1 measured in various fields are shown in
Fig. 4. Figure 4(a) shows M(T ) measured in a 5-mT field in a
zero-field-cooled (ZFC), field-cooled (FC), and field-warming
(FW) sequence. The whole of M (T') is reminiscent of the data

TABLE 1. Percent phase fractions of components present in the
compounds.

Antiperovskite Heusler MnO Fcc Ni-Mn
X % % % %
0.1 77.9 9.2 12.9 —
0.2 60.0 19.7 20.3 —
0.5 73.9 24.7 — 14
1.0 50.4 47.5 — 2.1
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FIG. 3. FWHM vs. 20 for Mn;_,Ni,GaC. The instrumental
broadening is determined with a Si standard.

for Mn3GacC featuring a drop with decreasing temperature at
the first-order FM-to-AF magnetostructural transition around
T;. For Mn3GaC, this occurs at 160 K, so that adding Ni
enhances FM exchange and causes 7; to decrease down to
about 120 K. The hysteresis around 7; in M(T) is about
10 K, which is broader than the 3 K-hysteresis in Mn3GaC.
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FIG. 4. ZFC, FC, and FW M(T) for Mn, 9Nij ; GaC measured in

(a) 5 mT and (b) 1 and 5T. Inset in (b) is an expanded plot of the 1 T
measurements at low temperature showing the splitting.
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This is due to the increased strain when the Ni concentration
increases; in agreement with the line-broadening observed
in the XRD studies. The other feature is the drop in M(T)
occurring at the transition from the FM to the paramagnetic
(PM) state at the Curie temperature T = 260 K. This is
somewhat higher than 7¢ = 250 K for Mn3;GaC; so that here
also we see that introducing Ni strengthens the FM exchange.
All curves merge around T¢.

Another feature seen in M(T") of the x = 0.1 sample that
is not present in Mn3GaC is the wavy behavior between
120 and 160 K. The ZFC-M(T) shows a weak temperature-
dependence at low temperatures and rises sharply around T7;,
but then the rise slows down as it approaches the demagnetiza-
tion limit at the temperature designated as 7. T, lies at 160 K,
which actually marks the AF/FM transition in Mn3GaC. It
remains at the same value for all measurement sequences and
is an indication of the presence of Mn3;GaC regions apart from
the Ni,MnGa Heusler inclusions. The expected cause of this
property is discussed in more detail in Sec. I'V.

At high temperatures, FC-M(T) is the same as the ZFC-
and FW-M(T)s with all curves showing similar behavior
in the PM and FM ranges. Some small deviations occur in
the range of the demagnetization limit after the temperature
is decreased to below T down to T,. However, after the
AF state sets in at 7; and M(T) drops, M(T) runs almost
at a constant value down to the lowest temperature with a
background magnetization that is not present in the PM state.
This indicates that some residual FM coupling is present at
these temperatures after the sample is cooled through 7; in a
field as little as 5 mT. It is also seen that the background in the
ZFC case is less.

To further examine these features, we measured M(T) in
higher magnetic-fields of 1 and 5 T. The results are shown
in Fig. 4(b). It turns out that the wavy feature becomes
suppressed while the difference between the ZFC M (T ) and
the other two measurement sequences, FC and FW, below
T; become enhanced with respect to the 5 mT-M(T). The
enhancement increases with increasing measuring field. The
low-temperature details for the 1 T measurements are given in
the inset. For the measurement under 1 T, 7; = 120 K, which
is the same value when measured under 5 mT [Fig. 4(a)].
The shift becomes more distinct with 7; reaching down to
60 K when measured under 5 T. The hysteresis around 7;
also broadens and the difference between ZFC and FC or FW
measurements enhance further. This enhancement as well as
the strong shift in 7; to lower temperatures are indications of
kinetic arrest and is discussed further in Sec. IV.

We next turn to the magnetic-field-dependence of the mag-
netization M(B) shown in Fig. 5 for the ZFC case, where
the sample is cooled through T¢ in zero-field prior to the
measurement in an increasing-decreasing-field sequence. In
Fig. 6, we show the FC-case for M (B), where the sample is
cooled through 7¢ in a field of 5 T and then measured in a
decreasing-increasing-field sequence.

For the ZFC case in Fig. 5(a), with M(B) obtained at
10 K, the curve appears to be retraceable at high fields, and
a hysteresis between increasing and decreasing fields is ob-
served at lower fields. In Fig. 5(b), a difference at high-fields
between increasing and decreasing field M(B)s begins to
appear faintly at 30 K. This difference becomes more obvious
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FIG. 5. ZFC M(B) from 300 K for Mn,¢Nij;GaC at (a) 10,
(b) 30, (c) 60, and (d) 120 K. Arrows indicate the field-change
directions.

in Fig. 5(c) at 60 K, where an up-turn in the increasing-field
curve begins to appear at around 2 T, indicating the beginning
of a field-induced reverse-transformation to the FM state.
The reverse transformation is not complete since there is no
high-field-range where M (B) is retraceable so that the curve
is a partial minor loop. The values of M(T') at the maximum
5-T field in Figs. 5(a) to 5(c) correspond to the values of M(T')
at 10 K in Fig. 4(b) obtained under 5 T. In Fig. 5(d), the
field-induced reverse-transformation to the FM state at 120 K
becomes distinct, and the value of M(T) in 5 T reaches to that
corresponding to a value in the FM state seen in Fig. 4(b).
Figure 6(a) shows the case when the sample is cooled in
5 T through 7T¢ down to 10 K. The system becomes partially
locked in the FM state from 5 T down to about 4 T with
M(T)=14 Amzkg’l, which corresponds to the FC-M(T')
at 10 K in Fig. 4(b). As the field is lowered to below 4 T,
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FIG. 6. FC M (B) from 300 K for Mn, gNij ; GaC at (a) 10, (b) 30,
(c) 60, and (d) 100 K. Arrows indicate the field-change directions.
The-increasing field branches are nearly identical to the increasing-
field branches of the ZFC data in Fig. 5.
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FIG. 7. ZFC, FC, and FW M (T ) for Mn; gNiy,GaC measured in
(@) 5mT, (b) 1 T,(c)2.5T,(d)4 T, and (e) and 5 T. Insets in (b) and
(c) are an expanded plot of the measurements at low temperature
showing the splitting.

M (B) begins to decrease rapidly as the state of the system
approaches that of the ZFC-state in Fig. 4(b). This is better
seen when the field is increased back to 5 T, where the value of
M(T) remains at about M(T) = 6 Am*kg~! corresponding to
the value in the ZFC state. A full reverse transformation would
require higher fields than that available for these experiments.
The case is similar to Figs. 6(b) and 6(c) at 30 and 60 K,
respectively.

2.x=02

Increasing slightly the Ni composition from x = 0.1 tox =
0.2 (from 2 at% Ni to 4 at% Ni) has no effect on T, but T;
drops down to 113 K due to a small enhancement in the FM
exchange. However, this small compositional change leads to
pronounced changes in the kinetic arrest properties. The data
shown in Fig. 7 resemble those shown in Fig. 4. However, here
the difference in the ZFC and FC or FW curves increases more
rapidly as the measuring field increases as shown in Figs. 7(a)
to 7(e). At 5 T, the FM state is arrested almost completely.
We also see that the thermal hysteresis around the transition
broadens as the measuring field increases. This is expected
to be due to enhanced strain caused by the interaction of the
external field and the Heusler inclusions (see Sec. IV).

A series of ZFC M (B) measurements are shown in Fig. 8.
The development of the hysteresis and the field-induced re-
verse transformation from Fig. 8(a) to 8(d) is similar to that
of the x = 0.1 sample shown in Fig. 4. However, what is seen
here in better detail in Fig. 9(a) to 9(d) is that reincreasing the
field from O to 5 T keeps M (B) on the ZFC curve at 10 and
50 K so that only a partial minor loop can be attained with the
available 5-T field. On the other hand the forward and reverse
transformations are complete at 100 K. At 150 K [Fig. 9(e)],
the system is fully in the FM state.

3. x=05and 1.0

As the Ni content further increases to x = 0.5, T¢ increases
to 320 K and becomes smeared out in a broader temperature
range than for x = 0.1 and 0.2 as seen in Figs. 10(a) and 10(b).
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FIG. 8. ZFC M(B) from 300 K for Mnj;gNij,GaC at (a) 10,
(b) 50, (c) 100, and (d) 150 K. Arrows indicate the field-change
directions.

320 K corresponds to 7¢ of NiMnGa, indicating that the
Heusler entities become large enough to be able to compete
with the main Mn3GaC surrounding matrix. The smearing of
Tc becomes more evident in Figs. 10(c) to 10(f) as the mea-
suring field increases, and the FM interactions of Mn3;GaC
with T = 260K also enhance due to the external field and
the internal field of the Heusler component. The onset of the
splitting between the ZFC and FC or FW curves begins now
just below T¢. This is because different spin configurations
can be stabilized whether the system is cooled under field or
without field to a state with mixed FM exchanges arising from
the antiperovskite and Heusler components. The transition
around 7; becomes less distinct but can still be found to be
at around 120 K. The FM exchange is now stronger so that
the FM state becomes almost completely arrested at 3 T.
M (T) runs nearly temperature-independent below 100 K for

x=0.2
T; 150 - FC r,r”’“"“"— ’ ,-"”"
N‘; 100 | /‘ @ /'f (b)
‘ |
< 10K | 50 K |
s O I ’
0 [ \.““‘:\..l Il ad r A‘\‘g\/_’)
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wl
/ 100 K | 150 K

50 + | 4 T

B(T)

FIG. 9. FC M (B) from 300 K for Mn, gNi,,GaC at (a) 10, (b) 50,
(c) 100, and (d) 150 K. Arrows indicate the field-change directions.
The increasing field branches are nearly identical to the increasing-
field branches of the ZFC data in Fig. 8.
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FIG. 10. ZFC, FC, and FW M(T) for Mn, gNip,GaC measured
in (a) 5 mT, (b) SO0mT, (¢)0.2T,(d) 1 T,(e) 3 T,and (f) 5 T.

3 and 5 T indicating that the presence of AF exchange still
hinders a steady increase in the magnetization with decreasing
temperature.

These effects are more pronounced in the sample with
x = 1.0, for which M(T) is shown in Figs. 11(a) to 11(c). The
splitting occurring below T¢ is shifted to lower temperatures
as the measuring field increases and eventually the high-
temperature state becomes fully arrested down to the lowest
temperatures.

C. Neutron diffraction

To examine the kinetic arrest more closely we carried
out neutron diffraction experiments under magnetic field by
cooling the sample through the transition temperature under
various conditions described below. The experiments were
carried out on the x = (0.2 sample, which shows the kinetic
arrest features more distinctly (Fig. 7). The results are shown
in Fig. 12. The sequence of measurements are given from 1
to 5 in the legend. The sample was first cooled from room
temperature to 150 K in a zero field, and a pattern was
recorded. The sample at this temperature is in the FM state.
Then, a field of 6 T was applied and the pattern was recorded
again. There is no difference in these two data. The sample
was then taken down to 33 K without removing the 6-T
magnetic field. In this case, a peak appears which is related
to the AF ordering of MnO occurring below 116 K. There
is no indication of any other antiferromagnetism. However,
when the field is removed, an AF peak belonging to the
antiperovskite structure appears at around 30.5°. These results
are in agreement with the M (B) measurements shown in Fig. 9
showing that the FM state is retained at low temperatures as
long as the field remains applied. On removing the field the
system reverts to the AF state. In steps 3 and 4, there is also
a broadening of the Heusler peak, which narrows again when
the temperature is brought back up to 150 K in step 5.

IV. DISCUSSION

The combination of magnetization, XRD, and field-
dependent neutron diffraction studies on Mnj;_,Ni,GaC
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FIG. 11. ZFC, FC, and FW M(T') for Mn, ¢NiGaC measured in
(@) 5mT, (b) 0.1 T,and (¢) 1 T.

shows that instead of having a uniform antiperovskite, a het-
erogenic system composed of an antiperovskite and a Heusler
component stabilizes. If this were due to carbon deficiency,
so that Heusler regions were built around carbon-deficient
sites, then the amount of the Heusler should have remained
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FIG. 12. The results of neutron diffraction experiments carried
out in the sequence given in the legend. The Al peaks from the
sample container and the magnet frame are split due to their different
positions in the setup.
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constant with increasing Ni concentration. This is not the case
here as observed in the XRD and the magnetization data.
Instead, another mechanism for the development of Heusler
regions should be considered. If Ni and Mn are not ideally
distributed and Ni has other Ni atoms as nearest neighbors, a
locally unstable Ni3GaC configuration becomes unfavorable
with respect to the formation of Ni;MnGa by excluding the
C. The C exclusion mechanism, in this case, can be due to the
incapability of accommodating C in a local Ni environment—
the same reason why Ni-carbides are not stable as mentioned
in Ssec. I. Interstitials are little accommodated in Co [37] and
are not accommodated in transition metals to the right of Co in
the periodic system, i.e., for a valence electron concentration
(e/a) =29 [(e/a): sum of s- and d-electrons]. Carbides are
readily formed when there is sufficient space in the d-band
of the host metal to accommodate the p-electrons donated by
the interstitial C [2]. This is valid for (e/a) < 8, namely for
the elements beginning with Fe and those to its left and can be
seen in many of the calculated partial density of states, where
the p-states of C and the d-states of the host metal overlap
and provide a means for bonding [38—41]. In Ni-rich regions,
(e/a) would locally be closer to 10— e/a of Ni—so that these
regions cannot accommodate C as an interstitial. This picture
can also account for the increasing amount of the Heusler
component with increasing Ni concentration, leading to the
effects observed in the magnetization and in the kinetic arrest
process.

The effect of mixed exchange arising from the antiper-
ovskite and Heusler components can already be observed in
the sample with x = 0.1. The appearance of a 7, is an indica-
tion of competing internal fields. The Mn3;GaC antiperovskite
component has its own transition at 7; = 160 K, and here, this
coincides with 7,. This transition carries its traces in M(T)
for both x = 0.1 and 0.2 (Sec. III B). However, the transition
is not complete at this temperature with M (T) remaining at
high values. It would have normally dropped to vanishing
values as in Mn3GaC, but it is kept at higher values by the
internal field of the FM NiMnGa Heusler inhomogeneity
until a driving force is reached at a lower temperature where
the FM state can no longer be sustained. This defines T7;.
The effect of the internal field of the Heusler on the AF/FM
transition is observed only in small fields so that 7; and T
can be distinguished. For an applied field of 1 T, 7; and T,
appear to coincide for both x = 0.1 and 0.2, and the effect
of the internal field on M(T') is masked. At higher fields, T;
shifts rapidly to lower temperatures as both the internal field
of the FM Heusler and the external fields stabilize the FM
state. At a higher Ni concentration of x = 0.2, there are more
Heusler inclusions so that the effect of the internal field is
enhanced so that the total internal and external field becomes
sufficient to nearly suppress completely AF ordering down to
the lowest temperatures [Fig. 7(e)]. The transition hysteresis
also broadens due to induced strains resulting from coexisting
AF and FM phases. At even higher Ni concentrations of
x = 0.5 and 1.0, more FM Heusler inclusions are formed so
that AF ordering is nearly altogether suppressed as seen in
M(T) in Figs. 10 and 11.

Replacing Mn with small amounts Ni leads to the
formation of a heterogeneous system composed of an-
tiperovskite Mn3;GaC and Heusler Ni;MnGa. We find no

composition-range in which a uniform antiperovskite com-
pound forms. The antiferromagnetism of Mn3;GaC and the
ferromagnetism of Ni;MnGa gives rise to kinetic arrest ef-
fects, of which the properties vary rapidly with increasing Ni
concentration. A kinetic arrest effect is also present in pure
Mn3GaC, which shows a shift of the transition temperature
with applied magnetic-field at a rate of —4.4 KT~! [32]. In
the Ni-substituted samples this increases to —10 KT~! for
x=0.1 and —13 KT~! for x = 0.2. This indicates that the
internal field of the Heusler inclusion, which is absent in pure
Mn3GaC, has a strong effect on the kinetic arrest properties of
the alloys incorporating Ni. From these values we can estimate
an internal field of 2.3 T for x =0.1 and 3 T for x = 0.2.
Therefore, for higher Ni Ni-concentrations the AF state is
nearly fully suppressed.

There are very strong similarities in the kinetic arrest prop-
erties of Ce(FeposRugp4)> [42], C-deficient Mn;GaC [43],
Mn; §,Cog.18Sbg g5Ing 05 [44], and the present x = 0.2 sam-
ple. The M(T) data are qualitatively nearly the same so that
the origin of the kinetic arrest in all of these systems can also
be due to the presence of magnetic inhomogeneities. In fact,
for C-deficient Mn3GaC, it has been explicitly reported that
the presence FM inhomogeneities is the cause of the observed
magnetic kinetic arrest.

Mnj_,Ni,GaC is probably not the only such heteroge-
neous antiperovskite/Heusler system and other Mns_,A. X
systems can also be devised with other A and X species.
The A-element can be chosen as one being with e/a >
10 so that interstitial atoms will not collect in its vicin-
ity and form magnetic inclusions in an antiperovskite
matrix having magnetic properties depending on the cho-
sen X-element. In such a manner the magnetic interac-
tions in the Heusler and the antiperovskite can be tailored
to having various combinations of antiferromagnetism and
ferromagnetism.

V. CONCLUSION

We prepared the Mn3;_,Ni,GaC antiperovskite/Heusler
heterogeneous system with coexisting FM exchange provided
by the Heusler inclusion Ni;MnGa and the AF exchange
provided by the antiperovskite Mn3;GaC and studied the mag-
netic and kinetic arrest properties. The heterogeneity is both
structural and magnetic. We interpreted the heterogeneity to
be caused by the exclusion of carbon from regions in the
sample, where Ni-Ni neighborhoods prevent accommodating
the carbon at interstitial sites. The presence of kinetic arrest in
this system is due to its heterogeneous nature. Further similar
antiperovskite/Heusler heterogenic systems can open up the
possibility to introduce new materials and new magnetic
interaction mechanism.
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