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Abstract
Magnetization and high resolution neutron powder diffraction measurements on the magnetic
shape memory compound Ni2Mn1.48Sb0.52 have confirmed that it is ferromagnetic below 350 K
and undergoes a structural phase transition at TM ≈ 310 K. The high temperature phase has the
cubic L21 structure with a = 5.958 Å, with the excess manganese atoms occupying the 4(b) Sb
sites. In the cubic phase above ≈310 K the manganese moments are ferromagnetically aligned.
The magnetic moment at the 4(a) site is 1.57(12) μB and it is almost zero (0.15(9) μB) at the
4(b) site. The low temperature orthorhombic phase which is only fully established below 50 K
has the space group Pmma with a cell related to the cubic one by a Bain transformation
aorth = (acub + bcub)/2; borth = ccub and corth = (acub − bcub). The change in cell volume is
≈2.5%. The spontaneous magnetization of samples cooled in fields less than 0.5 T decreases at
temperatures below TM and at 2 K the magnetic moment per formula unit in fields up to 5.5 T is
2.01(5) μB. Neutron diffraction patterns obtained below ≈132 K gave evidence for a weak
incommensurate magnetic modulation with propagation vector (2/3, 1/3, 0).

(Some figures in this article are in colour only in the electronic version)

1. Introduction

Ferromagnetic shape memory alloys can show magnetic field
induced strains of over 5% by the rearrangement of twin
variants in the martensitic phase [1]. With this mechanism the
speed of shape change is not limited as it is in conventional
shape memory alloys [2, 3]. These alloys are therefore
potential smart materials for use in magneto-mechanical
actuators etc. Up to now several candidates, all based on
Ni2MnGa [4] have been identified; but although a large
strain (|1 − c/a|), up to ≈0.12 [5], can be obtained for a
multivariant tetragonal martensite the output stress is limited to

6 Present address: Cavendish Laboratory, Cambridge CB3 0HE, UK.

≈4 MPa. This shortcoming may be remedied if the martensitic
transformation is itself field dependent [6]. The change �T in
the transformation temperature obtained from a variation �B
in applied field can be estimated using the Clausius–Clapeyron
relation;

�TM = −
(

�M

�S

)
�B

in which �M and �S are the differences in magnetization
and entropy between the austenite and martensite phases. To
produce a large change in �TM requires a large �M and small
�S. In Ni–Mn–Ga alloys �M is small so that TM varies by
only ≈1.6 K in fields of 2 T [7]. Furthermore these materials
tend to be brittle and the phase change essential for shape
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Figure 1. (a) The ideal Heusler L21 cubic structure (ABC2), (b) the atomic displacements giving rise to the (22̄) orthorhombic phase.

memory behaviour occurs well below room temperature which
limits their potential for application. Recently new families of
ferromagnetic shape memory compounds have been reported
based on the ternary series Ni50Mn50−xZx (Z = In, Sn and
Sb) [8, 9]. These compounds are reported to transform from
the cubic Heusler parent phase, figure 1(a), to a modulated
martensitic phase in a two or three step process. Studies
using transmission electron microscopy and x-ray diffraction
suggest that the martensitic phase of the Sn and Sb alloys has
a four layered orthorhombic structure with lattice parameters
a ≈ 5.9 Å, b ≈ 2.87 Å, c ≈ 8.4 Å and a (22̄) stacking
sequence. The Ni and Mn atoms were not distinguishable
so that the true unit cell has b = 5.74 Å as shown in
figure 1(b).

Magnetic field induced structural phase transitions have
been reported for the Sn compounds Ni50Mn50−xZx with
x = 14 [10] and for the In compounds with x = 16 [6].
However magnetization measurements on the Sn compound
have shown that fields up to 5.5 T have no effect on TM and
recent neutron powder diffraction measurements at 200, 230
and 250 K in fields up to 5.5 T confirm that the structure is
field invariant [11]. Equivalent measurements on the related
Sb compound have not yet been reported and it is to fill this
gap that the current investigation of the crystallographic and
magnetic structures of Ni2Mn1.48Sb0.52 has been undertaken.
Partial magnetic phase diagrams for Ni–Mn–Sb alloys based
on bulk measurements have been reported [8, 12]. Sutou [8]
used DSC measurements to establish the martensite (MS,
MF) and austenite (AS, AF) start and finish temperatures in
Ni2Mn1.48Sb0.52. The results for the heating and cooling
cycles lead to a mean transition temperature TM = (MS +
AF)/2 ≈ 300 K. The same measurements established the
Curie temperature as 333 K. A large positive magneto-entropy
change has been observed [13] in the vicinity of the martensitic
transition with a maximum value of 9.1 J T−1 together with a
magnetic field induced shape recovery strain of ≈15 ppm in
fields of up to 1.2 T.

1.1. Structural phase transition

High resolution neutron diffraction measurements have shown
that a number of Heusler alloys undergoing a martensitic
phase transition, transform from the cubic parent phase to an
orthorhombic structure. The orthorhombic phase is based on
a tetragonal cell derived from the cubic fcc cell by a Bain
type transformation as shown in figure 1. The transformation
between the axes of the cubic and orthorhombic cells is⎛

⎝
n
2

n
2 0

0 0 1
1
2 − 1

2 0

⎞
⎠

where n is an integer defining the period of modulation along
[ 1

2
1
2 0] which gives rise to orthorhombic symmetry. For the

prototype ferromagnetic shape memory alloy Ni2MnGa n =
7 [14] whereas for Co2NbSn [15] and Ni2Mn1.44Sn0.56 [16]
n = 2. It has been shown [17] that in Ni2MnGa the
phase transition takes place by two successive shears on
{110} planes in 〈110〉 directions and strain in the martensitic
phase is accommodated by twinning rather than by slip. The
shape memory property is then due to the fixed orientation
relationship between the martensitic twins and the high
temperature cubic axes. In the Ni–Fe–Ga ferromagnetic shape
memory system the martensitic phase has a different structure
from that of Ni2MnGa and the c/a ratio of the pseudo-
tetragonal phase is greater than as opposed to less than 1.
The transformation mechanism involves only one shear and
the orientation relationships between the martensitic variants,
which are fundamental in determining the shape memory
behaviour, are different [18].

2. Experimental details

A 20 g ingot of Ni2Mn1.48Sb0.52 was prepared by melting
the appropriate quantities of constituent elements of 5N
purity in an argon arc furnace. Specimens in the form of
rectangular parallelepipeds 1 mm × 1 mm × 20 mm, suitable
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Figure 2. The magnetization of Ni2Mn1.48Sb0.52 measured in a field
of 0.05 T whilst heating from 5 K. The sample having first been
cooled to 5 K in zero field (open symbols) or cooled in an applied
field of 5 T (filled symbols).

for resistivity measurements were spark eroded from the ingot.
The remainder was readily powdered in a hardened steel
pestle and mortar to a particle size less than 250 μm. The
powder and resistivity specimens were then sealed in a quartz
ampoule and annealed at 800 ◦C for 24 h before being water
quenched. Subsequent x-ray diffraction measurements at room
temperature showed that the sample was a single phase with
the Heusler L21 structure (space group Fm3̄m) and lattice
parameter 5.958 Å in good agreement with that reported by
Sutou et al [8].

A detailed structural determination was carried out using
the high resolution neutron powder diffractometers D2b
and D20 at the ILL in Grenoble. Since the coherent
nuclear scattering amplitudes of the constituent elements, Ni
(10.3 fm), Mn (−3.73 fm) and Sb (5.57 fm) are significantly
different from one another, neutron diffraction is particularly
appropriate. Furthermore neutrons are able to probe the
bulk properties of specimens up to several cm3. Using D2b
and a neutron wavelength of 1.59 Å, diffraction patterns
were recorded over the 2θ range 10◦–150◦ in steps of 0.05◦.
The sample was cooled in an ‘ILL orange cryostat’ which
provided stable temperatures between 5 and 310 K. Further
measurements were made between 2 and 300 K with the
sample in a cryomagnet enabling vertical fields of up to 5 T to
be applied. The multi-detector on D20 enabled the integrated
intensities of some of the weaker reflections to be measured as
a function of temperature.

The bulk magnetic properties were investigated using
a SQUID magnetometer in fields of up to 5.5 T and at
temperatures between 5 and 350 K.

The variation in resistivity obtained whilst heating and
cooling between 25 and 300 K was determined using a standard
four probe technique. The specimen was thermally anchored
to a sapphire plate attached to the cold stage of a closed cycle
refrigerator. The apparatus was placed between the pole pieces
of an electromagnet enabling fields of up to 0.2 T to be applied
parallel to the long axis of the specimen.

Figure 3. The magnetization of Ni2Mn1.48Sb0.52 as a function of
temperature measured in a series of different applied fields.

Figure 4. Magnetic isotherms for Ni2Mn1.48Sb0.52 displayed in the
form of Arrott plots (M2 versus B/M). The 350 K isotherm passing
through the origin defines the Curie temperature. The linearity of the
isotherms confirms the magnetic homogeneity of the sample.

3. Results

3.1. Magnetization measurements

The magnetization in a field of 0.05 T observed whilst heating
from 5 to 350 K is shown in figure 2, for a sample first cooled
in zero field and subsequently in a field of 5 T. From these
measurements two anomalies could be identified, one around
100 K and the other at approximately at 300 K. As the field
is increased the anomalies become less pronounced as shown
in figure 3 and in a field of 0.5 T the magnetization approaches
that expected for an isotropic ferromagnet. Magnetic isotherms
measured at 25 K intervals in fields up to 5.5 T are presented
in the form of Arrott plots (M2 versus B/M) in figure 4.
The isotherm passing through the origin fixes the Curie
temperature as 350 K. Extrapolation of the high field portion
of the isotherms gives the thermal variation of the spontaneous
magnetization shown in figure 5 and in reduced form in
figure 6. The spontaneous magnetization of 42.54 J T−1 kg−1

at 5 K, corresponds to a moment of ≈2.0 μB/f.u..
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Figure 5. The thermal variation of the spontaneous magnetization of
Ni2Mn1.48Sb0.52 compared with that of related Ni2MnZ Heusler
alloys [19].

Figure 6. The reduced magnetization of Ni2Mn1.48Sb0.52 plotted as a
function of reduced temperature together with that for Ni2MnSb. For
comparison the Brillouin function for J = 2 is also plotted.

Table 1. Values of the bulk magnetic properties of Ni2Mn1.48Sb0.52.

Curie temperature TC 350(5) K
Spontaneous
magnetization at 5 K

M0,5 42.54(5) J T−1 kg−1

Spontaneous
magnetization at 300 K

M0,300 29.43(4) J T−1 kg−1

Magnetic moment per
formula unit at 5 K

μ0,5 2.01(5) μB

Magnetic moment per
formula unit at 300 K

μ0,300 1.38(5) μB

Temperature of
resistivity minimum

262(5) K

Temperature of
minimum δρ/δT

211(5) K

A summary of the bulk magnetic properties of Ni2Mn1.48

Sb0.52 is given in table 1 and the magnetization of this and
related Ni2MnZ alloys is shown in figures 5 and 6.

Figure 7. The thermal variation of the resistivity of Ni2Mn1.48Sb0.52

obtained whilst cooling from 350 K in zero field and with an applied
field of 0.2 T applied along the current direction.

Figure 8. The thermal derivatives of both sets of resistivity data
shown in figure 7.

3.2. Resistivity measurements

The variation in resistivity observed whilst heating and cooling
between 25 and 300 K in zero field is shown in figure 7.
Although the absolute change in resistivity is small the
temperature dependence is similar to that observed in related
systems that undergo a martensitic phase transition. There is a
slight hysteresis ≈3 K in the position of the minimum between
the heating and cooling cycles as expected for a structural
phase transition, the mean value being 262 K. The thermal
derivative of the resistivity which is similar for both cycles is
shown for the cooling cycles in both zero and 0.2 T fields in
figure 8. The features which can be seen include a minimum
around 210 K, and discontinuities at ≈235, ≈266 and ≈277 K
as shown in figures 7 and 8. Application of a field of 0.2 T did
not produce any apparent change in resistivity in contrast to the
change in magnetization produced by the same field.

3.3. Neutron measurements

The neutron diffraction pattern obtained below the Curie
temperature (TC = 350 K) at 310 K and shown in figure 9
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Figure 9. The observed (dots) and calculated (solid line) neutron powder diffraction patterns of Ni2Mn1.48Sb0.52 at 310 K. The lower curve
shows the difference between the observed and calculated patterns. The upper vertical tick marks give the position of the nuclear Bragg peaks
for the Heusler L21 phase. Those below correspond to the position of the orthorhombic peaks and possible magnetic reflections.

Table 2. Parameters obtained from refinements of the neutron diffraction patterns from Ni2Mn1.48Sb0.52.

Temperature (K) 310 5
Structure/space group L21 cubic Fm3̄m Orthorhombic Pmma
Cell a = 5.958(2) Å a = 8.553(2) b = 5.590(2) c = 4.342(2) Å

Cell volume (Å
3
) 211.50 206.16

Atom Site μ (μB) Site y z

Ni 8(c) 1
4

1
4

1
4 4(h) 0y 1

2 0.2571(14)

4(k) 1
4 yz 0.2325(10) 0.0903(5)

Mn 4(a) 000 1.57(12) 2(a) 000

2(f) 1
4

1
2 z 0.5605(17)

0.48Mn + 0.52Sb 4(b) 1
2

1
2

1
2 0.15(9)

2(b) 0 1
2 0

2(e) 1
4 0z 0.4999(10)

contains 19 strong Bragg reflections all of which could be
indexed using a fcc cell. The peaks were sharp, their widths
being resolution limited providing further confirmation of the
structural homogeneity of the sample. There were several
additional small peaks which could be identified with a low
temperature martensitic structure similar to that observed for
Ni2Mn1.44Sn0.56 which had an orthorhombic structure based
on a two fold modulation aorth = (acub + bcub); borth =
ccub; corth = (acub − bcub) and space group Pmma. Profile
refinement of the high angle Bragg peaks confirmed that the
specimen was highly ordered in the L21 structure. Since
the coherent nuclear scattering amplitudes of the constituent
elements are significantly different it was possible to determine
the occupancies of each site which showed that the excess
manganese atoms preferentially occupy vacant antimony (B)
sites. At 310 K the specimen is still ferromagnetic and in
Ni2MnGa and other compounds in the Ni2MnZ series [19]

most of the magnetic moment is due to the manganese atoms
and only a small amount ≈0.3 μB is carried by the nickel.
Assuming this is also true for Ni2Mn1.48Sb0.52, a magnetic
moment with a Mn2+ form factor was introduced on both sites
containing Mn in the Heusler phase and a fraction of remanent
martensitic phase, was included in subsequent refinements of
the whole pattern. Initially the magnitudes of the manganese
moments on the two sites were constrained to be equal but
a significantly improved fit was obtained by allowing them
to differ. The relative orientation of the moments was also
allowed to vary in the refinements. The best fit was found
with almost zero moment on the 4b sites. The results are
given in table 2 and the observed and calculated profiles are
shown in figure 9 together with the difference pattern. The total
moment due to Mn on both the A and B sites (1.42(10) μB)
is in good agreement with the value of 1.36(3) μB obtained
from magnetization measurements. A subsequent refinement
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Figure 10. The percentage of cubic phase in Ni2Mn1.48Sb0.52

together with the fractional variation of the cubic and orthorhombic
lattice parameters, normalized to their values at 250 K, as a function
of temperature. Lines joining equivalent points have been inserted as
guides to the eye.

in which the Ni atoms were also allowed to carry a moment
did not improve the goodness of fit as indicated by a χ2 test

χ2 =
∑

[(Iobs − Icalc)/σ Iobs]2/(Nobs − Npar)

where Nobs is the number of observations and Npar is the
number of parameters.

As the temperature was lowered from 310 K the intensity
of the orthorhombic peaks increased whilst those of the cubic
parent phase fell. The results of a series of refinements
using data collected at temperatures between 310 and 5 K
are summarized in figure 10. The diffraction pattern
evolved continuously with decreasing temperature and the
orthorhombic phase only became dominant at the lowest
temperatures. Above 200 K the cubic austenite cell together
with an orthorhombic martensite cell with space group Pmma
could account for all observed reflections and did not generate
any which were not observed. The relationship between the
atomic sites occupied in the Fm3̄m and Pmma space groups is
indicated table 2 and leads to five refinable position parameters
for the orthorhombic phase. Comparison of the diffraction
patterns obtained at 200 and 5 K revealed two very weak
additional reflections in the low temperature data. The peaks
occur at relatively low scattering angles of 18.0◦ and 36.09◦

with wavevectors of 1.229 Å
−1

and 2.433 Å
−1

respectively.
The mean of these wavevectors, 1.831 Å

−1
, coincides with

the 210 nuclear Bragg position (1.837 Å
−1

) and if the two are
indexed as satellites of this reflection leads to a propagation
vector (2/3, 1/3, 0). The thermal variation of the intensity of
the satellite at 2θ = 18.0◦ measured using the multi-detector
on D20 is shown in figure 11 and establishes the transition
temperature of the modulated phase as 132(7) K. A series of
scans made through the whole angular range at temperatures
between 5 and 300 K and at fields up to 5 T did not show any
significant change in the positions or intensities of either the
main or the satellite peaks.

An initial refinement of the nuclear structure at 5 K was
made using the high angle diffraction data (2θ > 60◦) and

Figure 11. The thermal variation of the satellite reflection
(4/3, 2/3, 0) observed at 2θ = 18◦.

the orthorhombic cell with atom sites as given in table 2.
The results of this refinement were used to simulate the
diffraction pattern for the full angular range covered in the
experiment. This simulation showed that only one peak in the
pattern, that made up of the 210 and 011 reflections, contained
significant magnetic scattering. Furthermore, apart from the
two weak satellite reflections no additional reflections which
might have purely magnetic origin were observed. In principle
for an orthorhombic structure it is possible to determine the
magnitude of the moment and its orientation with respect to
the crystallographic axes. However the paucity of significant
magnetic scattering and the more complex diffraction pattern
makes such an analysis impracticable in the present case. The
refinement of the 310 K data showed that the moments at
the 4(b) site were small. Therefore in the initial refinement
of the magnetic structure at 5 K, magnetic moments were
only assigned to the 2(a) and 2(f) sites. A series of collinear
and canted models with zero propagation vectors was tried.
Although the magnetic contribution to the peaks was in general
small, the absence of significant magnetic scattering in some of
the low angle reflections, e.g. 100, places severe constraints
on the moment direction. In all models considered the
magnetic scattering in the 210 and 011 reflections arises from
a ferromagnetic component. The three models which gave the
best agreement with the observations are presented in table 3,
The mean moment per cell can be seen to be very similar for all
three models. In model 1 ferromagnetically aligned moments
were constrained to be parallel to [100]; the fitted pattern
is shown in figure 12 together with the difference between
the calculated and observed profiles. Very similar fits were
obtained for the other two models; in model 2 the moments
were aligned parallel to [001] and in model 3 were constrained
to the (010) plane. The magnetic contribution to the data was
not sufficient to allow moment values to be refined for the Ni
atoms or for the Mn atoms on the 2(b) and 2(e) sites.

4. Discussion

Measurements on a number of Heusler alloys have shown that
a structural phase transition occurs if e/a based on the total
electron number is close to 7.8. For Ni2Mn1.48Sb0.52 the ratio
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Figure 12. The observed (dots) and calculated (solid line) neutron powder diffraction patterns of Ni2Mn1.48Sb0.52 at 5 K. The position of the
satellite reflections are indicated by the two vertical lines above the pattern. The lower curve shows the difference between the observed and
calculated patterns. The upper vertical tick marks give the position of the nuclear Bragg peaks for the orthorhombic phase and those below
indicate possible magnetic reflections.

Table 3. Parameters obtained in refinements of the magnetic
structure of Ni2Mn1.48Sb0.52 using the three models described in the
text.

Model 1 2 3

Site Mx (μB) Mz (μB) Mx (μB) Mz (μB)

000 0.04 3.702
2(a) 3.99 4.02

1
2 00 −0.04 3.702
1
4

1
2 z 1.458 3.548

2(f) 3.70 3.60
3
4

1
2 z −1.458 3.548

Rm 6.23 6.7 7.2

is 7.47. Neutron diffraction measurements on four Ni–Mn–
Z alloys show that the period of modulation of the martensite
phase is odd when Z is a group 3b element Ga (n = 7) or
In (n = 3) [11, 14] whereas those containing Sn or Sb have
an even periodicity; n = 2 as for both Ni2Mn1.44Sn0.56 [18]
and Ni2Mn1.48Sb0.52. However measurements on a series
of quaternary alloys indicate that electron concentration is
not the dominant factor determining TM [20, 21]. The
neutron diffraction measurements indicate that the structural
phase transition which occurs in Ni2Mn1.48Sb0.52 is essentially
continuous with the martensitic phase only being fully
established below 50 K. It is for this reason that the low
field magnetization does not exhibit the abrupt drop generally
observed at TM [4] as a result of the lower crystal symmetry
and associated increase in the magnetic anisotropy. In contrast
the resistivity shows a distinct anomaly at 262 K, similar

to that observed in both paramagnetic and ferromagnetic
related systems at TM [22–24]. If the increase in resistivity
observed below 262 K were due to an energy gap in the
electronic structure, the thermal variation would imply a gap
of ≈100 K. However band structure calculations for a number
of shape memory alloys [25, 26] reveal nesting features for
parts of the Fermi surface at wavevectors characterizing the
modulations observed in the martensitic structures. Gaps
which open in the electronic structure would then reduce
the carrier density producing an increase in the resistivity as
observed on cooling below ≈262 K. However the transition
begins at a relatively high temperature ≈300 K at which the
resistivity should be dominated by lattice effects and takes
place over a wide temperature range; the system is not in
thermodynamic equilibrium and to account for the overall
variation in resistivity the influence of the microstructure
needs to be considered. Examination of the thermal variation
of the resistivity reveals the presence of a series of small
discontinuities which can be seen more clearly in its thermal
derivative. The discontinuities are not affected by the
application of small magnetic fields applied parallel to the
direction of the current and may be associated with thermally
activated partial dislocations. The atomic shifts perpendicular
to the modulation axis obtained from the structural refinement
of the martensitic phase are shown schematically in figure 13.
They are rather different from the periodic displacements
expected for the ideal 22̄ martensite shown in figure 1. In
particular the atoms on the Heusler 4b sites (Sb, Mn) do not
shift at all. As with other related martensites atomic shifts
occur along both the y and z axes indicating the modulation
is not simply planar.

7
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Figure 13. The atomic displacements perpendicular to the axis of
modulation obtained from the refinement of the 5 K neutron
diffraction data.

Ni2Mn1.48Sb0.52 orders ferromagnetically below 350 K, at
which temperature the sample is predominantly in the cubic
austenite phase. On cooling from 350 to −5 K the spontaneous
magnetization has the variation expected for an isotropic
ferromagnet. The reduced spontaneous magnetization, shown
in figure 6, follows the variation of the Brillouin function for
J = 2 except for the region around 280 K where the structural
phase transition begins to accelerate. The magnetization of
the stoichiometric compound, which does not have a structural
phase transition, is also plotted in figure 4, and falls slightly
faster than the Brillouin function. However the ground
state moment per Ni2Mn1.48Sb0.52 formula unit is only 2 μB,
considerably lower than the 3.5 μB found for Ni2MnSb which
is itself lower than that of other alloys in the Ni2MnZ series
with the L21 structure (Z = Ga, In and Sn) [19]. Ni2MnAl
which has the B2 structure orders antiferromagnetically below
300 K [27]. It is well established that the magnetic properties
of Heusler alloys X2MnZ are strongly influenced by the groups
to which the X or Z atoms belong. In alloys in which the Z
atom is a group 3b element such as Al or In disorder tends to
occur between the Al and Mn sites and there is propensity for
antiferromagnetic order. On the other hand alloys containing
group 4 or 5b elements are normally highly ordered in the L21

structure and are ferromagnetic. The present measurements on
Ni2Mn1.48Sb0.52 at 310 K show that the Mn moment on the
4a site is 1.44 μB which is close to that observed for other
related Heusler alloys at 0.89 times Tc. Extrapolation to 5 K
using the J = 2 Brillouin function gives 3.5 μB. On the
other hand the excess Mn atoms occupying the 4b sites have
nearly zero moment although in stoichiometric Heusler alloys
the Mn moment is essentially independent of the degree of
L21–B2 atomic order. However if a second atom carries a
moment, usually on the 8c site, its value is smaller than in its
elemental state e.g. Ni ≈0.3 μB, Co ≈0.5–0.75 μB [19]. In
Ni2Mn1.48Sb0.52 the Mn atoms in the 4b sites, unlike those in
the 4a sites, have 6 Mn neighbours at a distance of a/2 ≈
2.98 Å. The increased d–d overlap may give rise to the
observed loss of moment.

No evidence has yet been found for a field induced
transition to a state of higher magnetization in the martensite
phase of Ni2Mn1.48Sb0.52 such as that as observed in

Ni2Mn1.44Sn0.56. Further magnetization measurements in
applied fields above 5.5 T are required to clarify this point.

Departure from isotropic magnetic behaviour at lower
temperatures is evident from the low field magnetization below
300 K. As shown in figure 3 the low field magnetization
of a zero field cooled sample becomes smaller below
≈100 K whereas that of a sample cooled in a field of 5 T
increases. Such behaviour is usually observed in frustrated
systems as a result of competing ferro and antiferromagnetic
interactions. The neutron diffraction measurements reveal
the presence of satellite reflections in the same temperature
range although similar measurements in the austenite phases
of Ni2MnGa, Ni2Mn1.44Sn0.56 and Ni2Mn1.48In0.52 have not
shown the presence of an incommensurate phase. Magneto-
elastically driven incommensurate structures have been
reported in related Co–Ni–Al and Co–Ni–Ga systems based
on tweed patterns observed in electron microscopy [28].
However neutron diffraction measurements did not reveal any
indication of incommensurate structures [29]. The present
neutron diffraction study shows that in Ni2Mn1.48Sb0.52 an
incommensurate magnetic modulation, which is an intrinsic
property of the ferromagnetic martensite, appears below 132 K:
it has a temperature independent wavevector 2/3, 1/3, 0.
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