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We study the combined effect of elastic anisotropy and disorder on the microstructure and thermodynamic
behavior in alloys undergoing a martensitic transformation. Within a Ginzburg-Landau free-energy framework
we find the region in the parameter space where a ferroelastic glassy state exists without twinning. We find that
such a glassy state is of kinetic origin rather than due to geometrical frustration. The glassy behavior is
characterized by simulating zero-field-cooling/field-cooling curves for different values of anisotropy and dis-
order. Finally, we discuss experimental implications for Fe-Pd and Ni-Ti alloys.
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I. INTRODUCTION

Materials termed as martensites1 include a large number
of metals and alloys with the common feature of undergoing
a structural transition that is known to be diffusionless. As a
consequence, the product phase is characterized by the pres-
ence of differently oriented variants �commonly twin related�
of equal energy and structure depending on the specific crys-
tal symmetry of the parent phase. Associated with this fer-
roelastic character, a subclass of such materials with displa-
cive transitions also exhibits superelasticity and shape
memory effect. However, the martensitic family is wide and
comprises very different materials each one with specific pe-
culiarities. Let us focus, for instance, on Fe-Pd and Ni-Ti
�cubic� alloy systems. Fe-Pd undergoes a weakly first-order
fcc-to-fct �face centered tetragonal� transition2 and shows
pretransitional phenomena known as “tweed.”3 This refers to
the strongly anisotropic pattern observed by transmission
electron microscopy and identified as diagonal striations of
small strain.4 Concerning Ni-Ti, it undergoes a strongly first-
order B2-to-B19� transition5 and exhibits very rich pretran-
sitional behavior but no signature of tweed contrast has been
observed. Actually,6 when conveniently doped, dark-field
electron-diffraction experiments have revealed that the mor-
phology of the precursor structure is mottledlike, corre-
sponding to very small distorted regions of almost spherical
shape. It has been suggested6,7 that these differences in the
behavior of the two materials in the precursor regime arise
from the anisotropy of the elastic constants, defined as A
=C44 /C�, that turns out to be about six to seven times8 larger
in Fe-Pd �A�12–15� �Ref. 2� than in Ni-Ti �A�2� �Ref.
5�.

Another general and important feature in martensites is
the strong dependence of the transition temperature on the
alloy composition. For instance, FexPd1−x undergoes for x
=0.71 a martensitic transition �MT� at room temperature but
for x=0.68 the transition temperature drops to 0 K.9 Simi-
larly, in NixTi1−x the martensitic transition is suppressed
when composition is varied from stoichiometry x=0.5 to
0.515. It is worth mentioning that for x�0.51, Ni-Ti exhibits
some characteristic glassy behavior.10,11

A standard experiment for detecting signatures of glassy
behavior is the so-called zero-�stress�-field-cooling �ZFC�/
field-cooling �FC� measurements.12 The method consists of
comparing the two strain curves obtained by applying a
small stress upon heating, following a cooling under zero
stress �ZFC� in one case and under nonzero �but low
enough13� stress �FC� in the other. Deviations between the
two curves are indicative of history dependence, generally
associated with glassy behavior, as typically observed in spin
glasses,14 relaxor ferroelectrics,15 and recently also in
Ni51.5Ti48.5 ferroelastic strain glass.11 Beyond the fundamen-
tal differences among such disparate systems, they all have
in common the presence of some sort of disorder �giving rise
to multiple metastable states� inside a conventional, non-
glassy ferroic system.11

Previous studies16,17 have shown that Ginzburg-Landau
theory including long-range anisotropic interactions is appro-
priate to model the MT due to, among other reasons, its
athermal character. Also, it succeeds in obtaining pretransi-
tional tweed textures due to either thermal fluctuations or the
presence of static disorder. Within the latter framework, in a
recent paper7 we focused on the influence of elastic aniso-
tropy on the structural patterns and associated thermody-
namic responses in martensites, obtaining good qualitative
agreement with experiments. Particularly, we found glassy
behavior in ZFC simulation experiments for low values of
both temperature �T� and anisotropy �A�. We now extend the
previous study to include the effect of disorder intensity ���
and its interplay with A. Variations in disorder should be
understood as arising from composition changes, doping or
quenching effects. Concerning the elastic anisotropy A, sig-
nificant variations necessarily entail changing the material.

Our results show that glassy behavior can be obtained for
any value of A, provided � is higher than a critical value, ��,
which in turn depends on A and ���A�, in such a way that
the higher the value of A the higher is the required ��. The
structural patterns observed for a wide range of parameters
have been characterized in real and reciprocal spaces. In par-
ticular, we have studied the thermodynamic free-energy be-
havior and the domain size distribution. Moreover, we have
systematically computed the ZFC/FC strain curves for differ-
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ent values of � and A. From these we have been able to
identify the existence of a crossover behavior between
twinned and glassy martensites in terms of model parameters
� and A. We emphasize that no geometrical frustration has
been found to be associated with such glassy states. Rather,
our results suggest that glassy behavior in martensites is of
kinetic origin due to the existence of local energy barriers
arising from disorder. This is in agreement with previous
experiments in Ni-Ti alloys.10,11

The paper is organized as follows: in Sec. II we summa-
rize the model and discuss the aspects relevant for the
present work. The numerical results are presented in Sec. III.
Last section is devoted to the discussion and experimental
implications.

II. MODEL

We use a Ginzburg-Landau generic model for square-to-
rectangular MT. It represents a two-dimensional �2D� coun-
terpart of a real three-dimensional case corresponding, for
instance, to the cubic-to-tetragonal MT in Fe-Pd. The three
homogeneous modes available in a square lattice—symmetry
adapted strains—are the so-called bulk, deviatoric, and shear
strains, defined as e1= 1

�2
��xx+�yy�, e2= 1

�2
��xx−�yy�, and e3

=�xy, respectively, where �ij refer to the linear strain tensor
components. In our case the order parameter �OP� is the
deviatoric strain e2 since it stands for rectangular deforma-
tions. The Ginzburg-Landau free-energy density can be then
written as

fGL�e2� =
A2�T�

2
e2

2 −
�

4
e2

4 +
�

6
e2

6 +
�

2
��e2�2, �1�

where A2 is a function of T and �, �, and � are phenomeno-
logical coefficients. The resulting triple well potential ac-
counts for the first-order character of the transition, with a
low-temperature phase with two minima corresponding to
the two possible rectangular orientations of the unit cell, i.e.,
the two variants giving rise to twinning. In addition, the re-
maining e1 and e3 strains are also taken into account up to
the harmonic level: fnonOP�e1 ,e3�=

A1

2 e1
2+

A3

2 e3
2. However, the

St. Vénant compatibility condition links e1, e2, and e3 since
in 2D there exist only two degrees of freedom corresponding
to the underlying displacement field u� = �ux ,uy�. Moreover,
since the variable is e2 only, e1 and e3 must take the values
that minimize the total free energy. Hence, compatibility
constraints and energy minimization yield a nonlocal
fnonOP�e2� in real space �with a 1 /r2 falloff18 in 2D� which
gives rise to collective and cooperative cell motions that are
at the origin, for instance, of tweed textures and martensitic
twins. The total free-energy density will be then the sum of
two contributions,

f�r�� = fGL�r�� +� fnonOP�r�,r���dr�� , �2�

where we have specified the dependence of each term on the
position vector in real space �r�� through the strain field e2�r��.

The long-range potential fnonOP can be expressed locally
in Fourier space,

fnonOP�k�� =
A3

2

�kx
2 − ky

2�2

�A3/A1�k4 + 8�kxky�2 �e2�k���2. �3�

The �kx
2−ky

2�2 factor intrinsically entails the directionality of
fnonOP that leads to the diagonal interfaces observed in both
patterns. Note that in terms of model parameters, the elastic
anisotropy19 is A=A3 /2A2 so that, at T�const, A�A3. As
mentioned in the introduction, inhomogeneities are a neces-
sary ingredient for tweed precursors, often observed in these
materials. Also, they are at the origin of the observed glassy
behavior, which we shall focus on in this work. The funda-
mental role played by such spatial inhomogeneities arising
from intrinsic statistical compositional variations, off-
stoichiometry, lattice imperfections, etc., is taken into ac-
count here by means of a quenched-in spatially fluctuating
field included in the harmonic coefficient A2�T� so that now
A2�T ,r��=�T�T−Tc−	�r��	, where Tc is the low stability limit
of the high-temperature phase in the clean limit �no disor-
der�. Here, 	�r�� is the disorder variable, spatially correlated
by means of an exponential pair-correlation function G�r�
and Gaussian distributed with zero mean. Mathematically,
this is expressed by

G�r� = 
	�r���	�r�� − r��� 
 e−r/�,

g�	� =
1

�2��
e−	2/2�2

, �4�

where � is the correlation length and � the standard deviation
�i.e., the amplitude� of the Gaussian distribution and deter-
mines the intensity of disorder. Note that the disorder pro-
duces a distribution of characteristic temperatures, in particu-

lar, of stability limits T̃c�r���Tc+	�r�� and transition

temperatures T̃0�r���T0+	�r��, where T0=Tc+3�2 / �16�T��
is the equilibrium transition temperature in the clean limit.
As a consequence, local regions of the high-temperature
phase may exist below Tc.

III. NUMERICAL RESULTS

In this section we present the numerical results obtained
by solving the model introduced previously. A complete de-
scription requires the appropriate numerical values for the
parameters, here taken from experimental data for Fe-Pd.17

In reduced units: �=−276� / l0
2, �=4.86105� / l0

2, A3
=4.54� / l0

2, and A1=2.27� / l0
2. We set �, Tc, and �T equal to

unity, leading to a length scale of l0=0.23925 nm. Simula-
tions have been carried out on a square lattice of linear size
L=103l0, discretized on a 512512 mesh, subjected to peri-
odic boundary conditions. In the present simulations, varia-
tions in the elastic anisotropy A have been implemented by
changing the value of A3. Simultaneously, we set the ratio20

A3 /A1=2. Starting from a randomly and slightly distorted
configuration, the system evolves according to a purely re-
laxational dynamics toward a stabilized configuration.

Disorder is defined on the coarse-grained mesh, which
introduces finite local differences of Tc, denoted by �Tc�r��.
As a consequence, a distribution of finite local free-energy
barriers arises, separating regions of the system with differ-
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ent metastability regimes. As discussed below, if the long-
range anisotropic interactions are not strong enough, the sys-
tem is not able to overcome such barriers and may freeze in
metastable, glassy states.

The dependence of the mean value of �Tc�r��, denoted by

�Tc�r���, on both � and � is shown in Figs. 1�a� and 1�b�,
respectively. Looking at the slope of the curves, it is easy to
note that the dependence of 
�Tc�r��� on � is strong only for
relatively low values of � and high values of �. With respect
to this we have carried out simulations analogous to those
presented here for a smaller value of � ��=10� in order to
check the effect of variations in this parameter. We have
found that they do not affect qualitatively either the results or
the conclusions. Consequently, from now on, we keep �
=20l0 constant and focus our attention on the effect of �. We
shall return to this point again.

In Fig. 2 we show snapshots of selected structural patterns
at T=0.5�Tc �well inside the low-temperature regime� and
for different values of A3 and �. In order to highlight the
differences among the configurations, at their right side we
have plotted the diffraction patterns, corresponding to the

intensity of the Fourier transform �F�e2��2, averaged over 20
independent realizations of disorder. Several overall trends
can be identified in Fig. 2. �i� From left to right the texture
loses directionality as reflected in the diffraction pattern that
changes from a crosshatched to a circular shape. This is con-
sistent with decreasing anisotropy. �ii� From bottom to top
the domain size decreases, consistent with the increase in �
and the associated energy barriers. This is confirmed by the
widening of the diffraction pattern toward higher values of
the wave vector. �iii� Twin boundaries exist only for low
values of �. Actually, as we shall demonstrate later, they
appear for the values of disorder below a critical ��, which in
turn depends on A3 in such a way that the higher A3 the
higher ��. �iv� Crosshatched patterns are obtained for high
values of both A3 and �. We notice that, although such pat-
terns are characteristic of tweed precursors, in the present
case they correspond to low-temperature structures that, as
discussed below, exhibit some glassy features. From now on
we shall refer to it as glassy tweed. �v� Finally, for the lowest
value A3=0.05, ramified dropletlike structures are observed.
In fact, only for very low values of � the pattern shows some
directionality.

In order to compare the relative stability of the relaxed
structures, in Fig. 3 we show the behavior of the free-energy
density f �averaged over 40–200 realizations of disorder� as
a function of both � and A3. The upper panels show the
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FIG. 1. �Color online� Mean finite local differences of Tc, de-
noted by 
�Tc�r���, as a function of � for different values of �a� �
and �b� vice versa.
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FIG. 2. �Color online� Illustrative phase diagram at low tem-
perature �T=0.5� for different values of A3 ��elastic anisotropy A�
and disorder intensity �. Each configuration is shown with its cor-
responding Fourier-transformed intensity �F�e2��2.
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FIG. 3. �Color online� ��a�–�c�	 Averaged free-energy density f
as a function of � for three different values of A3. Filled symbols
are obtained starting from the highest value �=0.98 and gradually
decreasing � whereas empty symbols have been obtained by in-
creasing � starting from the lowest value �=0.08. Arrows indicate
the values of � below which twin formation is allowed. Dashed
lines indicate just the Landau free-energy contribution. �d� f as a
function of A3 for two different values of �. Arrows point to the
critical value of A3 above which twins exist. For more details see
the text.
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dependence of f on � for the same three values of A3 as in
Fig. 2. Filled symbols have been obtained by gradually de-
creasing � from the highest value �=0.98, for which glassy
states exist. Actually, we have checked that they are very
close to those obtained independently �as those shown in Fig.
2�, i.e., those that can be observed experimentally. On the
contrary, empty symbols have been obtained by increasing �
gradually, starting from the lowest value �=0.08. At this low
value, twins are easily formed and, once created, they sur-
vive despite the increase in �. Consistently, one can observe
that f is always lower in the �-increasing curve than in the
�-decreasing one. Actually, the former may be considered as
the free energy of the global minimum and any deviation
between the two curves provides a measure of the degree of
metastability of the latter. In fact, the existence of such glo-
bal minimum proves that the origin of the metastability is
kinetic, as opposed to geometrically frustrated systems �like
the paradigmatic antiferromagnetic triangle�. Additional ar-
guments explaining this kinetic origin are discussed in Sec.
IV. Globally, in both curves, the total free energy decreases
with increasing �. This is because the Landau free-energy
contribution �here represented by the dashed lines� prevails
over the other terms �Ginzburg and long-range anisotropic
terms� and becomes more and more negative as the number

of regions with high T̃c�r�� increases. Interestingly, focusing
on the �-decreasing curve, f exhibits an anomaly around a
particular value of � �denoted by an arrow� which depends
on A3. This is precisely the critical disorder ���A3� above
which long-range twins cease to exist. Indeed, the deviation
of f from the free energy of the global minimum increases
remarkably for ����. This is a signature of the degree of
metastability of the nontwinned states. For completeness, in
Fig. 3�d� we have plotted the dependence of f on A3 for two
values of �. Again, the behavior of f reveals the existence of
an anomaly around a critical value A

3
* �denoted by an arrow�

which depends on �. Twins are only observed for A3�A3
�.

Similar to case �a�, for A3�A3
���� the system is no longer

able to reach the twinned state, resulting in an increase in f
and therefore in metastability. All these features are consis-
tent with the configurations observed in Fig. 2.

So far, we have focused on the large metastability associ-
ated with untwinned low-temperature configurations. How-
ever, metastability is a necessary but not a sufficient condi-
tion to prove the existence of glassy states. Thus, in order to
detect possible glassy behavior, we have carried out ZFC/FC
simulation experiments. Figure 4 shows two cases of
ZFC/FC results in order to illustrate the behavior of both
ZFC and FC curves. The FC curve is a smooth, monotoni-
cally decreasing curve with increasing T, as expected. How-
ever, despite some qualitative differences between �a� �high
A3 and �� and �b� �low A3 and �� in both cases the ZFC
curve exhibits deviation from the FC curve below a certain
splitting temperature. This is indicative of glassy behavior.

Figure 5 shows the ZFC curves obtained for different val-
ues of � and A3. Here the FC curves have been omitted for
clarity and their behavior is in all cases very similar to those
in Fig. 4. In the three cases �a�–�c� one observes that glassy
behavior is obtained for values of � above a critical value
that exactly coincides with that obtained previously from the

behavior of f . We can then conclude that metastability ob-
served in Fig. 3 does indicate glassy states. A comparison
with Fig. 4 in Ref. 7 reveals that, indeed, similar effects are
obtained either by reducing anisotropy or increasing disor-
der. Moreover, some small but important differences can still
be observed between these cases, as can be seen for A3
=4.54, in case �a�, with respect to other cases. Note that these
differences may be better noticed in Fig. 4, between the �a�
and �b� cases. The ZFC curve is more flat than for lower
values of A3 �cases �b� and �c�	, indicating a more blocked
dynamics that prevents the system from reaching the FC
curve. The low stress field is not able to make the system
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evolve smoothly toward the monovariant state. Instead, some
small, sharp jumps are observed due to the sudden correla-
tions of different, broken domains of a particular variant �se-
lected by the stress field� that start to become connected.
After a certain number of jumps, the system does reach the
monovariant state and thus the FC curve. In that sense, the
same factor �i.e., the anisotropy� that for �����A3� enables
the system to form long-range twinned structures, for �
����A3�, however, causes a higher degree of freezing than
for lower values of A3. Actually, this can be related to the
behavior of f in Figs. 3�a�–3�c�, where it can be observed
that in the glassy regime ������A3�	, the degree of meta-
stability �i.e., the larger the deviation from the free energy in
the global minimum� increases with A3 whereas in the
twinned regime ������A3�	 all the curves approximately
coincide.

Figure 6�a� shows the splitting temperatures Ts �i.e., the
temperatures at which ZFC starts to deviate from FC curve�
as a function of disorder and for different values of aniso-
tropy. For martensite �twinned structures� Ts drops to zero
whereas in the glassy regime Ts increases with �. Also, for a
given value of disorder, the higher the anisotropy the lower
the Ts. Moreover, for low values of anisotropy, Ts shows a
regular behavior �constant slope� whereas at high values of
A3, the Ts dependence becomes more irregular, consistent
with the jumping behavior mentioned above. The disorder
values at which Ts vanishes indicate that the ZFC deviation
�glassy behavior� starts to arise. Figure 6�b� displays the
crossover behavior in terms of critical values for the model

parameters ���A3�. Circles are taken from the vanishing Ts in
Fig. 6�a� whereas crosses are taken from the arrows in Fig. 3.
We have found that such a crossover behaves approximately
as ����A3 �indicated by the curve�.

Finally we have studied the effect of temperature in the
different twinned/glassy regions by analyzing the domain
size from the high- to the low-temperature regime. Figure 7
shows the domain size distribution for the same values of �
and A3 as in Fig. 2 and for three different temperatures: T
=1.5 ��T0�Tc�, T=1.0 �=Tc�, and T=0.5 ��Tc�. For rela-
tively high anisotropy and small � values—martensitic sys-
tems in the small figures at the bottom left corner—tweed
precursor is found at high T with a characteristic length that
changes toward the characteristic length of twins21 when un-
dergoing the MT. Instead, when � is high enough to block
twin formation, the characteristic domain size at high T sur-
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vives when T is lowered well below the transition. Domains
are not allowed to grow due to the presence of relatively high
levels of disorder but freeze thus rendering the system to
anchor in metastable, glassy states. Note that the values
� ,A3� for which domains freeze coincide with those that
cause glassy behavior in the previous figures.

For completeness, let us state that variations in � in our
model mainly affect the high-� regime. Particularly, for a
given A3, a decrease in � results in a decrease in �� and
conversely. Moreover, such decrease is greater for higher
values of ��, consistent with the dependence of 
�Tc�r��� on
�, shown in Fig. 1. The results are not presented here for
clarity since they do not contribute to any additional physical
insights.

IV. DISCUSSION

In the present work we have systematically studied the
dependence of textures and ZFC/FC behavior of martensitic
systems on the elastic anisotropy as well as the intensity of
disorder. The obtained ZFC/FC behavior indicates broken
ergodicity in the glassy state in agreement with experimental
results11 in Ni51.5Ti48.5.

For this purpose, we first scanned the low-T configura-
tional diagram as a function of both parameters � and A3. We
observed that twinning only occurs for sufficiently high A3
with respect to �. In the � ,A3� region in which twins are not
observed, we have found that the observed textures exhibit
glassy features by studying the ZFC/FC behavior. This is
consistent with the analysis in the parameter region of the
free energy f as well as the evolution of the mean domain
size with change in temperature. In the glassy region f ex-
hibits high degree of metastability that increases with in-
creasing A3. The domain size remains constant upon cooling
for pairs of values � ,A3� that exhibit glassy features
whereas in the nonglassy region the domain size grows when
decreasing the temperature. This indicates that the origin of
the present glassy behavior is related to kinetic freezing
rather than that arising from possible geometrical frustration.

In order to understand this glassy behavior, ZFC/FC simu-
lations are of particular interest. It is clear that the effect of
applying a stress field on the system leads to the selection of
a variant, thus attempting to transform the other variant into
the preferred one. In the case of martensitic twins, low stress
fields succeed in this attempt and are able to transform the
disfavored variant regions completely. In this context, long-
range anisotropic elastic interactions provide the system with
easy ways to carry out the transformation. This is reflected in
the fact that ZFC and FC curves coincide. On the other hand,
glassy states behave differently. Under the same low fields,
the system is not able to transform completely all the regions
due to the presence of disorder that breaks long-range corre-
lations and blocks the transformation, being able to partially
retain the system in a disordered state. Looking at the free
energy, by increasing the temperature the energy barriers are
lowered, making it easier for a given region to transform the
variant. This is why in the ZFC curve the total strain in-
creases with increasing temperature up to a certain value,
where it exhibits a peak. Typically the peak in ZFC curve is

close to the corresponding value in the FC curve, i.e., close
to the splitting point. Then one can deduce that the system is
no longer glassy and achieves the monovariant state, i.e., the
global minimum of energy. Increasing the temperature im-
plies decreasing the equilibrium value of strain and therefore
the total strain, too. Upon heating above the transition tem-
perature, given that the stress field is low enough, the system
will transform into a slightly deformed austenite state and
therefore the global strain will vanish almost completely.
Upon cooling and heating again, the system will follow a
monovariant state due to the presence of the stress field.

In principle one could expect the appearance of domains
to be deliberate due to surviving long-range interactions, al-
though weak or partially blocked by the presence of disorder.
In that sense, long-range anisotropic interactions would not
be able to induce a strong directionality in the domain struc-
ture due to disorder but would establish a particular short-
range distribution of nondirectional domains by promoting
the selection of a particular variant for each domain during
its evolution. This selection could depend on the surrounding
configuration of domain variants due to a possible tendency
toward global strain minimization. Then, by decreasing the
temperature, the corresponding growth of these domains
would create a low-temperature configuration with a particu-
lar disordered domain distribution that would be geometri-
cally frustrated22 since the system would not be able to
achieve the minimum of energy due to the thermodynamic
reasons mentioned above.

However, simulations with strictly zero anisotropy and
thus with no long-range effects also show glassy behavior.
Since in the absence of long-range interactions the total free
energy becomes local, no energetic reasons persist to pro-
mote the selection of a particular variant in different emerg-
ing domains, but it occurs independently from each other.
This supports the idea that glassy behavior has a dynamical
origin �kinetic freezing� and excludes the hypothesis of geo-
metrical frustration. At that point we have checked that the
correlations between emerging domains at high T are inde-
pendent of the corresponding variant.

Long-range anisotropic potential has a power-law falloff.
This means that no length scale is associated with such in-
teractions but they affect the whole system in which they act.
Nevertheless, the presence of disorder creates energy barriers
that, for a range of certain critical values �that does depend
on the anisotropy�, are able to screen the long-range poten-
tial, breaking correlations, and the corresponding twin struc-
tures. For low values of anisotropy, the critical value of dis-
order is also low and the system becomes short ranged, and
purely disorder driven, giving rise to a glassy ramified drop-
let structure, as observed experimentally.11 However, for
high values of anisotropy, the critical value of disorder is
high and the system does not become short ranged as in the
low-� ,A3� case. Although the twins are broken as well,
glassy tweed textures persist at low temperatures, as a suc-
cessful compromise between the two factors. Here, the sys-
tem is both anisotropy driven and disorder driven �whereas
twinning is only anisotropy driven� and exhibits the typical
length scales similar to the usual high-T tweed precursor.
Experiments also demonstrate that systems with high A need
high levels of disorder to inhibit twin formation.23 The simu-
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lations carried out in this paper show that glassy behavior is
also expected in such systems and that the fine details of
ZFC behavior should be different. In that sense, our simula-
tions provide guidance on how to proceed experimentally, in
particular, to verify the crossover behavior predicted in
Fig. 6�b�.
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