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Abstract. In a previous neutron scattering study, we had observed that the TA;[¢£0] phonon softening
in Lls-ordered ferromagnetic FeraPtog Invar is pronounced at the zone boundary M-point and leads to
an antiferrodistortive phase transition at low temperatures. Here, we report on similar neutron scatter-
ing investigations on two ordered crystals with higher Fe content to investigate the relation between the
TA[£€0] phonon softening and the martensitic transformation, which occurs in Fe-rich ordered Fe-Pt. We
find that the TA;[££0] phonon softening, especially at the M-point zone boundary, does not depend on the
composition of the investigated crystals. In Fezs4 5Ptos.5, however, the antiferrodistortive phase transition
temperature is enhanced due to tetragonal strain preceding the martensitic transition. In Fe;7Pt23 a pre-
cursor driven premartensitic phase transition is not observed. The structure of the martensite is, however,
influenced by the soft mode lattice instability of the austenite. This would explain the origin of structural
details found previously for FesPt thermoelastic martensite.

PACS. 63.20.Dj Phonon states and bands, normal modes, and phonon dispersion — 81.30.Kf Martensitic
transformations — 61.12.-q Neutron diffraction and scattering

1 Introduction

In a previous publication (paper I) [1] we have reported
about neutron scattering results on the TA1[££0] phonon
dispersion of two FerzoPtog crystals, one disordered fcc,
the other well ordered in the CugAu (L12) structure. In
both crystals, softening of the transverse acoustic phonons
propagating in [110] direction with polarisation along [110]
was detected on cooling below the Curie temperatures of
the ferromagnetic Invar alloys. In disordered FezoPtog, the
softening is found maximum for long wave phonons near
the zone center, quite similar as in other Fe-rich fcc Invar
alloys Fe-Ni and Fe-Pd. In ordered Fe73Ptog, long wave
phonon softening is present as well. In addition, however, a
soft phonon mode develops at the M-point zone boundary,
dominating the whole TA[¢£0] phonon branch of ordered
FeroPtog at low temperatures and leading to an antifer-
rodistortive phase transition below about 50 K.

For ordered Fe7oPtog, the change of the structure at
low temperatures is described by the condensed M4-mode;
a rotation of octahedra built up by neighboring Fe-atoms
of the L1s-structure around one of the [100] axes. Anoma-
lous enhancement of the high and low field magnetiza-
tion [2,3] as well as of the atomic volume [4] in the low
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temperature state suggest that the TA1[££0] phonon soft-
ening arises from magnetovolume coupling, i.e. from the
Invar effect in ordered FeroPtog. Both the enlargement of
the Fe-magnetic moment and of the atomic volume is ap-
parently achieved by symmetry reduction in the low tem-
perature phase, which is consistent with the microscopic
theory of the Invar effect [5]. The phase transition resem-
bles those observed in the perovskites, e.g. in incipient
ferroelectric SrTiOs3.

With the increase of the Fe-content, both disordered
fcc and L1s ordered Fe-Pt alloys become increasingly un-
stable against the martensitic transformation into a bct
or bce lattice. The Mg start temperature of this transi-
tion strongly depends on composition and degree of atomic
order. Ultrasonic [6,7] and neutron scattering [8] experi-
ments on Fe-Pt Invar alloys have shown significant soften-
ing especially of the shear elastic constant C’ and of the
corresponding long wavelength TA;[££0] phonon modes,
indicating the tendency of the cubic lattice to lower sym-
metry in the ferromagnetic state by homogeneous or long
wave modulated tetragonal strain. Indeed, disordered and
ordered Fe-rich Fe-Pt alloys have been reported to exhibit
the fct phase at low temperatures within a narrow range
of composition close to the bet phase boundary [9-11] or
even in coexistence with the bet martensite [9].
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Beyond the homogeneous or long wavelength shear,
phonon softening in the Fe-Invar alloys as a dy-
namical precursor of the martensitic transition is not
established. Static precursors of the martensitic transi-
tion in the Fe-Pd and Fe-Pt Invar alloys have been man-
ifested, so far, by X-ray, electron, and neutron diffraction
as tetragonally strained defect structures growing in the
austenite approaching the martensitic transition [9-12].
Structural details observed in the thermoelastic marten-
site of a well ordered FergPto4 alloy [13] suggest, how-
ever, that this martensite might be generated by shear
and shuffle as well, like in many other ordered martensitic
materials [14,15].

In the present paper we report on neutron scatter-
ing results obtained for two ordered Fe-rich Fe-Pt single
crystals: Fery 5Ptos s and Fer7Ptos. The crystal contain-
ing 25.5 at.% Pt is very close to the martensitic transition
(Mg =~ 0 K). The crystal containing 23 at.% Pt trans-
forms into bet martensite below Mg ~ 210 K. For both
crystals, we have investigated the premartensitic TA;[££0]
phonon softening, especially that of the soft zone bound-
ary mode, and the elastic scattering along the [110] direc-
tion. The results are compared with those obtained for
ordered FeroPtog. We discuss the role of the acoustic
phonon softening both at the zone center and at the
M-point zone boundary in relation to the observed pre-
martensitic and martensitic changes of the structure.

2 Experiment

Two Fe—Pt crystals of 2 to 3 cm length and 1 cm diameter
containing nominally 23 at.% and 25.5 at.% Pt have been
prepared by a Bridgman method and ordered in the L1s
structure as described in paper 1. As for FezoPtog, concen-
tration and homogeneity was checked by energy dispersive
X-ray investigation to agree with the nominal value within
+1 at.%. Taking rocking curves through the (220) reflec-
tion with neutrons gave mosaic spreads of 2.4° and 3°
(fwhm) for the crystals with 25.5 at.% Pt and 23 at.%
Pt, respectively. This mosaic spread, which is larger than
that determined for the previously investigated FeroPtog
crystals (0.4°), is partly ascribed to premartensitic strains
and defects, developing even at elevated temperatures in
the presently investigated crystals. According to the phase
diagram of Fe-Pt in the vicinity of FesPt (see Fig. 6), a
concentration fluctuation of 1 at.% Pt on a sufficiently
large length scale would result in the change of Mg by
~ 100 K.

Elastic and inelastic neutron scattering was performed
with the 1T1 three-axis spectrometer, installed at the
Orphée reactor, Laboratoire Léon Brillouin, CEA-CNRS,
Saclay. Pyrolitic graphite crystals were used as monochro-
mator (vertical focusing) and analyser (horizontal focus-
ing). For all measurements a constant final wave vector
ke =2.662 A~1 or 3.840 A~! was used. Different acoustic
phonon dispersions along high symmetry directions were
determined mainly by taking constant g-scans at various
temperatures between 295 K and 12 K. The TA;[££0]
phonon branch was measured mainly between the (220)
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Fig. 1. TA1[££0] phonon branch and lowest TO[££0] phonon
branch near zone boundary of ordered Fezs 5Pt2s5 5 at different
temperatures. Data of FeraPtog at 470 K and 12 K are included
for comparison.

and (310) Bragg reflection within the (001) scattering
plane. The phonon energies were determined by fitting
damped oscillator functions to the cross sections taking
into account the resolution function of the spectrometer.

3 Results and discussion
3.1 TA;[££0] phonon dispersion

As already reported for FeroPtog, we observed that among
the acoustic phonon modes investigated in the high sym-
metry directions only the TA;[€£0] modes considerably
soften with decreasing temperature below the magnetic
Curie temperature To. Therefore, we restrict our discus-
sion about the dynamical behaviour of the Fe-Pt crystals
on the ¢-dependence of the TA;[££0] modes and on their
dependence on temperature and composition.

In Figure 1, the TA;[¢£0] phonon branch and part of
the lowest transverse optical branch near the zone bound-
ary of FerysPtoss (Tc =~ 455 K) are shown for differ-
ent temperatures between 12 K and 295 K. The high
and low temperature phonon branches of ordered FeyoPtog
(T =~ 500 K) have been added for direct comparison. We
note first that at 470 K, the highest measuring temper-
ature for FeroPtog, no splitting could be observed within
the resolution of the spectrometer between the acoustic
and optical branch at the M-point. These modes are ap-
parently almost degenerate at temperatures close to and
above Tc. Comparing the &-dependence of the TA;[€£0]
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Fig. 2. TA; and TO 0.5[110] phonon scattering cross sections
for a) FerasPt2s.5 and b) Fer7Ptos at different temperatures.
Cross section of Fer7Pt2s at 130 K is enlarged by factor 3 above
background. Dotted curve denotes fit to the optical phonon
cross section at 295 K.

phonon dispersions of both crystals at room temperature
and at 12 K, we ascertain a very similar behaviour. The
phonon energies along the whole acoustic branch decrease
with decreasing temperature, the decrease is pronounced
near and right at the zone boundary. This contrasts the be-
haviour of the lowest zone boundary optical branch which
is almost temperature independent.

Whereas for both crystals the lowest zone boundary
acoustic phonon energies at 12 K are the same within
the errors of the measurements, for Fery 5Ptos 5, roughly
below 100 K, two phonon energies can be fitted to the
cross sections determined near the M-point. This can be
inferred from Figure 2a, where for Fery 5Ptos.5 some of
the zone boundary phonon spectra measured at different
temperatures are plotted. As this figure shows, the opti-
cal phonon cross sections near 11 meV do essentially not
change with decreasing temperature. The acoustic ones,
however, are shifted to low energies, become rather broad-
ened below ~ 100 K, and exhibit a double peak pro-
file at lower temperatures. This behaviour clearly differs
from that observed in Fe7oPtog. Furtheron, the cross sec-
tion of the acoustic zone boundary mode in Fers 5Ptos 5
rapidly decreases on cooling the crystal below 100 K.
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Fig. 3. TA; and TO 0.5[110] phonon energies vs. temperature
for ord. Fe-Pt crystals. Data for FersPta7 are taken from refer-
ence [16]. Vertical bars denote typical widths of cross sections.
Solid curve denotes Curie-Weiss fit. Dotted lines are guide to
the eyes.

Simultaneously, the intensity of the elastic scattering at
the M-point increases (see Fig. 4).

In Figure 2b, the zone boundary phonon cross sections
of Fe77Pto3 determined at 295 K, 196 K and 130 K are
shown. At 295 K, not far below T =~ 350 K of this crystal,
the cross section of the acoustic mode is rather small, as
compared with that of Fers 5Ptos 5, and almost obscured
by that of the optical mode. The dashed line in Figure 2b
denotes a fit to the dominating optical mode. The en-
ergy of the acoustic mode is, however, identical to that
of Fery 5Ptos.5. Even at 196 K, close below the start tem-
perature of the martensitic transformation Mg ~ 210 K,
the mode energies for both crystals are the same, indicat-
ing that at this temperature the zone boundary phonon
softening in the remaining austenite is essentially inde-
pendent of the martensite formation. A similar behaviour
could be traced in this crystal down to temperatures of
about 130 K, until most of the austenite had transformed.
Figure 2b shows that at 130 K, the phonon cross section
of Fe77Pto3 exhibits a double peak profile in the range be-
tween 4 and 8 meV similar to that found for Fers 5Ptos. 5
at lower temperatures.

In Figure 3, the energies of the TA;0.5[110] and of
the lowest optical M-point zone boundary phonon modes
are plotted wvs. temperature for all investigated ordered
Fe—Pt crystals including also the data reported by Noda
and Endoh for Fey3Ptar [16]. Vertical bars set symmetri-
cally around some phonon energies indicate the width of
the corresponding cross sections to illustrate the damp-
ing of the modes. The dotted lines are guide to the eyes,
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whereas the solid curve represents the Curie-Weiss fit to
the squared mode energy of FeroPtos.

The data in Figure 3 suggest that at high temper-
atures, especially above the Curie temperatures of the
investigated crystals, the optical and acoustic zone bound-
ary modes are almost degenerate. To clarify the incipient
softening of the transverse acoustic zone boundary mode,
a more detailed neutron scattering study at high temper-
atures and comparison with corresponding magnetization
data would be necessary and helpful, respectively. We note
that normal quasi harmonic behaviour of the zone bound-
ary phonon modes is expected well above T¢. This has
been actually found for the low-¢ TA; modes in FezPt [8]
and for the elastic constant C”’ [6].

Furthermore, Figure 3 reveals that in the temperature
range between about 150 K and 300 K the acoustic zone
boundary mode energy is essentially the same for all inves-
tigated Fe—Pt crystals, irrespective of their quite different
Curie temperatures, ranging from 350 K to above 500 K.
Apparently, not the Curie temperature but the tempera-
ture dependent spontaneous magnetization determines the
softening of the phonon modes of the alloys. For Fe-Pt,
the mean magnetic moment of the Fe-atoms increases with
increasing Fe-content, whereas T¢ decreases. The sponta-
neous magnetization, e.g. at 200 K [4], varies, therefore,
much less with composition than Tc.

At temperatures roughly below 150 K, the phonon
modes of FeroPtog and Fery 5Ptos 5 differ with respect to
their scattering profiles (compare e.g. Fig. 2a with Fig. 4 of
paper I). The lower phonon energy of Fery 5Ptas 5 exhibits
a temperature dependence similar to that of FeyoPtog,
namely the deviation from the Curie Weiss behaviour to-
wards a roughly constant value between 2 and 3 meV be-
low about 50 K. We conclude that this low energy mode
of Fer4 5Ptos 5 reflects the behaviour inherent in the zone
boundary mode softening like in Fe7oPtog. The mode with
the higher energy between 6 and 7 meV is considered
as the dynamical response from defect regions within the
crystal (see our discussion further below).

3.2 Elastic scattering

Figure 4 shows some data of the diffuse elastic scattering,
actually measured along [110] between the (200) and (310)
Bragg reflections for FeraPtog and between the (220) and
(310) Bragg reflections for Fery 5Pto5.5 and Fer7Ptas. On
the left side of the figure, the intensity contours are plot-
ted on a log scale vs. the reduced wave vector £ for high
and low temperatures, respectively. On the right side, the
temperature dependence of the scattering intensities at
the zone boundary (£ = 0.5) and near the zone center
(¢ = 0.1 or 0.2) is shown. Intensity numbers given in the
middle and the lower row are directly comparable to each
other. Those given in the upper row, which have been ob-
tained on a different spectrometer, are comparable to the
others within the order of magnitude.

For FeroPtog (upper row), the elastic scattering inten-
sity increases on cooling mainly at & = 0.5 and below
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Fig. 4. Elastic scattering intensities along TA;[¢£0] phonon
branch for FeroPtog, Fera 5Ptos s and Fer7Ptos at high and low
temperatures. Left side: on log. scale vs. reduced wave vector
&; Right side: on lin. scale for & = 0.1(0.2) and & = 0.5 vs.
temperature. Full lines are guides to the eyes, dotted lines are
extrapolations of the temperature dependences.

about 50 K, indicating the development of the superstruc-
ture peak, well localized in ¢-space and corresponding to
the temperature where the soft mode energy levels off to
approach a constant value (see Fig. 3 and paper I). For this
crystal, at & = 0.1, in the vicinity of the (200) Bragg peak,
the scattering intensity increases only weakly on cooling
from 200 K to 11 K. Note the enlargement by the factor
2 in the figure. Extrapolation of the high temperature be-
haviour, indicated by the dotted line in the upper right
panel of Figure 4, suggests a slight enhancement of the
scattering at £ = 0.1 below 50 K, which is also found for
smaller -values. It likely originates from strain related to
the zone boundary transformation. We suspect that the
low temperature antiferrodistortive transformation is ac-
companied by a small change of the ¢/a ratio of the cu-
bic lattice (¢/a < 1). X-ray investigations performed by
us on polycrystals with similar composition and degree
of atomic order did, however, so far, not yield conclusive
results on the low temperature structure.

The elastic scattering of Fers4 s5Ptoss, shown in the
middle row of Figure 4, differs markedly from that of
FeroPtog. First, the intensity at small £ is much larger
than that of FeroPtog, consistent with the larger mosaic
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spread of Fery 5Pto5.5. Measurement of the intensity con-
tours taken near the (220) Bragg reflection of this crystal
at room temperature yield a streak along the [110] direc-
tion extending into the Brillouin zone to about £ = 0.3.
Similar streaks in the elastic scattering contours have been
observed in a number of alloys as typical precursors of a
first order structural phase transformation in combina-
tion with mode softening [17]. This Huang type scattering
originates from local structural defects of the cubic lat-
tice, characterized by the shear strain of the (110) planes
along the [110] direction, which is favoured by a small
elastic constant C’ and by small TA;[{£0] phonon en-
ergies. A proper combination of such shears transforms
the fcc- into the fct-lattice. As shown in Figure 4, the
defect scattering at small £ considerably increases on cool-
ing the Fery 5Ptos 5 crystal from ambient to low temper-
atures, i.e. by a factor 3 within the whole &-range up to
¢ =~ 0.3. Apparently, the number of the fct-lattice like
defects is growing with decreasing temperature, i.e. ap-
proaching the martensitic transformation. The behaviour
is similar to that of disordered Fe7oPtog, reported in paper
I, both crystals having about the same Martensite start
temperature Mg ~ 0 K.

Like ordered Fe7oPtag, the Fery 5Ptos. 5 crystal also ex-
hibits the M-point superstructure peak at low tempera-
tures. The data, plotted for £ = 0.5 on the right side of
the middle row of Figure 4, suggest, that the zone bound-
ary transformation of this crystal occurs in two steps as
indicated by the dotted line. In a first step, the peak at
& = 0.5 starts to develop with decreasing temperature be-
low about 110 K. This is roughly the temperature at which
the phonon branch near and right at the zone boundary
apparently splits (cf. Fig. 3). We consider this transforma-
tion as induced by the local fct defects. In a second step,
below about 50 K, the elastic scattering increases more
steeply on further cooling. We note that this behaviour
is similar to that observed in Fe7oPtog, namely the ap-
pearance of the superstructure peak coinciding with the
deviation of the corresponding phonon frequencies from
the Curie Weiss like softening. Again, similar to the elas-
tic scattering in FeroPtog, the scattering at small € in
Fer45Pto5.5 seems to be clearly enhanced by the zone
boundary transition, as indicated by another dotted line
for £ = 0.1 in Figure 4.

From the mutual dependence of zone boundary and
zone center strain and from the temperature dependence
of the zone boundary mode energies in Fery 5Ptos.45 we
derive the following view: Apparently, locally fct-strained
regions exist in this crystal which — according to the
composition — have a much higher density than those in
FeroPtog. They grow with respect to their number and
spatial extension with decreasing temperature, approach-
ing the martensitic transition (Mg ~ 0 K) and induce the
structural transformation corresponding to the soft zone
boundary phonons. In those local regions of the lattice,
where the ¢/a ratio r < 1 is smaller than a critical value,
the Fe-octahedrons are rotated around the c-axis away
from their symmetric positions, corresponding to the in-
trinsic instability of the cubic lattice. Consequently, the

structure in Ferz4 5 Pto5.45 is considered to change heteroge-
neously with decreasing temperature: Those zone bound-
ary phonon modes which stem from the defect lattice
constitute the upper part of the splitted phonon branch
with nearly constant energy below ~ 120 K (see Fig. 3).
The other modes, stemming from the untransformed cu-
bic lattice, constitute the lower branch. They continue to
soften with decreasing temperature until the lattice gets
intrinsically unstable, here below about 50 K.

To emphasize the relevance of structural defects with
respect to the martensitic transformation we add some
short remarks on the possible origin of the embryonic like
fct distorted regions and their development with the de-
crease of temperature. Seeds of the low temperature fct,
bct or bee martensitic phase might be stable even at very
high temperatures in fcc FesPt due to local concentration
fluctuations. These fluctuations locally change the number
and the atomic volume of neighboring Fe atoms, which are
considered as critical parameters for the Fe-magnetic mo-
ment and for the structural stability [18]. The defects may
survive even in a well ordered Lls-structure of a single
crystal due to short range disorder prevailing at low tem-
peratures, e.g. at anti-site atoms due to off-stoichiometry
and at anti-phase boundaries. It is mentioned in this con-
text that extended X-ray absorption fine structure mea-
surements (EXAFS) in o. Fez4Ptog [19] have shown that
the nearest neighbor Pt-Fe and the Pt-Pt defect pair dis-
tances differ by about 2% and that both change anoma-
lously on the decrease of the temperature below about
100 K.

Finally, we discuss the corresponding elastic scattering
data of the Fe;7Ptog crystal, shown in the lower row of Fig-
ure 4. At room temperature, the scattering near £ = 0.1
from this crystal is even larger than that from the crystal
discussed before and hardly varies with decreasing temper-
ature above Mg. Therefore, on the right hand side of the
lower row in Figure 4, the scattering intensity at £ = 0.2
is plotted wvs. temperature. It strongly increases on cool-
ing the crystal due to the increase of local strain, espe-
cially near Mg, until below about 200 K < Mg ~ 210 K,
it steeply diminishes indicating the martensitic transfor-
mation of the majority of the crystal into a bct lattice
(see below). On this transition, near the M-point of the
austenitic lattice, the scattering rapidly increases with de-
creasing temperature. Since the M-point of the austenite
lattice is not considered as a zone boundary or symmetry
point of the bet lattice (see e.g. Fig. 5), it is not surprising
that this scattering is shifted and rather spread along the
[110] direction. Scanning along the [110] direction through
this M-point, the scattering intensity was found rather
modulated within the (001) plane of the austenite.

Though the scattering from the martensite cannot be
clearly related to a specific structural change like in the
austenite, i.e. to a rotational displacement of the Fe-
atoms, we strongly suggest that a similar transition oc-
curs in the martensite. Electron microscopy studies on the
bct martensite of a well ordered FezgPtoy alloy have re-
vealed reflections corresponding to a shuffle movement of
the Fe-atoms away from the high symmetry positions, i.e.
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Fig. 5. (a) Braggreflections on (001)-scattering plane of
Fe77Pt2s austenite and projected bct-martensite reflections
indexed in Bain correspondence including scattering contour
found for martensite near M-point (2.5,1.5,0) (schematic). (b)
lattice model according to Figure 5a.

the face centers of the austenite lattice. Possibly, even the
electronic structure within a bet lattice of ordered FesPt
favours such a displacement.

3.3 Martensitic transformation

The martensitic transformation of the Fe;7Ptos crystal
was traced by several elastic scans through and close to the
(200), (020), (220), and (111) Bragg reflections at different
temperatures near and below Mg. From the appearance of
intensities growing at new fixed positions in g-space with
decreasing temperature at the expense of the austenite, we
determined Mg ~ 210 K and identified the martensite ba-
sically consisting of a bet lattice in a Bain correspondence
to the austenite. The positions of the new Bragg reflections
found in the vicinity of the (001) scattering plane of the
austenite and projected on this plane are shown schemati-
cally in Figure 5a, together with the location of scattering
intensity determined near the (2.5,1.5,0) M-point below
Msg. Correspondingly, in Figure 5b, the cells of one bet-
lattice variant are sketched projected on the (110) austen-
ite lattice plane. The lattice parameters determined for the
austenite are: a(300 K) = 3.750 A; a(Ms) = 3.735 A; and
those for the bct-martensite: @ = 2.864 A, ¢ = 3.175 A,

¢/a = 1.109, the latter being independent of the tempera-
ture within the resolution of the measurements. The vol-
ume change at Mg is AV/V = —0.4%. These values are in
very good agreement with lattice parameters reported for
the bet-martensite of ordered FezgPtog [20] and partially
ordered Fey5Ptos [11].

Observing the reverse transformation with increasing
temperature by comparing the intensities of a (200) bct
and a (220) fcc Bragg reflection located close together
within the austenitic (001) scattering plane, we conclude
that at Mg (apparently) only less than half of the marten-
site had re-transformed to austenite within the original
orientation and even at room temperature a small amount
of martensite was retained. Thus, the martensitic transi-
tion observed in this crystal is not considered as thermoe-
lastic. In addition, at 300 K, the scattering intensity at
the position of the austenite (111) Bragg reflection and
evidently single crystallinity was lost.

From the positions of the splitted Bragg reflections
of the bct-martensite, we infer that the transformation
of the parent into the product phase is mediated mainly
by the typical (111) [112] type shear strain (see Fig. 5b).
The resistance against this shear, i.e. the relevant elastic
constant C = (2C" + Cyq)/3 is low if C’ is small. This
has been verified for partially ordered Fe;sPtos [21]. For
our crystals investigated, a softening comparable to that
of the elastic constant C” is found for the low-£ TA;[££0]-
phonons above the Mg temperature. For Fe;7Ptog3, a re-
duction of the phonon energy at £ = 0.2 and T' =~ Mg by
about 20% relative to the room temperature value is deter-
mined. This roughly compares with the phonon softening
at £ = 0.2 for Fery 5Pto5 5 between room temperature and
Mg =~ 0 K. For a direct comparison with the elastic con-
stant C’, however, more precise data of phonon energies
in the low-¢ region (£ < 0.1) are necessary.

4 Summary and conclusions

We have shown that the investigated ordered Fe-Pt crys-
tals exhibit considerable softening of the whole TA;[££0]
phonon branch below the Curie temperature. Pronounced
softening is found at the M-point zone boundary, as pre-
viously determined for FeroPtos.

To summarize our results on the phonon dynamics
and on the related structural changes observed in the in-
vestigated Fe-rich Fe-Pt alloys, we show in Figure 6 the
magnetic and structural phase diagram of ordered Fe-Pt
in the range between 21 and 30 at.% Pt. Special inter-
est is focused on the tetragonal phase at low tempera-
tures. This phase has been identified and established by
our work as due to the TA;0.5[110] phonon instability. It
is characterized by a displacement of the Fe-atoms away
from their symmetric positions in the Llo-structure and
by a doubling of the lattice unit cell. At compositions near
FeroPtog, the tetragonal phase is intrinsically stable below
about 50 K (dashed line in Fig. 6). With the increase of
the Fe-content and with the approach to the martensitic
phase, the boundary between the tetragonal and the cu-
bic L1s-phase is shifted to higher temperatures due to the
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Fig. 6. Magnetic and structural phase diagram of ordered
Fe100_«Pts for 21 < z < 30 at.% Pt. Data of T, Ms, MZ® (for
disordered Fe-Pt) and boundary between L1, and tetragonal
phase are from references [2—4,19] and present work.

increasing premartensitic (zone center) tetragonal strain.
This strain is considered to originate from local fct like
lattice defects within the ordered structure of the austen-
ite. It may become relevant at temperatures near or even
above the Mg temperature of the disordered fcc phase,
marked in Figure 6 by a dotted curve.

From the measurements on ordered Fe;7Pto3 we have
found that the TA;0.5[110}-zone boundary phonon soft-
ening in the austenite is rather unaffected by the marten-
sitic transition into a bct lattice, starting below about
210 K. From the Bragg positions of the martensite, we
infer that the homogeneous shear strain is the important
element within the kinetics of this transformation. It is
influenced by the softness of the elastic constant C’ and
of the low-£ transverse acoustic phonons. Diffuse elastic
scattering from the martensite suggests, however, that the
zone boundary structural instability is preserved in the
martensite. This may be even more pronounced and im-
portant in alloys with compositions very close to FegPt,
where the tetragonal phase is intermediate between the
L1s-austenite and the thermoelastic bet-martensite.

As a final conclusion we shortly address ourselves
to the question about the general role of phonon soft-
ening as dynamical precursor of the martensitic phase
transformation. Our present results and those obtained
for the other Fe-rich fcc alloys, both experimentally and
theoretically, suggest that the martensitic transformation,
as manifesting in the strong composition dependence of

the Mg temperature, is of electronic origin and not primar-
ily controlled by soft phonons. The latter are, however,
relevant for the formation and symmetry of premarten-
sitic phases. As we have shown for the ordered Fe-Pt sys-
tem in the vicinity of the martensitic phase boundary, the
premartensitic cubic to tetragonal lattice transformation
may comprise a combination of strains related to different
soft TA1[110] phonons. Moreover, our results suggest that
these soft phonons influence also the morphology of the
martensitic lattice on microscopic length scale, at least in
the case when the martensite forms at low enough tem-
peratures.
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