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The elastic and nonlinear acoustic properties of monocrystalline Mn78Pt2z alloy have been studied by
the ultrasonic pulse-echo-overlap technique. To obtain the three independent elastic-stiffness tensor
components C» and the adiabatic bulk modulus B as a function of temperature in the antiferromagnet-
ic D phase, velocity measurements of the three ultrasonic modes, which can be propagated along the
[110] direction, have been made between 10 K and room temperature; for the longitudinal mode mea-
surements have been made up to 550 K. At 293 K the elastic stiffnesses are C» =94.2 GPa, Cl2 =35.8

GPa, and C44=84. 7 GPa; hence C» and in turn B =55.2 GPa are comparatively small: the elastic
moduli conform with trends with the e/a ratio previously recognized for 3d transition-metal antiferro-
magnetic Invar alloys. In the temperature range 10—225 K the C' mode exhibits shear-lattice softening
that parallels mode softening found in the longitudinal second-order elastic-stiffness tensor component
C». There is a sharp dip at the Neel temperature (515 K) in the velocity of the longitudinal ultrasonic
wave propagated along the [110] direction. Measurements of the hydrostatic-pressure dependences of
the velocities of ultrasonic modes with a [110]propagation vector have been used to obtain the hydro-
static pressure derivatives (BC» /BP )I =0 of the elastic-stiffness tensor components. At 293 K
(BC»/BP), (BC, /BP), (BC /BP) =, and (BB /BP) are 6.2+0. 1, 4.2+0.3, 4.3+0.2, and
4.8+0.2, respectively. To establish the vibrational anharmonicity of the long-wavelength acoustic
modes, the results obtained for C» and (BC»/BP)I o have been used to calculate the corresponding
Gruneisen parameters. In general the elastic and nonlinear acoustic properties show a number of
features that resemble those of Invar materials.

I. INTRODUCTION

The objective has been to investigate the elastic and
nonlinear acoustic properties of antiferromagnetic (AFM)
Mn7~Pt22 alloy. Measurements have been made of the
temperature and hydrostatic-pressure dependences of the
velocities of pure longitudinal and shear ultrasonic waves
propagated along the [110] direction of a single-crystal
sample. An outcome of this experimental work has been
the determination of each of the independent second-
order elastic-stiffness tensor components (SOEC) and re-
lated elastic properties, and how they vary with tempera-
ture and pressure. These results provide interesting phys-
ical insight into the elastic and nonlinear acoustic proper-
ties of this alloy.

An alloy with the composition Mn»Pt22 falls within
the stability range (16—29 at. % Pt) of the ordered in-
termetallic compound Mn3Pt. ' The stoichiometric com-
pound Mn3Pt has the cubic Cu3Au ordered structure.
Previous studies of the phase centered on Mn3Pt have
been focused on its magnetic structure. Mn3Pt is an
antiferromagnet with a Neel temperature T~ of 475 K;
magnetic moments of about 3pz are sited on the Mn
atoms at 77 K, while there is no magnetic-moment align-
ment on the Pt atoms. Particular interest in this com-
pound was aroused by the discovery, from neutron-
diffraction studies, of a first-order transition at a tempera-

ture T, of 365 K from one AFM phase (labeled D) to a
second AFM phase (labeled F). The crystal structure
does not change at the AFM-AFM transition, but the lat-
tice parameter increases considerably from aD =3.842 A
to a~ =3.873 A corresponding to a volume change
5V/V of 2.4% and a latent heat of 1.7+0.2 cal/g. In the
low-temperature ground state (D phase) the moments are
coplanar, lying in {111]planes along (112) directions
and are ordered at 120 to nearest neighbors on a triangu-
lar lattice. The unit cell is doubled in the higher-
temperature AFM F phase. Recently Long has pointed
out that the magnetic structure proposed earlier for the
F phase suffers from a number of serious deficiencies and
has established that it is in fact a multiple-q state
comprised of an equal superposition of three spin-density
waves.

The compound Mn3Pt is isostructural with Fe3Pt, a
material which shows strong Invar effects, including neg-
ative thermal expansion in a range of temperature below
the Curie point. A phenomenon central to understand-
ing this negative thermal expansion has recently been
found in ultrasonic studies of the ferromagnetic Invar al-
loy Fe72Ptz8. the application of hydrostatic pressure in-
duces a decrease in the velocities of longitudinal ultrason-
ic modes. ' Both (c)C&t IdP)t, o and (BCL IBP )z
[where CL =(C»+C,2+2C44)/2)] are negative in the
ferromagnetic phase, although they have the normal posi-
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tive sign in the paramagnetic state. Hence below the Cu-
rie temperature the hydrostatic-pressure derivative
(BBIBP)z p of the bulk modulus is negative: Fe72Pt28
shows the extraordinary behavior of becoming easier to
squeeze when pressure is applied to it. This fascinating
behavior aroused our interest in related materials,
prompting this ultrasonic study of the elastic and non-
linear acoustic properties of Mn»Pt».

II. EXPERIMENTAL PROCEDURE

The initial obstacle to surmount was lack of informa-
tion about the optimum concentration and conditions re-
quired for crystal growth. We were not able to grow a
large single crystal of stoichiometric Mn3Pt of adequate
perfection for ultrasonic studies; plausibly this is due to
the large volume change which takes place as a Mn3Pt
crystal is cooled through the cubic-to-cubic AFM-AFM
transition. However it is possible to circumvent this
difficulty. As the Mn concentration (3+x) is increased in
the alloy system Mn3+ Pt&, the lattice parameter and
the jump in its value incurred as the material undergoes
the first-order transition from the AFM D phase to the
AFM F phase at T, decrease, and both T, and T& in-
crease. The range of temperature over which the I'
phase is stable becomes smaller as the Mn concentration
is enhanced; at a critical value of x greater than about
0.18 the I' phase vanishes so that the AFM-AFM transi-
tion and the associated large volume change are absent.
We have concentrated our e6'ort on growing a single
crystal of an alloy of concentration Mn3, 2Ptp 88 (which
we express in atomic concentration as Mn78Pt22 because
that has been our practice in earlier studies of Mn- and
Fe-based alloys with which we compare our present
work). It proved possible to grow a high-quality single
crystal of this composition. When this alloy is cooled
slowly through the AFM I to AFM D transition during
the growth process, the volume change b, V/Vincurred is
relatively small so that there is negligible strain-induced

. structural damage.
The single crystal of cm dimensions was grown from

high-purity elements by a modified Bridgman-
Stockbarger process. The charge was contained in a pol-
ished alumina crucible in a high-purity argon atmo-
sphere. Since the vapor pressure of molten manganese is
high, the crucible and cover were sealed gas tight using a
heat resisting adhesive for ceramics ("Ceramabond" of
TEK-Hannover). This crucible was put into a Mo cruci-
ble which was welded gas tight under 300 mbar of argon.
The material was heated by rf induction up to about
1250 C, left to homogenize for an hour, and then lowered
slowly down through the temperature gradient. After
crystallization the cooling rate was much reduced to an-
neal the crystal for several days. Single crystals of about
6.5 mm diameter and 20 mm in length were grown, the
crystal quality being examined by taking Laue back-
reAection photographs along the boule. It has the same
structure as the y-phase compound Mn3Pt. Microprobe
analysis scans around the crystal showed its composition
to be Mn78Pt22 with +1 at. %. The density was '7417+3
kg m . The crystal was orientated on a three-arc

goniometer to +0.5' using Laue back-reAection photog-
raphy. A sample, large enough for precision measure-
ments of ultrasonic wave velocities, was cut and polished
with two faces, normal to the required propagation direc-
tion along the [110j crystallographic axis, Rat to surface
irregularities of about 2 pm and parallel to better than
10 rad.

The velocities of the longitudinal and two shear pure
ultrasonic waves, which can be propagated along a [110j
direction, were measured. 10-MHz ultrasonic pulses were
generated and detected by X- and F-cut quartz transduc-
ers bonded to the sample using Nonaq stopcock grease at
low temperatures or Dow resin above 300 K; the latter
bonding agent was used in the high-pressure experiments.
Ultrasonic pulse transit times were measured using the
pulse-echo-overlap technique' capable of resolution of
velocity changes to 1 part in 10 and particularly well
suited to determination of pressure- or temperature-
induced changes in velocity. The temperature depen-
dence of the velocity of each ultrasound mode was mea-
sured between 10 and 300 K; experiments on the longitu-
dinal mode were extended up to 550 K.

Hydrostatic pressure up to 1.5 GPa was applied in a
piston-and-cylinder apparatus sealed with Teflon and Vi-
ton 0 rings. Silicone Quid was used as the pressure
transmitting medium. The dependence of ultrasonic
wave velocity upon hydrostatic pressure was measured at
293 and 333.K keeping the temperature controlled to
within 0.2 K. The pressure was measured using the
change in resistance of a precalibrated manganin wire
coil contained inside the cell. For further details of the
experimental setup, see Ref. 11. To circumvent calcula-
tion of the changes in crystal dimensions induced by ap-
plication of hydrostatic pressure, the experimental data
were transformed to correspond to the "natural velocity"
O'. ' In decreasing order of magnitude, the major sources
of error arose in the measurement of pressure, alloy com-
position, sample dimensions, and alignment.

III. EXPERIMENTAL RESULTS
FOR THE TEMPERATURE DEPENDENCES

OF THE ELASTIC-STIFFNESS TENSOR
COMPONENTS OF Mn78Pt22

The adiabatic elastic-sti6'ness tensor components of
Mn78Pt22, measured at room temperature, are compared
with those of other Mn alloys and MnS2 in Table I. The
component C&& for each of the AFM alloys is small com-
pared with those of Fe or Ni. This is also true for CL.
Hence the long-wavelength longitudinal acoustic pho-
nons are relatively soft in each of these alloys, especially
for Mn78Pt22. Small values are also found for the elastic
sti6'nesses C44, C', and B . The results show that
Mn78Pt22 conforms to the trends for 3d transition-metal
alloys with electron concentration constructed by Lenk-
keri. ' Building on the fact that the composition depen-
dence of the elastic moduli of alloys is associated with
changes in the strain dependence of the crystal energy, he
found that, as a result of the electronic contributions to
the elastic moduli of an fcc transition-metal alloy, the
stiffnesses and their temperature derivatives depend on
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TABLE I. Comparison between the room-temperature (293 K) elastic and nonlinear acoustic prop-
erties of Mn»Pt» and those of Mn73Ni27 (Ref. 13), Fe6oMn4o (Ref. 14), and MnS~ (Ref. 15).

Description

Density (kg m )

Elastic stiffnesses (GPa)

C44

C~2
C'=

2 (Cl )
—CI~ )

Bulk modulus B (GPa)

Mn7SPt22

7417

94.2+0. 1

84.7+0.3
35.8+0. 1

29.2+0. 1

55.2+0.3

Mn73Ni27

129
98
77
26
94

Fe6oMn4o

7820

170
142
98
36

123

MnS2

3502

114+1
36+2
30+2
30+1
64+3

Hydrostatic-pressure
derivatives

(ac„/aP), =,
(ac„/aP), ,
(aC44/ap), =,
(ac'/ap), ,
(aB'/a )'='

y

6.2+0. 1

4.2+0.3
4.3+0. 1

1.0+0. 1

4.8+0.2
1.35

5.2+0. 1

3.2+0.3
3.5+0. 1

0.9+0.1

3.9+0.2
1.5

10.1
7.1

3.8
1.5
8.1

2.12

8.9+0.1

2.8+0.2
3.9+0.1

3.1+0.1

4.8+0.3
2.4

the electron/atom (e/a) ratio. At high temperatures, fcc
alloys of transition metals range from yMn (e/a equal to
7) to Cu (e/a equal to 11). As e/a is decreased below 7.7
(the AFM Invar region), there is a marked tendency for
the values of the elastic moduli to decrease. With an e/a
ratio of 7.66, Mn78Pt2z falls into the correct place for an
AFM Invar in the systematic trend found by Lenkkeri
(see Fig. 1 of Ref. 16).

The temperature dependences of the adiabatic elastic
moduli CL [=(Ct)+C)~+2C4~)/2], C'[=(C(, —C,2)/
2], and C«are shown in Fig. 1. These moduli refer to
the AFM D phase. They were calculated from the sarn-
ple density (p) and the velocities of ultrasonic waves pro-
pagated along the [110]direction of the Mn7sPt22 crystal
as it was cooled from 300 to 10 K. There was no thermal
hysteresis in the elastic moduli of the three modes and no
irreversible effects, when the alloy was temperature cy-
cled between room temperature and 10 K.

The longitudinal CL and the shear C44 moduli increase
smoothly with decreasing temperature and do not show
any pronounced unusual eff'ects [Figs. 1(a) and 1(b)].
These elastic rnoduli increase steadily in the usual way, as
the temperature is decreased to about 100 K and then
start to level off, reaching a temperature-independent pla-
teau below about 50 K, behavior resembling that for
these moduli in other AFM Mn alloys, such as fcc Fe-Mn
(Refs. 17 and 14) and the y Mn-Ni alloys, ' ' which are
Invars.

However, the temperature dependence between 10 and
300 K of the elastic stiffness C' associated with the
N [110]U[110]polarized shear wave [Fig. 1(c)] is espe-
cially interesting. This elastic modulus starts to increase
as the temperature is lowered from room temperature but
at a small gradient: dC'/d T is only about 0.005
GPaK ' at 250 K (at this temperature the gradients
of the CI ( T) and C4&( T) plots are much larger,
being dCL /dT =0.04 CzPa K ' and dC~/dT=0. 02
GPaK '). With further decrease in temperature C' lev-
els off at around 235 K and in a range centered on 200 K

the gradient of the elastic modulus-temperature curve is
almost zero. Then this shear stiffness begins to decrease
at a rate which becomes progressively larger as the tern-
perature is reduced further, resulting in quite a steep pos-
itive gradient in the range 150—50 K. Below 40 K, the
gradient dC'/dT becomes less steep and the curve of
C'(T) flattens off before beginning to increase slightly at
the lowest temperatures of measurement.

The elastic stiffnesses C&&( =CI +C' —C~), C&2( =C»
—2C'), and the adiabatic bulk modulus B ( =Cr —

C44—C'/3) have also been evaluated (Fig. 2). As the temper-
ature is decreased C» passes through a rnaxirnum at
about 170 K and then decreases [Fig. 2(a)]. A similar
longitudinal mode softening has been observed in the y
Mn-Ni alloys. ' ' Now a decrease in C» with decreas-
ing temperature can be instrumental in reducing
(C» —C,2)/2 in turn —as it does in y Mn-Ni alloys. '

The second-order stiffness tensor component C&2 displays
a more normal behavior [Fig. 2(b)]: it increases gradually
as the temperature decreases before leveling off around 50
K at a value of 39.2 GPa. The adiabatic bulk modulus
B increases slowly as the temperature is reduced from
room temperature to about 120 K and then flattens out to
a value just below 58 GPa in the range 50—10 K [Fig.
2(c)].

The shear anisotropy ratio 2 ( =C4~/C') changes from
about 2.8 to 3.3 as the temperature is lowered from 293
to 10 K (Fig. 3). From 300 to 175 K, the anisotropy ratio
A remains fairly constant at about 2.9. Below about 175
K, this ratio increases quite rapidly to 3.2 as the softening
of the C' shear mode is enhanced [Fig. 1(c)]. The shear
mode softening behavior is similar to that found for the y
Mn-Ni Invar alloys' and also for Fe72Pt28, ' and could
suggest an incipient martensitic transition, although this
is not attained.

To examine some aspects of the elastic behavior of
Mn78Pt22 in the vicinity of the Neel temperature, the
range of measurement of the velocity of the longitudinal
ultrasonic wave propagated along the [110]direction was
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extended up to 550 K. The ultrasonic echoes were stable
for this mode when the temperature was increased. Fig-
ure 4 shows the results obtained for the longitudinal elas-
tic modulus CL. At about 490 K there is a kink in
CL (T), an anomaly associated with the material crossing
into the F-phase existence region just below the triple
point where the AFM F, and AFM D, and the paramag-
netic phases coexist [see Fig. 7(b) of Ref. 20]. This
Mn78Pt22 crystal is in the AFM F phase in the tempera-
ture range from 490 K up to Tz. Above 500 K, CL de-
creases suddenly, reaching a deep minimum at 515 K.
This should de6ne the Neel temperature T& for Mn78Pt22, '
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29-
~O

o+

28- --- -~

3.15-

Q
3.05-

CL
O

O
V)'c 295

O~

I~
O~

O~

O~

27'
0

I I

100 200
Temperature (K)

300

FIG. 1. Temperature dependence of the adiabatic elastic
stiff'nesses (a) Cz [ = ( C» + C&z+ 2C44 )/2], (b) C«, and (c)
C'[ =(C» —C,z )/2] of Mnz, ptzz in the AFM D phase.

2.85
0

I I

100 200
Temperature (K)

FIG. 3. Variation of the shear anisotropy ratio A ( = C44/C')
for Mn78Ptzz in the AFM D phase with decreasing temperature.



3220 SAUNDERS, CANKURTARAN, RAY, PELZL, AND BACH

150

a 140-
Q
C9

(3

130-

L
O
O
C

120-

110
250

I

300
I I

350 400 450
Temperature (K)

k

500

TN

550

FIG. 4. Longitudinal elastic stiffness Cl [ = ( C» + C, z
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a similar dip occurs at T~ in the case of Fe60Mn4o. ' The
neutron-diffraction studies gave a value of 502+10 K for
T~ for an alloy of composition Mn»Ptzz. ' "Abo ve T~
the longitudinal elastic modulus increases sharply before
leveling out by about 530 K.

IV. DISCUSSION OF THE TEMPERATURE
DEPENDENCES OF THE ELASTIC-STIFFNESS

TENSOR COMPONENTS OF Mn78Ptgg
IN THE AFM D PHASE

When Mn78Ptzz is cooled down from room temperature
to 10 K, the elastic stiffnesses CI and C44 [Figs. 1(a) and
(b)] show no obvious evidence for softening or any other
characteristic which might be linked with Invar-type
behavior. These two independent elastic stiffnesses follow
approximately the temperature dependence common to
antiferromagnetic alloys, such as, for example, those ob-
served in y Mn-Ni (Refs. 18 and 19) and y Fe-Mn (Refs.
21, 17, and 14) alloys.

By contrast, the velocity of the shear C' mode does ex-
hibit interesting features [Fig. 1(c)]. At first glance, the
temperature dependence of C' seems to resemble the
behavior for this shear stiffness found for the ferromag-
netic Invar alloy Fe65Ni35

' The mode softening occur-
ring in the range from 200 to 10 K could be construed as
evidence either for Invar behavior or for an incipient
martensitic transition. In fact the two properties can be
interlinked. Softening of the C mode is typical antiferro-
magnetic Invar effect' ' ' and also occurs in many fer-
romagnetic Invar materials (for a review, see Ref. 22).
Thus, in conjunction with the results obtained for C&&(T)
[Fig. 2(a)], the C'(T) temperature dependence for the
Mn78Ptzz alloy displays behavior resembling that of an
Invar alloy, although the Invar-like characteristics are
not as pronounced as those of ferromagnetic alloys such
as, for instance, Fe7zPtzs (Refs. 8, 9, and 14) and

21
Fe65Ni35

Since C&& and CL are relatively small, compared with
those of Fe or Ni, for example, the implication is that the
long-wavelength longitudinal phonons are soft. There is a
magnetoelastic interaction which softens C» below 200

K [Fig. 2(a)]. In turn this is paralleled by softening of C'
and since this modulus is small, the effect is most pro-
nounced in its temperature dependence. This observa-
tion resembles the effects noted in the elastic constant re-
sults for y Mn-Ni alloys. ' '

Comparison between the elastic behaviors of Mn78Ptzz
and antiferromagnetic Mns5Ni» (Ref. 18) indicates the
same general pattern. CL goes through a quite a sharp
minimum at Tz, which is 465 K for Mn8~Ni» and 515 K
for Mn78Ptzz. Apart from the dip near T~ for the longitu-
dinal CL mode in Mn8~Ni&5, the magnetic ordering in-
duces a stiffening in the rest of the temperature range;
very similar behavior is found for Mn78Ptzz, which, how-
ever, shows in addition the feature at 490 K attributable
to the D-to-F transition. On closer examination, the elas-
tic behavior displayed as a function of temperature by
Mn78Ptzz is similar to Mn~5Ni», ' and also to the "clas-
sic" ferromagnetic Fe-Ni (Ref. 21) and Fe-Pt (Refs. 23
and 24) Invar alloys in which the effects are much more
pronounced while in the manganese-rich, antiferromag-
netic Invar alloys and Fe60Mn4O alloy, ' they are less so.
The magnitudes of the magnetoelastic and Invar effects
are usually much smaller for an antiferromagnetic alloy
than for a ferromagnetic alloy.

V. THE HYDROSTATIC-PRESSURE
DEPENDENCES OF THE ULTRASONIC WAVE

VEI.OCITIES AND ELASTIC-STIFFNESS
TENSOR COMPONENTS OF Mn78Ptqq

IN THE AFM D PHASE

The pressure dependences of the ultrasonic wave veloc-
ities for the longitudinal CL mode and the two shear C'
and C44 modes were measured. The velocities associated
with the three independent elastic-stiffness moduli in-
crease approximately linearly with pressure at room tem-
perature (Fig. 5). The data are reproducible under pres-
sure cycling and show no hysteresis effects. The
hydrostatic-Pressure derivatives (aclz IaP )p o, in the
zero pressure limit, of Mn78Ptzz at 293 K are given in
Table I. They were almost the same at 333 K.

It is instructive to compare these results for
(aC»xaP)p=p with those for other alloys, especially
those containing manganese, to see whether any parallels
can be drawn and any trends observed. Table I shows
data obtained for Mn78Ptzz, together with those for
Mn73Niz7,

'
Fe6OMn4O,

' and a comPound MnSz in the
high-spin state. ' The hydrostatic-pressure derivatives of
the SOEC's for Mn78Ptzz all have positive values, like
those of Mn73Niz7. This is also the case for Fe60Mn4O
(Ref. 14) and MnSz. ' . The elastic stiffnesses and thus the
slopes of the acoustic-mode dispersion curves, at the
long-wavelength limit, increase with pressure in the nor-
mal way. The application of pressure does not induce
acoustic-mode softening for any of these AFM
manganese-containing materials.

A common trend for cubic crystals is that

(ac„zap), ,& (ac„zap), ,& (ac /ap), ,
For each of the materials, which are compared in Table I,
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the largest pressure derivative is (t)C» /dP)I, o, implying
that the higher-order elastic effects are dominated by
nearest-neighbor repulsive forces. A striking feature for
Mn73Ni27 of the temperature dependences of the
hydrostatic-pressure derivatives of the SOEC's is that
there is substantial increase in all of them with tempera-
ture, especially in (BC»/BP)p —p. This is not the case
for Mn78Pt22, as the temperature is increased to 333 K,
there is very little change in the value of (BC» Ir)P)~
This different behavior could possibly be explained by the

4515
(a)

1.0

C0
0.9

QP

CL
E
O

0.8
0

I

10

Pressure (GPaj

~ OO~ 0~

20

4510-

I

4505-E

O
O 4500-)

4495-

()
4490

0

1985

1984-

I

F 1983-

o 1982-

0
1981'i

~ 0
0

0 ~

~ 0

0
0 ~

~ 0
~ 0

I

0.5

~00
~ 0

0
0

1.0
Pressure (10 Pa)

0

~ 0

0

0
00»

0 ~

1.5

FIG. 6. Volume compression of Mn»Pt» extrapolated to
very high pressures using Murnaghan's equation of state (Ref.
25) at 293 K (line) and 333 K (filled circles).

fact that the platinum atoms play a minimal role in the
magnetic structure in Mn78Pt2z. The magnetic properties
affect the structure and characteristics of any compound,
and in the case of Mn73N127 both elements contribute to
the fundamental magnetic makeup of the alloy.

The measurements of the elastic stiffnesses and their
hydrostatic-pressure dependences have been used to cal-
culate the volume compression V(P)/Vo of Mn7sPt22 up
to very high pressures, using an extrapolation method
based on the Murnaghan equation of state in the loga-
rithmic form. The calculation has been performed for the
data at 293 and 333 K; the results are shown in Fig. 6. In
the absence of thermal expansion and specific-heat data,
B has been used rather than 8 throughout the calcula-
tion. The magnitude of the volume compression for
Mn78Pt22 is typical of that for a transition-metal Invar al-
loy.
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phase at room temperature (293 K). The filled circles corre-
spond to ultrasonic wave velocity measurements made as the
pressure was increased and the open circles as the pressure was
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To a large extent the Invar properties of an alloy are
determined by the anharmonicity of its vibrational
states. ' ' Measurements of the elastic-stiffness tensor
components and their hydrostatic-pressure derivatives
can be used to determine the acoustic-mode Griineisen
parameters at the long-wavelength limit which quantify
the vibrational anharmonicity of these particular modes.
In the case of volume change induced by an applied hy-
drostatic pressure, the acoustic-mode Griineisen parame-
ter y in a phonon branch p of a cubic crystal can be cal-
culated using

y = — [38+2w +k j,1

6'
where

w —C), k, +C44k2+ C,2k3

and
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Here N; and U; (i =1,2, 3) are the direction cosines of
the wave propagation and the particle displacernent
directions, respectively. The acoustic-mode Griineisen
parameters, computed at 293 K, are shown in Fig. 7 as a
function of the propagation direction. The Griineisen pa-
rameters are rather small in the branch which includes
the N [110]U [110] polarized soft shear mode. The
behaviors of the acoustic-mode Griineisen parameters for
Mn78Pt22 resemble those of the AFM Invar alloy
Fe6oMn4o,

' in that the longitudinal mode gammas are
larger than those of the shear modes and the mode gam-
mas in a given branch do not vary substantially with
propagation direction. The mean long-wavelength
acoustic-mode Griineisen parameter y' calculated for
Mn7sPt22 is found to have a normal value (Table I). The
thermal Griineisen parameter cannot be calculated be-
cause neither the specific-heat capacity nor the thermal
expansion are available.

VII. CONCLUSIONS

The velocities of the three ultrasonic modes propagat-
ed along the [110]direction of the AFM Mn7sPtz2 single-
crystal alloy have been measured as functions of tempera-
ture and hydrostatic pressure. The data have been used
to determine the temperature dependences of the elastic-
stiffness tensor components CIJ and the adiabatic bulk
modulus Bs and their pressure derivatives (BC'/BP)~
and (BB /BP )z o. There are several interesting features
to note, which shed light on the elastic, nonlinear acous-
tic and lattice dynamical properties of Mn78Pt22. They

Wave propagation direction

FIG. 7. Long-wavelength, longitudinal (solid line), and shear
(dashed and dotted lines) acoustic-mode Griineisen parameters
of Mn78Pt» in the AFM D phase as a function of mode propa-
gation direction at 293 K.

can be summarized as follows:
(i) The C mode exhibits shear-lattice softening in the

temperature range 10—225 K. This follows the
behavioral pattern for antiferromagnetic y Mn-Ni Invar
alloys. This can be linked with the observation that the
longitudinal SOEC C» is small and shows enhanced
mode softening below 170 K. In contrast, softening has
not been established in either the longitudinal CL mode
or the shear C44 stiffness. This is also in keeping with an-
tiferromagnetic Invar behavior typified by y Mn-Ni al-
loys and Fe6oMn4o.

(ii) The shear anisotropy ratio A changes in accordance
with the changes in C'.

(iii) The Neel temperature has been determined as 515
K from the position of a sharp minimum observed in the
velocity of the longitudinal ultrasonic wave propagated
along the [110]direction and hence in the corresponding
elastic modulus CL .

(iv) A kink observed in the temperature dependence of
CL at 490 K indicates the temperature at which this alloy
undergoes the AFM-to-AFM transition; this crystal is in
the AFM F phase between 490 K and T&.

(v) Mn7sPtz2 is a comparatively soft material elastical-
ly. Its elastic moduli fit into the trends with e/a ratio es-
tablished for AFM Invar alloys.

(vi) The acoustic-mode Gruneisen parameters at room
temperature have normal values but significantly are
small in the branch which includes the soft C' mode.
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