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Abstract. Measurements are reported of the dependences on hydrostatic pressure(p) of the
elastic constants(cij ) of Cr–Ir alloy single crystals containing 0.07 at.% and 0.20 at.% Ir.
For the former concentration the alloy exhibits a transition from an incommensurate (I) spin-
density-wave (SDW) to a paramagnetic state at the Néel temperature(TN ). dcij /dp was studied
as a function of temperature throughTN . The concentration of the Cr0.998Ir0.002 crystal is
larger than the triple-point concentration on the Cr–Ir magnetic phase diagram and for this
crystal there appears a phase transition from an ISDW to a commensurate (C) SDW atTIC .
dcij /dp was measured for this crystal as a function of temperature throughTIC . The acoustic
mode Gr̈uneisen parameters were calculated for the two crystals as a function of temperature
throughTN (for Cr0.9993Ir0.0007) and throughTIC (for Cr0.998Ir0.002). Large negative Grüneisen
parameters are observed in the ISDW and CSDW phases of Cr0.998Ir0.002. The results indicate
stronger magnetoelastic interactions in the CSDW than in the ISDW phase of this crystal. It
is shown that the strong magnetoelastic coupling in the ISDW and CSDW antiferromagnetic
phases of the Cr–Ir system takes mainly place through volume effects.

1. Introduction

Chromium and its dilute alloys possess extraordinary antiferromagnetic properties [1]. They
are spin-density-wave (SDW) itinerant-electron antiferromagnetic materials in which the
magnetic properties are strongly volume dependent [2], particularly the magnetoelastic
properties, which show unusual effects under the application of hydrostatic pressure [3]. This
strong volume dependence is at present not well understood [2]. Dilute alloys of Cr with the
group-8 non-magnetic transition metals, Ru, Ir, Pd, Rh and Pt, are of particular interest in
this regard, as it was recently observed [3] that the acoustic mode vibrational anharmonicity,
determined by the pressure dependence of the elastic constants, of a Cr+0.3 at.% Ru crystal
is strongly affected by the presence of the SDW. This crystal is the only one to date for which
vibrational anharmonic effects have been studied through an incommensurate–commensurate
(I–C) SDW phase transition.

The addition of only a small amount of a group-8 non-magnetic transition metal to Cr
changes the incommensurate (I) SDW state of pure Cr to a commensurate (C) SDW state.
For such dilute Cr alloys there exists a triple-point concentration (xt ) on the magnetic phase
diagram such that forx < xt the alloy remains in the ISDW phase at all temperatures below
the Ńeel point (TN ) while both ISDW and CSDW phases, with an ISDW–CSDW phase
transition atT = TIC , are found forT < TN in alloys with x > xt .

Unusual anharmonic effects were observed [3] in a Cr+ 0.3 at.% Ru crystal. The
acoustic mode Grüneisen parameters, which quantify the vibrational anharmonicity, for
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longitudinal modes in this alloy are negative and relatively large, which is unusual, in both
the ISDW and CSDW phases, being larger in magnitude in the CSDW phase. The shear
mode Gr̈uneisen parameters, on the other hand, behave normally in both SDW phases, being
small and positive. The results show strong coupling of the SDW to the longitudinal mode
acoustic phonons. Coupling to the shear mode phonons is relatively weak.

Negative acoustic mode Grüneisen parameters were recently also observed [4, 5] in
itinerant-electron ferromagnetic Invar materials. In the ferromagnetic case an attempt was
made [6] to understand the reason for these negative parameters by carrying out a simple
model calculation for the thermal expansion coefficient using a jellium-like model. It appears
that negative Gr̈uneisen parameters are brought about by a situation where the phonon
contribution to the thermal expansion dominates over that of the electrons. A theoretical
explanation for negative Grüneisen parameters in itinerant antiferromagnetic Cr alloys has,
however, not yet been attempted.

To investigate the situation further in the itinerant antiferromagnetic case, we report here
a study of the acoustic mode vibrational anharmonicity of the Cr–Ir alloy system. Ir, like
Ru, is a member of the group of alloys with group-8 non-magnetic transition metals. The
present study on the Cr–Ir system should verify whether the unusual anharmonic effects
observed around the ISDW–CSDW phase transition in the Cr+0.3 at.% Ru alloy are more
general phenomena of Cr alloy systems with group-8 non-magnetic transition metals. Two
Cr–Ir alloy single crystals were studied. One, Cr+ 0.20 at.% Ir, hasx > xt and displays,
like Cr+0.3 at.% Ru, a CSDW–paramagnetic (P) Néel transition as well as ISDW–CSDW
phase transition. For the other Cr–Ir alloy (Cr+ 0.07 at.% Ir),x < xt , giving an ISDW–
P Néel transition atTN without any ISDW–CSDW transition atT < TN . This allows
for studying the vibrational mode anharmonicity, through both an ISDW–P and CSDW–P
phase transition, as well as through an ISDW–CSDW one, of a system of alloys of Cr with
group-8 non-magnetic transition metals. These two alloys, furthermore, make it possible to
study and to compare anharmonic effects in the ISDW phases for bothx < xt andx > xt
of the same alloy system.

2. Experimental procedure

We managed to grow good-quality Cr+ 0.07 at.% Ir and Cr+ 0.20 at.% Ir alloy single
crystals by a floating-zone technique using RF heating in a pure argon atmosphere. These
were the same crystals as were used in a previous study [7] on the magnetoelastic properties
at atmospheric pressure. Details of the experimental techniques used to obtain the pressure
derivatives of the elastic constants from ultrasonic wave velocity measurements at constant
temperature have been described [8] previously. The same methods were used to obtain
dc11/dp, dc44/dp and dc′/dp, wherec′ = 1

2(c11− c12), for the two Cr–Ir crystals.

3. Results

3.1. Ultrasonic wave velocities as a function of applied pressure at different constant
temperatures

It is usual [3, 8, 9] to present the pressure dependence of the ultrasonic wave velocities for
the different propagation modes in terms of the relative change in natural velocity,1W/W0.
Here1W/W0 = (Wp/W0) − 1, whereW0 is the natural velocity atp = 0 andWp that at
pressurep, both measured at the same constant temperature. The natural velocity,W , is
defined [10] as the path length at zero pressure divided by the transit time at pressurep.
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In a typical non-magnetic Cr alloy, like Cr+5 at.% V which remains paramagnetic at all
T > 0 K [1], 1W/W0 increases [11] slightly with increasing pressure. For Cr+ 5 at.% V,
1W/W0 increases [11] linearly by about 1% GPa−1 for [100] longitudinal mode wave
propagation while it increases by about 0.5% GPa−1 for shear mode wave propagation in
the [100] direction.

Figure 1. 1W/W0, the relative change in natural velocity, for thec11 longitudinal wave prop-
agation mode for Cr+ 0.07 at.% Ir as a function of pressure at constant temperatures of (a)
T = 295 K < TN and (b) T = 357 K > TN . Filled symbols are used for increasing-pressure
runs and open ones for decreasing-pressure runs.

The Ńeel temperature for the Cr+0.07 at.% Ir crystal is [7]TN = 324 K at atmospheric
pressure. 1W/W0 as a function of pressure atT < TN for the c11 longitudinal wave
propagation mode of this crystal behaves anomalously. The1W/W0–p curves atT < TN
for thec11 propagation mode of Cr+0.07 at.% Ir are non-linear, with hysteresis effects, on
increasing and decreasing the pressure, as shown by the typical example of figure 1(a) at a
constant temperature of 295 K. ForT > TN ,1W/W0 varies nearly linearly with pressure for
the c11-mode without any hysteresis effects as shown by the typical example of figure 1(b)
at 357 K. The slope of the1W/W0–p curves in the paramagnetic phase atT > TN for
this mode of Cr+0.07 at.% Ir, up to the highest temperature (370 K) of the measurements,
is however abnormally high. It is about 20% GPa−1, compared to about 1% GPa−1 for
the same mode of the paramagnetic Cr+ 5 at.% V alloy. Due to the fact that1W/W0–
p for longitudinal mode wave propagation atT < TN for the Cr+ 0.07 at.% Ir crystal
shows hysteresis effects (figure 1(a)), the acoustic mode Grüneisen parameters could not be
obtained meaningfully from the measurements of the pressure dependence of the ultrasonic
wave velocities of this crystal in its ISDW phase. AtT > TN , 1W/W0–p curves for
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the c11-mode as well as for thec44 and c′ shear propagation modes were observed to be
roughly linear, without hysteresis effects, except forT very close toTN , allowing for a
determination of the Grüneisen parameters atT > TN for the Cr+0.07 at.% Ir crystal. This
will be discussed in the next section.

Figure 2. 1W/W0, the relative change in natural velocity, for Cr+ 0.20 at.% Ir as a function
of pressure at a constant temperature of 288 K. Panel (a) is for the c11 longitudinal wave
propagation mode while panels (b) and (c) are, respectively, for thec44 and c′ shear wave
propagation modes.pIC andpCI are, respectively, the critical pressures for inducing of the I–C
and C–I SDW phase transitions. Filled symbols are used for increasing-pressure runs and open
ones for decreasing-pressure runs.

For the Cr+0.20 at.% Ir crystal the ISDW–CSDW transition temperature (on heating) is
[7] TIC = 272 K and the CSDW–ISDW transition temperature (on cooling) isTCI = 255 K
at atmospheric pressure. The Néel temperature of this crystal at atmospheric pressure is [7]
TN = 367 K.1W/W0–p curves were measured for this crystal for longitudinal and shear
propagation modes at ten different fixed temperatures in the temperature range from 271 to
360 K. The behaviour of these curves is anomalous at all temperatures. Three examples,
for the c11-, c44- andc′-modes, are shown in figure 2 for a constant temperature of 288 K,
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Figure 3. 1W/W0, the relative change in natural velocity, for Cr+ 0.20 at.% Ir as a function
of pressure at a constant temperature of 325 K. Panels (a) and (b) are, respectively, for the
c44 and c′ shear wave propagation modes.pN is the critical pressure for inducing of the
CSDW–P Ńeel transition. Filled symbols are used for increasing-pressure runs and open ones
for decreasing-pressure runs.

which is close to the I–C and C–I transition temperatures. Figure 3 shows as an example
a 1W/W0–p curve for thec44 shear mode propagation at 325 K, which is relatively far
away fromTIC andTCI , for this crystal.

For T < 306 K the 1W/W0–p curves for thec11-, c44- and c′-modes of the
Cr+ 0.20 at.% Ir crystal are similar to those of the examples in figure 2. They all show
a hysteretic transition at a critical pressurepCI on increasing the pressure and atpIC on
decreasing it. These pressures were taken at the inflection points of the sharp rises in figure 2
and are ascribed to the applied pressures that induce a CSDW–ISDW transition (pCI ) or an
ISDW–CSDW transition (pIC). The hysteresis width observed in figure 2 decreases with
increasing temperature and disappears around 306 K.

ForT > 306 K the1W/W0–p curves for thec44- andc′-modes of the Cr+0.20 at.% Ir
crystal are similar to the examples of figure 3. They all show a non-hysteretic transition
at a critical pressurepN , which is ascribed to the pressure-induced CSDW–P Néel
transition. Due to high ultrasonic attenuation for longitudinal waves atT > 306 K in
the Cr+ 0.20 at.% Ir crystal that increases with increasing pressure, we could not obtain
1W/W0 for thec11 propagation mode to high enough pressures atT > 306 K to observe the
CSDW–P Ńeel transition under applied pressure for thec11-mode. For this mode, pressure
runs could only be carried out successfully up to 333 K and 0.06 GPa. The results are
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Figure 4. The pressure dependence of1W/W0, the relative change in natural velocity, for the
c11 longitudinal wave propagation mode of Cr+0.02 at.% Ir at constant temperatures of 306 K,
316 K, 325 K and 333 K.

shown in figure 4, which shows a nearly linear, relatively sharp, decrease of1W/W0 with
increasing pressure atT > 306 K.

3.2. Hydrostatic pressure derivatives of the second-order elastic constants

The pressure derivatives, (∂cij /∂p)p=0, of the adiabatic second-order elastic stiffness tensor
components,c11, c44 andc′, of Cr+0.20 at.% Ir and Cr+0.07 at.% Ir were determined from
the ultrasonic wave velocity measurements as a function of pressure for each propagation
mode, by using the relation [10](

∂cij

∂p

)
p=0

= (cij )p=0

[
2
∂W/∂p

W0
+ 1

3B

]
p=0

(1)

whereB = 1
3(c11+ 2c12) is the bulk modulus.

The measurements throughpIC , pCI andpN of the Cr+0.2 at.% Ir crystal, allow for the
determination of (∂cij /∂p)p=0 in the CSDW as well as in the pressure-induced ISDW and
P phases of this crystal. In the case of Cr+0.20 at.% Ir only(∂c44/∂p)p=0 and(∂c′/∂p)p=0

could be determined in the pressure-induced (atT < TN ) paramagnetic phase but not
(∂c11/∂p)p=0—the reason being the very high ultrasonic attenuation for longitudinal wave
propagation in this crystal atT > 306 K. For the Cr+ 0.07 at.% Ir crystal,(∂cij /∂p)p=0

was only determined in its P phase atT > TN due, as explained previously, to the hysteretic
behaviour of the1W/W0–p curves atT < TN .

Figure 5 shows (∂cij /∂p)p=0 as a function of temperature for the two crystals.
The experimental error in(∂cij /∂p)p=0 varies from temperature to temperature. For
(∂c11/∂p)p=0 the experimental error at any temperature was less than 5%. The pressure
derivatives of the shear mode constantsc44 and c′ are relatively small and for these
derivatives the experimental error is larger. It is estimated as up to 20% at some
temperatures. Repeated measurements could not improve on this accuracy.

There are three main features in figure 5. Firstly, of interest, are the very large
positive values, between 100 and 200 of(∂c11/∂p)p=0 in the paramagnetic phase of
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Figure 5. Temperature dependences of the hydrostatic pressure derivatives of the elastic stiffness
constants,(dcij /dp)p=0, of Cr+ 0.07 at.% Ir and Cr+ 0.20 at.% Ir. The symbols are:c11 (•),
c44 (N), c′ (O) andB (� ). Panel (a) shows the data for the temperature-induced paramagnetic,
P, phase of Cr+0.07 at.% Ir. Also shown in this panel are(dc44/dp)p=0 (� ) and(dc′/dp)p=0

(◦) for the pressure-induced P phase of Cr+ 0.02 at.% Ir. Panel (b) is for the CSDW phase
and panel (c) for the pressure-induced ISDW phase of Cr+ 0.20 at.% Ir.

Cr+ 0.07 at.% Ir when compared to(∂c11/∂p)p=0 ≈ 10, observed [11] for paramagnetic
Cr+ 5 at.% V. Cr+ 5 at.% V is usually taken [1] as the reference material to represent
the non-magnetic behaviour of antiferromagnetic dilute Cr alloys. The large(∂c11/∂p)p=0

at T > TN for Cr + 0.07 at.% Ir indicates large spin-fluctuation contributions to this
quantity at T > TN , similarly to what was recently observed in Cr+ 3.5 at.% Al
[8]. Secondly, (∂c44/∂p)p=0 and (∂c′/∂p)p=0 at all temperatures are small, near zero,
compared to(∂c11/∂p)p=0 and(∂B/∂p)p=0. This observation emphasizes the strong volume
dependence of the magnetoelastic interactions in Cr–Ir alloys sincec44 andc′ are associated
with volume-conserving strain whilec11 and B are associated with volume-dependent
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strains. Furthermore, measurements atp = 0 [7] show only small magnetic anomalies
at TN in c44 and c′, while large anomalies are observed inc11 and B, resulting from a
strong volume dependence of the magnetoelastic coupling. The third feature of interest
in figure 5 is the large negative(∂c11/∂p)p=0 and (∂B/∂p)p=0 in the SDW phases of
Cr+ 0.20 at.% Ir. Negative(∂c11/∂p)p=0 and (∂B/∂p)p=0 were previously also observed
in the SDW phases of Cr+ 0.3 at.% Ru [3], Cr–Si alloys [9] and in Cr+ 3.5 at.% Al
[8]. The negative values are unusual as they indicate thatc11 andB soften under pressure,
which is anomalous when compared with the case for normal metals. Furthermore, from
figures 5(b) and 5(c) it is noted that(∂c11/∂p)p=0 and (dB/dp)p=0 are more negative in
the CSDW phase of Cr+ 0.20 at.% Ir than in the ISDW phase. These two quantities are
also more strongly temperature dependent in the CSDW than in the ISDW phase of this
crystal. The discontinuity in volume (1V/V ≈ 1×10−3 with VCSDW > VISDW [7]) at TIC
in Cr+ 0.20 at.% Ir may partly be responsible for the larger softening ofc11 andB under
pressure in the CSDW phase than in the ISDW phase.

3.3. Grüneisen parameters of the Cr–Ir alloy single crystals

Due to the unusual hysteretic behaviour of1W/W0–p for the Cr+ 0.07 at.% Ir crystal in
the ISDW phase, we did not calculate the Grüneisen parameters for this crystal atT < TN .
They were however calculated for the paramagnetic phase, where near-linear increases in
1W/W0 with pressure were observed (figure 1(b)).

Figure 6. The temperature dependence of the long-wavelength acoustic mode,γn, and the mean
acoustic,γ̄ e`, Grüneisen parameters of Cr+0.07 at.% Ir in the paramagnetic phase. Panel (a) is
for [100] wave propagation. The symbols in this panel are: longitudinal mode (•), shear modes
(M andH).
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The high ultrasonic attenuation atT > TN for longitudinal mode propagation of the
Cr+0.20 at.% Ir crystal prevents a calculation of the Grüneisen parameters for its P phase.
They could however be calculated for the CSDW and ISDW phases of this crystal.

A mode Gr̈uneisen parameter,γn, defines the dependence of the acoustic mode
frequency,ωn, in a phonon branch,n, on volume,V , and is expressed as

γn = −
(
∂ lnωn
∂ lnV

)
T

(2)

which can be obtained from(∂cij /∂p)p=0 by using relations given by Brugger and Fritz
[12] for the isotropic continuum model. The mean Grüneisen parameter,̄γ e`, which gives
the contribution of the acoustic modes at the Brillouin-zone centre to the anharmonicity, is
given by

γ̄ e` =
( 3∑
n=1

∫
�

γn d�

)/(
3
∫
�

d�

)
.

Here the integration is over the whole of space,�, and theγn are given by equation (2). The
procedure for calculatingγn and γ̄ e` from (∂cij /∂p)p=0 was discussed in detail previously
[3, 8]. The temperature dependences ofγn, along the fourfold [100] axis, and̄γ e` for
Cr+ 0.07 at.% Ir atT > TN are shown in figure 6.

Figure 7 shows the temperature dependence ofγn for the Cr+0.20 at.% Ir crystal along
the [100] axis as well as that for̄γ e`. Figures 7(a) and 7(c) are for the CSDW phase below

Figure 7. Temperature dependences of the long-wavelength acoustic mode Grüneisen
parameters,γn, for [100] wave propagation and the mean acoustic,γ̄ e`, Grüneisen parameter
for Cr+0.20 at.% Ir. Panels (a) and (c) are for the CSDW phase and panels (b) and (d) for the
pressure-induced ISDW phase. The symbols in panels (a) and (b) are: longitudinal modeγn:• and◦, respectively, and shear modeγn: H and4 in panel (a) andN andO in panel (b).
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pIC and figures 7(b) and 7(d) for the pressure-induced (p > pIC) ISDW phase.
The long-wavelength acoustic mode Grüneisen parametersγn, are plotted in figure 8

as a function of mode propagation direction for both the ISDW and CSDW phases of
Cr+ 0.20 at.% Ir at 296 K, as typical examples. The anisotropy effects are relatively small
(figure 8) in both the ISDW and CSDW phases of this crystal at all temperatures studied.

Figure 8. Long-wavelength longitudinal (dotted lines) and shear (solid and dashed lines) acoustic
mode Gr̈uneisen parameters of Cr+0.20 at.% Ir as functions of the mode propagation direction
in the CSDW (panel (a)) and the pressure-induced ISDW (panel (b)) phases at 296 K.

4. Summary and conclusions

The main features of the present study on the two Cr–Ir alloy single crystals are summarized
as follows:

(1) The longitudinal mode ultrasonic wave velocity of Cr+ 0.07 at.% Ir behaves
hysteretically under increasing and decreasing applied hydrostatic pressures in the ISDW
phase at temperaturesT < TN . Similar behaviour was recently [9] also observed in
an ISDW Cr+ 0.5 at.% Si single crystal. The concentrations of both of these crystals
are below the triple-point concentration on the magnetic phase diagram. In both of
them, the longitudinal wave velocity is only slightly pressure dependent in the ISDW
phase. This is in contrast with the relatively large pressure dependence of this velocity
in the pressure-induced ISDW phase of the Cr+ 0.20 at.% Ir crystal, as represented by
the large negative dc11/dp of figure 5(c). In the paramagnetic phases atT > TN of
both Cr+ 0.07 at.% Ir and Cr+ 0.5 at.% Si alloys, the longitudinal wave velocity, on
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the other hand, shows a very large, nearly linear, pressure dependence (figure 1). The
acoustic mode Grüneisen parameter for longitudinal mode propagation along [100] of
Cr+0.07 at.% Ir in the paramagnetic phase (figure 6) isγn ≈ +35 (roughly constant in
the temperature range 329 K to 370 K of the measurements), which is very similar to the
value for Cr+0.5 at.% Si atT just aboveTN . In both these crystals this value is however
about 15 times that(γn = +2.25) observed [11] at room temperature for paramagnetic
Cr+5 at.% V. Theγn for the shear mode atT > TN for all three of the above crystals are
roughly of the same magnitude, and for the Cr+0.07 at.% Ir and Cr+0.5 at.% Si crystals
they are much smaller (nearly 40 times smaller for Cr+0.07 at.% Ir (figure 6)) than theγn
for the longitudinal mode.̄γ e` for the paramagnetic phase of the Cr+0.07 at.% Ir crystal
is roughly ten times that for paramagnetic Cr+5 at.% V [11]. This behaviour is attributed
to strong coupling of longitudinal phonons to spin fluctuations in Cr+ 0.07 at.% Ir.

(2) The large negative longitudinal mode Grüneisen parameters for the SDW phases of
Cr+0.20 at.% Ir, compared to the small positive values observed [11] for paramagnetic
Cr + 5 at.% V, show strong magnetoelastic coupling between the long-wavelength
longitudinal phonons and the SDW in Cr+ 0.20 at.% Ir. The shear mode Grüneisen
parameters of this crystal are small and positive, very similar to that obtained [11] for
Cr+5 at.% V, showing that shear mode interactions are relatively weak. Similar effects
were recently [3] observed in a Cr+ 0.3 at.% Ru crystal.

(3) The Gr̈uneisen parameters for the CSDW phase of Cr+ 0.20 at.% Ir are more
negative and more temperature dependent than in the ISDW phase. This indicates
stronger magnetoelastic interaction in the CSDW phase than in the ISDW phase of
Cr+ 0.20 at.% Ir, similarly to what was observed for a Cr+ 0.3 at.% Ru [3] sample.
As the temperature is increased toward the Néel point, the longitudinal mode softening
in the CSDW phase of both of these crystals becomes greatly enhanced.

(4) The mean acoustic Grüneisen parameters for the CSDW and ISDW phases of Cr+
0.20 at.% Ir are nearly the same as those for the same phases of Cr+ 0.3 at.% Ru
[3]. For instance, for both,̄γ e` ≈ −20 for the CSDW phase at 50 K below the Néel
temperature of each. The magnetoelastic interactions in these two systems of alloys of
Cr with group-8 non-magnetic transition metals seem therefore to be of roughly equal
strength.

(5) The long-wavelength acoustic mode Grüneisen parameter of Cr+ 0.20 at.% Ir is only
slightly anisotropic at all temperatures studied, both in the ISDW and CSDW phases.
This is also the case for Cr+ 0.3 at.% Ir [3], meaning that the interaction of the SDW
with the acoustic longitudinal phonons is effectively isotropic in both of them.

In conclusion, the role of magnetoelastic effects in the acoustic mode vibrational
anharmonicity has been studied near the ISDW–CSDW/CSDW–ISDW phase transitions
of Cr+ 0.20 at.% Ir as well as for the P phase of Cr+ 0.07 at.% Ir. The anharmonicity
through the ISDW–CSDW/CSDW–ISDW phase transitions of Cr+ 0.20 at.% Ir behaves
very similarly to that recently observed for Cr+ 0.3 at.% Ru. The latter alloy is also one
of the group of alloys of Cr with group-8 non-magnetic transition metals and is the only Cr
alloy that has been studied up to now looking for anharmonic effects through an ISDW–
CSDW/CSDW–ISDW transition. It has now been established that the observation of large
negative Gr̈uneisen parameters and larger magnetoelastic interactions in the CSDW phases
than in the ISDW phases are more general phenomena for these types of alloy. The present
study confirms that the strong magnetoelastic coupling at the ISDW–CSDW/CSDW–ISDW
transitions in alloys of Cr with group-8 non-magnetic transition metals takes place mainly
with the volume strain. This strong volume dependence is currently not understood properly
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on a theoretical basis. It was suggested [2] that the strong volume dependence is not to be
sought in the nesting property of the Fermi surface of the Cr alloys, but that it should be
sought in theories that take lattice strain energy into account.

The question of the strong volume dependence of the properties of Cr was recently
addressed by Marcus, Qiu and Moruzzi [13]. They showed that two properties of Cr are
to be used to explain its antiferromagnetism. One is the nesting effect of the electron and
hole Fermi surface sheets and the other is a new special property, arising from total-energy
calculations for bcc Cr. These calculations show that, although the lowest energy state
is non-magnetic, a small expansion of the lattice induces an antiferromagnetic state. The
strong volume dependence of the properties of Cr is physically explained by combining the
above two properties. This theory however does not attempt to explain the strong volume
dependence of the magnetoelastic interactions and acoustic mode vibrational anharmonicity
in dilute Cr alloys.
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