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SOUND PROPAGATION NEAR THE TRICRITICAL POINT OF FeC!2 *
G. Gorodetskyt, A. Shaulo’4 and V. Volterra
Department of Physics, Ben-Gurion University, Beer-Sheva, Israel
and
J. Makovsky
Nuclear Research Center, Negev, Beer-Sheva, Israel
(Received 4 November 1977 by E.F. Bertaut)
The magnetically induced phase transitions, near the tricritical point of
FeC12 were studied by acoustic velocity measurements. Longitudinal waves
propagating along the (100) trigonal axis exhibit a critical shift in the
velocity along the second order A-line and anomalous change at the fIrst
order phase transitions. The phase diagram in the plane oftemperature and
applied magnetic field is constructed near the tricritical point.
1. INTRODUCTION

investigated by various groups using different techniques,

THE COUPLING of sound waves to critical fluctuations
near phase transitions, gives rise to a pronounced attenuation and velocity shift [1]. These phenomena have
been
extensively
2nd orderof
phasestudied
transitions.
Here wemainly
reportaton1sttheand
observation
a critical softening of the elastic stiffness near the
tricitical point of a metamagnetic FeC!
2 [2—9]. FeC12
is an antiferromagnet with a layered type spin structure.
There is a2~ions,
ferromagnetic
exchange J1 between
the ~2
and an antiferromagnetic
exchange
plane
Fe
between adjacent planes, that is about twenty times
weaker than .11. The magnetic moments are aligned by a
relatively high anisotropy perpendicular to the Fe2~
layers and along the trigonal axis of the crystal. It has
been found that below the tricritical temperature
—21 K under an increasing applied magnetic field
~
the crystal undergoes a first order transition to a
paramagnetic state. The transition is at constant
internal field and over a range of~
and during the
transition the crystal is a mixture of para- and antiferromagnetic domains. Above T~the transition from
the antiferromagnetic phase to the paramagnetic phase
is of second-order type.
The magnetic phase diagram of FeCl
2 has been
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e.g. magnetic measurements [3, 5], neutron diffraction
[7] and magnetooptics [6, 8, 9] All the experiments
show a tricritical behaviour near the temperature
3-He4 mixture
T[10].21The
K, similar
to thatA-line
observed
for(M—T)
He phase
second-order
in the
diagram and the upper branch of the first order
.

boundary lines, M’, approach the tricritical point with
different slope [7, 9] This is inconsistent with the
Landau-type
tricritical
behaviourlines
[111.
On
hand both first
order boundary
M~
andthe
M other
approach the tricritical point linearly [9] as expected
by the Landau’s theory and the logarithmic correction
was found to be insignificant. These salient features of
the phase diagram were observed also in our ultrasonic
study.
.

,

2. EXPERIMENTAL RESULTS AND DISCUSSION
The crystal used in our measurements was grown by
the Bridgman technique [4]. A sample of 6 x 6 x
4mm with its larger end faces parallel to the trigonal
c-axis was cut out and carefully polished. The velocity
measurements were carried out at 30 MHz using a phase
comparison technique [13] with a resolution of 3 ppm.
The temperature was controlled to better than 0.1 K.
Previous measurement [14] of the change in sound
velocity as a function of temperature at Hap,, = 0 are
shown in Fig. 1 for longitudinal waves propagating in
the 001 and in the 100 direction. The critical effect at
the Neel temperature TN is much larger in the latter
configuration. Such an anisotropy in the critical effect
is expected for a layer type spin structure where the
strain modulation of the exchange is anisotropic [12]
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Fig. 2. Isotherms of a field dependent velocity. The
relative velocity changeDV/V of a 30 MHz longitudinal
sound wave propagating in the (100) direction is
measured as a function of a magnetic field applied along
the trigonal (001) direction.

/a > &12 /ae, where is the strain. The present work
on critical effect was therefore performed with longitudinal waves propagating in the 100 direction. Isotherm
of the sound velocity as a function of the magnetic field
Happ are shown in Fig. 2. In the isothermsat
&Ij
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Fig. 3. Magnetic phase diagram of FeCl2 based on the
results given in Fig. 2.
temperature TN > T ~ T~the observed minimumin the
second velocity was assumed to occur at the critical
field. This minimumbecomes more pronounced as the

T~the minimum becomes less pronounced and it is
shallow and smeared below T = 18K. The curves
present two changes in slope at the minimum of the

first order
phase transition
under the
were
interpreted
as the beginning
andapplied
the endmagnetic
of the

~ 21.7K
2~K
2L2K

23

sound velocity and at a higher field. These two points

222K
~2Q~K

w

22

temperature approaches T~= 21.~±0.1 at which
temperature the critical effect is maximum [IS]. Below

>
>

Co
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Fig. 1. Relative velocity change of a 30 MHz longitudinal
sound wave measured as a function of temperature. (I)
wave propagation along the (001) direction. See [14].
(II) wave propagation along the (100) direction.

I

20

40 50 60 70

field.
to
theItphase,
domain
shoulddifferent
walls
be mentioned
may effect
that,
the although
velocity
aresults
coupling
the and
mixed
yielded
the samein
decreasing
thehysteresis
magneticruns
field.
no noticeable
was
found
upon
increasing
and
The critical fields obtained from the various
isotherms are given in Fig. 3. The first order boundary
lines which are denoted here H~and W correspond to
the first order boundary linesM~andMThf theM—T
phase diagram respectively. The relation between the
applied field and magnetizationMis given by:
~
= Happ
4irNM,
(1)
where H~ is the internal magnetic field and N is the
—

demagnetization factor. It should be noted that the
acoustic beam in these experiments was 1—2 mm wide
and therefore the measurement involves only the
central portion of the sample. Therefore N can be taken
as constant in the measurement region and since the
internal field remains constant through the first order
transition [16] we have
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I4~~)/4irN.

The first order boundary line should therefore have
simihir temperature dependence in the ~
T and Ifl
the M—T diagram. As mentioned aboveM~and M were
found to approach the tricritical point linearly. The
results of Fig. 3 exhibit similar features.
The observed increase of the critical effect on sound
velocity near the tricritical point may be examined in
the spirit of the Landau theory of phase transitions.
[11] According to this theory near the phase transitions the free
expressed
in the
form
2 +energy
ba4 +can
ca6,bewhere
a is the
order
G
= G0 + aa
parameter.
The coefficients a, b, c depend on the
.
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temperature and magnetic field. At an ordinary critical
point a = 0, b >0 while at the tricritical point a = b =
0 and the free energy changes as the sixth power of the
order parameter. It appears therefore that near the
tricritical point larger fluctuations [17] are expected.
The results remain valid for the local fluctuation of the
order parameter and of related quantity like energy
fluctuation although the modern theory shows that the
correlation length diverges less rapidly on approaching a
tricritical point than in approaching an ordinary critical
point.
Acknowledgement We wish to thank Prof. B Luthi
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