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It was discovered that, in contrast to known uniaxial ferroelectric materials, a
cesium dihydrogen phosphate crystal has no long-range, dipole-dipole
interaction, and the critical anomalies in this ferroelectric material are similar to
those observed in systems with short-range interaction forces.

PACS numbers: 77.80. — ¢, 43.20.Hq

Interest in small-dimensional systems is attributable to their practical applica-
tions and to their importance in the analysis of different model representations. It was
established relatively recently that ferroelectric ordering in CsH,PO, (CDP) and
CsD,PO, (DCDP) crystals is quasi-one-dimensional."? The order-parameter correla-
tions in this case are highly anisotropic; the correlation length /! in the polar axis
direction of the crystal is more than an order of magnitude greater than the correlation
length /! at right angles to it.” It was also established that the temperature dependence
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of the dielectric susceptibility of this crystal differs from the classical temperature
dependence (predicted by the Landau theory) within a wide temperature range.?

To understand the unique features of the macroscopic behavior of this crystal
near the phase-transition temperature (7, ), we have investigated the velocity and ab-
sorption of longitudinal ultrasonic waves (with a frequency of ~10 MHz).

The use of the conventional echo-pulse method gives the following relative accu-
racy of measurements of the ultrasonic-wave velocity and the absorption coefficient:
Av/v~107° and Aa/a~10"2 respectively. The accuracy of the temperature mea-
surement and stabilization was better than 10~2 K. The studied Cs(H, _ D, ),PO,
single crystal x=0.1, T, ~175 K, and C?, symmetry of the high-temperature phase)
was a rectangular parallelepiped with dimensions of 8 X 9 X 13 mm? along the x, y, and
z crystallographic axes, which were chosen in such a way that the y axis corresponds to
the direction of the “2” polar axis.*

It is known that the long-range dipole-dipole forces in polar dielectrics give rise to
a strong dependence of the dielectric susceptibility and elastic moduli on the direction
of the wave vector k.’ This dependence is attributable to the macroscopic depolarizing
field E = — 4#(P-n)n, where n = k/k, which is associated with the longitudinal sound
wave. As a result, the velocity and absorption anomalies of longitudinal sound waves
in uniaxial ferroelectric materials with homogeneous, three-dimensional ordering at
T<T,, which propagate along the singular polar axis of the crystal, are either not
observed experimentally or are much weaker than the analogous anomalies produced
as a result of propagation of sound waves at right angles to the polar axis. In the latter
case, these anomalies are similar to those predicted by Landau theory (a surge of the
sound velocity at T=T, and A is the absorption peak)

The maximum sound velocity and absorption anomalies in the CDP crystal are
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20t FIG. 2. Temperature dependence of the
absorption coefficient of a longitudinal
sound wave propagating along the y polar
axis in the vicinity of 7, of a CDP crystal.

observed when the wave propagates along the y polar axis (Figs. 1 and 2) i.e, the
macroscopic depolarizing field has no effect. Since the screening effect of free charges
can be ignored in this crystal, the spontaneous polarization in the low-temperature
phase of the crystal much be highly inhomogeneous.

Generally, the fluctuational effects must also contribute to the sound velocity and
absorption anomalies; moreover, they are independent of the direction of k at kI, «1.
However, the critical region, which is very small [(T — T.)/T. ~10"*, according to
theoretical estimates®] in systems with dipole-dipole interaction, normally cannot be
achieved experimentally.’

The critical region for the CDP crystal (Fig. 3) is much broader than that predict-
ed for uniaxial ferroelectrics materials. The sufficiently high relative accuracy of the
measurements and the high temperature resolution made it possible to perform a
quantitative analysis of the 4v(T") and Aa(T") dependences in order to determine their
analytical formula in the 7> T, region. The anomalous part of Av(T") was defined as
the difference between the sound velocity extrapolated from the region of sufficiently
high temperatures and the measured values; the extrapolation curve vy(7T'} was a non-
linear polynomial.

It was found that the 4v(T") and Aa(T") dependences for 7> T, can be represented
in the form Av~(T' — T,)~ * and Aa ~(T — T.) — % and for a sound wave, which prop-
agates along the polar y axis, @ = 1.00 + 0.05 and 8 = 2.30 4 0.05 in the interval
2x107'ST— T, s5K (Fig. 3). Similar large values of the critical index 8 are ob-
served only in systems with short-range interaction forces—ferromagnetic and antifer-
romagnetic materials.® If the relation 8 = a + ¥, which follows from the so-called
“bound-mode theory”,? is used for the critical indices, then y = 1.3 in the same tem-
perature range, i.e., the index for the dielectric susceptibility is also characteristic of
systems with short-range forces. This value of ¥ was obtained in Ref. 4 for the CDP
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crystal in a broad temperature range. It is noteworthy that we obtained
a =0.50 4 0.05 in the interval 5Xx 10723 T —T,510 K for the sound velocity
anomalies in the propagation of waves along the x and z axes. It must be noted that the
Av(T) and Aa(T') anomalies in the ferroelectric phase transition normally cannot be
represented in the form of power dependences on (I — T,) within such a broad tem-
perature range above 7.

The observed critical anomalies indicate that there is no quenching of fluctuation
due to long-range, dipole-dipole interaction, which is characteristic of ordinary ferro-
electric materials. This is apparently attributable to a strong anisotropy of the correla-
tions; it is known from the experiments on neutron scattering in this crystal that /!
reaches a value of 600 A for T — T, ~0.3 K, whereas /1 ~30 A2

A quantitative analysis of the dependences for T < T, which has some difficulties,
is the subject of a separate investigation.

In conclusion, the authors thank A. P. Levanyuk for his comments during a
discussion of the manuscript of this paper and A. N. Izrailenko for providing the CDP
single crystals.
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