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51. Introduction

Much attention has been paid to various
crystals having the B-KrSOn structure from the
view point of the incommensurate (IC)-
commensurate (C) phase transition. Very re-
cently it was found by our groupl)and by Gesi
and Iizumi2) that {N(CH.)n}rCuClo crystal
undergoes the successive phase transitions from
the normal phase' (Drrfl-Pmcn, Z:4) to
the IC phase at T, :)4" g, and then at Tr: 19" g
to the monoclinic commensurate phase (C!r-
Pl2rlcl, Z:12) with the lattice parameter
tripled along the cn-axis compared with that
of the normal phase. The C phase in
{N(CH3)4}rCuClo is shown to be ferroelastic.l)
This IC-ferroelastic transition makes a contrast
with the wellknown IC-ferroelectric transition.
On further cooling {N(CH3)4}2CuCln crystal
undergoes the third phase transition at 7.:
- l0'C and changes into another monoclinic
phase (Clr- Pll2rlm, Z:4\, which has no
superlattice structure (Table I).

The purpose ofthe present paper is to report
the detailed studies of dielectric and ultrasonic
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properties in {N(CH.)a}rCuCln crystal with
special attention to the normal-IC transition at
T, and the IC-C transition at 7"r.

$2. Experimental Results

Single crystals of {N(CH3)4}rCuClo were
grown by the slow evaporation at 30'C from
aqueous solution which contained stoichio-
metric molar ratio of N(CH3)4Cl and
CuCl, '2H20. Grown crystals are transparent,
orange and of hexagonal prism in form.

The dielectric constant was measured at
I KHz by using a high-precision capacitance
bridge. Sample plates were polished with etha-
nol, and carbon paste (Dotite XC-12) was
painted on their faces as electrodes. The dielec-
tric constant soH along the an axis shows slight
but clear changes of slope both at the normal-IC
transition temperature T, and at the IC-C
(ferroelastic) transition temperature f, (Fig. I ).
At 7"3, the dielectric constant eon decreases
discontinuously.

The measurement of sound velocity was
made by the pulse-echo method. PZT trans-
ducers (J:3.3 MHz) were bonded to speci-

Table I. Phase sequence in {N(CHr)o}rCuCln
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Fig. I . Temperature dependence of the dielectric constant
e,, in {N(CHr)o}rCuCln.

mens with resin. In order to obtain the shear
elastic constant c55, & transverse ultrasonic
wave propagating along the aH axis with its
polarization along the cH axis was studied. The
temperature dependence of the elastic constant
css of {N(CH3)4}rCuCln is shown in Fig. 2,
where the value of crystal density p:1.38 glcm3
is used. The elastic constant ci5 shows a clear
change in slope at 7r, and decreases rapidly and
then tends to vanish towards the IC-C (mono-
clinic) transition temperature 7, in the IC
phase. In the C phase between T, and T, no
echos could be observed, probably due to the
appearance of ferroelastic domains. In the
phase IV below 7. ultrasonic echos were again
observed.

53. Discussions

As is shown in the above, one of the charac-
teristic features of the IC-ferroelastic phase
transition in {N(CH.)o}rCuClo is that the elas-
tic constant c* tends to vanish towards the IC-
ferroelastic transition temperature. This fact
can be understood on the basis of the thermody-
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namic theory as follows.
Let us assume that the free energy in the IC

phase can be written as
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Fig. 2. Temperature dependence of the elastic constant
c* in {N(CH.)a}2CuClo.

+lc"xi+lo,QrQt *2, (3)

where Qo is the primary order parameter belong-
ing to the ^I, irreducible representation, and the
polarization wave P* and strain wave x* with the
wave vector K:3(k"-k) are included as the
secondary order parameters. Po is the ho-
mogeneous polarization along the an axis, and
xo is the homogeneous strain corresponding
to shear strain xr.

From eq. (3)we can expect that at the normal-
IC transition temperature 7, the dielectric con-
stant €4H and the elastic constant c* should
show kinks as expressed by

/eonxJ'21Q0,)',
lcrrxgrlQo,)', (4)

where ft, is the wave vector of the frozen-in mode.
This is in agreement with the experimental
results (Figs. I and 2).

When the temperature is slightly lowered
from 7r, we can expect by following the pro-
cedures adopted by Dvorak and Petzelt,a)that
the elastic constant css (T) should be written in
the harmonic approximation as

c,,(r) : c o -*. nr,- - (qkj . #r),
(5)

where Of (r<,) and 0'o6) are the frequencies of
the phase mode and amplitude mode with the
wave vector Kr:3(k"-k,), respectively. It is
seen from eq. (5) that the elastic constant crr( 7)
should decrease, as the phason frequency
Oi6) tends to decrease as ?', is approached.
Thus the elastic softening associated with the
IC-ferroelastic transition can in this approxi-
mation be understood as a result of the coupling
of the elastic strain xo mainly with the phason
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mode with the wave vector l(i.
Near the IC-ferroelastic transition point T,

the crystal is considered to become a domain-
like structure having both positive and negative
strain regions which are separated by so-called
discommensuration. It can be expected that the
elastic constant in such state may be small, since

the change of the domain width takes place
easily under external stress near 7r.

In summary, we have presented in this paper
the evidence of elastic softening associated with

9t

the IC-ferroelastic transition, corresponding to
dielectric softening in the case of the IC-
ferroelectric transition,
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