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Abnormal Behavior of Sound Velocity and Damping in the Vicinity of the
Smectic-A -Smectic-C Transition in Terephthal-his-p-p'-Butylaniline (TBBA)
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Sound velocity and damping measurements, taken at various angles 8 between the normal to the smec-
tic layers and the sound propagation direction, are reported for TBBA near its Smd-SmC transition.
Both velocity and damping present marked pretransitional anisotropic eA'ects above T&z. The anisotropy
of the transition also manifests itself on the positions of the damping peaks of which that for 8=0'
moves towards low temperatures as the frequency increases, whereas no displacement is observed for
0=45' and 90 . The results are compared with the predictions of the current theories.

PACS numbers: 64.70.Md, 61.30.v, 62.80.+f

Although the SmA-SmC transition has been widely
studied in recent years, and with contradictory results as
to its exact nature' (3D XY, or extended mean field), lit-
tle work has been done on the dynamic behavior of this
transition. More especially, ultrasound methods, which

supply important information on phase-transition dy-
namics, have rarely been applied. However, one study,
carried out on 8S5 (4-n-pentylphenylthiol-4'-n-octyloxy-
benzoate), has shown that velocity and damping
anomalies occur below Tzc, which indicates that the dy-
namics of the transition in this compound is of the
mean-field type.

In this Letter, we present a detailed study of the ul-

trasound velocity and damping behavior in the vicinity of
the SmA-SmC transition in TBBA. The key result of
this research is the fact that both velocity and damping
present marked pretransitional effects above T~c. The
magnitude of these effects is a function of the angle 8 be-
tween the sound propagation direction and the normal to
the smectic layers. The anisotropy of the transition can
also be observed in the positions of the damping peaks, of
which the one for 8=0' moves towards lower tempera-
tures as the frequency increases, whereas their positions
for 8=45' and 90' do not move throughout the same
frequency range. Analysis of the velocity measurements
shows that the elastic constant 8 is higher than the elas-
tic constant C in the SmA phase, and that 8 (C in the
SmC phase. This inversion of the 8/C ratio, observed
here for the first time, is also a direct consequence of the
high degree of anisotropy of the transition. The An-
dereck and Swift (AS) fluctuation theory explains all
our observations above Tzc more satisfactorily than
Liu's relaxation theory. It is, however, possible that the
AS theory is not efficient since recent results obtained on
the same compound have shown that the specific heat
does not appear to display any pretransitional effects
above Tzp, and this is contrary to the theory's predic-
tion.

The experiments were carried out with use of reso-

nance and pulse techniques, with 3-MHz quartz crystals.
The resonance technique has the advantage of being able
to measure at the same time both damping and velocity
in the megahertz range in which classic pulse techniques
are known to be difficult to apply. The pulse device al-
lowed the damping measurements to be extended to
higher frequencies, i.e., 9, 15, 21, 27, and 33 MHz, and,
by means of a simple switch, it was possible to take pulse
and resonance measurements on the same cell. This en-
abled a significant comparison to be made between the
two types of measurements, thus taken on the same sam-
ple.

These measurements were taken for the three orienta-
tions defined by 8=0', 45', and 90'. The SmA phase
samples for a given 8 were prepared by our heating the
compound into the nematic phase, and then cooling it
gently in the presence of a 10-kG magnetic field. The
SmC phase samples were obtained by our switching off
the magnetic field a few degrees before the compound
was due to pass into the SmC phase. These samples have
randomly oriented molecules, but they do have a lamel-
lar structure, as proven by the velocity measurements,
which show marked anisotropy, as in the SmA phase.

A fresh sample was used for each angle 8, and the
measurements were taken under an inert atmosphere so
as to avoid sample deterioration, which was always very
slight, as can be seen from the high transition tempera-
tures of the various samples studied (between 171 and
172' C). Temperature was controlled to within
+'0.01'C. A detailed description of the experimental
method, the cell, and the precautions taken in order to
guarantee a high degree of sample purity throughout the
experiment are presented by Collin, Gallani, and Mar-
tinoty.

Before presenting and discussing our results, we shall
briefly review the ultrasound theories currently available.
It is predicted that damping is the sum of two contribut-
ing factors. The first, coming from SmC order-parame-
ter fluctuations, was calculated for T) T~c by An-
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dereck and Swift (AS), who introduced into the free en-

ergy terms which couple the order parameter to the den-

sity variation (coupling constant y~) and to the layer-
spacing gradient (coupling constant y„). AS predict
that the critical effects on velocity and damping can be
extremely anisotropic, the degree of anisotropy depend-

ing on the y„/y~ ratio. Their calculation also predicts
that a scales as f (T —T~p) '+'" in the low-frequen-

cy regime, and as (T Tz—c) 2'f'+'/'" in the high-

frequency regime. a is the exponent of the specific heat
and zv that of the relaxation time z of the order parame-
ter [r- (T —T~c) '"]. Another interesting prediction
states that the velocity V scales as (T Tzc—) ', the be-
havior of V should therefore reflect that of the specific
heat.

In addition to the contribution of the order-parameter
fluctuations, which must occur on either side of the tran-
sition, s there also exists the so-called Landau-Kha-
latnikov contribution, coming from the relaxation of the
order-parameter modulus. The damping associated
with this mechanism is given by

v'( )-v'(0)a=
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where V(~) and V(0) are the high-frequency (ror&&1)
and low-frequency (roz« 1) velocity limits. According
to Eq. (1), a reaches its maximum am, „when cor=1;
a,„scales as m; and a,„moves towards low tempera-
tures as frequency increases.

The Landau-Khalatnikov mechanism appears in the
low-temperature phase, where the mean value of the or-
der parameter is nonzero. However, Liu has pointed
out that this mechanism should also appear in the high-
temperature phase of the nematic-smectic-A and SmA-
SmC transitions, as a result of a dynamic coupling, as-
sumed to exist above the transition temperature, between
the order-parameter and the hydrodynamic variables.
Ultrasound damping and velocity could therefore present
critical effects above the SmA-SmC transition, even
when this transition is of the Landau type (no fluctua-
tions). Liu's calculation shows that the strength of the
relaxation is expressed as a function of the transport
coefficients associated with the dynamic coupling men-
tioned above. This calculation does not, however, give

any explicit information on the thermal variation of the
relaxation strength, but does indicate that it is a function
of the angle 8, which shows that the contribution of the
relaxation, like that of the fluctuations, is anisotropic.
One point of divergence between these two theories is
high-frequency behavior, since Eq. (1) (valid for all

frequencies) predicts that a is frequency independ-
ent, whereas the contribution of fluctuations gives

f )+a/zv

Figure 1 shows characteristic results of the behavior of
ultrasound damping in the vicinity of the SmA-SmC
transition. a/f can be seen to present marked pretransi-

T-T ( C)
AC

FIG. 1. Comparison between results for 8=0' and 90',
showing that the critical effects on damping are anisotropic.

pv (8) =A —2Ccos 8+Bcos 8 (2)

allows the elastic constants A, 8, and C of the compound
to be determined, as well as the thermal variation of
these constants. This analysis shows that 8 falls sharply
in the SmA phase when T T~g, that this decrease is
less marked for C, and that it is hardly visible in the case
of A. This relative behavior of the elastic constants cor-
responds to that predicted by the AS theory when

y„& y~. The same analysis shows that 8& C in the
SmA phase, which is the usual result, and that 8 & C in

the SmC phase. This inversion of the 8/C ratio is a
direct consequence of the high degree of anisotropy of
the SmA-SmC transition. It stems essentially from the
fact that the velocity V(0') which is the highest of the
three in the SmA phase becomes the smallest in the SmC

tional effects on either side of the transition, effects
which are anisotropic and which reach their maximum
when 8=0'. Figure 2 shows that velocity also presents
pretransitional effects. These occur essentially in the
SmA phase, where velocity decreases as T Tzc, and,
as with the damping, are much more marked for 8=0'
than for 8=45' or 90'. This anisotropy of the critical
effects can be explained by both the Liu theory and the
AS theory when y„& y~.

Analysis of the velocity measurements with use of the
formula
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FIG. 3. Critical behavior of a/f at T Tgc for 0=45'.
The intercept of the straight line with the vertical axis gives the
value of the background damping at T~g.
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FIG. 2. Velocity curves for 8=0', 45', and 90', at the
smectic-3-smectic-C transition, showing inversion of velocity
anisotropy between the two smectic phases. Detail of the mea-
surements in the vicinity of Tz& is not shown.

phase.
Figure 3 shows the variation of damping as a function

of frequency for 8=45' at T=Tqc, i.e., in the ror»1
regime. a/f can be seen to obey a 1/f-type variation. 'o

This behavior is compatible with that predicted by the
AS mechanism (a/f 2-f ' '~") when a is near to zero,
but cannot be explained by the Liu mechanism. In order
for the Liu theory to give a/f —1/f, the transport
coefficients governing the relaxation amplitude would

have to vary like f, and we can see no reason why this
should be the case.

Figure 4 shows that the damping peak for 0 =0'
moves towards low temperatures as frequency increases.
On the other hand, no such shift was observed for
8=45' and 90' within our experimental resolution
(~0.01'C). These differences in behavior are actual
physical effects, since the measurements corresponding
to a given angle 8 were all taken simultaneously. The
shift of the damping peak observed when 8=0'corre-
sponds to the behavior predicted by the Landau-
Khalatnikov mechanism, which also predicts an f-type
variation of the amplitude of the damping peaks [cf. Eq.
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FIG. 4. Shift of damping peak as a function of temperature
for various frequencies at 0 =0'.

(I)]. The experimental results show that this is roughly
the case. A detailed analysis of these two effects would
require us to know the contribution of both fluctuations
and the background values, which varies from one fre-
quency to another because of anharmonic effects. 7

It would be noted that the shift of the damping peak is
not only linked to the thermal variation of r, since
Liu's calculation suggests that V (~) —V (0) can be
highly dependent on temperature. The absence of any
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peak shift for 8=45' and 90' indicates that relaxation
amplitude, i.e., the V (ea) —V (0) term, is much small-
er than for 8=0', which is consistent with the estima-
tions that can be made from the velocity measurements
in Fig. 2. The fact that there was no shift of the ul-

trasound peak for samples relating to 0=45' and 90'
led us to take the temperature at which the peak occurs
as the transition temperature T~g. For 0=0, Tqc was
taken from the zero-frequency extrapolation from the
position of the damping peak as a function of tempera-
ture (i.e., the extrapolation from the straight line in Fig.
4).

We return now to the pretransitional effects above

Tqc. Liu's relaxation theory enables the velocity and
damping anisotropies to be explained qualitatively. It
does not, however, afford any explanation of the high-

frequency behavior of a/f, which suggests that fluctua-
tions do contribute to the critical effects. AS's fluctua-
tion theory can explain, in qualitative terms, all our ob-
servations (i.e., the velocity anisotropy, the damping an-

isotropy, the more or less marked decrease of the elastic
constants as T Tzc), and the high-frequency behavior
of a/f suggests that the transition is of a critical type.
If this theory works, the thermal variation of velocity (or
of the elastic constants) must reflect that of specific heat,
which should therefore show critical effects above Tqc.
Recent results, however, obtained on the same compound
seem to show that this is not the case. ' The apparent in-

compatibility between the ultrasound data and the
specific-heat measurements could be explained by one of
the two following possibilities: Either the specific heat is,
in the present case, less sensitive to the order fluctuations
than the ultrasonic techniques, or the critical eff'ects ob-
served on damping and velocity above Tzc are not due to
the fluctuation mechanism suggested by AS. In this
respect, it should be pointed out that coupling between
the order-parameter fluctuations and velocity has so far
been ignored. It could lead to anisotropic effects above

T~c. It is also possible that anharmonic effects are in-

volved at this transition. Finally, we should point out
that the behavior observed in TBBA is quite diff'erent

from that in 8SS, since the ultrasound anomalies for the
latter of these two compounds occur only below T~~.
This difference in behavior is even more surprising since
the specific heat seems to show an extended mean-
field-type behavior in both cases. It is at least clear that
much work remains to be done before we fully under-
stand the dynamics of this transition.
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