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ULTRASOUND STUDIES OF THE POLYMER LIQUID CRYSTAL P41 

L. BENGUIGUI and P. RON 
Solid State Institute and Physics Department, Technion - 
Israel Institute of Technology, Haifa 32000, Israel 

Abstract 

We measured the velocity of the longitudinal round waves 
of the side chain polymer liquid crystal P41, in the 
range 2-10 Mhz. This compound exhibits an isotropic, 
nematic and Sm A phases. In this frequency range, we 
found that in the nematic phase we are already in the 
UT > 1 situation and UT Q 1 in the Sm A phase. We have 
also investigated the variation of the velocity with the 
angle between the director and the wavevector. 

INTRODUCTION 

The acoustic properties -of liquid crystals are characterized 
by properties which are absent in isotropic liquids as well 
as in crystals, In the nematic phase the sound velocity is 
isotropic at low frequency, but becomes anisotropic at high 
frequency, whereas the sound absorption is always aniso- 
tropic. In the smectic A and C phases, the velocity and 
the absorption are anisotropic at all frequencies. 
in the smectic phases there is a breakdown of conventional 
hydrodynamic and the damping has now a divergent contribution 
since some viscosities behave like l/f (f is the frequency 
of the sound wave). (For a very good survey of the acoustic 
properties of liquid crystals, we refer the reader to ref. 1 
and for more recent results concerning the break-down of 

the conventional hydrodynamic see ref. 2). 

Moreover 

In this paper, we present the first investigation of the 
acoustic properties of a side chain liquid crystal polymer. 
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242 L. BENGUIGUI AND P. RON 

It is clear that properties related to the 
structure will be as observed in regular liquid crystals. 
However, we expect quantitative differences and this is ef- 
fectively observed. 

symmetry of the 

EXPERIMENTAL 

The material used in the present inv stigation i 
methylsiloxane (P41) with the following formula 

a poly- 

(CH ) -Si-[0-Si-]  -0-Si-(CH ) 3 3  I 35 3 3  
I - 
(CH2)4-0- < 0 '\ -0-C- .J If 

0 
Details on the preparation of this material and other 
analogous compounds can be found in ref. 3. The transition 
temperatures of the compound P 

scopic observation) are 
(as determined by micro- 41 

SmA-72°C-N-1010C-I 

There is also a glass transition around 7°C. 
The acoustic measurements were performed at 

2.1-2.5-3.5-7.5 and 9.3 Mhz in a conventional set-up with 
two PZT ceramics as piezoelectric transducers. In the 
pulse mode, we can measure absolute velocity by the standard 
echo technique (precision 4%) and in the CW mode the relative 
velocity from the phase difference between the applied 
signal and the received signal on the second piezoelectric 
element (precision 0.1%). The phase measurement was made by 
a Hewlett-Packard Vector Voltmeter. In this paper only data 

on the velocity are reported and the results on the absorp- 
tion will be presented in another publication. 
was slowly cooled at a rate of 10 min/"C above 90°C and 
2 min/"C below 90°C. 
more slower rates and we did not observe difference in the 

The sample 

We also cooled the sample with much 
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ULTRASOUND STUDIES OF PI, 243 

1450 

1400 
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I300 

results. 
netic field of 10 kG. 

The alignment of the molecules was made by a mag- 

V(m/swc) - 

75  Mhz 

- 

- 

- 

I * 

RESULTS 

In Fig. 1, we show the variation of the velocity with the 
temperature T at 7.5 Mhz, in the two main configurations: 
when the wave vector is parallel to the director and when 
it is prependicular to it. 
are almost identical to those at 7.5 Mhz. The Isotropic- 
Nematic transition is marked by the apparition of the velo- 
city anisotropy (around 100°C) and the Nematic-Smectic A 

The results of 3 . 5  and 9.3 Mhz 

transition by a slight change in the slope (around 74OC). 

In Fig. 2 we present the velocity anisotropy AV = V,, 
as a function of T, at the different frequencies. 
that in the nematic phase all the curves are near one another 
and, in particular, for f >, 3 . 5  Mhz, the velocity aniso- 
tropy is independent of f. 
A phase is very different. 

- VL 
We note 

The behavior of V in the Smectic 
AV increases strongly if T is 
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FIGURE 2.  Veloc i ty  an i so t ropy  ( V = V,, - VJ ver sus  
T a t  d i f f e r e n t  f r equenc ie s .  Note t h e  d i f -  
f e r e n t  behavior  i n  t h e  nematic and t h e  SmA 
phases.  The l i n e s  a r e  qu ides  f o r  t h e  eye. 

I n  Fig.  3,  we show t h e  v a r i a t i o n  o f  V wi th  t h e  ang le  

between t h e  wavevector and t h e  d i r e c t o r  f o r  two tempera tures  

i n  t h e  nematic phase.  

i n  t h e  smectic A phase.  

The behavior i s  similar below 74"C, 

DISCUSSION 

The fact  t h a t  AV i s  s t r o n g l y  dependent on t h e  f requency  

i n  t h e  SmA phase i s  a clear i n d i c a t i o n  of a r e l a x a t i o n  

mechanism i n  t h i s  range o f  frequency. 

t h e  range 3-7  Mhz we have WT Q 1 and one g e t s  T Q 2 - 5 ~ 1 0 - ~  

sec .  I t  i s  d i f f i c u l t  t o  d i s c u s s  t h e  r e s u l t s  i n  t h i s  range  

and it should be very  i n t e r e s t i n g  t o  perform measurements 

a t  lower frequency (WT << 1) and h ighe r  frequency (UT >> 1). 

This  i s  now i n  p lanning .  A t  t h e  a c t u a l  t ime, we n o t e  t h a t  

AV i s  r e l a t i v e l y  l a r g e  (30 m/sec o f  6OoC and 2.1Mhz, i . e .  2% 

One can s a y  t h a t  f o r  
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ULTRASOUND STUDIES OF P4, 245 

In regular SmA phases the anisotropy is of the same order of 
magnitude. However, in the present case the anisotropy comes 
not only from the structure, but also from the dispersion 
(since O T Q ~ ) ,  whereas in the regular SmA phase, the measure- 
ment was made in the range WT << 1 and the anisotropy is 
structural. 

13x 

132: 

l32C 

Nmhrc) 
f =35 Mhz 

139c 

138c 

137c 

T . 7 4 1  

0 50 W B  o 50 90 8 

FIGURE 3 .  Velocity versus the angle between the wave 
vector and the director at 
The line is calculated (see text). 

two temperatures. 

In the nematic phase we are clearly in the range of 
frequency above the relaxation frequency. 
o f  f for f c 3.5 Mhz and we conclude that in this range 
WT >> 1. This gives T >> 1/(2~rx3.5~10 ) = 4.5~10 sec, 
which means that T is relatively large. 
the regular nematics4j5 it was found T ‘L 

also the same situation for AV. In our case, in the 

AV is independent 

6 - 8  

We recall that in 
sec. We have 

saturation region of AV, one has AV/V ’L 

n e m a t i ~ s ~ ’ ~  AV/V Q 3.10-3. 
and in regular 

The curves V(0) are characterized by a minimum around 
8 = 60’. Here we have a new situation, which was 
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246 L. BENGUIGUI AND P. RON 

not observed until now. In the regular nematic liquid 
crystals, and for the frequency range UT >> 1, the variation 
of V versus the angle 8 was analyzed with the following 
expression 496 

(1) 
2 

V = A  + B  C O S ~  1 1  
It is clear that in our case the expression (1) is not 
adequate, since this expression does not give a minimum. 
Thus we tried the expression 

( 2 )  
2 2 4 v = A - zc cos e + B COS 

which is valid in the smectic phases, in the low frequency 
range. As shown in Fig. 3,  our results can be correctly 
fitted with (2). Two authors have proposed the exp.(Z) for 

7 the velocity anisotropy in the nematics when UT >> 1. Liu 
has investigated the influence of the smectic order on the 
dispersion in the nematic phase and we expect that his 
results will be correct not too far from the nematic-- 
Smectic A transition temperature. 
frequency dependence of the elastic and dissipatiue para- 
meters of the system. This is equivalent to consider the 
nematic phase as a visco-elastic medium. 
the coupling to the smectic A order parameter is not intro- 
duced (as Liu did) and the results are expected to be ap- 
plicable in all the nematic phase. 
not exclusive, However, at the present time, it is dif- 
ficult to delimit their use without a determination of 
the constants A,  B and C as functions of the frequency and 
the temperature. We hope to be able in the near future to 
perform this task in extending the frequency range of our 
measurements. 

Jahnig8 includes the 

In such an approach, 

The two approaches are 
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