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ABSTRACT : We have measured the  low frequency A.C.  

complex shear  modulus of a smect ic  B l i q u i d  crys-  

t a l ,  p a r a l l e l  t o  t he  smect ic  l aye r s  f o r  t h i n  sam- 

p l e s .  The apparent  e l a s t i c  modulus C i s  very 

small (QJ 10 dyn/cm ) .  It inc reases  monotonically 

versus  the  frequency (from 10 t o  5.10 Hz) ,  f o l -  

lowing a loga r i thmica l  l a w .  A t  a given frequency 

(10 Hz) the  e l a s t i c  cons tan t  is measured c l o s e  t o  

a t r a n s i t i o n  t o  a smect ic  A phase and shows a pre- 

t r a n s i t i o n n a l  so f t en ing .  T h e s e  r e s u l t s  compare 

we l l  wi th  u l t r a s o n i c  data from T h i r i e t  and Mart inoty 

demonstrat ing a l a r g e  r e l a x a t i o n  e f f e c t  between 
4 8 

10 Hz and 10 Hz. 

44 6 2 

- 1  3 

3 

Smectic B l i q u i d  c r y s t a l s  a r e  layered  systems, made 

of rod l i k e  organic  molecules .  X rays  s t r u c t u r a l  da t a  

a r e  now a v a i l a b l e  on these  m a t e r i a l s  : t h e  molecules a r e  

normal t o  the  l a y e r s ;  i n  each l a y e r ,  t h e r e  e x i s t s  an  

hexagonal p o s i t i o n a l  o rde r ,  long range f o r  most of the  

m a t e r i a l s ;  t h e r e  a r e  a l s o  i n  genera l  s t rong  c o r r e l a t i o n s  

of p o s i t i o n a l  o rde r  between l a y e r s ,  s o  t h a t  t he  smect ic  

B m a t e r i a l s  appear t o  be a c l a s s  of p l a s t i c  c r y s t a l s .  
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186 M. CAGNON, J .  F. PALIERNE and G .  DURAND 

To test on large scale the anisotropy of the struc- 

ture, measurements of the shear modulus parallel to the 

layers have been made, at ultrasonic frequencies , or 
low frequencies . The results show a very low elastic 
shear modulus C 4 4 ,  in the range of lo6 dynlcm ~ typical 

of the lamellar structure. At very low frequencies a 
Newtonian shear creep has been demonstrated . In addi- 
tion, internal resonances at higher frequencies were ex- 

plained as local distorted texture vibrations. Using thin- 

ner samples, we have been able to suppress almost comple- 

tely the defects leading to these resonances. In this pa- 

per we present the frequency and temperature dependence 

of the layers parallel shear modulus C of a smectic 

liquid crystal in the smectic B phase, and near a higher 
symetry fluid smectic A phase, where the only remaining 
positional order is the lamellar order. 

2 

2 

4 4  

The compound we use is the 4.08 (butyloxy benzyli- 

dene octylaniline), which presents a smectic B to smectic 
A transition at 49°C. The sample, of thickness d = 25 pm, 

is placed in between two glass plates, in the "homeotro- 

pic" orientation (i.e. with the lamellae parallel to the 

plates), using a silane coating. The mechanical set up 

is the same as previously described 3 9 4  . A sinusoidal 

displacement Re(6 exp (iwt)), parallel to the layers, is 

applied though piezoelectric ceramics to one face of the 

samp1e;amplitude and phase of the transmitted shear force 

are measured on the other face with identical piezoelec- 

tric ceramics. The results are described by the ratio 

Z ( w )  = U/E exp i$ between the transmitted shear stress 

u exp i (wt + $) and the applied shear straincexp (i wt), 
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SHEAR CONSTANT IN SmB 187 

equ iva len t  t o  a complex mechanical impedance. When t h e  

wave lengthes  a s soc ia t ed  wi th  shear  waves a r e  l a r g e  com- 

pared t o  t h e  th ickness  d of t he  sample, 2 is  c a r a c t e r i s -  

t i c  of t he  m a t e r i a l .  Otherwise,  2 could con ta in  a depha- 

s i n g  a s soc ia t ed  wi th  wave propagat ion.  I n  a l l  t he  p re sen t  

work , we remain i n  the  f i r s t  case .  The a v a i l a b l e  frequen- 

c i e s  range from 0.1 t o  lo4 Hz. For h ighe r  f r equenc ie s ,  me- 

chanica l  resonances of our se t  up become v i s i b l e .  The 

l i q u i d  c r y s t a l  sample is temperature  cont ro led  wi th  a s t a -  

b i l i t y  b e t t e r  than 10-20C. Before measurements, w e  c o n t r o l  

t he  sample q u a l i t y  by a r o u t i n e  o p t i c a l  t tconoscopictt  obser-  

v a t  ion .  

40.8 SmB T=46.1°C 

't 
Re (Z) x ~ O * ~  

1 2 3 

FIGURE 1 : Shear mechanical impedance Z ( v )  i n  
smect ic  B phase.  
The numbers are the  f requencies  i n  h e r t z  

We f i x  f i r s t  t he  temperature  a t  T = 46.loC, i n  t he  

smect ic  B range and w e  measure 2 (v) where v = w/2n i s  

the  frequency. A t y p i c a l  p l o t  i s  shown on Fig.  1 ,  which 

r ep resen t s  Z ( v )  i n  t he  complex p lane ,  t he  a x i s  be ing  mea- 

sured i n  u n i t s  of dyn/cm . We have n o t  s tud ied  i n  d e t a i l s  2 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

2:
30

 2
1 

Fe
br

ua
ry

 2
01

3 



188 

t he  very  low frequency range previous ly  descr ibed  . I n  

our  range of f requency,  w e  no te  a cont inuous inc rease  of 

t he  real  p a r t  of Z ,  i . e .  of t he  e l a s t i c  C 4 4 .  We had pre- 

v ious ly  observed t h a t  C44 followed a logar i thmic  law i n  

frequency. To check t h i s  behaviour  a t  h ighe r  f r equenc ie s ,  

We f i n d  now two loga- w e  p l o t  (Fig.2)  C44 versus  Log 

r i t hmic  dependences : f o r  low f r equenc ie s ,  C44 i nc reases  as 

v. Note t h a t  t h i s  s l o p e  0.57 10 i s  c t e  + 0.57 10 Log 

the  same as t h a t  found previsouly  i n  lower s c a l e  of f r e -  
-2 quencies  from 10 t o  10 Hz . A t  h igh  f r equenc ie s ,  t he  

v. The c ross  over be t -  i nc rease  wr i t e s  as 1.35 10 Log 

ween the  two regimes appears  around v = 100 Hz. 

M. CAGNON, J. F. PALIERNE and G. DURAND 

4 

10 v -  

6 6 

6 

I a I a . 
-1 0 1 2 3 I 

> 
LOG ( V )  

FIGURE '2 : Real p a r t  of Z(v> versus  Log (v)  from 

the  d a t a  of Fig.1.  The two dashed s t r a i g h t  l i n e s  re- 
p resen t  t h e  logar i thmic  laws descr ibed  i n  the  t e x t .  
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SHEAR CONSTANT IN SmB 189 

A t  lower temperature ,  w e  observe the  same two logar i thmic  

l a w s  w i th  t h e  same s lopes ;  t h e  c ros s  over  frequency howe- 

v e r  decreases  when the  temperature  decreases ,  down t o  2 0  Hz 

f o r  T = 40°C. The s imples t  i n t e r p r e t a t i o n  i s  t o  assume 

t h a t  t h i s  i nc rease  of C i s  due t o  the  p rogres s ive  f r e e -  

z ing of t he  d e f e c t s  (edge d i s l o c a t i o n s  of l a y e r s ,  a . s . 0 )  

r e spons ib l e  f o r  t he  low frequency p l a s t i c  response.  Above 

the  c ros s  over f requency,  a new kind of d e f e c t s  should 

become f rozen .  Note f i n a l l y  t h a t  with an average C % 10 , 
t he  wave length  a t  1 KHz i s  about  1 cm, much l a r g e r  than  

d = 25 urn, as above assumed. 

44 

6 
44 

44  It  i s  now i n t e r e s t i n g  t o  compare our r e s u l t s  of C 

with  the  u l t r a s o n i c  da t a  of r e f  (2) ,  f o r  t h e  same shear  

mode and the  same compound a t  the  same temperature .  On 

Fig .  3 ,  we have p l o t t e d  the  two s e t s  of d a t a  versus  Log 

The two s e t s  of r e s u l t s  a r e  compatible ,  i f  w e  accept  t he  

idea ,  a l r eady  suggested i n  r e f .  ( 2 )  t h a t  t h e  u l t r a s o n i c  

da t a  a r e  taken a t  f requencies  around a r e l a x a t i o n  process .  

It  would be now i n t e r e s t i n g  t o  cover the  gap between 10 

lov '  

4 

l and 10 Hz, t o  check t h i s  po in t .  For the  h ighe r  frequen- 

c i e s  one knows 

s a t u r a t e s  around 10 

x a t i o n  idea .  

, but  no t  f o r  t h i s  compound, t h a t  C 4 4  
8 

dyn/cm2, which r e i n f o r c e  the  rela- 

I m  ( Z )  shows a l s o  a more o r  l e s s  r egu la r  i nc rease  i n  

f requency,  wi th  small o s c i l l a t i o n s .  The h igh  frequency 

one i s  i n  f a c t  what remains i n  the  t h i n  samples of t h e  

l a r g e  i n t e r n a l  resonance previous ly  observed f o r  t h i c k  

samples, as w e  have checked by measuring Z (a) i n  samples 

of in te rmedia te  th ickness .  We thus  do not  b e l i e v e  t h a t  these  

o s c i l l a t i o n s  a r e  r e a l l y  i n t r i n s i c  p r o p e r t i e s  of t he  material 
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190 M. CAGNON, J. F. PALIERNE and G .  DURAND 

Re ( Z l ~ l o - ~  f dyne/cm2 

I 

i 
b 17 
; 

* i 

FIGURE 3 : Real part of Z ( w )  versus Log ( w )  at 4 6 ° C .  
10 

a) our present data b) data from ref.(2). 

To measure the temperature dependence of the elastic 

constant C 4 4 ,  we must now fix the frequency since we do 

not see any saturation of Re ( Z ( w ) ) .  We have chosen 

w = 10 Hz, high enough in our available range, but not too 

close to our spurious mechanical resonances. Our results 

3 

are plotted on Fig. 4 ,  which represents C44 (1000 Hz) versus 

the temperature T. The transition temperature Tc toward the 

smectic A phase is 4 7 . 2 " C ,  lower than the previously repor- 
ted 4 9 ° C .  This is probably indicative of a slight degrada- 

tion of the material. In the S 

pected for a simple one dimensional piling of fluid layers. 
In the vicinity of T 

linear increase of C 

phase, C44 is zero as ex- A 

on a range of 0 . 7 " C ,  we observe a 

above zero. A s  the SA + S 
C' 

44 B transition 
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SHEAR CONSTANT IN SmB 191 

i s  s l i g h t l y  f i r s t  o r d e r ,  we can obviously r e l a t e  t h i s  be- 

hav io r  t o  the  coexis tence  range of t he  l i q u i d  and s o l i d  

phases i n  t h i s  s l i g h t l y  impure system. A t  lower tempera- 

t u r e s ,  w e  observe a continuous inc rease  of C 4 4 .  The curva- 

t u r e  of C44 c l o s e  t o  T 

e f f e c t .  The same p r e t r a n s i t i o n a l  e f f e c t  has  a l s o  been ob- 

i s  a t y p i c a l  p r e t r a n s i t i o n a l  
C 

L served  a t  u l t r a s o n i c  f requencies  . 

C',X 10-6 
fdyndcrn2 

c 

* 
I 
I 
I 
I 

I 
I 
I 

FIGURE 4 : Real p a r t  of Z a t  1.000 Hz versus  tempe- 
r a t u r e .  The s o l i d  and dashed l i n e s  are j u s t  a 
guide f o r  t he  eye.  

I n  conclusion,  w e  have measured the  v i s c o e l a s t i c  res- 

ponse of a smect ic  B l i q u i d  c r y s t a l  submit ted t o  a shea r  

s t r a i n  p a r a l l e l  t o  t h e  smect ic  l a y e r s .  Our e s s e n t i a l  ob- 

s e r v a t i o n  i s  a logar i thmic  inc rease  of t h e  apparent  elas- D
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tic constant C versus the frequency, in the range 10 
to 10 Hz. At a given frequency, the temperature dependence 
of C44 exhibits a pretransitional softening close to the 
smectic B + smectic A phase transition. This novel flow 
situation suggest the need for an analytical model. 

M. CAGNON, J.  F. PALIERNE and G. DURAND 
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