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FLOWAB TLXTY AND CRYSTAL ORDER. SMECTIC B MODEL 

1,s.  GRHSHT AND V.K. PERSMZN 
Chelyabinsk State University, Chelyabinek, USSR 

Abstract A model of emectic B liquid crystal ( S m  
m g g e s t e d .  According to this model Sm B is 
characterized by crystal translational order in 
all directions. A t  the same time interlayer shear 
modulus C43f3 decrease8 at lower frequencies of 
external effectwexand equals zero in the static 
case (wex+O). The model ir based on the accoun. 
of terms nonlinear with respect to wave vector K 
in the frequencies of translational oscillations. 

FORV \ I .  ISM AND MODEL 

it has been shown l t 2  that elastic energy connected 

w i t h  shear of the layers parallel to each other is 

It has been found that 

Hero and U are displacements from equilibrium 
p o s i t i o n  within the layer, UZ is displacement normal 
to the layers, K is Frank-constant, b’or is energy of 
orientational deformations, n is director ( <;7 P 

3131- “1313- = {0,0,1] ). It has been estimated that C 
Y 1 0  dyn/cm2. This result corresponds to experimental 
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432 I.S. GERSHT AND V.K. PERSHIN 

data3. Using ( 1  ) and ( 2 )  translational oscillation 

frequencies (mi) have been obtained 

Ratio (2) and account o f  nonlinear terms (i.e. 
proportional to KZ) in the frequencies ( 3 ) , ( 4 )  deter- 
mine the specific features of the system in question. 

4 

We have got 

= 1Cx1/2; t? where T is temperature; ex = Ky1/2; 8. = 
Y 

= 1 P; P = 1,2,3,. . . ; M i s  molecule mass. 
The state when interlayer shear modulus C 

3 
1313= 

L, 3 

while all other coefficients in the frequencies (3) - 
(5) are other than zero is treated as smectic B model. 

T:LASTTC PROPLRTTES 

It follows f r o m  (2) that due to the presence of orien- 
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SMECTIC B MODEL 433 

tational order Sm B is stable relative to the bend of 
the layers C3131# 0. 

shear of the layers parallel to each other. It is 
Let us analyse system stability relative to the 

0, K # 0 the 1313" clear from ( 1 )  that in the case C 

system is unstable relative to linear(8 Ui/a2'= 0; 
i = x,y)  deformations Fin(Ui -0) t F in (U i2 = Piz)(Pi = 
= const). Nonlinear deformations (a2Ui/dz f 0) lead 
to larger elastic energy, i.0. cause the appearance of 

restoring forces. It i s  clear that such deformations 
take place if external effect is time-dependent. 

storing forces from (1),(3),(1+) effective interlayer 
shear modulus can be introduced 

To get quantitative description of*'nonlinear" re- 

We can see from this expression that the system i s  

unstable relative to static linear deformations. How- 
ever, due to nonlinear effects interlayer shear modu- 
lus becomes other than zero in the case of nonlinear 

deformations (8.9. dynamical). It becomes larger i f  
2 *'nonlinearity" K~ (or frequency of external effect 

increases. 

B compound 40.8 (C 

= 15 MHz ) . 
- -3,4010 2dyn has been estimated for Sm 

1'33* ef 1.7.10 7 dyn/cm2 if / 2 r =  
1313= ex 4 

( c  - 33'>"3131 33 - Integrating (6) and accounting for 
8 ~ 1 0  dyn/cm2, T/k = !lo0 K) w e  '3131 

2 &13. This result agrees to 
experimental data3 and proves that there is long-range 
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434 10s. CERSHT AND VoKo PERSHIN 

translational order in the direction normal to the 

layer#. 
It follows from (7) m d  ( 8 )  that I) layers are 

correlated, i.e. exp[-2f%(L3)/1$ const f 0 if -c *; 
3 

ii) there is lon -range translational order within the 
layer, i.0. d a z O . 3  8 4 4 1  (C1 ~2.6*10'odyn/cm2~ 
C66 2 4.9 1 09dyn/cm2 3)0Thi@ value q<T corresponds 

S t o  the experimental data , 
We get  that crystal order can coexist w i t h  static 

shear instability. This result is based on the 
account of nonlinear effects. If C 13,3= 0 ,  then non- 

linear terms are responsible for the convergence o f  

integrals (7),(8). It means that tlnonlintarlt reatoring 
forces cause interlayer correlations and stabilize 3- 
dimensional crystal order within the layer. 

CRYSTAL = S.m B PHASE T R A N S I T I O N  

It has been concLuded that entropy jumpASCB is not 
determined by the changes of system ordering. AScD is 

connected with the change of elastic moduli 

where C is heat capacity, C,,(Cr) and C (B) are elas- 
tic moduli in the crystal and Sm B, respectively. 
~stimates give reasonable value ofASCB= 18 cal/mola*K 

33 

(Cg3(Cr)/C33(B)=1.17 3 ) ,  

CONCLUSION 

The suggested "nonlineartt Sm B model explains the foX- 

lowing experimental data 6 9 7 9 8  I 1,Change of dispers ion  

curve of transverrbt wave at the crystal-smectic B 
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SMECTIC B MODEL 435 

transition when the wave propagates normally to the 
layers (in Sm B it closely resembles a parsbolaW-K:) 

2 *  ‘1313 
equals zero in the static case (&exeO). These re- 
sult. cannot presumably be explained in terms of 
“crystalline” model’ of Sm B. 

papor (nonlinear effects should be accounted for if 
shear moduli are equal to zero) has been used by the 
authors’ ’ 
tions and elastic properties in partially ordered 
smectic pha6e8 

1313 decreases at lower frequencies Uex. 3. C 

It should be noted that the main idea of this 

when they studied translational correla-. 
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