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THE IMPLICATIONS OF THE DIFFUSE-CONE MODEL FOR SMECTIC 
A AND C PHASES AND A-C PHASE TRANSITIONS" 

ADRIAAN DE V R I E S  
L i q u i d  C r y s t a l  I n s t i t u t e ,  Kent S t a t e  U n i v e r s i t y ,  
Kent, Ohio 44242 U.S.A. 

- - - -  

(Submi t t e d  f o r  pub1 i c a t  ion December 20, 1978) 

ABSTRACT: The d i f fuse-cone model, developed on the  b a s i s  

o f  the  e x i s t e n c e  o f  o r i e n t a t i o n a l  d i s o r d e r  i n  smect ic  

phases, i s  v a l i d  f o r  - a l l  smect ic  - A and - C phases, and a l s o ,  

w i t h  a p p r o p r i a t e  m o d i f i c a t i o n s ,  f o r  a l l  o t h e r  smect ic  

phases. The fundamental. angu lar  parameter i s  n o t  t h e  

o p t i c a l  t i l t  ang le  T, but  t h e  p r e f e r r e d  molecular  t i l t  

ang le  Om. 

(TA-C-T) 

em does. 

t i l t  angle ob ta ined f rom measurements o f  t h e  smect ic 

Th is  e x p l a i n s  why T does n o t  f o l l o w  t h e  

35 dependency p r e d i c t e d  by De Gennes whereas 

The d i f fuse-cone model a l s o  e x p l a i n s  why t h e  

l a y e r  th ickness  w i l l  i n  general  n o t  be equal  t o  T, and 

thus  i n v a l i d a t e s  arguments based on such d i f f e r e n c e s  

which were used t o  suppor t  a p a r t i c u l a r  s t r u c t u r a l  model. 

D e f i n i t i o n  o f  t h e  Model 

I n  t w o  o t h e r  papers,1 '2 we have developed a d i f f u s e - c o n e  

model f o r  t h e  d e s c r i p t i o n  o f  smect ic  - A and - C phases. I n  t h i s  

Research suppor ted by the Nat iona l  Science Foundat ion  under 
Grant No. DMR- 76-2 1364. 
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180 A. DE VRIES 

model, t he  p r o b a b i l i t y  o f  f i n d i n g  i n  a monodomain a molecule 

i n  the  d i r e c t i o n  (8,+)--where 8 and $I a re  p o l a r  angles, 8 

be ing the  angle between the molecular long ax i s  and the normal 

t o  the smectic plane, and $I the angle between the p r o j e c t i o n  

o f  the molecular long  a x i s  on the  smectic plane and a r e f -  

erence d i r e c t i o n  i n  t h i s  p lane-- is  given by (P(e)P($I )  + 

P (-0) P (1 80' + 4)  1 d8d$I, where2 

P(6) = c l l s i n81  exp ((aS)/(TV 2 ) cos 2 (e-em)) 

and 

w i t h  

2 2 cos$ = cos <8> + s i n  <8> COS+. 

I n  these equations, c and c 

2 i s  a constant, S = l/2<3cos 8-1> i s  the  o r i e r  a t i o n a l  o rder  

a re  normal iza t ion  fac to rs ,  - a 1 2 

parameter, - T i s  the absolute temperature, 2 i s  the  molecular 

volume, Om i s  the  p re fe r red  angle between the molecular long 

ax i s  and the  l aye r  normal, i .e . ,  em i s  t he  angle f o r  which 

the energy o f  a molecule has i t s  minimum value, f (T )  i s  a 

func t i on  o f  temperature, and $ i s  the  angle between the 

d i r e c t i o n s  (<ID, +) and (<8>, 0).  
.I 

A formula" f o r  f (T )  has been suggested' and w i l l  be 

tes ted  w i t h  experimental data. The main requirement i s  t h a t  

'' f (T )  = (bS2)/(TV ) ,  where 
2 2 .*. 

i s  a constant and S -<2cos +-1>. 2- 
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DIFFUSECONE MODEL FOR SMECTIC A AND C 181 

shor t - range o r i e n t a t  i o n a l  d i s o r d e r ,  however, may be expected 

t o  be much l e s s  i n  - A as w e l l  as i n  - C phases, and t h i s  would 

app ly  t o  n e i g h b o r i n g  molecules w i t h i n  a l a y e r  as w e l l  as t o  

n e i g h b o r i n g  molecules i n  ad jacent  layers .  

8 as t h e  Fundamental Angular Parameter m 

From a c o n s i d e r a t i o n  o f  the  d i f fuse-cone model i t  appears 

t h a t  t h e  angle Om, the  p r e f e r r e d  molecular  t i l t  angle,  i s  t h e  

fundamental angu lar  parameter. Angles 1 i k e  the  o p t i c a l  t i  1 t 

angle T, o r  t h e  t i l t  angle a c a l c u l a t e d  f rom t h e  smect ic  l a y e r  

th ickness ,  a r e  merely averages dependent upon a number o f  

o t h e r ,  more bas ic ,  parameters,as i s  shown below. 

The t i l t  ang le  a, f o r  instance, i s  o f t e n  c a l c u l a t e d  by 

comparing the  l a y e r  th ickness  d(T) i n  the  - C phase a t  a g iven 

temperature T w i t h  t h e  l a y e r  th ickness  d 

a t  temperatures c lose  t o  T 

- A phase, t h i s  y i e l d s  a(T) = a r c  cos{d(T)/dA}.  From the  

d i f fuse-cone model i t  f o l l o w s '  t h a t  a t  each temperature 

d = R(T)<cos€l>, where R(T) i s  t h e  molecular  l e n g t h  a t  tempera- 

t u r e  I, and <cosW i s  c a l c u l a t e d  w i t h  t h e  P(0) g iven  above. 

Thus i t  i s  c l e a r  t h a t  t h e  temperature dependence o f  a i s  a 

i n  t h e  - A phase A - 
Assuming t h a t  a = 0 i n  the  A-C '  

f u n c t i o n  o f  

R, S, v, and 

The o p t  

l a y e r  normal 

- -  

he temperature dependence o f  severa l  parameters:  

em. 

c a l  t i l t  ang le  T i s  t h e  ang le  between t h e  smect ic  

and t h e  average d i  r e c t  ion o f  t h e  molecules.  In 
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182 A. DE VRIES 

f (T )  = 0 i n  the  - A phase and f(T) # 0 i n  the - C phase. 

temperature a t  which f ( T )  becomes non-zero s the A-C t rans  

where the mater ia l  becomes o p t i c a l l y  t ion temperature T 

b i a x i a l .  When f (T )  # 0, 4 = 0 i s  t he  d i r e c t i o n  o f  o v e r a l l  

t i  1 t i n  the monodomain. 

General A p p l i c a b i l i t y  

The 

- -  
A-C’ 

I n  the  o t h e r  papers”’ on the d i f fuse-cone mode1 we have 

shown the  a p p l i c a b i l i t y  o f  the  model t o  some s p e c i f i c  - A and - C 

phases. Here we want t o  emphasize the general a p p l i c a b i l i t y  

o f  t h i s  model. E a r l i e r 3  we made d i s t i n c t i o n s  between d i f -  

f e ren t  k inds  o f  - A and - C phases (Al-A4, Cl-C4), and so one 

might suppose t h a t  the d i f fuse-cone model i s  meant on l y  f o r  

some o f  these phases, and no t  f o r  o thers.  This i s  no t  so, 

however. The model i s  p r i m a r i l y  based on the ex is tence o f  

o r i e n t a t i o n a l  d i so rde r  i n  smectic - A and C phases, and s ince 

t h i s  d isorder  i s  present i n  a l l  phases, the model a l s o  app l ies  

t o  a l l  phases. 

Long- Range Versus Short - Range Orde r 

The long-range o r i e n t a t i o n a l  o rde r  i n  a monodomain i s  

given by the parameter 2, and we have shown1’2 t h a t  common 5 
values f o r  A and C phases correspond t o  q u i t e  l a rge  angular  

f l u c t u a t i o n s  around the average d i r e c t i o n  o f  the long ax is .  

I n  A phases, for instance, <e> appears t o  be about ZOO. The 
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DIFFUSECONE MODEL FOR SMECTICA AND C 183 

the  d i f fuse-cone model, t h i s  angle i s  given by T = IB($)P($)d$, 

w i t h  @(@) = a rc  tan (tan<0> cos@), where <9> i s  ca lcu la ted  

w i t h  the P ( 0 )  given above. Thus, the temperature dependence 

o f  T i s  a l so  a func t ion  o f  the temperature dependence o f  

several parameters: 2, 1, em, and f ( T ) .  

Since 8 no t  T o r  a, i s  the fundamental angular para- 

meter, and s ince 0 i s  the angle o f  minimum energy, we have 

proposed2 t h a t  the  (TA-C-T)o' 35 temperature dependency, 

der ived  by De Gennes4 on the bas is  o f  an energy argument, 

app l ies  t o  0 and no t  t o  T o r  a. This  expla ins why measure- 

ments5 o f  the temperature dependency o f  T do no t  g i ve  the 

0.35 exponent, whereas our  ana lys is2  o f  Om f o r  an - -  A-C t r a n s i -  

t i o n  d i d  g ive  the 0.35 exponent. 

m' 

m 

m 

The d i f f e rence  i n  formulas f o r  ci and T a l s o  exp la ins  why 

6 these two " t i l t  angles" i n  general w i l l  be d i f f e r e n t .  

Importance o f  Incorpora t ing  Or ien ta t i ona l  Disorder 

I n  the f i r s t  paper' on the d i f fuse-cone model we have 

a l ready  emphasized the importance o f  the model f o r  the ana lys i s  

o f  smectic layer- th ickness data i n  smectic A phases. Conclu- 

s ions which were drawn from these data w i thout  t ak ing  i n t o  

account the in f luence o f  o r i e n t a t i o n a l  d isorder ,  and which led 

t o  models proposing i n te rpene t ra t i on  o f  molecules o f  adjacent 

layers,  o r  k i n k i n g  o f  the a l k y l  chains, o r  spec ia l  t i l t e d  
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184 A. DE VRIES 

arrangements, were found t o  be w i thout  ground. 

Now we f i n d  the same s i t u a t i o n  f o r  s tud ies  o f  the  t i l t  

angle i n  smectic C phases. The d i f fuse-cone model ind ica tes  

t h a t  comparisons o f  the  exponent o f  the  (T -T) dependency 

o f  'I o r  a w i t h  the  value o f  0.35 p red ic ted  by De Gennes are  

i r r e l e v a n t .  F ind ing  t h a t  T and a are  d i f f e r e n t  from each 

o the r  i s  merely conf i rm ing  the obvious. 

A-C 

Drawing conclusions6 

ayers from 

lowances for 

about the  o r i e n t a t i o n  o f  the molecules i n  the 

these d i f f e rences  w i thou t  making appropr ia te  a 

o r i e n t a t i o n a l  d isorder  i s  premature. 

The Diffuse-Cone Model i n  Various Phases 

The formulas f o r  P(8) and P($), given above, reve r t  back 

t o  the  Maier-Saupe model' f o r  the nematic phase i f  f ( T )  = 0 

and = 0. I f  f ( T )  = 0 bu t  8 # 0, they descr ibe the smectic 
m 

c A phase. 

- C phase. 

same P ( 8 )  and appropr ia te  mod i f i ca t i ons  o f  P ( $ ) .  

a hexagonal l a t t i c e  i n  the  smectic layer ,  f o r  instance, would 

have a P($) w i t h  hexagonal symmetry. The appropr ia te  sym- 

metr ies o f  the  c u r r e n t l y  known smectic phases have been 

described elsewhere. * 

With f ( T )  # 0 and Om # 0, they descr ibe the smectic 

The o the r  smectic phases can be described w i t h  the 

A phase w i t h  
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