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1 EFFECT OF MOLECULAR STRUCTURE ON MESOMORPHISM.4. 
FACTORS GOVERNING POLYMORPHISM OF SMECTIC LIQUID 
CRYSTALS 

ANSELM C .  GRIFFIN 
Department of Chemistry,  Southern S t a t i o n  Box 448 
U n i v e r s i t y  o f  Sou the rn  M i s s i s s i p p i  
H a t t i e s b u r g ,  MS 39401 USA 

(Received: J a n u a r y  3 1 ,  1977)  

A t h r e e - d i m e n s i o n a l  energy s u r f a c e  is  proposed as a 
model t o  accoun t  f o r  smectic polymorphism. T h i s  
model a l lows  i n t e r p l a y  between t h e  two f a c t o r s  r e l a t -  
i n g  t o  phase t r a n s f o r m a t i o n s  : (1) thermodynamic 
s t a b i l i t i e s  of  t h e  phases  and (2)  a c c e s s i b i l i t y  of a 
phase from t h e  p r e c e d i n g  phase .  Experimental  o b s e r -  
v a t i o n s  a r e  r a t i o n a l i z e d  u s i n g  t h i s  model and p r e d i c -  
t i o n s  a r e  made based  on i t .  

The r e l a t i o n s h i p  between free energy and m o l e c u l a r  
a g g r e g a t i o n  i s  pest d e s c r i b e d  by means of a mult i -dimen- 
s i o n a l  s u r f a c e .  I n  t h i s  l e t t e r  a t h r e e  d imens iona l  s u r -  
f a c e  w i l l  be u t i l i z e d  f o r  ease o f  c o n c e p t u a l i z a t i o n .  Such 
an energy s u r f a c e  f o r  l i q u i d  c r y s t a l l i n e  materials i s  one 
c o n s i s t i n g  o f  " v a l l e y s "  and "peaks". The " v a l l e y s "  c o r r e -  
spond t o  s t a b l e  ( e q u i l i b r i u m )  c o n f i g u r a t i o n s  o f  molecu le s ;  
"peaks" r e p r e s e n t  u n s t a b l e ,  high-energy c o n f i g u r a t i o n s .  
I t  should be n o t e d  h e r e  t h a t  t h e r e  i s  an ene rgy  a s s o c i a t e d  
a t  eve ry  t e m p e r a t u r e  w i t h  e v e r y  c o n f i g u r a t i o n  t h a t  can  be 
e n v i s i o n e d .  For example a t  a t empera tu re  above a smectic- 
nematic  t r a n s i t i o n  t h e r e  i s  s t i l l  an energy a s s o c i a t e d  w i t h  
t h a t  p a r t i c u l a r  smectic arrangement .  The ene rgy  s imply  i s  
h i g h e r  t h a n  t h e  e n e r g y  of t h e  nematic  phase and a pathway 
was a v a i l a b l e  f o r  t h e  smectic t o  nematic  t r a n s f o r m a t i o n .  
The phases  a r e  s e p a r a t e d  on t h i s  energy s u r f a c e  by an 
energy t ~ a r r i e r . ~  
phase i s  observed a t  t h a t  t empera tu re .  The same t y p e  o f  
a n a l y s i s  can be a p p l i e d  t o  t h e  polymorphism of smectic 
mesophases.  A t  any one g i v e n  t empera tu re  a l l  s m e c t i c  
arrangements  have an ene rgy  a s s o c i a t e d  with each o f  them. 
These numerous " v a l l e y s "  are s e p a r a t e d  from e a c h  o t h e r  by 
"peaks" and "r idges" .  The thermodynamically most s t a b l e  

Thus t h e  nemat i c  and no t  t h e  s m e c t i c ,  
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142 A. C. GRIFFIN 

smect ic  phase a t  a given temperature  i s  the  one which has  
the  deepes t  v a l l e y  (lowest f r e e  energy) .  Figure 1 below 
i l l u s t r a t e s  t h a t  p o i n t .  

e 

free energy 

smectic configuration in one plane 

FIGURE 1. A schematic  i s o b a r i c ,  i so thermal  t h r e e - d i -  
mensional energy s u r f a c e  (seen from above) r ep resen t ing  
i s o e n e r g e t i c  r eg ions  f o r  f i v e  d i f f e r e n t  smect ic  ar- 
rangements of  molecules .  Whichever smect ic  has the  
deepes t  v a l l e y  has  t h e  most s t a b l e  s t r u c t u r e .  

In  o rde r  t o  d i r e c t l y  re la te  molecular  s t r u c t u r e  t o  smect ic  
type t h e  most s t a b l e  smect ic  arrangement must be popu- 
l a t e d . 4  

f i g u r a t i o n s  and t h e i r  ene rg ie s  a t  one tempera ture  only.  To 
inc lude  t h e  e f f e c t  of tempera ture  changes i n  t h e  energy 
s u r f a c e  diagram t h e  smect ic  conf igu ra t ions  w i l l  be reduced 
t o  one coord ina te .  The r e l a t i v e  s t a b i l i t i e s  of t h e  va r ious  
smect ic  phases  may wel l  change wi th  changes i n  temperature  
and t h e  b a r r i e r  h e i g h t s  between t h e  phases may wel l  a l s o  

This  po in t  w i l l  be d e a l t  wi th  l a t e r .  
The preceding d i scuss ion  has  considered smect ic  con- 
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SMECTIC POLYMORPHISM 143 

f l u c t u a t e .  
phases a r e  o f t e n  unique. 

cyc le  i s  of g r e a t  cu r ren t  i n t e r e s t .  As Lydon has poin ted  
out  t h e r e  a re  two f a c t o r s  t o  be considered when d iscuss ing  
t r a n s i t i o n s  among var ious  phases : (1) thermodynamic s t a -  
b i l i t y  of the  phases  and (2)  t h e  a c c e s s i b i l i t y  of one 
phase from i t s  p recu r so r  phase.  Most workers have cons i -  
dered t h e  f i r s t  f a c t o r  only and have assumed t h a t  a l l  t r a n -  
s i t i o n s  a r e  t o  t h e  most s t a b l e  phase.  I t  i s  poss ib l e  t h a t ,  
due t o  t h e  a c c e s s i b i l i t y  f a c t o r  t h e  most s t a b l e  smect ic  
phase ( a t  a given temperature)  may no t  be obtained simply 
because i t s  lower "val ley" i s  sepa ra t ed  by a "ridge" o r  
"peak" ( b a r r i e r )  of t o o  g rea t  an energy t o  allow i t s  being 
seen exper imenta l ly .  Figure 2 desc r ibes  a model f o r  t h i s ,  

The t ransformat ions  between s p e c i f i c  smectic 
This sequence of smectic types 

(polymorphic v a r i e n t s  5 ) shown on a hea t ing  or2coo1ing 

f 1 

I 5 

smectic configurations 

FIGURE 2 .  A schematic i s o b a r i c  three-dimensional  
energy s u r f a c e  (seen from above) represent ing  i soene r -  
g e t i c  reg ions  f o r  f i v e  d i f f e r e n t  smect ic  arrangements 
of  molecules.  

Note from t h i s  f i g u r e  t h a t  t h e  smectic phases seen on 
cool ing a r e ,  i n  o r d e r ,  l+3+5. Smectics 2 and 4 a r e  no t  
seen due, not  t o  t h e i r  thermodynamic i n s t a b i l i t y  but  t 6  
t h e i r  i n a c c e s s i b i l i t y  from p recu r so r  smect ic  phases .  

This  model accounts s a t i s f a c t o r i l y  f o r  t he  fol lowing:  
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A. C. GRIFFIN 

Energe t ics .  Presents  a l l  conf igura t ions  (phases) seen 
i n  a "normal" hea t ing  o r  cool ing  cyc le  and shows the  
e n e r g e t i c  r e l a t i o n s h i p s  between them. 
Supercool ing.  
d e p i c t  t h e  energy b a r r i e r s  between phases which 
a c t u a l l y  g ive  r i s e  t o  supercool ing e f f e c t s ,  bu t  a two- 
dimensional diagram6,7is o f t e n  q u i t e  u se fu l  i n  t h i s  
regard .  
Polymorphic v a r i a n t s .  Permits a physical  d e s c r i p t i o n  
(combining t h e  two f a c t o r s  descr ibed  by Lydon ) of  
which phases a r e  seen,  i n  what order  they  a r e  seen ,  
and why (ene rge t i ca l ly )  they  a r e  seen. 
Missing smect ic  phases .  Accounts f o r  "missing" s ec- 
t i c s  i n  a series a s  a l luded  o by Sackmann e t  a l .  
and used s o  well by B i l l a r d .  
Cor re l a t ion  of  s t r u c t u r e  with smect ic  type .  Modifica- 
t i o n s  i n  polymorphic v a r i e n t s  a r e  experimental ly  found 
wi th  small change i n  molecular s t r u c t u r e .  As noted by 
McMillan8 t h e  "val leys"  may be very shallow. 
changes i n  molecular s t r u c t u r e  may modify b a r r i e r  
h e i g h t s ,  d r a s t i c a l l y  a l t e r i n g  a c c e s s i b i l i t i e s  of one 
phase from another .  
of cons t i t uen t  molecules on b a r r i e r  ene rge t i c s  should 
be a major focus of a t t e n t i o n .  
"Kinet ic  smect ic  phases?" 
"k ine t i c "  smectic  phase^.^ These would be phases  ex- 
per imenta l ly  seen because of i n a c c e s s i b i l i t y  of  a more 
s t a b l e  "thermodynamic" smect ic  phase.  I t  may well be 
p o s s i b l e  t o  o b t a i n  these  hidden, more s t a b l e  smect ics  
by use of  such techniques as quench cool ing.  
may well have discovered such phases by r a p i d  cool ing  
methods. Such methods permit  entrance onto  t h e  energy 
su r face  at  p o i n t s  no t  normally a v a i l a b l e  by r o u t i n e  
hea t ing  and cool ing  cyc les .  

A three-dimensional  diagram can b e t t e r  

2 

'p 
-- (5 

Small 

Effect of s t r u c t u r a l  modi f ica t ion  

P red ic t s  p o s s i b i l i t y  of 

Lydon2 

Anselm C.  G r i f f i n  is  g r a t e f u l  t o  Research Corporat ion f o r  
a C o t t r e l l  Research Grant. 
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