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EXPERIMENTAL E V I D E N C E  CONCERNING TWO DIFFERENT KINDS 
OF SMECTIC - C TO SMECTIC - A TRANSITIONS;: 

ADRIAAN DE V R l 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. 

(Received 18 July 1977) 

ABSTRACT: Exper imental  ev idence i s  presented i n d i c a t i n g  
t h a t  t h e r e  a r e  two d i s t i n c t l y  d i f f e r e n t  k i n d s  o f  
smect ic  C t o  smec t i c  A t r a n s i t i o n s .  The f i r s t  t y p e  i s  
second oyder w i  t h  z e r o  t i 1 t i n  b o t h  phases, t h e  second 
t y p e  i s  f i r s t  o r d e r  w i t h  a non-zero t i l t  ang le  i n  bo th  
phases. The model f o r  t h e  second t y p e  o f  t r a n s i t i o n  
i s  an "uncoupl ing" o f  t h e  t i l t  d i r e c t i o n s  o f  ad jacen t  
l a y e r s  i n  t h e  smec t i c  - A phase. 

I NTRODUCTI ON 

I t  has been recognized by some au tho rs  9 2 9 3  t h a t  t h e r e  

a r e  a p p a r e n t l y  two d i f f e r e n t  types o f  smect ic  C phases: 

those w i t h  a l a r g e  and e s s e n t i a l l y  temperature independent 

t i l e  ang le  (C 

ang le  t h a t  i s  s t r o n g l y  temperature dependent and goes t o  

z e r o  a t  t h e  C t o  A t r a n s i t i o n  ( C  I t  has a l s o  

been recognized t h a t  C 

hea t ing ,  whereas C 

phases 3 ' 4 )  and those w i t h  a much s m a l l e r  t i l t  -1 

2 

phases a p p a r e n t l y  always 

- - 
phases never  y i e l d  - A phases on -1 

4 -2 
E n l a r g i n g  upon t h i s  s u b d i v i s i o n  we have noted e a r l i e r  

t h a t  t h e r e  appears t o  e x i s t  a t h i r d  t y p e  o f  C phases, C 

phases, which a l s o  y i e l d  an - A phase on h e a t i n g  bu t  w i t h  a 

d i f f e r e n t  behav io r  o f  t h e  t i l t  ang le  a t  t h e  phase t r a n s i t i o n .  

I n  t h i s  n o t e  we now present  new ev idence t h a t  t w o  d i f f e r e n t  

k i n d s  o f  C t o  A t r a n s i t i o n s  do i n  f a c t  e x i s t ,  and t h a t  they 

have q u i t e  d i s s i m i l a r  c h a r a c t e r i s t i c s .  

-3 - 

- - 

-1. 

Research suppor ted i n  p a r t  by t h e  N a t i o n a l  Science Founda- 
t i o n  under Grants No. D M R - 7 4 - 1 3 1 7 3  and DMR-76-21364. 
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28 A. DE VRIES 

THE c2 TO /& TRANS I T 1  ON 

This t r a n s i t i o n  has most thoroughly  been s tud ied  i n  TBBA. 

Tay lor ,  Arora, and Fergason’ were the  f i r s t  t o  repo r t  t h a t  

f o r  the C phase o f  t h i s  compound the  t i l t  angle i s  s t r o n g l y  

temperature dependent and goes t o  zero a t  t he  C t o  A 

t r a n s i t i o n .  This  has been subsequently confirmed by EPR , 
The heat o f  t r a n s i t i o n  

8 has been found t o  be zero o r  very  c lose  t o  zero , and 

McMi 1 l a n ’ s  theory9--which was developed p r e c i s e l y  f o r  t h i s  

k ind  o f  - C t o  - A t rans i t ion- -does  indeed p r e d i c t  t h a t  t h i s  i s  

a second order  phase t r a n s i t i o n .  

5 -2 -2 

and NMR2’8 measurements. 

THE C TO A TRANSITION -3 -3 
No d e t a i l e d  in fo rmat ion  has been publ ished so f a r  on the  

C t o  A t r a n s i t i o n .  The f i r s t  i n d i c a t i o n  o f  i t s  ex is tence -3 -3 
was a repor t  by D ie le ,  Brand, and Sackmann”, which noted 

t h a t  f o r  a number o f  compounds the  th ickness of the srnectic 

l aye r  d i d  not  change s i g n i f i c a n t l y  over t h e  f u l l  temperature 

range o f  the - C and - A phases combined. Since f o r  o ther  - A and 

- C phases there  e x i s t s  a s t rong one-to-one r e l a t i o n s h i p  

between t i l t  angle and laye r  th ickness” ,  we pos tu la ted  on 

the  bas is  o f  t h i s  repo r t  t h a t  i n  these - A and - C phases, 

which we c a l l e d  A and C phases, the t i l t  angle remained 

cons tan t 
4 -3 -3 

a 1 so. 

We have now obta ined more ex tens ive  data on layer  

th ickness as a func t i on  o f  temperature from our  own i n v e s t i -  
10 

ga t ion  o f  one o f  the compounds repor ted on by D ie le  e t  a l .  , 
and the  r e s u l t s  are represented i n  F igure 1 .  Although there  

i s  a considerable spread i n  the  da ta  due t o  random e r r o r s ,  

i t  i s  c l e a r  t h a t  there  i s  a very s t rong i n d i c a t i o n  t h a t  the  
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SMECTlC TRANSITIONS 29 
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FIGURE 1 .  Layer thickness i n  the  smectic C and A phases o f  
- n-pen t y 1 -4 (4  ' -n-decy 1 oxybenzy 1 iJeneami no) - 
cinnamate. The v e r t i c a l  broken 1 ines are  the  
t r a n s i t i o n  temperatures (B-C and C-A), the h o r i -  
zon ta l  broken 1 ine  i n  the-eypecteJ r a y e r  th ickness 
f o r  molecules perpendicu lar  t o  the  layers (1.7 8 
less12 than the  length o f  the  extended molecule, 
37.27 8 ) .  

l aye r  thickness, and the re fo re  the t i l t  angle, indeed does 

not change s i g n i f i c a n t l y  a t  the C t o  A phase t r a n s i t i o n .  

Also, i t  i s  q u i t e  ev ident  t h a t  the t i l t  angle i n  the A phase -3 
i s  no t  zero as i s  genera l l y  assumed f o r  - A phases; i n  our 

case i t  i s  approximately 15 . To reconc i l e  t h i s  t i l t e d  

arrangement o f  t he  molecules i n  a smectic layer  w i t h  the  

observed o p t i c a l  u n i a x i a l  character  o f  the  A phase , we 

suggest t ha t  i n  t h i s  phase the  t i l t e d  layers are stacked i n  a 

random fashion 4 '13  (random w i t h  reference t o  the  d i r e c t i o n  i n  

which the molecules are t i l t e d ) .  I n  the  C phase, as i n  a l l  

- C phases, the layers  would be stacked i n  an ordered manner. 

-3 -3 
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30 A. DEVRIES 

A 1 i t e r a t u r e  search revealed i n t e r e s t i n g  in fo rmat ion  on 

-3 -3 
the enthalpy change f o r  the C t o  A t r a n s i t i o n .  For the  

C 1 2  homologue o f  the  compound inves t i ga ted  now by us--a 

compound a l s o  l i s t e d  i n  the  paper by D ie le  e t  a l .  as having 

the  same layer  th ickness i n  the  - C and the  - A phase, and 

the re fo re  v i r t u a l l y  c e r t a i n  t o  have the same behavior o f  the 

t i l t  ang le - - i t  has been repor ted by Saupe14 t h a t  t he  enthalpy 

change f o r  t he  - -  C-A t r a n s i t i o n  i s  0.146 kcal/mol, about 6 
t i m e s  l a rge r  than for o t h e r  - -  C-A t r a n s i t i o n s  l i s t e d  by him. 

This C t o  A t r a n s i t i o n ,  a C t o  A t r a n s i t i o n ,  i s  t he re fo re  -3 -3 
c l e a r l y  a f i r s t  order  t r a n s i t i o n .  

- - 

SUMMARY 

For the C t o  A t r a n s i t i o n  both theory and experiment -2 -2 
appear t o  agree i n  i n d i c a t i n g  t h a t  t h i s  t r a n s i t i o n  i s  second 

order  and tha t  the t i l t  angle i s  zero a t  the  t r a n s i t i o n  p o i n t .  

The C t o  A t r a n s i t i o n ,  on the o ther  hand, i s  c l e a r l y  

f i r s t  order .  The t i l t  angle remains constant a t  a value o f  

about 15O dur ing  the  t r a n s i t i o n ,  and the t r a n s i t i o n  can be 

i n te rp re ted  i n  terms o f  an "uncoupling" o f  t he  d i r e c t i o n s  

o f  t i l t  i n  adjacent layers.  A s i m i l a r  - -  C-A t r a n s i t i o n  appears 

t o  have been found by De Jeu and De Poor ter  . 

-3 -3 
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