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- SA TRANSITION I N  4-n-DECYLPHENYL-3'-METHYL-4'- sA 
(4"-CYANOBENZOYLOXY) BENZOATE 

N.V.MADHUSUDANA, B.S.SRIKANTA and M.SUBRAMANYA RAJ URS 
Raman Research I n s t i t u t e ,  Bangalore 560 080, I n d i a  

(Submitted f o r  pub l i ca t ion  September 20, 1982) 

4-n-Decylphenyl- 3 ' -methyl-4 ' - (4"-cyanobenzoyloxy) 
benzoate (10 PMCBB) e x h i b i t s  two smectic A phases 
wi th  a jump of %0.4 a i n  t h e  b i l a y e r  spacing at  
t h e  S A - S A  t r a n s i t i o n  poin t .  
r e s t i n g  d i f f e rences  i n  t h e  thermal evolu t ion  of 
t h e  l a y e r  spacing of t h i s  compound compared t o  
t h a t  of its ni t ro-analogue,  v iz . ,  10 PMNBB. 

There are some i n t e -  

Recently we' r epor ted  some unusual p r o p e r t i e s  of  

4-n-decylphenyl- 3' -methyl-4 ' - (4"-nitrobenzoyloxy) benzoate 

(10 PMNBB). 

spacing as i t  w a s  cooled i n  t h e  S 

r e v e r s a l  of t h e  s i g n  of t h e  d i e l e c t r i c  anisotropy.  I n  t h i s  

let ter,  w e  r e p o r t  our  Xray and thermal s t u d i e s  of 10 PMCBB, 

i n  which the  nitro-group of 10 PMNBB i s  rep laced  by t h e  

cyano-group . 

It showed a l a r g e  expansion of t h e  b i l a y e r  

phase accompanied by a A 

10 PMCBB, whose s t r u c t u r a l  formula is given below 

0 0 

N c E-0 -p- 0 C-O-@-CIOH~I  " 

was prepared by t h e  condensation of 4-cyanobenzoyl ch lor ide  

wi th  4-decylpheny1-3'-methyl-4'-hydroxybenzoate i n  dry 

pyridine.  The la t ter  compound i t s e l f  w a s  obtained by the  
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318 N. V. MADHUSUDANA, B. S. SRIKANTA and M. S. R. URS 

ac id  ca ta lysed  condensation of 3-methyl-4-hydroxybenzoic 

ac id  wi th  4-n-decylphenol fol lowing t h e  procedure of 

Lowrance.' The compound was p u r i f i e d  by column chromato- 

graphy on s i l i ca  g e l ,  e l u t e d  wi th  hexane/benzene and f i n a l l y  

r e c r y s t a l l i s e d  from abso lu te  e thanol .  The t r a n s i t i o n  tempe- 

r a t u r e s  which could be determined v i s u a l l y  us ing  a polar i -  

z ing microscope equipped wi th  a Mettler FP5 h o t  s t a g e  are 

as fol lows:  

58OC 139'. 5C 169'. 5C 
Crys t a l  SA N t-----+ Is0 

Calor imet r ic  i n v e s t i g a t i o n s  on a Perkin-Elmer DSC-2 appa- 

r a t u s  showed t h a t  t h e  above t h r e e  t r a n s i t i o n s  (with increa-  

s i n g  temperature) have en tha lp i e s  of  t r a n s i t i o n  of 14.1 kJ/  

mole, 60 Joule/mole and 1.38 kJ/mole r e spec t ive ly .  Fur ther  

t h e  thermograms a l s o  showed a very weak t r a n s i t i o n  a t  

124.5OC, which looked l i k e  a change i n  s lope  o r  a t  any r a t e  

i nd ica t ed  a t r a n s i t i o n  wi th  an  en tha lpy  change less than 

Q5 Joule/mole. This  suggested t h a t  t he  substance has  an 

SA- S 

i n  a few systems. 

t r a n s i t i o n  of t h e  type  s tud ied  by t h e  Bordeaux group 
3-6 A 

We undertook a d e t a i l e d  Xray i n v e s t i g a t i o n  of t h e  sub- 

s t ance  t o  confirm t h e  ex i s t ence  of t h i s  t r a n s i t i o n .  The 

d i f f r a c t i o n  p a t t e r n s  of monodomain samples were recorded 

photographical ly  by using monochromatic copper Ka r ad ia t ion .  

The spacing inc reases  s u b s t a n t i a l l y  wi th  decrease of tempe- 

r a t u r e  as shown i n  f ig .1 .  The molecular l eng th  of  10 PMCBB 

ca lcu la t ed  wi th  Dreiding models is R 433 g, 
l a y e r  spacing thus  corresponds t o  t h a t  of a b i l a y e r ,  which 

is brought about by s t rong  a n t i p a r a l l e l  c o r r e l a t i o n s  between 

neighbouring molecules because of t h e  presence of  t h e  s t rong ly  

1 

The measured 
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FIG.l: Temperature v a r i a t i o n  of  b i l a y e r  spacing of 10 PMCBB. 
D i f f e ren t  symbols represent  independent measurements. 
An S A - S A  t r a n s i t i o n  occurs  wi th  a jump i n  t h e  
spacing a t  t h e  temperature corresponding to  t h e  
dashed l i n e .  The reg ion  around t h i s  t r a n s i t i o n  
poin t  is  shown on a magnified scale i n  t h e  i n s e t .  

p o l a r  cyan0 end group a t  one end of t h e  molecule. 7-9 
b i l a y e r  spacing d = 1.62 c l o s e  t o  the  S A - N  t r a n s i t i o n  tempe- 

r a t u r e  and inc reases  t o  d 

before  c r y s t a l l i s a t i o n  takes  place.  

The 

1.85R a t  t h e  lowest temperature 

From Fig.1, i t  is clear t h a t  t he  rate of i nc rease  of 

l a y e r  spacing decreases  as the  temperature is lowered. Fur- 

t h e r ,  t h e r e  is a clear jump of a . 4  8 i n  t he  l a y e r  spacing 

a t  % 1 5 O  below TS The rate of  i nc rease  of d slows down 
AN' 
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320 

somewhat as t h e  sample is cooled t o  t h i s  temperature ,  

before  the  jump occurs  (see i n s e t  of f i g .  1). The jump w a s  

confirmed by t h r e e  independent experiments. 

r a t u r e  S phase g ives  rise t o  a r e l a t i v e l y  s t r o n g  second 

o rde r  r e f l e c t i o n ,  whose i n t e n s i t y  inc reases  wi th  decrease of 

temperature. 

N. V. MADHUSUDANA, B.  S. SRIKANTA and M. S. R. URS 

The lower tempe- 

A 

Our microscopic observa t ions  on a homeotropical ly  

a l igned  sample taken between a s l i d e  and a cove r s l ip  showed 

a genera l  shr inkage  of t h e  boundary as the  sample w a s  cooled. 

Presumably t h e  number of l a y e r s  between t h e  s l i d e  and cover- 

s l i p  remain una l te red  and as t h e  l a y e r s  expand on cool ing ,  

t h e  boundary sh r inks  t o  conserve dens i ty .  There w a s  some 

enhancement i n  the  shr inkage a t  t h e  temperature  correspon- 

ding t o  t h e  SA-S t r a n s i t i o n .  On hea t ing  t h e  sample, t h e  

boundary aga in  expanded. 
A 

It i s  i n t e r e s t i n g  t o  compare t h e  thermal  evolu t ion  of 

t h e  l a y e r  spacing of  10 PMCBB wi th  t h a t  of  10 PMNBB, t h e  

l a t te r  compound having a n i t r o  end group i n s t e a d  of t he  cyano 

end group of t he  former. The l a y e r  spacing v a r i a t i o n  of 

10 PMNBB' is reproduced i n  f i g u r e  2. 

cyano compound no t  only has  an  S - S A A  
not  observed i n  t h e  n i t r o  compound, bu t  t h e  curva ture  of  t h e  

l a y e r  spacing v a r i a t i o n  i t s e l f  changes s i g n  between the  two 

cases. 

It is  clear t h a t  t he  

t r a n s i t i o n  which is 

The SA- S t r a n s i t i o n  i n  10 PMCBB corresponds t o  a jump A 
i n  t h e  l a y e r  spacing from about 1.7R t o  ~ 1 . 7 2 R .  W e  t en ta -  

t i v e l y  c l a s s i f y  t h i s  as an  SA d l  
- S A ~ ~  t r a n s i t i o n ,  

Inves t iga t ions  on o t h e r  homologues of  both 10 PMCBB and 

10 PMNBB are i n  progress  and w i l l  be  r epor t ed  elsewhere. 
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FIG.2: Temperature variation of bilayer spacing of 10 PMNBB 
(from Ref. 1). 

We are indebted to Professor S.Chandrasekhar for seve- 

ral useful suggestions. Our thanks are also due to Dr. R, 

Sivaramakrishnan €or discussions and to Dr.K.A.Suresh for 
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