
A P P E N D I X  I 

ELASTICITY AND ORIENTATIONAL ORDER IN SOME CYANOBIPHENYLS: 

REANALYSIS OF THE DATA 

A.1 INTRODUCTION 

The e l a s t i c  c o n s t a n t s  o f  s e v e r a l  cyanob ipheny l s  were measured 

i n  o u r  l a b o r a t o r y  some y e a r s  ago and p u b l i s h e d  i n  t h r e e  e a r l i e r  

p a p e r s  ( K a r a t  and Madhusudana 1976, 1977, 1978) .  The measurements  

were  made by u s i n g  t h e  F r e e d e r i c k s z  t r a n s i t i o n  t e c h n i q u e ,  and 

i n  a n a l y z i n g  t h e  r e s u l t s  t o  g e t  t h e  a b s o l u t e  v a l u e s  o f  t h e  e l a s t i c  

c o n s t a n t s ,  some d a t a  t h e n  a v a i l a b l e  i n  t h e  l i t e r a t u r e  was made 

u s e  o f .  It t u r n s  o u t  t h a t  t h e  n o r m a l i z i n g  c o n s t a n t s  t h a t  were  

used based  on t h e  a v a i l a b l e  d a t a  a r e  i n  c o n s i d e r a b l e  e r r o r ,  a s  

h a s  i n  f a c t  been p o i n t e d  o u t  by s e v e r a l  a u t h o r s  r e c e n t l y  (Schad 

e t  a l .  1979,  L i t s t e r  1980, Schad and Osman 1981, Bunning e t  a l .  

1 9 8 1 ) .  The c y a n o b i p h e n y l s  a r e  a n  i m p o r t a n t  c l a s s  o f  mesogens from 

t h e  p o i n t  o f  v iew o f  b a s i c  s t u d i e s  a s  w e l l  a s  a p p l i c a t i o n s ,  and 

i t  is  n o t  s u r p r i s i n g  t h a t  t h e  d a t a  a r e  b e i n g  c i t e d  q u i t e  e x t e n s i -  

v e l y  i n  r e c e n t  p u b l i c a t i o n s .  We t h e r e f o r e  f e l t  i t  was n e c e s s a r y  

t o  p o i n t  o u t  t h e s e  e r r o r s  and t o  p r e s e n t  r e v i s e d  v a l u e s  o f  t h e  

e l a s t i c  c o n s t a n t s  a n d  o r d e r  p a r a m e t e r s  based on what we now b e l i e v e  

t o  be t h e  a p p r o p r i a t e  n o r m a l i z i n g  c o n s t a n t s .  

A.2 RESULTS AND CALCULATIONS 

I n  a n  e x p e r i m e n t  u s i n g  t h e  F r e e d e r i c k s z  t r a n s i t i o n  t e c h n i q u e ,  



t h e  e l a s t i c  c o n s t a n t  Kii  i s  g i v e n  by 

where  i = 1 , 2  and 3 c o r r e s p o n d  t o  s p l a y ,  t w i s t  and bend, depend ing  

on t h e  geometry  o f  t h e  i n i t i a l  a l i g n m e n t  o f  t h e  sample  and t h e  

d i r e c t i o n  o f  t h e  a p p l i e d  magne t i c  f i e l d  H i n  r e l a t i o n  t o  t h e  bound- 

i n g  g l a s s  p l a t e s .  Hc i s  t h e  magne t i c  f i e l d  n e c e s s a r y  t o  s t a r t  

a  d i s t o r t i o n ,  d  t h e  sample  t h i c k n e s s  and A X  th'e a n i s o t r o p y  o f  t h e  

volume d i a m a g n e t i c  s u s c e p t i b i l i t y  o f  t h e  sample .  I n  t h e  e x p e r i m e n t s ,  

a c c u r a t e  v a l u e s  o f  H were de te rmined  a t  d i f f e r e n t  t e m p e r a t u r e s  
C 

f o r  samples  o f  known t h i c k n e s s  d .  A X  v a l u e s  were n o t  known a t  

t h e  t ime  o f  t h e  e x p e r i m e n t s ,  and t h e  f o l l o w i n g  a rguments  were 

used t o  e s t i m a t e  t h e  same. F i r s t l y ,  one  can  w r i t e  

where AXm i s  t h e  a n i s o t r o p y  o f  t h e  mass d i a m a g n e t i c  s u s c e p t i b i l i t y  

o f  t h e  medium; A x o m  t h a t  f o r  a  p e r f e c t l y  o r d e r e d  medium w i t h  t h e  

o r i e n t a t i o n a l  o r d e r  p a r a m e t e r  S = 1 ,  and P t h e  d e n s i t y .  F u r t h e r ,  

t o  a good a p p r o x i m a t i o n ,  A X  c a n  be assumed t o  be d e t e r m i n e d  om 

e n t i r e l y  by t h e  a r o m a t i c  c o r e  o f  t h e  molecu le .  Then,  one  c a n  w r i t e  

where A K  i s  t h e  a n i s o t r o p y  o f  t h e  s u s c e p t i b i l i t y  o f  one mole of 

b i p h e n y l ,  and M t h e  m o l e c u l a r  we igh t  o f  t h e  g i v e n  cyanob ipheny l  

compound. A K  118.6 x c g s  u n i t s  was used .  T h i s  v a l u e  i s  



g iven  i n  a review a r t i c l e  by Lansdale  (1937) and reproduced i n  

a  book by Davies (1967) .  It is  now c l e a r  t h a t  t h i s  va lue  does 

n o t  correspond t o  t h e  d e f i n i t i o n  of  t h e  a n i s o t r o p y ,  and r e f e r r i n g  

back t o  t h e  paper  by Krishnan e t  a l .  (19331, i n  which t h e  o r i g i n a l  

exper imenta l  d a t a  have been g i v e n ,  A K  o f  biphenyl  is  on ly  about  

54 x  c g s  u n i t s .  Here AK i s  de f ined  a s  K I I - K17 where II is 
t h e  va lue  measured a long  t h e  l ong  a x i s  o f  t h e  molecule and K 1 
i s  t h e  average  va lue  pe rpend icu l a r  t o  t h a t  a x i s .  Hence t h e  norma- 

l i z i n g  c o n s t a n t  used p rev ious ly  has  a  l a r g e  e r r o r .  I n  t h e  p a s t  

few y e a r s  t h e r e  have been a  few independent de t e rmina t ions  (Schad 

e t  a l .  1979, S h e r r e l l  and C r e l l i n  1979, Buka and Jeu  1982) o f  

t h e  diamagnet ic  a n i s o t r o p y  of  a l k y l  cyanobiphenyls  (nCB). S h e r r e l l  

and C r e l l i n  ( 1979) have measured AX f o r  f i v e  members o f  t h e  s e r i e s  

( n  = 5  t o  9 ) .  However, subsequent  measurements on 7CB (Schad e t  

a l .  1979) and on 5CB and 7CB (Buka and Jeu  (1982) y i e l d  v a l u e s  

of Axm which a r e  about  7-101 lower than  t h o s e  g iven  by S h e r r e l  

and C r e l l i n  (1979) ,  and i n  f a c t  Bunning e t  a l .  (1981) have them- 

s e l v e s  used t h e  d a t a  o f  Buka and Jeu  (1982) f o r  t h e i r  a n a l y s i s  

o f  t h e  e l a s t i c  c o n s t a n t s  o f  5CB. F u r t h e r ,  ou r  own c a l c u l a t i o n s  

o f  A X m  f o r  t h e  homologues n  = 5 t o  8 which w e  s h a l l  d e s c r i b e  pre-  

s e n t l y  y i e l d  v a l u e s  which a r e  a g a i n  lower t han  t h o s e  g iven  by 

S h e r r e l l  and C r e l l i n  (1979) .  Therefore  it would appear  r ea sonab le  

t o  suppose t h a t  t h e  lower v a l u e s  g iven  by Schad e t  a l .  (1979) 

and Buka and de J e u  (1982) a r e  more a c c u r a t e .  



A X m  c a n  be c a l c u l a t e d  from Eq. ( 2 )  i f  one had r e l i a b l e  d a t a  

on AXom,  S and  p . F l y g a r e  (1974)  h a s  p roposed  a n  e m p i r i c a l  scheme 

t o  e v a l u a t e  A x o m  o f  o r g a n i c  m o l e c u l e s  by u s i n g  t h e  a d d i t i v i t y  

o f  a n i s o t r o p i c  bond s u s c e p t i b i l i t i e s .  The method h a s  been a p p l i e d  

t o  e v a l u a t e  A$m o f  s e v e r a l  mesogenic  compounds ( S h e r r e l  a n d  C r e l l i n  

1979,  I b r a h i m  and Haase 1979,  Leenhou t s  e t  a l .  1979)  and  i s  expec-  

t e d  t o  y i e l d  v a l u e s  t o  well w i t h i n  a n  a c c u r a c y  o f  - 5% f o r  t h e  

cyano  b i p h e n y l  compounds. We have used  t h i s  p ~ o c e d u r e  t o  c a l c u l a t e  

A 'om f o r  nCB ( n  = 5 t o  8 )  and  80CB, assuming a n  a l l - t r a n s  conforma-  

t i o n  o f  t h e  a l k y l  c h a i n .  The c a l c u l a t e d  v a l u e s  a r e  p r e s e n t e d  i n  

T a b l e  I .  

The p r i n c i p a l  r e f r a c t i v e  i n d i c e s  o f  a l l  t h e  above men t ioned  

compounds a r e  t a k e n  from ea r l i e r  p u b l i c a t i o n s  ( K a r a t  and Madhu- 

sudana  1976,  1978) and  t h e  v a l u e s  a r e  i n  e x c e l l e n t  ag reement  w i t h  

s u b s e q u e n t  measurements  by o t h e r s  (Horn 1978,  Dunmur e t  a l .  1 9 7 8 ) .  

Applying t h e  Vuks fo rmula  (Vuks 1966,  Chandrasekhar  and Madhusudana 

1969 and  Madhusudana 1980) we c a n  e x p r e s s  t h e  o r d e r  p a r a m e t e r  

a s ,  

x n e r e  i s  t h e  mean p o l a r i z a b i l i t y ,  Aa t h e  a n i s o t r o p y  o f  p o l a r i z a -  

b i l i t y  o f  a  p e r f e c t l y  o r i e n t e d  medium w i t h  S = 1 ,  n  amd n  s t a n d  e  o -- - 
L 

f o r  t h e  e x t r a o r d i n a r y  and o r d i n a r y  r e f r a c t i v e  i n d i c e s  and n  = 

2 2 ( n e +  2 n o ) / 3 .  S i n c e  t h e  r e l e v a n t  measurements  on c r y s t a l s  a r e  n o t  



a v a i l a b l e ,  Aa is  n o t  known i n  any  o f  t h e s e  c a s e s .  K a r a t  and Madhu- 

sudana  ( 1 9 7 9 )  have used  H e g e r ' s  (1975)  Raman measurements  o f  t h e  

a b s o l u t e  v a l u e s  o f  S o f  7CB t o  e s t i m a t e  di/Aa f o r  t h a t  compound. 

The Aa v a l u e s  f o r  a l l  t h e  o t h e r  homologues c o u l d  t h e n  be e s t i m a t e d  

by s u i t a b l y  a d d i n g  t h e  i n c r e m e n t a l  v a l u e s  c o r r e s p o n d i n g  t o  CH2 

g r o u p s .  However, s u b s e q u e n t  measurements ( C o n s t a n t  and D e c o s t e r  

1982,  and Bunning e t  a l .  1981 ) have shown t h a t  H e g e r l s  v a l u e s  

f o r  7CB a r e  t o o  low,  by 25%. For  t h i s  r e a s o n ,  we now used M i y a n o ls  

( 1 9 7 8 )  Raman measurements on t h e  a b s o l u t e  v a l u e s  S o f  5CB t o  norma- 

l i z e  o u r  d a t a  on t h a t  compound and a s  we s h a l l  s e e  p r e s e n t l y  t h i s  

seems t o  y i e l d  s a t i s f a c t o r y  r e s u l t s .  E / A a  f o r  t h e  o t h e r  homologues 

can t h e n  be c a l c u l a t e d  by t h e  p rocedure  ment ioned e a r l i e r  and 

g i v e n  by K a r a t  and Madhusudana ( 1 9 7 6 ) .  The v a l u e s  a r e  l i s t e d  i n  

T a b l e  I .  The r e c a l c u l a t e d  v a l u e s  o f  S f o r  nCB, n  = 5  t o  8 ,  a r e  

shown i n  F i g .  1.  The o r d e r  p a r a m e t e r s  o f  7CB and  8CB have been 

r e c e n t l y  de te rmined  by C o n s t a n t  and D e c o s t e r  (1982)  u s i n g  Raman 

measurements ,  and o u r  v a l u e s  a g r e e  w i t h  t h e i r  d a t a  o b t a i n e d  f rom 

t h e  C Z N band q u i t e  w e l l ,  t h e  fo rmer  b e i n g  3 - 4 %  lower  t h a n  t h e  

l a t t e r .  

A X m  f o r  ' t h e  d i f f e r e n t  homologues o f  nCB c a n  now be e v a l u a t e d  

u s i n g  E q . ( 2 ) .  For  5CB, t h e  c a l c u l a t e d  v a l u e s  a g r e e  w e l l  w i t h  t h e  

e x p e r i m e n t a l  d a t a  o f  Buka and de J e u  (1982)  a t  l o w e r  t e m p e r a t u r e s ,  

b u t  o u r  v a l u e s  t e n d  t o  be lowered by -3-42 a s  TNI i s  a p p r o a c h e d .  

On t h e  o t h e r  hand,  f o r  7CB t h e  two s e t s  o f  d a t a  a g r e e  w e l l  c l o s e  



TABLE 1 

Ax om and ( a/Aa.) values ,of cyanobiphenyls 

x 10 7 
om 

6 /Aa for 
0 

cgs units X 5893 A 



Figure 1 

V a r i a t i o n  o f  t h e  o r d e r  p a r a m e t e r  as  a f u n c t i o n  o f  t h e  

r e l a t i v e  t e m p e r a t u r e  i n  t h e  n e m a t i c  p h a s e  o f  4 ' -n -a lky l -4 -  

' c y a n o b i p h e n y l s .  R e s u l t s  of i n d e p e n d e n t  e x p e r i m e n t s  h a v e  

been  marked s e p a r a t e l y .  



t o  TNI, b u t  o u r  v a l u e s  a r e  h i g h e r  a t  lower  t e m p e r a t u r e s ,  t h e  d i f f e -  

r e n c e  b e i n g  4% a t  TNI - T  = 16O. I n  o t h e r  words ,  u s i n g  t h e  m a g n e t i c  
- 

2  2  s u s c e p t i b i l i t y  d a t a  of Buka and de  J e u ,  A X m / ( n e - n o ) / ( n 2 -  1 )  d o e s  

n o t  r emain  c o n s t a n t  bu t  t e n d s  t o  i n c r e a s e  by a few p e r  c e n t  as 

TNI i s  approached  f o r  bo th  5CB and  7CB. T h i s  p o i n t  was a l s o  n o t e d  

f o r  t h e  c a s e  o f  5CB by Bunning e t  a l .  ( 1981) .  On t h e  o t h e r  hand,  

w i t h  t h e  d a t a  o f  Schad e t  a l .  ( 1 9 7 9 )  on A X ,  o f  7CB, t h e  above 

ment ioned r a t i o  d o e s  n o t  show any s y s t e m a t i c  v a r i a t i o n  w i t h  tempe- 
- 

2  2  2  r a t u r e .  F u r t h e r ,  n  - n o  - I i s  found t o  be p r o p o r t i o n a l  

t o  t h e  o r d e r  p a r a m e t e r s  de te rmined  by t h e  Raman measurements  on 

t h e  C f N band o f  5CB (Miyano 19781, 7CB and 8CB ( C o n s t a n t  and 

D e c o s t e r  1982) t o  w i t h i n  e x p e r i m e n t a l  e r r o r s .  Consequen t ly  w e  

b e l i e v e  t h a t  we can  r e l y  on t h e  A X m  v a l u e s  c a l c u l a t e d  by u s .  

Using t h e  d e n s i t y  d a t a  g i v e n  by Dunmur and M i l l e r  (1979)  

one  can  e v a l u a t e  t h e  a n i s o t r o p y  o f  t h e  volume d i a m a g n e t i c  a n i s o -  

t r o p y  AX [ s e e  Eq. ( 2 )  1. I n  c o n j u n c t i o n  w i t h  t h e  F r e e d e r i c k s z  t h r e -  

s h o l d  measurements ( K a r a t  and Madhusudana 1976, 1977) t h e  a b s o l u t e  

v a l u e s  o f  t h e  e l a s t i c  c o n s t a n t s  c a n  now be o b t a i n e d ;  t h e  r e s u l t s  

f o r  K 1  K 2 2  and K o f  nCB a r e  shown i n  F i g u r e s  2 ,  3 a n d  4  r e s p e c -  
3 3 

t i v e l y .  

Our v a l u e s  f o r  K and  K f o r  5CB a r e  a b o u t  5 - 6 %  l o w e r  
1 1  3 3 

t h a n  t h o s e  r e p o r t e d  r e c e n t l y  by Bunning e t  a l .  ( 1 9 8 1 ) ,  who have 

d i r e c t l y  used  t h e  A X ,  d a t a  o f  Buka and de  J e u  (1982)  i n  t h e i r  

a n a l y s i s .  I n  view o f  t h e  p o s s i b l e  e r r o r s  i n  t h e  v a r i o u s  i n p u t  

p a r a m e t e r s  i n  t h e  two a n a l y s e s ,  t h i s  agreement  i n  t h e  a b s o l u t e  



T ~ ~ - T  

Figure 2 

Variation of the splay elastic constant as a function of 

the relative temperature in the nematic phase of 'I1-n- 

alkyl-4-cyanobiphenyls. Results of independent experi- 

ments have been marked separately. 



Figure  3 

Variation of the twist elastic constant as a function 

of the relative temperature in the nematic phase of 

41-n-alkyl-4-cyanobiphenyls. Results of independent 

experiments have been marked separately. 



Figure 4 

Variation of the bend elastic constant as a function of the 

relative temperature in the nematic phase of 4'-n-alkyl-4- 

cyanobiphenyls. Results of independent experiments have 

been marked separately. 



v a l u e s  can be c o n s i d e r e d  t o  be q u i t e  good. Schad and Osman (1981)  

have l i s t e d  K ,  AX , KZ2/  AX and K A o f  7CB d e t e r m i n e d  by them 
3  3  

a t  s e v e r a l  t e m p e r a t u r e s .  The K I  I / A X  d a t a  a g r e e  w i t h  o u r  v a l u e s  

t o  w i t h i n  - I % ,  w h i l e  K / A X  a r e  lower  by -4%. However, as r e g a r d s  
3  3  

KZ2,/AX , t h e i r  v a l u e s  a r e  h i g h e r  by -15-208, even though t h e y  have 

used  t h e  t e c h n i q u e  o f  o b l i q u e  i n c i d e n c e  o f  t h e  l i g h t  beam t o  d e t e c t  

t w i s t  d i s t o r t i o n ,  which was deve loped  by Madhusudana e t  a l .  (1973)  

and used  i n  measurements by K a r a t  and Madhusudana ( 1 9 7 7 ) .  No o t h e r  

measurements o f  K a r e  a v a i l a b l e  f o r  compar ison.  22 

The o r d e r  p a r a m e t e r s  and e l a s t i c  c o n s t a n t s  o f  80CB were  

s i m i l a r l y  r e c a l c u l a t e d  and a r e  p r e s e n t e d  i n  F i g .  5 .  The K 1  v a l u e  

c l o s e  t o  t h e  smec t i c- nemat ic  t r a n s i t i o n  p o i n t  o f  t h i s  compound 

a g r e e s  r e a s o n a b l y  w e l l  w i t h  t h e  v a l u e  o b t a i n e d  on t h e  b a s i s  o f  

a n  a n a l y s i s  o f  X-ray s c a t t e r i n g  e x p e r i m e n t s  on t h e  s m e c t i c  A phase  

o f  t h i s  compound ( L i t s t e r  1 9 8 0 ) .  

A . 3 .  CONCLUSION 

I n  c o n c l u s i o n ,  we b e l i e v e  t h a t  t h e  r e c a l c u l a t e d  a b s o l u t e  

v a l u e s  o f  t h e  o r d e r  p a r a m e t e r s  and  s p l a y  and bend e l a s t i c  c o n s t a n t s  

a r e  a c c u r a t e  t o  a b o u t  + 5 % .  The t w i s t  e l a s t i c  c o n s t a n t  i s  i n t r i n s i -  

c a l l y  more d i f f i c u l t  t o  measure (Madhusudana e t  a l .  19731, and 

we b e l i e v e  t h e  e r r o r  i n  t h i s  c a s e  may be somewhat h i g h e r .  However, 

i t  may be remarked t h a t  t h e  p r e s e n t  r e a n a l y s i s  o f  t h e  d a t a  d o e s  

n o t  a l t e r  t h e  d i s c u s s i o n s  by Karat and Madhusudana (1976,  1977,  

1 9 7 8 ) ,  s i n c e  t h e y  were  based on t h e  r e l a t i v e  r a t h e r  t h a n  t h e  abso-  

l u t e  v a l u e s .  



Figure 5 , 

Variation of the order parameter and elastic con- 

stants as functions of the relative temperature 

in the nematic phase of 4'-n-octyloxy-4-cyanobiphenyl. 

Results of independent experiments have been marked 

separately. 
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