
C H A P T E R  V I I  

DIELECTRIC INVESTIGATION OF LIQUID CRYSTALLINE 

SWALLOW-TAILED COMPOUNDS 

7.1 INTRODUCTION 

Thermot rop ic  liquid cr'ystals general ly cons i s t  of molecules  

which a r e  rod-like, i.e., which have a n  e l o n g a t e d  shape.  Initial 

s tud ie s  on t h e  e f f e c t  of l a t e r a l  branching on t h e  s tab i l i ty  of t h e  

liquid crys ta l l ine  phase  a p p e a r e d  t o  ind ica t e  t h a t  only s y s t e m s  

wi th  a re la t ive ly  shor t  l a t e r a l  subs t i tuent  showed  liquid crystal l i-  

ni ty,  t h o s e  with longer l a t e r a l  subs t i tuents  f a i l ed  t o  show mesomor-  

phism. However,  r ecen t ly  Weissflog et a1.l syn thes i sed  seve ra l  

homologous se r i e s  of compounds  which consist  of t w o  l a t e r a l  cha ins  

at  o n e  end of t h e  molecule.  These  mater ia l s ,  which  a r e  r e f e r r e d  

t o  a s  "swallow-tailed" compounds  show n o t  only  n e m a t i c  bu t  a l s o  

s m e c t i c  A phases. Also, m i x t u r e  of a swallow t a i l e d  compound 

a n d  a rod-like te rminalnon- polar  compound showed r e e n t r a n t  nema-  

t i c  behaviour2 a l though none  of t h e  cons t i t uen t  m a t e r i a l s  possessed 

a c y a n o  o r  n i t ro  end  group. Pre l iminary  Xray  s t u d i e s  showed t h a t  

t h e  s m e c t i c  A phases  f o r m e d  by  these  compounds  a r e  of t h e  mono- 

layer  t y p e  and i t  was  sugges t ed  t h a t  t h e  molecu le s  a r e  perhaps  

a r r a n g e d  in a n  an t ipa ra l l e l  configurat ion.  I t  i s  known t h a t  d i e l ec t r i c  



s tud ie s  o f f e r  d i r e c t  ev idence  of near-neighbour an t ipa ra l l e l  co r r e l a-  

t i o n ~ . ~ - ~  The  m o r e  r e c e n t  measu remen t s  c a r r i e d  o u t  w i t h  g r e a t e r  

show even  a pre- transi t ion anomaly  in t h e  i so t rop ic  

phase  of s t rongly  polar mater ia l s .  We h a v e  unde r t aken  measu re-  

m e n t s  of t h e  d i e l ec t r i c  cons t an t s  of two  b i a r o m a t i c  swal low- ta i led  

compounds,  viz., t h e  hexyl  and  nonyl homologs of di-n-alkyl 4-(4-n- 

octy!ox).cinnzmoyloxy)- benzylidene-malonates o r  nOCBM f o r  shor t .  

T h e  resul ts  of t h e s e  s tud ie s  will be p re sen ted  in t h e  Sec t ion  I 

of th is  chapter .  In Sec t ion  11, w e  present  r e su l t s  of our  s t u d i e s  

on a 3 5  weight  % e u t e c t i c  mixture  of 60CBM/SOCBM, and  t e r n a r y  

s y s t e m s  comprising of t h i s  e u t e c t i c  mix tu re  wi th  4-n-heptyloxy 

phenyl 4-n-decyloxybenzoate (70PDOB). T h e  l a t t e r  s tud ie s  w e r e  

under taken  t o  inves t iga t e  t h e  e f f e c t  of a rod- like molecu le s  on  

t h e  dipole-dipole co r re l a t ions  in swallow- tai led compounds.  

SECTION I - STUDIES ON 60CBM and 9OCBM 

7.2 MATERIALS 

T h e  s t r u c t u r a l  f o r m u l a e  of t h e  m a t e r i a l s  s tud ied  is shown 

in Fig.7.1 whi le  t h e  t rans i t ion  t e m p e r a t u r e s  a r e  l i s t ed  in T a b l e  

7.1. A plot  of nemat ic- iso t ropic  t rans i t ion  t e m p e r a t u r e  (TNI) v e r s u s  

t h e  cha in  length  i s  shown in. Fig.7.2a. I t  i s  s een  t h a t  T N I  in i t ia l ly  

. d e c r e a s e s  wi th  increas ing  n, passes through a minimum f o r  n = 6  

and  t h e n  inc reases  a s  n i s  increased  fur ther .  It has  been  r e p o r t e d  
1 





TABLE 7.1 

The sequences and the temperatures of transitions 

of the compounds studied 

S, No. Compound Transition temperature ("C) 



Figure 7.2 

(a) Experimental nematic-isotropic transition temperatures of 

the homologous series di-n-alkyl-4-(4-n-octyloxy-cinnamoy1oxy)- 

benzylidene-malonates (nOCBM). n represents the number of 

carbon atoms in the alkyl chain. 

(b) Nematic-isotropic transition temperature vs. length 

to breadth ratio X=L/B according to theoretical results 
1 1  of Baron and Gelbart (Ref. 1). 



t h a t  t h i s  is t h e  f i r s t  i n s t a n c e  wherein T i s  found t o  ini t ial ly 
NI 

d e c r e a s e  with increasing n, but  for  higher n va lues  i t  r e v e r s e s  

i t s  t r e n d  and  shows a n  increase.  The following exp lana t ion  fo r  

th is  unusual behaviour w a s  given. In t h e  lower m e m b e r s  of t h e  

s e r i e s  t h e  lengthening of t h e  swallow t a i l s  d iminishes  t h e  length  

t o  b read th  r a t i o  of t h e  molecules  and the re fo re ,  acco rd ing  t o  

ha rd  rod theories1' o r  van  d e r  Waals a p p r o a c h e s l 1  of t h e  n e m a t i c  

s t a t e ,  t h e  t r ans i t i on  t e m p e r a t u r e s  dec rease  (Fig. 7.2b). F o r  higher 

cha in  lengths  t h e  alkyl  cha ins  of t h e  swallow t a i l s  c a n  b e c o m e  

m o r e  rigid and  b e c o m e  near ly  paral lel  t o  o n e  a n o t h e r ,  t h e r e b y  

t h e  length  t o  b read th  r a t i o  c a n  increrase  for  h igher  n. This  will 

in turn  lead t o  a n  inc rease  in t rans i t ion  t e m p e r a t u r e s .  

7.3 EXPERIMENTAL 

T h e  de ta i l s  of t h e  exper imenta l  set up used  f o r  t h e  Xray  

and d i e l ec t r i c  s tudies  have  a l ready been desc r ibed  in C h a p t e r s  

111 and  I1 respec t ive ly  and will n o t  b e  r e p e a t e d  here.  

7.4 RESULTS AND DISCUSSIONS 

7.4.1. Xray 

As men t ioned  e a r l i e r  we have s tudied  t w o  compounds,  

viz., 60CBM and  9OCBM. 9OCBM exhibi ts  a mono t rop ic  s m e c t i c  



A phase. However owing t o  i t s  metas tabi l i ty ,  it w a s  possible t o  

m e a s u r e  t h e  l aye r  spac ing  (d) only at o n e  t e m p e r a t u r e  in t h i s  

phase. This d a t a  gave  a d/R value  of -0.9 showing t h e r e b y  t h a t  

t h e  A phase  is of t h e  monolayer  type. 

7.4.2 Dielectric 

T h e  m e a s u r e m e n t s  of s t a t i c  d i e l ec t r i c  c o n s t a n t s  E a n d  I1 
'i in t h e  n e m a t i c  phase and  t h e  permi t t iv i ty  in t h e  i so t rop ic  phase  

( E. ) have  been c a r r i e d  o u t  f o r  t h e  compounds. (No  m e a s u r e m e n t s  
1 S 

w e r e  possible in A phase). The  t e m p e r a t u r e  va r i a t ion  of E I1 , €1 
and  t h e  i so t ropic  va lue  e. f o r  60CBM and 90CBM a r e  shown 

1 S 

in F igu res  7.3 and  7.4 respec t ive ly .  The  va r i a t ions  of t h e  m e a n  

d i e l e c t r i c  cons t an t  a n d  E in t h e  vicini ty of T a r e  shown i s  N I 

on a n  en la rged  s c a l e  in Fig.7.5. For  both t h e  compounds  essent ia l ly  

t h e  s a m e  behaviour is seen .  It  i s  seen t h a t  E is ,  th roughout  t h e  

, n e m a t i c  phase, lower t h a n  t h e  ex t r apo la t ed  E .  value ,  t h i s  d i f fe -  
1s 

r e n c e  increasing with dec reas ing  tempera ture .  A t  TNI,  6 shows 

a jump. In t h e  i so t ropic  phase,  E initially i nc reases  wi th  d e c r e a s e  i s  

of t e m p e r a t u r e  in t h e  usual  way,  but, on approach ing  T E NI' i s  

shows a n  anomalous  dec rease .  These resul ts ,  which  a r e  s imi lar  

t o  t h o s e  seen  in t e rmina l ly  cyano compounds,  798 d e m o n s t r a t e  

c l ea r ly  t h e  ex i s t ence  of an t ipara l le l  co r r e l a t ions  in t h e  n e m a t i c  

a n d  i so t ropic  phases of bo th  t h e  swallow- tailed compounds.  The  



Figure 7 . 3  

The temperature v a r i a t i o n  of  the  d i e l e c t r i c  c o n s t a n t s  

€ 1 1  '1' 'is and of the  mean d i e l e c t r i c  cons tant  of  

60CBM. 



F i g u r e  7 . 4  

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

o f  90CBM. 



Figure 7.5 

Variation of the mean dielectric constant ( 2 )  as well as the 
permittivity in the isotropic phase ( E  ) in the vicinity of 

is 
the nematic-isotropic transition in 60CBM ( O )  and 90CBM (0 ) .  



diple-dipole in t e rac t ions  a r e  essential ly due  t o  t h e  g e o m e t r i c a l  

f a c t o r s  r e l a t e d  wi th  t h e  shape  of t h e  molecule. Following Bradshaw 

and ~ a ~ n e s , ~  t h e  e x t e n t  of an t ipara l le l  co r r e l a t ion  c a n  b e  expres sed  

by t h e  q u a n t i t y , A ~ .  which is given by 
IS' 

whe re  [E i s  t h e  maximum value of cis and  [E . 1 i s  E 

Is T~~ 
value  a t  t h e  nemat ic- iso t ropic  t rans i t ion  t e m p e r a t u r e .  This q u a n t i t y  

eva lua t ed  fo r  6 0 C B M  a n d  9 0 C B M  a r e  shown in Tab le  7.2 a long  

with t h e  values f o r  s eve ra l  s t rongly  polar mesogens
7 

f o r  t h e  s a k e  

of comparison.  I t  is i n t e re s t ing  t o  see t h a t  A E .  f o r  t h e  swallow- 
1s 

t a i l ed  compound is a b o u t  t h e  s a m e  as t h a t  s een  in a b i cyc lohexane  

compound with a cyano  end  group while i t  is a n  o rde r  of magn i tude  

less  t h a n  t h a t  s e e n  in a b i a roma t i c  compound with a t e rmina l ly  

cyano  group. Thus i t  is c l ea r  t h a t  though less  pronounced t h a n  

in cyanobiphenyl  compounds,  pronounced an t ipa ra l l e l  dipole-dipole 

co r re l a t ions  exis t  in t h e  i so t ropic  phase of both  t h e  swal low- ta i led  

compounds. 

We shal l  now discuss t h e  d a t a  in t h e  n e m a t i c  phase. I t  

i s  s een  t h a t  E shows a s t e e p  d e c r e a s e  with d e c r e a s e  of t e m p e -  II 
r a t u r e  in t h e  n e m a t i c  phase  while no  such  d e c r e a s e  i s  s een  f o r  

60CBM (Fig.7.3). This  is perhaps  a t t r i b u t a b l e  d u e  t o  t h e  f a c t  



TABLE 7.2 

Compar ison  of t h e  e x t e n t  of an t ipara l le l  co r r e l a t ion  in  

6 0 C B M  and 9OCBM wi th  o the r  m a t e r i a l s  

S.No. Compound A 1 s = [ ~ ~ ~ l ~ ~ ~  N I 
(in p e r c e n t a g e )  



t h a t  t h e  f o r m e r  compound exhib i t s  t h e  s m e c t i c  A p h a s e  at lower  

t e m p e r a t u r e s  while  t h e  l a t t e r  does  not .Cmsequent ly  as t h e  t e m p e r a-  

t u r e  is dec reased  in t h e  n e m a t i c  phase of 9OCBM t h e r e  would 

be  a n  inc rease  in t h e  c y b o t a c t i c  smect ic- l ike  o rde r ing  leading 

t o  a n  inc rease  in an t ipa ra l l e l  cor re la t ions  which in t u r n  could 

l ead  t o  a d e c r e a s e  of E . I I 

Thus  our d i e l ec t r i c  s tud ie s  show c lear ly  t h e  e x i s t e n c e  of 

pronounced an t ipa ra l l e l  co r r e l a t ions  in t h e  n e m a t i c  as well as 

i so t rop ic  phases of t h e  swallow- tai led compounds. I t  i s  i n t e re s t ing  

t h a t  such  co r re l a t ions  should be  present  even  when t h e  A phase  

f o r m e d  by t h e s e  molecules  is of t h e  monolayer  type .  

SECTION I1 

7.5 D I E L E C T R I C  S T U D I E S  ON SWALLAW-TAILED 

LIQUID CRYSTALLINE MIXTURES 

In t h e  previous sec t ion  i t  was  shown t h a t  t h e  swallow- tai led 

liquid c rys t a l l i ne  compounds which have a very  s t r o n g  g e o m e t r i c a l  

an iso t ropy of t h e  shape  of t h e  molecule,  exhib i t  pronounced an t i -  

para l le l  cor re la t ions .  Recen t ly  Kres se  et a1.12 d e m o n s t r a t e d  t h a t  

t h e s e  dipole-dipole co r re l a t ions  will be  des t royed  by t h e  addi t ion  

of compounds  wi th  l a t e r a l  cha in  subst i tuents .  They c a r r i e d  o u t  

t h e  m e a s u r e m e n t s  of t h e  s t a t i c  d i e l ec t r i c  c o n s t a n t s  on  (i) a swallow- 



t a i l e d  compound,  viz., di-n-decyl-4-[4-(4 n- octy loxy - benzoy1oxy)- 

benzoyloxy] benzyl idenemalonate  (Compound A), (ii) a compound 

wi th  l a t e r a l  cha in  subs t i tuent ,  viz., 1,4-bis-4-n-octyloxy-benzoyloxy- 

2- hepty lbenzene  (compound 6) a n d  (iii) t he i r  m i x t u r e  wi th  a compo-  

s i t ion  40% A/B. It  was  found t h e  ant ipara l le l  co r r e l a t ions  p r e s e n t  

in t h e  swallow- tai led compound were  suppressed  by  t h e  addi t ion  

of a compound with t h e  l a t e r a l  chain subst i tuent .  

I t  is t h e r e f o r e  of i n t e r e s t  t o  inves t iga te  a s  t o  how t h e  dipole- 

dipole i n t e rac t ions  a r e  inf luenced by adding a compound whose 

molecu le s  have  t h e  usual  rod-like geometry .  F o r  th is  purpose,  

w e  h a v e  s tudied  t h e  d i e l e c t r i c  behaviour of (1) a n  e u t e c t i c  mix tu re  

( h e r e a f t e r  r e f e r r e d  t o  as Mixture  I )  of two  swal low- ta i led  com-  

pounds, viz., ( 3 5  weight  % of 6 0 C B l I  in 90CBM),  ( 2 )  a t h r e e  com-  

ponent  s y s t e m  ( r e fe r r ed  t o  as Mixture 11) conta in ing  8 0 %  of m i x t u r e  

I and  20% 4-n-heptyloxyphenyl-4-n-decyloxybenzoate (7OPDOB), 

a molecule  wi th  rod-like g e o m e t r y  and (3) a t h r e e  componen t  

s y s t e m  (Mixture  111) conta in ing  70% of mixture  I a n d  30% 70PDOB.  

(For  molecular  fo rmulae  of t h e  ma te r i a l s  see Fig.  7.1 and  Fig. 

3.2 of  C h a p t e r s  VII and  111.) T h e  transi t ion t e m p e r a t u r e s  of t h e  

mix tu re s  s tudied  a r e  given in t h e  Table 7.3. 



TABLE 7.3 

The sequences  and  t e m p e r a t u r e s  of t r ans i t i ons  of t h e  

swallow- tailed liquid crys ta l l ine  mixtures  I, I1 and  I11 

S.No. Rilixture Transition t e m p e r a t u r e s  (in " C )  

39.4 29.7 
I I I --- N -  A (metas t ab le )  



7.5.1 E u t e c t i c  m i x t u r e  (Mixture  I) 

35 weight  % 60CBM/90CBM 

T h e  t e m p e r a t u r e  var ia t ion  of s t a t i c  d i e l e c t r i c  c o n s t a n t s  

1 ' '1 a n d  of m e a n  d i e l ec t r i c  cons tant  of t h e  e u t e c t i c  m i x t u r e  

which h a s  a n  ex tended  n e m a t i c  range is shown in  Fig. 7.6a. T h e  

crys ta l l i sa t ion  p reven ted  us f r o m  taking m e a s u r e m e n t s  in s m e c t i c  

A phase.  A s t rong  d e c r e a s e  in E can  b e  s e e n  indicating. dipole- II  
d ipole co r re l a t ions  only a long t h e  uniaxial d i rec t ion .  A s t e p  in 

a t  t h e  i so t ropic- nemat ic  t rans i t ion  indicates t h e  s t r o n g  dipole-dipole 

co r re l a t ion  in t h e  n e m a t i c  phase. va lue  con t inues  t o  d e c r e a s e  

wi th  d e c r e a s e  in t e m p e r a t u r e ,  indicat ing a n  i n c r e a s e  of t h e s e  

co r re l a t ions  at  lower t e m p e r a t u r e .  '1 on t h e  o t h e r  hand shows 

t h e  usual behaviour which is expected  f rom t h e  Maier-Meier 

theory .  13 

7.5.2 A t h r e e  componen t  m i x t u r e  (Mixture 11) 

conta in ing  80% e u t e c t i c  mix tu re  and  20% 70PDOB 

T h e  t e m p e r a t u r e  var ia t ion  of t h e  d i e l e c t r i c  c o n s t a n t s  

E and  a lso  of i i s  shown in t h e  Fig. 7.6b. I t  i s  c l e a r  t h a t  e v e n  'I1 ' 1 
h e r e  a s t rong d e c r e a s e  of E is observed wi th  d e c r e a s i n g  t e m p e r a -  I I  
t u r e .  Also t h e  addi t ion  of 7 0 P D O B  s tabi l izes  t h e  s m e c t i c  A phase  

and we  could t a k e  m e a s u r e m e n t s  in t h e  A phase.  In A phase,  



T ( O C )  

F i g u r e  7 . 6  

The t e m p e r a t u r e  v a r i a t i o n  o f  t h e  d i e l e c t r i c  c o n s t a n t s  E 

E .  and  of  f o r  t h e  ( a )  Mix tu re  I ,  a n d  ( b )  M i x t u r e  11. 
1 S 

II ' 'i. 



w e  could  observe  t h e  c ros s  over  of c and  E around 38°C. This  II 1 
resu l t s  in a reversa l  of t h e  d i e l ec t r i c  an iso t ropy A E ( see  Fig.7.7). 

T h e  impor t an t  f e a t u r e  of t hese  resu l t s  i s  t h a t  t h e  d e c r e a s e  

in € 1 1  with  d e c r e a s e  of t e m p e r a t u r e  is real ly of t h e  s a m e  magn i tude  

in bo th  mix tu re s  I and  I1 (-0.21 f o r  t h e  range  of 7°C). 

7.5.3. A three component mixture (Mixture 1x1) 

containing 70% eutect ic  mixture and 30% 70PDOB 

T h e  t e m p e r a t u r e  var ia t ion  of E I I  and €1 f o r  Mixture  111 i s  

shown in t h e  Fig.7.8. T h e  behaviour of t h e s e  c o n s t a n t s  i s  a l m o s t  

s imi lar  t o  t hose  of t h e  Mixture 11. The t e m p e r a t u r e  va r i a t ion  of 

A €  i s  shown in Fig. 7.9. Even in th is  mixture ,  t h e  d e c r e a s e  in 

E wi th  d e c r e a s e  of t e m p e r a t u r e  is equally pronounced as in m i x t u r e s  I1 
I and  11. These  resul t s  t h e r e f o r e  show t h a t  t h e  an t ipa ra l l e l  co r r e l a-  

t ions  in t h e  swallow- tai led compounds i s  ve ry  s t r o n g  a n d  i s  n o t  

e f f e c t e d  easi ly by t h e  addi t ion  of a compound wi th  rod- like mole-  

cules.  



Figure 7.7 

The temperature variation of the dielectric anisotropy AE in the 

nematic and srnectic A phases of the mixture 11. 



Figure 7.8 

The temperature variation of the dielectric constants E E 1 € 1  is 
and of E for the mixture 111. 



Figure 7.9 

The temperature variation of AE in the N and A phases of the 

mixture 111. 
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