
CHAPTER VI 

EXPERIMENTAL STUDIES ON A BINARY LIQUID CRYSTAL SYSTEM 

EXHIBITING A N  A
d
-Ad TRANSITION 

6.1 Introduction 

The. s m e c t i c  A phase can  be  described a s  being composed  of equi- spaced  

layers  of molecules ,  t h e  long axis  of t h e  molecules  being on the  a v e r a g e  normal  

to  t h e  s m e c t i c  planes but  wi th  no t rue  long range  t rans la t iona l  order.' The  

Xray d i f f r ac t ion  p a t t e r n  revea ls  a sharp  peak a t  low angles  ( e - f O )  and a diffuse 

ou t e r  ring a t  l a rge  angles  (8- 8' ). The low angle  s c a t t e r i n g  cor responds  t o  

2 
t he  periodici ty of t h e  mass  dens i ty  wave  along t h e  layer  normal  (fig. 6.1). 

The  la rge  angle  diffuse ring, which  corresponds t o  t h e  mean  in t e rmolecu la r  

d i s tance  within a layer ,  is i so t ropic  showing thereby  t h a t  t h e  in-plane co r r e -  

lat ions a r e  indeed liquid like. Such being t h e  case,  one  e x p e c t s  t h e  layer  spac ing  

- t h e  periodici ty of t h e  densi ty wave  - t o  be approximate ly  equal  t o  t h e  mole-  

cu lar  length. This is indeed t h e  c a s e  in most  of t h e  non polar compounds  and  

also some  strongly polar compounds. However, a s  w e  s a w  in t h e  p reced ing  

chap te r s ,  in a la rge  number  of s t rongly polar compounds,  t he  l aye r  spac ing  

is found t o  be much la rger  than  t h e  molecular  length. Madhusudana and  

3 
Chandrasekhar  a rgued  t h a t  t h e  neighbouring molecules  in s t rongly polar s y s t e m s  

should have  an t ipara l le l  correlat ion.  Tha t  t h e  longitudinal componen t s  of t h e  

dipolar groups in t h e  molecules  play an  impor tan t  ro le  in s tab i l iz ing  or  des tab i-  

lizing t h e  s m e c t i c  A and n e m a t i c  phases is a well known fact.4 Xray  and  
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F igure  6.1 Schema t i c  d iagram of s m e c t i c  A phase  w i th  i t s  one  dimensional  
densi ty wave  a long  t h e  ave rage  d i rec t ion  of t h e  molecular  ax is  



neut ron d i f f r a c t i o n  e ~ ~ e r i m e n t s ~ ' ~  on cyan0 biphenyls - typ ica l  s t rongly polar  

compounds - showed t h a t  the layer  spacing is about 1.4 t imes molecu lar  length. 

To account fo r  these observations, Leadbetter  e t  a15 proposed a b i layer  st ru-  

c tu re  where i n  the  a romat i c  cores overlap i n  the  m idd le  o f  the layers, the  

a l ky l  chains extending outwards. Compounds having such a b i layer (more  appro- 

p r ia te l y  re fe r red  t o  as pa r t i a l l y  b i layer  here onwards) s t ruc ture  have exh ib i ted  

several in teres t ing  phenomena l i k e  r e e n t r a n ~ e " ~  and po lymorph ism o f  srnect ic  

A and smect ic  C phases. 
9,lO 

As explained i n  chapter  I V  and V the s t ruc tu re  o f  the b i layer  depends 

on the chemica l  na ture  o f  the molecule. I n  par t icu lar ,  the  m u t u a l  d isposi t ion 

o f  a l l  the d ipolar  groups i n  the  molecules plays a very  dominant  role, la rge 

b i layer  spacing being, observed i n  molecules where the  l inkage group dipoles 

oppose t h a t  o f  t he  te rm ina l  polar  group. 11'12 F o r  instance, t w o  compounds 

10 PMCBB and 11 CPMBB (whose chemica l  formulae are shown below) 

4-cyanophenyl-3-methyl-4'(4"-n-undecyl benzoy1oxy)benzoate (1 1 CPMBB) 

4-n-decylphenyl-3'-methyl-4'-(4"-cyanobenzoyloxybenzoate (10 PMCBB) 

c y 3  



vqhich have ident ica l  cores, b u t  f o r  the  f a c t  t ha t  i n  the  fo rmer  the  ester  l inkage 

dipoles are or ien ted ant ipara l le l  t o  the C N  group dipole whi le i n  the  l a t t e r  

they po in t  towards the CN group, show d i f fe rent  type o f  layer  spacing behaviour. 

10 P M C B B  shows a large dl1 r a t i o  (about 1 .6 ) '~  and 11 CPMBB comparat ive ly  

1 3  
a smal le r  r a t i o  (about 1.3 1) . 

The mass density wave ment ioned ear l ier  can be ma themat i ca l l y  repre-  

sented b y  expanding the cen t re  o f  mass density Q ( ~ )  i n  a Founier  Series 
14 

Where p is  the average density, IJ( is the ampl i tude o f  the  densi ty  wave and 

is  a measure o f  the  s t rength  o f  the smect ic  order, qs=nn /d  is  the  wave 

vector  o f  the  density wave, d being the layer spacing. 

@ is a phase fac to r  wh ich  f i xes  the posi t ion o f  the  layers. 

Meyer  and ~ u b e n s k ~ "  have po in ted out  t ha t  the  smect ic  symmet ry  does n o t  

necessari ly correspond t o  the  onset .of  just one Four ie r  component, t he  deve- 

lopment  o f  the  mass density has t o  be per iodic b u t  m a y  conta in  h igher harmonics 

P arid so on. The f i r s t  d i rec t  evidence for  the  coupl ing between the funda- 
2qo 

m e n t a l  and the second harmonic  o f  the  Four ie r  series was obtained i n  a m i x t u r e  

of s t rongly polar  4-n-pentylphenyl-4'-cyanobenzoyloxy benzoate (DB5 C N )  and 

non-polar terepthal-bis-4-n-butylani l ine (TBBA). Whi le studying t h e  phase dia- 

g ram o f  th is  b inary system Sigaud e t  a l l 6  found evidence o f  a t rans i t i on  between 

two  op t i ca l l y  ident ica l  smect ic  A phases (see fig. 6.2). C a l o r i m e t r i c  measure- 

ments  showed tha t  there is an enthalpy change a t  the  transit ion. X r a y  studies 
17 
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Figure 6.2 A section of DB5 CN/TBBA binary phase diagram showing t h e  
A -A transition (from ref. 16) 
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showed t h a t  the charac ter is t ic  d i f f r a c t i o n  pat terns  i n  the  two  phases are  d i f fe-  

rent. These studies also showed tha t  the  t rans i t ion  is between a monolayer 

2 n A phase (A,,) w i t h  d =- - 1 and a b i layer  A phase (A ) whose laye r  spacing 
92 2 

d = .?-?!- -21,q1 = 2q2 [It m a y  be reca l led  tha t  pure  D B 5  C N  has a b i layer  A 
41 

phase (A2)]. Fig. 6.3 shows the proposed molecu lar  arrangement i n  t h e  t w o  

phases. The nex t  A - A  t rans i t ion  t o  be observed was the Ad-A2 t rans i t ion  
18 

which was seen i n  a pure compound DB7 CN, a h igher homologue o f  0 8 5  CN. 

The observation o f  th is  A - A  t rans i t ion  was through Xray  studies only. N o  
d 2 

ca lo r ime t r i c  or  op t i ca l  changes were  repor ted a t  th is  transit ion. The A d  phase 

has a layer  spacing d - 1.6 1 a t  the  highest temperature  and is s t rong ly  tempe-  

ra tu re  dependent. I n  the A phase bo th  the  f i r s t  and second harmonics  condense 
2 

and thus it shows t w o  sharp re f lec t ions  corresponding t o  d 2 1 and d = 21. Y e t  

19 
another type o f  smec t i c  A phase was soon observed i n  a m i x t u r e  o f  4 '44 -n -  

penty ls ty ly l )  phenyl-4"-cyanobenzoate (C5 Stilbene) and DB5 CN. This new 

phase, ca l led  the  smect ic  antiphase a appeared between A and A 2  phases. 
1 

Barois e t  a lZ0 proposed a model  f o r  these A - A  t ransi t ions accord ing t o  wh ich  

the antiphase appears out  o f  ' f rus t ra t ion ' .  These t w o  A- A  t rans i t ions  i.e., 

A -x and x-A were again found t o  be f i r s t  order - ' l i k e .  O p t i c a l  observations 1 2 

did n o t  show any change a t  these transit ions when the sample was between 

two  glass plates. B u t  when observations were made w i t h  a f ree  sur face d is t inc t  

changes could be seen a t  bo th  the  transitions. Then came the  observat ion 

o f  th is  antiphase (K)  i n  a pure compound.21 The compound Dl37 N O 2  showed 

an A -x transit ion. The t rans i t ion  was again found t o  be f i r s t  order- l ike.  1 

More  recent ly ,  accura te  speci f ic  heat
Z2 

and h igh  resolut ion X r a y  studies 
2 3 

have been done on A - A  transitions. 



Figure  6.3 Molecular  a r r a n g e m e n t  model  for  t h e  A and A *  phases  proposed 
by Hardouin e t  a1 (ref .  17)  

1 



Leve lu t  e t  a lZ4 wh i l e  summarising the d i f fe rent  A phases observed i n  polar  

systems, noted remarkab le  sequence o f  transitions: A - A  - A  6: A ~ - A , , - ~ ,  A - A  
d l 2  d 1 

being observed f o r  the  f i r s t  t i m e  here. The phase diagram obta ined by  them 

showing a l l  these transit ions i n  the D B 5  CN and 4-n-octy loxybenzoyloxy-4'-cyano-  

st i lbene (T8) b inary  system is shown i n  fig. 6.4. The A
d
-A,, t rans i t i on ,  l i k e  

other A - A  transit ions,was observed t o  be f i r s t  order- l ike. 

Madhusudana e t  a1 12'25 undertook studies on compounds s im i la r  t o  the 

dibenzoates (DBn CN) studied by  the Bordeaux group - b u t  w i t h  a l a t e r a l  m e t h y l  

or  methoxy substi tuent. It was observed t h a t  these compounds have a la rge 

value o f  d (about 1.6 1) and fur ther,  the  b i layer spacing exhib i ts  a ve ry  la rge 

expansion w i t h  decreasing temperature. These authors also found evidence 

o f  an  A- A  t rans i t ion  i n  one o f  the  compounds.'' This t rans i t ion  a t  w h i c h  there 

is  a jump (about 0.4 A") i n  the layer  spacing was subsequently i d e n t i f i e d  as 

the A - A  transit ion. 
d 2 

The most  recen t  polar  smect ic  system t o  show A - A  t ransi t ions is a series 

having four  phenyl  r ings and a te rm ina l  n i t r o  group.26 However, i n  these obser- 

vations the i den t i f i ca t i on  and charac ter iza t ion  o f  the  A phases is  n o t  unam- 

biguous as no X r a y  studies have been reported. 

Thus, so f a r  4 types o f  A phases are known t o  exist  i n  po lar  systems. 

These phases can be unambiguously character ised on the basis o f  t he i r  X r a y  

d i f f r a c t i o n  pat terns  



Figure 6.4 Binary phase diagram o f  DB5 C N  and T8 (from ref. 2 4 )  



a) The monolayer A1 phase exhib i ts  a peak a t  a wave vec to r  2q = 
0 

[ 2 r / l  ] where 1 is approximately equal  t o  the  molecu lar  length .  

I n  add i t ion  there  may  be d i f fuse scat ter ing  cen t red  around a wave vector  

in termedia te  between q and 2q 
0 0' 

b) The b i layer  phase (A ) is character ised b y  t w o  ref lect ions,  the  funda- 
2 

men ta l  a t  q and i t s  second harmonic a t  2q 
0 0' 

c) I n  the  case o f  the  pa r t i a l l y  b i layer  A phase there is a r e f l e c t i o n  at. 
d 

90 
' = [ 2 7 T / l ~  ] where 1 < 1' < 21 and, general ly a d i f fuse m a x i m u m  cen t red  

around 2q 
0' 

d) I n  the A" antiphase, there is  a condensed spot a t  2q =[ n n /  1 ] and 
0 

, two  condensed spots spl i t  ou t  o f  the  Z axis i n  a d i rec t ion  perpendicular  

t o  the Z axis and s i tua ted symmetr ica l ly  about  the q posit ion. 
0 

The Xray  signatures fo r  the d i f f e r e n t  A phases obtained by  de ta i l ed  X r a y  

scat ter ing  studies
z4 are  summar ized i n  Table 6.1. The ar rangement  o f  the 

molecules i n  these A phases is schemat ical ly  represented
9 

i n  f ig. 6.5. 

I n  the A1 phase the molecules are  stacked i n  a layer whose thickness 

d , 1 and are randomly  po in ted up o r  down. I n  the  A phase the dipolar  heads 
2 

are pre ferent ia l l y  po in ted  e i ther  up or  down w i t h i n  a molecu lar  layer. Conse- 

quently, the pe r iod i c i t y  d, is equal t o  21, tw ice  the  molecular  length. I n  the 

pa r t i a l l y  b i layer A phase the layer  thickness can be between 1 and 21. I n  
d 

the phase the l oca l  order is the  same as in the  A phase b u t  there  is i n  
2 

add i t ion  a modula t ion  o f  the d ipolar  heads w i t h i n  the l aye r .  The pe r iod i c i t y  



TABLE 6.1 

Schemat ic representat ion o f  the  expected Xray  d i f f r a c t i o n  p a t t e r n  f r o m  d i f f e ren t  

modi f i ca t ions  o f  smect ic  A phase ( f r o m  re f .  24) 

a ,;:=:, . =:?) diffuse spot 
11 I 1  

b m Bragg spot 



Figure 6.5 Schematic representation of the molecular ar rangement  in the  different  
A phases (from ref. 9) 



of this  wave  which gives a two  dimensional r ec t angu la r  s y m m e t r y  t o  this  

phase, is of t h e  order  of 130  A'. 

In all  5 types  of A-A t ras i t ions  have been  observed in b inary  sys t ems  

or  single componen t  sys t ems  consis t ing of s t rongly polar  molecules .  They  a r e  

A1-A2, A -A A ~ - & ,  X-A* and  A - A  ( t h e  A ~ - A  transi t ion is s t i l l  t o  be con- d 2' d 

f i rmed  by Xray  experiments) .  

Two i m p o r t a n t  f e a t u r e s  of t he se  sys tems t h a t  exhibi t  t h e  A-A t rans i t ions  

a r e  t h e  following: 

1. F o r  a s ingle component  sys t em t o  exhibi t  t h e  A-A t rans i t ions  t he  

disposition of t h e  bridging group dipole c loses t  t o  t h e  end  cha in  should 

b e  such  t h a t  t h e  longitudinal component  of these dipoles  opposes t h a t  

of t h e  s t rongly  polar te rmina l  group. 

2. In t h e  binary s y s t e m s  exhib i t ing  A-A t rans i t ions  i t  can '  be genera l i sed  

t h a t  a t l e a s t  one  cons t i t uen t  compound should have  a br idging dipole 

t h a t  s a t i s f i e s  condition (1) f o r  e.g., 065 C N  and T8. 

We shal l  now present  t h e  r e su l t s  of our high pressure,  Xray  and  diele-  

c t r i c  m e a s u r e m e n t s  on a binary s y s t e m  in which both t h e  cons t i t uen t s  have  

all  t h e  bridging groups disposed addi t ive  wi th  r e spec t  t o  t h e  e n d  group. The  

behaviour of t h e  cons t i t uen t  compounds themselves  was  discussed in chap te r s  

IV  and  V. 



6.2 Compounds 

The molecular structures o f  6 ONPBB and 9 OBCAB are given in fig. 

.6.6. As seen in  chapters IV and V, 9 OBCAB, a cyano compound, shows N, 

N and SA1 phases whereas 6 ONPBB, a n i t ro  compound, exhibits S A d  ' A ~ Y  r e  

and N phases. The transit ion temperatures f o r  the two  compounds are l is ted 

i n  Table 6.2. 

6.3 Experimental 

High  pressure studies have been done using the high pressure opt ical  cell. 

Deta i ls  o f  this setup as wel l  as o f  the dielectr ic and Xray  experiments are 

given in Chapter 11. 

6.4 Results and Discussion 

The temperature concentration (T-X) diagram o f  binary mixtures of 6 

ONPBB and 9 OBCAB is shown i n  fig. 6.7. I t  is seen that  the reent rant  nematic 

phase is completely bounded in  the T-X plane and does not  exist  for  6 ONPBB 

concentrations (X) > 0.29. The t w o  A phases as we l l  as the A phase appear 
d 1 

to be isomorphous, no transitions between these phases being observable ei ther 

opt ical ly or by DSC. A somewhat s imi lar  situation has been observed by 

Hardouin e t  a19 wherein the A,, and the A phases appeared to  be continuously 
d 

miscible wi thout  a phase transition. Since we know f r o m  our earl ier pressure 

studies described in  chapters IV and V, that  the pressure behaviour of  the A - N  



Figure 6.6 Chemica l  structures o f  6 ONPBB (top) and 9 OBCAB (bottom) 



T A B L E  6.2 

Transi t ion temperatures (a t  1 bar) o f  6 ONPBB and 9 O B C A B  

( ) denotes t h a t  t he  t rans i t ion  is monot rop ic  

Temperature  (OC) 

124.0 

151.5 

238.4 

91 .O 

116.1 

21 2.4 

249.5 

(72.4) 

Short f o r m  

K - A d  

Ad- N 

N - I 

- Nre 

N - A d  
r e  

Ad- N 

N - I 

A~ - Nre 

Compound 

6 ONPBB , 

9 OBCAB 

Transi t ion 

Sol id - Smect ic  A 

Smect ic  A - N e m a t i c  

N e m a t i c  - Isotropic 

Sol id - Reen t ran t  N e m a t i c  

Reen t ran t  N e m a t i c  - 
Smect ic  

Smect ic  A - N e m a t i c  
A d  

d 

N e m a t i c  - Iso t rop ic  

Smect ic  A1  - Reen t ran t  
N e m a t i c  



Nematic 

Smect ic Ad 

0 
9 OBCAB 

0.8 
6 ONPBB 

Figure 6.7 Binary phase diagram o f  6 ONPBB and 9 OBCAB. X is the mole 
fract ion of  6 ONPBB i n  the mixture 



phase boundary is st rongly re la ted  t o  the i n te rd ig i t a t i on  o f  the molecules i n  

. the  A phase, we took up a deta i led  h igh pressure study o f  the  A - N  t rans i t ion  

i n  6 ONPBB/ 9 O B C A B  mixtures.  

6.4.1 Pressure Studies 

The pressure- temperature (P-T) diagrams o f  the  t w o  pure compounds 

and the m ix tu res  w i t h  X = 0.22, 0.45, 0.6, 0.7, 0.8 and 0.9 are g iven i n  figs. 

6.8 through 6.15. F o r  9 OBCAB (f ig. 6.8) the A1-Nre phase boundary is a s t ra igh t  

l ine  whi le the A d  phase is bounded. It is easy t o  see by  ex t rapo la t i ng  the  

A1-Nre and Nre-A phase boundaries t o  negative pressures tha t  a t  a pressure 
d 

o f  about  -1.7 kbar the Nre phase should cease t o  exist  resu l t ing  i n  a d i rec t  

A - A  transit ion. I n  the case o f  the  X = 0.22 m i x t u r e  (fig. 6.9) such a t rans i t ion  
1 d 

is expected to  take place a t  near ly  -0.2 kbar. We can the re fo re  i n f e r  t h a t  

the pressure a t  wh ich  the A - A  t rans i t ion  occurs increases w i t h  X. F o r  X 
1 d 

>0.29 ( the  concent ra t ion  a t  wh ich  N phase ceases to  exist  a t  1 bar )  the t ran-  

s i t i on  should occur a t  atmospher ic pressure i tsel f .  Indeed f o r  X = 0.45 the  

presence o f  th is  t rans i t ion  is mani fes ted dramat ica l ly  on the A - N  phase boundary 

i n  the P-T plane (fig. 6.10) as an abrupt change i n  slope a t  about  0.3 kbar. 

Thus one can see tha t  even though the A - A  phase boundary i t se l f  is n o t  
1 d 

observed (by opt ica l  transmission technique) in the  P- T  plane, i t  leaves i t s  

s iqnature on the A - N  phase boundary. I n  fig. 6.11 we have shown the P- T  

diagram f o r  X = 0.6. Here  again w e  observe a k ink  a t  about 0.4 kba r  wh ich  

we associate w i t h  the ending o f  t he  A1-Ad transit ion. I n  add i t ion  w e  see a 

second k ink a t  a lower  pressure (about 0.08 kbar) wh ich  we associate w i t h  the 



Figure  6.9 P-T diagram of  t h e  binary m i x t u r e  x = 0.22 



Figure 6.10 P-T diagram o f  the binary mixture X = 0.45 



Figure  6.11 P-T diagram of  t h e  binary mixture  X = 0.6 



Figure 6.12 P-T diagram o f  the binary mixture X = 0.7 



Figure  6.13 P res su re- t empera tu re  diagram o f  t h e  binary mix tu re  X = 0.8 



Figure 6.14 P-T diagram o f  the binary mixture X = 0.9 

T ( O C )  
Figure 6.15 P-T diagram o f  6 ONPBB 



existence o f  an  A - A  l i ne  below tha t  pressure. S imi la r  features are observed 
d d 

f o r  X = 0.7 and X = 0.8 (figs. 6.12 and 6.13) m ix tu res  also, the range o f  the 

h igh  temperature  A phase increasing a t  the expense o f  t ha t  o f  the  l o w  tempe- 
d 

r a t u r e  one. F o r  X = 0.9 ( f ig .  6.14) bo th  kinks a re  absent showing thereby tha t  

t he  A - A  and A - A  t ransi t ions do no t  exist f o r  this concentrat ion. I n  f a c t  
d d d 1 

th is  P-T diagram resembles tha t  o f  pure 6 ONPBB (f ig. 6.15). 

We shal l  now examine i n  s l igh t ly  greater de ta i l  the topology o f  the  P-7- 

diagrams in  figs. 6.10-6.15 near the  points a t  wh ich  the A - A  and A
d

- A
d  

lines 
1 d 

- 
m e e t  the  A - N  phase boundary. F o r  the sake o-f comparison we have shown 

i n  f ig. 6.16 the T- X  d iagram o f  b inary  mix tures  o f  D B 7 N 0 2  and DB8N02 .  
27 

The po in t  a t  wh ich  the  Ad-Nre, Nre-A1 and Ad-A1 phase boundaries in tersec t  

has been po in ted outz8 t o  be a b i c r i t i c a l  po in t  f o r  t w o  reasons: 

1. By  symmet ry  considerat ions the t rans i t ion  between the A and A 1  
d 

phases is expected t o  be at least  weakly f i r s t  order wh i le  Nre -Ad  and 

N - A  are  near ly  second order transitions. 
r e  1 

2. The topology o f  the phase diagram i n  the  v i c in i t y  o f  the Ad-Nre-A1 

point  resembles closely the topology o f  b i c r i t i c a l  po in t  observed i n  

o ther  systems. 

We can there fore  conclude f r o m  the topology o f  our P- T  diagrams (figs. 

6.10-6.15) t h a t  the points a t  wh ich  the A1-Ad and A - A  l ines mee t  the  A - N  
d d 

phase boundary, should also be bicrit. ica1 points. 



F igu re  6.16 Temperature-concentration.(T-X) phase diagram o f  

4-n-heptylphenyl-4'-nitrobenzoyloxybenzoate (DB7 NO2) and 

4-n-octylphenyl-4 '-ni trobenzoyloxybenzoate (DB8 NOg) 

X denotes the  concentrat ion o f  DB8 NO i n  the  m i x t u r e  
2 

( f r o m  ref.  27) 



6.4.2 X ray  Studies 

Precise determinat ion  o f  the  thermal  evo lu t ion  o f  the smect ic  A layer  

spacing is o f  g reat  impor tance i n  locat ing  t ransi t ions between t w o  types o f  

A phases. I n  f a c t  recen t l y  Hardou in  e t  a129 observed i n  several members  o f  

the  D B n O  C1 series tha t  the  A - A  t ransi t ion was n o t  seen e i ther  as a t e x t u r a l  
d 2 

change o r  i n  DSC traces, the on ly  h in t  i n  favour o f  i t s  existence be ing the  

change o f  slope observed i n  the  temperature va r ia t i on  o f  t he  layer  spacing. 

We have car r ied  ou t  a precise layer  spacing (d) de te rm ina t ion  as a f u n c t i o n  

o f  temperature  f o r  X = 0.4, 0.55, 0.59, 0.72 and 0.79 mix tures  w i t h  a v iew  

t o  l oca te  the A - A  and A - A  t ransi t ions a t  atmospher ic pressure. 1 d d d 

The temperature  va r ia t i on  o f  d in the A phases o f  the  pu re  compounds 

9 O B C A B  and 6 ONPBB is known f r o m  our previous X r a y  exper iments (these 

resul ts  have already been discussed i n  chapters I V  and V). F o r  9 OBCAB, d 

is  independent o f  temperature  i n  the A phase wh i l e  i t  varies qu i te  appreciably 
1 

i n  the  A d  phase.30 I n  the  case o f  6 ONPBB, d is  p rac t i ca l l y  independent u i  

temperature  i n  the en t i re  A p h a s d ? . ~ i t h  these fac ts  i n  m i n d  we shal l  now exa- 
d 

m ine  the d versus temperature  curves fo r  the mixtures.  F o r  X = 0.4 ( f ig .  6.17) 

the  layer  spacing is constant  w i t h  respect to  tempera tu re  upto  105OC a f t e r  

wh ich  i t  suddenly s tar ts  increasing l inear ly  r i gh t  u p t o  the  A - N  t rans i t ion  tempe-  

rature.  The po in t  a t  wh ich  d develops the temperature  dependence is i den t i f i ed  

as the  A - A  transit ion. F o r  the  X = 0.55 m i x t u r e  (f ig. 6.18) d versus tempe-  
1 d 

ra tu re  curve exhib i ts  a change o f  slope a t  - two points. I n i t i a l l y  d is temperature  

independent, b u t  s tar ts  increasing w i t h  increasing temperature  a t  114OC. The 



Figure 6.17 Temperature  variation of the layer spacing for the  binary mixture  
X = 0.4 



Figure 6.18 Temperature variation of the layer spacing for the binary mixture 
X = 0.55 

Figure 6.19 Temperature variation of the layer spacing for the binary mixture 
X = 0.59 



Figure 6.20 Temperature variation of the layer spacing for the  binary mixture 
X = 0.72 

Figure 6.21 Temperature  variation of the  layer spacing for the binary mixture 
X = 0.79 



increase i n  d cont inues till 16I0C a f t e r  wh ich  d again becomes independent 

o f  temperature. Essent ia l ly  the  same behaviour is seen f o r  X = 0.59, 0.72 

and 0.79 (figs. 6.19-6.21 respect ively)  also. F r o m  these curves we can the re fo re  

i den t i f y  three kinds o f  A phases: 

1. the A phase ( d  = 1.0 I )  a t  l ow  temperatures w i t h  a temperature  inde- 1 

pendent layer  spacing. 

2. the  A phase w i t h  a temperature  dependent layer  spacing. 
d 

3. another A phase a t  higher temperatures character ised by  a tempera- 
d 

tu re  independent layer spacing. 

Thus we have iden t i f i ed  the A - A  and A
d
-A

d 
transi t ions i n  these mixtures.  , 

1 d 

The t rans i t ion  temperatures were used t o  map the A - A  and A -A boundaries 
1 d d d 

i n  the T-X plane. The resul tant  phase diagram is g iven in  fig. 6.22. I t  is seen 

tha t  the range o f  the  in termedia te  A phase decreases w i t h  X wh i l e  tha t  o f  
d 

the higher temperature  phase increases, a f a c t  wh ich  is borne ou t  b y  the  resul ts  

o f  bo th  h igh pressure and Xray  studies. 

I t  may be reca l l ed  tha t  Pros t  and ~ a r o i s ~ '  have discussed the theo re t i ca l  

aspects o f  po lymorph ism i n  polar rnesogens by  considering a f r e e  energy expan- 

sion w i t h  the  mass density and the  molecular  dipolar po ten t i a l  as the basic 

order parameters. They have considered the possib i l i ty  t h a t  when 1' = l(1' is 

the length  of the  molecu lar  pa i r  and 1 the length o f  the molecule), the  system 

can go continuously f r o m  A t o  A1. 
d 

However, i n  our case w e  be l ieve t h a t  
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Figure 6.22 T-X diagram of  6 ONPBBI9 OBCAB mixtures showing the A1-Ad 
and A -A phase boundaries d d 

0 



the  two  impor tan t  observations, viz., (i) the  abrupt  chanqes i n  t h e  layer  spacing 

versus temperature  curves and ( i i )  t h e  occurrence o f  t w o  k inks i n  the  A - N  phase 

boundaries i n  the  P-T plane, c lear ly  revea l  the existence o f  t h e  A - A  and 
1 d 

A - A  t ransi t ions i n  th is  b inary system. I t  must  also be r e m a r k e d  t h a t  as 
d d 

f a r  as we are aware th is appears t o  be the  only instance o f  t h e  A - A  t rans i t ion  

being observed i n  a b inary system wherein bo th  the const i tuent  compounds 

have the longi tudinal  components o f  t h e  l inkage dipoles or ien ted add i t i ve  w i t h  

respect  t o  tha t  o f  t he  end group dipole. 

6.4.3 D i e l e c t r i c  Re laxa t ion  Studies 

I t  is w e l l  known tha t  the  d ie lec t r i c  constants o f  l iqu id  c rys ta ls  are  f re -  

3 3 
quency dependent ( f o r  a recent  rev iew  see Kresse . Because o f  t h e  or ien ta-  

t iona l  order i n  the  medium, E,, and ( the pr inc ipa l  d ie lec t r i c  constants a long 

and perpendicular t o  the  d i rec tor  respect ively)  have d i f f e ren t  f requencuy depen- 

dencies. While E~ exhib i ts  only the normal  Debye re laxat ion  wh ich  usual ly occurs 

i n  the GHz region, E,, shows an addi t ional  dispersion i n  the M H z  reg ion o r  even 

i n  the KHz region. The low frequency re laxat ion  was f i r s t  observed b y  Ma ie r  

and ~ e i e r j ~  i n  a lkoxy aroxybenzenes. ~ a t n a  and shashidhar3) have extensively 

studied the low f requency dispersion o f  E,, f o r  a number o f  s t rong ly  po lar  com- 

pounds. 

As ment ioned ea r l i e r  it is now w e l l  established tha t  there exists i n  polar  

compounds strong ant ipara l le l  cor re la t ion  between neighbouring molecules. 

I t  is also known t h a t  subtle changes i n  such corre lat ions can g ive  r ise  t o  such 



exot ic  behaviours as reentrance and polymorphism i n  A phases. The low  f r e -  

quency dispersion o f  E,, is there fore  a usuful  too l  t o  probe the molecu lar  associ- 

at ions i n  these phases. 

I n  fac t ,  R a t n a  e t  alJ6 who have studied the l ow  f requency dispersion 

i n  several reen t ran t  compounds, have shown tha t  the  ac t i va t i on  energy (W) 

i n  the Nre phase is much  higher than t h a t  i n  the normal  nemat i c  phase. 

Recent ly ,  D r u o n  and wacrenier3 '  have conducted l ow  f requency dispersion 

studies o f  compounds exh ib i t ing  polymorphic A phases. They have demonst ra ted 

t h a t  the  d ie lec t r i c  re laxat ion  can be used as a po ten t i a l  tool  t o  show the ex i -  

stence o f  d i f f e r e n t  polymorphic fo rms  o f  the  A phase. 

We shal l  now present the resul ts  o f  our low f requency d ie lec t r i c  re laxa t i on  

studies o f  El, f o r  t w o  representat ive mix tures  o f  6 ONPBB/9 OBCAB system, 

viz., X = 0.6 and X = 0.8. Fig. 6.23 gives the p l o t  o f  E: against f requency 

a t  d i f f e ren t  temperatures f o r  X = 0.6 mixture.  It was observed t h a t  the m a x i -  

// m u m  o f  the  d ie lec t r i c  loss i.e., E = E: a t  fR, the f requency of re laxat ion,  

increases continuously i n  the nemat i c  and the two A phases bu t  gets sa tura ted 
d 

i n  the A phase.The same behaviour is seen f o r  the X = 0.8 m i x t u r e  also. 
1 .  

A p l o t  o f  E:, versus E: is a semic i rc le  w i t h  the  cen t re  l y i n g  on the 

axis, denot ing a single re laxa t i on  t ime. These cole-cole arcs fo r  represen- 

t a t i v e  temperatures ( 2  i n  each phase) a re  p lo t ted  i n  figs. 6.24 and 6.25. The 
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Figure  6.24 Representa t ive  cole-cole p lo t s  i n  the  A (a) and the  l o w  temperature  
1 

A d  
phase (b) fo r  the b inary  m i x t u r e  X = 0.6 



F i g u r e  6.25 Rep resen ta t i ve  co le - co le  p l o t s  in t h e  h i g h  t e m p e r a t u r e  A d  (a) 
and  t h e  N phase (b) f o r  t h e  b i na ry  m i x t u r e  X = 0.6 



temperature  behaviour o f  E" is r e f l e c t e d  in the value o f  t h e  radius o f  these max 

semici rc les also, i.e., a monotonic increase in  the  nemat ic  and the A phases 
d 

fo l lowed by a sa tura t ion  i n  the A 1  phase. 

The frequency o f  re laxat ion  f is re la ted t o  the a c t i v a t i o n  energy W by  
R 

the fo l lowing expression 

fR a exp(-W/kT) 

where  k is the  Bo l t zmann  constant and T is  the temperature  i n  absolute units. 

Hence by  determin ing f a t  various tempertures one can g e t  t he  value fo r  
R 

the  ac t i va t i on  energy W. The values of f  obta ined f r o m  b o t h  l o s s  curves 
R 

and cole-cole p lo t s  f o r  X = 0.6 and X = 0.8 mix tu res  are tabu la ted i n  Tables 

6.3 and 6.4. I t  is seen tha t  the agreement between the values obtained f r o m  

1 oss .curves & cole-cole arcs is very good. 

Accord ing t o  the  above ment ioned expression, a p l o t  o f  f  versus 1 /T  
R 

on a log- l inear scale gives a s t ra igh t  l ine, the slope o f  wh ich  is the ac t i va t i on  

energy W. The p lo ts  obtained f o r  X = 0.6 and 0.8 mix tu res  a re  shown i n  figs. 

6.26 and 6.27 respectively. The value o f  W obtained i n  the  d i f f e r e n t  phases 

fo r  the two  m ix tu res  are given in  Table 6.5. I n  bo th  the cases i t  is found tha t  

W is d is t inc t ly  d i f f e r e n t  i n  the nemat ic ,  A,, and the two  A d  phases. Also i t  

is  seen tha t  t he  value o f  W is lowest  i n  the nemat ic  whi le it is  highest i n  the  

A phase. 1 

Thus our h igh pressure, X ray  and d ie lec t r ic  studies have shown the exist -  



TABLE 6.3 

Re laxa t ion  frequency as a func t i on  o f  temperature f o r  X = 0.6 m i x t u r e  

T(OC) 
f f r o m  Loss Curve 
R 

f f r o m  Cole-Cole  
MHz MHz 

N Phase 

181.0 3.00 3.00 
174.65 2.55 2.54 
171.0 2.32 2.34 

S Phase 
-A d 1 ----- 

165.25 1.95 1.96 
162.0 1.75 1.76 
159.1 0 1.60 1.58 
156.0 1.44 1.44 

S Phase 
-Ad2 - 

147.75 1.050 1.054 
144.75 0.940 0.944 
143.50 0.890 0.886 
142.0 0.830 0.840 
139.25 0.740 0.750 
137.40 0.680 0.690 
135.50 0.640 0.643 
133.50 0.575 0.580 
131.75 0.530 0.530 
129.79 0.475 0.475 
127.75 0.430 0.435 
125.9 0.390 0.391 
124.25 0.380 0.381 
123.0 0.346 0.345 
121.0 0.325 0.323 

S Phase -A1 - 
11 0.75 0.183 0.181 
108.75 0.1 65 0.165 
106.75 0.145 0.143 
102.6 0.112 0.111 
99.5 0.093 0.091 
98.25 0.085 0.084 
96.5 0.078 0.079 
95.3 0.072 0.071 
92.4 0.059 0.059 
88.5 0.047 0.047 

Smect ic  Ad,, is  t he  A d  phase wh ich  has a temperature independent layer  spacing 

Smect ic  A d  is the  A d  phase which  has a temperature dependent layer  spacing 



T A B L E  6.4 

Re laxa t i on  f requency as a func t i on  o f  tempera ture  f o r  X = 0.8 m i x t u r e  

fR f r o m  Loss Curve f R f r o m  Cole-Cole  
MHz MHz 

N Phase 

1.99 
1.85 
1.75 
1.65 
1.55 
1.45 

S Phase -Ad1 --- 

I .30 
1.18 
1.10 
1 .oo 
0.950 
0.900 
0.810 
0.750 
0.625 
0.575 
0.560 
0.51 0 
0.500 
0.480 
0.460 

S Phase 
-Ad2 - 

0.41 0 
0.390 
0.370 
0.360 
0.340 
0.330 

S Phase -A1 - 
0.290 
0.260 
0.230 
0.220 
0.195 
0.185 
0.1 75 



Figure  6.26 Relaxa t ion  f r equency  (f ) versus 1/T fo r  t h e  binary mix tu re  
X = 0.6 R 



Figure  6.27 Relaxa t ion  f requency  ( f R )  versus 1/T fo r  t h e  binary m i x t u r e  
X = 0.8 



T A B L E  6.5 

A c t i v a t i o n  energy (W) corresponding t o  the  low frequency dispersion o f  

i n  X = 0.6 and X = 0.8 m ix tu res  obtained by  l inear least  square f i t  o f  the 

data 

Ac t i va t i on  Energy (W) eV 
Phase 

X = 0.6 X = 0.8 

N e m a t i c  0.46 0.48 

Smect ic  A 
d I 0.53 0.57 

Smect ic  A 
d 2 0.65 0.59 

Smect ic  A 1  0.75 0.68 



ence o f  t he  A - A  and A - A  t ransi t ions i n  b inary m ix tu res  o f  6 ONPBB and 
1 d d d 

9 OBCAB. The reason fo r  the  occurrence o f  such t ransi t ions could perhaps 

be due t o  the  s t ruc tu ra l  i ncompa t ib i l i t y  o f  n i t r o  and cyano compounds which  

cons t i t u te  the binary system. I n  fac t ,  several phase diagrams are known wherein 

t w o  A phases are separated i n  the  T-X plane. 
24,38,39 

d 

I t  m a y  be reca l led  tha t  the  p rob lem o f  Ad-A1 t rans i t ion  has been discussed 

by  prost4' and more  recen t l y  b y  Pros t  and ~ a r o i s j '  who have argued t h a t  

since the  A1  and A d  phases have the same symmetry ,  any phase t rans i t ion  

between t h e m  has t o  be f i r s t  o rder  except possibly a t  a c r i t i c a l  po in t  l i ke  the 

gas- l iquid system. One would there fore  expect a d iscont inu i ty  i n  the layer  

spacing a t  this transit ion. B u t  w i t h i n  our exper imenta l  accuracies, we do n o t  

see such a d iscont inui ty  i n  the l aye r  spacing a t  e i t he r  the A - A  o r  the A
d

- A
d  1 d 

transit ion, a l though we do observe a break i n  the  the rma l  expansion a t  these 

transit ions. To this ex tent  these t ransi t ions are somewhat unusual. This also 

leads us t o  conclude tha t  the d i f fe rences between the A 1  and the t w o  A d  phases 

should be qu i te  subtle. Clear ly ,  m o r e  experiments a re  needed t o  understand 

these dif ferences. 
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