
CHAPTER I V  

HIGH PRESSURE STUDIES ON TERMINALLY CYAN0 SUBSTITUTED COMPOUNDS 

4.1 Introduction 

F o r  a long t i m e  i t  was presumed t h a t  the general sequence o f  phase t rans i-  

t i o n  on cool ing a polymesomorphic compound should be 

Iso t rop ic  -4 N e m a t i c  --+ Smec t i c  4 Solid 

1 
B u t  i n  1975, Cladis repor ted an exc i t i ng  departure f r o m  th is sequence. She found 

t h a t  i n  ce r ta in  m ix tu res  o f  n-p-cyanobenzylidene-pl-octyloxyaniline (CBOOA) 

and p-[(pt-hexyloxy benzy1idene)-amino]benzonitrile (HBAB)  the  nemat ic- smect ic  

A t rans i t ion  temperature  becomes rnult ivalued, the nemat i c  phase occur r ing  a t  

higher as w e l l  a t  l ower  temperature  re la t i ve  t o  the smect ic  A phase. The phase 

diagram f o r  this b inary system obtained by  c l a d i s '  is  g iven i n  f ig. 4.1. I t  is seen 

t h a t  f o r  the  m ix tu res  i n  a ce r ta in  concent ra t ion  range, the  sequence of phase 

t rans i t ion  on cool ing f r o m  the iso t rop ic  phase is 

N e m a t i c  4 Smect ic  A - N e m a t i c  - Solid 

The lower  temperature  phase was la te r  designated as " reent rant  nemat i c  phase". 

The appearance o f  a higher symmet ry  phase a t  a l ower  temperature  compared 

t o  a less symmet r i c  one is n o t  special t o  l iqu id  crystals. There are  qu i te  a f e w  

examples i n  o ther  f ie lds o f  condensed m a t t e r  physics. The pressure dependence 
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Figure 4.1 Isobaric phase diagram (T,X) for  mixtures of CBOOA and HBAB 
(from ref. 1) 



2 
o f  the 3 ~ e  m e l t i n g  temperature  is an ear ly  example o f  reen t ran t  behaviour. 

Some other  systems exh ib i t ing  the  reen t ran t  phenomena are, superconductors 

3 
doped w i t h  magnet ic  impur i t i es  , r a r e  ea r th  superconducting mater ia ls  w h i c h  

order  magnet ica l ly  a t  a temperature  be low the superconducting t ransi t ion
4 

and 

l yo t rop i c  systems showing reen t ran t  isotropic phase. 
5 

1 
Cladis also measured the bend e las t ic  constant (K j J )  f o r  the  CBOOA/HBAB 

mixtures. I t  showed a s imi la r  pretransi t iona1 increase on e i ther  side o f  the smec t i c  

A phase. I t  was there fore  concluded t h a t  no  macroscopic d i f f e rence  exists between 

the normal  i.e., h igh  temperature  nemat i c  and the reen t ran t  nemat i c  phases. 

Subsequently, Cladis e t  a16 found the reent rant  n e m a t i c  (Nre) phase i n  a 

pure compound a t  e levated pressures. The pressure- temperature d iagram o f  .4-n- 

octyloxy-4'-cyanobiphenyl (80CB)  is  shown i n  fig. 4.2. I t  shows the fo l l ow ing  

features: 

i )  t he  nemat ic- smect ic  A phase boundary curves towards the pressure axis 

resembl ing the  arc o f  an ellipse. 

i i )  t he  reen t ran t  nemat i c  phase exists i n  the pressure range 1.6-1.8 kbar. 

i i i )  beyond a pressure P (about 1.8 kbar) the  smect ic  A phase ceases t o  
m 

exist  and there is  only a nemat i c  phase. 

Fu r the r  h igh  pressure studies
7 

on CBOOA, mix tures  o f  8 0 C B / 6 0 C B  and m i x t u r e s  

o f  C B N A I C B H A  also revealed the  existence o f  the Nre phase i n  these systems. 
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Figure 4.2 P-T diagram of 80CB (from ref. 6) 



U n t i l  the beginning o f  1979, the  Nre phase was seen e i the r  i n  m ix tu res  a t  

atmospher ic pressure o r  i n  single component systems a t  h igh  pressures. I n  ear ly  

8 
1979, Madhusudana e t  a1 repo r ted  the observat ion of t he  reen t ran t  nemat i c  phase 

i n  th ree pure compounds a t  atmospher ic pressure. The compounds, 10 OMCPC, 

11 CPMBB and 12 CPMBB showed the Nre phase on supercool ing the smect ic  

A phase. A lmos t  simultaneous w i t h  th is  repor t ,  Hardouin e t  a19 and T inh  and 

10 
Gasparoux made a s imi la r  observat ion on some o ther  compounds. In teres t ing ly ,  

these t w o  systems - 4-n-octyloxy-benzoyloxy-41-cyanostilbene9 and 4-nonyloxy- 

benzoyloxy-4'-cyanotolane10 - show n o t  only a reent rant  n e m a t i c  phase b u t  also 

a reen t ran t  s m e c t i c  A phase. Considering de Gennes analogy
1' between the 

normal-supercondlctor  system and the nemat ic-srnect ic  A t ransi t ion,  we m a y  

note  t h a t  E.Myl ler-Hartmann and ~ . ~ i t t a r t z l ~  have p red ic ted  a double reen t ran t  

behaviour i n  superconducting al loys contain ing Kondo impur i t ies.  B u t  the occur-  

rence o f  the  t h i r d  phase t rans i t ion  a t  l ow  temperatures corresponding t o  the  re-  

appearance o f  superconduct iv i ty  on cool ing f r o m  reent rant  no rma l  s ta te  has n o t  

been con f i rmed  exper imental ly .  

The observation o f  the N phase i n  pure compounds a t  atmospher ic pressure 
r e  

i n i t i a t e d  a tremendous a c t i v i t y  i n  the  synthesis o f  reen t ran t  nematogens (For  

the  la tes t  rev iew  see Ref.13). Present ly  a large number o f  th ree phenyl  r i n g  

single component systems are  known which exhib i t  the reen t ran t  behaviour a t  

atmospher ic pressure. The occurrence o f  reent rant  nemat i c  behaviour i n  t w o  

phenyl single component systems is  re la t i ve l y  rare, a l though b inary  m ix tu res  o f  

such systems commonly exh ib i t  t he  reen t ran t  nemat ic  phase. 



On the  basis o f  molecu lar  s t ruc ture  o f  the  compounds the fo l lowing genera- 

l isat ions can be made. 

1. F o r  the  occurrence o f  reen t ran t  nemat ic  behaviour, the  molecules should 

have a st rongly po lar  end group C N  o r  NOp ( the reen t ran t  nemat i c  phase 

14 
i n  NOp compounds was f i r s t  observed b y  P e l z l  e t  a1 . . A n  excep t ion  

t o  th is has been seen b y  Pe lz l  e t  a l l 5  i n  a te rm ina l l y  non po lar  b inary  

system. 

2. The appearance o f  the  Nre phase is  h ighly favoured i f  the  m a x i m u m  

e lec t ron density is  l oca ted  on the te rm ina l  polar  group, the pos i t i ve  s i t e  

being on the r i g i d  co re  a t  the fa r thes t  e x t r e m i t y  f r o m  the po lar  end 

group. 

3. A n  alkoxy chain is  m o r e  favourable f o r  reentrance than the a l k y l  chain. 

4. A t yp i ca l  molecu lar  s t ruc tu re  o f  a three phenyl  r i n g  compound w h i c h  

is  l i ke ly  t o  show reent rance would  be 

where R is the  end chain, X and Y are the br idg ing groups and Z is the  

polar  end group. 

F o r  Z = C N  , t o  obta in  the Nre phase, the  longi tudinal  component o f  

the  dipole moment  o f  "X" l inkage must  be i n  the same sense as t h a t  

o f  the  CN end group. The d i rec t ion  o f  the  longi tudinal  component o f  



t h e  dipole of "Y" l inkage appears  to  have  no e f f ec t .  

F o r  Z = NO2, t h e  Nre phase is  observed  only when t h e  dipole m o m e n t  

of "Xu opposes t h a t  of t h e  te rmina l  NO group. H e r e  also t h e  d i rec t ion  2 

of "Y" s e e m s  t o  have  very l i t t l e  e f f e c t .  We shall g ive  ev idence  of a n  

except ion  t o  this  in C h a p t e r  V. 

5. The dimensions of t h e  conjugated  p a r t  of t h e  molecule  c a n  also play 

an  impor t an t  role. The  Nre phase is seen a t  1 b a r  if t h e  conjugated  

p a r t  of t h e  molecule  ( co re  length)  s a t i s f i e s  the  following condit ion 

I 6n" 4 dcC 22.4 A" 

(dc is t h e  length of t h e  conjugated  pa r t )  

This is a necessary  bu t  no t  su f f i c i en t  condition. I t  is s e e n  t h a t  f o r  mole-  

cules  wi th  two  phenyl rings, t h e  c o r e  is re la t ive ly  sho r t  ( abou t  10-1 5 

A") and  r e e n t r a n c e  is hence  obta ined  only a t  high pressures  and  a t  low 

t e m p e r a t u r e s  while in t h e  c a s e  of t h r e e  phenyl r ing s y s t e m s  t h e  c o r e  

s i z e  is abou t  20 A and t h e  r e e n t r a n t  phases a r e  qu i t e  s t a b l e  a t  r oom 

pressure.  

6. The  l a t e r a l  dimension of t h e  c o r e  also s e e m s  t o  have  s o m e  e f f e c t  on 

t h e  appea rance  of t h e  Nre phase. When the  c o r e  con ta in s  a l a t e r a l  g roup 

such  a s  CI, CH3, CHIO etc., t h e  Nre phase is observed  only w i th  longer  

chains. So bulkier t h e  l a t e r a l  group, less s tab i l ized  is t h e  Nre phase. 

7. The  o c c u r r e n c e  of t h e  r e e n t r a n t  behaviour a t  1 b a r  is m o r e  commonly  



observed i n  th ree phenyl  systems than those w i t h  t w o  phenyl  rings. 

Compounds wh ich  exh ib i t  a reen t ran t  nemat ic  phase, have a st rong po lar  

group a t tached t o  one end o f  the  molecule. Min imis ing the  mu tua l  i n t e r a c t i o n  

energy, Madhusudana and chandrasekhar16 theore t ica l ly  postulated t h a t  neigh- 

bour ing molecules w i t h  st rong long i tud ina l  dipoles should t o r m  an an t i pa ra l l e l  

arrangement. X r a y  studies17 on  a l k y l  cyanobiphenyls showed tha t  the  srnect ic  

A phase i n  these compounds is character ised b y  a layer  spacing wh ich  is about  

1.4 t imes the molecu lar  length. I n  such a s i tua t ion  the  a t t r a c t i v e  i n t e r a c t i o n  

between neighbouring molecules wou ld  favour m u t u a l  over lapping and an an t i pa ra l l e l  

co r re la t i on  as shown i n  f ig. 4.3. Such cor re la t ion  i n  t u r n  leads t o  a "bi layer s t ruc-  

ture".. Madhusudana and chandrasekhar16 also pred ic ted t h a t  the ant ipara l le l  

l oca l  order should mani fes t  i t se l f  i n  the  d ie lec t r ic  p roper t ies  o f  t he  medium. 

Indeed i t  has been shown exper imenta l ly  t h a t  the mean  d ie lec t r i c  constant  in 

the  nemat i c  phase Z=[E,,+ZE,. ] / 3  is  less than the ex t rapo la ted isotropic value cis, 

because o f  t he  increased ant ipara l le l  associations i n  the  nemat i c  phase. 

As already ment ioned the observat ion o f  reent rant  behaviour i n  single com-  

ponent sys'tems a t  atmospher ic pressure no t  only i n i t i a t e d  a surge o f  a c t i v i t y  

i n  the  synthesis o f  a la rge number o f  compounds exh ib i t ing  the  N phase, b u t  
r e  

also l e d  t o  a va r ie t y  o f  exper iments 18-24 wh ich  were  conducted t o  understand 

the  propert ies o f  t he  N phase. We shal l  summarise here some impor tan t  obser- 
r e  

vat ions ar is ing out  o f  these experiments: 

1. The layer  spacing shows only a very smal l  va r ia t i bn  w i t h  pressure o r  

temperature  i n  the  A d  phase 
18-20 



Figure 4.3 Schematic representation of the antiparallel arrangement of 
birnolecular unit cell for 8CB (from ref. 17) 



2. The in-planar loca l  o rder ing  and the in-plane s t ruc tu re  f a c t o r  is - w i t h i n  

the  exper imenta l  uncerta int ies - the  same i n  the nemat ic ,  smect ic  A d  

2 1 
and reen t ran t  nemat ic  phases . 

3. The d ie lec t r i c  anisotropy shows a continuous increase w i t h  decrease o f  

temperature  r i g h t  up to  the  lowest  temperature  i n  the  reen t ran t  nema- 

22-24 
t i c  phase. 

4. The ac t i va t i on  energy associated w i t h  the low f requency d ie lec t r i c  re lax-  

a t i on  o f  €,, is  greater  i n  the  reen t ran t  nemat ic  phase than i n  the nemat i c  

22,24 
phase 

Very recent ly  K a l k u r a  e t  a12' conducted deta i led  h igh pressure exper iments on 

e ight  compounds exh ib i t ing  reen t ran t  nemat i c  phase a t  r o o m  pressure. On the 

basis o f  these experiments, they showed t h a t  

a) the  S -N phase boundary has an e l l i p t i c  shape. 
A 

b) where the  5 -N t rans i t ion  is  monot rop ic  a t  1 bar, it becomes enant io-  
A 

t rop ic  a t  h igher pressures. 

c )  the  m a x i m u m  pressure o f  s tab i l i t y  o f  the smect ic  A phase is r e l a t e d  

t o  the  range R o f  t he  nemat i c  phase a t  atmospher ic pressure b y  the  

re la t i on  P = Poexp(-mR) where P o  and rn are  emp i r i ca l  constants w h i c h  
m 

only depend on the number o f  phenyl  rings i n  the const i tuent  molecules. 

B y  f i t t i n g  the data  t o  the re la t i on  ment ioned above they found t h a t  the s tab i l i t y  

o f  t he  smect ic  A phase in  compounds w i t h  t w o  phenyl  r ings is h igher than the 



smect ic  s tab i l i t y  o f  the  th ree phenyl  r i n g  compounds. Hence it was concluded 

t h a t  the fo rma t ion  o f  the reen t ran t  nemat i c  phase is  more  favourable i n  c o m-  

pounds w i t h  th ree benzene rings. 

I n  this chapter  w e  present  the resul ts  ?f our studies on compounds, th ree 

benzene as w e l l  as t w o  benzene r i n g  systems, a l l  o f  w h i c h  possess a cyano 

group a t  one end o f  t h e  molecule. 

4.2 Materials 

The substances studied are  l i s ted  i n  Table 4.1 together w i t h  the i r  chemica l  

formcllae and' acronyms. The t rans i t ion  temperatures are  tabu la ted i n  Table 

4.2. A l l  the  compounds have a cyano group a t tached t o  one end o f  t he  molecule. 

Three o f  t h e m  ( 9  OCPBB, 8 OBCAB and 9 OBCAB) are  th ree phenyl  r i n g  sy- 

stems, the res t  having t w o  phenyl  rings. 

9 OCPBB has a monot rop ic  reent rant  nemat ic  phase whi le  8 O B C A B  and 

9 OBCAB belong t o  a series o f  compounds wh ich  were  among the f i r s t  t o  show 

the reent rant  nemat i c  and reent rant  smect ic  phases. Fig.4.4 shows a p l o t  

o f  t rans i t ion  temperature  versus a l ky l  chain length  f o r  the series. 26 1t is seen 

t h a t  the N-A1  t rans i t ion  temperature  increases w i t h  increasing chain length  

f o r  n < 6 b u t  decreases f o r  the higher homologues. F o r  the  9 t h  homologue 

another smect ic  A phase (S ) becomes stabil ized. I n  this compound the t w o  
A d  

smect ics  are separated by  a reen t ran t  nemat i c  phase. F o r  n >/ 10  the  l o w  tempe-  

r a t u r e  smect ic  A i.e., A,, is  n o t  t o  be observed. 



TABLE 4.1 

Chemical  formulae o f  the compounds studied 

4-cyanophenyl-4'-(4"-nonyloxybenzoyloxy)benzoate ( 9  O C P B B )  

(n OBCAB) 

n = 8 and 9  



TABLE - 4.2 

Trans i t ion  temperatures i n  OC ( a t  1 bar) o f  the  compounds studied 

Substance 

80CB/CBOOA 
mix tu res  

CPNB . 76.7 - - . (58.6) 

CBNA . 72.0 - - . 97.5 

8 OBCAB . 93.0 . - - 97.0 

9 OBCAB . 94.0 . (70.9) . 116.0 . 212.4 

9 OCPBB . 120.4 - . (1 16.4) . 194.8 

( ) denotes a monot rop ic  t rans i t ion  

. shows t h a t  t he  phase exists and 
- represents the  phase is absent 



n-, 
gure 4.4 P l o t  showing t rans i t ion  temperature  @ versus cha in  length  

f o r  the  4-alkyloxybenzoyloxy-4'-cyanoazobenzene series (0) are 
ex t rapo la ted values (A) are  f o r  the  compounds o f  t he  4-alky loxy 
benzoyloxy-4'-cyanotolanes ( f r o m  ref .  , 26) 



4.3 Experimental 

H i g h  pressure exper iments were  done using an opt ica l  cell. A b r i e f  descri- 

p t i o n  o f  the  c e l l  as we l l  as the  technique used t o  determine the  t rans i t ion  

temperatures have already been given i n  Chapter  I1 and w i l l  n o t  be repeated 

here. Pressure was measured using a Heise gauge t o  an accuracy  o f  + I  bar, 

wh i le  the  temperature  was measured w i t h  a precision o f  +0.I0C. 

The apparatus used fo r  X r a y  d i f f r a c t i o n  experiments has also been descri-  

bed i n  Chapter  11. The samples were  i r rad ia ted w i t h  monochromated Xrays  

obtained using a bent  quar tz  c rys ta l  monochromator. The temperature  o f  the 

sample was main ta ined constant  t o  w i t h i n  +0.25OC dur ing an exposure. The 

re la t i ve  accuracy  i n  the layer  spacing determinat ion  is reckoned t o  be +0.1kf 

4.4 Results and Discussion 

4.4.1 Two Pheny l  R i n q  Systems 

a) X r a y  Results: The layer thickness (d) in the smec t i c  A phase fo r  the 

compounds C P N B  and C B N A  was determined a t  a common r e l a t i v e  temperature  

o f  (TAN -5I0C. I t  was also ascerta ined t h a t  the layer  spacing hardly var ies 

w i t h  temperature  i n  the A phase. The length  of t he  molecu le  (I) i n  i t s  most  

extended conf igura t ion  was measured using Dre id ing model. The values of  

d along w i t h  the  d / l  ra t ios  are g iven i n  Table 4.3. It is c lear  f r o m  the tab le  

t h a t  'the A phase o f  these t w o  compounds can be character ised as the pa r t i a l l y  

b i layer  A phase (Ad  phase). The smec t i c  A phase o f  8 0 C B  as w e l l  as CBOOA 



TABLE - 4.3 

d and d / l  values f o r  compounds 2 and 3 o f  Table 4.1 

Compound. d f l  d / l  

CPNB 

CBNA 



have been s tud ied using X r a y  d i f f r a c t i o n  by  Leadbetter  e t  a l l 7  and Gui l lon  

18 
e t  a1 respect ively.  F o r  bo th  the  substances the smect ic  A phase has been 

character ised as an A phase. Thus t h e  A phase exhib i ted b y  a l l  the  two  phenyl  
d 

r i n g  systems has been c lassi f ied as the  (par t ia l l y  bi layer) A phase. The resul ts  
d 

o f  our X r a y  studies on the 3 phenyl  r i n g  sytems w i l l  be discussed later .  

b) Pressure Results: 

8 0 C B j C B O O A  Mixtures:  We have studied the  e f f e c t  o f  pressure on the smect ic  

A-nemat ic  (A-N)  phase boundary f o r  5 d i f f e ren t  8 0 C B / C B O O A  mix tu res  viz., 

x = 0.1, 0.3, 0.5, 0.7 and 0.9 (where X is the  mole f r a c t i o n  o f  8 0 C B  i n  the  

mixture) .  F o r  the  sake o f  completeness, we have also studied the A - N  boundary 

o f  bo th  pure  8 0 C B  and CBOOA a t  h igh  pressure. The P-T diagrams o f  the  

m ix tu res  as w e l l  as those o f  the pure  compounds presented i n  fig. 4.5 c lear ly  

show the existence o f  the  Nre phase a t  h igh  pressure. It is seen tha t  i n  each 

case the A - N  phase boundary has the  charac ters t ic  e l l i p t i c  shape and also there  

exists a m a x i m u m  pressure o f  smec t i c  s tab i l i t y  (Pm) beyond wh ich  the A phase 

ceases t o  exist. The var ia t ion  o f  Pm w i t h  X is, as t o  be expected f r o m  data 

f o r  o ther  b inary  mixtures,  a smooth curve (see fig. 4.6). I t  m i g h t  be reca l led  

tha t  ~ e r r m a n n ~ ~  has also measured P f o r  several m ix tu res  o f  80CB/CBOOA.  
m 

H e  observed t h a t  P shows a nonl inear var ia t ion  w i t h  X, there  being a max i -  
m 

m u m  fo r  X 2. 0.3 see fig.4.7. Our  resul ts  a re  i n  disagreement w i t h  those o f  

Herrrnann. 

2 5 
As ment ioned i n  the i n t roduc to ry  p a r t  o f  the  chapter, K a l k u r a  e t  a1 , 

on  the basis o f  the i r  studies on e igh t  reent rant  nematogens showed tha t  Pm 



Figure 4.5 P-T diagram of 8 0 C B  (v), CBOOA (0) and ~OCB/CBOOA mixtures 
showing the S -N boundary. The concentrations o f  the mix tures 
are X = 0.9 ( ~ f  X = 0.7 (0 ) .  X = 0.5 ([I), X = 0.3 (;i) and 
X = 0.1 (A)[where X is the mole f rac t ion o f  8 0 C B  in the mix ture]  



8 0 C B  x CBOOA 

Figure 4.6 Variation of the  rn aximurn pressure of srnectic stability (P,) 

with concentration (X) for 80CB/CBOOA mixtures 



0.5 
80CB - X -  C BOOA 

Figu re  4.7 Variat ion of P, wi th  X fo r  80CB/CBOOA mix tu re s  obta ined  
by Herrmann (ref .  27) 



is uniquely re la ted  t o  the range o f  t he  nemat ic  phase- R(=TNI - T A N  ) by 
I 

Here  P o  and m are  emp i r i ca l  constants wh ich  depend only on the  number o f  

phenyl  r ings i n  the molecule. The values o f  P and m f o r  t w o  phenyl  r i n g  
0 

systems obtained f r o m  a least  square f i t  o f  the data t o  a s t ra igh t  l ine  a re  

15891 bar  and 0.151/OC respect ively.  To check whether our present  resul ts  

on 8 0 C B / C B O O A  also f i t  th is  re lat ion,  we have p l o t t e d  i n  fig. 4.8 our data 

f o r  the  8 0 C B / C B O O A  mix tu res  a longwi th  a l l  the ear l ie r  da ta  g iven by  K a l k u r a  
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e t  a1 . It is seen tha t  the  80CB/CBOOA data indeed f i t  very  w e l l  w i t h  the  

line. 

It is re levant  t o  reca l l  here t h a t  exper iments on CBOOA b y  Cladis e t  

a17 showed t h a t  the  P fo r  th is  compound is  ex t remely  sensi t ive t o  impur i t ies.  
m 

We there fore  bel ieve tha t  t he  discrepancy o f  our data compared t o  those o f  

re ference
z7 is  perhaps a t t r i bu tab le  t o  the thermal  degradat ion o f  CBOOA i n  

Herrmann's measurements, conceivably caused by the  sample be ing i n  d i rec t  

e con tac t  w i t h  the  steel  gasket. 

We shal l  now discuss the  indiv idual  phase diagrams o f  the single compo-  

nent  systems i n  some detail. 

C B N A  : This compound is the  nex t  higher homologue o f  CBOOA. Consider ing 

t h a t  CBOOA exhib i ts  the  reen t ran t  nemat i c  phase a t  a re la t i ve l y  l ow  pressure 

(see fig. 4.5), i t  was expected tha t  C B N A  would also show a reen t ran t  nemat i c  



Figure 4.8 Dependence of P on the  range R of the nkmatic phase a t  1 bar 
The open c i r c l e p a r e  da ta  from ref. 24. Closed circles with 
numbers 1 to 7 correspond to  ~OCB/CBOOA mixtures with con- 
centrations X = 1, X = 0.9, X = 0.7, X = 0.5, X = 0.3, X = 0.1 
and X = 0 respectively 



phase. B u t  the  P-T diagram o f  C B N A  (f ig. 4.9) shows t h a t  the A d  phase is 

surprisingly stable over a w ide range o f  pressures. There is o f  course a decrease 

i n  the A range w i t h  increase o f  pressure bu t  the r a t e  o f  th is  decrease is qu i te  
d 

smal l  and also the  A - N  phase boundary does n o t  exh ib i t  a pronounced curvature  

towards the  pressure axis even upto  4 kbar, the highest pressure t h a t  w e  have 

studied. Ex t rapo la t i ng  the  m e l t i n g  and A - N  phase boundaries t o  higher pressures, 

d 
~ 4 . 3  kbar. Add i -  we expect  the  A phase t o  be bounded ( in  the  heat ing mode) a t -  

t i o n  o f  an e x t r a  m e t h y l  group t o  the end chain (compared t o  CBOOA) the re fo re  

seems t o  enhance considerably the  s tab i l i t y  o f  the A phase. This resu l t  is 
d 

i n  agreement w i t h  the  observat ion o f  Ka lku ra  e t  a lZ5 t h a t  Pm increases w i t h  

icncreasing chain length. 

CPNB : This compound is i den t i ca l  to  C B N A  except  t h a t  the l inkage group 

is an ester  (-COO-) instead o f  a sch i f f  base ( -N  = CH-). The pressure-tempe- 

ra tu re  d iagram is given i n  fig. 4.10. The A - N  boundary has a negat ive slope 

throughout and intersects the  c rys ta l l i za t i on  l ine  a t  about  200 bar  and thereby 

the A phase is suppressed. Beyond th is  pressure, it is obvious t h a t  this com-  
d 

pound would most  l i ke ly  have exh ib i ted  the  Nre phase a t  a higher pressure 

i f  c r ys ta l l i za t i on  had n o t  intervened. Changing the  br idg ing group f r o m  N = 

C H  t o  C O O  has brought  down the  smect ic  s tab i l i t y  substantial ly. 

4.4.2 Three Phenyl  R inq  Systems 

a) - 8 OBCAB and - 9 OBCAB 

As seen i n  Table 4.2, 8 O B C A B  exhib i ts  one smect ic  A phase whi le  9 







O B C A B  has t w o  such phases. We have studied t h e  b inary  phase d iagram o f  

. these compounds (f ig. 4.11). I t  is seen t h a t  the l ower  temperature  (i.e., the  

reent rant )  smec t i c  A phase o f  9 OBCAB is comple te ly  misc ib le  w i t h  the  smec t i c  

A phase o f  8 OBCAB. The higher temperature  smect ic  A phase o f  9 0 B C A B  

is comple te ly  bounded and does no t  exist  f o r  mix tures  w i t h  less than 0.28 m o l e  

f r a c t i o n  o f  9 OBCAB. 

X ray  Studies. We have determined the layer  spacing i n  thk  SA phases o f  b o t h  

the  compounds and in  the reen t ran t  nemat ic  phase o f  9 OBCAB. 

8 OBCAB: The value o f  d i n  the  smect ic  A phase is 30.6K and is hardly tempe-  - 

ra tu re  dependent (see fig. 4.12). The length  o f  the  molecu le  (1) measured i n  

i t s  most  extended conf igura t ion  (using Dre id ing  model)  is 3 2 . 3 x  Hence the  

smect ic  A phase can be c lassi f ied as a monolayer A (A1) phase w i t h  a d / l  r a t i o  

o f  about 0.95, wh ich  is temperature  invariant. I t  m a y  be reca l led  tha t  L e v e l u t  

e t  alZ8 had observed a s im i la r  behaviour i n  the l ower  temperature  monolayer  

A phase o f  4-n-octyloxybenzoyloxy-4'-cyanosti lbene (T8) i n  wh ich  reen t ran t  

behaviour was f i r s t  observed a t  atmospheric pressure. 

9 OBCAB : Fig. 4.13 shows our X r a y  measurements ca r r i ed  out  i n  the  h igh  - 

and low  temperature  smect ic  phases as w e l l  as i n  the  reen t ran t  nemat i c  phase. 

I n  the h igh temperature  smec t i c  A phase the layer  spacing decreases w i t h  

decrease i n  temperature.  The value o f  the d / l  r a t i o  ( I  = 33.4K) wh ich  is  1.08 

a t  the highest temperature  o f  measurement decreases steadi ly  t o  about 1.06 

a t  the  smect ic  A- reent rant  nemat i c  transit ion. F r o m  the value o f  d / l  ( > 1 )  

one can deduce tha t  it is a pa r t i a l l y  b i layer  A (-Ad) phase. The low temperature  

smect ic  A phase on the otherhand has a layer thickness wh ich  is i nva r ian t  



8 OBCAB mole fraction (x) 9 OBCAB 

Figu re  4.11 Isobaric binary phase  d iagram of 8 OBCAB and 9 OBCAB 



Figure 4.12 Thermal variat ion of t he  layer spacing for 8 OBCAB 



Temperature ( " C )  

Figure 4.13 Temperature variation of the layer spacing for 9 OBCAB. 
The vertical dashed lines indicate the transition temperature 



t o  the  change i n  temperature. The d / l  r a t i o  o f  0.95 indicates tha t  it is a mono-  

. layer  A (A1) phase just  l i k e  the  SA phase o f  8 OBCAB. The change f r o m  the  

pa r t i a l l y  b i layer  A d  phase t o  the monolayer A phase is a continuous process 
1 

wh ich  commences a t  the A -N phase t rans i t ion  and goes r i g h t  through the  
d r e  

N phase. We may  reca l l  t ha t  a s imi la r  behaviour in the A d  and A 1  phases 
r e  

o f  a pure compound has been repor ted  by Leve lu t  e t  Though some mea-  

surements were  done i n  the  reen t ran t  nemat ic  phase also, they were r e s t r i c t e d  

t o  temperatures very close t o  A -N and Nre-A,, t rans i t ions  (f ig. 4.14). Hence  
d r e  

i t  was n o t  c lear  whether the  delvelopment o f  the monolayer order f r o m  t h e  

pa r t i a l l y  b i layer  one is a continuous process o r  an abrupt  change; our measure- 

ments  show t h a t  th is  development takes p lace continuously. I t  mus t  also be 

remarked t h a t  L e v e l u t  e t  a lZ8 observed the existence o f  t w o  modulat ions (cor-  

responding t o  the A d  and A1 per iodic i t ies)  i n  the  reen t ran t  nemat i c  phase. 

However, we have no t  observed such coexist ing per iod ic i t ies  - only one set  

o f  d i f f r a c t i o n  spots were observed a t  a l l  temperatures i n  the  N phase. A lso  
r e  

these spots were  qu i te  condensed ind ica t ing  a st rong smect ic- l i ke  loca l  o rder ing  

i n  the  reen t ran t  nemat ic  phase. Our  studies l i ke  those o f  Leve lu t  e t  al, 
2 8 

ind ica te  t h a t  the reen t ran t  nemat i c  phase appears as a consequence o f  t he  

compe t i t i on  between two  d i s t i nc t l y  d i f f e r e n t  smect ic  A phases - the  A d  phase 

has a density modulat ion whose wavelength is incommensurate w i t h  respect  

t o  the  molecu lar  length, wh i le  t h a t  o f  the  A1 phase is  commensurate w i t h  

it. As f a r  as we are aware, our resul ts  represent the  f i r s t  de ta i led  layer  spacing 

measurements i n  the  reen t ran t  nemat i c  phase. 



Figure 4.14 Thermal variation of the  layer spacing for T8. The vert ical  
dashed lines indicate the  various transition temperatures  
(from ref. 28) 



Pressure Studies 

The nemat ic- iso t rop ic  t rans i t ion  temperature  a t  1 ba r  f o r  bo th  8 0 B C A B  

and 9 O B C A B  is qu i te  h igh (257.5OC and 242.9OC respectively). Since the seals 

used i n  our op t i ca l  h igh  pressure c e l l  become sof t  and unusable beyond about  

230°C, it was n o t  possible t o  fo l low the nemat ic- iso t rop ic  t rans i t ion  as a fun-  

c t i o n  o f  pressure. A l l  the  o ther  t ransi t ions inc luding highly supercooled Nre-A1 

t rans i t ion  i n  9 OBCAB, could be fo l lowed a t  h igh  pressure. 

8 OBCAB: The pressure temperature  phase diagram is g iven i n  fig. 4.15. - 

I t  is seen t h a t  bo th  the m e l t i n g  and the A1-N  t rans i t ion  boundaries are s t ra igh t  

lines. The range o f  the  monolayer A phase increases w i t h  increasing pressure. 

2 9 
This t rend  is s imi la r  t o  t h a t  seen i n  o ther  monolayer smec t i c  A systems . 
The dT/dP f o r  the  A1-N t rans i t ion  is 30.6OC/kbar. 

9 OBCAB : The pressure-temperature phase diagram is g iven i n  fig. 4.16. I t  - 

is seen tha t  the  t w o  smect ic  A phases behave very d i f f e r e n t l y  under pressure. 

The A -N phase boundary is e l l i p t i c  i n  shape, the A phase ge t t i ng  bounded 
d d 

in the P-T plane. The m a x i m u m  pressure (Pm) o f  smec t i c  s tab i l i t y  is 0.51 

kbar. As al ready ment ioned P is re la ted  t o  the range R(= TNI - TAN) of 
m 

the  nemat ic  phase a t  atmospher ic pressure by  the re la t i on  Pm = Poexp(-mR); 

P and m being emp i r i ca l  constants. F o r  three phenyl r i n g  systems the values 
0 

o f  the constants are 3769 bar and -0.071/OC respectively. The Pm data  f o r  

9 OBCAB f i t s  th is  re la t i on  very  w e l l  (see f ig. 4.17). The behaviour o f  the  

A,,-Nre phase boundary is  s imi la r  t o  the A - N  boundary o f  8 OBCAB. In te re-  

st ingly, dT/dP f o r  the  t rans i t ion  invo lv ing  the  A,, and reen t ran t  nemat i c  phases 
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Figure 4.15 P-T diagram o f  8 OBCAB 
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is exact ly  the  same (30.6OC/kbar) i n  bo th  the  cases. 

9 OCPBB: The P-T diagram is shown i n  fig. 4.18. A t  atmospher ic pressure, - 

the reent rant  nemat i c  phase is monot rop ic  i.e., appears only i n  the coo l ing  

mode ( w i t h  respect  t o  the  sol id phase). B u t  a t  about a pressure o f  200 bar, 

i t  cuts the  m e l t i n g  l ine  ahd above t h a t  pressure becomes enant iot ropic.  The 

A - N  l ine  takes a negat ive  curvature  throughout and the A phase having a 
d 

temperature  independent d (dl1 = 1.15) gets bounded a t  a pressure o f  540 bar. 

I n  f ig. 4.17 we have also represented the P value obtained for  th is  compound 
m 

and it is seen tha t  the  data f i t s  very well. 

F r o m  these resul ts  i t  is seen t h a t  pressure inf luences the A and A 1  phases 
d 

d i f fe rent ly .  I t  destabi l izes the A phase causing the  nemat i c  phase t o  reenter  
d 

a t  a lower  temperature.  F o r  the A1 phase, on the  otherhand, the  s tab i l i t y  

increases w i t h  increasing pressure i n  b o t h  8 OBCAB and 9 OBCAB. A s imi la r  

e f f e c t  was observed even i n  the  monolayer A phases o f  compounds whose mole-  

cules do no t  possess a st rong polar  end group.29 I t  m a y  be ment ioned here 

t h s t  the resul ts  o f  t he  pressure studies on 9 OBCAB agree w i t h  those obtained 

b y  Cladis i n  a s imi la r  system. 
3 0 

Our  studies show tha t  a l though pressure does have the e f f e c t  o f  destabi-  

l i z i ng  the  A phase i n  a l l  t e rm ina l l y  po lar  l iquid crystals, the occurrence o f  
d 

reent rant  nemat i c  is c lear ly  less favoured i n  two phenyl  r i n g  systems. The 

resul ts  also demonstrate t h a t  the pressure behaviour o f  the  smec t i c  A phases 

is closely re la ted  t o  the ex ten t  o f  i n te rd ig i t a t i on  o f  molecules. The l a t t e r  

po in t  is n ice ly  demonstrated i n  our exper iments on b ~ n a r y  m ix tu res  (Chapter  VI). 
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