
C H A P T E R  - V 

EXPERIMENTAL STUDIES ON TERMINALLY NITRO SUBSTITUTED COMPOUNDS 

5.1 Introduction 

As we saw i n  the last  chapter a la rge number o f  compounds w i t h  a te rm ina l  

cyano group exh ib i t  reen t ran t  behaviour. B u t  rather surpr is ingly the  reent rant  

nemat ic  phase was n o t  observed t i l l  r ecen t l y  i n  compounds hav ing a n i t r o  group 

a t  one end o f  t he  molecule. The X r a y  investigations on cyano compounds have 

shown tha t  an essential condi t ion f o r  t he  appearance o f  reen t ran t  phases is the 

1 
presence o f  a b i layer  structure. Even  i n  the  n i t ro  compounds presence o f  such 

bi layer s t ruc tu re  has been observed;2 b u t  reent rant  phases were  n o t  found i n  

these.3 This is  ra the r  in t r igu ing because the magni tude o f  the  long i tud ina l  compo- 

nent  o f  the te rm ina l  dipole - wh ich  plays a highly dominant  ro le  i n  inducing re-  

entrance - is a lmost  the  same fo r  b o t h  the cyano and n i t r o  groups (about 4.2 

4 
Debye ). Acco rd ing  t o  Sigaud e t  a15 t h e  absence of reent rant  phases i n  substances 

w i t h  a te rm ina l  n i t r o  group should be due t o  the larger s ize o f  t he  n i t r o  group 

as compared w i t h  the cyano one. 

The f i r s t  observation o f  occurrence o f  reent rant  nemat i c  phase i n  te rm i -  

na l ly  n i t r o  subst i tu ted compounds was b y  P e l z l  e t  a la6   he^ found t h a t  three 

b inary  systems - b o t h  the const i tuents being n i t r o  compounds i n  each case - 

exh ib i t  the Nre phase. Phase diagrams obtained by them are  g iven i n  figs. 5.1, 

5.2 and 5.3. Curiously, every const i tuent  compound o f  these b inary  systems 
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Figure  5.1 Isobar ic  b inary  phase diagram o f  the 6 t h  and 9 t h  homologues o f  
4-n-alkyloxyphenyl-4'-nitrocinnamates ( f r o m  ref .  6) 
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Figu re  5.2 Tempera tu re- concen t r a t i on  phase  d iagram of t h e  m i x t u r e s  of 7 t h  
and  8 t h  homologues o f  4-n-alkyloxyphenyl-4 '- ni trocinnamate (ref .  6) 
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Figure 5.3 Temperature-concentrat ion phase diagram of 

4-n-hexyloxy-phenyl-4'-nitrocinnarnate and 

4-n-decyloxybenzoyl-4'-nitroacetophenone ketoxirne 
(from ref. 6) 



has t w o  a romat i c  r ings w i t h  the longi tudinal  component o f  the  br idg ing dipole 

being disposed i n  a d i rec t ion  opposite w i t h  respect  t o  the  n i t r o  end dipole. This 

was fo l lowed by the f i r s t  observat ion o f  reen t ran t  phenomenon i n  a single compo- 

nent  n i t r o  system by T inh e t  aL7 H e r e  again the dipole moments  o f  br idging 

groups opposed tha t  o f  the te rm ina l  N O  group. A f t e r  th is  qu i te  a f e w  n i t r o  2 

compounds showing N phase have been synthesised ( fo r  example, see ref .  8-10). 
r e  

The chemica l  fo rmulae o f  a l l  the th ree phenyl  r ing  single component n i t r o  com- 

pounds tha t  a re  known 
7-10 

t o  exh ib i t  the Nre phase are l i s ted  i n  Table 5.1. 

I t  is obvious t h a t  i n  every one o f  these, the longi tudinal  component o f  the br idg ing 

dipole closest t o  the  a l iphat ic  chain o f  the molecule opposes t h a t  o f  the n i t r o  

end dipole. On the basis o f  these it has been repeatedly 7-10 s ta ted  t h a t  a te r -  

mina l ly  n i t r o  subst i tuted compound i n  wh ich  bo th  the  br idg ing group dipoles are 

add i t i ve  w i t h  respect  t o  the n i t r o  end dipole should n o t  show reentrance.  

In th is  chapter  we present  the  resul ts  o f  our h igh  pressure, X r a y  and mis-  

c i b i l i t y  studies on a t r i a r o m a t i c  te rm ina l l y  subst i tuted n i t r o  compound, namely,  

4-nitrophenyl-4'- (4"-n-hexyloxy benzoy1oxy)benzoate (or 6 ONPBB fo r  short) i n  

wh ich  a l l  the dipoles are  add i t i ve  w i t h  respect  to  the n i t r o  end group. These 

resul ts  show t h a t  this compound has a l a ten t  reent rant  nemat i c  phase. We also 

present i n  th is  chapter  the resul ts  o f  our d ie lec t r ic  studies on th is compound. 

Final ly ,  f o r  the  sake o f  comparison, th is  chapter  a l so -g i ves  the  resul ts  o f  our 

studies on a b ia romat i c  n i t r o  compound, namely, 4-nitrobenzylidene-4'-n-octyloxy 

ani l ine (NBOOA) i n  wh ich  the l inkage group dipole opposes the te rm ina l  n i t r o  

dipole. The resul ts  o f  t he  l a t t e r  studies support one o f  the  general izat ions quoted 

earl ier,  viz., t h a t  reentrance is more  favoured i n  three aromat ic  compounds 

than in  two  a romat i c  ones. 



TABLE 5.1 93 

Chemical  s t r u c t u r e s  of some  single component  ni tro sys t ems  which exhibi t  Nre phase  

r 



5.2 Materials 

Fig. 5.4 shows the chemica l  s t ructures o f  t he  t w o  compounds studied, 

viz., 6 ONPBB and NBOOA wh i le  the i r  t rans i t ion  temperatures are l i s ted  i n  Tables 

5.2 and 5.3 respectively. B o t h  the  compounds exh ib i t  smec t i c  A and nemat i c  

phases a t  1 bar. 

5.3 Results and Discussion 

6 ONPBB - 

a) X r a y  Resul ts 

The va r ia t i on  o f  the layer  spacing (d) as a func t i on  o f  temperature  is 

shown in  fig. 5.5. I t  is seen t h a t  w i t h i n  the  exper imenta l  l i m i t s  the value o f  

d remains unchanged throughout the  smect ic  A phase. The length  o f  the  molecu le  

(1) i n  i t s  most  extended con f igu ra t i on  as measured using a Dre id ing  model  is 

28.9 i. Thus the d / l  r a t i o  turns out  t o  be about 1.04 and hence the srnect ic  

A phase can be c lassi f ied as p a r t i a l l y  b i layer  (Ad) phase. 

b) Pressure Studies 

A s  the m a x i m u m  work ing  temperature  o f  our h igh  pressure c e l l  was about  

230°C, the  nemat ic- isotropic t rans i t ion  could no t  be fo l lowed under h igh pressure. 

Fig. 5.6 shows the P-T d iagram o f  6 ONPBB. The smec t i c  A-nemat ic  phase 

boundary has a negat ive slope even a t  1 bar and cur ls  towards the pressure axis 

w i t h  increasing pressure. Th is  resul ts  i n  the appearance o f  a reen t ran t  n e m a t i c  



Figure 5.4 Chemical  s t ructures  of 6 ONPBB (top) and NBOOA (bottom) 



T A B L E  5.2 

Trans i t ion  Temperatures o f  4-nitrophenyl-4'-(4"-n-hexyloxy benzoy1oxy)benzoate 

(6 ONPBB) 

Trans i t ion  Short  F o r m  Temperature  (OC) 

Solid - Srnectic A 

Smect ic  A - N e m a t i c  

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

K - SA 

S* - N 

N - I  



T A B L E  5.3 

Transi t ion Temperatures o f  4-n-nitrobenzylidene-4 '-octyloxy an i l ine  

(NBOOA) 

Transi t ion Short F o r m  Temperature  ( O C )  

Solid - Smect ic  A 

Srnectic A - N e m a t i c  

N e m a t i c  - Isotropic 



Figure 5.5 Temperature variation of layer spacing (d) in the smec t i c  A phase 
of 6 ONPBB 



Figure  5.6 P-T diagram of 6 ONPBB showing the A-N phase boundary  



phase i n  the pressure range 175-214 bar. Above a pressure o f  214 bar, the smect ic  

A phase is comple te ly  suppressed. The observation o f  t he  Nre phase below 175 

bar  is p revented by  the onset o f  crysta l l izat ion.  The existence o f  N phase 
r e  

a t  h igh pressure was con f i rmed  by  op t i ca l  microscopic observations of the  sample. 

The f a c t  t ha t  th is  compound exhib i ts  t h e  reent rant  nemat i c  phase a t  h igh  pressure 

supports the  X ray  results, namely, the smect ic  A phase o f  th is  compound is a 

pa r t i a l l y  b i layer  phase. 

We shal l  now analyse the shape o f  t he  P-T boundary. 

Thermodynamic analysis o f  the A - N  boundary o f  6 ONPBB i n  the P-T plane 

I t  m i g h t  be reca l led  t h a t  soon a f t e r  the  observation o f  reen t ran t  nemat i c  

13 
phase a t  h igh  pressure by Cladis e t  a1 a t tempts  were made t o  conduct  a thermo-  

dynamic analysis o f  the slope o f  the A - N  phase boundary. This was ca r r i ed  out  

by c l a r k 1 4  and independently by  K l u g  and whalley15. We shal l  b r i e f l y  summarise 

the  approach o f  Clark.  

The P-T diagram of  8 0 C B  used by  c l a r k 1 4  is shown i n  fig. 5.7. A long 

the phase boundary, the mo la r  Gibbs f r e e  energy d i f fe rence between the nemat i c  

and smect ic  A phases, viz., A G = G - GA is zero and the  Clausius-Clapeyron 
N 

equation may  be appl ied (assuming the t rans i t ion  t o  be f i r s t  order). Therefore,  

we have 



I SUPERCOOLED NEMATIC 

TEMPERATURE ?C) 
Figure 5.7 P-T diagram o f  80CB obtained by Cladis 13 



H e r e  A S and A v represent  the d i f fe rence i n  the  molar  entropy and m o l a r  volume 

between the nemat ic  and smect ic  A phases respectively. I n  fig. 5.7 i t  is  seen 

t h a t  [ 6 ~ / 6 ~ 1  AG=O is pos i t i ve  a t  P = 1 bar. Hence A V>O ( ~ S A S > O )  a t  atmospher ic 

6 P  - 1  pressure. As the  pressure is  increased, [ --- ] approaches zero and changes 
b f  AG=O 

sign, thereby imp ly ing  t h a t  A V = 0 a t  1.6 kbar  & 8J°C and becomes negat ive  

a t  higher pressures. De f in ing  the  compressib i l i ty  of a phase as B = [av/ap ] one 
T 

can conclude f r o m  the above tha t  AB=B - B is negative. Since, b o t h  B and 
N A N 

BA are negat ive we have 16 B A l .  I f  we cont inue around the phase boundary 

6 P 
( - )  approaches zero and changes sign. This impl ies t h a t  A S goes through 

B T  AG=O 

zero ( AS = 0 a t  P = P = 1.84 kbar, T = 77OC) and becomes negative. Therefore 
m 

bo th  A S and A V a re  negat ive  i n  the  reen t ran t  po r t i on  o f  the phase boundary. 

Since the spec i f i c  heat  C = T (B ) , the f a c t  t h a t  AS decreases w i t h  decrea- 
P a T  P 

sing temperature  impl ies  t h a t  the d i f fe rence i n  the speci f ic  heat  between the 

nemat ic  and smect ic  A phases a t  the phase boundary, i.e., a C P  = C - C 
P"' P A  

is positive, hence one has C C 
p N >  PA'  

The shape o f  t he  phase boundary m a y  be quant i ta t ive ly  re la ted  t o  the  thermo-  

dynamic parameters o f  t he  t w o  phases by  obtain ing an expression f o r  t he  pressure 

and temperature  depedence o f  the d i f fe rence i n  the Gibbs f ree  energy be tween  

the nemat ic  and smec t i c  A phases, i.e., expressing A G i n  te rms o f  P and T. 

I n  the v i c ~ n i t y  o f  some re ference po in t  (Po,To), A G  m a y  be expressed i n  a Tay lor 's  

series as 



where the  fo l l ow ing  nota t ions  are  used: 

The neg lec t  o f  h igher order te rms i n  apply ing equation [2] is  equivalent  t o  assuming 

tha t  A a  , A @  and A C p  are su f f i c ien t ly  independent o f  P and T over the  range 

o f  pressure and temperature  considered here. The N-SA phase boundary in 

the P-T plane is  obtained f r o m  equat ion [2] by  se t t ing  A G  t o  zero and so lv ing  

f o r  P(T). Expanding and rear rang ing equat ion [Z], we have 

2 2 
aP + bT + cPT + dP + eT + f = 0 [41 

where a = A B / Z A G ~  

b = - A C ~ / ~ T ~ A G ~  

c =Act / AGO 

d = - (A$ /  A G ~ ) P ~  - ( A ~ A G ~ ) T ~  = -Zap0 - cTo 

e = ( ACp/AGo)  - ( A a / b  G ~ ) P ~  = - 2bT0 - cPo 

f = I + ( A B  I 2  A G ~ ) P ~  + (Act I A Go)PoTo - ( A Cp/2 A Go)To 

= I + a ~ z  + cPoTo + b ~ i  



Equat ion  (4) is the general equat ion o f  a conic section. Thus e l l i p t i c a l  phase 

boundaries can be obtained f r o m  equation (4) i f  

i )  c2 - 4ab < O  

i i )  bo th  a and b are  e i the r  posi t ive o r  negative. 

The re ference po in t  (P  T ) tu rns  out  t o  be the  cent re  o f  the ellipse. 
0' 0 

The f i t  o f  the  data  o f  Cladis e t  a l l 3  t o  an el l ipse was the re fo re  a t t e m p t e d  

b y  c la rk .14 The sol id l i ne  i n  fig. 5.7 shows this f i t  and i t  is seen t h a t  the  f i t  

is ex t reme ly  good. ~ a 1 k u i - a ' ~  has ca r r i ed  o u t  a s imi la r  f i t  using the  P-T data 

f o r  8 single component systems exh ib i t ing  the  N phase a t  1 bar. The f i t  o f  r e  

the data t o  an el l ipse seem t o  be good f o r  a l l  these cases. 

We shal l  now ca r ry  out  a s imi la r  f i t  using our data o f  60NPBB.  F o r  the 

sake o f  ease o f  computat ion,  we have reduced the number o f  constants i n  equat ion 

(4) by  d iv id ing throughout b y  f, so tha t  equation (4) now reduces t o  the  f o r m  

where a' = a/f ,  b '  = b / f  and so on. 

The computatior ls have been done using the  ELLIPSE M A T M U L  Prog ram on a 

LS1 The constants evaluated f o r  the P,T data o f  6 ONPBB is shewn 

i n  Table 5.4. The curve drawn using these constants is shown i n  f ig. 5.8. F r o m  

Table 5.4 and fig. 5.8, i t  is c lear  t h a t  the shape o f  t h e  A - N  boundary o f  6 ONPBB 



TABLE 5.4 

Computed values f o r  the  coef f ic ien ts  i n  equat ion (4) 

( f o r  detai ls  see the tex t )  

Po  kbar To OC a ' x  10 b ' x 1 0  c ' x l o 4  d ' x 1 0 ~  e ' x 1 0  3 





is an ellipse. The f i t  o f  t he  data po in ts  t o  the equation o f  an  el l ipse is  indeed 

- ver.y good. A n  ex t rapo la t ion  o f  th is  f i t t e d  phase boundary t o  a tmospher ic  pressure 

gives a v i r t ua l  N - A  t rans i t ion  temperature  o f  103OC. r e  d 

c )  M isc ib i l i t y  Studies 

I n  order to  c o n f i r m  the resul ts  o f  pressure studies, m i s c i b i l i t y  studies o f  

6 ONPBB have been done w i t h  a compound (9 OCPBB) wh ich  has a Nre phase 

a t  1 bar. As the  smec t i c  A phase o f  t he  l a t t e r  compound i.e., 9 OCPBB is also 

a pa r t i a l l y  b i layered one,'' one wou ld  expect  the smect ic  A phases o f  the  t w o  

compounds t o  be miscible. The temperature-concentrat ion phase d iagram obtained 

f o r  th is  sy tem is shown in fig. 5.9. R a t h e r  surprisingly, the A phases get  sepa- 

r a t e d  i n  the concent ra t ion  range 0.3 <- X < 0.44, where X is the  m o l e  f r a c t i o n  

o f  9 OCPBB i n  the  mix ture .  I t  may  be reca l led  here tha t  a s im i la r  instance 

o f  the A d  phases o f  the  cyano and n i t r o  compounds ge t t i ng  separated l ed  t o  . 
the observation o f  an A - A  transition.'' Going back t o  fig. 5.7, we see tha t  

d d 

the  Nre is observed even f o r  m ix tu res  wh ich  are ,  r i c h  i n  6 ONPBB. The crys ta l -  

l i za t i on  line, wh ich  cu ts  the  A - N  p o r t i o n  o f  the phase boundary f o r  X - 0.1 
r e  

prevents the occurrence o f  the  N phase f o r  concent ra t ion  be low X = 0.1. 
r e  

An ex t rapo la t ion  o f  the  A - N  phase boundary t o  X = 0 gives the  v i r t u a l  A - N r e  
r e  

t rans i t ion  temperature  of 105OC f o r  6 ONPBB which is i n  reasonably good agree- 

m e n t  w i t h  the  value obtained (103OC) f r o m  the  pressure studies. Th is  emphasises 

the  f a c t  t ha t  the  possib i l i ty  o f  ge t t i ng  the  reent rant  nemat i c  phase a t  1 bar  

i n  te rmina l ly  subst i tu ted n i t r o  compounds i n  wh ich  the  long i tud ina l  components 

o f  the  br idg ing group dipoles are add i t i ve  w i t h  respect t o  the  n i t r o  end dipole 

is  a d is t inc t  possibi l i ty. 
f 



Figure 5.9 Temperature-concentrat ion diagram ( a t  1 bar) for  binary mixture 
of 6 ONPBB and 9 OCPBB. X is the mole f rac t ion of 9 OCPBB 
in the mixture 



d) D ie l ec t r i c  S tudies  

Since t h e  f i r s t  s y s t e m a t i c  measu remen t s  on dialkoxy s u b s t i t u t e d  a z o  and  

azoxybenzenes  by Maier  and  ~ e i e r , "  t h e r e  have  been a number  of s tud ies  on 

t h e  d i e l ec t r i c  p rope r t i e s  of liquid c rys t a l s  (for  t h e  l a t e s t  r ev i ew  s e e  ref  19). 

In s trongly polar  compounds,  a s  ment ioned  ea r l i e r ,  t h e  cor re la t ion  b e t w e e n  neigh- 

bouring molecules  is ant iparal lel .  An impor t an t  consequence of such  assoc ia t ions  

of t h e  molecule  is t h a t  t h e  m e a n  d i e l ec t r i c  cons t an t  7 in t h e  mesophase  becomes  

less  than  t h e  i so t ropic  va lue  ( c i s  ), because  of t h e  dec rease  in an t ipa ra l l e l  o rder ing  

in t h e  isotropic phase. H e r e  Z is t h e  ave rage  d i e l ec t r i c  c o n s t a n t  def ined  a s  
- 
E = [ E l l  + Z E ~  / 3 , and   being t h e  principal  d ie lec t r ic  c o n s t a n t s  para l le l  and  

perpendicular  t o  t h e  d i rec tor .  R a t n a  and  ~ h a s h i d h a r ~ ~ ' ~ ~  have  expe r imen ta l l y  

verif ied t h a t  is less than  t h e  ex t r apo la t ed  isotropic value in a number  of cyano 

compounds. T h e  expe r imen ta l  curves  a l so  showed t h a t  C a s  well a s  E. (ex t rapo-  
IS 

l a t e d  value) dec rease  wi th  dec rease  in t e m p e r a t u r e ,  which again may  be  a t t r i b u t e d  

t o  t h e  increase  of an t ipara l le l  ordering a t  lower tempera tures .  

Apa r t  f r o m  t h e  s t a t i c  values, t h e  f requency  dependence  of t h e  d i e l ec t r i c  

pe rmi t t i v i t y  is impor t an t  in understanding t h e  dynamics  of t h e  sys t em.  E,, and 

 exhibit d i f f e r en t  f requency  dependencies .  €,-has a re laxa t ion  in t h e  mic rowave  

region only where  a s  ell shows a re laxa t ion  in t h e  low f r equency  region also. 

T h e  re laxa t ion  f r equency  f is proport ional  t o  exp(-W/k T), w h e r e  W is t h e  
R B 

t o t a l  ac t iva t ion  ene rgy  -for d ie lec t r ic  relaxat ion,  k is t h e  Bo l t zmann  cons t an t  B 



and T is the absolute temperature. A plot of In f R  versus T should hence .be 

a straight line, the slope of which gives the activation energy W. Thus, the 

total activation energy can be calculated by measuring the temperature variation 

of f R  of E l l  

The dielectric constant E is actually a complex quantity given by 

I E = E + i E"  . The real part E '  describes the static dielectric constant whereas 

the imaginary part ( E" ) describes the dielectric losses associated with the relaxa- 

tion process. 

K.S.Cole and  ole^^ suggested a graphical representation (now known 

as the cole-cole plot) of E' versus E" to indicate the nature of relaxation. The 

points ( E', E'? lie on a semicircle with the centre on the E' axis. Deviations from 

the semicircle plot indicate a distribution of relaxation times. 

- 

As our interest in this chapter is about reentrant nematogens, we shall 

summarise some of the salient features concerning the dielectric results of such 

compounds available in the literature. 23,24 

1. The average dielectric constant E in the nematic phase is less than 

- 
the extrapolated isotropic value ( cis ). The difference between E and 

E .  increases as the temperature is lowered indicating an increase in 
1 S 

the antiparallel associations. 

2. There is a continuous increase of anisotropy A E  = E,, with decrease 

of temperature throughout the nematic, srnectic A and reentrant nematic 



p h a s e s .  

3. The  ac t iva t ion  energy  W in t h e  n e m a t i c  and  r e e n t r a n t  n e m a t i c  phases  

a r e  qu i t e  d i f f e r e n t ;  t h e  l a t t e r  being higher in all  t h e  cases.  This w a s  

in f a c t  t h e  f i r s t  expe r imen ta l  ev idence  t h a t  t h e  mo lecu la r  assoc ia t ions  

in t h e  two n e m a t i c  phases a r e  d i f f e r en t  

With this  in t h e  background, w e  now present  t h e  r e su l t s  of t h e  d i e l ec t r i c  

s tud ies  of 6 ONPBB which w e  have  shown t o  have a l a t e n t  r e e n t r a n t  nema t i c .  

Fig. 5.10 shows t h e  plot  of t h e  s t a t i c  d i e l ec t r i ccons t an t s  along ( E , ,  ) a n d  

perpendicular  ( El ) t o  t h e  d i r ec to r  aga ins t  t empera tu re .  Also p lo t t ed  in t h e  

s a m e  d i ag ram a r e  t h e  ca l cu l a t ed  anisotropy A &(=El,- El ) a n d  t h e  a v e r a g e  d i e l ec t -  

- 
r i c  pe rmi t t i v i t y  E [ =(E,, 1 2  9/81. I t  is ev ident  f r o m  t h e  s t r u c t u r a l  fo rmula  shown 

in fig. 5.4 t h a t  t h e  bridging group dipoles a r e  or ien ted  addit ively wi th  r e spec t  

t o  t h e  n i t ro  end  dipole and  hence  a la rge  value of t h e  d i e l ec t r i c  cons t an t  is 

seen  along t h e  director .  As s een  in fig. 5.10 €, ,exhibi ts  a smoo th  var ia t ion  r igh t  

through t h e  A-N transi t ion and  increases  monotonical ly w i th  decreas ing  t e m p e-  

r a tu re .  The  va lue  of EL also increases  wi th  decreas ing  t e m p e r a t u r e  but  unlike 

E,, shows a smal l  dec rease  ( abou t  2%)  a t  t h e  A-N transi t ion.  This e f f e c t  of  

€*is r e f l e c t e d  in A E a n d  E also. I t  may  be  noted t h a t  A E shows a continuous 

i nc rease  and  does  no t  g e t  s a t u r a t e d  in t h e  Ad phase. 

D ie l ec t r i c  Relaxa t ion  Resu l t s  

R e p r e s e n t a t i v e  co le-co le  d i ag rams  in t h e  s m e c t i c  A and  n e m a t i c  phases  



Figure  5.10 Temperature  va r ia t i on  o f  s ta t i c  d ie lec t r i c  constant  E,, and 
and the d ie lec t r i c  anisotropy A E  (=E,,- E ~ )  i n  the  A and N phases 
o f  6 ONPBB. The diagram also shows the va r ia t i on  of F (= %+-24 
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a r e  shown in fig. 5.11. I t  is s een  t h a t  t h e  points (E',E") lie on a s emic i r c l e ,  with 

t h e  c e n t r e  on t h e  E' axis,  which ind i ca t e s  t ha t  t he re  is only a s ingle re laxa t ion  

of €,,'in t h e  low f requency  region. 

A plot  of re laxa t ion  f requency  f versus 1/T is shown in fig. 5.12. L inea r  
R 

l eas t  square  f i t s  of t h e  d a t a  points  in t h e  nema t i c  and  s m e c t i c  phases  yield t h e  

values of ac t i va t ion  energy of 0.50 eV a n d  0.55 eV f o r  t h e  two  phases  respect ively.  

This resu l t  (WN < WAd) is a t  va r i ance  w i th  t h e  d a t a  ava i lab le  in t h e  l i t e r a t u r e  

(WN3 WAd). T h e  reason  for  this  unusual behaviour is no t  c lear .  

5.3.2 NBOOA 

This compound is t h e  n i t ro  ana logue  of CBOOA, whose  p rope r t i e s  have  

been ex tens ive ly  studied. The  compound exhibi ts  s m e c t i c  A and  n e m a t i c  phases 

a t  1 bar  ( see  Table  5.3). The l aye r  spac ing  in the  A phase i s  31.6i .  The  length  

of t h e  molecule  in i t s  mos t  ex t ended  conformat ion  measu red  using a model  c a m e  
0 

o u t  to  be 25.3A. T h u s ,  t h e  d/l r a t i o ,  which we have  a s c e r t a i n e d  t o  be  ternpe-  

r a t u r e  independent ,  is 1.25. Hence  t h e  A phase can  be  c h a r a c t e r i s e d  a s  a par t ia l ly  

bi layer  A(Ad) phase. 

CBOOA, a s  w e  saw in t h e  l a s t  chap te r ,  exhibi ts  a Nre phase  a t  high pres- 

sure. H e n c e  i t  was  na tura l  t o  e x p e c t  a s imilar  behaviour fo r  NBOOA. Also, 

in NBOOA t h e  bridging group dipoles  oppose t h a t  of t h e  n i t ro  e n d  group and  

a s  we men t ioned  in t h e  in t roductory  p a r t  of t he  chap te r  i t  is a s t rong  cand ida t e  

t o  show a r e e n t r a n t  behaviour. With this  in view w e  pe r fo rmed  high pressure  





-- 

F igu re  5.12 P l o t  o f  f requency o f  re laxa t i on  ( f R )  versus 1 / T  in t h e  A and N phases o f  

6 ONPBB 



s tudies  on th i s  compound. The  p re s su re- t empera tu re  phase  d i ag ram is shown 

in fig. 5.13. It  c a n  be  s een  t h a t  t h e  A-N transi t ion which is enan t io t rop ic  a t  

lower  pressures,  becomes  monot ropic  beyond about  1.8 kbar. Final ly a t  abou t  

2 kbar, t h e  c rys ta l l iza t ion  l ine c u t s  A-N line and the reby  t h e  A phase c e a s e s  

t o  ex is t  f o r  pressures  beyond 2 kbar. Also t h e  A-N t rans i t ion  boundary is p r ac t i -  

cal ly l inear  th roughout  and  t h e  absence  of any  cu rva tu re  of t h e  boundary prec ludes  

t h e  possibility of observing t h e  Nre phase. This resul t  shows t h a t  t h e  occu r r ence  

of t h e  r e e n t r a n t  nema t i c  phase is c lear ly  less  favoured  in two  phenyl ring s y s t e m s  

than  in t h r e e  phenyl ring ones  even  in terminal ly n i t ro  subs t i t u t ed  compounds. 
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