
CHAPTER I11 

MULTICRITICAL POINTS IN SINGLE COMPONENT 

LIQUID CRYSTALLINE SYSTEMS 

3.1 Introduction 

There  is a g r e a t  deal  of c u r r e n t  i n t e r e s t  in rnul t ic r i t i ca l  points  in liquid 

crystals .  T h e  subjec t  m a t t e r  of th i s  c h a p t e r  cen t r e s  main ly  on t h e  n e m a t i c  

- s rnec t ic  A - s m e c t i c  C mul t ic r i t i ca l  point.  

The  s c h e m e  of presenta t ion  is a s  follows: A brief descr ip t ion  of t h e  "Lifshitz 

Point" is given, fol lowed by a discussion regard ing  t h e  observa t ion  of t h e  n e m a t i c  

- s rnec t ic  A - s m e c t i c  C rnul t ic r i t i ca l  point  (or  NAC poin t )  in binary liquid 

c rys t a l  mixtures.  Finally, our  own observa t ions  of t h e  r e e n t r a n t  n e m a t i c  - 

s m e c t i c  C - s rnec t i c  A (RN-C-A) a n d  NAC mul t ic r i t i ca l  po in ts  in s ingle cornpo- 

nen t  liquid c rys ta l l ine  sys t ems  a r e  presented.  A shor t  s u m m a r y  of t h e  p re sen t  

theore t ica l  understanding of t h e  NAC poin t  is also given. 

3.1.1 Li fsh i tz  P o i n t  

1 
Hornreich,  Luban and  Shtr ikrnan introduced a new rnult icr i t ical  point ,  

which they  n a m e d  a s  t h e  "Lifshi tz  Point", whose c r i t ica l  behaviour is strikingly 

d i f fe ren t  f r o m  any  r epo r t ed  previously. In order  t o  i n t roduce  this  Li fsh i tz  

Point ,  Hornre ich  e t  a1 considered t h e  b a r e  f r e e  energy  dens i ty  expression f o r  

a n  isotropic sys t em,  described in t e r m s  of a s ca l a r  order  p a r a m e t e r  M, 



The po in t  a t  wh ich  the c o e f f i c i e n t  cl changes sign and c is pos i t i ve  is  t he  
2 

L i f s h i t z  Point.  A n  example o f  a phase diagram exh ib i t ing  such a L i f s h i t z  P o i n t  

is  g iven i n  fig.3.1. F r o m  the f igure  i t  is  seen tha t  as one moves f r o m  1 t o  

2 along the X l i ne  o f  second order  phase transit ions by  vary ing a parameter  

P, the  ordered s ta te  changes f r o m  fer romagnet ic  t o  hel icoidal.  This cou ld  

be achieved, fo r  example, b y  vary ing the  pressure o r  composi t ion o f  alloys. 

The wave vec to r  k character is ing the  hkl icoidal  s t ruc tu re  increases c o n t i - .  

nuously f r o m  i< = 0 a t  the L i f s h i t z  Po in t  L. 

3.1.2 N A C  M u l t i c r i t i c a l  Po in t  

The NAC m u l t i c r i t i c a l  po in t  was f i r s t  theore t ica l ly  p red ic ted  and found 

l a t e r  exper imental ly .  When it was i n i t i a l l y  suggested, the  t w o  proposed expla- 

nat ions were  very d i f fe rent .  C h u  and ~ c ~ i l l a n '  (CM) proposed a model  i n  

wh ich  smec t i c  C had the dipolar  order  parameter  o f  McMi l lan ls  theory,' wh i le  

the  ' smec t i c  A order parameter  was the  one-dimensional density wave o f  

Kobayashi, M c M i l l a n  and de ~ e n n e s . ~  T i l t  o f  the  d i rec to r  away f r o m  the layer  

norrnal enters the  CM model  somewhat inc idental ly  through a gradient  t e r m  

coupl ing the t w o  order parameters. Chen and ~ u b e n s k ~ )  ( C L )  found a N A C  

po in t  in a model  where the only order parameter  was the one-dimensional density 

wave. T i l t  o f  the  d i rec tor  r e l a t i v e  t o  the  layer n o r m a l  is  a cen t ra l  f ea tu re  

o f  th is  mode l  and the N A C  po in t  is obtained when the coe f f i c i en t  o f  the  trans- 

verse gradient  t e r m  becomes negative. The model p red ic ted  a phase d iagram 

as shown i n  fig.3.2. 
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Figure 3.1 Schemat i c  phase d iagram of a magnet ic  sys t em exhibi t ing a Li fsh i tz  

point  L. The curve  1-2 is t he  X line o f  second-order  phase t ransi-  
tions. The upper f i gu re  shows the equil ibt ium wave vec to r  k o f  
t h e  helicoidal and f e r romagne t i c  phases on t h e  A l ine ( f rom ref.1) 



F igu re  3.2 Phase diagram o f  the  system showing NAC po in t  p red ic ted  by the  
CL model  (a) be fo re  (b) a f t e r  re f inement  ( f r o m  ref .  5 )  



Di f fe rences  between the t w o  models are qu i te  substantial. I n  the C L  

model, f o r  example, the N A C  po in t  is a type (m = 2) o f  L i f s h i t z  point,  wh ich  

leads t o  the  pred ic t ion  t h a t  the  X r a y  scat ter ing  i n  the nemat i c  phase near  

- 4 
the N A C  po in t  fa l l s  o f f  i n  the  transverse d i rec t ion  as q ra the r  than the  

1 ' 
- 2 

usual q behaviour pred ic ted by  the  C M  model. Fur thermore,  the  nemat i c -  
1 

smect ic  C (NC)  t rans i t ion  ent ropy is  zero i n  the CM model, bu t  is expected 

1,6-8 
t o  be f i n i t e  i n  the  C L  model  owing t o  f luctuations. 

The f i r s t  exper imenta l  observat ion o f  the N A C  po in t  was by Johnson e t  

a ~ . ~  Us ing d i f f e ren t i a l  scanning ca lo r ime t ry  and the rma l  microscopy, they  

repo r ted  tha t  t he  temperature- concent ra t ion  (T-X) d iagram o f  octy loxy-and 

hepty loxy-p-penty l  phenyl t h io l  benzoate (555 and 755)  exh ib i ts  a N A C  po in t  

- 
(fig. 3.3). One o f  these compounds, namely, 8S5 shows nemat ic ,  srnectic A 

and smect ic  C phases, wh i le  the  o the r  (755) shows only nemat i c  and srnect ic  

C phases. Add i t i on  o f  7'55 t o  555 decreases the smect ic  A range and f i na l l y  

f o r  concentrat ions above 42% o f  i s 5  ( m o l e  % -), the nemat i c  phase d i rec t l y  

goes t o  the smec t i c  C phase resu l t ing  i n  a N A C  point.  D i f f e r e n t i a l  scanning 

ca lo r ime t ry  exper iments l ed  t o  the  fo l l ow ing  observations: 

a) A - C  t ransi t ions are  continuous and do n o t  show any pre t rans i t iona l  

ef fects.  

b)  A - N  t ransi t ions are continuous and show strong pre t rans i t iona l  e f fec ts  

wh ich  vanish as the N A C  po in t  is approached (see fig.3.4b). 

c )  N- C transi t ions are weakly f i r s t  order and show very  weak pretransi-  

t iona l  e f f e c t s  (see fig.3.4a). The N C  t rans i t ion  entropy vanishes 
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Figure 3.3 Isobaric temperature-concentrat ion phase diagram of 8 5 5  and 7 5 5 .  
Solid circles represent  phase transition temperatures.  The solid 
squares represent  the  NC transition entropy (from ref. 9 )  



COOLING (a) Nematic to 
Smectic C 
transitions 

0/100 20180 40160 

(b) Nematic to 

HEATING 
_____* 

Srnectic A 
transitions 

Figure 3.4 _a) DSC t races  of the nematic-smectic C transitions of several  
8 5 5 1 5 ~ 5  mixtures illustrating the rapid decrease of transition entropy 
as  the  mult icri t ical  point is approached. 

b) DSC t races  of the nematic-smectic A transitions of severa l  
mixtures of zS5 and 755. T h e i t r a c e s  show the  weakening of the  
transitions a s  the  mult icri t ical  point is approached. 

Numbers below the  t r aces  indicate the respective concentra t ions  
o f  855 and 7 ~ 5  in the  mixture (from ref. 9) 



a s  t h e  NAC point  is approached.  

d)  T h e  point  whe re  t h e  t h r e e  phase  t ransi t ion boundaries  (NA, NC and  

AC) m e e t  is a mul t ic r i t i ca l  point. A t  t h a t  point  t h e  t h r e e  phases  

b e c o m e  indistinguishable. 

9 
Johnson e t  a1 a l so  fo rmula t ed  a phenomenological  Landau theory t o  g ive  a 

qua l i ta t ive  descr ip t ion  of t h e  observed  phase diagram. Sigaud and  co-workers  
1 0  

independently r epo r t ed  ano the r  sys t em which showed a NAC point,  again in 

t h e  T-X plane. The  compounds used w e r e  4'-octyloxy-4-cyano biphenyl ( 8 0 C B )  

and 2p-n-heptyloxy amino f luorenone (70NE). The topology of t h e  phase d i ag ram 

9 
(fig.3.5) is apparent ly  d i f f e r en t  f r o m  t h a t  of Johnson e t  al. These  expe r imen t s  

w e r e  followed by a c c u r a t e  high resolut ion ca lo r ime t r i c  11'12 and  Xray  exper i -  

1 3  
ments ,  which pe rmi t t ed  explici t  comparisons with t h e  t heo re t i ca l  predict ions.  

1 4  
Recen t ly ,  Brisbin e t  a1 have  obta ined  high resolut ion phase d i ag rams  

of four  binary liquid c rys ta l  s y s t e m s  exhibi t ing t h e  NAC point.  Fig. 3.6 displays 

t he se  phase d i ag rams  in t h e  vicini ty of t h e  NAC points. I t  is s een  t h a t  t he se  

phase d i ag rams  have  subs tan t ia l  quan t i t a t i ve  d i f fe rences  b e t w e e n  them. Brisbin 

e t  a l l 4  a rgued  t h a t  t h e  reason fo r  this  c a n  be  threefold.  

- 

i) Mater ia l s ,  such a s  80CR, ne i the r  exhibit  t h e  s m e c t i c  C phase nor  

would they  even if supercooled  t o  very low t empera tu re s ;  thus a s l igh t  

i nc rease  in 8 0 C B  concen t r a t i on  s trongly suppresses  t h e  C phase and  

hence  t h e  A-C boundary. This is unlikely in t h e  c a s e  of 8 ~ 5  and 9S5 
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Figure 3.5 Isobaric temperature-concentrat ion phase diagram of 70NE-80CB 
system (from ref. 10) 
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F igu re  3.6 H i g h  resolut ion temperature  concent ra t ion  phase diagrams o f  

a) 4-n-pentyl-phenyl thiol-4'-nonylbenzoate (9s-5) and 
4-n-pentyl-phenyl thiol-4'-heptyloxybenzoate (7S5) 

b) 4-propionylphenyl- trans (4-n-pentyl)cyclohexane carboxy la te  (XC) 
and 4-n-octyloxyphenyl-4'-n-octyloxybenzoate (808) 

c) 4-propionylphenyl-trans(4-n-penty1)cy~lohexane carboxy la te  (XC) 
and 4-n-penty l-penty l  thiol-4'-heptyloxybenzoate ( 7 ~ 5 )  

d) 4'-octyloxy-4-cyanobiphenyl (80CB)  and 2p-n-heptyloxy-benzylidene 
amino f luorenone (70NE)  

The insets show the  d iagram close t o  the  N A C  po in t  ( f r o m  ref. 14) 



a s  t hey  e i t h e r  have  s m e c t i c  C phase o r  would have  i t  if slightly super-  

cooled; thus  t h e  A-C l ine is unsuppressed o r  only mildly suppressed.  

ii) The  ampl i tude  of t h e  leading singular i t ies  of t h e  AN and NC l ines  

vary by a f a c t o r  of abou t  4. 

iii) T h e  non singular  background slope on which t h e  s ingular i ty is super-  

imposed var ies  considerably and even  changes  sign ( s ee  dashed  l ine 

in f ig* 3.6). 

T h e  au thors  provided quan t i t a t i ve  ev idence  t o  show t h a t  inspi te  of gross  d i f f e-  

r ences  in global f ea tu re s ,  universal i ty  rules  nea r  t h e  NAC point. This  w a s  

done  in t h e  f o r m  of relat ionships be tween  t h e  p a r a m e t e r s  describing t h e  A N  

and  NC boundaries  ,viz., t h e  exponent  q a n d  t h e  ampl i t udes  ANA and  ANC, 

t h e  p a r a m e t e r s  being def ined  by t h e  following expressions. 

H e r e  X is t h e  mole f r ac t i on  of t h e  cons t i t uen t  having t h e  s m e c t i c  A phase.  

The  resu l t s  of f i t t i n g  t h e  d a t a  of Brisbin et  a1 t o  equat ions  [Za] and  [2b] 
\ 

wi th  and  wi thout  t h e  universal i ty  cons t r a in t s  on and  t h e  ampl i t ude  r a t i o  

a r e  given in Table  3.1. Solid lines in fig. 3.6 show t h a t  f i t s  cons t ra i -  
ANAJA NC 

ned t o  have  universal va lues  a r e  exce l l en t  e x c e p t  f o r  70NE/80C6 d a t a  which  

exhibi t  smal l  s y s t e m a t i c  deviat ions,  probably because  of expe r imen ta l  a r t e f a c t s  

a s  discussed above. Goodness of f i t  is  object ively ind ica ted  by t h e  sma l l  in- 



T A B L E  3.1 

Bes t - f i t  parameters and values o f  x f o r  f i t s  o f  data by  equations o f  the  f o r m  

o f  Eqs. (2). See the t e x t  f o r  detai ls  and discussion. Numbers  i n  parentheses 

exclude 70NE/8OCB. R = ANA/ANC (F rom ref. 1 4 )  



2 
crease o f  X t h a t  accompany the app l ica t ion  o f  universal i ty  constrani  ts. Dashed 

- l ines i n  the  f igures represent the  best  f i t  slope (B) t e r m  i n  equations [2a] and  

[Zb] w i t h  the  constra ints i n  e f fec t .  Sol id l ines through the  A C  data represent  

equations o f  the  f o r m  [2a] and [Zb] where in  the  values o f  B, X N AC and T~~~ 

obtained f r o m  t h e  N A / N C  f i t s  have been used, along w i t h  the  const ra in t  t h a t  

'IAC 
is universal  f o r  a l l  the  fou r  systems. Again the  f i t s  a re  very good. 

Thus Br isb in  e t  a1 showed t h a t  w i t h  a s imple choice o f  t h e  scal ing axes, t he  

N A C  diagrams exh ib i t  quan t i t a t i ve  universal i ty .  

Since a l l  these studies have been on binary systems, the  need arises t o  

observe the N A C  po in t  i n  a single component l iqu id  c rys ta l  system i n  the pres- 

sure- temperature (P-T) plane t o  tes t  the  concept o f  un iversa l i ty  near such 

a point,  since it is unl ikely t h a t  b o t h  density and concent ra t ion  f luc tuat ions  

would produce the same topological  d is tor t ion  o f  the  phase diagrams. W i t h  

a v iew t o  f i n d  such a point ,  i n  the  P- T  plane, Shashidhar e t  a1 5916 undertook 

exper iments on several systems. O f  par t icu lar  ment ion  a re  those on n-(4-n- 

- 
penty loxy  benzy1idene)-4'-n-hexylaniline (50.6), 855, 7 ~ 5  and the i r  mixtures.  

The P-T diagram obtained fo r  50.6 is  g iven i n  figs. 3.7 and 3.8. Though the  

range o f  the  smgct ic  A phase decrea4ed w i t h  increasing pressure, i t  never  

go t  bounded i n  the  range o f  the  pressure studied (about 8kbar). As al ready 

ment ioned m ix tu res  o f  755 and $55 show nematic, smect ic  A and smec t i c  C 

phases fo r  X 4 0.42 (where X i s  the  mo le  f rac t i on  o f  755  in the m ix tu re )  and 

only nemat i c  and smect ic  C phase fo r  X > 0.42, resu l t ing  thus i n  a N A C  po in t  

i n  the  T-X plane a t  X " 0.42. So bo th  the  pure compounds and the i r  b inary  
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Figu re  3.7 P-T d i ag ram of 50.6 upto  4 kbar  ( f rom ref .  15) 
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Figure 3.8 P-T diagram o f  50.6 f r o m  4 kbar t o  8 kbar ( f r o m  ref .  15) 



mix tu res  whose concent ra t ion  was close t o  X = 0.42 were considered t o  be 

po ten t i a l  candidates t o  observe a N A C  po in t  i n  the P-T plane. B u t  as it tu rned  

out  ne i ther  the  pure compounds nor  the i r  m ix tu res  could produce a N A C  p o i n t  

i n  the  P-T plane. 
16 

Cont inu ing the i r  e f f o r t s  t o  look  f o r  a N A C  po in t  i n  single component 

17,19 
systems, Shashidhar, Ka lku ra  and Chandrasekhar observed a new k i n d  o f  

m u l t i c r i t i c a l  point.  Pressure studies were  done on 4-(4"-n-decyloxy-benzoy1oxy)- 

ben~~lidene-4'-c~anoaniline~~ (hereaf ter  abbreviated as DOBBCA)  wh ich  has 

the  fo l lowing sequence o f  transit ions. 

These studies l e d  t o  the  f i r s t  observation o f  a m u l t i c r i t i c a l  po in t  ( R N- C- A  

point)  i n  a single component l i q u i d  c rys ta l l ine  system. The precis ion i n  these 

measurements d id  n o t  p e r m i t  de f i n i t i ve  conclusions regarding the  topology 

o f  the  phase boundaries i n  the  immed ia te  v i c in i t y  o f  the  R N- C- A  point.  I n  

this chapter  w e  present the precise data obtained close t o  the R N- C- A  point .  

This chapter  also describes the  resul ts  o f  t he  high resolut ion pressure studies 

on 4-n-heptacyl  phenyl-4'-(4"-cyanobenzoyloxy)benzoate (7APCBB f o r  short )  

wh ich  l e d  t o  the  f i r s t  observat ion o f  the N A C  po in t  i n  a single component 

system. F r o m  the h igh resolut ion P-T diagram of 7APCBB we shal l  show t h a t  

the topology o f  the  phase d iagram is indeed universal near the N A C  point.  

We shal l  also a t t e m p t  t o  expla in why the topology o f  the  R N- C- A  p o i n t  d iagram 

is apparently d i f fe rent .  



3.2 Mater ia l s  

a )  DOBBCA: The  chemica l  s t r u c t u r e  o f ,  this  compound is shown in fig.3.9. 

On cooling f rom t h e  isotropic phase i t  exhibi ts  the  nemat ic ,  s m e c t i c  A, s m e c t i c  

C and  r een t r an t  n e m a t i c  phases. Transi t ion t empera tu re s  a s  de t e rmined  by 

using a polarising microscope  equipped wi th  a programmable hot  s t a g e  (Met t l e r  

FP5/FP52), a r e  given in Table 3.2. 

b) 7APCBB: Fig.3.10 shows t h e  chemica l  s t ruc tu re  of 7APCBB. The  

transi t ion t e m p e r a t u r e s  of this  compound, which on cooling f rom isotropic phase 

shows nemat ic ,  s m e c t i c  A and s m e c t i c  C phases a r e  given in Table 3.3. 

3.3 Experimental :  

The  expe r imen t s  w e r e  car r ied  o u t  using the  high pressure  op t i ca l  cel l  

described in c h a p t e r  11. The  phase transi t ions w e r e  d e t e c t e d  by monitoring 
\ 

t h e  intensi ty of t h e  laser  light t r ansmi t t ed  by the  sample. Expe r imen t s  w e r e  

a lways  conducted along isobars  i.e., t h e  t ransi t ion t e m p e r a t u r e  w a s  de t e rmined  

by keeping the  pressure  cons t an t  and  varying the  t e m p e r a t y e  a t  a uniform 

ra te .  As ment ioned ear l ie r ,  t h e  a c c u r a c y  with which the  expe r imen t s  were  

17 
done on DOBBCA ea r l i e r  was  not  suf f ic ien t  t o  m a p  ou t  t h e  p rec i se  topology 

of t h e  phase d iagram in t h e  proxirr~i ty of t h e  RN-C-A point. In t h e  present  

exper iments  a pressure  t ransducer  (BLH, Waltham USA) has  been  used so t h a t  

pressure could be moni tored  and measured  electronical ly.  This improved the  

accu racy  of t he  pressure  measu remen t  significantly. The precision which was  



4 ( 4 - n  - decyloxy -benzoyloxy) benzylidene -4'cyanoanil ine 

Figure 3.9 Chemical structure o f  DOBBCA 

f 



T A B L E  3.2 

Transi t ion Temperatures (a t  atmospher ic pressure) o f  D O B B C A  

Transi t ion Short  F o r m  Temperature  (OC) 

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

Smect ic  C - Smect ic  A 

Smect ic  A - N e m a t i c  

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

R N- C  

C - A  

A - N  

N-I 

( ) indicates t h a t  t he  t rans i t ion  i s  monot rop ic  



4-n - heptacylphenyl - 4'- ( 4"- cyanobenzoyloxy) benzoate 

Figure 3.10 Chemical structure o f  7APCBB 



T A B L E  3.3 

Transi t ion Temperatures (a t  1 bar) o f  7APCBB 

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

Smect ic  C - Smect ic  A 

Smect ic  A - N e m a t i c  

N e m a t i c  - Isotropic 

C - A  

A - N  

N - I  



k15 bar  i n  the  ear l ie r  exper iments is improved to k0.3 bar. A lso  the  precision 

o f  the temperature  measurement is k0.025 K i n  the present  exper iments  com- 

pared t o  k0.05 K o f  t he  ear l ie r  exper iment.  The r a t e  o f  va r ia t i on  o f  tempe-  

ra tu re  was about  1 K/min .  

F o r  the 7APCBB exper iments f u r t h e r  improvement  i n  prec is ion  was incorpo- 

rated: the r a t e  o f  heat ing  was 0.25 K / m i n  and the accuracy o f  t he  temperature  

measurement was 20 m K  o r  bet ter .  I n  the  pre l iminary  exper iments  conducted 

w i t h  the  purpose o f  locat ing  the  N A C  po in t  i n  the P-T plane, the  accuracy 

o f  the pressure measurement was k0.7 bar. Fo r  obtain ing ve ry  precise data  

i n  the v i c in i t y  o f  the  N A C  point,  pressure had t o  be e labora te ly  mon i to red  

dur ing every run. I n  these h igh reso lu t ion  experiments, pressure was determined 

t o  a precis ion o f  t0.1 bar  and was constant  t o  w i t h i n  the same l i m i t s  dur ing 

any run. 

3.4.Results and Discussion 

3.4.1 Studies on  the  R N- C- A  Po in t  

The comp le te  P-T diagram o f  D O B B C A  obtained by  Shashidhar e t  a1 
17 

is  given i n  fig.3.11. It is seen tha t  the  range o f  the C phase w h i c h  is 11.I0C 

a t  1 bar  decreases drast ical ly  w i t h  increasing pressure and f i na l l y  a t  0.5 kbar, 

the  C phase is suppressed. This resul ts  i n  the  RN- C- A point.  As  remarked 

17 
al ready the precis ion o f  pressure measurements i n  the ea r l i e r  studies was 

n o t  su f f i c i en t  t o  make de f in i t i ve  s ta tements  concerning the  topology o f  the  

P-T diagram close t o  the RN- C- A point.  B u t  what  is unmistakable is t h a t  



T e m p e r a t u r e  ("C) 

Figure 3.11 P-T diagram o f  DOBBCA obtained by Shashidhar e t  a1 
17 



the  s ingular i t ies are  conspicuously absent. We shall now present  the  resul ts  

o f  our precise exper iments conducted t o  see i f  th is  is indeed true. 

F igure  3.12 gives the  resul ts  o f  our (more precise) studies obtained i n  

the  pressure range 0-800 bar. The R N- C- A  point  occurs a t  0.55 + 0.01 kbar 

and 86.8 0.I0C. We also conducted h igh pressure D T A  exper iments  ( f o r  detai ls 

o f  the exper imenta l  techniques see Ref.20) t o  determine the  na tu re  o f  t he  

t ransi t ions close t o  the  R N- C- A  point.  A very  high gain had  t o  be used and 

i t  was observed t h a t  bo th  the R N - C  and C - A  transit ions wh ich  are  second order 

a t  atmospher ic pressure, rema in  so r i g h t  up t o  the RN- C- A point.  The R N- A  

transit ion, w h i c h  exists only beyond 0.55 kbar was also found t o  be second 

order- l ike w i t h  somewhat larger pre t rans i t iona l  effects. 

We shal l  now consider the topology o f  the P-T diagram i n  the  immed ia te  

v i c in i t y  o f  t he  R N- C- A  po in t  as seen i n  the  enlarged version o f  t he  d iagram 

(fig.3.13). I t  m a y  be ment ioned here t h a t  the  transit ions become sharper as 

the  R N- C- A  po in t  is approached and, as a consequence, t h ~ :  accuracy  o f  the 

data close t o  t h e  R N- C- A  po in t  is  i n  f a c t  be t te r  :than t h a t  s ta ted  earl ier.  

The fo l lowing in teres t ing  features are seen from. the diagram (fig.3.13). 

1) The R N - C  and R N- A  boundaries are  col l inear a t  the  R N- C- A  point.  

N o  s inqular i t ies are observed. 

2) The C- A  boundary wh ich  is  i n i t i a l l y  straight, exhib i ts  a curvature  as 

i t  approaches the R N- C- A  point.  

I t  m a y  be reca l led  here t h a t  around the same t i m e  as our experiments, 

Sigaud e t  al2' repo r ted  the observat ion o f  a s imi la r  RN- C- A p o i n t  - they re fe r -  
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Figure  3.13 Enlarged  s ec t i on  of t h e  P-T d iag ram of DOBBCA in t h e  v ic in i ty  of 
t h e  RN-C-A mul t i c r i t i c a l  point.  N o  s ingular i t i es  a r e  s e e n  on t he  
RN-C o r  RN-A l ines  





r e d  t o  i t  as the  ' inver ted N A C  po in t '  - i n  the  T-X plane. Interest ingly,  the  

b inary  system studied by  them consisted o f  DOBBCA as one o f  the  const i tuents 

wh i le  the  o ther  compound was 4-cyanobenzylidene-4'-(4"-decyloxybenzoy1oxy)ani- 

line. These t w o  compounds a re  i den t i ca l  i n  thei r  molecu lar  s t ruc tu re  except  

t h a t  i n  the  l a t t e r  compound the  d i rec t i on  o f  the l i nk ing  Sch i f f  base (-CH=N-) 

group is reversed. Fig.3.14 shows the T - X  diagram obtained by  Sigaud e t  al. 
2 1 

F r o m  a qua l i t a t i ve  comparison between the P-T and T-X diagrams i t  is c lear  

t h a t  the  topology o f  the phase diagrams (close t o  the  R N- C- A  po in t )  looks 

similar. We w i l l  compare th is topology w i t h  t h a t  o f  the  phase diagrams showing 

the N A C  po in t  a t  a l a te r  stage. 

3.4.2 Studies on  the  N A C  m u l t i c r i t i c a l  po in t  

I n  th is  sect ion we present  the  resul ts  o f  our h igh  pressure studies on 

7APCBB. The comple te  P-T d iagram o f  . 7 A P C B B  showing the pre l iminary  data  

f o r  the NA,  A C  and N C  transi t ions i n  the pressure range 1-600 bar  is g iven 

i n  fig.3.15. I t  is seen tha t  a l l  the  three l ines are st ra ight ,  away f r o m  the N A C  

point. B u t  as they approach the m u l t i c r i t i c a l  po in t  they c u r l  up d ramat i ca l l y  

showing pronounced singulari t ies. 

The h igh resolut ion data  (whose precis ion has al ready been discussed i n  

Section 3.3) i n  the  v i c in i t y  o f  the  N A C  po in t  are shown i n  fig.3.16 on an en- 

la rged scale. These data have been obtained f r o m  six independent sets o f  

measurements, a f resh sample be ing loaded i n  the  pressure c e l l  each t ime. 

A f t e r  every se t  o f  measurement the  sample. was taken o u t  o f  the ce l l  and 



P (bar)  

Figu re  3.15 P re s su re- t empera tu re  (P-T) diagram of 7APCBB showing  NA, A C  
and  NC t rans i t ions  up to  600 bar. The solid l ines  a r e  gu ides  t o  t h e  e y e  



P (bar)  

F igu re  3.16 H i g h  resolut ion P-T diagram i n  the v i c i n i t y  o f  the  N A C  m u l t i c r i t i c a l  
po in t  i n  7APCBB. The sol id l ines are  computer  f i t s  o f  our data 
(see Table 3.4) w i t h  equations 3a-3c represent ing the  N A ,  N C  
and A C  phase boundaries respectively. The dashed l ine  represents 
the l ine  corresponding t o  the bes t - f i t  B t e r m  
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Figure  3.17 The  universal  t empera tu re- concen t r a t i on  plot  of Johnson (ref.22) 
showing t h e  d a t a  fo r  four  binary liquid c rys t a l  s y s t e m s  shown 
sepa ra t e ly  in fig. 3.6 



i t s  A-N t rans i t ion  t e m p e r a t u r e  a t  a tmosphe r i c  pressure  de termined .  If t h i s  

did no t  a g r e e  exac t ly  wi th  t h e  A-N transi t ion t e m p e r a t u r e  of t h e  f r e sh  s ample ,  

t h e  d a t a  w e r e  re jec ted .  Thus t h e  possible inf luence of chemica l  degrada t ion  

of t h e  s ample  is precluded. I t  is c l e a r  by looking a t  t h e  d iagram (fig.3.16) 

t h a t  s t rong  singular i t ies  a r e  p re sen t  in t h e  vicinity of t h e  mul t ic r i t i ca l  po in t  

f o r  al l  t he  t h r e e  lines. This high resolut ion p re s su re- t empera tu re  d iagram re-  

sembles  closely t h e  universal plot  of ~ohnson , "  shown in fig.3.17 where in  d a t a  

f o r  all  t h e  fou r  binary s y s t e m s  ment ioned  ear l ie r  (Brisbin e t  a l l 4 )  have  been  

p lo t t ed  t oge the r  a f t e r  su i tab le  normalizat ion.  The s t r ik ing  s imi la r i ty  b e t w e e n  

t h e  figs.3.16 and  3.17 is evident .  

We shal l  now examine  quant i ta t ive ly  t h e  phase boundaries  in t h e  proximi ty  

of t h e  NAC point. We have  f i t t e d  our  d a t a  for  t h e  NA, NC and A C  phase  

boundaries  individually t o  t h e  following expressions which a r e  s imilar  t o  t hose  

of Brisbin e t  a l l4 :  

Following Brisbin e t  a l , I 4  w e  have  car r ied  ou t  t h e  computa t ions ,  w i th  

t h e  universal i ty  cons t ra in t  q - NA - 'I NC 
, n itself being a f r e e  p a r a m e t e r .  

The  resu l t s  of our  compu ta t ions  ca r r i ed  out  with t h e  use of high resolut ion 



data  represented i n  fig. 3.16 are  given i n  Table 3.4. In teres t ing ly  our values 

o f  11 are, w i th in  s ta t i s t i ca l  uncerta int ies,  the same as those evaluated by  Br isb in  

e t  a1 (see Table I ,  al though the ampl i tude r a t i o  ANA/ANC comes ou t  t o  

be - 3.02 + 0.20 i n  our case, as compared t o  -5.96 rt1.3 o f  Br isb in  e t  al. The 

remarkab le  f a c t  t h a t  the q values obtained b y  us f r o m  the P-T d iagram o f  

single component system agree so closely w i t h  those evaluated f r o m  the T-X 

diagrams o f  four  b inary m ix tu res  is, i n  our opinion, st rong evidence t o  support 

the  idea tha t  N A C  po in t  exhib i ts  universal behaviour. A notewor thy  fea tu re  

is t ha t  the  scal ing axes are  the same as the  exper imenta l  axes (P and T i n  

our case, T and X i n  the case o f  Br isb in  e t  al), ra the r  than a l inear combinat ion  

o f  these variables. The s imp l i c i t y  o f  these resul ts  may  perhaps be associated 

w i t h  the  absence o f  coupl ing t o  density a n d  concent ra t ion  f luctuat ions.  

As discussed ear l ie r  the topology o f  the  phase diagrams showing the R N- C - A  

po in t  was d i f f e r e n t  f r o m  the universal topology o f  the N A C  diagrams, the  

s ingular i t ies being conspicuously absent near the R N- C- A  point. The R N - C  

t rans i t ion  had a gero or  immeasurably smal l  l a ten t  heat  a t  atmospher ic pressure 

as we l l  as a t  h igh  pressures r i g h t  up t o  the R N- C- A  point.  This cou ld  be due 

t o  the R N - C  t rans i t ion  being f a r  away i n  the  temperature  scale (about  180°C) 

f r o m  the nemat ic- isotropic transit ion. This would make  the Brazovsk i i  f luc tua-  

6 I 
t ions (wh ich  are  bel ieved t o  d r i ve  the  NC t rans j t ion  f i r s t  order ) t o  be ex t re-  

me ly  weak near the RN- C- A po in t  wh ich  would expla in the absence o f  any 

measurable l a ten t  heat  a t  the RN-C transit ion. I t  would have the  f u r t h e r  

e f f e c t  t ha t  the bare co r re la t i on  length  would be very large. This in t u r n  impl ies  

t h a t  the c r i t i c a l  region m a y  be too smal l  t o  be exper imenta l ly  approachable 

and could there fore  account  f o r  the  absence o f  pronounced s ingular i t ies near  

the  R N- C- A  point.  



TABLE 3.4 

Bes t - f i t  parameters and values o f  x f o r  individual f i t s  o f  high-resolution data 

for  the NA,  N C  and AC phase boundaries (of 7APCBB) w i t h  Eqs. (3a)-(3c) res- 

pectively. (See t e x t  f o r  a detai led discussion) 

0.003+0.001 

1 49.9+0.02OC 

304.5k0.1 bar 

0.575+0.02 

1.523k0.02 

0.1 731 k0.002 

-0.0574+0.003 

-0.0025+0.0004 



3.4.3 Resume o f  t he  Cur ren t  Theore t ica l  and Exper imen ta l  Unders tand inq 

o f  the  N A C  Po in t  

I n  the l i gh t  o f  exper imenta l  results - bo th  ours as we l l  as those men-  

t ioned i n  the in t roductory  sect ion - l e t  us compare the  theore t ica l  p red ic t ions  

and the exper imental  observations. 

One o f  the t w o  ear l iest  models, viz., the  C h u  and ~ c ~ i l l a n '  mode l  

was based on McMi l l an ' s  microscopic theory
3 

o f  t he  smect ic  C phase. 

M c M i l l a n ' s  theory cent red around the e lec t r i c  dipole - dipole in terac t ion ,  

the  dipolar or ien ta t iona l  order br inging about the SA-SC transit ion. Thus 

the C M  theory involved three order parameters, namely, the d i rec to r  n f o r  

the nemat i c  order parameter,  the complex order parameter  + (r) descr ib ing 

the  smect ic  planes and another or ien ta t iona l  order parameter  $ ( r )  f o r  the  

smect ic  C dipolar order. Neg lec t i ng  the  f luc tuat ions  i n  the order parameters,  

C h u  and M c M i l l a n  w r o t e  the Landau f ree  energy expression as 

( iqzz  + i q  X )  
where Y = Yoe x 

B = B o x  

n = z  

a = a (T-T ) 
0 1 

e = e (T-T2) 
0 

b and f a re  assumed t o  be pos i t i ve  and temperature  independent. 



I t  may  be noted f h a t  i n  equat ion [4] f3 does n o t  occur b y  i t s e l f  i n  any 
0 

t e r m  bu t  a lways i n  combinat ion w i t h  
y o  

. This impl ies tha t  the  possib i l i ty  

o f  the existence o f  a b iax ia l  nemat i c  (i.e., t i l t  i n  the absence o f  layers, 

6 0 Y = 0) is  ru led  out. Min imis ing F w i t h  respect t o  and f3 o, the authors 
0 0 

obtained a phase diagram where the continuous NA, N C  and A C  phase boun- 

daries m e e t  a t  a po in t  T T = T I n  addi t ion to  p red ic t i ng  the  possibi- 
N A C  = 1 2' 

l i t y  o f  a N A C  point,  they also computed the Xray  s t ruc ture  f a c t o r  i n  the 

nemat i c  phase close t o  the  nemat i c  - smect ic  C phase transit ion. The theory 

also found tha t  a l l  the three F rank  e las t ic  constants K,,, K and K diverge 
2 3 

as the para l le l  coherence length  5 . This is i n  contrast  t o  de Gennes theory 
2 3 

I I 

(which was based on Wilson's modelz4) where the e las t ic  constants diverge 

as Apar t  f r o m  these, the X ray  l ine  p ro f i l e  was expected to  be 

Lo ren tz ian  throughout the nemat ic  phase. Also, the mass density f luc tuat ions  

were expected t o  vary smoothly across the N A C  phase diagram. 

5 
I n  the a l te rna t i ve  approach by Chen  and Lubensky the  smec t i c  C phase 

is induced b y  the t i l t  o f  the nemat i c  d i rec tor  re la t i ve  t o  the  layer  normal. 

The t i l t  wh ich  is an addi t ional  parameter  (not  an order parameter )  occurs 

when the coe f f i c i en t  o f  the transverse gradient t e r m  becomes negative. 

I n  the ordered phase the min imised f ree  energy has the  f o r m  

d3k ,ik.r 
where m(r )  = 

[ ID-(% ) 3  
(k)] is  the  scalar order p a r a r n e t e r ; ~  (k)  being the 



four ie r  t rans form o f  the cent re  o f  mass density P (r). P (r) is  per iodic w i t h  

the fundamental  wave vectors g iven b y  qA and qC i n  the smect ic  A and srne- 

c t i c  C phases respectively. I n  the (CL  , T) space, equat ion [5] leads t o  a 

phase diagram w i t h  an N A C  po in t  (f ig. 3.2) a t  (CL = 0, T = T . A l l  t he  
N A C  

phase transit ions, are continuous; however, the authors po in t  out  t ha t  owing 

t o  Brazovski i  f luctuat ions
6 

the N C  t rans i t ion  may be dr iven f i r s t  order. 
7 

The model  p red ic ts  tha t  the  X r a y  scat ter ing  in tens i ty  i n  the nemat i c  phase 

-4 
near the N A C  po in t  fa l l s  o f f  i n  the transverse d i rec t ion  as kL . Also, the  

model  p red ic ts  t h a t  a t  the N A  t rans i t ion  K2 and K j  diverge b u t  K1 does 

not .  This is i n  agreement w i t h  the  predict ions o f  de Gennes. 23 A t  the N C  

2 
t ransi t ion,  however, the C L  model  p red ic ts  a 5 divergence fo r  K1, K z  and 

K wh ich  is i n  disagreement w i t h  the  de Gennes model
z3 wh ich  pred ic ts  

3 

a divergence. As s ta ted above, a t  the N A C  point ,  CL = 0 and hence, 

according t o  the C L  theory, the N A C  po in t  is a L i f s h i t z  point. '  A t  th is  

po in t  the  authors ca lcu la ted tha t  K diverges as <,, wh i le  K1 and K z  are only 
3 

s l igh t ly  divergent. 

L e t  us begin w i t h  a comparison o f  the topology o f  the  N A C  phase dia- 

g ram obtained exper imenta l ly  and those pred ic ted b y  the two  models. I n  

the  f i r s t  phase diagram
9 ( f 5 5 1 8 5 5  system) t o  show a N A C  point,  the A C  and 

N C  l ines (i.e., the C l ine)  have a common slope a t  the N A C  po in t  wh i le  the  

N A  l ine  approaches it obliquely. D e  H o f f  e t  a l l 1  po in ted out t ha t  this is 

i n  disagreement w i t h  the pred ic t ions  o f  bo th  the theories wherein the  N A  

and N C  l ines have a common tangent w i t h  the A C  l ine  coming i n  obl iquely. 



The recent  h igh  resolut ion T-X diagrams o f  Br isbin e t  a l l 4  and our own 

pressure results presented in this chapter  show tha t  near the N A C  point,  

the phase boundaries exh ib i t  singularit ies. A notable feature is t h a t  the NA 

and NC lines have universal singularit ies. The explanat ion g iven by  Br isbin 

e t  a l l 4  f o r  the  non observation o f  such s ingular i t ies i n  the ?55/855 sys tem 
9,12 

(wh ich  thus is i n  inconsistent w i t h  the  universal i ty  concept) is  t h a t  i n  this 

system the ampl i tude o f  the  N C  l ine  divergence ( A  ) is very  small. They 
N C  

also remark  tha t  the  lower  data density and precision o f  t he  7551855 exper i-  

ments may be the o the r  reasons f o r  obtain ing a non universal topology. 

L e t  us now tu rn  t o  ca lo r ime t r i c  and Xray  experiments. Subsequent 

9 
t o  the observation o f  N A C  po in t  in ? ~ 5 / 8 ~ 5  system , D e  H o f f  e t  a1 

11,12 

pe r fo rmed  thermodynamic measurements i n  the  v i c in i t y  o f  the  m u l t i c r i t i c a l  

point.  Using h igh  resolut ion ac  ca lo r ime t ry  i n  conjunct ion w i t h  quan t i t a t i ve  

DSC measurements, they obtained the N C  t rans i t ion  entropy close t o  the 

N A C  point.  The N C  t rans i t ion  entropy is o f  par t icu lar  impor tance  because 

the C M  model  pred ic ts  a continuous t rans i t ion  where as the C L  mode l  has 

a f i n i t e  entropy f o r  the transition. I n  the  exper iments o f  D e  H o f f  e t  a1 
1 2  

the speci f ic  heat  cont r ibu t ion  (obtained f r o m  ac ca lor imeter  measurements) 

was subtracted f r o m  the enthalpy value got  b y  DSC experiments. The results 

'thus obtained b y  t h e m  are shown i n  fig. 3.18. I t  is seen tha t  the  N C  transi-  

t i on  entropy approaches zero w i t h  a concentrat ion dependence t h a t  is l inear 

over the ent i re  range f r o m  100% 755  t o  w i th in  a few  percent  o f  XNAC. 

Wi th in  the last  percent  or so the ASNC l i ne  curves towards the temperature  



F igu re  3.18 NC t rans i t ion  ent ropy  versus concentrat ion.  Inse t  i s  an  expansion 
o f  t he  reg ion  enclosed b y  dashed l ines ( f r o m  re f .  12)  



axis and goes t o  zero. The N C  t rans i t ion  entropy remain ing f i n i t e  throughout 

is  i n  agreement w i t h  the C L  model  b u t  i n  contradict ion w i t h  the  C M  model. 

A s  no exact ly  solvable L i f s h i t z  po in t  model  has been fo rmu la ted  f o r  l i qu id  

c rys ta l l ine  systems, the authors compare the  exper imenta l ly  obtained c r i t i c a l  

exponent a f o r  the  thermal  dependence o f  speci f ic  heat  C w i t h  t h a t  p r e d i c t e d  
P' 

f o r  a magnet ic  L i f s h i t z  point.  The exper imenta l  value ( a=0.67 + 0.1) agreed 

very w e l l  w i t h  tha t  o f  the  theore t ica l  one ( a =0.6). Hence, b u t  f o r  the  topo- 

logy  o f  the phase diagram, the resul ts  are i n  general agreement w i t h  the  

C L  model. 

To test the pred ic t ion  o f  the CL model, viz., tha t  near the N A C  po in t  

- 4 
t he  mass density f luc tuat ions  should have a q dependence ra the r  than the 

1 

convent ional  q-' behaviour and 5 should approach zero as one approaches 
1 .  I 

the  N A C  region, Safinya e t  a l l 3  took up h igh resolut ion X ray  sca t te r i ng  studies 

on the 7 ~ 5 1 5 ~ 5  system ment ioned earl ier.  The X r a y  scat ter ing  cross sect ion 

f o r  the N A  l ine  can be w r i t t e n  as 
2 

Safinya e t  a l l 3  ca r r i ed  out  bo th  longi tudinal  q varied, qL = 0) as w e l l  as 

transverse (q  varied, q = q ) scans f o r  each reduced temperature  t = (T-T )/ 
I II o N A  

'NA. 
Their  scans obtained fo r  X7S5 = 0.42 is  shown i n  fig. 3.19. F o r  th is  

concent ra t ion  bo th  N A  and A C  were seen t o  be second order. The f i t s  ob ta i -  

ned by f i t t i n g  the data t o  the expression [6] showed that  bo th  the  transverse 

and the longi tudinal  scans are near ly  ident ica l  Lorentzians. Fig. 3.20 shows 

the transverse co r re la t i on  length  5 obtained by  t h e m  a t  a series o f  reduced 
1 



Wavevector ( q /q,) 

Figure 3.19 Transverse and longitudinal scans through the position (O,O,qo) 
for X = 0.42 (from ref. 13) 



Figure  3.20 Upper  figure: t ransverse cor re la t ion  length  L q o  versus  concen t r a t i on  
of 5 ~ 5  a t  s eve ra l  reduced  t e m p e r a t u r e s  

Lower  figure: coe f f i c i en t  of Stq: in equation- [6] a t  a s e r i e s  of 
reduced  t e m p e r a t u r e s  versus concent ra t ion  of 7S5 ( f rom re f .  13) 



units. Also shown i n  the same f igure  is the evolut ion o f  t he  f o u r t h  order 

coe f f i c i en t  CL. A S  i t  is seen bo th  the quant i t ies vary qu i te  smoothly upto 

the  N A C  m u l t i c r i t i c a l  region w i t h  n o  evidence o f  the  Chen and Lubensky 

p red ic t i on  o f  0 a t  XNAC, thus a t  variance w i t h  the  L i f s h i t z  po in t  
L 

model  f o r  the N A C  m u l t i c r i t i c a l  region. I t  may be reca l led  here  tha t  the 

C M  model  pred ic ts  tha t  the  mass density f luctuat ions should be Lo ren tz ian  

throughout the  nemat i c  phase and tha t  these f luctuat ions should va ry  smoothly 

across the N A C  phase diagram. B u t  another fea ture  - t i l t  en te r ing  as an 

independent order parameter  - was found t o  be incor rec t  and the C L  approach 

o f  t rea t i ng  tilt as.  the transverse gradient  o f  the density wave seemed t o  

be consistent w i t h  the results. 

Subsequently, Safinya e t  a lZ5 ca r r i ed  out  a more elaborate h igh  resolu- 

t i on  X r a y  scat ter ing  study o f  the  c r i t i c a l  mass density f luc tuat ions  associated 

w i t h  the f i r s t  order nemat ic  - srnect ic  C t rans i t ion  i n  5 ~ 5 1 8 ~ 5  mixtures. 

These studies were car r ied  out  on f i v e  d i f f e ren t  concentrat ions, X = 0.70, 

0.60, 0.50, 0.46 and 0.43; XNAC be ing 0.422 ( X  is  the mo le  f r a c t i o n  o f  7 ~ 5  

i n  the mixture) .  I t  was seen tha t  the data obtained f o r  X 3 0.46 f i t s  the ex- 

pression [6] ve ry  well. When CI is  pos i t i ve  this expression peaks f o r  q = 
1 

0 and thus is charac ter is t ic  o f  smec t i c  A f luctuations. Therefore, the authors 

fe l t ,  in the nemat i c  phase a crossover l ine Cl(X,T) = 0 separates regions 

w i t h  A - l i ke  (CI > 0) f r o m  those w i t h  C - l i k e  ( C p  0) c r i t i c a l  behaviour (see 

fig. 3.21). I t  was also observed tha t  a long this l ine wh ich  te rm ina tes  a t  XNAC, 

S(q) exhib i ts  a q-4-l ike behaviour - in accordance w i t h  the p red ic t i on  o f  the 
1 

C L  model. A n  essential fea ture  o f  the  pre t rans i t iona l  smec t i c  C sca t te r i ng  was 



Figure 3.21 N A C  phase diagram showing the crossover regime which 
separates  regions of smec t ic  A-like (C > 0) and smect ic  C-like ( C  < 0 )  
critical fluctuations (from ref. 25) 
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the h ighly non Lo ren tz ian  transverse mass density f luc tuat ions  quant ia t ive ly  

accounted f o r  by  the C L  model. The crossover region shown i n  fig. 3.21 

appears t o  be hidden inside the  f i r s t  order N C  l ine  fo r  the X = 0.43 mixture.  

These resul ts  go w e l l  w i t h  the  L i f s h i t z  po in t  model. B u t  some impor tan t  

discrepancies l i k e  the  proper l oca t i on  o f  the  crossover l ine  and na tu re  of the 

f luc tuat ions  i n  the  immedia te  neighbourhood o f  the N A C  point ,  s t i l l  remain. 

The divergence o f  the  F rank  e las t ic  constants can also help i n  under- 

2 6 
standing the  nature  o f  the  N A C  point.  Witanachchi e t  a1 have pe r fo rmed  

l i gh t  scat te r ing  exper iments on 7S5/8S5 mixtures  i n  wh ich  they have fo l lowed 

the behaviour o f  t h e  e last ic  constants. It is known tha t  i n  the  n e m a t i c  phase 

the scat tered in tens i ty  fo l lows 

where n is taken t o  l i e  along z and q is i n  the x-z p lane (q = q x + q zi. 
I I I 

I n  ac tua l  exper iments one can choose the scat ter ing  geometry  such tha t  q 

2 -1 
is zero, so tha t  the scat ter ing  in tens i ty  I is now propor t iona l  t o  (K3qz)  . 

Bu t  when pa r t i cu la r l y  the N A  t rans i t ion  is  involved the con t r i bu t i on  t o  K j  

comes f r o m  b o t h  the in t r ins ic  value K plus a f l uc tua t i on  part.  Calculat ions 
3 o 

on the basis o f  Schmid's analysis have shown tha t  

The scat tered in tens i ty  i n  te rms o f  [ 7 ]  w i l l  be  

I = A [ E l  
- 5 

K 3 0  + 6 Kot 

I t  m a y  be ment ioned here tha t  the CL model  predicts a value o f  1 f o r  5 where 



as the C M  model  pred ic ts  5 = 0.5. In the i r  l i gh t  scat te r ing  exper iments 

Witanachchi  e t  found tha t  the  value o f  (Kg- KSo)- '  varies l inear ly  w i t h  

temperature  i n  accordance w i t h  equat ion [7] w i t h  5 = 1 over a wide range 

o f  temperature,  i n  agreement w i t h  the predict ions o f  Chen and Lubensky. 
5 

F r o m  the i r  exper iments i n  the smec t i c  A, Smectic C and nemat i c  phases f o r  

< 'NAC and smect ic  C and nemat i c  phases for  X > XNAC, they concluded 

tha t  the nature  o f  the  d i rec tor  f luc tuat ions  i n  the immed ia te  v i c i n i t y  o f  t he  

N A C  po in t  is independent o f  whether  X is greater or  less than XNAC. 

Probably the  best theore t ica l  approach t o  the  N A C  p rob lem is tha t  due 

t o  Gr ins te in  and ~ o n e r . ~ '  This theory  based on the dis locat ion loop analysis 

uses the  renomal iza t ion  group technique. Accord ing t o  this approach, close 

t o  the N A C  'point, the N C  t rans i t i on  (wh ich  is f i r s t  order fa r  f r o m  the N A C  

point), character ised b y  the  simultaneous onset o f  long-range or ien ta t iona l  

(nemat ic- l ike)  order and quasi l ong  range posi t ional  order (C-like), occurs 

i n  t w o  stages through a b iax ia l  n e m a t i c  N' phase. The N A C N '  m u l t i c r i t i c a l  

po in t  thus obtained by  this t h e o r y  is shown i n  fig. 3.22. As seen f r o m  the  

f igure, a t  this po in t  the N A  and A C  boundaries cross each o ther  a t  a f i n i t e  

angle and pass through unaf fected.  I n  other words, through the N A C N '  po in t  

the A C  and NN' boundaries f o r m  a single continuous curve as also the  A N  

and C N '  lines. The authors ca l l  th is  N A C N '  po in t  wh ich  replaces the N A C  

po in t  as a "decoupled t e t r a c r i t i c a l  point". I n  th is  theory  l i ke  i n  Toner's 
2 8 

analysis, the N A  l ine  is character ised by  the " c r i t i ca l  growth"  o f  d is locat ional  

loops wh ich  are bounded i n  size a t  any po in t  i n  the  A phase. The A C  l i ne  

is character ised by  c r i t i c a l  f luc tuat ions  i n  the c d i rec to r  and the N A C N '  po in t  



CONCENTRATION 

Figure 3.22 Phase  diagram predic ted  by the  dislocation- loop theory o f  
Grinstein and Toner (ref .  27) 



r ep re sen t s  t h e  s imul taneous  c r i t i c a l i t y  of t he se  two quant i t ies .  T h e  decoupling 

ment ioned  above  also implies t h a t  t h e  AC and NN' t rans i t ions  a r e  ident ical .  

A t  t he se  t rans i t ions  t h e  ordering is t h a t  of t h e  c di rec tor .  The  dis locat ion 

loop-unbinding t rans i t ions  AN and C N '  a r e  similarly ident ical .  However ,  biaxial 

n e m a t i c  phase which is pred ic ted  by t h e  theory to  ex is t  nea r  t h e  mul t ic r i t i ca l  

point is ye t  t o  be observed exper imenta l ly  e i ther  in binary mix tu re s  or  in 

single component  systems.  

Thus  no theory of t h e  NAC point  is ye t  ab le  t o  bring into a g r e e m e n t  

all  t h e  exper imenta l ly  observed fea tures .  A comple te  understanding of this  

mul t ic r i t i ca l  point  stil l  e ludes us. 
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