
CHAPTER I 

INTRODUCTION 

1 Liquid Crys t a l s  (also known a s  mesophases)  a r e  s t a t e s  of m a t t e r  in which 

t h e  degree  of order ing  is be tween t h e  th ree  dimensionally o rde red  solid and 

t h e  isotropic liquid. Similar  t o  c rys ta ls  t hey  exhibit anisotropy in the i r  opt ical ,  

magne t i c  and e l ec t r c i a l  properties. A t  t h e  same  t i m e  they possess s o m e  of 

t h e  mechanical  proper t ies  of a fluid, e.g., inability t o  support  shear .  Com-  

pounds exhibiting mesophases can  be general ly classified into (i) t he rmot rop ic  

liquid crys ta ls  and (ii) lyotropic liquid crystals .  In  t he rmot rop ic  liquid crys ta ls  

t he  t ransi t ions a r e  brought about  by t h e  e f f e c t '  of t empera tu re ,  while in the  

c a s e  of lyotropic liquid crystals  t he  mesomorphism is by the  influence of sol- 

vents. Here  we shall give a brief descript ion of liquid crys ta ls  and  the i r  broad 

s t ruc tu ra l  charac ter i s t ics .  A de ta i led  account  of the i r  s t ruc tu re  and physical 

proper t ies  may be found in severa l  rev iews and monographs avai lab le  in the  

l i te ra ture .  2,3 

1 .I Class i f ica t ion  of  Therrnotropic Liquid Crys ta l s  

~ r i e d e l ~  classif ied thermotropic  liquid crystals  of rod like molecules 

broadly into t h r e e  types: nemat ic ,  choles ter ic  and smectic .  

The  nemat i c  phase: A simplified p ic ture  of t he  a r r angemen t  of t h e  molecules 

in t he  nema t i c  phase is shown in fig. l . l a .  This phase is cha rac t e r i s ed  by 



Figure  1.1. Schemat ic representat ion o f  t h e  molecular  arrangement i n  
(a) nemat ic,  (b) cholesteric, (c )  smect ic  A and (d) smec t i c  C phases 



a long range orientat ional  order of t h e  molecules without any long range posi- 

tional order. The molecules a re  spontaneously oriented with the i r  long axes 

parallel t o  some prefer red  direction refer red  to  a s  the  "director" denoted 

by a unit vector n. The preferred direct ion usually varies f rom point to  point 

in the  medium but a homogeneously aligned sample is optically uniaxial, positive 

and strongly birefr ingent  (Recently,  biaxial nematics have been discovered 

3 in lyotropic systems. ) The director n is apolar, - i.e., n and -n a r e  indistinguish- 

able and thus the  mesophase is non-ferroelectric. 

The cholesteric phase : This phase exhibited by mater ia ls  composed of optically 

ac t ive  molecules, is essentially a nemat i c  phase except  tha t  i ts  s t ruc tu re  has 

a screw axis superimposed normal to  the  director (fig. l . lb) .  The spiral s tru-  

c t u r e  imparts  cer ta in  unique optical propert ies to  the phase like select ive 

ref lec t ion  of circularly polarized light, very high optical ro ta tory  power etc.  

Unlike the nematic,  t h e  cholesteric phase in cer ta in  compounds goes to  the 

isotropic phase through another mesophase called the "Blue Phase". In recent  

years this mesophase has a t t r a c t e d  the  at tention of both theore t ic ians  and 

experimental ists  for some of i t s  unique properties. 

The smec t i c  phase : This phase is characterised by a layered s t ruc tu re  in 

addition to  the  orientat ional  order of t h e  nemat ic  phase. Depending on the 

order within a layer and the  inter- layer correlations, the  smec t i c s  have been 

classified into several  types. We shall mention here, in brief, t he  s t ruc tu re  

of two smec t i c  phases, viz., smec t i c  A and smec t i c  C, a s  we will be mainly 

in teres ted  in these smec t i c s  in this thesis. For a recent  review on the  stru-  



ctural  properties of smectics, refer  to  the art icle by Chandrasekhar and 

6 Madhusudana and for the physical properties see Prost. 7 

In smect ic  A the average orientation of the molecules is normal to the 

layers with their centres  irregularly spaced in a liquid like fashion (see  fig. 

I .I c). This arrangement has been described by a one-dimensional mass density 

wave 8-10 parallel to  the director. The inter-layer correlation exhibits a quasi 

long range order. T h e  Landau-Peierls instability1' arising in such a system 

having one-dimensional order ill  a three-dimensional space should manifest 

12 itself in a non-Bragg Xray line profile. Recently, Als-Nielsen e t  a l l 3  have 

shown tha t  this is indeed the case a s  the Xray scat ter ing intensity goes as 

-2 instead of the  Bragg-like (q-qo) (qo is the wave vector of the 

mass density wave). I t  should be mentioned here that  although conceptually 

useful, the idealised picture of the  nemat ic  and the smect ic  A phases shown 

in figs. l . l a  and l . l c  are  far  from correct .  A closer to reality molecular 

picture14 of the  two phases is depicted in fig. 1.2 

Smect ic  C can be regarded as  a t i l ted form of smect ic  A. In this phase, 

the  molecules in each layer are  t i l ted  with respect t o  the  layer normal (fig. 

I d .  While the smect ic  A phase is optically uniaxial, smect ic  C is optically 

biaxial. 

Until recently it was believed tha t  for mesomorphism to occur, the mole- 

cules must be rod like. But recently, Chandrasekhar e t  a l l 5  have established 

for the f irst  t ime that  ordering of the  symmetry axes of the  disc shaped mole- 



Figure  1.2 A rea l i s t ic  distr ibut ion of t h e  molecules in t h e  n e m a t i c  ( top)  

and t h e  s m e c t i c  A (bo t tom)  phases. The  ar rows in t h e  lower 

f igure  deno te  t h e  c r e s t s  of t h e  density wave. (From ref .  1 4 )  



cules can also g ive r ise t o  the occurrence o f  stable rnesophases. I t  is now 

known t h a t  these mesophases exh ib i t  a r i c h  polymorphism, comparable t o  tha t  

observed in  l iqu id  crysta ls o f  r o d  l i k e  molecules ( fo r  a recen t  rev iew on l iqu id  

16 crysta ls o f  disc l i ke  molecules see Chandrasekhar . We shal l  n o t  be re fe r r i ng  

t o  d iscot ic  phases any fu r the r  i n  this thesis. 

1.2 Sequence of Phase Transitions 

Some typ i ca l  examples o f  mesogens,cornpounds exh ib i t ing  rnesophases, 

along w i t h  the  sequence o f  phase t ransi t ions exhibited by t h e m  are g iven below: 

4,4'-Di-methoxyazoxybenzene o r  p-azoxyanisole (PAA)  

Sol id 18'20C+ N e m a t i c  35.30C t I so t rop ic  

4-nitrophenyl-4'-n-06tyloxybenzoate (NPOOB) 

49.8OC 
Solid -7 Smect ic  A 61*20C N e m a t i c  - 67*50C+ Iso t rop ic  

4,4'-Di-heptyloxyazoxybenzene (HOAB)  

Sol id Smect ic  C 95'40C+ Nemat i c  124.7OC, Iso t rop ic  



Solid 720C? ~ m e c t i c  A 
I 

730Cb N e m a t i c  7 7 ' 5 0 C ~  Iso t rop ic  

1640" 

Smect ic  B ( F r o m  ref .  17) 

I f  t h e  t ransi t ions t o  the l i qu id  c rys ta l l ine  phase occur bo th  dur ing heat ing  

and coo l ing  cycles ( w i t h  respect  t o  the sol id phase) then  they are t e r m e d  as 

"enant iot ropic"  whereas i f  t hey  occur only i n  the cool ing mode they are ca l led  

"monotropic". A n  example o f  such a case is the smec t i c  B phase o f  90.1 

shown i n  example (4) above. 

U n t i l  recent ly ,  i t  was bel ieved tha t  on cool ing f r o m  the isotropic phase, 

the  sequence o f  phase transit ions observed i n  a typ ica l  mesogen is as follows: 

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

A departure f r o m  the above ment ioned sequence was observed f o r  the 

f i r s t  t i m e  by  cladis.'' She found t h a t  i n  a b inary l i qu id  c rys ta l l ine  system, 

the  nemat ic- smect ic  A t rans i t ion  becomes mul t iva lued i.e., the nemat i c  phase 

occurs a t  higher as w e l l  as l ower  temperatures w i t h  respect t o  the smect ic  

A phase. The lower  temperature  nemat i c  phase has been designated as the 
I 

r een t ran t  nemat ic  ( N  ) phase. Subsequently 
r e  

19920 reen t ran t  behaviour was 

observed i n  single component systems a t  h igh  pressure. Soon af terwards,  

compounds (single component systems) wh ich  exhib i t  reen t ran t  nemat i c  phase 

a t  atmospher ic pressure were synthesised.21'2Z This l ed  t o  not  only the synthe- 



sis o f  a la rge number of reent rant  nematogenic compounds, b u t  also t o  a var ie ty  

o f  exper iments conducted w i t h  a v iew  t o  understanding the nature  o f  the re-  

en t ran t  nemat i c  phase. 

2 3 
Excep t  f o r  the recent  observations o f  the  Ha l le  group reen t ran t  nemat ic  

behaviour has been so fa r  seen only i n  compounds wh ich  possess a st rongly 

polar group a t  one end o f  t he  molecule. 

Another  new and to ta l l y  unexpected discovery was madez4 i n  1979, in te-  

rest ingly,  invo lv ing  again st rongly po lar  l iqu id  crystals. I t  was observed by  

the  Bordeaux group tha t  mix tures  o f  D B 5  and TBBA exh ib i t  a t rans i t ion  between 

t w o  types o f  A-phases which  are  op t i ca l l y  indistinguishable. This observation 

2 5 was soon fo l l owed  by  X ray  d i f f r a c t i o n  studies on the  same b inary  system, 

wh ich  showed tha t  the two A phases involved are a "monolayer" smect ic  A 

o r  A1 ( d  = I) and a "bi layer" A o r  A (d r 21) [d  is the smect ic  A layer  spacing 2 

and I is the length  o f  t he  molecu le  as measured i n  i t s  most  extended configu- 

r a t i o n  using a molecular  model]. So f a r  four  types o f  smec t i c  A phases are 

known, viz., A1, A2, A (par t ia l l y  b i layer  i.e., 1 < d < 21) and a a (antiphase). 
d 

Most o f  th is  thesis describes the  resul ts  o f  experiments conducted on strongly 

polar  l iqu id  c rys ta l l ine  systems a t  h igh  pressure. 

Experimental Set Up 

A study o f  l i qu id  crysta ls under pressure poses ce r ta in  problems which 

a re  no rma l l y  n o t  encountered i n  the study o f  the sol id state. In par t icu lar ,  



t h e  chemica l  reac t iv i ty  of liquid crys ta ls  with the  ma te r i a l s  of t h e  conta iner  

a s  well a s  _ with all  known pressure  t ransmi t t ing  media - liquid, solid o r  

gas  - c r e a t e  diff icul t ies  in t h e  design of a sui table cell.  Also considering 

t h e  pauci ty  of t h e  avai labi l i ty of mater ia l s ,  most  of which have been synthe-  

sised in our own laboratory,  i t  b e c a m e  necessary t o  f ab r i ca t e  a cel l  which 

could work wi th  a very small  quant i ty  (5 mg or less) of t h e  sample. Taking  

into considerat ion all  these  fac tors ,  a high pressure opt ica l  cel l  was  designed 

and f ab r i ca t ed  using which the  au tho r  has conducted light transmission experi-  

m e n t s  a s  well as microscopic obser,vations upto a pressure  of about  5 kbar. 

A de ta i led  description of this  cel l  f o r m s  the  subject  m a t t e r  of most  of c h a p t e r  

11. Using this  cel l  t ransi t ion t e m p e r a t u r e  a t  any pressure could be de t e rmined  

t o  a very high degree  of accuracy.  Special  c a r e  and techniques were  adap ted  

in t h e  measu remen t  of pressure  depending upon the  exper iment .  For  instance,  

in t he  high resolution exper iments  conducted  with a view t o  s tudy the  topology 

of t h e  phase diagram near  t he  mul t ic r i t ica l  point, p ressure  had to  be e lec t roni-  

cally moni tored  and mainta ined  t o  within k0.1 bar. Since many of t h e  resu l t s  

obta ined  a t  high pressure had t o  be subs tant ia ted  by o t h e r  exper iments ,  f o r  

example ,  Xray diffract ion,  d ie lec t r ic  s tudies  etc., t h e  au thor  has used o t h e r  

appa ra tus  which have been  specially cons t ruc t ed  for  such  studies. In par t icu lar ,  

t h e  Xray  diffract ion s e t  up and t h e  d ie lec t r ic  s e t  up used by the  author  a r e  

briefly described in chap te r  11. 

Multicritical Points in Single Component Liquid Crystalline Systems 

The nemat ic- smect ic  A- smect ic  C mult icr i t ical  point  (NAC point) was  



f i r s t  theore t ica l ly  p red ic ted by  Chen and ~ u b e n s k ~ ~ ~  and by  C h u  and 

M c Mil lan. 27 Soon a f te rwards  the N A C  po in t  was real ised exper imenta l ly  

by  Johnson e t  alZ8 and independently b y  Sigaud e t  alZ9 i n  b inary  l i qu id  c rys ta l  

mixtures. This was fo l lowed by  h igh  resolut ion ~ r a ~ , ~ '  ca lo r ime t r y
3

'  and 

l i gh t  scattering
3

' exper iments wh ich  i n i t i a t e d  exp l i c i t  comparisons w i t h  the 

predict ions o f  t he  theore t ica l  models. Br isbin e t  a~~~ recen t l y  obtained h igh 

resolut ion temperature  - concent ra t ion  (T-X)  diagrams o f  four  b inary systems 

exh ib i t ing  the  N A C  point. On the basis o f  these diagrams they showed tha t  

a l though gross di f ferences exist i n  the  global features, the topology o f  the 

phase diagrams i n  the  v i c in i t y  o f  the  N A C  po in t  is universal. 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 sinqle component l i qu id  c rys ta l l ine  system i n  the  pressure - temperature  

(P-T) plane, i n  order t o  test  whether b o t h  density and concent ra t ion  f luc tuat ions  

would produce the same topological  d istor t ions o f  the phase diagram. 

There have been several h igh  pressure ~ t u d i e s ~ ~ - j ~  conducted w i t h  a 

v iew t o  locat ing  the  N A C  po in t  i n  a single component system. These studies 

d id  lead t o  a m u l t i c r i t i c a l  po in t  b u t  n o t  a N A C  point.  Studies on DORBCA 

by Shashidhar e t  alJ6 showed the existence o f  a new type o f  m u l t i c r i t i c a l  

point,  viz., reent rant  nemat i c  - smect ic  C - smect ic  A (RN-C-A)  point.  How-  

ever, the precis ion i n  these measurements was n o t  su f f i c i en t  t o  make  any 

de f i n i t i ve  conclusions regarding the  topology o f  the  P-T d iagram i n  the v i c in i t y  

o f  the R N- C- A  point.  Chapter  III gives the resul t  o f  more accura te  studies 

on the same compound (DOBBCA). These results show tha t  the  s ingular i t ies 

are  conspicuously absent near the R N- C- A  point.  



Studies on ano the r  s trongly polar sys tem,  namely, 7 APCBB have finally 

led t o  t h e  f i r s t  observat ion of a NAC point in a s ingle component  sys tem.  

As ment ioned earl ier ,  in order  t o  obta in  high resolut ion d a t a  very close t o  

t h e  NAC point,  pressure was  electronical ly monitored and control led t o  a 

precision of t0.1 bar. The high resolution P-T d iag ram obtained wi th  this  

precision clearly shows t h a t  the  topology of t he  phase d iagram near  the  mul t i-  

cr i t ica l  point indeed exhibi ts  universality. The exponents  obtained for  t h e  

d i f ferent  phase boundaries a g r e e  exac t ly  with those obtained by Brisbin e t  

a l j 5  f r o m  T-X diagrams of four binary systems. These  resul ts  a r e  presented  

in C h a p t e r  111. A qual i ta t ive  comparison of exper imenta l  resul ts  with t h e  

predict ions of t he  exist ing theor ies  of t h e  mult icr i t ical  point (including the  

renormalisat ion group approach of Grinstein and ~ o n e r ~ ' )  is also made  in this 

chapter .  

Studies on Strongly Polar Mesogens 

As ment ioned ear l ie r ,  t he  synthesis  of single component  sys t ems  exhibiting 

r een t r an t  nema t i c  phase a t  1 ba r  21922938-44 led t o  a considerable ac t iv i ty  

in this field and a variety of expe r imen t s  45-49 have been conducted to under- 

s tand  the  na tu re  of r e e n t r a n t  n e m a t i c  phase. Kalkura e t  a150 conducted  

de ta i led  high pressure s tudies  on many compounds exhibiting t h e  r een t r an t  

nema t i c  phase a t  a tmospher ic  pressure. They showed tha t  (i) t h e  AN phase 

boundary in the  P-T plane has the  shape  of an  ellipse (ii) t h e  maximum pressure 

of s m e c t i c  s tabi l i ty (P ) which is nothing but t he  maximum pressure upto 
m 

which the  s m e c t i c  A phase exis t s  in t he  P-T plane, is r e l a t e d  uniquely t o  t he  



range R o f  the  nemat i c  phase a t  1 bar by  the re la t i on  P = P exp(-mR). Here  
m 0 

P and m are emp i r i ca l  constants wh ich  depend only on the  number o f  phenyl  
0 

r ings tha t  the const i tuent  molecules possess ( i i i )  compounds w i t h  t w o  phenyl  

r ings are less l i ke ly  t o  show the reen t ran t  behaviour than those w i t h  three 

phenyl rings. 

The author has conducted h igh pressure studies on a number o f  s t rongly 

polar  systems, three phenyl as we l l  as t w b  phenyl r i n g  ones, possessing a cyano 

end group. These resul ts  which are described in  chapter  I V  c o n f i r m  the observa- 

t ions o f  K a l k u r a  e t  al. 

Presently, a la rge number o f  3 benzene systems are known wh ich  exh ib i t  

the  reen t ran t  nemat i c  behaviour. A typ ica l  chemical  s t ruc ture  o f  a molecule 

o f  a reent rant  nematogen would be 

Here R i s  alkyl or alkoxy chain, X and Y are  br idging dipoles and Z denotes the 

strongly polar  end group. 

F o r  Z = CN, a reen t ran t  nemat ic  behaviour is seen when the longi tudinal  com-  

ponent o f  X is add i t i ve  w i t h  respect t o  tha t  o f  the cyano end group regardless 

o f  t he  disposit ion o f  Y. On the otherhand, when these di rect ions are  opposite, 

a n  A-A is normal ly  observed. I n  the case o f  Z = NO2, the 

reen t ran t  nemat i c  behaviour as we l l  as A-A transi t ions have been seen only 

when the longi tudinal  component o f  X opposes that  o f  the n i t r o  end group. 
44,51 



C h a p t e r  V descr ibes  t h e  resu l t s  of high pressure, miscibi l i ty ,  Xray  d i f f rac t ion  

and d i e l ec t r i c  s tud ies  on a tei-minally subs t i tu ted  n i t ro  compound in which 

both X and  Y a r e  disposed addi t ive ly  with r e spec t  t o  t h e  n i t ro  group. These  

r e su l t s  c lear ly  show t h a t  this  compound has a l a t e n t  r e e n t r a n t  n e m a t i c  beha-  

viour, showing thereby  t h a t  t h e  occu r r ence  of t h e  r e e n t r a n t  n e m a t i c  behaviour 

a t  1 b a r  in terminal ly n i t ro  subs t i t u t ed  compounds in which t h e  longitudinal 

component  of t h e  bridging dipoles a r e  addit ive w i th  r e spec t  t o  t h e  n i t ro  end  

group is a dis t inct  possibility. 

As a l ready  ment ioned ,  t h e  t ransi t ion be tween two polymorphic f o r m s  

of s m e c t i c  A has been seen  in s ingle component  s y s t e m s  only when the  longi- 

tudinal  component  of t h e  bridging group dipoles oppose  t h a t  of t h e  polar  end  

group regard less  of w h e t h e r  t h e  end  group is  cyano o r  ni t ro.  52-56 Miscibility, 

high pressure,  Xray and d i e l ec t r i c  s tud ies  on binary mix tu re s  of 4-ni t rophenyl-  

4'-(4"-n-hexyloxy benzoyloxy)benzoate (6 ONPBB) and  p-nonyloxybenzoyloxy-p'- 

cyanoazobenzene  (9 OBCAB) have  been car r ied  o u t  and  t h e  resu l t s  o f  t he se  

inves t iga t ions  a r e  given in C h a p t e r  VI.  6 ONPBB is a te rmina l ly  n i t ro  subst l -  

t u t e d  compound whlle 9 OBCAB is a terminal ly cyano subs t i t u t ed  one, t h e  

bridging group dipoles being addi t ive  t o  t h e  polar end  group dipole in bo th  

t h e  cases.  However,  con t r a ry  t o  t h e  norm discussed above,  mixtures  of t he se  

exhibi t  ove r  a range of concen t r a t i ons  two kinds of A-A transi t ions,  namely,  

A -A and  A
d
-A

d
, t he  l a t t e r  being observed for  t h e  f i r s t  t ime.  Although 1 d 

t h e  t rans i t ion  be tween t h e  A phases a r e  themselves  unobservable opt ica l ly  

in t h e  P-T plane, they  l eave  d r a m a t i c  s ignatures on t h e  A-N boundary. Accu-  

r a t e  Xray  de termina t ion  of t h e  layer  spacing ca r r i ed  out  a s  a func t ion  of 



temperature  f o r  d i f f e r e n t  concentrat jons c lear ly  p e r m i t  us t o  i d e n t i f y  th ree 

kinds o f  A phases. 

1. the  A1 phase (dl1 I )  a t  l ow  temperatures w i t h  a temperature  

independent layer  spacing 

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

3. another A d  phase a t  h igh  temperatures wh ich  is  charac ter ised 

b y  a temperature  invar ian t  layer  spacing. 

The resul ts  o f  these studies discussed i n  this chapter  c lear ly  show that  the  

di f ferences between these A phases are  very subtle. 

Pressure Studies on Materials Exhibiting a Chiral limectic C Phase 

Based on the the rma l  dependence o f  the  tilt angle, smect ic  C phases 

have been c lassi f ied i n t o  three categories: 57-60 ( i )  those wh ich  precede a 

smect ic  A phase showing a temperature  dependent tilt angle t h a t  goes t o  

zero a t  the transition. ( i i )  those which  precede a nemat i c  phase having a ther-  

m a l l y  invar ian t  ti lt angle wh ich  goes t o  zero a t  the  transit ion. ( i i i )  those 

i n  wh ich  the  t i l t  angle is  weakly temperature  dependent and remains  f i n i t e  

i n  the smect ic  A phase also. 

Ka lku ra  e t  a16' have conducted pressure studies on compounds exhib i-  

t i n g  the d i f f e ren t  types o f  C phases. They found tha t  i n  a l l  the cases pressure 

has the destabi l iz ing e f f e c t  on the C phases. It was o f  in teres t  to  see whether 

this is t rue  even f o r  the  ch i ra l  smect ic  C phase. So fa r  there has been only 

one deta i led  pressure study?' The author has there fore  car r ied  out h igh  



pressure studies on three compounds, namely, OOBAMBC, D O B A M B C  and 

HOBACPC. I t  may  be ment ioned tha t  a l l  the three compounds are  w e l l  known 

fe r roe lec t r i c  l iqu id  crystals.63 A l l  these compounds exh ib i t  A, C *  and I* phases. 

In t w o  O f  these, viz., OOBAMBC and DOBAMBC,  the C *  phase gets suppressed 

and the I*-C*-A t r i p l e  point  has been observed a t  1.7 and 3.8 kbar respect ively.  

I n  case o f  the  t h i r d  compound, HOBACPC,  the r a t e  o f  decrease i n  the  range 

o f  the C *  phase w i t h  increasing pressure is  qu i te  small  and hence a t r i p l e  po in t  

is  expected (by ex t rapo la t ing  the  phase boundaries) t o  occur only a t  a pressure 

o f  about 8 kbar. The phase diagrams are  discussed in  re la t i on  t o  the  tempe- 

ra tu re  dependence o f  the  t i l t  angle i n  the  C *  phase. 

Pressure Studies on Phospholipids 

Phosphat idy lchol ine is a ma jo r  phospholipid o f  animal  membranes. 

Studies o f  the  phase t ransi t ion i n  these systems are useful i n  understanding 

the s t ruc ture  and propert ies o f  na tu ra l  biomembranes. Phase t ransi t ions 

i n  hydra ted D imyr i s toy l -  and D i p a l m i t o y l  phosphatidylchol ine (DMPC and DPPC) 

have been invest igated i n  deta i l  b y  several authors. 64-67 D M P C  exhibits, 

i n  the low hydra t ion  regime, four  d is t inc t ly  d i f f e ren t  transitions, the t rans i t ion  

temperatures being strongly dependent on the wa te r  concentrat ion.  When 

the amount o f  wa te r  exceeds 30% b y  weight, there exist  a ma in  t rans i t ion  

and a pre  transit ion, the temperature  o f  bo th  ~f these being independent o f  

composition. S imi la r  t ransi t ions occur i n  DPPC in  the high hydra t ion  regime. 

De ta i l ed  X r a y  d i f f r a c t i o n  studies66 have shown tha t  the ma in  t rans i t ion  is 

between a l iqu id  c rys ta l l ine  (LC)  phase and a sol id l i ke  gel  phase (Ge l  I), whi le  



t h e  p re  t ransi t ion is be tween t h e  Gel  I phase and a second gel  phase,  Gel  

11. The  L C  phase has  a lamel la r  s t r u c t u r e  in which t h e  hydrocarbon chains 

have  been conformat iona l ly  disordered. The  s t r u c t u r e  of t h e  Gel  I phase  is 

one  in which t h e  lipid bi layer  lamel lae  a r e  d is tor ted  by the  periodic ripple, 

t h e  cha ins  being t i l t e d  wi th  r e spec t  t o  t h e  bi layer  normal  and a r e  packed  

in a hexagonal l a t t i c e .  In t h e  ca se  of t h e  Gel I1 phase,  t h e  r ipple appea r s  

t o  have  evened  ou t  t h e  cha ins  which a r e  now packed in a somewha t  d i s to r t ed  

hexagonal  la t t ice .  A subt rans i t ion  be tween  Gel  11 and ano the r  gel  (Gel  111) 

has been known t o  occu r  in D P P C ~ ~  when t h e  sample  is annea led  a t  low ternpe-  

r a t u r e s  fo r  long periods of t ime.  Such a subtransi t ion has been observed  only 

r ecen t ly  in t he  c a s e  of DMPC. 69970 The  s t r u c t u r e  of t h e  Gel 111 phase is 

ye t  t o  be elucidated.  Pressure  s tudies  on phase t rans i t ions  in both hydra ted  

DMPC and D P P C  s y s t e m s  have been conducted  by t h e  author .  Resu l t s  of  

these  invest igat ions a r e  given in Appendix. In t he  c a s e  of DMPC, t h e  in te re-  

s t ing  f e a t u r e s  are: 

1. Exis tence  of Gel  111 - Gel I1 - Gel  I t r i p l e  point a t  3.5 kbar  and 

41°C. 

2. Gel  I11 - Gel  I1 t ransi t ion which has been seen  a t  a tmosphe r i c  pres-  

su re  only a f t e r  p ro t r ac t ed  t e m p e r a t u r e  anneal ing is s een  t o  occur  

a t  high pressure  a f t e r  .pressure-annealinq of t he  samples  for  rela-  

tively sho r t e r  periods ( fo r  about  1 2  hours). 

The P-T d iagram of D P P C  is even  m o r e  interest ing.  A - new but s t i l l  unidenti- 

f i ed  p re s su re  induced phase  des igna ted  a s  X appea r s  beyond a p re s su re '  o f  

930 bar ,  t h e  X-Gel I boundary forking ou t  of t he  Gel I1 - Gel  I phase  line. 



With f u r t h e r  i nc r ea se  in pressure t h e  range  of t he  X phase grows  a t  t he  ex- 

pense of t h e  Ge l  I phase resu l t ing  u l t ima te ly  in t h e  c o m p l e t e  suppress ion  of 

t h e  Gel  I phase  a t  2.87 kbar  beyond which pressure t h e  X phase d i r ec t l y  t rans-  

f o r m s  into t he  LC phase. Thus t h e  P-T d i ag ram of D P P C  has  two  t r i p l e  points,  

viz., (i) Gel  I1 - X - Gel  I and  (ii) X - Gel  I - LC. Although t h e  n a t u r e  of 

t h e  X phase  s t i l l  r ema ins  in quest ion,  t h e  X - Gel  I phase  t rans i t ion  could 

possibly be a r ipple  - r ipple  t rans i t ion  l ike t h e  ones s een  by Sackmann  et  a1 71,72 

and  S t r enk  e t  al. 7 3 

S o m e  of t h e  resu l t s  discussed in this thesis  have been published in 

t h e  following papers: 

1. N e m a t i c  - s m e c t i c  A - s m e c t i c  C mul t ic r i t i ca l  point  in a s ingle  componen t  

s y s t e m  (in co l labora t ion  wi th  R.Shashidhar and  B.R.Ratna) Phys. Rev .  Lett . ,  

53, 2141 (1984). - 

2. The  topology of t h e  P-T d i ag ram of DOBBCA in t h e  vicini ty  of t h e  r een t -  

r a n t  n e m a t i c  - s m e c t i c  C - s m e c t i c  A mul t ic r i t i ca l  point  (in co l labora t ion  

wi th  R.Shashidhar and  S.Chandrasekhar)  P re sen t ed  a t  t he  IX Int. Liq. C rys t .  

Conf., Bangalore,  D e c e m b e r  1982; Mol. Crys t .  Liq. Cryst . ,  - 103,  137  (1983). 

3. High pressure  s t ud i e s  on par t ia l ly  bi layer  and monolayer  sn i ec t i c s  (in col-  

labora t ion  w i th  R.Shashidhar, K.A.Suresh, A.N.Kalkura, G.Heppke and  

R.Hopf) P r e s e n t e d  a t  the  IX Int. Liq. C rys t .  Conf., Ba'ngalore, D e c e m b e r  

1982; Mol. C rys t .  Liq. Crys t .  99, 1 8 5  (1983). 

4. E f f e c t  of p r e s su re  on s t rongly polar  liquid c rys ta l s  (in co l labora t ion  w i th  



S.Pfeiffer ,  G.Heppke and R.Shashidhar) Z. Naturforsch. (in press). 

5. Exper imenta l  s tudies  on a te rminal ly  subs t i tu ted  n i t ro  compound wi th  a 

l a t e n t  r een t r an t  n e m a t i c  phase (in col laborat ion wi th  B.R.Ratna, R.Shashidhar, 

G.Heppke and S.Pfeiffer) P re sen ted  a t  t he  X Int. Liq. Cryst .  Conf., York, 

Ju ly  1984; Mol. Crys t .  Liq. Cryst .  124, 21 (1985). 

6. A new kind of A-A transi t ion : s tudies  on binary mixtures  of te rminal ly  

subs t i t u t ed  cyano and n i t ro  compounds (in col laborat ion with R.Shashidhar 

and B.R.Ratna) Mol. Crys t .  ~ i ' ~ .  Crys t .  Lett. ,  -7 102 1 0 5  (1984). 

7. A -A transi t ion in a binary liquid crys ta l  sys t em (in col laborat ion wi th  d d 

R.Shashidhar and  B.R.Ratna) P resen ted  a t  the  X Int. Liq. Crys t .  Conf., 

York, Ju ly  1984; Mol. Crys t .  Liq. Cryst .  (in press). 

8. Pressure  s tudies  on f e r roe l ec t r i c  liquid crys ta ls  (in col laborat ion wi th  

B.R.Ratna, R.Shashidhar and V.Surendranath) Fe r roe l ec t r i c s ,  Specia l  Issue 

on Fe r roe l ec t r i c  Liquid Crys ta ls ,  58, 101 (1 984). 

9. High pressure s tudy of phase t ransi t ions in DMPC - w a t e r  sys t em (in colla- 

borat ion with R.Shashidhar, 6.P.Gaber and S.Chandrasekhar) P r e s e n t e d  

a t  t h e  Am. Chem.  Soc. Meeting, St. Louis 1984; Mol. Cryst .  Liq. Cryst. ,  

1 10, 153 (1 984). 

10. Pressure  s tudies on two hydra ted  phospholipids - DMPC and D P P C  (in colla- 

borat ion with R.Shashidhar, B.P.Gaber and S.Chandrasekhar) Biochim. Bio 

Phys. Acta., (Submitted). 
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