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5.1 Introduction 

O f  l a t e ,  there ha8 been s oonsiderabls intererst 

i n  the  ETA0 m u l t i  o r i t i oa l  point. When such a point wae 

first suggested, the two proposed theoret ical  explena- 

tione of it were quite dif ferent .  Chu and MaMllan 
1 

proposed a model i n  which the crmectic O has the  dipolar 
2 order parameter of MoMlllan'a theory while the order 

parameter corresponding t o  rsmectic A was the one 

dimensional dene i ty  wave desoribed i n  theoriee of 
4 ~ o b a y w h i , ~  MoMillan and de ~ a n n e s . ~  The tilt of the 

direcBor away from the  layer  n o r d  entered thq model 

s orpewhat f noident a l l y  through a gradient term coupling 

the two order parameters. (]hen and ~ u b e n s k ~ , ~  on the 

other h d ,  found an NAG point in a model wherein the 

only order parmeter  cormidered waa the one dimensional 

daneity wave. 'Phe tilt of t h e  direotor r e l a t i v e  t o  the 

layer normal 3.8 a central  feature of t h i s  ~ 0 4 8 1  and 

oocura when the coeffioient of the transvetrae gradient 

term becomes negative. From the experimental poin t  of 



view the differenoea between the two models a r e  

essent ial ly two  fo ld .  F i r s t ly ,  i n  the Chen and Lubeneky 

model (a model) NAC point i e  a type o f  L i f sh i t s  point 7 

whioh leads t o  the predicti on that B a y  scat ter ing i n  

the nematic phase in the v ic in i ty  of  NAO point f a l l s  o f f  

i n  the  transverse direction as  lCi4, rather  than the usual. 

pi2 predicted by Chu-Manillan model (OPI model). Secondly, 

the  nematic-amectic C (N-0)  t rans i t ion  entropy i s  sero 

i n  the CM model while it i a  f i n i t e  i n  the GI; model. 

The f i r e t  observation of the NAG point warr by 

Johnson e t  a18 who on the basis of d i f fe ren t ia l  souuLing 

oalorimetry measurement s and a e r d  micr080t3py studies 

reported t h a t  the temperature-concentration diagram of 

binary mixtures of  hept y l  and oct ylaxy-p l - p e n t y l p h o ~ l  

thiobeneoate ( 7 ~ 5  and B s ~ )  shows a NAC polyori t ioal  - 
point. Of the two compounds, 7S5 shows smeatio C and 

nematic phasee while 855 exhibite smectic a, amectic A 

and nematia phasee. When the mole f t ac t ion  o f  755 in 

835 is inoreased, the range of the smectic A phase 

decreases and f ina l ly  a t  a ooncentratlon of about 42%, 

the  lemeotio A phase i e  bounded, resulting i n  a PJIa point 

(figure 5.1 ). The important features observed by Johnaon 

e t  a1  from the d i f fe ren t ia l  seaming calorimetric etudiee 
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a r e  (1 )  slmectic A - emectia C (AC) t r ans i t ione  are 

continuous and show l i t t l e  o r  no p re t r ans i t iona l  e f feo ts ,  

(2) the  emeotio A - nematio (AN) transitions are o m t i -  

nuaus and show r a t h e r  s t rong pre t rane i t iona l  effects 

which vani~h es the NAC point  i e  approach ed, (3) the 

smecti u C - nematie (CaJ) t r ans i t ions  a r e  very weakly 

first order and show very weak pre t rans i t iona l  e f feo t ,  

(4)  the point  where the  second order AN and CA baundariea 

arnd the first order CN boundary in te r sec t  is a multi- 

c r i t i c a l  point.  They have a l s o  presented a phenomenologi- 

c a l  Landau type theory which qua l i t a t ive ly  deaoribes the 

obsurved phase diagram. Sigaud e t  a19 have a l s o  disco- 

vered a binary l iqu id  c rys ta l l ine  system which exhib i t s  

the NAC point  w i t h  a s l i g h t l y  d i f fe rent  topology. 

As mentioned e a r l i e r ,  Chen and Lubensky termed 

the  NAG point  as L i f s h i t e  point .  However, Safinya e t  a l ,  10 

on the bas i s  of high resolut ion Xray s tudies  and De Hoff 

e t  a l ,  l 1  on the bas is  of prec ise  ac oalrometry measure- 

ments have concluded tha t  t h e  NAG point is d e f i n i t e l y  & 

a L i feh i t e  point  as proposed by Qlen and Lubenslcy, but  is, 

illstead a mul t i c r i t ioa l  point .  An NAO point  has never bean 

observed i n  a s ingle  component system and henos we have 

undertaken pressure s tudies  on a number of compounde with 



a view t o  observe suah a point  i n  the P-I! diagram of 

a EdnGs oomponsnt l i q u i d  orysterlline eyetam. We preeent 

hero, the reeul te  of two compound8 (kindly given t o  ur 

by Dr. D. Demus), via., N-(4-n-pentyloxyben~lidene)-4'- 

rkhexyl a n i l i n e  (50.6) and 4- (4-n-decyloxybensoylo~) 

benzylidene-4 '-cyanoanlline (10 B B M )  . 
5.2 Pressure s tudies  of 50.6 

5.2.1 Ctompound: The s t ruc tu ra l  formula of 

1 - ( 4 - n - ~ e n t ~ l o x ~ b a e ~ l i d e n a  )-4 ' -n-haylanil ins (50.6) 

i s  shown i n  f igure  5.2. !Phis compound belongs t o  t h e  

well known n0.m s e r i e s  which was syntheaised by Sari- 

e t  ale j2 It must a l s o  be mentioned t h a t  the oanpound 

exhibi ts  5 amectic phases at  atmoapherio preeaure, But, 

s ince our i n t e r e e t  i e  eeeent ia l ly  r e a t r f c t e d  t o  the 

t rans i t ion6  involving nematic, smectio A and r~arectio C 

phaeea only, we bave not studied the U @ e r  order smectics 

i n  the present invest igat ions .  The temperature8 and the  

heate of t r ans i t ion  at  atmospheric pressure,  88 determined 

by Perkin-Elmer DSC-2 d i f f e r e n t i a l  scanning oalorimeter 

a r e  given i n  Table 5.1. 

5.2.2 Experimental : The P-T diagram was obtained 

by using the opposed diamond anvi l  c e l l  described i n  



N - ( 4  - n - Pentyloxy benzylidene) - 4  - n - hexyl afiniline (50.6) 



chapter 11. All the t ransi t ions could eas i ly  be 

detected by opt ical  transmission technique. The data 

obtained u d n g  the diamond anvil  c e l l  were brought t o  

an absolute eoale by oonducting a cal ibrat ion experiment 

ueing a di f ferent ia l  thermal analysis (DTA) o e l l  which 

i a  a l s o  described i n  ohapter IT. The t rans i t ion  tempe- 

ratures oould be measured t o  a re la t ive  acauracy of  

+O.l°C and the pressure t o  + 15 bars; the absolute - - 
aoouracies are  reckoned t o  be about - + 1 * ~  and - + 2s  

respectively. 

5.2.3 Results and dlaousaiant I n  a l l , f i v e  

different  s e t s  of measurements were oarried out (each 

time using a fresh sample), one s e t  with the DTA c e l l  and 

the r e s t  with the diamond anvil  cel l .  First, the  DTA 

c e l l  was used t o  obtain the BO and AN phaae boundaries 

up t o  8 kbar. Then the  diamond c e l l  was used t o  record 

all the  t ransi t ions BC, CA, AN and N I .  The BC phase 

boundary determined with the DTA c e l l  was used t o  bring 

the diamond anvil  c e l l  data t o  an absolute scale. To 

cheok the  r e l i a b i l i t y  of the calibration, the data  points 

(on an absolute scale) fo r  t h e  A-N phase boundary a s  

determined by the two oe l l s  were oompared; theas a re  

shown i n  f igure 5.3. It oan be seen f r o m  the figure t h a t  
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there i r  excellent aooord betwem the  data obtained 

with the two ce l l s ,  and further that  the f ive  independent 

aete af measurements using the  diamond anvi l  0911 agree 
of 

w e l l  with each other. After the completion aaoh s e t  of L 
measurements, the sample i n  the  garsket was rsaaoved and 

i t 0  transf ti on temperatures (a t  atmospherio p r e ~ o u r a )  

ware determined. They were found t o  be exaotly the same 

aa before the commencement of  the experiment, thus o m -  

firming tha t  the material d i d  not suffer  any decomposit ion. 

The P-T data of t h i s  compound are given i n  Table 

5.2 and 5.3. !i!he complete phase diagram i 8  shown i n  two 

parts ,  for  oonvenience of presentation o f  the data; t he  

measurements up t o  4 kbar are  shown i n  figure 5.3 while 

thoee f o r  preeeures between 4 kbar and 8 kbar are  shown 

on an ,enlarged temperature sca le  i n  figure 5.4. It is 

Been that  the  temperature range of smectiu A phase dirmi- 

niehea with inoreasing pressure. Thia range whioh i s  

8.9.C a t  1 bar, becoming aa small as about 0.7'0 at 4 kbar 

(figure 5.4). A t  higher pressures the  range of the  A phase 

decreases even further  but the r a t e  of deorease is  very 

a l w .  A t  8 kbar, the maximum pressure up t o  which we have 

studied t h i s  compound, the range o f  smectic A i s  about 

0.4'C (figure 5.5 ). Ha4 the resolution of our experimental 
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s e t  up been l e s s  than w h a t  i t  i e  a t  present,  we might 

have concluded tha t  &A and A-N phase boundaries in te r-  

s e c t  a t  about 4 kbar. However, tb preoision of our 

da ta  shows t h a t  t h i e  i s  not i n  f a c t  t h e  case. We oan 

therefore only i n f e r  t h a t  the  NAO point  f o r  t h i e  campound 

w i l l  probably occur a t  a pressure higher than 8 kbar. 

It may a l so  be mentioned tha t  i t  has been theore- 

t i c a l l y  predicted by ~ e n g u i g u i ' ~  that a t r i c r i t i c a l  point  

should precede t h e  NAC point whiah was p rev iour r l~~  re fe r red  

t o  as L i f s h i t s  point.  Special care was therefore  taken 

t o  eee from the  IXA experiment of the A,N t r a m i t i o n  l i n e  

ahows a t r i c r i t i c a l  point .  It was observed t h a t  t h e  

first order character  of t h i s  t r ans i t ion  diminishes with 

increasing preseure up t o  about 4 kbar ( f igure  5.6). 

But beyond this  pressure, the change i s  hardly detectable.  

'Phe All t r a n s i t i o n  remains first order though weakly ao, 

r i g h t  up t o  8 kbar ( f igure  5.7). This perhaps is partly 

the  reaeon why the NAO point  i a  not observed i n  50.6. 

5.3 Pressure s tudies  of 4- (4-n-decyloxybensoyloxy) 
bensylidene-4 '-cyanoaniline (10 BBOA) 

5.3.1 Oompoundt It was recent ly  reported16 that 

4[ 4-n-octyloxybebzoyloxy] beneylidene-4 ' -cyan~ani l lne 

exhibi ts  a reentrant  nematic phase a t  atmospheric pressure. 







Subsequently, Weissf log e t  all7 synthesised several 

members of t h i s  homologoue se r ies  which show a remarkable 

sequence of transit ions.  The t ransi t ion temperature8 of 

theee compounds as observed with a polarising microscope 

are given i n  Table 5.4. Bs seen from the table,  the 

first four homologues show only normal nematic phases 

with a la rge  temperature range and a l s o  metastable 

ernectio A phases. The octyloxy cornpound shows an addi- 

t ional  s table  phase, vis., reentrant nematic. But i n  

the higher homologues, the  reentrant nematic phase is 

metastable i n  character. Most surprisingly, i n  the 

decyloxy derivative whose s t ructura l  formula i s  ohown 

i n  figure 5.8, the smectic C phase ex i s t s  beeidea reentrant 

nematio and smectic A phase. T h i s  was the f irst  observa- 

t ion  of smectic C l iquid c rys ta l  c anpound poseeasing a 

strong longitudinal dipole moment. We have oonducted a 

hi@ preesure study on this compound, vi z. , 4(4-n-decyloxy 

benzoyloxy)benz,ylidene-4 '-cyanoaniline (10 BBCA) w i t h  a 

view t o  see i f  NAG point can be obtained a t  high pressures. 

5.3.2 Experimental: Experiments were conducted 

using a high pressure opt ica l  ce l l  described i n  chapter I1 

with l i g h t  tranamisd on technique as the probe since we 

had gone up to a pressure of about 3.2 kbar only. A l l  the 



4 (4- n  - decyloxy -benzoyloxy) benzylidene -4'cyanoanilines 

5.83 fonvk ei C ( ~ J ~ ~ ~ S , O J X ~ ~ )  
-lid- '-4Bymoaal3fior, 10 BBCA 



t ransi t ion8 were eas i ly  detected by t h i s  technique. In 

a l l ,  two independent s e t s  of  measurements were conducted 

and the  data from t b s e  two independent s e t s  of measure 

mente were se l f  consistent thereby c anfirming the reproduci- 

b i l i t y  of the measurements. 

5.3.3. Results and discussion: Table 5.5 give8 

the t rans i t ion  temperatures and the t rans i t ion  enthalpies 

ae meaeured by a Perkin Elmer DSO-2 d i f f e r en t i a l  scanning 

calorimeter. 

Since the N-I t r ans i t  ion temperature is ra ther  high 

(242'0) a t  one bar, t h i s  t r ans i t ion  has not been studied 

as a function of pressure, essent ial ly because the seal8 

ueed i n  the pressure c e l l  become so f t  and umeable f o r  

temperatures higher than about 245OC. For the sure reason, 

the A-N t rans i t ion  has been followed only up t o  about 

100 bars. On the other hand, the melting t rans i t ion  and 

the monotropic smectic A - smectio C (A - C)  and smectic C-- 

reentrant nematic (0-RN) transitions a l l  occur a t  re la t ive ly  

lower temperatures and therefore can eas i ly  be followed. 

Hgure 5.9 shows the complete phase diagram while the  P-T 

data are givsa i n  Table 5.6. The in teres t ing  resu l t  

emerges that  the range of smectic C whioh i s  i n i t i a l l y  

13.0 a t  1 bar decreases qui te  rapidly with the increase o f  





pressure and the C phase i s  completely bounded a t  

520 bars ,  thus resu l t ing  i n  a RN - C - A point  a t  

0.52 kbar and 86.0'0. Ike region of the  phase diagram 

surrounding this point i s  shown on an enlarged ecale  i n  

f igure  5.10. Experiments have a l so  been conducted using 

the D!PA o e l l  t o  determine the  nature of the transitions 

close t o  t h e  RN - C - P point .  It was observed t h a t  

Rl? - 0 an8 C - A t r a n s i t i o n s  a r e  more or  l e e s  continuoue 

i n  nature,  but  the RN - A t r ans i t ion  i s  d e f i n i t e l y  first 

order i n  character. In other  words, i t  appears tha t  t h e  

two second order phase boundaries, v i e . ,  RN - 0 and 0 - A 

culminate and continue a s  a first order RN - A phase 

boundary. We have thus obtained a new kind of m i l t i c r i t i c a l  

point  namely FfN - C - A point  a t  0.52 kbar and 86.0'0 i n  

As regards t o  .the topology of the  P-T diagram, the 

following features may be seen f rom the enlarged phase 

diagram shown i n  f igure  5.10. The RN - C and RN - A 
l i n e s  a r e  not continuous through the EUJ - C - A point.  

The C - A l i n e  i s  s t r a i g h t  till very close t o  the RN - C - A 

point and approaches i t  Q i g h t l y  obliquely. !he RN - A 

boundary appears t o  have a curvature r i g h t  from t h e  RN - - A 
point. It i s  t o  be mentioned tha t  on the b a s i s  of the topo- 
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logy alone, i t  i s  hard t o  make any de f in i t ive  conclusion 

regarding the nature of t h i s  point. Experiments l i k e  

measurements of e l a s t i c  constants, high resolut ion Xray 

s tudies ,  eto. a r e  required t o  be conducted a t  high 

pressures i n  order t o  provide more information conoernlng 

the nature of t h i s  point.  

It i e  t o  be noted t h a t  the r e s t  of the  phase diagram 

(f igure  5.9) i s  a l s o  qu i t e  in te ree t ing .  Beyond a preesure 

of 1.7 kbar, t he  RET - A phase boundary star'ts curving 

towards the  temperature axis as i t  is  indeed expected s ince  

i t  should form a p a r t  of the  e l l i p t i c a l  phase boundary 

whioh should join t h e  AN phase boundary. Chdng t o  the 

problem of going t o  high temperatures i n  the high preernrre 

op t i ca l  o e l l  (as  described e a r l i e r )  we have not been able  

t o  fo1J.o~ the  complete e l l i p t i c a l  AH phase boundary. It 

may a l s o  be noted t h a t  the  smectic A phaee is bounded on 

heating a t  2.90 kbar, 171.0°C, but i t ,  of course, continue6 

t o  exiet  beyond this pressure on oooling. 

Summarising these r e s u l t s  f o r  these two cnmpounds, 

although the  NAC point has proved to be e lusive i n  the  oase 

of 50.6, we have been able  t o  find a new m u l t i c r i t i c a l  

point ,  vil;. , RN - C - A point  i n  the case of 4-(4-n-decyloxy- 

beneoy1oxy)-benzylidene-4 '-cyanoaniline . 



Table 5.1 

!hansition temperatures and heats of transition 
of 50.6 

Transition 
Temperature Heats of transition 

O C  A H  i n  k~/mole 

amectic B-smectic C 

- smectic C-smectic A 

amectic A-nematic 

nematic-isotropic 

i determined by thermal microscopy 



Table 5.2 
Temperatures of Sg - SC, SA - N and N - I transitions o f  

50.6 as a function of pressure using DI!A o e l l  

SB - So S~ 
- N N - I  

- 

Pres aure Temp Pressures Temg . Preaaure 
i n  kbar i n  6 i n  kbar i n  C i n  kbar 
room pr. 51.3 room pr. 61.4 room px. 72.6 
0.52 58.0 O e 5 3  67.5 0.3 79.2 
0.59 59.0 0. 59 68 .O 0,66 86.8 

0. 78 61 -3 0.6 68.1 0.81 90.0 



Table 5 .3  
Transition temperatures of 50.6 as a function o f  preseum 

using diamond anvil c e l l  
SET I 

S1. Pressure Transsit ion temperatures i n  '0 
No. i n  

kbar % - S~ - 'A SA - H 



Table 5.3 
Transition temperatures of 50.6 as a function of pressure 

using diamond anvil c e l l  
Set I1 

X1. Pressure 
Transition temperatures in 'C 

No. in SB - - s~ SA - N 
kbar 



Table 5.3 

!?ransition temperatures of 5006 as a function of  pressure 
using Diamond Anvil Cell 

Pressure Transition temperature8 in 'C 
in 

No* kbar 5 - S~ - 'A s* - N 



Table 5 .3  
? r a m i t i o n  temperatures af 50.6 as a function of Pressure 

using Diamond Anvil Cell 
SET IV 

S1. Pressure !bansition Temperatures i n  'a 
N O .  i n  kbax SB - S~ - s~ - - s~ 



Table 5.4 

Transition temperatures ('C) of n BBCA 
(Reference 17) 

C r  : solid c r y s t a l  

'A' 'C 
: smectic A,  smectic C 

N : nematic 
C : i so t rop ic  

The numbers are the t r a n s i t i o n  temperatures ( O U ) .  

Brackets den0 t e  monotropic phases. 



Table 5.5 

Heats o f  t rans i t ion  of 10 BBCA 

Srans i ti on 

Transition tem~eratures  ('c) Heats of transi-  

Mettler DSC t ion  i n  k~/mole 

K - Sa 99.8 98.3 39.92 

( ) indicates monotropic transition 

 he t ransi t ion peak i s  not sharp and hence the 
value i s  not very accurate 



Table 5.6 

Transitions temperatures of 10 B B U  as a function 
of presaure 

SET I. 

Transi ti on temperatures in OC a. Preeeure 
No. irr k b u  heof ing oool iag  

S - SA S~ - N - 1  Sr - So So - B1Y 
1 room pr. 99.8 231.8 242.1 76.2 65.1 



Transition temperatures of 10 %BOA as a funotion of 
preaaure 

S e t  11 

a. Preseure Transit ion temperatures ('0) 
in 

No* kbar heating cooling 

S - SA SA - N N - I  'A - - %I 

room pr.  

0.07 

0.10 

0.14 

0.17 

0.21 

0.24 

0.28 

O e  31 

0.35 

0.38. 

0.40 

0.41 

00 43 
0.45 

0.47 

0.48 

0.50 

0. 52 

0.55 
0.59 
0.62 

0.66 

continued.. . 



13'7 
Table 5 . 6  continued 

- -- 

Trans i t i on  temperatures ('c) 
S1 . Pressure  

in heaU ng cooling 
No* kbar S - Sn SA - N N - I  Sa - Iim - 
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