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7.1 Introduction 

A l l  the  cornpounds discussed 8 0  far have e s s e n t i a l l y  

C.O,O or CH=N linkage group, except I n  the  case of re- 

entrant  nematogens. Recent ly  ~ e ~ n o l d  ' syntheeised o new 

c l a s s  of compounds, viz. ,  p,pt-disubsti tuted phenyl t h i o l  

benzoate8 which have C.0.S as the linkage u n i t ,  i ,e . ,  

' there i s  a sulphur atom i n  the e s t e r  linkage. !the Tth 

and the 8th member of t h i s  homologous s e r i e s ,  v i s e ,  

4-n-pentylphenyl-4 '-n-hept yloxy thi obem oate ('7~5) and 

4-n-pentyl phenyl-4 *-n-oc t y l  oxy thi  obensoate ( 8 ~ 5 )  were 

i n  f a c t  the  substances used by Johnson e t  a12 t o  obevre  

the  m u l t i c r i t i c a l  NAG point ,  f o r  the first time, i n  a 

temperature-concentration diagram ( f i  y r e  7.1 ) . We have 

oarr ied out precise  and detai led pressure s tud ies  on 

these two compounds and t h e i r  3 mixtures f o r  several  

reasone: ( 1 )  t o  study the e f f e c t  of adding a heavy atom, 

namely, mlphur  i n  the linkage group on the s t a b i l i t y  of 

various mesophases under pressure) ( 2 )  t o  eee i f  t h f e  

compound which has a monolayer SA phase, exhib i t s  the 

phenomenon o f  reentranoe as i n  the case of b i layer  
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f tic', 

smecti c A compounds since the  l a t en t  heat  associated 

w i t h  A-N t r a n s i t i o n  i s  very small; and (3) t o  inves t iga te  

whether NAG point  observed i n  the  temperature concentration 

phase diagram of these substances can a l s o  be obtained i n  

the P-T diagram since most o f  the e f f e c t s  l i k e  t r i o r i t i c a l  

behavi our, reentrant  phenomenon4 observed by varying 

concentrations i n  binary mixtures can a l so  be observed 

i n  a s ingle  component system by  varying pressure. 5-8 

7,2 Compounds 

The COmp0~nd8 7 ~ 5  and gs5 used i n  our exgeriment 

were kindly given by Prof. G.Heppke. These compounds 

belong t o  the homologous s e r i e s  of diaubs t i t u t e d  phenyl 

t h i o  beneoates which were first synthesilsed by Reynolds 
1 e t  a1 with a view t o  study the mesomorphic s t a b i l i t y  

when an oxygen a tom i8 replaced by sulphur i n  the e s t e r  

linkage of benzoyl benzoates. The s t r u c t u r a l  formula of 

the  compounds are  given i n  figure 7.2. The 

t r a n s i t i o n  temperatures of  the  two pure compounds and 

t h e i r  mixtures having molar percentage of  34, 40 and  45 

of 785 i n  855 as determined by thermal miorosoopy a r e  

given Tn Table 7.2. The t r ans i t ion  enthalpies  associated 

with the  various transitions i n  the case of ..pure 

compounda were determined using a d i f f e r e n t i a l  eoanning 
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(1) 4 - n pentyl phenyl - 4'- n Heptyloxy t hio Benzoate ( 7 ~ 5 )  

(2)  4 - n Pentyl Phenyl - 4 n oc tyloxy thio Benzoate ( 6 ~ 5 )  



oalorimeter (perkin Elmer Model DSCI-11) and a r e  tabu- 

lated in lable 7.1. Transition temperatures as w e l l  as 

the  heats of t rans i t ion  a re  in good agreement with those 

determined by previoue workers. 9,10,11 

- 
755 exhibits a nematic phaee i n  addition to  the  

monotropio smectic C phase. On the other hand, 855 has 

nematic and smectiu A p h a ~ e s  which are enantiotropio. 

I n  addition to th i s ,  it show8 two monotropio phases, 

VIB. , smectio C and a h i a e r  order emectic. !l?his higher 

order smectio phase exhibits moeaic textures and i n  

t h e i r  recent studies,  Mary Neubert e t  a1. o lass i t led  

' it as Sy phaee. It should be pointed o u t  here tha t  

(hruciel and ~achwalska, while doing adiabat i  o calori-  

metric s tudies  on 7~5,observed the metastable nature of 

the smectic C phase. They d id  not f i n d  any apecifio heat 

anomaly corresponding t o  the smectic C - nematic t r a m i t i o n  

temperatures which may be due to the spontaneous crysta- 

l l i a a t i o n  d i reot lg  f'rom the  nematicr phase. Wther, tbe 

dielecrtrio relaxation' etudies carried out by (Puruoiel 

e f  a l l 2  a l so  indioate tha t  sneotie C i s  not s t a l e  but 

transforms spontaneaualy t o  the sol id  phase, HOW~V-, 

this metastabili ty of  the  phase did not Po00 any p r o b l m  

i n  our preseure study experiment since the technique 



adopted, via. , op t i ca l  transmission i s  a dynamic one 

wherein the sample temperature i s  being continuously 

varied at  a constant r a t e  of  about 1 t o  2'~/minute, 

whereas i n  the  d i e l e c t r i c  studies t h e  temperature i s  

t o  b e  kept constant for a long pe r iod  o f  time. 

Since NAC point f o r  the binary mixture of 755 

and 855 l i e s  very close t o  the  4 2 s  molar concentration 

of 7 ~ 5  i n  8 ~ 5  ( r e f e r  f igu re  7.1), we have selected three 

mixtures w i t h  molar concentration of 7 ~ 5  c lose  t o  42$, 

ris., 34% 40% and 45%. The t r ans i t ion  temperaturea of 

these mixtures measured a t  room pressure a r e  given in 

?able 7.2. TWO of these mixtures (34s m d  40s mole 

fraot ion of 7 ~ 5 )  show smectio C, smectic A and nematic 

phase8 while t h e  mixture having 458 molar c anoentratiorn 

of 755 shows only a smectic C and nematic phpse. H o r c  

over, all the  phase8 a r e  enantiotropi c unlike i n  pure 

compounds wherein smectic C i s  monotropic in  character.  

7.3 Experimental 

Measurement o f  t r a n s i t i o n  tenlp eraturea a t  various 

pressure8 : Bs already described, the t rana i  t i o n  tempe- 

r a tu res  a t  various pressures were determined by l i g h t  

transmission technique using a high pressure op t i ca l  c e l l .  



I n  a l l ,  two independent s e t s  of r e a d a s  were taken 

using f r e sh  samples i n  each case and i t  was found that 

the data poin ts  fo r  the  two independent s e t s  of memure- 

ments a l l  f a l l  on the  same curve and therefore  p r a c t i c a l l y  

indis t inguishable  from one another. 

7.4 Results and d i ~ a u s s i o n  

7.4.1: &: The P-T data  of t h i s  compound are  

given i n  Table 7,5 while t h e  phase diagram l a  shown i n  

f igure  7.3. It i s  seen t h a t  a l l  the phase boundaries 

a r e  e s sen t i a l ly  s t r a i g h t  l i n e s ,  The range of t h e  nematic 

phase increases with the increase  of pressure. !The 

smectic 0 phase which i s  monotropic a t  room pressure 

remains so even a t  high pressures, but i t s  range decreases 

with the increase of pressure and finally the nematic - 
smectic C phase boundary joins  the c r y s t a l l i s a t i o n  l i n e  

a t  a pressure of  1.61 kbar. It i s  t o  be  noted t h a t  the 

c r y s t a l l i z a t i o n  point a t  d i f f e r e n t  pressures f a l l  on a 

smooth s t r a i g h t  l ine ,  The smectic 0 i s  therefore  'bounded' 

resu l t ing  i n  solid - nematic - smectic C t r i p l e  point  at 

1,61 kbar and 62'C. me data  points f o r  the  various 

t r ans i t ions  a re  f i t t e d  t o  the polynomial equation suggested 
13 by Horn , vie.,  
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where 9 and T are the t rans i t ion  temperatures i n  
P 0 

absolute a t  a pressure P and a t  atmaepherio pressure 

respectively, A & B are empirical constants a i c h  are  

evaluated by the method of l e a s t  square flt ueing Hewlett 

Packard 9821 programmable calculator. The value of 

oomtants A end B are tabulated i n  Table 7.3 along 

with the R.M.S.  error.  It may be noted t h a t  the dT/dP 

a t  1 bar given by the value of A is rather  low for 

nematio - smectic C t rans i t ion ,  when compared to mmatio 

t o  isotropic or sol id - nematic transitions. 

7.4.2 a: The (P-2) data fo r  B s ~  are  given i n  

?able 7.6 while the corresponding phase diagram i r e  ahown 

i n  f igure 7.4. The smectio A - smectic C a% w e n  as 

amectic O - Smosaic phase boundaries remain monotropic 

i n  oheracter throughout the  pressure range studied and a r e  

ehown by dotted l i n e  i n  the figure. Here again, the sarrge 

of nematic phase increases with the increase of presaure. 

What i e  more interest ing i s  tha t  there is  ra ther  a steep 

inorease i n  the smectio A range with inorease i n  pressure 

whlah l a  acaompanied by a decreme i n  the range of smeotio CI 

phase. !he srnectie 0 phase i s  ultimately bounded resul t ing  

in 'nosaio - Smectio C - Smectic A t r i p l e  point a t  4.1 kbar, 

and 6 5 O C .  Thus, although, the s t ab i l i t y  of smectio C p h u e  



Temperature (OC) 
l i g r t n 7 * 4 3 ? - i l u a Q ? n & B 9 1 5  



at  1 bar  f o r  B s ~  is grea ter  than t h a t  of 785, it also 

ul t imately ge ts  bounded a t  a pressure which i s  much 

higher than tha t  f o r  755. Therefore, it is not  p o s d b l e  

t o  have an NAO point  i n  8 ~ 5  under pressure. 

It must a l so  be pointed out t h a t  C l a d i s  e t  a1 14 

have a l s o  studied t h i s  compound aa a function of pressure 

up t o  2kbar. The l a t e n t  hea t  associated with emectio A - 
nematic t r a n s i t i o n  i s  very small s o  t h a t  i t  can be regarded 

a~ weakly f i r s t  order. This i s  a t t r ibu ted  t o  a f l e x i b l e  

.aromatic p a r t  of 855. This has led Cladis e t  a1 t o  ca r ry  

out high pressure s tudies  of t h i s  compound with a view t o  

observe the reentrant  behaviour a s  i n  b i l aye r  emectic A 

compound. Our s tudies  have shown that t he  smectic A - 
n m a t i c  t r ane i t ion  does not show any s i g n  of ourvature 

toward8 the pressure axis. I n  other words, there  i e  no 

s ign of reentrance even up t o  a pressure of 4 kbars. 

Since Xray s tudies  of Cladis e t  a 1  have shown t h a t  t h e  

measured l aye r  spacing of smectic A of g ~ 5  is consis tent  

with a monolayer smectic A phase, we can conclude, there- 

fore ,  that the  bi layer  smectic A i s  e s s e n t i a l  f o r  t h e  

reentrant  nematic phase t o  appear. 

m e  constants A and B f o r  the  various t r a n s i t i o n s  

obtained by the least square fit of the  da ta  t o  the poly- 



i n  
nomial equation a r e  given t ab le  7.3 along with the 

L 
corresponding R.M. S. e r ror .  The dT/dP value6 a t  1 bar  

f o r  various t r ans i t ions  a r e  given i n  Table 7.4. It i s  

t o  be  noted that our  values of d ~ / d ~  measured a t  1 bar  

f o r  smectic C - amectic A and smectic A - nematic t rans i-  

t ions  a r e  1 4.0°c/kbar and 23.2@C/kbar respectively which 

agree very well w i t h  those o f  Cnadis e t  al. However, 

our value of d!J!/d~ at 1 bar  f o r  nematic - i so t rop ic  

t r ans i t ion ,  namely, 43.2°~/kbar  d i f f e r s  very much from 

t h a t  of Cladis  (= 30. 1 4 ° ~ / k b a r ) .  This ra ther  l a r g e  

difference is, perhaps a t t r ibu ted  t o  t h e  difference in t h e  

AH values f o r  t h i s  t r a n s i t i o n  a t  atmospheric pressure. 

The AH reported by cladis  e t  a1 is 0.87 k~/mole d i l e  f o r  

our sample it is 1.30 k~/mole, although the t r a n s i t i o n  

temperatures a r e  p r a c t i c a l l y  the same i n  both the cases. 

7.5 Binary mixtures of 755 and B s ~  

A s  mentioned e a r l i e r ,  pressure s tudi  ea were undertaken 

f o r  3 binary mixtures of 5% and B s ~  having a molar f r a c t i o n  

of 348, 40$ and 45s  o f  755 i n  B s ~  which a r e  i n  the  r i a i -  

n i t y  of the c r i t i c a l  concentrat im a t  which NAG point i s  

observed. Since our i n t e r e s t  is  t o  see whether 

smectic A phase is bounded o r  not under pressure, we have 

concentrated only on smectic C - smectic A and smectic A - 
nematic phase t rans i t ions .  The P-!J! data f o r  these  mixtures 



a r e  given in Table 7.7 t o  7.9 respectively,  while f igures  

7.5 f o 7.7 represent the corresponding phase diagrams. 

For the  mixture having 34% molar f r ac t ion  of 7 ~ 5  
i n  g55, smectic A phase has a range of about 2.0 at  1 bar 

which increases  t o  1 3 ° ~  at a pressure o f  2.4 kbar, i. e, , 
t h e  range or the  s t a b i l i t y  of the smectic A phase inoreaees 

monotonioally with the inorease o f  pressure. The 40% 

mole fraction mixture a l so  shows a similar behaviour 

( f igure  7.8) except that the r a t e  of  increase of t h e  

.range of ameotio A phase i s  slower i n  t h i s  osae,, being 

about 1°C at d bar and 9'C a t  2.5 kbar. It l a  therefore  

eeen t h a t  ne i the r  the  pure compound nor the mixtures show 

the NAC point  under pressure. It appears as though t h e  

monolayer smectic A phase cannot be bounded by applying 

presmre.  On the other hand, pressure has the  e f f e c t  of 

i n c r e a a n g  the s t a b i l i t y  of such a monolayer e m c t i c  A 

phaae. Por the  sake of oompleteness, pressure s tudies  

have a l s o  been conducted on the mixtures of 45% molar 

f r ac t ion  of 755 i n  &5 which does not have emectic A but 

only smectic C and nematic phases partly with a view t o  

see i f  smectic A can be induced at high preseurea. The 

unusual aspect  of the  phase diagram (f igure  7.7) is that 

emectic C phase which i s  enantiotropic at one bar becomes 
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monotropic f o r  pressures beyond 0.22 kbar. As far a6 

we know this  i s  the  first i w t a n c e  of the  srnectio C - 
nematic t r ans i t ion  showing a change i n  character  from 

enantiotropic t o  monotropic, dl though s imi la r  ohange 

has been observed fo r  smectic A - nematic t r a n s i t i o n  

before. 8915  It may a l s o  be recalled t h a t  t h e  case of 

smectic C - nematic t r a n s i t i o n  changing i t s  charaoter 

from monotropic t o  enantiotropic under pressure has 

already been observed. l6 The constants A and B for t h e  

mixtures evaluated by l e a s t  square f i t  of the  da ta  points  

' to the polynomial equation are given i n  Table 7.3- 

7.6 Evaluation of volume change bV a t  the  t r a n s i t i o n  
using the Clauaius-Clapeyron equa ti on 

!Phe avai lable  da ta  on the volume change AV a t  

t r a n s i  tiona involving d i f f e ren t  kinds of l i qu id  a rye ta l  

phase8 a r e  r a the r  sparse. Hence it is of i n t e r e s t  t o  

ca lcu la te  AV f o r  the substances studied. From the init ial  

l i n e a r  port ion of the  pressure-temperature diagrams, 

d!P/dP a t  one bar f o r  the various t r ans i t ions  have been 

calculated. Using these values and the  Q H  values given 

i n  Table 7.7 ,AV a t  one bar  has been evaluated. These 

a r e  tabulatad i n  table  7.4. 

It is t o  be noted t h a t  i n  smectic C - nematic 



transition i n  7 ~ 5  and i n  amectic A - nematic transition 

i n  8 ~ 5  change i n  the volume associated during the transi- 

t ion i s  very small. In fact, volume change aesociated 

with smectic C - nematic transition i n  7 ~ 5  ie perhaps 

the lowest observed s o  far f o r  this  transition. 



Table 7.1 

'Pransition temperatures and heats of transition of - 
7S5 and 5 ~ 5  

Heat8 OI- 
Transition h.aneition 

S.No. Compound Transition temgerature H i n  
C k~/mole 

K - N  54.5 29.47 
1 735 N - I  83.0 1.08 

N - C  (36) 0.26 

K - A 59,O 34.68 

A - N  63.0 0.09 

N - I  86.5 1 e30 

A -  C (55.5). -0 

- SmOs (31 2 .89 

%y optical microscopy 

( ) monotropic transition 

K - solid, A - smectic A, C - smectio C, 

'mas - Smectic (mosaic), N - nematic, I - isotropic 



Transition temperatures of the binary mixture8 of  
- 
7S5 and 5 ~ 5  

S1. 
f?ranei);ion Molag eoncentration wansition t.nrp 

No. of 7S5 i n  8S5 eretur e8 
0 



aons tan t s  A and B of the p,olynomial eqn. T = Zo+*P-BP 2 
P 

S1 . Compound lfranai- A B RMS 
NO. t i o n  (kbar2 ) emor 

oc 

K - N 25.90 1.63 - + 0.54 
1 7 ~ 5  N - I  42.87 6.72 - + 0.53 

N - C  97.77 0.74 - + 0.52 

K - A  26.72 3.10 - + 0.48 

A - N  23.22 0.52 (.. + 0.54 

2 G s ~  N - I  43.23 12.25 - + 0.51 

A - C  14.01 0.69 - + 0.48 

- Smos 17.06 0.21 - + 0.36 

35smole  frac- C - A 16.36 0.016 + 0.46 
t i o n  of 755 i n  

- 
8S5 A - N  19.21 0.26 (.. + 0.52 

4 40/6 mole 0 - 8  15.99 0.028 - + 0.51 
f r a o t i o n  of - 
7 ~ 5  i n  5 ~ 5  A W N  19.64 0.015 - + 0.50 

5 45s mole K - C  27.33 3.11 - + 0.40 
f r a c t i o n  of - 
7S5 i n  Z S ~  C - N  15.91 0.185 - + 0.35 



Table 7,4 

( d ~ / @ )  lbss and volume change ( AV) at transition 

(dT/dP) 1 bar PV 10-4 
S1,No. Compound Transition * ~ / k b a r  cc/m 

- 

K - N 25.90 585.6 

I 5 ~ 5  N - I  42.87 32.67 

H - C  17 77 3.0 

K - A  26.70 569.2 

A - N  23.20 1.50 

N - I  43.20 97-91 



Table 7.5 

Transition temperatures o f  7 ~ 5  as a funotion of 
pressure 

Set I 

S1. Pressure in Transition temperaturee *C 
Ho. kbar Heating 1 Gooling 

S - N  N - I  I N - S *  - 
I or- tal 
I 

1 room pressure 54.5 83 36 31 
2 0.10 - 89.68 f - 

i 
33.89 

3 0.21 60.3 93.17 t 40.42 34.9 
4 0.31 63.28 96.27 41.68 56.41 
5 0.41 65.52 100.9 : 43.44 39 . 67 
6 0.52 68.26 103.38 45.19 42.18 
7 0.62 69 75 106.37 46.96 43.2 
8 0.72 71.75 110.61 48.46 45.95 
9 

1 
0.9 75.23 113.35 j 49.72 47.45 

10 0.93 77 48 116.39 51.48 
I 

49.47 
11 1 ,04 79-47 119.58 1 53.09 50.7 
12 1.14 81.71 122.32 j 55.5 52.53 1 

1 

13 1.24 84.45 125.81 j 56.75 55.00 
14 1035 86.69 128.55 j 58.76 56e74 
15 1-45 88.68 131.29 j 60.52 59.5 
16 1.55 90.18 134.03 1 61.77 61.72 
17 1.66 92.67 - 1 - 63.28 
18 1.76 94.67 - - 65.28 ! 

19 1.87 97.16 - 
20 1.97 99.4 - 
21 2.07 101.39 - 

- 67.3 
- 68.5 
- 69.81 



Table 7.5 

-- 

1 room pressure 54.5 
2 0.10 58. 36 
3 0.21 60.35 
4 0.31 62.6 
5 0,42 65.1 
6 0. 52 67.6 

- 7 0.62 70.0 
8 0.72 72.3 
9 0.90 74.3 

10 0.93 76.56 
11  3.04 79.3 
12 1 14 81 .O 
13 1.24 83.3 
14 1.25 85.5 
15 1.45 87.3 
16 1.55 89.78 
17 1.66 92.0 
18 1,76 94.8 
19 1.87 97.0 

!l!ransition temperatures o f  755 as a function of presarre 
Set 11 

% A s i t i o n  temperatures 
S1. Pressure in 
No. kbar Heating 

S - N  N - I  

Cooliag 

N - So so - 



Table 7.6 

!transition temperatures of 855 as function of pressure 
Set  I 

!transition temperatures 
S1. Pressure 
No. in kbar Heating I 00 OU ng 

s - SA s,-N N - I  / s ~ - S ~  s~ - s ~ O B  

1 room pr .  
2 0.10 

3 0.17 
4 0 .31  
5 0.45 
6 0.57 



TABLE 7.6 

*ansition temperatures of 855 as function of presmre 
Set I1 

Sl. Pressure 
No . i n  

&bar 

room pr. 
0.10 

0.21 

0.31 

00 41 
0.  52 

0.62 
0. 72 

0.83 

0.93 

1.04 

10 14 
1.24 

1.35 
1.45 

1 55 
1.66 

1.76 
1.86 

1.97 

2.07 

2.17 
2.28 

2.39 

- 

Transition temperatures ( *C)  
- 

Heating I CooUng 



Table 7.7 

Transition temperature8 of mixture o f  7 ~ 5  (34s mole 
fraction) in 855 as function of pressure 

Transi t ion temperature * C 
Sl. Pressure 
No. i n  kbar 

Sa - S~ sa - H 

room pressure 

0.10 

0.21 

0.31 

0.41 

0.55 

0.69 

0.83 

0.97 

1.10 

1.24 

1 . 3  

1.73 

2.07 



Table 7,8 

Transition temperatures of mixture of 7 ~ 5  

(401 mole fraction) in 885 as function of 

Transition temperatures 
S1. Pressure in 
No. kbar 

('c) 

'0 - 'A S~ - Nematic 

1 room pressure 4.8.00 48. 5 
2 0.07 49. 42 50.23 
3 0.21 50.53 52. 51 



Table 7.9 

Transition temperatures of mixture of 5 ~ 5  (45s  mole 
fraction) in 8235 as function of pressure 

Transition teqeratures ('c) 
S1 . Pressure 

No. in 
kbar Solid - So So - Nematic 

room pressure 
0.069 
0.14 

0.28 

0.35 
0.41 

0. 5 5  
0.69 
0.83 
0.9 
1.04 

1.10 

1.17 
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