
Ile?Eg(J!i!S OF PRESSURE CEI SHECTIC O PHASB8 

6.1 Introduction 

It has long been reoognised t h a t  the temperature 

variat ion of the tilt angle i n  the snectio C phaaa dupends 

very moh on the type af phase t ha t  exiete  irawd1atd.y 

a f t e r  it at  a higher temperature. If the higher temp- 

rature  phase i a  smectio A, then the tilt a a e  i. rather 

small and ehowa a strong temperature depend.noe. 1,2,3 

Burther it goes t o  sero at  the snectia O - 6 n a t i u  A 

(&A) tranaition. On t h e  other hand, when a amoatio O 

phaee preoederer a nematic phase, then the tilt craglo i# 

aomparativ&ly large and i e  independent of tuaperatura. 3e4 

In  addition to  thaee two, de Vrirs, very mcantly obaerved 

a th i rd  kind of smectio C phese i n  n-pentyl-6.(4'-n-deqgl(uty 

benzylidene amlno)cinnamate (PDBC) i n  which the  tilt angle 

i n  smectic C phase is about 15'. But the tilt angle doer 

not change s igni f icant ly  wi th  the temperature even though 

smeotiu 0 phase preoedes the smectic A phaee. Moreover, 

instead of going t o  sera, the  tilt angle remains a l m o e t  

constant not o n l y  at  the  (&A) t ranei t ion  but even a f t e r  

it,  i.e., even i n  smectio A phase. Hence it i r r  qu i t@ 



in te ree t ing  t o  oarry out presaure s tud ies  on t h e  

compound8 exhibit ing these th ree  kind8 of saec t io  C 

phaeae with a view t o  see i f  the preaaure bohariour o f  

emectic C phhi.8(48 is redated t o  the temperature variation 

of the tilt angle a t  room presaure. 

The compounds studied a r e  - 

1 4-n-pentyloxy-4'-n-decyloxybensoate (50 PDOB) 

2 6.n-heptyloxy-4 '-n-decyloxybeneoate (70 PDOB) 

' 3 p-n-nonyloxybenzoic acid (IOBA) 

2he s t ruc tu ra l  formula of  the  compaunda are given i n  

f i g u r e  6.1. 

6 2.1 50 PDm aad 70 PDm 8 2heg m8 the  5 t h  - 
and 7 t h  member of the homologous ae r i e s  bn-alkylexy 

phenyl-4 '-n-allryloxyben~oates . These compounds have 

been aynthesised by schroter6 a n d  a l e o  by Deutscher e t  al 

and Steins t rasser .  7'8 They are  qu i t e  s t a b l e  mabstances 

with re l a t ive ly  low t r a n s i t i o n  temperatures , and hence 

a r e  pa r t i cu la r ly  s u i t a b l e  f o r  high pressure s tudiee.  

They were kindly given t o  us by Dr .  Demus. Both these 



4 - n - Pentyloxyphenyl - d -  n decyloxy Benzoate (50 PDOB) 

. 4 - n-  heptyloxy - i -  n decyloxy Benzoate (70 PDOB) 

I 
. n Pentyl- 4 (4 -n - decyloxy Benzylidene amino) cinnamate 

O D  BC) 

. Nonyloxy Benzoic acid (NOBA) 



oorpolmdm emhibit m e c t i c  C, smectic A and n u p t i o  

pharres. IPhe oal orimetric i nveetigati om rewaled  that 

A-I4 t r a m i t i o n  is of firat order aharaoterisd by #harp 

peak. i n  the DSC runu, But the nature of the  CkA trruui- 

t ion doee not seem so  olear  since we oould not deteot 

any ole= peak which could be analyeed i n  temm of neraal 

t r aaa i t ion  enthalpy , thereby indicating the  8e~ond order 

natkre of 4ihe (A-0) traaalt ion. h r t h e r  by obmmTin(~ 
9 the textures,  Demua e t  al found qual i ta t ive ly  that the 

tilt angle i n  the smeetic C phase of the compoumlr a r e  

.temperature dependent and tends t o  sero mar the  A-C 

phase transit ion. Therefore ameatio C phme i n  t;hese 

compounds belonga t o  the f i r a t  type, 

6,2.2. IOBA: !Chi8 belongs t o  a w e l l  hnm homelo- 

gous seriee p-n-alkoxybensoic aaida, the general diaouarian 

of whioh was given by Gray. The t rans i t ion  temparoturea 
11 hare been reported by Gray and Jones end by Herbart, 12 

who a l so  measured tb t rans i t ion  enthalpies, HQBA u h l b i t e  

amectio C and a m a t i c  phases. A l l  the phase t ransi t ione 

in this case are of f i r e t  order involving signif icant  

t r ans i t ion  enthalpiee. Purther the tilt angle i n  the 

smeutic C phase has been measured by Chietyakor e t  a1 13 

employing Xray d i f  f rac t ian  technique and a l so  by Paylor 



e t  a l l 4  by optical methode. &or, these inrestigations, 

it has been shown that  the tilt angle is somewhat large 

(about 45') and does not depend on the temperature. 

Further, there is no A phaee, hence smectic (3 phaeo i n  

thie owe cran be clasrsified aa belonging to the second 

type. lfhe sample used i n  our atudy was syntheeieed i n  

our chemistry laboratory. 

aPaino)oinnamate I8 a l s o  a well lcnown compound whioh ha+ 

been syntheeised according t o  the standard procedure. 15 

The compound w a s  given t o  us by Dr. Hary Neubert, 

Besides smectio 0 ,  there are smecfio B and ~ m e o t i ~  A pphrarree, 

A l l  the phaae traneitioas except (&A) involve eignificant 

t ransi t ion enthalpiea and hence are  first order, while 

(04) transition is either aecond o r d e r  o r  very weakly 

f i r e t  order i n  character since we could not get any sharp 

peak correeponding t o  (+A) transition i n  the DSC runs, 

h r t h e r ,  de Vries measured the  layer thicknerse not only 

i n  smecrtic C phase but a l s o  i n  smeetic A phase of the 

oompound, Figure 6.2 showe t h e  plot o f  the tilt angle 

as a f'unction of temperature both i n  smectic C and A 

phases, which are  estimated from de Vriesl data on layer 

thicknese o f  the compound.5 It i s  aeen that the tilt 
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angle being about 15' is much smaller than *at ip tho 

oaee of IOBA. Further, the tilt angle doe8 not Wrrgo 

s igni f icant ly  a t  the  0-A transit ion. It i s  qui te  evident 

tha t  the tilt angle i n  the A phase i s  not r s r o  arp i s  

generally asmamed f o r  A phase, bu t  i s  approxirrtely equal 

t o  15'. Hence as per the claesif icat ion of do Vriee, 

e m c t i c  0 ,  in th ie  ease, belongs t o  the th i rd  type. 

!the t r ans i t  ion temperatures and the heat6 af 

* tr-ition have been detemined by d i f f e r en t i a l  eaan ing  

oaloriPaster (perkin Elnter DSO-11). The t r a m i t i o n  tempe- 

ra tures  and enthalpies were determined frm two or more 

DSG runa. !the t rans i t ion  temperatures were oaolfizmed by 

thermal microecopy, me values, which a re  i n  good agree- 

ment w i t h  the l i t e r a t u r e  data 9'11'15 a r e  tabulated i n  

table 6.1. 

rPhs t ransi t ion temgeratures at  high preesure wore 

determined using different  types of  c e l l s  depending on 

the  substances investigated and the range of pressure. 

Rarther all the t ransi t ion temperatures were mereurd i n  

the heating node only. !he experiments on 50 PDQB and 

70 PDOB were conducted Wng the oppoeed diamond anvil 



o e l l  described i n  ohapter XI, since the experiments 

have be en oo nducted up to  preearuree of 7 kbar. 2he 

dia~lond anvil  c e l l  data were brought t o  an absolute 

sca le  by conducting a separate cal ibrat ion experimsnt 

using the  D'EA c e l l  deecribed i n  ohapter 11, on the 8me  

oompound. m e  solid-smectic C !or smectic A) phase 

boundary determined with the P'Ed o e l l  were used t o  bring 

the diamond anvi l  c e l l  data t o  the  absolute @ o d e .  To 

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

(on an 8Lbaolute acale) for  smectic A - mmatio and 

-nenratic - isotropic phase boundaries BB determined by 

two cellrr were compared i n  the  phase diagram ( r e f e r  

figure8 6.2 and 6.3) for these two oompounde. It i e  aeon 

from the phaae diagram of the compounds t h a t  there 18 a 

very good oorrelation between the data obtained with t h e  

two cel ls .  Further, i t  i s  a lso  found that  the independent 

set8 of measurement@ (not shown as such i n  the f i gu rw)  

using the  diamond anvil c e l l  agree well with each other. 

On other hand experiments were conducted on 

NOBP using a DTA oeU Ednce a l l  the transftions a r e  o f  

f i r s t  order involving signif icant  t rans i t ion  enthalpies. 

But i n  the case o f  PDBC, t rans i t ion  temperatures were 

measured as a function of preeeure using high pressure 



op t i ca l  c e l l  by l i g h t  tranamiaaion techpique u d.8orib.d 

i n  ohapter 11. 

6.4 Results and disoueraion 

6.4.1. 30 PDOB and 70 PDOBt B e  P-l! Clata for 

50 PDOtB and 70 PDCrS a r e  given i n  tables  6.2 and 6.3 

and the  corresponding phase diagrams a r e  shown i n  figurea 

6.3 and 6.4 reapectively. The features  of the  pbaa8 

diagrams are (1) the range of nematic phase or  i t s  

s t a b i l i t y  increases with the increase o f  preeeure, 

( 2 )  amectic A s t a b i l i t y  a l s o  increases with pres-, 

(3) smectfc C phase is bounded i n  both the oases. 

In the o w e  of 50 PDOB, the range of aa~eot ic  C 

phase is 4.",C. With the increase of pressure t h e  range 

reduoea rapidly and beyond a preesure o f  1.32 kbar, t ho  

emectio C phase oeases t o  ex i s t  and the  s o l i d  d i r e o t l y  

transforms into smectio A phase. ?he r e su l t ing  8 ol id  - 
smeotic O - smectic A t r i p l e  point  is a t  1.32 + 0 005 kb-, ... 
76.8 + 0.7'C. The same bebviour of smectio a pha80 ... 
oan be  eeem i n  70 PDOB a lso ,  bu t  i t  get8 'bounded' at  

a muoh higher preesure, t h e  t r i p l e  point  i n  thie osse 

being a t  3.40 - + 0.05 kbar and 103 + 0.7 '~.  It is 
111 

evidently because of the greater s t a b i l i t y  of emectio 0 
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phase i n  70 PDOB (as seen by the  large range of saectio 0 

phase compared t o  50 PDOB) at  room pressure. It may be 

recalled that a similar case o f  bounded smectic C waa 

observed ea r l i e r .  16 

6.4.2. NOBA: The P-T data of th i s  coatpound are 

given i n  table 6.4 while the figure 6.5 repreaent~ the 

phaee diagram. As described already, this compound ha8 

no ame~tic A phase but only amectic C and a nematio. 

m e  tilt angle of the C phase i s  independent of the 

. temps rature. Jones observed for this oompound only a 

el ngle meltL ng t r ans i t i  on at a temperature of 93.3'C. 

On tb other hand, we have found that  there are two solid 

phases Kxl and KI. These transitions are c lea r ly  seen 

at  room pressure both by DSC a8 well as by themad micro- 

ncopy at  a temperature 92.3 '~  and 93.6'0. We have followed 

a l l  the  transitions, vi !a. , KII X I ,  XI - 0, 0 - N urd 

I? - I as a function o f  pressure. lEhe feature of the I?-T 

diagram is again the suppression of  C phase at  high 

pressures. The t r i p l e  point s o l i d  I1 - Sa - P occurs 

a t  1.92 kbar and 164.0°C. It may be mentioned t h a t  the 

C - X boundary i e  practi  cal ly s t ra ight  up t o  the t r i p l e  

point while i n  50 PDOB and 70 PDOB, the 0-A boundary ha8 

a tendency t o  show a slight curvature as the  t r i p l e  point 
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ie approaohed. The range o f  s o l i d  I phaea rapidly 

increaaee with preasure be ing  l.3.C a t  1 bar on8 28.0 

at 2 kbar. The range of  the nematio phase aleo inazeoaes 

but the rate  o f  increase i e  conalderably slower than that 

in 70 PDOB or 50 PDOB. 

6.4.3. PDBO: As mentioned earl ier  the o q o u n d  

PDBCZ i s  unique for  the following reasons; ( 1) the tilt 

angle i n  SC phaee seems t o  be  more o r  less colurtant i n  

the entire smectic C phase and ( 2 )  there i s  no appreuiable 

change i n  the tilt angle a t  the ( C  - A) transition and 

moreover, even the A phase also retains the erne tilt- 

angle .  

The P-!I! data for  this compound a r e  given i n  t a b l e  

6.5 and the figure 6.6 represents the oorrespoading phaae 

diagram. The smectic C phase is again suppressed, and 

the resulting smectiu A - smectic C1 and smecztfc B t r ip le  

point occurs a t  1.57 kbar and 157.0~0.  But the phaee 

boundaries i n  th i s  case show much greater curvature than 

i n  NOBA. Further, the rate st which the range o f  Sc 

pkaae decreaees w i t h  tbe increase of pressure i a  much l e s s  

here than i n  any of the three earlier cases. The SO ph.ae 

has a range of  about 4 . 7 . ~  at 1 bar which ohangea vary 

slowly with the increase o f  preseure, and at a pressure 





of 1 kbar, the range is  s t i l l  approximately 1.5'0. The 

range of ths smectio A phase 8hows an in teres t ing  beha- 

vlour a s  a m c t i o n  of preseure. It is 35.5'0 a t  1 bar, 

but deoreasee t o  about 30'0 a t  0.7 kbar, beyond whiob it 

s t a t e  increasi rig;. 'Phis is evident due t o  the curving 

of 0-8 phase boundary towards the preseure ax i s  w h i o h  

became8 mare prominent beyond this pressure. But tho 

snectio A - isotropic phase boundary i s  almost s t r a igh t  

a t  all pressures and the range of smectic B phase on the 

other hand show8 continuous increase with the pressure. 

It looks as though the a~ lec t ic  0 phase de f in i t s ly  

gets  unstable a t  high pressures and finally ceaees t o  

exist .  This suppression of the smectic C phase a t  h i& 

preseure seems t o  occur regardless of the type of tho 

emectic C phase. The exact oorrelation between the tilt 

angle variation and ,the maximum pressure of the smeotio C 

s t a b i l i t y  would therefore be very in teres t ing  t o  study. 

2his of oourse requires a careful high pressure Bay 

studies  of the variation of the layer  spacing of the 

~ m e c t i c  C phase as a function of pressure. 

6.5 Calculation of dIcfd3? a t  one bar and the estimation 
of the volume change a t  the  t ransi t ion using Olausiua- 
Clapeyron equation 

Por all the  compounds studied by us, t h e  data points 



ware f i t t e d  t o  the polyaomial equation sugge~ted by 
17 = T + AE) - BE) 2 , by the  method of Born, vie., 5 

l e a s t  rquaxe f i t .  From the i n i t i a l  linear portion of 

the  phese boundaries, d ~ / d ~  values at  one bar have been 

evaluated and a re  found t o  be equal t o  the value of  the 

conetant A of the polynomial equation. me values of A b 

B a re  l i s t e d  i n  Table 6.6 a l o n g  with the R.M.S. error.  

Using the dT/dl? values a t  1 bar the volume change A V 

aeeooiated with the  various t rans i t ion  have been evaluate4 

using Clausius-Clapeyron equation, and the resu l t s  are 

tabulated i n  table  6.7 along w i t h  the d!I!/dp values at  room 

pressure. 

It l a  seen from the t ab l e  6.7 tha t  d!l?/dP i s  very 

emall f o r  all the transitions i n  50  PDOB and 70 PDOB. 

The 0-A boundary part icular ly has extremely small d ~ / d 2  

values (about 6.78*0/kbar) when c o n p ~ r e d  t o  that for 

PIIBC. !l!he suppression of  snectia C phase i n  theae two 

compounds can be predicted by the d!i!/d~ values f o r  

smeotic 0 - smectic A t ransi t ion which i a  much lower 

than that  for  solid - smectic C transition. I n  the oase 

of both NOBA and PDBC, dl!/@ values are much higher f o r  

a l l  the trcmsitione. !lhe variation of the trsursition 

temperature with pressure is  unusually large for  XI-0 



trans1 ti on of  NOBA when oompared t o  OIN transition 

thereby indicating t b  t the 0 phase wLll b e  bounded a t  

a higher pressure. The aame trend oan be  obsorred i n  

the case of  IUIUBCI, but i t  i s  quite interesting t o  note 

that s o l i d  - emecttio B (mel t iq)  and smectio A - 
iaotroplo phase boundary have the same wlue o f  dudP at 

1 bar. 



TABLE 6.1 

T r a n s i t i o n  temperatures and h e a t s  o f  t r a n s i t i o n s  of 

t h e  compound8 

T r a n s i t i o n  Heat .of 
S.N o. Compound T r a n s i t i o n  temperatures t r a n s i t i o n  i n  

'0 kJ/mole 

K - C  

C - A  
A - N  
N - I  84.6 1.80 

K - C  70.3 50.56 

C - A  80. 5W 0 
2 70 PDOB A - N  84 * 5  1.06 

N - I  87.8 20 62 

%I - K~ 92.3 23.51 
- C 93.6 20 42 

3 NOBA C - N 117.0 1.55 

A - I  140.0 8 .34  

'determined from o p t i c a l  microscopy 
K - c r y s t a l  , A -  s r r ~ c t i c  A, S -  smect ic  B ,  
C - smect ic  C, N - nematic,  I - i s o t r o p i c .  



Table 6.2 

Transi t ion temperatures of 5 OPDOB as a funct ion  of  pressu re  
-- - --  

Nematic-iso t r o p i c  

Pressure Temg . 
i n  kbar i n  C 

P ressu re  Temp. i n  
i n  kbar *C 

P r e s s u r e  i n  Temp. 
kbar in C 

room pr. 64.0 
0.11 65.0 
0.27 66.6 
0.34 67.5 
0.48 68.7 
0.56 69.5 
0.72 71.1 

0.89 7 L O  
0.91 72.5 
1.03 74.2 
1.12 75.0 
1.49 78.6 
2.07 84.0 
2 45 87.6 
2.57 88 ,6  
2.68 89,6 
2.84 91 . 2  

2.97 92,2 
3.16 94 .O 

3.43 96.5 
3.76 99.2 
3.77 99.5 
4.32 104.2 
4 .33  104.3 
4.85 108.3 
5.29 112,4 
5.77 116.2 
6.37 120.8 
6.8 124.5 

room pr.  

0.05 
0.12 
0.22 
0.29 
0 .33  
0.35 
0.38 
0.45 
0.52 
0.53 
0.57 
0.62 
1.16 

room pr .  
0.12 



Table 6.2 continued 

Smectic A - Nematic smectic A - netnatic 

Pressure Te? 
i n  kbar in C 

Pressure 
in kbar remg bin 

room pr. 

smectic A - nematic 

Pressure Temp. in 
i n  kbar *C 

- - --- -- 

"transition temperature deterrained b y  DTA experiment. 



Table 6 .3  

Transition temperatures of 7 OPDOB as a function of p ~ m s a r e  

s o l i d  - SO (or  SA) 

Pressure Teq. 
i n  kbar in 0 

room pr. 
0.08 

0.25 
0.34 
0.45 
0 . 5 0  
0085 
oe94 
1.35 
1 .62  
1 74 
1.78 
2.1 2 

2.31 
2.38 
2.63 
3.04 
3.46 
3.81 
3.95 
4.33 
4.57 
5.09 
5.56 
6.06 
6.58 

Pressure Temg . Pressure 
i n  kbar i n  C i n  kbar *amp in 6 

room pr. 80.7 room pr. 88 

. . . c ontd. 



Table 6 . 3  continued 

S* - N 
- 

Pressure 2emp. 
Ln kbar i n  C 

Pressure Temg . 
i n  kbar i n  C 

Pressure Temgt . 
i n  kbar in C 

room pr.  

0 .08  
0.12 
0. I6 
0.21 
0.23 
0.26 
0.27 

0.36 
0.42 

0.5 
0.6 

0.63 
0.82 
0.87 

0.89 
0.94 

1.01 
1.28 

1 33 

"~rans i  ti on temperature determined by DTA experiment 



Table 6,4 

'Pransi t i o n  temperatures of  NOBA as a func t ion  of pressure 

?rans i t ion  temperatures i n  *C 
31. Pressure  
No. i n  kbar SOLID 11- SOLID I - SMECTIC C- NEMATI C- 

SOLID I SMECTIC 0 N E W I C  ISOlPROPIC 



Table 6 .5  

Transition temperature8 of  IPD[BC a8 a funotion of 
pressure 

S1. Pressure Transition temperatures i n  'C 
No. i n  kbar 

K - B  B - C  C - A  A - I  

1 room pr.  

2 0010 

3 0.21 

4  O e  31 

5 0.41 
6 0052 

7  0 .62  
8 0072 

9 .  0 . 8 3  

10 0 0 9 3  
1 1  1 .04 
12 1 .14  

13 1 .24  
14 1.35 
1 5  1 .45 
1 6  1 . 5 5  
17 1.66 
18 1 .76 

19 1.86 

20 1 .97 



Table 6.5 

Transition temperatures of  PDBC as a function o f  pressurn 

Set 11 

Transition temperatures i n  '0 
31. Pressure i n  
tJ 0. kbar S o l i d  - smectic B- smeotic 0- eaectic G 

smectic B amectic C emectio A isotropic 

1 room preseure 
2 0.10 

3 0.21 

4 0.31 

5 0.41 

6 0.52 

7 0.62 
8 0.72 

9 0.83 

10 0.93 

11 1.04 

12 1.24 

13 1.35 

14 1.45 

15 1.55 

16 1.66 

17 1.76 



Table 6.6 

Constants A & B of the polynomial equation 
n 

s l .  A B R. Me S. 

No. Uomp ound Transition (kbar ) (kbpr2) errar 
* C  

K - C  10aOO 0.17 - + 0.14 

1 50 PDOB C - A  7.20 0.87 - + 0.16 
8 - 3  10.70 0.19 o + 0.29 
N - I  16.40 0.07 .I + 0.49 

C - A  7.90 0.40 + 0.07 
2 

- 
70. PDOB A - N  10*10 0.1 5 - + 0.19 

N - I  15.70 0*73 - + 0.44 

IXI-II 32.08 4.55 - + 0.40 
3 NOBA K~ 

- C 40.98 20 34 - + 0.48 
C - N  27.54 1 54 - + 0.44 
N - I  35.68 5.01 - + 0.26 

B - C  47.43 6.65 + 0.M - 
' C  - A 38.25 3.16 - + 0.39 
A - I  40.01 5.14 - + 0.49 



Table 6 .7  

(d~/dp)l bar and volume change AV at t r a n s i t i o n  

Sl. Compound W a n s i t i o n  No. co/jgrn x 10 

1 50 PDOB C - A  

A - N  
N - I  18.48 21.1 

K - C  10.15 319.4 
C -  A 8.42 -0 

- 2 70 PDOB A - N  9 84 6.2 
N - I  18.42 28e6 

51- K~ 32.1 782.5 
KI - C $1.0 102.5 

3 N OBA C - N  27.5 41.4 
N - I  35.7 70.40 

K - B  41.22 61 7.84 
* B - G  47.44 131.25 

4 PDBAO fl u - A  38e25 -0 

A -  I 40.00 170.95 
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