
CHAPTER VI 

HIGH PRESSURE STUDIES ON DISC LIKE MESOGENS 

1. Introduction: 

Since the discovery of liquid crystals in 1888, thousands of pure compounds have 

been found to exhibit thermo-tropic mesophases. The distinctive feature common to 

all of them is the rod like or the lath like shape of the molecule. Broooks and Taylor 

(1) described in 1965, the formation of intermediate phases consisting of large plate 

like molecules at relatively high temperature (450 C). ~ h e s e  mesophases were found 

to occur during the carbonization of certain graphiteable suhstances'such as petroleum 

and coal tar. However, these carbonaceous mesophases are rather complex materials 

composed of large molecules and certainly cannot be regarded as single component 

liquid crystalline substances. Recently Chandrasekhar et al (2, 3) discovered the 

existence of thermo tropic mesomorphism in pure compounds consisting of relatively 

simple disc-like molecules. The compounds investigated by them were benzene hexa- 

n-alkanoates which have molecular structure shown in figurel. From thermodynamic, 

optical and X-ray studies they concluded that these mesophases form a new type of 

liquid crystalline structure as illustrated in figure 2 of Chapter I. The discs are stacked 

in columns with an irregular spacing, the different columns forming hexagonal array. 

Since this 





first observation of the disc like mesophase several other compounds have bee 

synthesized which also show similar disc like mesophases (4-7). Recent X-ray 

investigations of Levelut (8) have confirmed the structure proposed by Chandrasekhar 

et al. These mesophases are termed as canonic or columnar mesophases or sometimes 

as discotic phases. 

We have carried out a detailed investigation of the effect of pressure on the phase 

transitions in the sixth to the ninth homologues of the benzene hexa-n-alkanoates 

which we shall abbreviate as BHn for convenience. These are the first high pressure 

experiments on disc like mesogens. 

2. Experimental: 

The transition temperatures of the compounds at atmospheric pressure and the heats 

of transition (H) were obtained using Perkin-Elmer Differential Scanning Calorimeter 

(DSC - 2). These data are given in table I. The heats associated with both the solid- 

mesophase and the mesophase-isotropic transitions are relatively large and are of 

comparable magnitude in the BH7 - BH9 derivation. BH6 is a non-mesomorphic 

substance which, however, exhibits a solid-solid transition before the melting 

transition before the melting transition at atmospheric pressure. It is also seen from 

the table that H of the melting transition increases systematically from BH6 - BH9 

derivatives, whilst H of the mesophase to isotropic transition shows a systematic 

decrease. Also in all these cases there is a strong super cooling of the isotropic at 

mesophase transition, the transition temperature obtained on the cooling mode being 

as different as 3.5 C from that obtained in the heating mode. This large super cooling 

is evidently related to the usually high H associated with the mesophase-isotropic 

transition. 

The transition temperatures as a function of pressure were determined using the high 

pressure DTA cell (see chapter 11). All the DTA runs except those in the case of BH9 

were recorded in the heating more only. In the case of BH9, which shows a 

monotropic mesophase at atmospheric pressure, the DTA runs were recorded in the 

cooling mode also. 

3. Results and Discussion: 

a) Benzene-hexa-n-hexanoate (BH6) 

As started earlier, this compound is non-mesomorphic at atmospheric pressure, 

melting directly into an isotropic phase at 94.5 C, although there is a solid I - solid I1 

transition at 75.5 C. The data obtained for this compound are given in table I1 and the 
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P-T diagram is shown in figure 2. It is seen that the solid I - solid I1 phase boundary is 

linear throughout the pressure range studied. On the other hand, a most striking 

feature is observed with respect to solid I1 - isotropic mesophase. Initially up to a 

pressure of 180 bars, there is only the melting transition whose temperature 

Increases with increase of pressure. But at a pressure of about 200 bars, 

the phase diagram forks, there now being two transitions, solid 11 - mesophase and 

mesophase - isotropic, separated by about 10 C. With further increase of pressure, the 

range of this pressure induced phase increase. Typical DTA runs showing just the 

solid-solid and melting transitions at a pressure of 150 bars is given in figure 3(a) 

while figure 3(b) gives the raw DTA run taken at a pressure of 300 bars showing the 

new pressure induced phase. 

The possibility of inducing liquid crystallinity to non-mesopmorphic compounds 

having rod like molecules by the application of pressure was first predicted 

theoretically by Chandrasekhar et al (9) who also confirmed such a behaviour 

experimentally. (10) Subsequently similar observations have been made in other 

compounds by Shashidhar (1 1) and Cladis et el. (12) The compounds selected in all 

the above cases were such that the lower homologues were non-mesomorphic while 

the higher ones showed mesomorphism at atmospheric pressure. 

Considering our results on BH6 in the light of the above observation, it is very likely 

that the new induced phase beyond a pressure of 200 bars is also a disc like 

mesophase. The triple point in this case is at 160 + 0.08 bars, 94.5 + 1.5 C. The 

extrapolation of the mesophase-liquid transition line of the P-T phase diagram (figure 

2) leads to a virtual monotropic transition at 89 C. This value for the virtual 

mesophase-isotropic transition temperature of BH6 is in excellent agreement with that 

obtained from miscibility studies carried out by Billard and Sadashiva (13). They 

have evaluated the isobaric phase diagram for the mixture of BH6 and BH7 

compounds for different concentrations (Figure 4). The dotted lines in this figure are 

the extrapolation of the observed spindle for the enantio-isotropic mesophase-liquid 

transition. This yields a virtual mesophase-liquid transition at 89 C for BH6. 

The dT1dP evaluated from the initial slopes of the phase boundaries of the 

experimental phase diagram are 17.4 Clkbar for the solid I - solid I1 and 6.1 Clkbar 

for the solid I1 - isotropic transitions. Further the dT1dP values evaluated near the 

pressure induced phase - isotropic transitions are 6.8 Ckbar and 14.8 Ckbar 

respectively. We shall discuss these values in detail later. 
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b) Benzene hexa-n-heptanoate and octanoate 

Both these compounds exhibit enantiotropic mesophases at atmospheric pressure. The 

data for these compounds are given in tables 111 and IV and the phase diagrams in 

figures 5 and 6 respectively. Both the phase diagrams exhibit similar features. In the 

case of BH8 which has a narrow mesomorphic range of about 3.6 C at atmospheric 

pressure, the range decreases with increase of pressure (see figure 7a and 7b). On 

further increase of pressure the two transition lines begin to converge and finally 

coalesce resulting in a single transition with much larger entropy of fusion (figure 7c). 

Therefore the mesophase in BH8 is fully bounded with a resultant solid - mesophase 

- isotropic triple point at 1.43 + 0.08 kbar, 97.4 + 1.5 C. It might be recalled that 

similar bounded phases have been observed before in the case of smectic A, (14 - 16) 

smectic C(17) and cholesteric phases. (12, 18) 

The P-T diagram of BH7 is exactly similar to that of BHS. But since the range of the 

mesophase at atmospheric pressure is larger (5.8 C) than that of  BH8 (3.6 C), the 

triple point is at a higher pressure, viz., 2.96 + 0.08 kbar, 116.5 + 1.5 C. Another 

interesting and rather unusual feature curve towards the temperature axis whereas the 

P-T boundaries for the majority of liquid crystal systems composed of rod like 

molecules (with the exception of a few highly ordered smectics (19). Have the 

curvature towards the pressure axis. In other words, for the disc like mesogens, the 

dT/dP increases with increase of pressure. Quantitative studies of V and H as 

functions of pressure are required before the significance of this can be fully 

appreciated. 

The initial values of dT/dP for the solid - mesophase and mesophase - isotropic 

transitions are respectively 9.3 Ckbar and 6.0 Ckbar for BH7 and 8.8 Ckbar and 6.6 

Ckbar for BH8. 

c) Benzene-hexa-n-nonanoate 

This compound exhibits a monotropic mesophase at atmospheric pressure at 76.6 C, 

the melting temperature being 80.4 C. Figure 8 shows the raw DTA traces taken at 

different pressures. At atmospheric pressure (or very close to it in the high pressure 

set up) the solid directly transforms into the isotropic liquid in the heating mode as 

seem from figure 8b, while the isotropic-mesophase and mesophase-solid transitions 

are clearly resolved in the cooling mode (figure 8a). As the pressure is increased, the 

mesophase appears in the heating mode also. The nature of the transition changes 

from monotropic to enantiotropic character even at very low pressures. Experiments 
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conducted with two different cells show that enentiotropic solid-meosphase transition 

on application of even small pressures, viz., 104 bars and 62 bars. Figure 8c shows the 

raw DTA traces taken at a pressure of about 170 bars, wherein the solid-mesophase 

and mesophase-isotropic transitions are clearly separated during the heating mode 

with increase of pressure, the range of the mesophase decrease with increase of 

pressure and finally the two transition merge into single on around 1.3 kbar as seen 

from figure 8d. the data for the two sets of measuremenst are given in table V and are 

plotted in figure 9. The solid-mesophase-isotropic triple point is at 1.3 + 0.08 kbar, 

101 + 1.5 C. As far as we are aware of this is the only case wherein the same 

compound exhibits the monotropic-enantiotropic change as well as the bounded 

phase. It is also seen from the figure 9 that both the solid-mesophase and mesophase- 

isotropic phase boundaries curve towards the temperature axis beyond a pressure of 

about 600 bars. Since the mesophase had formed even at the first pressures studied, 

the lower pressure triple point, i.e., the exact pressure at which the monotropic- 

enantiotropic change in the nature of the transition could not he located accurately. 

That portion of the curve below 62 bars is left blank in the phase diagram. The dT/dP 

values have been evaluated by taking linear portions of the experimental curves very 

close to atmospheric pressure points. The values can be obtained are 7.7 Clkbar and 

22.7 Ckbar for the solid - mesophase and mesophase - isotropic transitions 

respectively. 

4. dT/dP and AV for the homologues 

The dT/dP values obtained from experimental phase diagrams for various transitions 

are tabulated in table VI. Using these values and the AH values at atmospheric 

pressure (given in table I), the volume change AV at the transitions have been 

calculated from Clausius - Clapeyron equation. These values are also given in table 

VI. 

The following interesting features are observed: 

(i) The dT1dP for the solid - isotropic (or solid - mesophase) is roughly the same 

for all the compounds, about 8 Clkbar. This behaviour is reminiscent of the 

observation of Feyz and Kuss (20) for melting transitions of 28 compounds 

belonging to five homologous series, wherein the dT1dP is roughly the same, 

about 28.5 Clkbar. 



(ii) For compounds which exhibit mesophases even at atmospheric pressure, viz., 

BH7 and BH8, the dTldP for the mesophase - isotropic transition is also the 

same, around 6 - 7 Clkbar. This value is rather small compared to the dT/dP 

values that are normally observed for the mesophase - isotropic transitions in 

rod like systems (where usually the values range between 35 - 45 Clkbar) 

(iii) On the other hand, when the mesophase is induced by pressure, the dT/dP 

value of the pressure induced phase - isotropic transition increases 

considerably. For instance these values are 14.8 Cikbar and 22.7 Ckbar for 

BH6 and BH9 respectively. 

(iv) The volume change associated with all the transitions are quite high, which is 

not surprising considering drastic structural changes associated with these 

transitions. In the case of BH9, V has been calculated assuming that H for the 

solid - mesophase and mesophase - isotropic transitions to be the same as 

those obtained for the monotropic phase from DSC measurements at 

atmospheric pressure. No conclusions regarding any systematic behaviour of 

V can be obtained from these calculations. 

TABLE - I 

TEMPERATURES AND HEATS OF TRANSITION 

Compound 

BH6 

BH7 

Transition 

Solid I 
Solid I1 
Solid 

Mesophase 
Isotropic 

Solid 
Mesophase 
Isotropic 

Solid 
Isotropic 

Solid I1 
Isotropic 

Mesophase 
Isotropic 

Mesophase 
Mesophase 
Isotropic 

Mesophase 
Isotropic 

Mesophase 

Temperature 
(C) 
75.7 
94.5 
81.2 
87.0 
83.5 
79.8 
83.4 
81.8 
80.4 
76.6 

Heat of 
Transition 
Kcalslmole 

3.8 
7.9 
7.6 



TABLE - I1 

Transition temperatures of BH6 as a function of pressure 

Solid - I1 - Solid - I 

Pressure 
in kbars 

0.035 

Temperature 
in OC 
76.5 

Solid - I - Mesophase ( 
Pressure induced ) 

Pressure 
in kbars 

Solid - I ( or mesophase ) - 
Isotropic 

Temperature 
in OC 

Pressure 
in kbars 

0.035 

Temperature 
in OC 
96.1 



Table - 111 

Transition temperature of BH7 as a function of pressure 



Table - IV 

Transition temperature of BH8 as a function of pressure 

Solid - Mesophase 
Pressure in kbars I Temperature in "C 

0.108 

Mesophase - Isotropic 
Pressure in kbars 1 Temperature in OC 

80.1 0.108 84.3 



Table - IV 

Transition temperatures of BH9 as a function of pressure 

Solid - Mcsophasc Mesophase - Isotropic 
~ c s s u r e  - -- in kbars ! ~ e m ~ c r a t u r e  in 'C / Pressure in kbars I Tcmprrature in ''T .- 



TABLE - VI 

dT/dP and AV values for the BHn alkanoates (BH6 - BH9) 

Compound 

BH6 

Transition 

Solid - I ---- Solid I1 

BH7 

Solid I1 ---- Isotropic 

Solid 11 ---- mesophase 

Mesophase ---- isotropic 

Solid ---- mesophase 
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CHAPTER - VII 

NEW HIGH PRESSURE OPTICAL CELL FOR LlOUID CRYSTALS. 

1. INTRODUCTION 

All the work discussed so far in the previous chapters was conducted using the high 

pressure DTA cell. Although, highly successful in detecting even faint first order 

transitions, it has a drawback in that it cannot be used to detect and continuously track a 

'truly' second order transition as a function of pressure. It is true that the DTA cell was 

used to study the tricritical behaviour of SCB (chapter IV), wherein the A-N transition 

which was first order at atmospheric pressure was found to become second order ( or 

nearly so) at about 2.7 kbar. This experiment was possible because to start with one was 

studying a transition which had a reasonable transition enthalpy and hence could be easily 

detected by the DTA probe. With increase of pressure the heat associated with the 

transition decreased. However, by doing experiments at small intervals of pressure, it was 

possible to locate with reasonable accuracy, the pressure at which the transition became 

practically second order and the run showed only a change of slope. On the other hand, 

when one is dealing with a continuous transition like smectic C - smectic A (C-A) 

transition, it is very difficult to detect it in the first instance and almost impossible to 

study its behaviour as a function of pressure. 

Also while studying the polymorphism of smectics ( see chapter V), which involve a C-A 

transition, a need arose to do experiments using an optical transmission cell. As discussed 

earlier ( chapter I ) several types of optical transmission cells (1-4) have already been 

used for liquid crystal study. However, all of the are designed as direct pressure 

transmission cells, i.e., invariably in all these eases a hand pump was used to pump the 

hydraulic fluid directly into the optical cell, thereby pressurizing the sample contained 

within. Although convenient, this technique cannot be used for pressures beyond 3 to 4 

kilobars, since it is very difficult to deal with such high line pressures. It was therefore 

thought worthwhile to design and fabricate a new type of optical cell which can be 

incorporated within the 200 ton hydraulic press used by us. This cell, though relatively 

simple in its design, has certain unusual features which warrant a description in detail. In 

this chapter we shall give the constructional details of the cell, its working as well as its 

calibration. 
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2. Description of the experimental set up 

a) Pressure vlate and its accessories 

The experimental set up used is given schematically in figure 1. ( The details of the 

sample cell not shown here will be discussed in the next section). Although basically the 

press in its entirely as described in Chapter I1 was for these experiments also, the 

pressure plate with heating assembly and the end load plate along with the cooling jacket 

had to be modified to suit the requirements. 

The core of the pressure plate consists of a HC-HC die ( figure lb) heat treated to a 

hardness of RC 50-55. The internal diameter of this is carefully ground and lapped to 

match the outer diameter of the piston which has an axial through hole of about 5mm to 

facilitate observation. Figure 2 shows the scale drawing of the pressure die enclosed by 

the heating assembly. There is a 2.3 mm hole on one side of the pressure die ( figure 2b) 

going into a depth of about half the length of the pressure die,' through which a 

thermocouple junction ( which is aligned so that it is well in line with the sample) 

enclosed in a ceramic tube can be inserted. The heating assembly consists of a brass 

cylinder ( figure 2e) in which nichrome wires ( figure 2d) are wound, the windings being 

insulated from the pressure die and the brass cylinder using thin sheets of mica ( figure 

2c). Two rings, ( figure 2g) one on top and the other at the bottom of the heater, help to 

firmly anchor the heating jacket to the pressure die. The pressure die with the heater 

slides into an end load plate ( figure 3a) made out of EN - 24 which is heat treated to RC 

38-40. It has a 1 % single taper on the outside and has three 3mm wide slots on the top 

surface ( figure 3b) through which heater as well as thermocouple leads can be cooling 

jacket ( figure 4a) made out of aluminium ( which has a matching internal taper) the press 

fitting being carried out at a pressure of about 200 bars. By suitably scooping out material 

from the jacket and by closing the top of 
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the jacket with an aluminium lid provided with two sets of screws, water can be 

passed into the jacket without any leaks. Nozzles are so located ( fig 4b) that water 

passes through practically the entire circumference of the jacket, thus making the 

cooling system very efficient. 

b) Sample Cell 

It is well known that the most useful material for use as a window in an optical high 

pressure cell is sapphire. Sodium Chloride windows have been used in conjunction 

with piston cylinder apparatus for high pressure studies on solids. However, in the 

case of liquid crystals there are certain special difficulties. 

(i) the sample may react with sodium chloride or other pressure transmitting medium 

like silver chloride or boron nitride. 

(ii) the sample must be contained in the cell assembly ( without leaking) in the liquid 

crystal and isotropic phases. 

Initial experiments were conducted by keeping large sapphire discs ( 25mm diameter), 

directly on the piston and compressing the sample between the two sapphire discs. 

However, invariably sapphire windows used to crack indicating a non uniform stress 

falling on the surface of the windows. Although sapphire is known to be extremely strong 

under compressive stress (300,000 psi), it evidently could not stand any non-uniform 

stresses. After trying out various possibilities, finally a cell assembly was arrived at 

whose schematic diagram is shown in fig 5. 

The sample is enclosed inside an aluminium gasket ( 25 microns thick ) ( figure 5g) 

which is punched out of a flat sheet and is sandwiched between two sapphire rods ( 

Insaco Inc. USA) as shown in fig 5f. The sapphire assembly, having a diameter of 9mm 

and length of 12.5 mm, slides into a pyrophillite sleeve ( fig 5c). This entire system then 

slides into a teflon cup ( fig 5a) and is closed on the top by a Teflon cap (fig 5b). Both the 

cup and the cap have axial holes for optical observations. A major problem that was 

encountered during the preliminary experiments was that the Teflon surrounding the 

boles flowed under pressure, thereby closing the hole beyond a certain pressure. This was 

prevented by having two pyrophillite discs ( fig 5d) with Ms sleeves ( fig 5e) on either 

side. Two purposes are served by the sleeves. Firstly, they prevent cracking of the 

pyrophyllite disc near the hole. Secondly, since they are so machined to have an outer 

diameter as to slide easily into the holes of the HC-HC discs covering either side of the 
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awnpls c e l l .  %he I&@% tranemA%ted by tha eatppla Mas coLlactc& 

nnd ntetrsursd by a photo tranvietor ( ~ o t o x o l a  - MiU) 300). Sinoe 

ud jua-anent; * of the s m p l a  cell W ~ B  not p o s s i b l e ,  t h e  photocell 

mount  w a  provided wi th  f a a f i i t i u s  f o u  cumf ie  as well as f i n e  

adjustmsn-ks Fa two mutually perpandiaultlr d i r o c t  i o m .  The output 

o f  t h o  photo t r a sJe ' f ;o r  was fed t o  i;ha y axio o f  m~ x-y recordazl 

(~icken-Denshi F - ~ Y P ) ,  while the temperature t o  the x-axis. 

IniQinlly, by kssping the c e l l  assembly without the simple, on 



a fu2ly re-t;xaoted p i a t o n ,  t h e  mirror p o a i t i o n  a8 w e l l  as 

fho photo dramistor p o ~ i t i o %  were adjuatac% t o  gat n mnx;ksau 

outpktt. K<eepln& the  3aeer an, -t;h& p i s t o n  wue aLowly r d n s d  

t s l l S ,  t he  c a l l  made carztaat with t h e  top p l o t c n  pad, at gkich 

point  a lso ,  3% was asosrtnined tha% t h e  output was the s m e  

as before,  & a w i w  thereby, t h a t  t h a  b a r n  waa cxsratly pczrsll,eal 

a s ce r t a ined  t h e  ddjuetment sf t h c  p i  ston, t h e  m a p l e  Was tha;xa 

aandwichad between Ghc aupphira wPndo,w~ and e q  criaenta were 

conduo$ed by varying %he -bempcs;e%ure o f  t h o  @ample a% the  

rate of 2-3' ~\rnln, ot ar%&h p s e o o u m  %henever t h e r e  waa a 

p h w o  tranai-bion, %he r o o o r d e r  pen ~ h ~ w e d  a sharp  a h a g e  of 

t h o  bast$ l imb W e  trami-bfsn tenlperntupe oould in $;his way 

waa de$eoted t o  an ooaufaoy of +I0 C. - 
2his c e l l  can &go be w e d  %o etudy t he  various 0 t h ~ ~  

* <?$ 

the  o r d c r  p a r a a t a r ,  "' l i g h t  sowt te r l r l g ,  vm&ation of t h e  

p&tch of a @ h o l e s t e r i a ,  (9-1 3 ) paatransition e f fec t s  in t h e  

v i c i n i t y  o f  cholesterio-omctotic A t r a w l t i o n ,  e t c .  ao a 

funati~n UP pscssurs. Alea,  t h i s  o e l l  f a c i l H a t e a  % h ~  
QI 

nricronaopic i b s e s ~ v a t i o n  of  r t h i n  layer of  the  l i q u i d  c r y a t a l  

flrtmpla under p r sa su re  a o  t h a t  t h e  prsssure  induced phaass can 

be i d e n t i f i e d  f r o m  the  op t i ca l  t ex tures  exhibi ted by them. 

m e r i a ~ ~ n t s  are in progress in. t h i a  direation with Yhe mw 

a p t i o a l  0611, 
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