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f .  Introduotion 

Although the first observation of the reentrant 

nematic behavf our i n  a pure oompound was at hi& pressure, 
1 

the eubeequent observation of thia behaviour at ataroephsrio 

preesure2*J led t o  the iaot  that  most of the experimental 

etudies that are being oonduoted on the reentrant nenato- 

gens are almost exclusive1 y atmoapheri o prescratre experi- 

ments. In  fao t ,  apart from the P-I! diagram6 of Cnadi~ 

st a, '4 there are only a few high presauce arperimntal. 

studlea on reentrant nemafioe. Chandrasekhar e t  a3 5 

have studied the pressure variation of the layer thidltlleee 

of smectio A phase of 8 Om using a high preseure Ifray 
6 c e l l ,  while Garland e t  a1 and Lushington e t  a17 h.rq 

carried out high pressure calorimetrio studies on the erano 

oompound. In  chapter IT, we have disouesed the method of 

estimating the r a t io  of thermodynamic parameter6 lilt. 

n a / $ ,  ~ / A C ,  by f i t t i n g  the experimental P-2 data o f  

the AN phase boundary t o  an el l ipse ,  but the oaluulatfon 



of individual parameter requires the  accurate 

knowledge of anp one of  the three parameters, vie . ,  

thermal expansion (a), ieothermal compressibility ( 8 )  

and speoifio heat  (5). 

The piesothermal o r  heat of cnmprerrsion method 

provides the bas i s  for a preoise determination of 

thermal eqaneion ( a )  direc t ly  as a function of praseurcr. 

It 18 t o  be noted that t o  obtain 'a '  with the same 

aeouracy by conventional method l i k e  piesometry, sno 

would have t o  determine the volume change t o  an aeouracy 

o f  one i n  lom4 which i s  very d i f f i c u l t  t o  achieve i n  

hi@ prsseure elrperimente. We have carried out piem- 

thermal etudies on 8 OCB as a function of  pressure along 

4 different ieotherma. 

A. Prinoiple: * lChe piezrothermal ox heat of 

compression is based on the thermodynado 

equation of Maxwell, vis., 

where S and B are  the  molar entropy and volume respectively, 

and a i a  the thermal expaneion. Taking into account the 



thermal effeots due t o  the e l a s t i c  deformation of the  

container one oan write the equation (1) i n  terms of  

the quantity of heat Q Uberated by a volume Ve of the 

eample under isothermal variation of pressure a P  as 
10,11 

where a, is the  coefficient of expansion of the cmta ins r  

material. Hence knowing P and Vg by the  appropriate 

oalibration experiment, ' a t  the thermal expanelon of the 

material can be determined with the help o f  the equation (2). 

B. Apparatus and Calibration: Figure 1 is the 

schematio diagram of the conventional Flux calorimeter 

(SE!i!R&M) adopted f o r  high pressure experiments. !l!hs 

eample i s  t a k a  i n  a high pressure (HP) tube of uniforrs 

cross section. Its length i s  several times the height 

of the  calorimetric eilement i n  which it is ver t i ca l ly  

poe i t i  oned. !Phe lower end of the  tube is  f i t t e d  with a 

high pressure cone t o  ccme type closure which i e  push- 

f i t t e d  in to  the in ternal  c e l l  of the element. This 

ensures the  necessary thermal junction between K .P. tube 

and the in ternal  ce l l .  Another thermal junction is mrade 

between B.P.  tube and the thermostat by means of a oapper 

cylinder, s l id ing along the H.P. tube, positioned a few om 





above the cel l .  %is junction a c t s  as a thermal shulpf, 

thereby keeping the  portion of tube which i e  i n  oontaot 

with it a t  the temperature of t h e  thermostat. Pressure 

i r s  generated by a capetan driven high pressure Punrp 

( f r a  Nova &ria%) oonxzt cted t o  the upper end of the tube, 

& a resu l t ,  heat i a  l iberated uniformly i n  the imer 

volume of the  HOP, tube and propagates towards the  thermo- 

s t a t  by the two already establiehed thermal junctione. 

One of the junotiona i s  the calorimetria element i t s e l f  

with its many thermocouples whose overall thermal 

.resistance is 2 KW-', whereas the other junction namely 

tee thermal ehunt is of negligible thermal resistance. 

!Fhe thermal fluxes,  one along the  tube i n  the d i r e c t i m  

of the ehunt (J,) and the other along the  thenooouple 

(J,), 92.0 of the same order o f  magnitude and pract ioa l ly  

independent of the contents of the  thick high pressure 

tubem Moreover, dug .Qc the large  value of the thermal 

time constant whioh i a  u ~ u a l l y  of the  order of a few 

minutes, the f luxes J and Jo vary slowly with time, e 
thereby maintaining the quasi-stationary condition. 

Moreover, the r a t i o  between t w o  fluxes i s  oonstant, and 

hence it 18 possible t o  estimate the overall heat l ibera-  

ted by estimating simply Jo w i t h  the help of the  them* 

couples. Preeeure i s  measured with a s t r a i n  gauge t o  



an acouracg of - +0.5 bar. 

Equation (2 )  also allows the cal ibrat ion of the 

containers and of the calorimetric devices by making use 

of a gas close to the ideal  conditiom. In  t h i s  uarse, 

we have a = I/T. Since ax<< a ,  we have, 

Therefore, the pie~othermal s e t  up is first oal ibrated 

by varying the pressure of helium o r  nitrogen by s few 

bar. !f!he resul t ing heat l iberated is  measured as an 

e.m.f. by a s e t  of 500 thermocouples which a r e  e lec t r i-  

ca l ly  i n  eeries  but thermally i n  paral lel .  m e  combined 

e.m.f. of the thermocouples i s  reoorded and integrated 

aa a function of time. !the area A under the 'thermogran' 

gives the quantity of heat l iberated due t o  isothermal 

change i n  the pressure b y b P .  Hence, we have Vr = MAP 
where is the  sens i t iv i ty  of the thermocouples fox un i t  

thermal f lux,  whit% can be determined independently by 

conrsational methods. Therefore, knowing ar and Va, the 

thermal expansion ' a '  of tb sample can be obtained by 

equation (2). 

The absolute pressure and temperature were measured 

t o  an accuracy of + 0.5 bar and + 0.01 'C respectively. - - 



!they were a l so  maintained t o  the same acouraciea. 

0. Measurement of a for 8 OCB: The sample used 

i n  the present study was purchased from BDH, En&md 

and was ueed without f i r t h e r  purification. 'Phe transi- 

t ion  temperatures a t  1 bar were 6 7 . 0 ~ ~  f o r  t h e  smectio A - 
nematic and 81.0'0 f o r  the nematio - i so t ropic  transit ione. 

Bigure 2 represents the  phase boundary o f  smectic P - 
nematic t rans i t ion  obtained using a high pressure optical 

c e l l  desoribed i n  chapter I1 using l i g h t  trammiesion 

technique as the probe. The value of Pm, the  m u d m u m  

pressure up t o  which smectic A exis ts  i s  1.98 kbar whioh 

i s  In good agreement with the  ea r l i e r  data  of Oladis 1 

6 and Garland e t  al . !Rie experiment has been oaaduoted 

along 4 different  i so therm,  vie., 68.7, 71.4, 75.1 and 

77.6'0. Before commencing the  experiment a t  any tempe- 

rature, t h e  pieeothermal a e t  up was allowed t o  a t t a i n  

thermsl equilibrium f o r  a t  l ea s t  24 hours. the  

p r e s m e  was increased very slowly .to about 200 bar 

above the  smectio A - nematic t ransi t ion pressure a t  

that temperature. Preseure was then decreased by small 

s teps  (a few bars) and the  area o f  the potent ia l  versus 

time curve was integrated at each step. I n i t i a l l y ,  a t  

pressures not close t o  the smectic A - nematic t rans i t ion ,  





the time necessary f o r  each step was about 40 minutes. 

However, i n  the v ic in i ty  of the A-N t ransi t ion,  the 

reoording and integration had t o  be carried out f o r  much 

longer periods of ti-. No experiments could be conduc- 

ted on the  reentrant nematio phase owing t o  the  rapid 

c rya t a l l i  zation of the supercooled ameotic A phase. 

3. Results and Discusoion 

!The data of the thermal expamion a t  varioua preaaarss 

measured along different  isotherms a re  given i n  Tables I t o  

IV. Figures 3 t o  6 ehow the variation of thermal expamion 

with preesure at  4 d i f ferent  temperatures studied. Prom 

the f igure it ie found t h a t  ' a t  exhibits an anomaly a t  

the A-N t ransi t ion.  !Phe height of this peak deoreases with 

inoreaeing temperature and a t  the highest temperatura 

studied, viz.,  7 7 . 6 * ~ ,  there i s  hardly any ano~aaly (mg.6). 

Generally, it i s  f a r  more d i f f i c u l t  t o  achieve a 

f i n e  variat ion of pressure than of temperature. 20 tha t  

extent, the  sperimental  value o f  a ,  par t icular ly  0108 e 

t o  the smectic A - nematic phaae boundary, do not have 

ths required precision t o  make a good estimate of  the 

q o n e n t  ( y )  assooiated wi th  the pressure variation of a. 

Neverthelese, an attempt has been made t o  f i t  a U  tho data 
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pointe f o r  2 = 68.6'0 t o  the equations of the types 

for  P <  Po 

and 
t 

a a, + ~,a; + A I P, 1' for  P>P, 

t t 
where a. and al are all adjustable prrameters, 

Po is  the pressure corresponding t o  the snec t ic  A - 
nematic t ransi t ions at 68.6'0, Pr 

the  reduced pressure. !Phe base l ines  with respect to 

which the expansion coeff icients  have been evaluated f o r  

t h l s  f i t t i n g  oonsist of two l inear  parta ,  one i n  t h m  

nematic and the other i n  the smectic A phwea. The data 

pointe a t  pressures f a r thes t  from Po have been used t o  

obtain these two l inear  base l i ne  par ts  (kdhioh interseot  

a t  Po, the pressure corresponding to the  smectic A - 
nematic transit ion. !l?his appears t o  y ie ld  a reasonably 

good f i t  over the ent i re  range of pressure investigated 

a d  is  &OWXI i n  figure 7. The value of the exponent (y )  

f o r  such a fit i s  0.22. Atterqptrs were a l so  ma8e t o  fit 

the  same s e t  of data point8 i n  another manner, i, e., by 

taking the  two baseline p w t a  t o  have a diaoontinuity 

(and not intersect) a t  Po. Such o f i t t i n g  prooedure gar. 

a very poor fit which is  shown i n  figure 8, indioatigg 

thereby that the smectio A - nematic t rans i t ion  may be  



figtam 7% Gmipwtrr i ff  of %e qerimntrr3, data 4 0  the 
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more aptly desoribed as a h i a e r  order t rans i t ion  than 

a f i r s t  order one, 

Pigure 9 represents the variatian of Cp with 

temperature along an isobar oorresponding t o  P = 1 bar,  

500 bar, 1 kbar, 1 . 5  kbar and 2 kbar respectively obtained 

f o r  the same compound by Garland e t  al. 5'6 It mp.y be 

mentioned tha t  an integrat ion of the a versus preeeuse 

ourve essent ial ly leads t o  a term which should be a 

function of entropy. Thus it is not surpris ing that  the 

trends of a versus pressure curves with increasing taupe- 

ra ture  resemble generally the % versus telnpwture c u m 8  

with increasing pressure. 





Table I 

Pieeothermal uoefficient of 8 OCB a8 a 

function of  pressure. Temperature 68.6* C 

Po = 122 bars 

P r e s m e  i n  bars Pie~othemal  ooeft. 
IO-~,~C 



Table I1 

Coefficient of thermal expansion of 8 OCB a8 
a function of pressure. Temp. = 75.1.~ 

Po = 630 bars 

P i n  bars 
Coefficient of th rmd .  -1 expansion a x 10 /.K 



Table I11 

Coefficient of thermal expansion of  8 OCB as  a 
function of  pressure. .Temperature = 71.4'0 

p, = 322 bars 

-- -- - - 

Pressure i n  bars Coefficient of  thermal 

expansion a x 1 0 - ~ / 8  



Table IV 

Coeffiaient of thermal expansion of 8 OCB as a 

function of pressure. Temperature 77.6'a 

*, = 848 bars 

Coefficient of thermal 
Pres8ure i n  bars expension cr x 
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