APPENDIX

PIEZO THERMAL STUDIES |N THE VICINITY OF SMECTIC A -
NEMATIC (AN) TRANSITION IN 4'-n-OCTYLOXY-4-
CYANOBIPHENYL (8 OCB)

1. Introduction

Al though the first observation of the reentrant
nemati ¢ behaviour in a pure compound was at high pressure, !
the subsequent observation of this behaviour at atmospherioc
prozlasuroz’3 led to the fact that most of the experimental
studies that are being conducted on the reentrant nemato-
gens are almost exclusively atmospherio pressure experi-
ments. In fact, apart fromthe P-T diagrams of Cladis
st al,”“ there are only a few high pressure experimental
studies On reentrant nematics. Chandrasekhar et 9.15
have studied the pressure variation of the layer thickness

of smectic A phase of 8 0GB using a hi gh pressure Iray
cell, while Garland et a1® and Lushington et a1’ have
carried out high pressure calorimetric studies On %the same
oompound. I n chapter 1V, we have discussed the method of
estimating the ratio of thermodynamic parameters like
Ae/ng, N/ACP by fitting the experimental P~-T data of
the AN phase boundary to an sllipse, but the calculation
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of individual parameter requires the accurate
knowledge Of any one of the three parameters, vig.,

thernal expansion (a), isothermal compressibility ()
and speoific heat (GP)’

The piezothermal Or heat of compression net hod
provides the basis for a precise determination of
thermal expansion (a) directly as a function of pressure.
It 48 to be noted that to obtain 'a' with the same
accuracy by conventional method like piezometry, one
would have to determine the vol une change to an accuracy
of one in 10”4 which isvery difficult to acaieve I N
high pressure experiments. \& have carried out piesgo-
thermal studies on 8 0CB as a function of pressure al ong

4 different isotherms.

2. ‘Experimental
A. Principle: ' The piezothermal OX heat of
compression method®’? is based on the thermodynamic

equation of Maxwell, viz.,
(as/éP)T = -aV (1)

where Sand Vv are the molar entropy and volume respectively,

and a is the therma expaneion. Taking into account the
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thermal effects due to the elastic deformation of the
container one can wite the equation (1) in terms of
the quantity of heat Q liberated by a volume ¥V, Of the

. — 10,11
sample under isothermal variation of pressure AP as °

Q = - (a - ar)'l‘VBAP (2)

wher e @, is the coefficient of expansion of the cotainer
material. Hence knowing @, and VY, by the appropriate
calibration experiment, ‘a' the thermal expansion of the

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

B. Apparatus and Calibration: Figure 1 iS the

schematic diagram of the conventional Flux calorimeter
(SETRAM) adopted for high pressure experiments. The
sample i S taken ina high pressure (HP) tube of uniform
cross section. Its length is several times the hei ght
of the calorimetric element in which it is vertically
poeitioned. The lower end of the tube is fitted with a
high pressure cone to cone type closure which is push-
fitted into the internal cell of the element. This
ensures the necessary thermal junction between H.P, tube
and the internal cell. Another thermal junction is made
between H.P. tube and the thermostat by means of a copper

cylinder, sliding along the HP. tube, positioned afew cm
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above the cell. This junction acts as a thermal shuas,
thereby kxeeping the portion of tube which ie in contact
with it at the temperature of the thermostat. Pressure
is generated by a capstan driven high pressure pump

(from Nova Swiss) conmected to the upper end of the tube,
As aresult, heat is liberated uniformly i n the inner
volume of the H.P.tube and propagates towards the thermo-
stat by the two already established thermal Jjunctions.
One of the junctions is the calorimetric element itself
with its many thermocouples whose overall thermal
resistance IS 2 Kw'1, wher eas the other junction nanely
the thermal shunt is of negligible thermal resistance.
The thermal fluxes, one along the tube inthe direction
of the shunt (J ) and the other along the thermocouple
(7o), are of the same order of magnitude and practically
independent of the contents of the thick high pressure
tube. Moreover, due % the large value of the thermal
time constant whioh is usually of the order of a few
minutes, the fluxes Je and J, vary slowly with time,
thereby maintaining the quasi-stationary condition.
Moreover, the ratio between two fl uxes is oconstant, and
hence it is possible to estimate the overall heat libera-
ted by estimating simply J, with the help of the thexrmo-

couples. Pressure i S measured with a strain gauge to
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an accuracy of 0.5 bar.

Equation (2) also allows the calibration of the
containers and of the calorimetric devices by making use
of a gas close to the ideal conditions. |n this case,

we have a = 1/T. Since ar<< a, We have,
Q = -V,AP

Therefore, the piezothermal set up is first calibrated

by warying the pressure of helium or nitrogen by a few
bar. The resulting heat liberated is measured as an
e.m.f. by a set of 500 thermocouples which are electri-
cally in series but thermally in parallel. The combined
e.m.f. Of the thermocouples i s recorded and integrated

as a function of time. The area A under the *'thermogram’
glves the quantity of heat liberated due to isothermal
change in the pressure by & P, Hence, we have =~ v = &/OP
where 3~ is the sensitivity of the thermocouples fox unit
thermal flux, which can be determined independently by
conventional methods. Therefore, knowing <. and L the
thermal expansion 'a' of the sample can be obtained by

equation (2).

The absolute pressure and temperature wer e measured
to an accuracy of + 0.5 bar and + 0.01 °C respectively.



They were also maintained t 0 the same acouracies.

6. Measurement of a for 8 0CB: The sample used

I N the present study was purchased from BDH England
and was used without further purification. The transi-

tion temperatures at 1 bar were 67.0°C for the smectio A -
nematic and 81.00 for the nematic - isotropic transitions.
Figure 2 represents the phase boundary of smectic & =
nematic transition obtained using a high pressure opti cal
cell desoribed in chapter II using light transmission
technique as the probe. The value of P, the maximum
pressure up to which smectic A exists is 1.98 kbar whioh

I s in good agreenent with the earlier data of cladil

and Garland et a1°. The experiment has been conducted
along 4 different isotherms, vie., 68.7, 714, 751 and
77.6°C. Before commencing the experiment at any tempe-~
rature, the piezothermal set Up was allowed to attain
thermal equilibrium for at least 24 hours. Then the
pressure Was increased very slowly .to about 200 bar
above the smectic A - nematic transition pressure at

that temperature. Pressure was then decreased by snal |
steps (a few bars) and the area of the potential versus
time curve weas integrated at each step. Initially, at

pressures not close to the smectic A - nematic transition,
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the time necessary for each step was about 40 minutes.
However, i n the vicinity of the &-N transition, the
recording and integration had to be carried out for much
longer periods of time. Nb experiments could be conduc-
ted on the reentrant nematic phase owing to the rapid

crystallization of the supercooled smectic A phase.

3. Results and Discussion

The data of the thermal expansion at various pressures
measured al ong different isotherms are given in Tables | to
IV. Figures 3 to 6 show the variation of thermal expansion
with pressure at 4 different temperatures studied. From
the figure it is found that 'a' exhibits an anomaly at
the A~N transition. The height of this peak decreases with
increasing temperature and at the highest temperature
studied, viz., 77.6°C, there is hardly any anomaly (Fig.6).

Generally, it is far more difficult to achieve a
fine variation of pressure than of temperature. To that
extent, the experimental value of a, particularly close
to the smectic A - nematic phase boundary, do not have
the required precision to meke a good estimate of the
exponent (y) associated with the pressure variation of a

Nevertheless, an attempt has been mede to fit all tho data
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points for T = 6860 t0 the equations of the type:
Y
@ = a +Pa +A|P| for P B,

and Y
]
a = a, TrPajt+A |Pr| for P>Po

where a,r 849 a; and a; are all adjustable parameters,
P, is the pressure corresponding to the smectic A -
nematic transitions at 68.60, 2, = I(P -P )/ | 1s
the reduced pressure. The base lines with respect to
which the expansion coefficients have been evaluated for
this fitting consist of two linear parts, onein the
nematic and the other i n the smectic A phases. The data
pointe at pressures farthest from P, have been used to
obtain these two linear base line parts which intersect
at P, the pressure corresponding to the smectic A -
nematic transition. This appears to yield a reasonably
good fit over the entire range of pressure investigated
and is shown in figure 7. The value of the exponent (y)
for such afitis 022. Attempts were also made tofit
the same set of data points i n another nanner, i.e., by
taki ng the two basel i ne parts t0 have a discontinuity
(and not intersect) at P, Such & fitting procedure gave
a very poor fit which is shown in figure 8, indicating

thereby that the smectio A - nematic transitiom nay be



FMigure 7: Computer fit Oof the experimental data to the
 equation @ = a +P a wA[P Y torp
= a' ARV for? 2,
@ = agtP A eh R [

taking 2 baselines one in SA and the other
in X whioh intersect at P_, the pressure

eorresponding to AN transition.
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more aptly desoribed as a higher order transition than
a first order one,

Figure 9 represents the variation of Op with
temperature al ong an i sobar oorresponding to P = 1 bar,
500 bar, 1 kbar, 1.5 kbar and 2 kbar respectively obtained

for the same compound by Garland et al,”28

|t may be
mentioned that an integration of the a versus pressure
curve essentially leads to a term which should be a
function of entropy. Thus it is not surprising that the
trends of a versus pressure curves with increasing taupe-
rature resemble generally the % versus temperature curves

with increasing pressure.
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Table |

Piegothermal coefficient of 8 OCB as a
function of pressure. Temperature 68,6°C

Py = 122 bars

Pressure in bars Piezothermal roeft.
a x 107K
290 7.57
270 T.57
242 7.63
186 T7.71
158 7.88
144 8.04
136 8. 22
133 8.35
130 8.50
127 . 8.70
124 8.94
117 ' 8.80
116 | 8.60
112 8.45
106 8.32
100 8.20
88 8.40
66 8.00

40 8.03
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Table II

Coefficient of thermal expansion of 8 0CB a8
a function of pressure. Tenp. = 75.1°C

Po = 630 bars

: Coefficient of thermal

P in bars expansion a x 10_2/'1{
780 7.50
750 7.52
720 7.55
680 7.63
660 T.72
650 7.80
640 7.90
636 7.97
632 8.08
628 8.10
624 8.04
610 7.96
600 7.94
584 7.93
566 7.94

550 7.99
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Table II1

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

PQ = 322 bars

Coefficient of thermal

Pressure in bars _ -4
expansion « x 10 /K

480 7.51
454 7.52
430 7.54
405 7.57
382 7.67
362 7.79
351 7.90
344 8.00
340 8.10
336 8.23
333 8.38
328 8.31
324 8.19
320 8.11
314 8.04
300 7.95
280 7.92
260 7.93

240 7.96




Table IV

Coeffiaient of thermal expansion of 8 OCB as a
function of pressure. Tenperature 77.6°C

P, = 848 bars

Coefficient of thermal

Pressure in bars expansion a x 10""/]{

980 7.45
960 7.46
940 7.48
920 7.53
900 7.55
890 7.58
880 7.62
872 7.65
863 7.69
856 7.7
849 7.74
840 | 7.73
830 7.74
820 7.77
810 T7.82
800 7.87
790 7.97
780 8.04

770 8,13
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