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HIGH RESOLUTION VOLUMETRIC STUDIES. SMECTIC-4
- SMECTIC~C TRANSITION IN 4-n-PENTYLPHENYL-
THIOL-4'-n-DECYLOXYBENZOATE (10S5)

ANDRZEJ ZYWOCINSKI and STEFAN A. WIECZOREK
Institute of Physical Chemistry, Polish
Academy of Sciences, 01-224 Warsaw, Poland

Abgtract High resolution measurements of
molar volume V(T) and isothermal compressi-
bility coefficient were made on pure 10S5,

The molar-volume variations show a classical
second order smectic-A - smectic-C transition.
These data are very well described by a mean-
-field Landau model. The isobaric thermal-
-expansion coefficient has been calculated.
The data of the compressibility at the SmA-
-3mC transition do not show any singularity.

INTRODUCTION

The compound 4-{n-pentyl)phenylthiol-4’-(n-decyl-
oxy)benzoate (10S5) studied here belongs to the
same homologous series as 4-{n-pentyl)phenylthiol-
-4*~(n-octyloxy)benzoate (8S5), studied by us pre-
viously.1’2 Both these compounds exhibit the smec~
tic=C (SmC) to smectic-A (SmA) phase transition
followed by the smectic-A to nematic (N) phase
transition., The SmC-SmA transition has been stud-
ied extensively and the nature of the transition
has been discussed (Birgeneau et al.3 and referen-
ces therein). In the majority of cases the mean-
~field model proposed by Huang and Viner4 is more
adequate than the critical behavior model proposed
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by de Gennes.5

The transition in all compounds studied is
second order; however, Huang suggests a possibi-
1lity of a first order. Recently, Huang and Lien7
have collected experimental heat capacity data
from which the mean-field parameters can be deter-
mined and discuss the effect of the SmA temperatu-
re range on the behavior of the SmC-SmA transition.
This effect is characterized by a dependence of
mean-field parameters on the size of SmA tempera-
ture range represented by r = 1 - TAC/TNA'

From our precise molar-volume data we were
able to calculate one important dimensionless pa-
rameter, to‘ In this paper we report the results
of V(T) and f,(T) data for 10s5, the compound
with rather large size of the SmA temperature ran-
ge. In conclusion the comparison with results for
8s5' is given,

EXPERIMENTAL

Accurate measurements of volume versus temperatu-
re were carried out in dilatometer shown in Figu-~
re 1. The dilatometer D consists of a capillary C
0,3 mm in diameter and 37 cm long, connected with
9 cm3 vessel surrounded by a pressure jacket PJ.
At the bottom of the vessel and of the capillary
about 2 cm3 mercury is placed. The presence of
mercury allows making measurements with both in-
creasing and decreasing temperature. The volume of
the dilatometer was determined during the calibra-
tion run with deionized and degassed water; the
results of volume versus height of mercury in the
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0 M1 M2

FIGURE 1. Schematic diagram of the apparatus:
D, dilatometer; C, capillary; RM, reference
mark; J1+J3, taper joints; PJ, pressure Jacket;
LC, sample of liquid crystal; MS, magnetic stir-
rer; HG, mercury; T1, teflon needle tap; T2,
teflon tap; B, bulb with degassed sample; M1,
M2, mercury manometers; V1:V5, valves; VA, va-
cuum; 0P, overpressure; AP, atmospheric pres-
sure.

capillary were correlated by a linear equation
with the standard deviation & = 4x107% cm>. The
calibration was made in the temperature range be-
tween 318 K and 357 K. However, the absolute vo-
lume of the dilatometer could differ in indivi-
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dual runs by less than 0,001 cm3

use of a Teflon needle tap,T1.

The dilatometer is filled under vacuum with
degassed sample; the sample of the liquid crystal
warmed to the isotropic phase is flowing from the
bulb B under the force of gravity through the open
taps T1 and T2 into the dilatometer. The dilatome-
ter is then placed in a 70 1 water thermostat as-
suring a vigorous stirring and a stability of lo-
cal temperature better than ¥0.2 mK. The tempera~
ture was determined with a Tinsley 5187 SA plati-
num thermometer calibrated on IPTS-68 and conti-

s owing to the

nuously monitored with a HP 2801A quartz thermo-
meter,

The measurements of V(T) were done under a
constant pressure equal to 1.013 bar; this was
assured by compensating the pressure of the mer-
cury column in the capillary by means of an ex-
ternal manometer M1 connected to the end of the
capillary (Figure 1, AhD =z§hM). The small dif-
ferences in pressure (within a few Torr) were cor-
rected in calculations by using the compressibili-
ty of the sample, determined during the run, In
the aim to determine the isothermal compressibili-
ty coefficient PT the run under the pressure of
about 2.0 bar was made. In this measurement the
pressure expansion of the vessel of dilatometer
was avoided by apply the equal pressure to the
pressure jacket and to the sample of ligquid crys-
tal inside the dilatometer (the height of mercury
in the capillary C was always taken in the consi-
deration).
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The sample of 10S5 was synthesized by"ZD Che-
mipan" and was further purified by us by a very
slow crystallization from methanol. The transition
temperatures are as follow ?AC = 337.30 K, TNA =
= 3“}.35*354.58 K and vy = 359.62+359.65 K (for
the first order transitions, the coexistence range
is cited),

RESULTS AND DATA ANALYSIS

Molar-volume data
The molar-volume variations with temperature have
been measured in the temperature range 33%4.65+
+3%39,35 K, In the immediate vicinity of the SmA-
-SmC transition the volume has been measured with
a temperature steps about 10 mK. The results are
presented in Figure 2 and show a typical cusp-like
singularity with a strong pretransitional effect
on the SmC-side and with a straight line on the
SmA side. A shape of this curve suggests that the
power-law equations can not be applied in this ca-~
se. Thus we have used the mean-field equations1’4
derived from Landau model

{ Bt + C, T>TAC

172, p»
A*(1-38/t)) Y+ Bt + C°, TI<T,.

=

(1)
where t = T/!I‘_AC - 1 and t, is a crossover tempera-
ture. A meaning of parameter t, is explained in
Figure 3. The parameter to characterizes a diffe-
rence between this transition and hypothetical
tricritical behavior represented by extrapolated
curve V(T) to the point t = t0/3-at which av/dT

is infinite (dashed line in Figure 3).
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FIGURE 2. Molar volume near the SmA-SmC tran-
sition in 1085 (upper curve), with a linear
background VBG = a + bT subtracted,Bploft{ed
against temperature: a = 447.973 cm”mol °,

b = 0,3738 cm3mol-1(°C)'1. Lower part shows
isothermal compressibility coefficients PT(T).



Downloaded by [Tomsk State University of Control Systems and Radio] at 13:16 19 February 2013

SmA-SmC PHASE TRANSITION IN 1055 405

/

FIGURE 3. Meaning of the crossover tempera=
ture, to.

Egs. (1) were fitted to the experimental V(T)
data using a widely available nonlinear least-
~-8gquares program.8 The transition temperature TAC
was not a fitted parameter and was fixed at a va-
lue established during the preliminary fits as it
was described earlier.2 The parameters of Egs. (1)
obtained in fits along with the standard devia-
tions are given in Table I. Three different tempe-
rature ranges were taken in the calculations and
the results show that the parameters are stable
to range shrinking. In all fits the standard de-
viations 6<1.2x10"% co’mol~! were obtained.

The temperature dependence of thermal expan-
sion coefficient OCP(T) has been calculated from
the equations

B
o (1) = V(T)T, .’ I=Tye (o)
P h 1 A? -1/2 ’
V(T)TAC[’ 2Lto(1’3t/to) /2 4 ],
T<1, ..
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The curve o<p(T) calculated from Eqs. 2 is shown
in Figure 4; calculated values o(p(TAC) are given
in Table I.

- ¥ 14 T Ly M 14 j
< g3 0SS Tac= 641S3°C 1
24z :
s . SmA
?.y 5 {
80} ,
r 1
i 1 PEEPSED U 1 ST - I
65
62 63 6k ey %

FIGURE 4. Calculated thermal expansion coef-
ficient near the SmA~-SmC transition in 7085,
plotted against temperature.

For comparison we have collected some results
for 1085 and for BS5' in Table II. The values of
to obtained from our volumetric measurements fit
very well to a general ‘(:endency7 of to changes
with varying r = 1 - TAC/TNA'

TABLE II  Parameters r, t,, and AO(p =

- + .
=o(p(TAC) - o(p(TAC} for two compounds with
different size of SmA temperature range.

Compound r 10°% . 10*A .
(k™1
1085 0.048 4,.4+4.9 0.25
855 0,023 1,342, 1 0.50
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Isothermal compressibility

The isothermal compressibility of Y055 was measu-
red as a function of temperature at constant pres-
sure and the isothermal compressibility coeffi-
cient PT = -V°1(dV/dp)T was calculated. Results
are shown in a lower part of Figure 2. There is
no singularity in PT(T) on both sides of the
transition temperature TAC’ The data show that

PT is independent of temperature in this rather
narrow temperature range and is equal within ex-
perimental error for both SmC and SmA phases. For
the SmA phase PT remains constant up to 6 K abo-
ve Type Farther it increases slowly to about
0.788x10™% bar~! at temperature 353 K where a
strong pretransitional effect of the first order
SmA-N phase transition is observed9 (maximum value
by measuzed at the SmA-N transition is 5.7%x10™4
bar” ).

In the vicinity of the SmA-SmC transition
mean values of pT and their standard deviations
were calculated. These values are (0.616X0,004)x
x10™4 var~! and (0.620%0.002)x10™% bar~! for smc
and SmA, respectively.

CONCLUSION

We have found that molar-volume variations near
the SmA-SmC transition for 10S5 are well descri-
bed by the mean~field model. For this model we
have found the crossover temperature to in the
range from 4.4x1o‘3 to 4.9><1O-3 for r = 1'TAC/TNA=
= 0,048, This value is consistent with results
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I and obtained from

reported by Huang and Lien
heat capacity measurements.

From our V(T) measurements we have estimated
the jump of isobaric thermal-expansion coefficient
at phase tramsition Ao((T).) = 0.25x10~4 -1,
Thus we conclude that SmA-SmC transition in 1085
has a nature quite different from tricritical be-
havior.

Another interesting result has been obtained
from compressibility measurements. It has been
found that isothermal compressibility coefficient
is independent of temperature in the vicinity of
the SmA-SmC transition and is equal in both pha-
ses within experimental error less than 1%,
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