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Investigation of the Smectic-A–Smectic-C* Transition
in Liquid Crystals by Adiabatic Scanning Calorimetry

K. Denolf
B. Van Roie
G. Pitsi
J. Thoen
Laboratorium voor Akoestiek en Thermische Fysica Departement
Natuurkunde en Sterrenkunde, Katholieke Universiteit Leuven,
Celestijnenlaan, Leuven, Belgium

We performed Adiabatic Scanning Calorimetry (ASC) measurements on two ferro-
electric liquid crystals: S-(-)-4-(20-methylbutyloxy)phenyl 4-n-octyloxybenzoate and
S-(-)-2-methylbutyl 4-n-nonanoyloxybiphenyl-40-carboxylate. Our experiments
showed that no latent heat was present for the smectic-A – smectic-C� (AC�) tran-
sition to within the experimental resolution. Therefore the AC� transition in both
samples can be classified as a continuous one. By fitting the specific heat data
we showed that this phase transition can be described by an extended mean-field
model.

Keywords: Adiabatic Scanning Calorimetry; ferroelectric liquid crystals; smectic-A;
smectic-C�

1. INTRODUCTION

During the last few years the smectic-A-smectic-C� (AC�) phase tran-
sition in liquid crystals has been studied extensively. In the smectic-A
phase, the liquid crystal molecules show an orientational order, just
like in the nematic phase, and additionally they show a translational
order in one dimension. The molecules are packed in layers and they
are oriented according to a director perpendicular to the layers. The
smectic-C� phase is similar to the smectic-A phase, the molecules
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are also packed in layers, but the director is tilted with respect to the
layer normal and rotates around the direction perpendicular to the
smectic layer. The director tilt angle, h, is the order parameter of this
AC� transition which has two degrees of freedom.

According to the theoretical predictions of de Gennes [1], the AC�

phase transition should belong to the three-dimensional XY univer-
sality class (n ¼ 2, d ¼ 3). This hypothesis was not in accordance
with experimental studies done in the past: early experiments sug-
gested a classical Landau mean-field behavior for the AC� transition
[2–5], later results, however, indicated a tricritical character [6].

In this paper we present the results of Adiabatic Scanning Calor-
imetry (ASC) measurements of two compounds exhibiting an AC�

phase transition. The ASC technique allows us to directly measure
the temperature dependence of the enthalpy H(T) (including latent
heat if present) and derive also the temperature dependence of the
specific heat capacity cp(T).

2. EXPERIMENT

2.1 Samples

The two ferroelectric liquid crystals studied in this experiment S-(-)-4-
(20-methylbutyloxy)phenyl 4-n-octyloxybenzoate (D1 for short) and S-
(-)-2-methylbutyl 4-n-nonanoyloxybiphenyl-40-carboxylate (D2 for
short) were synthesized at the Military University of Technology in
Poland by prof. R. Dabrowski. The phase sequence of the liquid crys-
tals on cooling down is the following:

For D1 : I �! Sm-A �! Sm-C� �! Cr
60�C 43:5�C 42:5�C

For D2 : I �! Sm-A �! Sm-C� �! Cr
59:5�C 41:5�C 39�C

For the experiments we used 0.96 g of D1 and 1.19 g of D2 in our calori-
metric measuring cell.

2.2. Adiabatic Scanning Calorimetry

We used Adiabatic Scanning Calorimetry to study the AC� transition
in the two ferroelectric liquid crystals. This calorimetric technique is
the only one that is capable to measure the temperature dependence
of the enthalpy and the specific heat capacity simultaneously with a
very high resolution.
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The sample is placed into a holder and a known heating power is
applied via an electric heater. The resulting temperature change as
a function of time is measured by means of a thermistor and the total
heat capacity (this is the heat capacity of the sample and the sample
holder) is obtained from:

C ¼ Ch þ Cs ¼
P
_TT
¼ Pel þ Pleak

_TT
ð1Þ

_TT ¼ dT=dt can be calculated by numerically differentiating the mea-
sured T(t) data and Pel is the known electrical power applied to the
sample. The only problem left is that in general Pleak, the power that
flows away because of possible heat leaks in the system, is unknown.
In order to avoid heat leakage during a heating run different shields
are placed around the sample holder to create an adiabatic environ-
ment, connections between the successive stages are minimized and
the space between the stages is evacuated. To cool down a sample, a
negative power is needed. That is why for a cooling run, no electrical
power is applied and the shields surrounding the sample are at a
slightly lower temperature and kept at a constant temperature differ-
ence with the sample cell. For both cases, heating runs and cooling
runs, the power applied to the sample can thus be known and the total
heat capacity can be calculated. After subtracting the heat capacity of
the holder, which can be measured easily doing a calibration experi-
ment, from the total heat capacity and dividing this result by the sam-
ple mass, one obtains the specific heat capacity of the sample.

During our experiments two different adiabatic scanning calori-
meters were used. One, used to measure D1, where the sample holder
is surrounded by two shields made of good conductive material. Each
shield contains a thermistor or a platinum resistance to measure the
temperature and a heating coil to control the temperature of the
shield. The third shield has no heating coil but is surrounded by an
air oven. In the other calorimeter, used to measure D2, the sample
holder is surrounded by two shields. The temperature of the inner
shield is controlled by a heating coil and a thermistor and the outer
shield is surrounded by a temperature controlled water bath. In order
to maintain the thermodynamical equilibrium, very slow scanning
rates (2 mK=min) were applied to the samples.

An important advantage of using the ASC technique is that the
enthalpy change of sample can be measured directly, by inverting
the TðtÞ data:

HðTÞ �HðTsÞ ¼ P tðTÞ � tðTsÞð Þ ð2Þ
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with Ts the starting temperature of the run. Thus the latent heat of
a first order transition can be determined, if present, and we are able
to distinguish a first order transition from a continuous one. More
information about this technique can be found in literature [7,8].

3. RESULTS AND DISCUSSION

3.1. Latent Heat

Phase transitions can be classified into first order and continuous
ones. A perfect first order transition is characterized by an infinitely
steep jump in the enthalpy, also called the latent heat. As previously
mentioned this latent heat, if present, can be directly measured, using
Adiabatic Scanning Calorimetry. For the two investigated liquid crys-
tals, no latent heat was observed to within the experimental resolution

FIGURE 1 Temperature dependence of the enthalpy for D1 (a) and D2 (b)
near the AC� transition. Note that for clarity a linear background was sub-
tracted from the enthalpy data for both samples. To within the experimental
resolution (DHL < 1 J/kg), no latent was observed for these two liquid crystal
compounds.
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ðDHL<1 J/kg). This is shown in Figure 1. These observations give a
quantitative proof for the continuous character of the AC� transition.

3.2. Specific Heat Capacity

As mentioned in the introduction, the AC� transition should, according
to theoretical predictions, belong to the three-dimensional XY uni-
versality class. Early experiments suggested a classical Landau
mean-field behavior for this transition [2–5], later results, however,
indicated a tricritical character [6].

Figure 2 shows the specific heat capacity as a function of tempera-
ture for the two investigated ferroelectric liquid crystals. For both
samples, the specific heat curve shows pretransitional effects on the
low temperature side and a rather abrupt jump on the high tempera-
ture side. These observations suggest a mean-field behavior.

According to the Landau theory, the free energy can be written as a
power series in the order parameter h:

f ¼ f0 þ ath2 þ bh4 þ ch6 ð3Þ

FIGURE 1 Continued.
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Inthisexpressiona,band care theexpansioncoefficients, t ¼ ðT�TcÞ=Tc

is the reduced temperature difference and f0 is the non singular part
of the free energy. Using this free energy expansion, an expression
for the specific heat capacity can be obtained [9]:

c ¼ c0 ðT > TcÞ ð4Þ

c ¼ c0 þ AT Tm � Tj j�1=2 ðT < TcÞ ð5Þ

In this expression c0 ¼ Bþ Et, A ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffi

a3

12cðTcÞ3
q

and Tm ¼ Tc 1þ t0

3

� �
with

t0 ¼ b2=ac. The first term, c0, represents the f0 contribution to the spe-
cific heat where B and E are two constants that characterize the linear
background. Because of the presence of pretransitional fluctuations on
both sides of the cp-curve (Fig. 2), Gaussian fluctuation terms should

FIGURE 2 Comparison between experimental cp(T) data (obtained from a
cooling run) near the AC� transition in D1 (a) and D2 (b) and the theoretical
fits with the predictions by a mean field model (expressions (6) and (7)). To
fit the cp(T) data obtained for D1, an additional term was added to expression
for c0 (expression (8)).
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be included in the fitting expressions (4) and (5). [9,10,11]

c ¼ c0 þ cg
T

Tc

� �2

tj j�1=2 ðT > TcÞ ð6Þ

c ¼ c0 þ AT Tm � Tj j�1=2þ
ffiffiffi
2
p

2
cg

T

Tc

� �2

tj j�1=2 ðT < TcÞ ð7Þ

After fitting the cp-data of D2 to the expression above (Fig. 2(b)), our
presumption of a mean-field like behavior is confirmed for this liquid
crystal. For D1, however, a complication arose fitting the cp-data with
expressions (6) and (7) because of the crystalline phase which is only
1�C below TAC�. As can be seen in Figure 2(a), the AC� transition seems
to be superimposed on a nonlinear precursory increase associated with
the smectic-C�-crystalline transition. To take this effect into account,
we introduced a higher order term in the expression for c0 [12]:

c
0
¼ Bþ Etþ Ft2 ð8Þ

FIGURE 2 Continued.

Investigation of the Sm-A–Sm-C� Transition by ASC 53

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
0:

14
 2

2 
A

ug
us

t 2
01

2 



T
A

B
L

E
1

P
a
ra

m
et

er
V

a
lu

es
fo

r
F

it
ti

n
g

c p
(T

)
D

a
ta

of
D

1
a
n

d
D

2
n

ea
r

th
e

A
C
�

T
ra

n
si

ti
on

w
it

h
E

x
p

re
ss

io
n

s
(6

)
a
n

d
(7

).
T

o
F

it
th

e
c p

(T
)

D
a
ta

O
b
ta

in
ed

fo
r

D
1
,

a
n

A
d

d
it

io
n

a
l

T
er

m
w

a
s

A
d

d
ed

to
fo

r
c 0

(e
x
p

re
ss

io
n

(8
))

B
(J
=
k

g
K

)
E

(J
=
k

g
K

)
F

(J
=
k

g
K

)
A

(J
=
k

g
K
�

3
=
2
)

T
m

(�
C

)
T

c
(�

C
)

c g
(J
=
k

g
K

)
v2

D
1

1
3
2
3
�

2
�3

6
1
.1

0
�

3
.1

0
3
5
0
.1

0
3
�

2
.1

0
3

0
.3

8
3
�

0
.0

0
2

4
4
.0

4
�

0
.0

2
4
3
.5

7
6
�

0
.0

0
4

0
.5

1
�

0
.0

1
1
.0

5
0

D
2

1
2
0
2
�

2
5
.1

0
2
�

1
.1

0
2

0
.7

9
0
�

0
.0

0
2

4
3
.3

6
�

0
.0

2
4
2
.6

2
7
�

0
.0

0
2

1
.4

7
�

0
.0

2
1
.3

0
5

54

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
0:

14
 2

2 
A

ug
us

t 2
01

2 



The parameter values for fits to our D1 and D2 data with expressions
(6) and (7) are summarized in Table 1.

It should also be noticed that the nature of the AC� transition can be
affected by the thermal history of the sample. If a heating run is
performed after the sample entered into the smectic-C�-crystalline
region, a peculiar behavior across the smectic-A-smectic-C� and smec-
tic-A-isotropic transition was observed. This strange effect was not
observed when the sample was cooled or heated across the AC� tran-
sition and is apparently caused by undercooling effects.

4. CONCLUSIONS

The smectic-A-smectic-C� phase transition in S-(-)-4-(20-methylbutyl-
oxy)phenyl 4-n-octyloxybenzoate and S-(-)-2-methylbutyl 4-n-non-
anoyloxybiphenyl-40-carboxylate was investigated by Adiabatic
Scanning Calorimetry. Thanks to the ability of measuring the
enthalpy change of a sample directly and the great precision of this
calorimetric technique we were able to show that the AC� transition
is a continuous one, since no latent heat was observed within the
experimental resolution ðDHL<1 J=kgÞ. After fitting the specific heat
data it was shown that the AC� transition in these compounds can
be described by a mean field model.
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