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Nematic-Smectic A and Nematic-Isotropic Phase
Transitions in 4-butyloxyphenyl-40-decyloxybenzoate
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In this adiabatic scanning calorimetry (ASC) study we investigated the liquid
crystal 4-butyloxyphenyl-40-decyloxybenzoate (10O�44) with the emphasis on the
nematic-to-smectic A (N-SmA) and the nematic-to-isotropic (N-I) phase transi-
tions. Because of the high resolution ASC technique we were able to accurately
determine the latent heat of the first order N-I transition. The N-SmA transition
was found to be a continuous one within the experimental resolution and the value
of the effective specific heat capacity critical exponent, a, was found to be
0.23� 0.01, thus between the 3D XY and tricritical value.

Keywords: 4-butyloxyphenyl-4’-decyloxybenzoate, 10O�44, Adiabatic Scanning Calor-
imetry, Nematic, Smectic A

1. INTRODUCTION

Phase transitions are encountered in all levels of physics, from every-
day-life phenomena to the latest state-of-the-art theoretical calculations.
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Since liquid crystals exhibit a wide variety of mesophases and phase
transitions between the liquid and the solid phase, the study of phase
transitions in liquid crystals has been an interesting topic of research
during the last three decades.

In the past several studies concerning the liquid crystal 4-butyloxy-
phenyl-40-decyloxybenzoate (10O�44) were performed. This liquid crystal
contains three mesophases between the liquid, isotropic phase and the
solid, crystalline phase: the nematic, smectic A and the smectic C phase.
The SmA-SmC transition in this liquid crystal was studied using high
resolution X-ray scattering measurements [1]. Also binary mixtures of
4-butyloxyphenyl-40-decyloxybenzoate and methylchloropentanoyloxy-
heptyloxybiphenyl (C7=B7) were investigated extensively with the focus
on the smectic A-to-smectic C� phase transition [2–4]. However, no
studies were reported on the nematic-to-smectic A (N-SmA) and the
nematic-to-isotropic (N-I) phase transitions in this liquid crystal.

Generally, a phase transition can be classified as a first order or a
continuous one, based on the behavior of the suited thermodynamic
potential (the Gibbs free energy) near the transition. First order phase
transitions are characterized by a discontinuity in the first derivative
of the Gibbs free energy, G, with respect to the pressure, p, or the tem-
perature, T, while continuous (second order) phase transitions show
an anomaly or a finite cusp in the second derivative of G with respect
to its parameters p or T [5,6]. During the adiabatic scanning calor-
imetry (ASC) measurements performed in this study pressure is kept
constant and temperature is slowly scanned and accurately measured
as a function of time. From these TðtÞ data, the specific heat capacity,
cpðTÞ, and the enthalpy, HðTÞ, as a function of temperature can be
determined. The enthalpy will exhibit a discrete jump, also called
the latent heat DHL, at a first order phase transition. A continuous
transition, as the name implies, will show a continuous course of the
enthalpy as a function of temperature.

ASC is the only calorimetric technique which is able to determine
the specific heat capacity and the enthalpy directly. Therefore it is
not surprising that this high resolution technique has played a major
innovative role in the investigation of phase transitions in liquid crys-
tals since the early eighties [7–9]. During the last five to ten years a
new implementation of the AC calorimetric technique was developed:
the photopyroelectrical (PPE) AC calorimetric technique. This tech-
nique can perform high resolution measurements of the specific heat
capacity on a small sample in a very simple way [10,11].

In this article ASC measurements of the nematic-to-isotropic (N-I)
and nematic-to-smectic A (N-SmA) phase transitions in 10O�44 will be
discussed. Photopyroelectrical AC calorimetric measurements, also

4=[498] K. Denolf et al.
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carried out in our laboratory, of the N-SmA transition in 10O�44 will be
compared with the ASC measurements of this phase transition.

2. EXPERIMENTAL TECHNIQUES

2.1. Adiabatic Scanning Calorimetry

Adiabatic Scanning Calorimetry (ASC) is a high resolution technique
which is able to measure continuously the heat capacity and the
enthalpy of a sample of interest as a function of temperature. The

FIGURE 1 Schematic overview of the adiabatic scanning calorimeter (ASC)
used in this study. The ASC consists of 3 different stages. The first stage is
the sample holder including a heating coil and a thermistor to control its
temperature. A shield which is also surrounded by a heating coil forms the
second stage. This second stage contains a thermistor and a platinum resistance
thermometer to measure its temperature. Stage 3 is a shield without heating
coil which is temperature controlled by a thermistor and thermostat water bath.

A Study of the N-SmA and N-I Phase Transition in 10O�44 5=[499]

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
4:

55
 0

9 
A

ug
us

t 2
01

2 



adiabatic scanning calorimeter used in this study consists of a
cylindrical sample holder which is surrounded by two shields as shown
in Figure 1. The sample holder is made of tantalum, a thermally good
conductive and a chemically inert material and it contains a thermis-
tor thermometer and a heating coil to control its temperature. Each
shield surrounding the holder is made of thermally good conductive
material in order to eliminate temperature gradients. An electrical
power can be applied to the first shield by means of a heating coil
and its temperature can be determined by a thermistor or a platinum
resistance thermometer. The temperature of the second shield is con-
trolled by a water thermostat bath. In order to avoid heat leaks from
the different stages to the environment the space between the differ-
ent stages is evacuated and the connections between two successive
stages are kept as small as possible.

There are two possible scanning modes: a heating run or a cooling
run. The scanning rates in both modes are very small in order to main-
tain the thermodynamical equilibrium in the sample: typically
15 mK=min to obtain a broader view of a certain phase transition
and 2 down to 0.5 mK=min to obtain a detailed zoom of a transition.
If necessary the sample can also be stirred during the scans to opti-
mize the sample homogeneity.

Upon heating a known electrical power is continuously applied to
the sample holder. In order to create an adiabatic environment the
first shield is kept at the same temperature as the sample holder
and the temperature difference between the first and second shield
is kept constant. The heat capacity of the sample of interest, Cs, can
be obtained from the total heat capacity C:

C ¼ Ch þ Cs ¼
P
_TT
¼ Pel þ Pleak

_TT
ð1Þ

with Ch and Cs the heat capacity of respectively the sample holder and
the sample, Pel the known applied electrical power, Pleak the power
that flows away because of possible heat leaks in the system and
_TT ¼ dT=dt. The heat capacity of the sample holder, Ch, can be deter-

mined by a calibration measurement. Pleak is virtually zero during a
heating run, while during cooling no electrical power, Pel, but a
constant negative leak power, Pleak, is continuously applied to the sam-
ple by keeping the first shield at a slightly lower temperature than the
sample holder. By numerically differentiating the measured TðtÞ data,
_TT can be calculated. The specific heat capacity of the investigated sam-

ple can be obtained by dividing the heat capacity of the sample Cs

by the sample mass.

6=[500] K. Denolf et al.
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Adiabatic scanning calorimetry is the only calorimetric technique
that can measure the enthalpy directly. The enthalpy of the investi-
gated sample can be obtained by inverting the measured TðtÞ data
since:

HðTÞ �HðTsÞ ¼ PðtðTÞ � tðTsÞÞ; ð2Þ

with Ts the starting temperature of the run. Thus the latent heat of a
phase transition, if present, can be determined and one will be able to
classify the phase transition as a continuous or a first order one. More
information about this technique can be found in literature [7,9].

2.2. Photopyroelectric AC Calorimetry

In AC calorimetry a sample of interest is heated periodically and the
temperature as a function of time is measured by a thermometer.
The principle of photopyroelectrical (PPE) AC calorimetry is the same,
except that this technique uses a photopyroelectrical sensor instead of
a thermometer. Such a photopyroelectrical transducer has the charac-
teristic that a change in its temperature distribution, hðx; t0Þ, causes a
change in its polarization ~PP. This creates a net charge over the trans-
ducer given by

qðtÞ ¼ pA

LP

Z Lp

0

½hpðx; tÞ � hðx; t0Þ�dx: ð3Þ

In this expression p is the pyroelectrical coefficient of the material, A
is the area, Lp is the thickness of the sensor and hðx; t0Þ is a reference
temperature distribution. With hpðtÞ the average temperature of the
transducer, Eq. (3) can be written as:

qðtÞ ¼ pA

Lp
hpðtÞ: ð4Þ

Equation (4) implies that a change in sensor temperature generates an
electrical current

ipðtÞ ¼ pA
dhpðtÞ

dt
; ð5Þ

and a periodic signal generates a voltage:

VðxÞ ¼ HðxÞpA�hhðxÞeixt ð6Þ

with HðxÞ an electrical transfer function.

A Study of the N-SmA and N-I Phase Transition in 10O�44 7=[501]
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Figure 2 shows schematically the so-called one dimensional inverse
PPE geometry (front detection). A small drop of sample is smeared out
on top of the photopyroelectrical transducer, which is illuminated from
below by a Helium-Neon laser. The PZT transducer used in this setup
has a diameter of 2 cm and a thickness of 200 mm. On both sides of the
transducer contacts were soldered to establish the electrical signal
connection. Since the thickness of the sample and the sensor is much
less than their diameter, the system can be described by a one dimen-
sional model. The variation of the (complex) temperatures can be
found by solving the thermal diffusion equations and the continuity
conditions for the different layers. This allows the calculation of the
spatial average of the temperature in the pyroelectric transducer [10].

At low modulation frequencies, both sample and sensor become
thermally very thin (sample and transducer thicknesses are much
smaller than the thermal diffusion lengths Ls and Lp). At these low fre-
quencies, the thermal waves inside sample and sensor are virtually
not damped. One obtains for the average temperature in the pyroelec-
trical transducer [10]:

hðxÞ ¼ I0

4pif

�1

qsCsLs þ qpCpLp
: ð7Þ

FIGURE 2 One dimensional inverse photopyroelectric geometry (front detec-
tion configuration).

8=[502] K. Denolf et al.
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with f the modulation frequency, I0 the laser light intensity, qs, Cs and
qp, Cp respectively the density and heat capacity (per unit volume) of
the sample, s, and the transducer, p. With this approximation, the
phase of the pyroelectric signal is constant, and the amplitude is
given by

jVðxÞj
norm
¼ HðxÞ

qpCpLp

qsCsLs þ qpCpLp
ð8Þ

with H(x) an electrical transfer function.
A schematic overview of the setup as it was used for our experi-

ments is shown in Figure 3. The measuring cell consists of two parts
of stainless steel that can be fixed to each other. The pyroelectric

FIGURE 3 Schematic overview of the photopyroelectric measuring cell: (1)
micrometer screw, (2) stainless steel positioners, (3) temperature controlled
copper holder, (4) pyroelectrical transducer, (5) sample.

A Study of the N-SmA and N-I Phase Transition in 10O�44 9=[503]
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sensor on top of the lower part is placed so that the non illuminated
parts are in good thermal contact with the cell. In the upper part, a
micrometer screw is placed with its end parallel to the transducer.
The temperature of the setup is controlled by a copper shield with a
heating coil and a thermistor thermometer, close to the pyroelectric
transducer. A second temperature controlled shield is put around
the first one in order to shield temperature fluctuations in the labora-
tory. The setup can be operated from room temperature up to 100�C
with a stability of 1 mK. By positioning the micrometer screw at differ-
ent distances to the sample it is possible to arrive at absolute values of
the specific heat capacity (per unit volume) [10]. In this study a large
distance (effectively infinite) between the sample and the micrometer
screw was kept constant. Therefore no absolute value of the specific
heat capacity was obtained. The PPE AC calorimetric cpðTÞ data were
rescaled with respect to those obtained by ASC.

3. EXPERIMENTAL RESULTS

3.1. The Nematic-Isotropic Phase Transition

The nematic-isotropic (N-I) phase transition is usually described by
the Landau-de Gennes theory [12]. The free energy, GðS;TÞ, can be
written as:

G ¼ G0 þ
1

2
AS2 þ 1

3
BS3 þ 1

4
CS4 þ � � � ð9Þ

with S, the nematic (macroscopic) order parameter, A ¼ aðT � T�Þ and
a;T�; B;C constants (a;C > 0 and T� the lower temperature limit for
the thermodynamic stability of the isotropic phase). The presence of
the third order term in Eq. (9) implies the first order character of
the N-I transition and a small value of B causes its weak character.
Therefore the N-I phase transition is classified as a weakly first order
one. Its latent heat in this mean-field model can be written as:

DHL ¼
2aB2TNI

9C2
: ð10Þ

The nematic-isotropic phase transition in 10O�44 was investigated by
means of ASC. The specific heat capacity near the N-I transition
obtained from a heating run (10 mK=min) is shown in Figure 4. During
this heating run the sample was stirred in order to optimize its hom-
ogeneity. The two-phase region is clearly visible and extends over
approximately 240 mK. Figure 5 shows the enthalpy data as a function
of temperature near the N-I transition, a linear background was

10=[504] K. Denolf et al.
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subtracted. From these enthalpy data, the latent heat of this weakly
first order phase transition can be determined. It must be taken into
account that the enthalpy increase in the two phase region consists
of two parts: the latent heat, DHL, and the heat needed to heat the

FIGURE 5 Enthalpy of 10O�44 near the N-I phase transition with a linear
background subtracted.

FIGURE 4 Specific heat capacity of 10O�44 near the N-I phase transition.

A Study of the N-SmA and N-I Phase Transition in 10O�44 11=[505]
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liquid crystal from the beginning to the end of the two phase region.
The two phase region of this N-I transition is rather wide, so the latter
contribution to the enthalpy increase is substantial, but it can be sub-
tracted of by extrapolating the enthalpy curve into the two phase
region. A latent heat of DHL ¼ 3:13� 0:02 J=g was found.

3.2. The Nematic-Smectic A Phase Transition

The specific heat capacity data, cpðTÞ, near the nematic-smectic A
phase transition measured by means of the ASC technique are shown
in Figure 6. A comparison between the ASC and PPE AC calorimetric
results was also made in this figure. Since in this study no absolute
values for cpðTÞ were obtained by means of PPE AC calorimetry, the
latter cpðTÞ data were rescaled with respect to the cpðTÞ data obtained
with ASC. The scanning rates for both runs were different: the ASC
scan was made at a rate of 2 mK=min while the PPE AC calorimetric
scan was made at a rate of 20 mK=min. Therefore the cpðTÞ peak
obtained by means of PPE AC calorimetry is less sharp and smaller
as the one obtained by ASC. Apart from this understandable difference
there is good agreement between the cpðTÞ data for the two different
measurement techniques.

FIGURE 6 Comparison of the ASC (black) and PPE AC calorimetry (grey)
specific heat capacity data as a function of temperature near the N-SmA phase
transition temperature.

12=[506] K. Denolf et al.
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Figure 7 shows the enthalpy data near the N-SmA transition, a
linear background was subtracted. After analyzing this figure an
upper limit for the latent heat, DHL of 3.10�3 J=g was found. Therefore
this N-SmA phase transition may be classified as continuous one
within our experimental resolution.

Generally, the effective specific heat critical exponent, a, is deter-
mined by fitting the power law which describes the specific heat
capacity cp:

cp ¼ A�jsj�að1þDjsj0:5Þ þ Bþ Es; ð11Þ

with Aþ;A� the critical amplitudes respectively above and below the
critical temperature Tc, s ¼ T � Tc=Tc the reduced temperature differ-
ence, D the amplitude of the first correction-to-scaling term, B a
constant and Es a linear background term. The problem with this fit
expression is that all the different parameters are strongly correlated.
A reduction of fit parameters therefore means better, more precise fit
results.

In order to reduce the number of fit parameters a new quantity, C,
is introduced:

CðTÞ ¼ HðTÞ �HðTcÞ
T � Tc

: ð12Þ

FIGURE 7 Enthalpy of 10O�44 near the N-SmA phase transition with a
linear background subtracted.

A Study of the N-SmA and N-I Phase Transition in 10O�44 13=[507]
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C can be visualized as the slope of the chord connecting the point (T,
H) with the critical point (Tc, Hc) on the H(T)-curve.

Integration of

cp ¼ A�jsj�a þ B; ð13Þ

the most simple form of the power law expression describing the
specific heat capacity, with respect to the temperature T, gives an
expression for H(T). Substituting this in Eq. (12) gives:

C ¼ A

1� a
jsj�a þ B: ð14Þ

Since C and cp have the same background term B, it is possible to elim-
inate the parameter B by subtracting cp from C:

C� cp ¼
aA

1� a
jsj�a: ð15Þ

Equation (15) makes it possible to determine the effective specific heat
critical exponent, a, in a very simple way: the negative slope of
logðC� cpÞ versus log jsj plot gives a.

Although the application of this method looks very easy, care must
be taken in the choice of the phase transition temperature Tc. The
wrong choice of Tc can have drastic consequences on the course of

FIGURE 8 Plot of logðC� cpÞ versus log jsj for T > Tc (grey) and a linear fit
(black) for the data in the range �4 < log jsj < �2:4.

14=[508] K. Denolf et al.
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the log-log plots. For continuous phase transitions the correct phase
transition temperature can be found by locating the inflection point
in the H(T) data.

In Figure 8 the logðC� cpÞ versus log jsj plot for the N-SmA phase
transition in 10O�44 is given for the data above Tc together with a linear
fit for the data in the range�4 < log jsj < �2:4. The critical temperature,
Tc, was found to be 77.990�C and the effective specific heat critical
exponent was determined to be a ¼ 0.23� 0.01, thus between the 3D
XY and the tricritical value. Fitting of the data below Tc give consistent
results. Efforts to include additional terms in Eq. 13 (correction terms)
did not improve the quality of the fits.

4. CONCLUSIONS

In this article we investigated the liquid crystal 10O�44 with the empha-
sis on the nematic-to-smectic A and the nematic-to-isotropic phase
transitions. The N-I phase transition was investigated by means of
adiabatic scanning calorimetry (ASC), it could be classified as a
weakly first order phase transition as predicted by the Landau-de
Gennes theory [12] and the latent heat of this phase transition could
be determined: DHL ¼ 3:13� 0:02 J=g.

ASC measurements on the N-SmA transition of 10O�44 showed that
this was a continuous phase transition and the phase transition tem-
perature, Tc, was found to be 77.990�C. The value of the effective spe-
cific heat capacity critical exponent was determined to be
a ¼ 0.23� 0.01, thus between the 3D XY and tricritical value. There
was also good agreement between the ASC specific heat capacity
results near the N-SmA transition and those obtained by means of a
photopyroelectrical AC calorimetry technique also carried out in our
laboratory.
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