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Abstract: The recently introduced photothermoelectric technique (PTE) was applied to detect first order phase
transitions in some liquid thermoelectrics (LTE). The investigated samples were based on dodecanol mixed with
tetradodecylammonium nitrate (TDAN) and tetrabutylammonium nitrate (TBAN). It was demonstrated that the Seebeck
effect, produced by a LTE, is an useful tool for the detection of phase transitions in the very same material. Additional
photopyroelectric (PPE) measurements suported the obtained results.
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1. INTRODUCTION
A phase transition is a phenomenon associated with
a break of the system’s symmetry. Usually, in the
critical region, the system passes from an ordered to a
disordered phase. In the vicinity of the transition
temperature, the order parameter (non-zero in the
ordered phase) fluctuates and vanishes in the
disordered phase. From theoretical point of view, the
first and second derivatives of the thermodynamic
potential can present anomalies in the critical region. If
the first derivatives of the thermodynamic potential are
discontinuous, the phase transition is of I-st order. If the
first derivatives are continuous and the second are
discontinuous, the phase transition is of II-nd order.
Generally, II-nd order phase transitions have been
more intensively studied due to their theoretical
(fundamental) and applicative features [1]. As
examples of II-nd order phase transitions we can count
the magnetic, ferroelectric, etc. ones. As most common
I-st order phase transitions we can identify meltings,
vaporizations, etc. In any case, if one intends to detect
and study a phase transition, he must be able to
measure a quantity (parameter) presenting an anomaly
at the critical point. These parameters can be specific
for different class of materials (examples are: magnetic
susceptibility
for
magnets,
polarization
for
ferroelectrics, etc.), but they can also characterize all
types of materials; among this last type of parameters
we count the thermal parameters. Consequently, the
methods (calorimetries) able to directly measure the
thermal parameters are very suitable for phase
transitions detection, due to their degree of
generality(large range of materials possible to be
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investigated). Among these calorimetries, the
photothermal techniques are of particular interest. For
example, the photopyroelectric (PPE) method has been
largely used in order to detect phase transitions in
ferroelectric
and
magnetic
materials
[2,3],
superconductors [4], liquid crystals [5,6], as well as to
study I-st order transitions as meltings or glassy
transitions [7-9]. On the other hand, recently, a new
photothermal calorimetry, based on the so called
photothermoelectric (PTE) effect, was proposed [11].
The method is rather similar with the PPE technique,
but the pyroelectric sensor is replaced by a
thermoelectric (TE) sensor. The physical mechanism in
the case of the PTE technique relies to the Seebeck
effect. It has been shown that this novel method allows
for the determination of thermal parameters such as
effusivity and diffusivity both for the material used as
sensor and/or to another material used as a sample
[11, 12]. Several applications on liquids and solids have
been already reported [12, 13]. It has been also shown
that solid TE materials can be suitable sensors for
phase transitions investigations [12, 13].
In this paper we propose to use the Seebeck effect
generated in a liquid thermoelectric (LTE) for the
detection of the melting process in the same LTE.
Dodecanol is a known alcohol involved in a solid/liquid
0
phase transition at about 24 C. Mixed with low
concentration of tetradodecylammonium nitrate (TDAN)
or tetrabutylammonium nitrate (TBAN) it becomes
thermoelectric. The purpose of this paper is to detect
-3
the melting of two LTEs containing 10 mol/l TBAN and
-3
10 mol/l TDAN respectively, by using the PTE signal
generated by the LTE’s themselves.
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2. THEORETICAL ASPECTS

3. EXPERIMENTAL

For a
layers of
radiation,
voltage is

The experimental set-up used for PTE detection of
phase transitions in LTEs was largely described
elsewhere [7, 14, 15]. It contains a radiation source, a
detection cell, a lock-in amplifier for signal processing
and a computer for automatization and data analysis.
In the following we give only some specific details. The
radiation source was a 200 mW YAG laser, modulated
from the internal generator of a SR 830 lock-in
amplifier, used also for data processing. The detection
cell [7] was provided with Peltier elements (coupled to
a thermostatic bath) for temperature scans. The
−1
temperature variation rate was 600 mK min and the
0
0
temperature range 8 C–32 C included the melting point
of the investigated samples. The data acquisition and
data processing were computer controlled.

LTE of thickness l, situated between two
air, and irradiated with a flux H of optical
modulated with the frequency f, the PTE
given by:
(1)

where the temperature across the LTE is given by [14]:

T (x) =

(1 ! R)H exp(!" l) + exp[!" (2l ! x)]
2k"
1 ! exp(!" 2l)

(2)

Using Eqs. (1) - (2) we obtain for the PTE signal:

V = S0

(1 ! R)H 1 ! P !1
(1+i)(2" )1/2 e 1 + P !1

(3)

In Eqs. (1) – (3)
1

P = exp (! l );! = (1+ i ) (" / 2# ) 2 ;
(1-R) represents the quantity of optical radiation
absorbed by the LTE,
, α and e
represent LTE’s thermal diffusivity and effusivity,
respectively.
The PTE voltage expressed in Eq. (3) is a complex
quantity, both the amplitude and the phase of the signal
depending on LTE’s thermal diffusivity and effusivity. At
a phase transition both thermal parameters mentioned
above present anomalies. Consequently, both sources
of information (the amplitude and the phase of the PTE
voltage) can be used for phase transitions detection.

Figure 1: Schematic view of the irradiated LTE sample.

The sample filled the space between two thin (100
µm) metallic foils acting in the same time as electrodes
for the PTE signal (see Figure 1)). The irradiated foil is
blackened to assure a good optical absorption. The
spacers’ thickness (practical the sample’s thickness) is
800 µm. As demonstrated in previous works [17, 18] at
this thickness, for a chopping frequency of 0.3 Hz, both
PTE amplitude and phase are saturated. In the
meantime at this frequency the two metallic layers are
thermally thin and, consequently, from theoretical point
of view, the LTE material can be considered as being
bordered by two layers of air.
The supporting PPE investigations have been
performed in the front detection configuration [15, 16].
The pyroelectric sensor was a 500 µm thick and
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1.5x1.5 cm area LiTaO3 single crystal provided with
CrAu electrodes on both sides.
The samples under investigation were produced by
mixing and dissolving salts of tetradodecylammonium
nitrate - TDAN and tetrabutylammoniumnitrate - TBAN,
(Sigma Aldrich, purity ≥ 99.0%) at concentration c = 10
3
mol/l in 1-dodecanol (Sigma Aldrich, purity ≥98.0%) at
ambient temperature. The mixtures were stirred and
heated at around 40 °C during 15 minutes to improve
salt solubility.
4. RESULTS AND DISCUSSIONS
The results obtained for the amplitude and phase of
the PTE signal are presented in Figures 2 and 3. An
anomalous behavior for both amplitude and phase are

Figure 2: The temperature dependence of the PTE
amplitude of the investigated samples in the temperature
region including the melting point. The behavior for pure
dodecanol is also displayed.
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observed around 24 C. For such low TBAN and TDAN
concentrations, no clear shift of the melting point of the
mixtures, compared with the melting point of pure
dodecanol, was observed. In fact, the liquid/solid
transition region is rather large, typical for I-st order
phase transitions. Figure 2 contains also the PTE
signal obtained for pure dodecanol, which is zero, as
expected, because pure dodecanol is not a
thermoelectric material.
In order to support the PTE results, classical PPE
investigations, in front detection configurations have
been performed. The results for the phase of the PPE
signal are displayed in Figure 4. Clear anomalies have
been found both for pure dodecanol and for the
0
mixtures around 24 C.

Figure 4: The temperature dependence the PPE phase of
the investigated samples in the temperature region including
the melting point. The behavior for pure dodecanol is also
displayed.

CONCLUSIONS

Figure 3: The temperature dependence of the PTE phase of
the investigated samples in the temperature region including
the melting point.

In this paper, the PTE technique, in a particular
configuration, was applied for the first time for detection
of phase transitions in liquid thermoelectrics. The main
novelty of the paper is the particular detection
configuration, which consists in using the Seebeck
effect, produced by a LTE, for the detection of the
phase transition (melting) in the very same material.
-3
Dodecanol mixed with 10 mol/l TBAN and TDAN
respectively, have been used as samples. Additional
photopyroelectric (PPE) measurements supported the
obtained PTE results.
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Work is in progress with PTE investigations of the
phase transition in the same mixtures with different
TBAN and TDAN concentrations and with the study of
critical behavior of static and dynamic thermal
parameters and Seebeck coefficient.

[8]

Dadarlat D, Bicanic D, Gibkes J, Kloek W, Dries I, et al.
Study ofmelting processes in fatty acids and oil mixtures: a
comparison of photopyroelectric (PPE) and differential
scanning calorimetry (DSC). Chem Phys Lipids 1996; 82: 15.
https://doi.org/10.1016/0009-3084(96)02555-8

[9]

Dadarlat D, Riezebos KJ, Bicanic D, van den Berg C,
Gerkema E, et al. Photopyroelectric study of diluted and
concentrated sugar systems. Application to aqueous
solutions of maltose, glucose and maltodextrine, and to
honey of varying moisture content. Adv Food Sci (CMTL)
1998; 20; 27.

[10]

Dadarlat D, Chirtoc M, Neamtu C and Bicanic D.
Photopyroelectric detection ofmagnetic phase transitions.
Application to ferromagnetic and itinerant electron
antiferromagnetic materials. J Phys Chem Solids 1990;
51: 1369.
https://doi.org/10.1016/0022-3697(90)90019-C

[11]

Kuriakose M, Depriester M, Chan Yu King R, Roussel F, and
Hadj Sahraoui A. Photothermoelectric effect as a means for
thermal characterization ofnanocomposites based on
intrinsically conducting polymers and carbonnanotubes. J
Appl Phys 2013; 113: 044502.
https://doi.org/10.1063/1.4788674

[12]

Dadarlat D, Streza M, Chan Yu King R, Roussel F, Kuriakose
M, Depriester M, et al. The photothermoelectric
technique(PTE), an alternative photothermal calorimetry.
Meas Sci Technol 2014; 25: 015603.
https://doi.org/10.1088/0957-0233/25/1/015603

ACKNOWLEDGEMENT
This work was supported by a grant of the
Romanian National Authority for Scientific Research
and Innovation, CNCS/CCCDI - UEFISCDI, project
number
PN-III-P2-2.1-PED-2016-0143,
contract
number 172PED/2017, within PNCD IIII.
REFERENCES
[1]

Stanley HE. Introduction to phase transitions and critical
phenomena,Oxford University Press, New York, Oxford,
1971.

[2]

Dadarlat D. Chirtoc M and Bicanic D. On the
photopyroelectric detection of thephase transitions.
Applications to ferroelectric materials. Appl Phys 1990; A 50:
357.

[3]

Marinelli M, Mercuri F, Zammit U, Pizzoferrato R, Scudieri F,
et al. Photopyroelectric study of specific heat, thermal
conductivity and thermaldiffusivity of Cr2O3 at the Neel
transition. Phys Rev 1994; B49: 9523.
https://doi.org/10.1103/PhysRevB.49.9523

[13]

Dadarlat D, Misse PRN, Maignan A, Guilmeau E, Turcu R, et
al., Alternative calorimetry based on thephotothermoelectric
(PTE) effect: application to magnetic nanofluids. Int J
Thermophys 2015; 36: 2441.
https://doi.org/10.1007/s10765-015-1855-x

[4]

Marinelli M, Murtas F, Mecozzi MG, Zammit U, Pizzoferrato
R, et al. Simultaneous determination of specific heat, thermal
conductivity and thermal diffusivity at low temperature Via
thephotopyroelectric technique. Appl Phys 1990; A 51: 1630.

[14]

Mandelis A. Diffusion-Wave Fields, Mathematical methods
and Green functions, Springer Verlag, New York 2001.
https://doi.org/10.1007/978-1-4757-3548-2

[5]

Thoen J. Calorimetric studies of liquid crystal phase
transitions: steady stateadiabatic techniques, in: S.
Martellucci, A.N. Chester (Eds.), Phase Transitionsin Liquid
Crystals, Plenum Press, New York, NY, 1992.
https://doi.org/10.1007/978-1-4684-9151-7_10

[15]

Dadarlat D and Neamtu C. High Accuracy Photopyroelectric
Calorimetry of Liquids. Acta Chim Slov 2009; 56: 225.

[16]

Dadarlat D. Photopyroelectric Calorimetry of Liquids. Recent
Development and Applications. Laser Phys 2009; 19: 1330.
https://doi.org/10.1134/S1054660X09060255

[17]

Touati K, Depriester M, Hadj Sahraoui A, Tripon C, Dadarlat
D.
Combined
photopyroelectric-photothermoelectric
detection
for
thermal
characterization
of
liquid
thermoelectrics. Thermochim Acta 2016; 642: 39-44.
https://doi.org/10.1016/j.tca.2016.09.004

[18]

Dadarlat D, Tripon C and Tosa V. On the photothermal
characterization of liquid thermoelectrics. New methodology
based on coupled pyroelectric-Seebeck effects, together with
frequency and thickness scanning procedures. Thermochim
Acta 2017; 653: 133-137.
https://doi.org/10.1016/j.tca.2017.04.013

[6]

Paoloni S, Mercuri J, Marinelli M, Zammit U, Neamtu C, et al.
Simultaneous characterization of optical and thermal
parameters
ofliquid–crystal
nanocolloids
with
hightemperature resolution. Phys Rev E: Stat Nonlinear Soft
Matter Phys 2008; 78: 042701.
https://doi.org/10.1103/PhysRevE.78.042701

[7]

Dadarlat D, Bicanic D, Visser H, Mercuri F and Frandas A.
Photopyroelectricmethod for determination of thermophysical
parameters and detection of phase transitions in fatty acids
and
triglycerides.
Part
I:
Principles,
theory
andinstrumentational concepts. J Am Oil Chem Soc 1995;
74: 273.
https://doi.org/10.1007/BF02541082

Received on 29-11-2017

Accepted on 18-12-2017

Published on 31-12-2017

DOI: http://dx.doi.org/10.15377/2409-5826.2017.04.1

© 2017 Dorin Nicolae Dadarlat; Avanti Publishers.
This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted, non-commercial use, distribution and reproduction in
any medium, provided the work is properly cited.

