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PREFACE

Intensive development of photoacoustic and photothermal techniques in the past decades has led
them no longer being considered just as research topics, but as practical and unique measuring tools.
The Conference on Photoacoustic and Photothermal Theory and Applications (CPPTA) has been
planned to be a venue where scientists and engineers who deal with photoacoustic or photothermal
techniques can share their experiences and ideas. Its scope covers virtually all the aspects of
photoacoustic, photothermal and related research, including theory, instrumentation and a wide range
of applications:

! theoretical considerations,
! instrumentation and methodology,
! spectroscopy, applications in chemistry,
! sensors, actuators and industrial applications (including environmental sensors, generation

of ultrasound, etc.),
! applications in medicine, biology and agriculture,
! imaging (including thermography, tomography, microscopy, depth profiling, etc.),
! ultrafast, micro/nanoscale and nonlinear phenomena,
! thermophysics (including characterization of materials),
! other aspects and applications of PA / PT techniques.
The first CPPTA was organized in 2013 and showed relatively strong interest of many researchers

from all over the world. Number of abstracts submitted for the 2nd CPPTA was very similar (over
60 works by over 170 authors were accepted for oral and poster presentations). We hope that these
numbers will increase in the future. We strongly encourage young researchers to participate in the
CPPTA conferences. They will have the opportunity not only to present the results of their research,
but most of all, to learn about the latest discoveries and trends, meet the world’s experts in the fields
of PA / PT, and listen to speeches, during which top international scientists will summarize their
experiences and talk about new ideas and perspectives of further development in the PA and PT
fields.

Finally, I greatly appreciate very warm reception and a lot of support and valuable advices that
I received from the participants of the first CPPTA conference. It was a great reward for our efforts
and strong motivation to our work on further improvements. 

 Tomasz Starecki

(Conference Chair)
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KEYNOTE SPEECHES

Time and frequency domain photothermal experiments: 
how to determine thermal parameter from the lateral heat diffusion

D. Fournier 1 J, C. Frétigny 2, L. Belliard 1

1 Institut des NanoSciences de Paris, UMR 7588, CNRS, UPMC, 4 place Jussieu,
Paris 75005, France

2 Laboratoire PPMD, UMR 7615, CNRS, UPMC, ESPCI, 10 rue Vauquelin, Paris 75005, France

J Daniele.Fournier@espci.fr

In this tutorial, we introduce the photothermal experiments in both time and in frequency domains
and we discuss the thermal parameters which can be deduced from experimental data. It is
straightforward that multiparameter fitting of the experimental data can help to extract thermal
parameters but here we want to present a “hand waving” physical approach of these experiments in
order to help the “novice” to use the good geometry and the good modulation range.

In a photothermal experiment, the sample is illuminated with a pump beam which is partially or
totally absorbed at its surface. The light energy deposited in the sample is converted into heat which
then diffuses in the sample. The consequent temperature field is strongly dependent upon the
modulation frequency or the investigated time domain, upon the dimension of the heat source, of the
dimension of the sample and upon its thermal properties. A thermal diffusion length associated to
the modulation frequency or to the investigated time domain has to be compared to the pump beam
diameter and to the dimensions of the sample. When the heat source is almost uniform on the whole
surface of the sample, heat diffusion is perpendicular to the surface while if the heat source is small
compared to the lateral dimensions of the sample, heat diffusion is both parallel and perpendicular
to the surface. In the first case the 1D heat diffusion equation has to be solved, while in the second
case the heat diffusion equation has to be solved under cylindrical symmetry. For the usual frequency
modulation and time domain ranges, the sample may be considered or not as infinite for the lateral
and the perpendicular heat diffusion. 

For a semi infinite bulk sample, we will underline that a 1D experiment leads to the thermal
effusivity of the sample if both input heat flux and absolute value of the modulated temperature can
be measured, while lateral diffusion easily allows the determination of the thermal diffusivity of the
sample without absolute measurements. If the sample thickness is in the range of the thermal
diffusion length, additional thermal parameters can be measured thanks to the reflection on the back.

Moreover the interesting case of layered structure has to be considered. At each interface heat is
transmitted and reflected and different regimes associated with the thermal parameters of the layers
and substrate can be described. For example, heat is confined in the upper layer if it is a better
conductor than the substrate, or, contrarily, heat diffuses mainly in the substrate in the reverse case.
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We will discuss the different geometries in the frequency domain and in the time domain and
enhance the thermal parameters pertinence determination.

Finally we will compare the various experimental setups able to measure the surface temperature
field and present experimental results.

Mid-Infrared semiconductor laser based 
trace gas sensor technologies and applications

F. K. Tittel J

Rice University, Electrical & Computer Engineering Department, Houston, TX 77005, USA

J fkt@rice.edu

This talk will focus on recent advances in the development of sensors based on mid- infrared
semiconductor lasers for the detection, quantification and monitoring of trace gas species and their
application in atmospheric chemistry, medical diagnostics, and industrial process control as well as
for use in security and defense systems. The development of compact trace gas sensors, in particular
based on quantum cascade lasers (QCLs) and interband cascade lasers (ICLs) will be described. Such
sensors permit the targeting of strong fundamental rotational-vibrational transitions located between
3 and 11 µm which are one to two orders of magnitude more intense than overtone transitions in the
near infrared. 

 Trace gas optical spectroscopic sensors based on quartz enhanced photoacoustic spectroscopy
(QEPAS) using either continuous wave (CW), distributed feedback (DFB) QCLs or ICLs as an
excitation source will be described. QEPAS based sensor systems can achieve real time, ultra-
sensitive detection of trace gas molecular species at concentration levels from the per cent level down
to parts per trillion (pptv).  Specifically, the spectroscopic detection and monitoring of five molecular
species, such as carbon monoxide (CO), nitric oxide (NO), sulfur dioxide (SO2), methane (CH4) and
nitrous oxide (N2O) will be described. These molecules were detected using QEPAS based sensors,
which can achieve minimum detectable absorption losses in the range from 10-8 to 10-11 cm-1/%Hz.

For example, a QEPAS-based sensor capable of ppbv level detection of CO, a major air pollutant
will also be described. For this sensor a 4.61 µm high power CW DFB QCL that emits a maximum
optical power of more than 1 W was used. A minimum detection limit (MDL) of 2 ppbv was
achieved at atmospheric pressure with a 1 s acquisition time for the R6 CO line, located at 2169.2
cm-1. Furthermore, the performance of 5.26 µm and 7.24 µm CW TEC DFB-QCL (mounted in a high
heat load (HHL) package)-based QEPAS sensors for atmospheric NO and SO2 detection will be
reported. MDLs (1σ) of 3 ppb and 100 ppb were achieved for a sampling time of 1 s using
interference-free NO and SO2 absorption lines located at 1900.08 cm-1 and 1380.94 cm-1, respectively
[1,2]. For the targeted CH4 and N2O lines located at 1275.04 cm-1 and 1275.49 cm-1 MDLs of 13 ppbv
and 6 ppbw were achieved [3].  Recent developments of a novel 5.26 µm intra-cavity QEPAS based
NO sensor and a QEPAS sensor operating in the THz range, employing a custom-made quartz-tuning
fork and a 76.3 µm CW THz quantum cascade laser will be also described.



[1] Rice University Laser Science Group website: http://ece.rice.edu/lasersci/
[2] P. Patimisco, G. Scamarcio, F. K. Tittel, V. Spagnolo, Sensors 14, 6165 (2014)
[3] M. Jahjah, W. Ren, P. Stefanski, R. Lewicki, J. Zhang, W. Jiang, J. Tarka, F. K. Tittel,

Analyst 139, 2065 (2014)
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PLENARY / INVITED TALKS

Photothermal coherence tomographies: principles and imaging applications

A. Mandelis J

Center for Advanced Diffusion-Wave Technologies (CADIFT), Department of Mechanical
and Industrial Engineering, University of Toronto, Toronto, Ontario, M5S 3G8, Canada

J mandelis@mie.utoronto.ca

Energy transport in diffusion-wave fields is gradient driven and therefore diffuse, yielding depth-
integrated responses with poor axial resolution. Traditional diffusion-wave techniques, limited by
the physics of parabolic diffusion, can only produce depth-integrated planar images as they are
unable to generate three-dimensional subsurface imaging. This talk will present two new imaging
methods developed in the CADIFT for enabling parabolic thermal-wave fields to exhibit energy
localization akin to propagating hyperbolic wave-fields. This approach when used with a mid-IR
camera results in depth-selective (or depth-resolved) photothermal imaging which not only improves
axial and depth resolution, but also allows for deconvolution of individual responses of superposed
axially discrete sources, opening a new field of subsurface Photothermal Coherence Tomographies
(PCT) using thermal waves. In this talk I will present two novel thermal-wave imaging
methodologies: pulse-compression, matched filter thermal-wave radar (TWR) and truncated-
correlation photothermal coherence tomography (TC-PCT). The physical principles of these
methodologies and examples of imaging applications to engineering materials and hard biotissues
will be discussed.

Optical and photothermal characterization 
of micro and nanocomposites and smart materials

J. J. Alvarado-Gil J
 

Applied Physis Department, Cinvestav-Unidad Merida, Merida, Yucatán 97310 Mexico

J jjag@mda.cinvestv.mx

One of the greatest challenges in materials science is to devise materials which physical
properties can be controlled by the designer or final user. In the case of the thermal properties,
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applications of those materials are numerous in the development of heat exchangers and smart
windows in a variety of applications. Polymers, liquids and semisolids have the advantage that they
can fit the form of specific objects; however those materials generally have low thermal conductivity.
One of the modes of increasing the thermal conductivity is to add high conductivity particles to the
fluid matrix. However, frequently the new composite material exhibits a much lower thermal
conductivity than the expected using simplistic approaches. Heat transport in composite materials
is a complex problem involving multiple effects related with the sizes, aspect ratio and orientation
of the particles, formation of chains structures and thermal interface resistance among the matrix and
the particles. In this presentation, we explore several of these possibilities showing the effects of the
involved parameters in diverse systems. Particularly, the study of physical properties of smart
materials, based on magnetic fluids, is presented. In this case electrical, mechanical, optical and
thermal properties can be modulated in a wide range at will using an external magnetic field. It is
shown that non-ferromagnetic particles can be manipulated, when they are immerse in the magnetic
fluid, in response to magnetic field. Measurements of optical and thermal properties of composite
materials of magnetic fluids with added carbon nanotubes and nanofibers of various sizes are
presented. Results show that the increasing of magnetic particles concentration in nanofluids
increases heat transfer, which can be enhanced by the use of carbon nanostructures, and that it can
be made to grow even more when the structure is oriented using magnetic fields. The evolution of
the optical properties of the smart fluids, induced by the magnetic orientation, is presented too.
Similarly, results for the thermoelastic vibration changes, induced by magnetic field, of elastomers
with charge of microparticles are presented. 

Acoustic aspects of photoacoustic signal generation and detection in gases

A. Miklós J

Steinbeis Transfer Center Applied Acoustics 
Weilstetter Weg 36, D-70567 Stuttgart, Germany

J AkustikOptik@t-online.de

In this paper photoacoustic signal generation and detection in gases is investigated and discussed
from the standpoint of acoustics. Three topics are considered: the effect of the intensity distribution
and time profile of the light on sound generation; the effect of the acoustic properties of a resonant
photoacoustic (PA) cell on the photoacoustic signal; and the effect of the microphone on the
photoacoustic signal due to acoustic interaction of the PA cell and the microphone.

When light is absorbed by a molecule and the excess energy is relaxed by collisions with the
surrounding molecules the average kinetic energy, thus also the temperature of an ensemble of
molecules (called “particle” in acoustics) will increase. In the case of inhomogeneous light intensity
distribution the average velocity of molecules in the ensemble (“particle velocity”), which is zero in
thermal equilibrium, will be nonzero. It means that the temperature and the velocity of the “particle”
can increase simultaneously. Thus, two sound generation mechanisms coexist; the first one depends
on the time derivative of the released heat power density, while the second one is proportional with
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the gradient of the heat power density. Although this second effect is known in acoustics, it is not
taken into account in the publications of the theory of photoacoustic signal generation up to date.
However, this second mechanism is strongly dependent on beam geometry and may be responsible
for already observed PA signal dependence on beam geometry.

Photoacoustic signal is mostly detected in a photoacoustic detector composed by acoustic
resonators, buffers, filters, etc. It is not easy to interpret the measured PA signal in such a
complicated acoustic system. Three problems are discussed: the effect of the resonator on PA signal
amplitude and phase; the effect of PA signal generated outside the resonator (in filters, buffers), at
the windows and generated by reflected and/or scattered light; and the reduction of external noise and
flow noise. Moreover, the acoustic response of a PA detector to different kind of excitations
(modulated cw, pulsed, periodic pulse train) will also be discussed.  

The microphone for detecting the PA signal is also a part of the acoustic system; its properties
have to be taken into account by the design of a PA detector. The moving membrane of the
microphone absorbs acoustic energy; thus it may influence the resonance frequency and amplification
of the acoustic resonator. This property may be very important by PA cells equipped with several
microphones. On the other hand, microphones have a mechanical resonance, which may be utilized
for increasing the sensitivity of the PA detector. Since the PA resonator and the microphone with its
connecting tube form a coupled acoustic system, this system can be optimized for sensitivity. A few
examples of PA detector designs will also be shown in the presentation. 

Modulated temperature profiles in dielectric nanofilms 
predicted by the Boltzmann transport equation: 

microscopic description of photothermal phenomena

J. Ordonez-Miranda1 J, S. Volz 1, J. J. Alvarado-Gil 2

1 Laboratoire d’Énergétique Moléculaire et Macroscopique, Combustion, UPR CNRS 288, Ecole
Centrale Paris, Grande Voie des Vignes, 92295 Châtenay Malabry, France.

2 Departamento de Física Aplicada, Centro de Investigación y de Estudios Avanzados
del I.P.N – Unidad Mérida, Carretera Antigua a Progreso km. 6, A.P. 73 Cordemex,

Mérida, Yucatán, 97310, México

J jose.ordonez@ecp.fr

The blossoming of nanotechnology involving the miniaturization of devices with enhanced rates
of operation requires a profound understanding of their thermal performance. This is particularly
critical in nanomaterials, in which the heat transport is not described necessarily by the Fourier’s law
of heat conduction. 

In this talk, a nonlocal and microscopic theory for heat conduction across dielectric nanofilms
under high frequency temperature fields is presented and applied to explain the reduction of their
thermal conductivity observed in recent experiments. This theory is a novel and analytical solution
of the Boltzmann transport equation for phonons in a dielectric film subjected to periodic heating on
its surface. By considering that the mean free path (MFP) and mean free time (MFT) of phonons are



independent of the temperature and of the phonon frequency, explicit expressions for the temperature
and the heat flux are derived and analyzed as a function of the film thickness and modulation
frequency. It is shown that: 1) when the thickness of the film is much greater than the mean free path,
the amplitude and phase of the temperature profile exhibit the typical behavior predicted by the
Fourier’s law. By contrast, when this thickness is comparable to or smaller than the MFP, these
signals show non-Fourier oscillations, which become stronger as the film thickness is scaled down.
This is described as the “dance” of phonons at the rhythm of the “music” of the modulated thermal
excitation. 2) The diffusion length is still a meaningful concept in the ballistic regime and its value
is given by µ = %(2 l / 3 ωτ), where l and τ are the phonon MFP and MFP respectively, and ω is the
modulation frequency.

Our theory facilitates the understanding of heat conduction for frequencies up to THz, and it could
be used as the theoretical model to perform the microscopic characterization of nanofilms, through
the determination of the MFP and MFT of phonons.
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THEORETICAL CONSIDERATIONS

Comparison of the photoacoustic effect in the IR and the UV region

T. Preukschat 1 J, J. Angster 1, A. Miklós 2

1 Fraunhofer Institute for Building Physics, Department of Acoustics, 
Nobelstrasse 12, D-70569 Stuttgart, Germany

2 Steinbeis Transfer Center Applied Acoustics, 
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The photoacoustic effect has been studied intensively using light sources emitting in the IR
region. Corresponding photons lead to excitations of vibrational-rotational energy levels. Subsequent
deexcitations by collisions with the surrounding molecules can increase the translational energy of
these molecules. Consequently, by irradiating a gas sample with amplitude- or wavelength-modulated
light, an acoustic wave can be created and recorded by means of microphones.

In case of light absorption in the UV region, however, the photon energy is too large for the
before-mentioned transitions. Instead, photon absorption can induce electronic transitions or even
molecule dissociation. While experiments reveal that these effects lead to a photoacoustic signal as
well, investigations handling its reason were hardly published so far.

By means of a 266 nm UV laser and an IR OPO setup, respectively, photoacoustic measurements
were carried out with a nitrogen-acetone gas mixture. In this presentation, both measurements are
compared with each other and the fundamental processes of photoacoustic signal production in the
UV region are discussed.

TLM thermal modelling

Z. Suszyński J

Koszalin University of Technology, Department of Electronics and Computer Science

J zbigniew.suszynski@tu.koszalin.pl

The paper presents a method of modelling of dynamic thermal processes in homogeneous and
thermally anisotropic solids. Proposed transmission line matrix models based on the electro-thermal
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analogy for constant and harmonic excitation. It may be used for both analytical and numerical
analysis of 1D multilayered structures and discrete models of  2D and 3D problems. Thermal circuits
based on complex admittance elements and current sources are analyzed with admittance matrix
method. For axially-symmetrical objects and excitations the very effective cylindrical model is
presented. All models may be used for temperature fields analyzing in frequency and time domain.
Examples of calculating are presented.

A new model for frequency-dependent attenuation
in photoacoustic tomography

C. Shi 1 J, O. Scherzer 1, 2

1 Computational Science Center, University of Vienna
2 Johann Radon Institute for Computational and Applied Mathematics (RICAM)

J cong.shi@univie.ac.at

Photoacoustic  imaging  is a promising  imaging  method  that visualize biological material
parameters. In a typical PAT session, the object is exposed to a short pulse of an electromagnetic
wave. The object absorbs a fraction of the induced energy, heats up, and reacts with thermo-elastic
expansion. This in turn produces acoustic waves, which can be recorded. The final image can show
some internal structures. The mathematical formulation of PAT is an inverse problem related to the
wave equation – to reconstruct the source term of the wave equation from measurements on the
observation surface. PAT combines the high resolution of ultrasound waves and high contrast of EM
waves. The challenge problems in this topic are to model the attenuation and to compensate its effect
in image reconstruction.

The classical formulations of  PAT ignores the attenuation effect within the object, which will
lead to inaccurate images. To correctly model the attenuation effect in a given media, we need to
investigate the relation between attenuation, dispersion, and causality. We have proved that the ill-
posedness of PAT problem will increase  greatly when taking into account attenuation [1].  It is
known that attenuation and dispersion are connected by the Kramers-Kronig relationship. Some
attenuation models are known to us, and most of them are derived from the measured power law
between attenuation and frequency, but in some parameter range they don't satisfy causality. In 2011
Kowar  et al. [2]  proposed a new causality model in a much wider range, but it is very complicated
to analyze its properties.

In this presentation, we give a new attenuation model that is causal, and approximates the power
law at low frequencies. The causality of this model is proved by a simple argument. The form of this
model is similar to the classical power law, but it permits the exponent to be greater than 1 without
affecting causality.

[1] C. Shi, P. Elbau, O. Scherzer, “Eigenvalue decay rate for a family of attenuated PAT operator”
(in preparation)

[2] R. Kowar, O. Scherzer, X. Bonnefond, Math. Methods Appl. Sci. 34, 108 (2011)
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Quantitative photoacoustic tomography 
with piecewise constant material parameters

W. Naetar 1 J, O. Scherzer 1, 2

1 Computational Science Center, University of Vienna
2 Radon Institute of Computational and Applied Mathematics

J wolf.naetar@univie.ac.at

The goal of quantitative photoacoustic tomography the determination of optical and acoustical
material properties from initial pressure maps as obtained, for instance, from photoacoustic imaging.
The most relevant parameters are absorption, diffusion and Grüneisen coefficients, all of which can
be heterogeneous. Recent work by Bal and Ren shows that in general, unique reconstruction of all
three parameters is impossible, even if multiple measurements of the initial pressure (corresponding
to different laser excitation directions at a single wavelength) are available.

We propose a restriction to piecewise constant material parameters to overcome this non-uniqu-
eness. We showed that in the diffusion approximation of light transfer, piecewise constant absorption,
diffusion and Grüneisen coefficients can be recovered uniquely from photoacoustic measurements
at a single wavelength. In addition, we developed a numerical scheme to recover heterogeneous
material parameters from initial pressure measurements and tested it on simulated data.

[1] G. Bal, K. Ren, Inverse Probl. 27, 075003 (2012)
[2] W. Naetar, O. Scherzer, “Quantitative photoacoustic tomography with piecewise constant

material parameters” (preprint available at: http://arxiv.org/abs/1403.2620)

Implementation of a non-uniform FFT combined with sparse grid sampling
in photoacoustic image reconstruction

J. Schmid 1, 2, T. Glatz 1, B. Zabihian 2, W. Drexler 2, O. Scherzer 1

1 Computational Science Center, Mathematics Department, University of Vienna
2 Center for Medical Physics and Biomedical Engineering, Medical University Vienna

J julian.schmid@univie.ac.at

Photoacoustic tomography (PAT) is an imaging modality where tissue is illuminated by a short
(~ns) laser pulse. The ensuing pressure wave is then recorded by an array of sensors. To obtain the
initial pressure from the collected data on a planar sensor arrangement, there exists an exact analytic
frequency domain reconstruction formula. 

In this work we investigate the application of a non-uniform fast Fourier transform (NUFFT) for
numerical image reconstruction.  This is done computationally and with data acquired via a Fabry-
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Fig. 1. Resolution for pulsed thermography as a function of depth for different SNRs.

Pérot interferometer planar sensor. We use non-uniform grids with the goal to reduce the necessary
number of acquisition points. This approach can be used to tackle the limited view problem and to
sidestep sensor points with a low sensitivity. Additionally we apply the NUFFT reconstruction to
regularly sampled grids. The results are compared with conventional FFT reconstrution methods.

Thermodynamic limits of spatial resolution in active thermography

P. Burgholzer J

Christian Doppler Laboratory for Photoacoustic Imaging and Laser Ultrasonics, 
Research Center for Non Destructive Testing GmbH (RECENDT), 

Altenberger Strasse 69, 4040 Linz, Austria

J peter.burgholzer@recendt.at

Thermal waves are very dispersive: their amplitude is decreased by more than a factor of 500
within a propagation distance of one wavelength [1]. The diffusion equation, which describes the
temperature as a function of space and time (“diffusion-wave fields” [2]), is linear. Therefore the
superposition law, also known as Huygens principle for optical or mechanical wave fields, is valid
and limits the spatial resolution, like the Abbe diffraction limit in optics. The resolution is the
minimal size of a structure which can be detected at a certain depth. It is proportional to the depth
and indirect proportional to the logarithm of the signal-to-noise-ratio (SNR) of the thermographic
detection system (see Fig. 1 for pulsed thermography).



To get the resolution in Fig. 1 the image reconstruction can be considered as the time reversal of
the thermal wave. This inverse problem can be solved either by regularization methods, like
Tikhonov reconstruction, or by using methods of non-equilibrium statistical physics and taking
fluctuations of the temperature into account. Both methods show similar results, but describing the
temperature as a random variable in a stochastic process shows the information theoretical
background of the information loss due to thermal diffusion and can be applied also to other non-
destructive imaging methods, like photoacoustic imaging.

Theoretical resolution limits for active thermography are compared to theoretical resolution limits
for pulsed thermography and the comparison with experimental results shows the maximal potential
to improve the resolution for a thermography set-up.

[1] A. Rosencwaig, in Non-destructive evaluation: progress in photothermal and photoacoustic
science and technology, edited by A. Mandelis, Elsevier, N. Y. (1992)

[2] A. Mandelis, Diffusion-wave fields: mathematical methods and Green functions, Springer-Verlag
New York (2001)
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INSTRUMENTATION AND METHODOLOGY

Photoacoustic signal of soil – preliminary analysis
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In the present study, an attempt was made to apply photoacoustic spectroscopy (PAS) to quantify
photophysical processes in a soil sample. Our attention was paid on at least three effects mediating
the photoacoustic response from soil samples while quantitatively interpreting photoacoustic signal.
The first one is the soil water evaporation governed by the different ways in which water binds to
soil. It is reflected well in the soil water retention curve i.e. the relationship between soil water
content and hydraulic potential. We used equipment with two light beams in the measurements. One
of the beams was illuminating soil samples with strong stream of non-modulated light and the second
beam, with over one hundred times lower intensity, was monitoring changes proceeding in the tested
samples. Obtained results indicate possibility to measurements of changes in thermal parameters of
soil top layers and indirectly for assessing evaporation rate. It allows one to study water flow
processes and modeling water movement through an unsaturated soil probe.

For the soil sample already without free water, the photoacoustic signal is a constant in time
which makes possible to determine other soil parameters. Determination of photoacoustic signal
spectra in the visible light band allows examining the chemical constitution of soil as well as its
affinity to a certain agronomical category. Application of photoacoustic spectroscopy made
distinguishing between soils belonging to different reaction classes to be performed. As light sources
three diodes emitting at blue, green and red bands of visible light spectrum were used. The obtained
dependences of photoacoustic signal amplitude versus light modulation frequency did not follow
predictions of Rosencwaig-Gersho classic theory since an additional heat exchange mechanism
characteristic of powdered solid samples was likely to occur. In visible light spectrum band, two
independent transition processes, one exothermic and second endothermic reactions, achievable to
our apparatus, were distinguished. PAS technique provided the principal parameters characterising
light-soil interaction phenomenon such as: the process threshold light energy, its relative intensity,
and main characteristic processes time scales.
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Feasibility of liver fibrosis detection in ex vivo samples 
using an open photoacoustic cell method
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Design of novel, non-invasive and accurate methods for liver fibrosis diagnosis has gained
growing interest. However, despite hepatic biopsy may be associated with sampling error, inter-
observer variability and potential complications, it is still the gold standard procedure for staging
liver fibrosis.

An open photoacoustic cell technique in liver fibrosis assessment is reported in this issue. Dif-
ferent liver fibrosis stages were induced in Wistar rats differentially exposed to carbon tetrachloride.
The liver fibrosis degree was conventionally determined by means of histological examination. 

The thermal diffusivity can be accurately determined by photoacoustics from the dependence of
the photoacoustic signal amplitude versus modulation frequency. This technique looks directly at the
heat generated in a sample, due to nonradiative de-excitation processes, following the absorption of
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light. The thermal diffusivity was measured with a home-made open-photoacoustic-cell system.
Small pieces of each studied liver were taken to evaluate the feasibility of a photoacoustic
measurement comparing its results with conventional techniques. The photoacoustic cell was
specially designed to perform the sample measurements. 

The human liver tissue shows a significant increase in the thermal diffusivity depending on the
fibrosis stage. Specifically, as it can be observed in the presented figure, the liver samples from rats
exhibiting hepatic fibrosis showed a higher value of the thermal diffusivity. 

Temperature measurement using the surface acoustic waves
velocity determination by the laser method

O. M. Mokryy J, V. V. Koshovyy 

Karpenko Physico-Mechanical Institute, 
National Academy of Sciences of Ukraine, Lviv, Ukraine

J mokomo@lviv.farlep.net

Temperature measurement of the sample, which is heated by time-modulated heat source, is an
effective technique that allows detection of defects and determination of thermophysical properties
of the medium. Within this approach there are various ways of creating and recording temperature
fields, which differ in their characteristics (speed of response, accuracy, spatial resolution, etc.).

Perspective method of temperature measurement is the use of surface acoustic wave (SAW) [1].
The method is found on SAW velocity dependence on the temperature. High accuracy was obtained
through existing highly accurate methods of measuring SAW velocity. The use of laser ultrasonics
opens new possibilities for the creation of new methods of measuring SAW velocity [2].

We have proposed a method of measuring the SAW velocity, which is based on a modified
deflection method of the SAW detection. Its peculiarity is the use of an optical beam with a width
comparable to the SAW wavelength, in contrast to the traditional method in which optical beam
width is much smaller than the length of the SAW. This technique allows measuring the SAW
velocity in the region of the sample, value of which is equal to the width of the optical beam. The
SAW frequencies which implement this method are from 1 to 10 MHz and therefore, the
measurement range size is from a few mm to fractions of a millimeter. With this technique it is
possible to measure the SAW velocity in the local heating of the sample and therefore, to find its
temperature. The SAW localized in a layer of the sample about 2Λ (Λ- the SAW wavelength), so by
modifying SAW frequency it becomes possible to study the temperature distribution in the sample
depth. The speed of response of the proposed method is limited in the SAW travel time across
probing laser beam. This value in most instances is less than 1 microsecond. The method can be used
for measuring dynamic temperature changes for photothermal researchers.

[1] I. Ihara, M. Takahashi, 1st International Symposium on Laser Ultrasonics: Science, Technology
and Applications (2008)

[2] S. D. Sharples, M. Clark, M. G. Somekh, Opt. Expr. 14, 10435 (2006)
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Fig. 1. Results based on FS/OPBS measurements of water sample in
thermostatic bath system at several temperatures.

Development of automated and continuous protocol 
for the noninvasive monitoring 

of liquid sample based on continuous-wave photoacoustic technique

S. Camou 1 J, D. Stevens 2, Y. Tanaka 1, Y. Higuchi 1, H. Koizumi 1

1 NTT Microsystem Integration Labs., NTT Corp., Japan 
2 Simon Fraser Univ., Canada

J camou.serge@lab.ntt.co.jp

In our efforts to develop a noninvasive and continuous blood glucose level (BGL) sensor, this
paper demonstrates the automated and continuous monitoring of liquid samples based on the two
continuous-wave photoacoustic-based protocols we proposed previously [1]. First, an automated
measurement sequence was proposed, developed and tested. Comparison of results from automated
and manual investigations showed good agreement. Then, the automated protocols were used to
develop a continuous and operator-less system. Experimental validation was performed by
monitoring water solution in static mode (no flow) for over several hours. In our efforts to develop
a noninvasive and continuous blood glucose level (BGL) sensor, this paper demonstrates the
automated and continuous monitoring of liquid samples based on the two continuous-wave
photoacoustic-based protocols we proposed previously [1]. First, an automated measurement
sequence was proposed, developed and tested. Comparison of results from automated and manual
investigations showed good agreement. Then, the automated protocols were used to develop a
continuous and operator-less system. Experimental validation was performed by monitoring water
solution in static mode (no flow) for over several hours. 
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Fig. 1. Long-term FS/OPBS measurements of water sample in fluidic cell
while temperature was drifting.

For the first series of experiments, the detection cell was immersed in thermostatic bath where
the temperature was controlled through heater and feedback system. While the temperature was
gradually increased, the CW-PA based measurements (voltage for the optical power balance shift
(OPBS) and frequency for the frequency shift (FS)) showed behaviors in good agreement with
temperature rises (Fig. 1). 

Second set of experiments were performed in fluidic cell made of glass and filled with pure water.
The system was constantly measuring for several consecutive days while monitoring the ambient air
temperature simultaneously. Figure 2 shows the results for the two methods (FS and OPBS) at
one frequency versus time. The experimental results exhibit wave patterns that are consistent with
ambient air measurement in the room and the day/night cycle. The ambient air temperature of
the experimental room varies about ±0.5 EC within twenty four hours cycle. The real temperature of
water sample inside the glass cell, which is the one that FS and OPBS were measuring, should
show smaller variation, but correlation between the two temperature profiles was expected. At
present time, the FS method exhibits better accuracy. However, when dealing with complex
solutions, OPBS is essential for selective measurements of one compound in particular out of several
solutes. 

Another important point concerns the time required to perform one measurement. At the present
time, one datapoint takes in average about two minutes which is consistent with the continuous BGL
monitoring system on the market. However, multiplexing the optical wavelength will be necessary
when dealing with complex solution, thus increasing the time consequently. Optimization will then
be conducted in future towards faster and more accurate measurements.

[1] S. Camou et al., chapter in Pervasive and Mobile sensing and computing for healthcare, ISBN
978-3-642-32538-0
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Open photoacoustic cell technique: noise analysis in frequency domain
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In photoacoustics, noise is a general term used for all unwanted signals observed at the output
of the detection system, masking the true PA signal of interest. Noise signals are usually
random in both amplitude and phase, and carry no useful information. Coherent noise may
also be present, interfering with the true PA signal as a consequence of the optical source modulation
system influence. Both kinds of noise can be classified by their statistical properties of the

modulation frequency f power-
law dependence and by how
they modify the true PA signal
(additive, multiplicative, etc). 

Several sources of noise are
found in photoacoustic measu-
rements using an open-cell [1].
These include: a) random Bro-
wnian noise, b) flicker noise
and c) coherent crosstalk noise.
All represent additive types of
noise and add to the underlying
PA signal. Brownian, or ran-
dom walk noise, is proportio-
nal to f –2. Electronic flicker
noise has a f –1 dependence.
Coherent crosstalk noise is a
power-law noise directly pro-
portional to f  +1.

Frequency dependent noise
amplitude measurements for
an open photoacoustic cell are
presented in Figure 1. These re-
sults show that Brownian (f –2),
flicker  (f –1) and crosstalk (f +1)
noise can be recognized in a

Fig. 1. Theoretically obtained PA signal with f –1.5 slope (full line),
together with noise measurements (circles): Brownian (f –2,
dash-dotted line), flicker (f –1, dashed line) and crosstalk (f +1,
dotted line) noise.
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wide modulation frequency range. In the case of 20 Hz – 20 kHz domain, flicker and crosstalk noise
are dominant. Usually, flicker noise has negligible influence on the PA signal amplitude (f  –1.5) in the
mentioned frequency range. Here, PA signal is calculated theoretically [2] in the case of Si thin plates
and assuming thermal diffusion as a dominant process. Crosstalk noise is found to be coupled to the
PA signal at higher frequencies (> 10 kHz). Based on the results, noise reduction is needed to remove
the crosstalk signal from the measurements. One must bear in mind that noise reduction will give the
signal clear from noise, but not from system deviations.

[1] M. V. Marquerinit, N. Cellat, A. M. Mansanares, H. Vargas, L. C. M. Miranda, Meas. Sci.
Technol. 2, 396401 (1991)

[2] D. M. Todorovic, P. M. Nikolic, Ch. 9 in Semiconductors and Electronic Materials (A. Mandelis
and P. Hess, Eds., SPIE Opt. Eng. Press, Belingham, Washington (2000)

Analysis of the photoacoustic Helmholtz resonator with conical-ended duct

M. Suchenek J

Institute of Electronic Systems, Warsaw University of Technology,
Nowowiejska 15/19, 00-665 Warsaw, Poland
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Q-factor of the photoacoustic Helmholtz cells can be improved by modification of the duct ends.
The paper describes how mechanical modification of the duct ends affects frequency response of the
photoacoustic Helmholtz resonator. According to previous studies linear modification of the cone
parameter does not result in a linear increase of the resonator Q-factor and resonance frequency. The
influence of the conical modification, cone length and angle and duct parameters length and radius
was investigated by means of computer simulations based on the stepped-approximated model. 

Nested cavity optical parametric oscillator in the 3.0 – 3.8 µm range 
for quartz enhanced photoacoustic spectroscopy

G. Aoust, J. M. Melkonian J, M. Raybaut, R. Levy, J. B. Dherbecourt, A. Godard, M. Lefebvre

Onera, The french aerospace lab, Chemin de la Hunière, F-91761 Palaiseau, France

J jmmelkon@onera.fr

Compact and versatile optical sensors are more and more used for indoor-air quality monitoring,
green-house gases monitoring or security applications. Motivated by cost effectiveness, the demand
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Fig. 1. Experimental Setup used for the QEPAS measurements [1].

Fig. 2. Spectrum of an arbitrary mixture of methane and water,
manually acquired using Vernier Effect to tune the
NesCOPO wavelength [1].

particularly aims at multi-species trace gas detection. The 3.0–3.8µm wavelength range is in this
regard a very interesting absorption band since it allows the coverage of strong absorption lines of
most green-house or VOC gas species. The combination of a single frequency, tunable optical source
and a Quartz Enhanced PhotoAcoustic Spectroscopy (QEPAS) detection scheme meets such a wide
spectral coverage while being simultaneously able to resolve desired absorption lines without
interferences with other species.

Here, we perform photoacoustic detection of methane and water with a combination of a
commercially available Quartz Tuning Fork (QTF) and a specifically developed pulsed microse-
cond Nested Cavity OPO (NesCOPO) [1], tunable in the 3.0 – 3.8µm range. The use of a Master
Oscillator Fiber Power Amplifier (MOFPA) laser operating at 1064nm to pump our NesCOPO allows

to control its output power, re-
petition rate and temporal pulse
shape and duration, and hence to
make the most of the NesCOPO.
The repetition rate is directly set
to the tuning fork’s resonant fre-
quency, while microsecond-long
pump pulses are used to maxi-
mize the generated output power
[2]. The output idler pulse, whose
power can be up to 100 milliwatts
in our experiment, is then focused
between the prongs of the QTF
and a spectrum of water and me-
thane is recorded as an example
on Fig 1 and 2.

Features of a new quartz
resonator will also be presented,



which has been especially designed for photoacoustic spectroscopy application. A higher quality
factor than conventional QTF has already been obtained, which could lead to enhanced detection
sensitivities.

[1] B. Hardy-Baranski, A. Berrou, S. Guilbaud, M. Raybaut, A. Godard, M. Lefebvre, Opt. Lett. 36,
678 (2011)

[2] J. B. Barria, S. Roux, J. Dherbecourt, M. Raybaut, J. Melkonian, A. Godard, M. Lefebvre, Opt.
Lett. 38, 2165 (2013)

Multichannel detection of photoacoustic signals – preliminary results

T. Starecki 1 
J, P. Zbysiński2
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Nowowiejska 15/19, 00-665 Warsaw, Poland

2 BTC Korporacja, Lwowska 5, 05-120 Legionowo, Poland
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In simple photoacoustic setups signal detection is usually implemented with a single microphone
or piezoelectric transducer. Use of more than one microphone (or another pressure sensor) is not very
common and is limited nearly exclusively to differential setups, in which analog signals from two
microphones are subtracted. A solution presented in this paper consists of an array of MEMS
microphones. Each of these microphones has dedicated and individually controllable analog path,
consisting of a programmable gain amplifier and an A/D converter. Further signal processing is
performed in an FPGA circuit. The presented solution allows for placing over ten MEMS
microphones on the area comparable to the conventional ½-inch microphone membrane area. Use
of multiple microphones increases the overall signal amplitude and allows for signal to noise ratio
improvement by means of noise averaging. In addition it is possible to measure not only an average
value of the pressure changes, but also distribution of the pressure field inside of the phootoacoustic
cell. Due to small size of the microphones the array can be of virtually any shape (e.g. rectangular),
thus is possible to adjust it to a particular mechanical design of the photoacoustic cell.
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SPECTROSCOPY, APPLICATIONS IN CHEMISTRY

Investigations of the chemically induced changes 
in FT-IR photoacoustic spectra of wood 

M. Helman 1 J, D. Soloch 1, A. Dudkowiak 1, B. Barszcz 2

1Faculty of Technical Physics, Poznań University of Technology, 
Nieszawska 13A, 60-965 Poznań, Poland

2Institute of Molecular Physics, Polish Academy of Sciences, 
Smoluchowskiego 17, 60-179 Poznań, Poland

J marekhel@gmail.com

A Fourier Transform Infrared Spectroscopy (FTIR) is a powerful tool for the materials analysis.
It gives us an insight into the molecular vibrational modes and makes the detection of relatively small
changes in the sample possible. However, standard FTIR cannot be used for all materials. The sam-
ples that are not IR-transparent, not IR-reflecting, and cannot be dispersed in KBr or diluted are the
problematic ones. Photoacoustic spectroscopy (PAS) gives us the opportunity to investigate such ma-
terials because for the PAS measurement sample preparation is not required. Commonly this method
is used to study wood-based materials [1,2], e.g. to identify softwood and hardwoods [3], to study
the photodegradation of wood [4] and the impact of light induced changes on the surfaces [5].

We used the PAS FTIR to study chemically induced changes in the various wood samples. Wood
was exposed to different chemical substances. The chemical reagents (like HNO3 and CH3COOH)
and the wood preservatives were used. The influence of the drying process on the IR spectrum of the
samples was also examinated. The FTIR PAS spectra were recorded for all samples before and after
treatment (both the exposition to chemicals and the drying process). The Jasco 6200 FTIR
spectrometer equipped with the MTEC model 300 photoacoustic cell as a detector was used for that
purpose. The photoacoustic cell was purged with a clean dry helium prior to every measurement.
Spectra were collected in the range 7500-400cm-1 with spectral resolution 8 cm-1.

All the samples are characterized by distinct photoacoustic signal and the fundamental vibrations
related mainly to the wood itself are clearly visible. Exposition of the samples to the chemicals or
drying causes small but significant changes in their IR spectra. The most pronounced are the changes
in the region were the bands related to the stretching of the OH group are observed. 

[1] K. K. Pandey, K. S. Theagarajan, Holz als Roh- und Werkstoff 55, 383 (1997)
[2] S. Bjarnestad, O. Dahlman, Anal. Chem. 74, 5851 (2002)
[3] B. Barker, N.L. Owen, J. Chem. Edu., 76, 1706 (1999)
[4] L. Tolvaj, D. Varga, Acta Silv. Lign. Hung. 8, 145 (2012)
[5] M. Ohkoshi, J. Wood Sci. 48, 394 (2002)
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Analysis of histamine in fish by LPAS
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Histamine is a chemical compound representing a significant freshness indicator in seafood
quality. The substance, not contained in fresh fish, is formed as inadequate preservation of fish. Its
presence in fish is associated with symptoms of illness after the fish was eaten. In fact the presence
of histamine can cause anaphylactic poisoning episodes (called scombroid poisoning). The reference
method for the determination of histamine in seafood is based on HPLC technique. This technique
is time consuming and requires the pre-treatment of the sample along many steps performed by
skilled personnel operating in a qualified laboratory. A fast alternative detection method of histamine
in fish can be based on the laser spectroscopy. 

To this purpose we report the spectroscopy analysis of samples of tuna fish. The high resolution
spectroscopy of certified tuna samples was performed in ENEA Frascati Laboratories (Italian
National Agency for New Technologies, Energy and Sustainable Economic Development) with a
home made LPAS apparatus operating in the 9 – 11 mm spectral range. A spectral comparison was
performed among LPAS spectra of pure tuna, pure histamine and canned fish containing histamine.
The examined samples were provided and analyzed also with HPLC UV-DAD method by the ISS
(Istituto Superiore di Sanità – Italian National Institute of Health) and consisted of tuna and canned
fish (FAPAS T2775) with histamine concentration value assigned by proficiency testing scheme.
FTIR infrared spectra for every sample were also recorded in the 7500 – 75 cm–1 range by a Bruker
Optic Alpha-R interferometer equipped with a Diffuse Reflectance InfraRed Spectroscopy (DRIFT)
module. This was a preliminary step in our feasibility study. 

Biodiesel 2% doped with mamona and copaiba oil in nature

G. C. Lopes 1, L. B. Silveira 1 J, A. C. Oliveira 2, J. G. Santos 1

1 Laboratory of Nanomaterials and Nanobiomagnetism-LNBIOMAG, Departament of Physics, 
University Federal of Rondonia Br 364 km 9.5 Rural Zone, Porto Velho, Postal Box 217 

2 University of Brasilia, Institute of Physics, Center for Applied Physics, 
Brasília DF 70919-970, Brazil
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        Fig. 1. PAS spectrum of several biodiesel samples.

Biodiesel is a biodegradable fuel that cau
ses less environmental impact, thus contribu-
ting to the reduction of pollution. It can be ob-
tained from renewable natural sources, like ve-
getable oils from the following species: copa-
ifera langsdorff and ricinus communis, which
are respectively copaiba and mamona oil [1].

This study was performed with spectro-
photometry and photoacoustic spectroscopy
(PAS) [1]. As an initial sample we used
100 ml of the 2% biodiesel and 100 ml of co-
paiba oil. For spectrophotometric analysis 12
samples were prepared, out of which 10 were
doped with copaiba natural oil in the following
concentrations: 5%, 10%, 15%, 20%, 25%,
30%, 35%, 40%, 45% and 50%, the other two
samples were pure copaiba oil and biodiesel.

The measurements were performed using
a quartz cuvette with a capacity of 3 ml. The
volume of the sample studied was 2.5 ml, the reading was held in new 2102UVPC spectropho-
tometer. The measurements  were performed  using experimental apparatus with monochromator
Joban, lamp 1600 W in the range of 190 to 1100 nm (Fig. 1).  We recorded ten absorption spectra,
which were fitted with Origin software using the model of lorentzian distribution. The amount of
lorentzians varied with the doping concentration in the copaiba oil. In this work we observed that
each concentration gives different intensities demonstrating the validity of the technique. 

[1] J.G. Santos, L.B. Silveira, L. Olenka, A.C. Oliveira, A.F.R. Rodriguez, V. Garg, A.C. Bento,
R.G. Oliveira, P.C. Morais, Eur. Phys. J. ST 153, 523 (2008)
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SENSORS, ACTUATORS AND INDUSTRIAL APPLICATIONS

Comparative analysis between thermography studies and electric
measurement of partial discharges in underground power cables

A. González-Parada J, R. Guzmán-Cabrera, J. Rosales-García, M. Guía-Calderon

University of Guanajuato, Engeneering Division, Carr. Salamanca-Valle de Santiago Km 3.5+1.8
Km. Comunidad de Palo Blanco, 36885 Salamanca, Gto. Mexico

J gonzaleza@ugto.mx

A partial discharge is a non linear phenomenon of electrical breakdown that is confined and
localized in the region of an insulating medium between two conducting materials which are at
different potentials. The damage of the insulating material, which is subjected to an AC voltage
during the discharge process, can be directly or indirectly measured by the bombardment of energetic
electrons. 

In a under ground power cable installation the main point of failure are the accessories that
connect it to other equipment, like terminals or splices. By this reason the onset failure is a big deal
in the maintenance of under ground power installation. 

In this paper a comparative study between the electrical measurements of onset PD and
thermography images is presented. The study was carried out with specific faults in the installation
of accessories, their evolution being monitored by inductive electric sensors and correlating the
results with thermographic images taken during test development. 

The thermographic image analysis is made by digital image processing algorithm. An approach
is proposed to effectively analyze digital, based on texture segmentation for the detection of early
failure stage. The proposed algorithm was tested and compare with the measurements obtained from
electrical sensor in the failure point. The result was found to be absolutely suitable to distinguish
onset failures from the background tissue using morphological operators and the extract them through
machine learning techniques and a clustering algorithm for intensity-based segmentation.

Fig. 1. Termographic image of a failure point.
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The obtained results support the feasibility of the implemented configuration for measuring,
monitoring, and analysis of several effects related to the partial discharges phenomena such as
thermal, acoustic, and electrical, and thus to obtain important information about the insulating
material status.

[1] S. Karmakar, N. K. Roy, P. Kumbhakar, ICOP International Conference on Optics and Photonics
(2009)

[2] J.-C. Hsieh, et. al., Proceedings of the 12th A-PCNDT 2006 – Asia-Pacific Conference on NDT
(2006)

[3] P. Soille, Morphological Image Analysis: Principles and Applications, Springer, 164 (1999)
[4] C. Yan, N. Sang, T. Zhang, Pattern Recognit. Lett. 24, 2935 (2003)

Optoacoustic inspection of thin oil-contaminated liquid films
at low energy deposits
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Andreyev Acoustics Institute, 4 Shvernika street, Moscow 117036 Russia

J segerev@gmail.com

A portable optoacoustic laboratory utilizing commercially available laser source has been
developed for the detection of oil contamination in thin water-based films (Fig. 1). Optoacoustic
technique is promising for detecting hydrocarbons in water [1-4]. The peculiarity of the present work
is that we deal with optoacoustic signal driven by small laser energy deposit 1 mJ in small liquid
probes. The probe has the form of a thin layer.

Film samples with dissolved and emulsified oil components were prepared. Crude oil emulsions
were prepared by ultrasonic dispersion of an oil in 100 ml of distilled water. We produced a broad
range of concentrations. Optoacoustic response of crude oil is defined by the features of the
constituents, such as benzene, pentane and methanol. In the present prototype, good optoacoustic
contrast between water and hydrocarbons was achieved at the wavelength 527 nm. The
corresponding Q-switched diode pumped solid state pulsed laser was used having pulse train
frequency 1 kHz. Fiber-optic delivery of a laser beam to a sample was used.

The pick-up of the outgoing signal was provided with a thickness-mode piezoceramic transducer.
The transducer output signal was processed within a frequency band up to 100 MHz. A set of 1000
successive output signals were acquired and averaged in software. This provided noticeable
optoacoustic response from the probe. Acoustic selectivity for distinguishing between dissolved and
dispersed hydrocarbons was due to the frequency dependence of response signal, the detection limit
of the contaminating objects’ concentration proved to be 10-100 ppm. This is much less than the
admissible concentration level. Normally, the legislation restricts average concentration of dispersed
oil to exceed 40 mg/l of discharged water.
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[1]  L.M. He, L.L. Kear-Padilla, S.H. Lieberman, J.M. Andrews, Anal. Chim. Acta 478, 245 (2003)
[2] P. Hodgson, K.M. Quan, H.A. MacKenzie, S.S. Freeborn, J. Hannigan, E.M. Johnston, F. Greig,

T.D. Binnie, Sens. Actuat. B 29, 339 (1995)
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(1998)
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by photoacoustic spectroscopy
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Air pollution is a major environmental problem and has been widely discussed due to the serious
damage it can cause to the environment and human health. The use of fossil fuels on a large scale,
mainly from the industrial revolution, is considered the main cause of the increase in air pollution,
especially diesel which is used worldwide for the transport of mass and cargo. In Brazil the road
transportation network is eminently on road, so this sector seriously impacting the environment. The
combustion of diesel fuel produces not only carbon monoxide and carbon dioxide, but also nitrogen
oxides, especially nitrous oxide (N2O) which is an important greenhouse gas, and have a potential
approximately 300 times greater than carbon dioxide. Thus, this paper makes an assessment of
nitrous oxide emitted by diesel engine bench by photoacoustic spectroscopy coupled to a quantum
cascade laser (QCL). The results show that the technique used allowed the detection of gaseous
species in order ppmV.

Fig. 1. A portable optoacoustic laboratory: 1 – Q-swi-
tched DPSS laser Tech-527; 2 - power supply
unit; 3 – software; 4 – fiber optics guide; 5 –
base plate; 6 – optoacoustic cell, including
optics, sample holder, piezoceramic transducer
and pre-amplifier. 
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Atmospheric pollution is a harmful environmental issue today. Phenomena such as global
warming, photochemical smog formation, acid rain are strongly related to the increased concentration
of certain gaseous species in the atmosphere, are impacting all human society, being intensified since
the industrial revolution. The consequences of atmospheric pollution vary from the local scale to the
global scale, with deep impacts on climate and human health. Urban transportation is responsible for
great part of the damaging pollutant emitted by anthropogenic sources. In Brazil, in the last 12 years,
the use of motorcycles has expanded considerably, especially in large cities. Pollutant gases, as
carbon dioxide (CO2) and VOCs (volatile organic compounds), such as ethylene, are emitted in the
exhaust of motorcycles. Ethylene is precursors in the generation of the troposphere ozone,
greenhouse gas described in the IPCC report. In this work, traces of ethylene were measured using
photoacoustic spectroscopy based on CO2 laser, and the gas CO2 was measured using an infrared
sensor (URAS). Our results indicated that the techniques allowed the detection of the gaseous species
mentioned above in ppmv range.

Detection of defects by the photothermal deflection technique 
when the sample is immersed in paraffin oil 

A. Dhouib J, N. Yacoubi

University of Carthage, Photothermal Laboratory, IPEIN Nabeul, Tunisia

J dhouibamina82@yahoo.fr

The photothermal deflection technique which is a non destructive technique may be used to study
defects in materials. In this work we have used this technique to investigate a part of a circuit board
card having copper strips spaced periodically and embedded in the resin. In order to avoid the use
of a high power laser, the sample is immersed in paraffin oil filled cell then it is heated by a He-Ne
laser of power 2mW. In fact, when the sample is heated by a powerful laser, several phenomena can
occur which is often difficult to take into account in the theoretical model. The immersion of the
sample in paraffin oil enhances the amplitude of the signal by a factor 500. On the other hand we
have developed the theoretical model corresponding to our sample and by comparing the variations
of the experimental amplitude and phase of the photothermal signal versus the displacement x of the
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Fig. 1. PA signal amplitude vs. light
modulation frequency of several
samples of the new glassy
material. 

sample to the corresponding theoretical ones we have deduced several parameters. We have
determined the width of the copper and resin strips, their thicknesses and their thermal properties.
This comparison allowed also detecting some anomalies in the structure such as inhomogenity in the
width, the shape and the thicknesses of copper and resin strips.

New glass organic based on copaiba oil 
studied by photoacoustic diffusivity

G. M. Gonçalves, E. B. Soares, P. C. S. Pereira, L. B. Silveira, J. G. Santos J

Laboratory Nanomaterials and Nanobiomagnetism-LNBIOMAG, Departament of Physics, 
University Federal of Rondonia, Br 364 km 9.5 Rural Zone, Porto Velho, Postal Box 217 

J judes@unir.br

A new glassy material was developed in this work. We use as base oil of copaiba in condensed
state. Copaiba oil is well known in the literature is extracted from the tree species Copaiffera
Lansgisdorfi. Has very important and can be used for the development of various products and
applications physicochemical and biomedical characteristics [1].

In the manufacturing method of the organic glass used in the heat treatment furnace and a
temperature ranging from 25° C to 220° C in steps of 12 interspersed cooling within 12 hours. The
cooling process was made using a sample immersion in water at 0° C when removed from the heating
source.  

Photothermal measurements were performed using a diode laser source of 10 mW in the
wavelength range of 600–700 nm as a function of frequency 1–800 Hz Measurements of X-ray
energy dispersive were performed in the energy band 480–25400 keV to 40 keV scan band. Infrared
spectroscopic measurements varying in the range from 1100 nm to 2500 nm were also performed.
Other measures of structure determination and morphology form also performed as x-ray diffraction
and scanning electron microscopy. 
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Specifically the measure thermal photoacoustic (Fig. 1) showed that the diffusion of radiation in
glass varies according to the time spent in the thermal process and the coefficient of thermal
diffusivity a = ω2/4t [2] showed much higher values measured in in natura oil.

[1] J.G. Santos, L.B. Silveira, L. Olenka, A.C. Oliveira, A.F.R. Rodriguez, V. Garg, A.C. Bento,
R.G. Oliveira, P.C. Morais, Eur. Phys. J. Special Topics 153, 523 (2008)

[2] J. Bernal-Alvarado, A.M. Mansanares, E.C. da Silva, S.G.C. Moreira, Rev. Sci. Instrum. 74, 697
(2003)

Correlation between the emissions of nitrogen oxides from the combustion 
of diesel/biodiesel blends and the thermal and rheological properties 
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In this work we present the correlation between the emission of nitrogen oxides from the
combustion of diesel/biodiesel blends (B5, B10, B15, B20, B25 and B50) and the properties of
viscosity and thermal diffusivity using the technique of Thermal Lens. This is a sensitive technique
which is part of a set of known techniques that are based on the photothermal converting light into
heat. To determine the concentration of nitrogen oxides used the electrochemical analyzers,
concentrations ranged between values from 313.3 to 351.5 ppmv. It is observed that for sample of
B50 was obtained value higher concentration. This result is consistent with the literature and can be
related to the higher cetane number of the biodiesel thus providing a higher combustion temperatures.
Furthermore, the presence of oxygen in the biodiesel molecule can also increase the rate of NOx
formation. The values obtained for the property viscosity range between 3.50 to 4.15 (cP). The
thermal diffusivity is the ability of the material to transmit heat, this property is strongly related to
the structure and composition of the sample analyzed, as well as processing conditions, as well as
having a direct relationship with the viscosity of the material medium. In this study it was possible
to determine the thermal diffusivity using the technique of thermal lens, values were included among
the range 0.90 to 0.94 cm2 / s. We conclude from this study that the emission of oxides of nitrogen
gas is strongly correlated to the rheological property of viscosity and thermal diffusivity property.
The techniques are sensitive and selective detection of the properties under originated from diesel
-biodiesel blends binary Furthermore, the electrochemical gas analyzer (TEMPEST) allowed
obtaining the concentration of nitrogen oxides in the gas ppmv range.
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         Fig. 1. Optical absorption spectra of Moringa oleifera samples.

APPLICATIONS IN MEDICINE, BIOLOGY AND AGRICULTURE

Characterization of Moringa oleifera tree by photoacoustic spectroscopy

M. Velazquez-Zavala 1, C. Hernández-Aguilar 1, C. L. Martinez-Gonzalez 1,
A. Domínguez-Pacheco 1 J, A. Cruz-Orea 2

1 Escuela Superior de Ingeniería Mecánica y Eléctrica, SEPI-ESIME Zacatenco, Instituto
Politécnico Nacional, C.P. 07738, México D.F., México

2 Departamento de Física, CINVESTAV-IPN, A. P. 14-740, C.P. 07360, México D.F., México

J fartur@hotmail.com

Different techniques have been used in the study of biological materials in order to obtain
qualitative and quantitative values of some substances that compound these materials [1, 2]. Among
the techniques that have been used to characterize biological materials the photothermal (PT)
techniques have shown to be an alternative to determine the presence of natural pigments in plants
such as anthocyanins, carotenoids, flavonoids, etc. [3]. One of the PT techniques, Photoacoustic
spectroscopy (PAS), stands out for its applications in the study of biological materials. PAS is based
on the photoacoustic (PA) phenomenon, in which a modulated incident light on the sample is
transformed into heat and detected as a sound, by using a microphone, in a hermetically sealed PA
chamber. The PA signal depends directly on the optical properties of the sample [4]. By other hand
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Moringa oleifera tree has been studied, presenting a variety of substances in all plant parts [5]. This
plant can be an alternative in nutrition and also can be used as a biofuel [6]. In the present study it
was used PAS to obtain the optical absorption spectra, in the range of 300-700 nm, of different parts
of Moringa oleifera tree (flower, dry and fresh leaf, seed). The optical spectra show different
absorption bands  with significant differences of P <0.05, between different parts of the plant, which
shows that PAS technique can be used as a reliable method for the characterization of complex
biological materials with different substances in the fields of agriculture and food.

[1] L. F. Johnson, E. A. Gurl, J. H. Bond, H. A. Fribourg (Minneapolis Min. USA), iii+178 (1959)
[2] K. S. Lilley, P. Dupree, J. Experim. Bot. 57, 1493 (2006)
[3] S. Luterotti, D. Bicanic, K. Kljak, D. Grbesa, E. S. M. Martínez, R. Spruijt, Food Bioph. 6, 12

(2011)
[4] C. Haisch, Meas. Sci. Technol. 23, 012001, 17 (2012)
[5] R. Paliwal, V. Sharma, V. Pracheta, Asian J. Biotechnol. 3, 317 (2011)
[6] P.M.P. Ferreira, D.F. Farias, J.T.A. Oliveira, A.F.U. Carvalho, Rev. Bras. Nutr. Clin. 21, 431

(2008)

Application of photothermal methods
for quantification of carotenoids in apricot jams
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Carotenoids, natural pigments synthesized by plants and many microorganisms; are responsible
for vibrant colors of many flowers and fruits. This is of particular relevance for foods because their
color, often a criterion of quality, is affected by the processing. As to the human health, carotenoids
were shown effective in lowering the incidence of some cancers, reducing the risk of heart disease
etc. The profile as well as the total content of carotenoids (TCC) in fruits and vegetables depend on
several factors such as species, variety, genetic background, growing place, meteorological
conditions, maturity, postharvest storage, processing etc. The study described here explores the
analytical potential of laser photoacoustic spectroscopy (LPAS) and laser opto-thermal window (OW)
methods to quantify TCC of various apricot jams. Well established optical spectrophotometry (SP)
and high performance liquid chromatography (HPLC) served as the two reference methods. Unlike
SP or HPLC, the PAS and OW require no extraction prior to the analysis and permit rapid assessment
of TCC after only a one, single initial calibration step.

The investigated jam samples were classified into two groups: The jams from the first group had
the fruit content of 80 % while those from other group were characterized by 50% fruit content.
Overall, there were three different samples within each specific group: the natural sample (no
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additives), a sample containing 40 mg/100 g ascorbic acid and finally the sample with apple pomace
content of 0.5 %. All six jams contained 1 % pectin, furthermore the samples from a first group had
sugar content of 20 % as compared to 50 % sugar content of the second group. 

The TCC was determined using the method of De Ritter and Purcell as modiWed by the Canning
Research and Development Co. Ltd. [1]. After thawing, β-carotene was extracted from 1 g sample
using methanol and acetone, followed by the separation with diethyl ether. The absorbance of the
ethereal solution at 450 nm was measured on Hitachi U-2800A spectrophotometer.

The extraction of carotenoids from 5 g apricot jam was carried out under subdued light with 15
ml THF for 12 hours at +4C° using a shaker operating at 150 rpm. The supernatant of extraction was
decanted to 1.5 ml Eppendorf-tubes and centrifuged at 8163.1xg for 5 min at -5C°. The supernatant
was filtered through 0.45 µm Millex HN syringe filter unit and finally injected onto the HPLC.

Both, the LPAS spectrometer and the OW setup used here were discussed previously [2]. The
MBL-III-473 laser emitting 50 mW c.w. power at 473 nm served as a light source. 

The TCC in jams was expressed in terms of b-carotene equivalents. The highest TCC (2.7 mg/100
g fresh product weight) was found in sample rich in fruit and ascorbic acid as compared to a lowest
TCC value (0.8 mg/100g) for sample having low amounts of fruit and ascorbic acid. Positive linear
correlations between TCC and the PA and OW signals were found. As an example, increasing TCC
in 100 g fresh product by 1 mg results in 5 and 55 mV/mW increment of LPA and OW signals
respectively. In conclusion, both photothermal techniques with laser excitation at 473 nm proved
excellent methods for a low cost, simple and rapid assessment of TCC in apricot jams.

[1] Canning Research and Development Co. Ltd. Collection of methods, No 2/4 (1990)
[2] O. Dóka, G. Ficzek, D. Bicanic, R. Spruijt, S. Luterotti, M. Tóth, J.G. Buijnsters, Gy. Végvári,

Talanta 84, 341 (2011)
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Giomers represents a new concept in restorative dentistry based on novel pre-reacted glass
technology, where special glass-ionomer fillers are included in the resin matrix [1]. The purpose of
this study is to investigate the polymerization process (the polymerization temperature and the
variation of thermal parameters during the light-curing procedure) and to detect open cracks in
cavities restored with giomer by lock-in thermography technique, using laser intensities that are safe
for living teeth.
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The incidence of shrinkage due to the polymerization process creates stresses within the material
and its interface with the tooth structure. Accordingly, marginal failures can occur, affecting the
integrity of the restoration [2].Thin vertical cracks are usually difficult to detect by conventional
optically stimulated thermography, due to heat flows being mainly generated and then propagating
in a direction perpendicular to the surface. An intensity-modulated optical stimulation targeted near
the dental restoration interface was selected as excitation source. The amplitude or phase images
obtained after the lock-in procedure will bear information on the presence of the crack, carried by
a perturbation of the amplitude or phase of the thermal wave.

Temperature rise during polymerization of light-activated giomers with a LED unit in continuous
stimulation mode (1000mW/cm2 and applied polymerization time 2x20s) was measured with an IR
camera (FLIR 7200 series, sensitive in the 1.5 µm – 5.1 µm wavelength range). The peak polymeri-
zation temperature of the investigated samples ranged between 270C – 610C.

The polymerization process of the samples was also investigated by photopyroelectric
calorimetry, in front detection configuration. Assuming a thermally thin regime for the sensor and
thermally thick for the sample (particular case of detection in which the amplitude of the signal is
proportional to the reciprocal of thermal effusivity), a calibration of the amplitude of the signal was
possible by performing a room temperature frequency scan of the signal’s phase in the solid state.
The resulted values of thermal effusivity (around 1000 Ws1/2m-2K-1) showed good thermal
biocompatibility of the materials both in liquid and solid state. 

[1] J. F. McCabe, A.W.G. Walls, Applied Dental Materials, Blackwell Publishing, Oxford (2008)
[2] H. S. Siso, A. Kustarci, E. G. Goktolga, Oper. Dent. 34, 321 (2009)
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The physical parameter for the so called Biologically Active Points most documented in the lite-
rature is the electrical impedance. These points seem to have higher electrical conductance than their
surrounding points. The stimulation of these points up to now is made not only mechanically and ele-
ctrically but also optically (laser acupuncture). As far as we know, few references about optical pro-
perties of BAP’s have been published in the scientific literature. We evaluated by optoacoustic tech-
nique, some skin points along the PC acupuncture meridian in the forearm region around PC5 and
PC6. The measurements were performed each 0.5 cm from the wrist to complete 21 measurements
(10 cm), using a Q switch NdYAG laser of 1064 nm wavelength, 5 Hz repetition rate, 9 ns pulse du-
ration and below the security international limits for IR radiation for human tissues. The results were
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Fig 1. Optical absorption spectra of barley seeds.

compared with those from a similar “line” parallel to the meridian, one centimeter toward the internal
part of the forearm.  We find a slight relative increment in absorption around one meridian region
which could be associated with an acupuncture point but the same case is found in the non meridian
skin line non associated with any acupuncture structures. Taken into account the normal variability
of the skin absorption and dispersion, we can not conclude that such points are optically special.

The optical absorption coefficient of barley seeds investigated by
photoacoustic spectroscopy and their effects of biostimulation laser
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The laser light as biostimulator has been applied in the agriculture, where some scientific reports
evidence its usefulness [1-4], where the knowledge about a seed’s optical parameters is of great
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relevance in the biostimulation process, could provide information about its absorption. Of this way,
the objective of the present study was to determine the optical absorption coefficient β for barley malt
seeds in two conditions: Seeds in their natural color (I) and seeds dyed with methylene blue (II), by
means of the photoacoustic spectroscopy (PAS).  The seeds were biostimulated by laser treatment
(650 nm) to evaluate the effects of pre-sowing biostimulation in mycobiota naturally associated to
different irradiation times by laser (0, 60, 180, 240 and 480 seconds). The biostimulation effects
showed that the seed samples with a higher optical penetration length had a positive biostimulation,
in the percentage of mycobiota total naturally associated to the seed, obtaining an diminish  of @
40% compared to the control  to the irradiation times of 180 and 480 seconds.
[1] A. C. Hernandez, P. A. Dominguez, O. A. Cruz, R. Ivanov, C. A. Carballo, B. R. Zepeda, Int.

Agrophys. 24, 407 (2010)
[2] S. A. Metwally, M. Abou-Ellail, B. H. Abo-Leila, K. A. Aboud, Int. J. Acad. Res. 5, 200 (2013)
[3] J. Podleśny, A. Stochmal, A. Podleśna, L. E. Misiak, Plant Growth Regul. 67, 227 (2012)
[4] R. Perveen, Y. Jamil, M. Ashraf, Q. Ali, M. Iqbal, M. R. Ahmad M. Photochem. Photobiol. 87,

1453 (2011)
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Tomato (Lycopersicum esculentum) is agricultural commodity used worldwide by the food and
canning industries to produce a wide range of processed products. Examples are tomato juice, tomato
puree, tomato paste, ketchup etc. Unlike tomato paste that is made from tomatoes that have been
cooked for several hours, tomato purée (also termed concentrate) was boiled only briefly before being
strained. It is a liquid with a consistency ranging between that of crushed tomatoes and tomato paste.
Most important constituent in tomatoes is lycopene, the fat soluble carotenoid. This red pigment in
to matoes is considered responsible for protecting the cells against oxidative damage thereby
reducing the risk of several diseases.
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Routine quantification of total lycopene content in various tomato products and in tomato waste
is an important issue [1]. In practice this is usually achieved by spectrophotometry (SP) and high
pressure liquid chromatography (HPLC); however these methods are in turn destructive and as such
intrinsically laborious and expensive. On the other hand in food colorimetry, which is essentially the
non-destructive approach, one performs reflectance measurements of external (optical) characteristics
(colour of specific commodity). 

When trying to use classical spectrophotometry (SP) to analyze optically dense samples, the very
low amount of radiation transmitted through the specimen precludes recording of internal (optical)
characteristics). Using techniques such as the attenuated total reflection (ATR-IR) and the group of
non-destructive methods classified under the name photoacoustic and photothermal spectroscopies
might prove promising in dealing with difficulties of that kind [2]. In the work described here
photoacoustic spectroscopy (PAS), optothermal window (OW), photothermal radiometry (PTR) and
the infrared thermography (IRT) were applied to quantify total lycopene content directly (neither
extraction, nor separation and purification is required) in a variety of commercially available
processed tomato commodities. In addition, the performance of each of these methods was compared
to that of colorimetry and the near infrared spectroscopy [3].

[1] Z. Pék, H. Daood, A. Lugasi, L. Fenyvesi, L. Helyes, Acta Alimen. 43, 105 (2014)
[2] Y. Halim, S.J. Schwartz, D.M. Francis, L.E. Rodriguez-Saona, Proceedings of 4th International

Congress on Pigments in Food, Stuttgart-Hohenheim,Germany, 95 (2006)
[3] A. Polesello, R. Giangiacomo, CRC Crit. Rev. Food Sci. Nut. 18, 203 (1990)
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In recent years, several therapeutic methods based on the application of light have been deve-
loped. A common problem to these methods is the dosimetry. The absorption of the photon energy
will be transformed into heat generation, among other processes, resulting in a temperature rise. 

Twenty eight mice were irradiated with a red light with a wavelength of 630nm. The irradiance
was of 218 mW/cm2 and two energy density doses were used (150 mJ/cm2 and 250 mJ/cm2). These
are typical parameters to perform ALA-mediated photodynamic therapy. The measured temperature
rise is presented in Fig. 1. An important temperature decrease is observed after the anesthesia of
almost 3°C. After irradiation the temperature of the tissue increases almost 6°C.

The temperature of the irradiated tissue is a parameter that usually is not considered in dosimetry.
However, it might play a significant role during the photochemical reactions associated to the the-
rapy. Two temperature monitoring systems were developed to corroborate the feasibility of
temperature rise measurements to perform a dosimetric control of delivered light.
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Fig. 1. Measured tissue temperature.

The first system includes
an IR detector to measure the
temperature in a specific irra-
diated spot. The second one
uses an image detector to
detect the thermal distribution
to compare it with the fluo-
rescence image related to the
distribution of treated lesions.
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Studying the mechanism of drug transport through human skin is of considerable interest for
understanding the barrier function of the stratum corneum as well as for many medical and cosmetic
applications. Permeation studies were performed on the model system: drug dithranol dissolved in
vaseline (4% w/w)  and artificial skin barrier – dodecanol-collodion membrane (thickness ~25 µm).
The time-dependent PA measurements were performed for 20 modulation frequencies, which
corresponds to the different depths in the sample. Signal amplitude differentiation leaded to
experimental drug distribution in the membrane. 

There are, at least, two mechanisms responsible for the drug motion in the system. First one,
called the diffusion, is the net movement of a substance caused by its concentration gradient in the
medium. Second, the advection, is transport phenomena that utilize bulk motion in the system. For
low Reynolds numbers, the advection flux may be introduced as a creeping flow approximation of
Navier-Stokes equation. Mass balance equation for the described system also accounts terms



responsible for the chemical reaction (or metabolic depletion) in the medium. The governing equation
of the model may be introduced as:

where C stands for the concentration, D, v, µ and γ are diffusion, advection, first-order reaction and
zero-order reaction parameters respectively, x is the distance measured normal to the surface, and t
stands for the time.

Four models of different complexity of (1) were taken into consideration: classical diffusion
model (v, µ and γ  = 0), diffusion-advection model (µ and γ = 0), diffusion-advection model with
zero-order reaction (µ = 0) and diffusion-advection-reaction model (no constraints on eq. (1)). During
verification tests, much improvement was noticed between every step of model expansion (ex. the
diffusion model’s Residual Sum of Squares (RSS) = 5.32, the diffusion-advection-reaction RSS =
1.19). 

Combination of experimental results and theoretical computations allowed to determinate the
transport dynamics parameters. Also, the role of external forces in transport phenomena was
specified. Since the advection process was included in the model, it is broadly applicable across
diverse external factors affecting the transport process, for example in iontophoresis.
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There are several hypotheses concerning possible mechanisms of laser radiations, which are

assumed to contain substances with very narrow absorption bands. A selective excitation of

chromophores of molecules of such substances initiates some biochemical reactions [1] In the

biostimulation in pre-sowing seed, among molecules that are excited are the phytochromes [2-4]

where the seeds first absorb the light energy and then transform it into chemical energy and use for

their subsequent growth processes. Of this way, the laser radiation broke the kinetic equilibrium of

seed germination and increased the internal energy of seeds [6].  Temperature effects on seed due to

the visible wavelength laser are supposed to emit very little heat [2]. But it is important to know the

temperature changes that the seed has to be irradiated with laser light because almost not been

studied and could have substantial practical and theoretical importance because some authors agree

that the effects of laser treatment on an organism involve almost others effects,   temperature effect

[7].  Thus, in this study the temperature changes produced by laser light in maize seed to be irradiated

for one minute and subsequently decay temperature for one minute after power off were determined.

Floury maize seeds were used in its natural color (N) and dyed of black (D) and temperature changes

were measured by an infrared camera. The results indicate temperature changes detected by an

infrared camera, increasing changes in seed dyed of black. Thus, it is found that there is a thermal

component in the mechanisms associated with laser biostimulation

 

[1] A. Y. Popov, N. A. Popova, A. V. Tyurin, Opt. Spectrosc. 103, 671 (2007)

[2] A. M. Abu-Elsaoud, S. T. Tuleukhanov, Sci. Int. 1, 39 (2013)

[3] A. C. Hernandez, P. A. Dominguez, O. A. Cruz, R. Ivanov, C. A. Carballo, B. R. Zepeda, Int.

Agrophys. 24, 407 (2010)
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[4] A. Muthusamy, P. P. Kudwa, V. Prabhu, K. K. Mahato, V. S. Babu, M. R. Rao, P. M. Gopinath,

K. Satyamoorthy, Photochem. Photobiol. 88, 1227 (2012)

[5] Y. Jamil, R. Perveen, M. Ashraf, Q. Ali, M. Iqbal, M. R. Ahmad, Laser Phys. Lett. 10, 045606

(2013)

[6] L. Ferdosizadeh, S. A. Sadat-Noori, N. Zare, S. Saghafi, World J. Agric. Res. 1, 5 (2013)

[7] Y. P. Chen, M. Yue, X. L. Wang, Plant Sci. 168, 601 (2005)
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One in eight deaths worldwide is due to cancer. Cancer is the second leading cause of death in

developed countries and the third leading cause of death in developing countries. In 2009, about

562,340 Americans died of cancer, more than 1,500 people a day. Approximately 1,479,350 new

cancer cases were diagnosed in 2009. In the United Sates, cancer is the second most common cause

of death, and accounts for nearly 1 of every 4 deaths [1]. The chance of developing invasive breast

cancer at some time in a woman’s life is about 1 in 8 (12%) [2]. Breast cancer continues to be a

significant public health problem in the world. Approximately 182,000 new cases of breast cancer

are diagnosed and 46,000 women die of breast cancer each year in the United States [3]. Thus, the

incidence and mortality of breast cancer are very high, so much so that breast cancer is the second

leading cause of cancer death in women. Although breast thermography has its limitations in

sensitivity and specificity and it is dependent on examination conditions, it provides valuable

information about the physiological condition of the breasts. Its ability to detect early physiological

changes in breasts due to cancer formation can be used to detect patients whom require more

thorough examinations, thus making the treatment more effective.

This paper presents an approach for detecting in digital thermography not only the detection and

early stage of tumors can also detectable The first step of the cancer signs detection should be a seg-

mentation procedure able to distinguish masses and micro calcifications from background tissue

using Morphological operators and finally fuzzy c- means clustering (FCM) algorithm has been im-

plemented for intensity – based segmentation. The implemented algorithm is absolutely capable to

identify and subsequently isolate the area of interest taking into account the result of the texture ana-
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lysis of the image. The proposed technique shows better results. The method was tested over several

images of image databases taken from Digital Database for Screening Mammography (DDSM) for

cancer research and diagnosis. Results allow us to see the effectiveness of the proposed method.

[1] M. Garcia, A. Jemal, E. Ward, M. Center, Y. Hao, R. Siegel, M. Thun, Global Cancer Facts &

Figures 2007, American Cancer Society (2007)

[2] Network of Strength. Breast Cancer Statistics,

http://www.networkofstrength.org/information/bcnews/stats.php  (2009)

[3] H.D.Cheng, X. Cai, X. Chen, L. Hu, X. Lou, Pattern Recogn. 12, 2967 (2003)
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The infrared images show the temperature scale based on the previous calibration of the camera

thus allowing measuring the temperature over several regions of the test terminal. Despite an accurate

contactless temperature measurement can be achieved by a good calibration of the infrared camera,

the proposed image processing is not based on this calibration but on the textures defined by the gray

levels that naturally arise due to thermal effects. In order to orientate the analysis of the thermal

effects to the region of interest (ROI), infrared images of the experimental setup where digitally

processed by using segmentation and extraction algorithms based on texture and morphological

image analysis [1-4]. 

These processes, through which the ROI (i.e. region where the partial discharges are induced) is

discriminated from the entire environment, allow not only having a calibrated measure of the

temperature over several regions of the experimental setup but also accurately extracting the physical

location where the failure is occurring.

The results are very promising, as they allow us to identify a fault in a transmission line if you

need to have it offline, ie keeping the energized line.

[1] R.C. Gonzalez, R.E. Woods, S.L. Eddins, Digital Image Processing Using MATLAB, Prentice

Hall (2006)



[2] J.J. Gerbrands, Segmentation of noisy images, Ph.D. Thesis, Delft University, The Netherlands

(2008)

[3] C. Yan, N. Sang, T. Zhang, Pattern Recogn. Lett. 24, 2935 (2003)

[4] P. Soille, Morphological Image Analysis: Principles and Applications, Springer (1999)
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Fig. 1. PA amplitude vs. light modulation frequency
for several FGM samples.
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We have developed a magnetic gel based in natura an oil extracted from the seed of the plant
Piper hispidum popularly known as long pepper. The essential oil (EO) was removed by simple
distillation using a source coupled to a cooling condenser itself. EO was used to prepare magnetic-
based magnetite nanoparticles gel.

The magnetite nanoparticle was characterized by electron microscopy whose average diameter
was 4.6 nm and polydispersity of 0.2 nm. The nanoparticles were coated with oleic acid and

dispersed in a row were in essential oil
by varying the concentration of magne-
tite nanoparticles in the range 1014–1016

nanoparticles/cm3. Using ultrasonic dif-
fusion was possible to introduce the
nanoparticles in a polymer matrix for-
ming a magnetic condensation gel.

Five samples and characterization
was by FTIR, X-ray energy dispersi-
ve, infrared measurements in the range
1100 to 2500 nm and thermal diffusivity
measurements in the region of 1 were
prepared at 800 Hz thermal diffusivity
measurements showed a variation the
propagation of thermal energy in the
material structure as shown in Fig. 1 for
the FGM samples 1 to 5 [1].

[1] J. Bernal-Alvarado, A.M. Mansanares, E.C. da Silva, S.G.C. Moreira, Rev. Sci. Instrum. 74, 697
(2003)
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In this article a photothermal technique is presented to detect carbon nanoparticles in suspension
and determine their concentration. The main methods of the technique are the photothermal lens
effect and the photothermal beam deflection. Both are well researched and described in
corresponding literature. The experimental setup consists of a pump and a probe laser and optical
devices for beam guidance and signal detection. First, an optical setup to generate both effects in a
suspension simultaneously is described. To detect the beam deflection respectively the beam
expansion of the measuring beam, different optical detectors were applied, moreover a graphical
CMOS-camera based method was developed. The dependence of the photothermal effect on the
absorption of the pump laser beam is discussed, particularly by varying the concentration of carbon
nanoparticles in suspension. It is shown, that the absorption of the pump beam and thus the
photothermal effects can be modified by setting the laser power or also by changing the concentration
of carbon nanoparticles. The measurements with this system are showing that especially with the
graphical method a determination of the concentration in the low ppb range is possible.
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Improvement of low-dimensional structures is still important direction of modern materials
research. This is due with the fact that nanostructured materials are widely used in various areas of
nowadays technology. In particular, nanostructured porous silicon (PSi) and its different
modifications are successfully applied in micro-, nano-optoelectronics, medicine, sensorics etc.
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Typically, PSi is obtained by anodic etching of mono-crystalline silicon substrate. Clearly that
this process is stochastic, and as a result, even under the same etching conditions and regimes the
properties of resulting material can vary. Due to significant influence of morphology of low-
dimensional systems on their thermal properties [1], this difference can be used as an informative
marker for development of PSi diagnostics methods. However, a non-availability of systematic
approaches for theoretical evaluation of heat transport properties in disordered systems makes a usage
of these methods extremely difficult. So the systematic experimental studies of thermal transport
characteristics in different composite systems are completely important.

In this paper we present the results of an experimental study of photoacoustic transformation in
composite systems “porous matrix – liquid”, where the PSi with different values of porosity was used
as the matrix. To investigate the thermal conductivity of the composite system a photoacoustic
method with gas-microphone registration in classical configuration was used [2]. As a result of
experimental research the increase of thermal conductivity (up to twice) of the composite system
“porous silicon – liquid” (compared to porous silicon) has been stated. This increase was explained
by improved thermal contact between the crystallites in matrix as the result of the second order pores
filling by liquid [3,4].

[1] D. G. Cahill, P. V. Braun, G. Chen, D. R. Clarke, S. Fan, K. E. Goodson, … L. Shi, Appl. Phys.
Rev. 1, 011305 (2014) 

[2] A. N. Obraztsov, H. Okushi, H. Watanabe, V. Yu. Timoshenko, Semiconductors, Fiz. Tekh.
Poluprovodn. 31, 629 (1997)

[3] V. Lysenko, J. Vitiello, B. Remaki, D. Barbier, Phys. Rev. E, 70, 017301 (2004)
[4] D. Andrusenko, M. Isaiev, А. Tytarenko, V. Lysenko, R. Burbelo, Microporous and Mesoporous

Materials 194, 79 (2014)
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Among the photothermal (PT) contact methods, the photopyroelectric technique (PPE) is
probably the most used for calorimetric purposes [1]. In the PPE calorimetry, a sample is irradiated
with an optical beam and the heat, generated in the sample due to the absorption of radiation, is
measured with a pyroelectric sensor which is in good thermal contact with the sample. Recently, it
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has been proved that similar results can be also obtained with thermoelectrics (TE) [2].In this case,
the physical mechanism relies on the Seebeck effect.  The efficiency of the material depends on its
characteristics such as Seebeck coefficient (S0), thermal (k) and electrical (σ0) conductivities. In this
paper we propose to use a TE material with large Seebeck coefficient (TiS3) as radiation sensor and
the resulted photothermoelectric (PTE) effect for thermal characterization of some particular liquid
samples (magnetic nanofluids). The “front” detection configuration coupled with TWRC method
(scan of the liquid’s thickness), is used for thermal effusivity measurements and the “back” detection,
together with the chopping frequency scan, for thermal diffusivity investigations.

The thermal properties of a particular magnetic nanofluid (carrier liquid: transformer oil,
surfactant: oleic acid, nanoparticles’ type Fe3O4) have been investigated as a function of
nanoparticles’ concentration. Small increases of thermal diffusivity (from 9.14×10-8 m2/s to
10.33×10–8 m2/s) and thermal effusivity (from 450 Ws1/2m-2K-1 to 530 Ws1/2m-2K-1 ) with increasing
concentration of Fe3O4 nanoparticles (from 0 to 0.623 mg Fe3O4/ ml fluid) were observed. 

Due to the fact that PTE is very similar with PPE, a comparison of the performances of the two
techniques is made. Finally, both techniques proved to be suitable calorimetries for a complete
thermal characterization (measurement of all static and dynamic thermal parameters) of magnetic
nanofluids.

[1] D. Dadarlat, J. Therm. Anal. Calorim. 110, 27 (2012)
[2] M. Kuriakose et al., J. Appl. Phys. 113, 044502 (2013)
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Contactless sub-nanosecond laser ultrasonic (LU) technique [1,2], provides excellent
opportunities for non-destructive evaluation  of elastic properties of different materials.  It has been
applied recently for the probing of laser-induced crack closure [3], which is interesting for non-
destructive testing.  Meanwhile, the parameters of naturally produced cracks, necessary for the
verification of the theoretical models [4] are usually unknown. For this reason, the use of a contact
between light-transparent and light-absorbing plates could be proposed for the simulation of some
properties of cracks and delaminations, because some of the parameters of this contact could be
measured optically and predicted theoretically.  It is worth noting that the contact of a sphere with
the substrate under variable external loading has been already tested by picosecond laser ultrasonics
with bulk longitudinal acoustic waves [5]. 

The technique is based on the excitation of surface, interface and surface/interface skimming bulk
acoustic waves by a sub-nanosecond laser and their subsequent detection by a continuous laser beam
using a well-know deflection method. The excitation is produced by a linear source with a size of
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100x5 µm and the detection is realized by Gaussian beam of 5 µm diameter. The signals are detected
by a 1 GHz photo-detector for their subsequent visualisation on a 18 GHz oscilloscope.  The
automatic scan of photo-acoustic signals is obtained by the displacement of the excitation beam
relative to the detection one. The value of sound velocity is obtained from the fit of arrival time of
the acoustic pulse as a function of distance between the beams. The sample is installed on the
displacement stage, allowing the study of different parts of the contact. It is worth noting that the
acoustic waves, propagating along the surface of a contact, could be studied in the transmission or
reflection configuration [3].

In the simplest configuration, a contact between a cylindrical lens and a light absorbing plate has
been studied using this technique. Then, the realization of experiments with the materials of different
elastic properties and with different quality of surface polishing allows to test the situation with real
contacts. The amplitude and the profile of different acoustic waves propagating near the surfaces in
contact should provide the opportunity of evaluation of the parameters of the contact. The application
of variable force allows us to change the parameters of the contact. An additional heating beam from
a powerful continues laser could be introduced to change locally the distance between the surfaces
of the contact. This method has been already validated in laser ultrasonic experiment with a crack
in light-absorbing glass [3]. Possible nonlinear regimes of acoustic pulses propagation, when the
distance between the surfaces of the contact is comparable with the displacement in the wave, are
particularly interesting. The results of this work should find the applications in the area of the
adhesion characterization and the mapping of damages and cracks in different materials. 

[1] N. Chigarev, P. Zinin, L. Ming, G. Amulele, A. Bulou, V. Gusev, Appl. Phys. Lett. 93,181905
(2008)

[2] A. Zerr, N. Chigarev, O. Brinza, S. Nikitin, A. Lomonosov, V. Gusev, Phys. Stat. Solidi RRL
6, 484 (2012)

[3] C. Ni, N. Chigarev, V. Tournat, N. Delorme, Z. Shen, V. E. Gusev, J. Appl. Phys. 113, 014906
(2013)

[4] V. Gusev, N. Chigarev, J. Appl. Phys. 107, 124905 (2010)
[5] T. Dehoux, O.B. Wright, R. Li Voti, V. Gusev, Phys. Rev. B 80, 235409 (2009)
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Materials in micro scale can present several interesting physical and chemical properties for some
applications. In this way microcomposites have been studied in recent years with either amorphous,
crystalline, or non-magnetic in order to observe phenomena intrinsic characteristics.



To synthesize micro composite materials that may have some property to physical applicability
is necessary to choose the raw material to be used. Organic ashes are generally obtained by firing at
high temperature (900° C) and are materials that can be applied in mixtures with other proportional
to give consistency to the final outcome.

Another type of material found in abundance in some soils of laterite rock is a rock that is formed
by iron hydroxides and aluminosilicates characterized by the occurrence of leaching, which is the
process of extracting a substance present in solid components by dissolving a liquid (rain or
irrigation) and is found in the region of hot and humid (Amazon) climate [1]. 

Therefore, this work describes the
preparation and characterization of mi-
crocomposite complexed with organic
ashes microcrystals rock treated laterite
at ambient temperatures, 150, 300, 450,
600 and 750° C, 75 micron in diameter
was made. Were analyzed using the tech-
niques of infrared and x-ray fluorescence
and photoacoustic diffusivity by the fre-
quency region 1–800 Hz [1].

[1] E. I. Karanova, Doktuchaeva Inst. of
Pedology 68-74, Moscow (1990)
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Heating of CaF2 crystals in the reducing atmosphere of metal-cation vapor (“additive coloring”
of crystal) results in diffusion of two flows, anion vacancies and electrons, into the crystal bulk.
Recombination of these components form a quantity of color centers differing by the number of these
components. They are divided into “simple” centers, which are formed, respectively, by one to four
anionic vacancies with a corresponding number of electrons, and “highly aggregated” centers with
larger quantity of these components. The latter include “colloidal” centers, which in fact are two
dimensional metallic calcium inclusions into the crystal lattice, they contain from thousands up to
tens of thousands of atoms. Another type of highly aggregated centers are “quasi-colloidal” centers.
The structure and constitution of these centers are unknown at moment; probably they take an
intermediate position between simple and colloidal centers by the number of vacancies/electrons.

Color centers have characteristic bands in the absorption spectrum of additively colored crystal.
They overlap all visible and infrared (IR) range of the spectrum up to the end of lattice absorption
of the crystal (~10 µm). At the room temperature, T, illumination in these bands does not change the
composition of centers present in the crystal since arising electron is captured by the photo-ionized
center. However, at high temperature (T  > 70 °C) the anion vacancy may segregate off such center
and diffuse over the crystal. Its recombination with electron may take place at another center. Thus,
the combined action of illumination and temperature results in modification of centers composition.
Its character depends on both the wavelength of actinic radiation and the temperature; the duration
of photothermal influence is also substantial.

The high-temperature photosensitivity makes it possible to use additively colored CaF2 crystals
as a holographic medium. The diffusion-drift mechanism of hologram recording in CaF2 includes
centers conversion and their redistribution over the crystal bulk. The modification of the absorption
spectrum of the crystal at hologram recording is tied with modification of the dispersion of its
refractive index. Depending on the readout wavelength, it is possible to read out amplitude,
amplitude-phase or phase holograms. The unique feature of holograms in CaF2 crystals is the
opportunity of their transformations with modification of centers types via post-exposure photother-
mal treatment by use of incoherent radiation [1, 2]. Tough treatment does not lead to any noticeable
decay of the hologram. This fact shows the exceptionally high resistance of holograms recorded in
these crystals with respect to heating and optical radiation. Such hologram stability is tied with the



! 64 !

diffusion-drift mechanism of the photo-induced spatial redistribution of color centers over the crystal
bulk during the hologram recording and its post-exposure illumination with incoherent radiation.

The stability of holograms and the opportunity to record thick holograms (up to 10–15 mm),
which ensures their high angular selectivity (~ 1 arcmin), enabled creation of holographic measure
of plane angle. Wide transparency gap of CaF2 crystal coupled with the existence of convertible color
centers absorption bands allows formation of narrow-band transmitting and reflecting holographic
filters. It is especially important for the mid-IR range due to absence of holographic media suitable
for formation of such filters for the wavelength range more than 3 µm.

[1] A.E. Angervaks, A.S. Shcheulin, A.I. Ryskin, Proc. SPIE 8776, 877604 (2013)
[2] A.S. Shcheulin, A.E. Angervaks, V.V. Zakharov, A.V. Veniaminov, A.I. Ryskin, J. Opt. Soc.

Am. B 31, 248 (2014)
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Selective coatings have received increasing interest due to their application in solar thermal
technology. The adequate selection of the appropriate selective coating on a given surface can
guarantee the best performance of the heat generation system of the heater. Photothermal radiometry
is based on the illumination of a given surface by a light source, the subsequent heating of the surface
and the emission of infrared radiation with a maximum wavelength corresponding to the black body
radiation spectra at the temperature of the sample. Therefore photothermal radiometry can be
expected to be a technique especially suited to measure the emissivity of the surface of the
illuminated material [1]. Several efforts have been made to achieve this objective, however given that
the emissivity is frequently coupled to the absorbed radiation this is not a simple goal to reach [2].
In this work, selective coatings of NiO/Ni, deposited on 316 stainless steel, are studied by front
illumination and detection. The photothermal signal is generated by illuminating by 1W, 808 nm
laser source with a spot of about 5mm, modulating the laser intensity in the frequency range between
3 and 2003 Hz. The photothermal signal amplitude and phase NiO/Ni were normalized with the
measured signals of the steel substrate. Measuring the optical reflectance using a conventional UV-
VIS, the thermal emissivity of the selective coating can be obtained. Additionally, in order to
determine the effect of the layered structure on the photothermal radiometry signal, simulations in
two layers systems is performed and compared with the experimental data.

[1] C. Valdes-Pinzon, J.Ordones-Miranda, J.J Alvarado-Gil, J. Appl. Phys. 112, 064909-1 (2012)
[2] A. Othonos, M. Nestoros, D. Palmeiro, C. Christofides, R.S. Bes, J.P. Traverse, Solar Energy

Materials and Solar Cells. 51, 171 (1998)
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In this study we examined the grain boundaries in polycrystalline silicon sample by photothermal
deflection technique. For this purpose the sample is immersed in a glass cell filled with paraffin oil
and heated using a 2mW He-Ne laser modulated at the frequency of 67 Hz. Photothermal signal
variations as a function of micrometric displacement of the sample has been studied. The pump beam
is perpendicular to sample surface however the probe laser beam skimming the sample surface
remains at a fixed distance from the sample surface. A change in the amplitude and phase of the
photothermal signal has been observed when the beam pump passes through the area where there is
the grain boundary. Thus by comparing the experimental curves of the amplitude and phase of the
photothermal signal to the corresponding theoretical curves one can determine the size of the grain
boundary as well as its thermal properties.
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In this paper different coupling fluids inserted between a solid sample and a pyroelectric sensor
have been investigated. The measurements of the thermal diffusivity of the specimen were performed
in the standard photopyroelectric back configuration (BPPE) with frequency scanning procedure [1]
and infrared lock-in thermography (IRT) [2].

The PPE method in the back configuration (the solid sample placed onto the sensor is excited by
the incident radiation) requires a thin layer of the coupling medium between the sample and the
pyroelectric sensor. The presence of thin (but uncontrolled in thickness) additional layer changes the
slope of the phase curve, and consequently obtained value of thermal diffusivity is always
underestimated [3]. The influence of the coupling medium in pyroelectric measurements of solids
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becomes significant especially for high conductive samples and at high modulation frequency of the
incident radiation. 

The research has been focused on searching for an optimal coupling medium. Obtained results
lead to conclusion that the type of the coupling medium is not as important as its thickness. To
minimize the influence of the coupler, some improvements of experimental BPPE setup were
proposed. After the modification both methods lead to similar results.

[1] D. Dadarlat, Laser Phys. 19, 1330 (2009)
[2] C. Boue and S. Hole, Infr. Phys. and Techn. 55, 376 (2012)
[3] A. Salazar, A. Oleaga, Rev. Sci. Instrum. 83, 014903 (2012)
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Biodiesel is no longer a promise to become a reality in the global scenario, since this biofuel
comes from a renewable energy matrix and that can complement or replace dependence on fossil
fuels. Brazil currently has consolidated as a potency on the world stage in the production of biodiesel,
however, with increasing demand for biodiesel, is necessary a suitable choice of materials to be used
for its production. Therefore, the characterization of this fuel becomes relevant because these
properties are essential for the evaluation of the composition of raw materials and products obtained,
being essential, for example, determine the thermal stability, storage period and temperature.

In this work we performed a study of evaluation of physico-chemical properties of soybean
biodiesel subjected to ultraviolet radiation and thermal degradation using thermal lens spectrometry.
The physical properties were viscosity and the thermal diffusivity (α) using a conventional technique
and Thermal Lens Spectrometry (TLS), respectively. The viscosity expresses the resistance to flow
or deformation of a fluid and the thermal diffusivity (α) expresses the ability of a material to transmit
heat [1]. 

The TLS occurs when heat is deposited in the sample by absorbing light. The generation of heat
induces a change in the intensity of the laser beam center that propagates through the sample and is
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detected in a time interval, resulting in a gradient of refractive index with temperature (dn/dT) [2].
This variation depends on the properties of the material analyzed, such as the optical absorption
coefficient and the thermal diffusivity.

Due to the complexity of the degradation process, which is crucial to check the thermal stability
of biodiesel, the results of thermal properties will be compared with those obtained by the technique
of gas chromatography to analyze the compounds.

[1] D.P. Almond, P.M. Patel Photothermal Science and Techniques, Chapman & Hall (1996)
[2] J.P. Gordon, R.C.C. Leite, R.S. Moore, S.P.S. Porto, J.R. Winnery, J. Appl. Phys. 36, 3 (1965)
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Thermal diffusivity and thermal conductivity have been investigated for low-density
polyethylenes at room temperature, using photoacoustic frequency measurement. These thermal
properties have been evaluated by both amplitude and phase frequency characteristics. Very good
agreement with values reported in the literature has been obtained.
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Z. Suszyński J

Koszalin University of Technology, Department of Electronics and Computer Science

J zbigniew.suszynski@tu.koszalin.pl

Physical phenomena, kind and properties of detector used for the measurement, transmittance of
amplifier and signal processing  may change temperature signal form and magnitude in photo-thermal
measurements. Such kind of signal changes is classified as linear distortions and it may be especially
troublesome during analyzing of object's properties in frequency or time domain. In the case of
photothermal examination the various methods of energetic stimulation and temperature
measurement are commonly used. Each time, it causes the changes in frequency spectra of signal.
In order to reproduce the actual shape and magnitude of the temperature signal the character of total
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transmittance of all measured system  have to be known. It is usually necessary condition for
quantitative measurements of thermal parameters. However, very often the knowledge about changes
(contrasts) of temperature signal in comparison to the signal detected for reference object of known
properties  is sufficient for determining of thermal traits of measured object. If the measuring position
for reference and measured objects is the same the contrast signal may be independent of  its
transmittance. 

Generally, a few kinds of contrasts (i.e. amplitude, phase or complex ones)  and reference objects
may be used in measurements. So, it is very important how do results and accuracy of measurements
depend of them. In the paper a few of contrast techniques for various types of contrasts and reference
objects are analyzed from that point of view. 
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In the photothermal beam deflection spectroscopy (PDS) an intensity-modulated beam of light
illuminates an absorbing sample. As a result of nonradiative deexcitation heat pulses (thermal waves)
are generated. Thermal waves diffuse into the sample and the adjacent medium resulting in a modula-
ted temperature and consequently refractive index gradients that leads to the intensity change of ano-
ther light beam (probe beam) passing through the adjacent medium grazing the sample surface [1].

The phototdeflection (PD) signal contains information about the thermo-optical parameters of the
examined sample which, in turn, are determined by its structural characteristics as porosity [2] or
surface roughness [3]. This is because the surface roughness strongly influences the propagation of
thermal waves (ThW) by distorting their wave fronts. Such an influence is the stronger, the higher
modulation frequencies f of ThW are used during the experiment [3]. This effect is important
especially in case of thin films deposited on bulk support when the use of high f is necessary to get
information about the samples properties without the influence of its support. 

The sample’s porosity determines the heat exchange, as well as the heat conduction in the
material, thus define the values of its thermal diffusivity and conductivity. The thermal parameters
of porous films decrease with increasing porosity as a result of decrease in heat conduction, as well
as heat radiation in the fluid throughout the pores and throughout the sample’s material [2]. 

The goal of this work is to extract information, from BD measurement, about structural properties
of some photocatalytic materials by comparing the measured results with theoretical values obtained
by the use of theoretical description based on the complex geometrical optics equations [4], according
to which the PB interaction with the field of ThW consist of two effects: its deflection and phase
change. Deflection is a result of refractive index gradient in the fluid above the sample’s surface that
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changes the trajectory and divergence, thus the amplitude of PB. The change in PB phase is due to
the change of the PB’s optical path which result from its deflection on refractive index gradients
or/and the change in fluid refraction index.

Samples of the commonly used photocatalytic materials (eg. TiO2) in a form of thin films
deposited on bulk support, were chosen for examination. For this type of materials, their surface
roughness and porosity are important properties that determine their effectiveness as photocatalysts
in water purification processes. 

[1] A. C. Boccara, D. Fourier, J. Badoz, Appl. Phys. Lett. 36, 130 (1980)
[2] H. G. Walther, Appl. Sur. Sci., 193, 156 (2002)
[3] F. Alfeel, F. Awad, F. Qamar Int. J. Nano Dimens. 5(3), 267 (2014)
[4] D. Korte Kobylinska, R. J. Bukowski, B. Burak, J. Bodzenta, S. Kochowski, J. Appl. Phys., 100,

063501-1 (2006)
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Biodiesel is a promising option for alternative fuels since it derives from natural and renewable
materials, it is biodegradable and less polluting than fossil fuels. A gradual replacement of diesel by
biodiesel has been adopted by many countries, making necessary the investigation of the physical
properties of biodiesel and of its mixture in diesel as well. Photothermal techniques, specifically
photopyroelectric technique (PPE), have proved to be suitable in the characterization of biodiesel and
of its precursor oils, as well as of the biodiesel/diesel mixtures. 

In this paper we investigate thermal properties of some biodiesel and precursor oils as a function
of temperature, aiming to characterize the freezing/melting interval and the changes in the physical
properties from the solid to the liquid phase. The supercooling effect was detected for samples with
higher viscosity values. Measurements with coconut oil and biodiesel, babassu oil and animal-fat
based biodiesel are discussed with emphasis. Thermal diffusivity, effusivity and conductivity
measurements of the samples at room temperature are also presented. The samples were prepared
using the transesterification method, by the ethylic route. Optical transmittance experiments were
carried out in order to confirm the phase transition interval and the supercooling effect detection.

[1] A. O. Guimarães, F. A. L. Machado, E. C. da Silva , A. M. Mansanares, Thermochim. Acta 527,
125 (2012)

[2] A. O. Guimarães, F. A. L. Machado,  E. C. da Silva, A. M. Mansanares, Int. J. Thermophys. 33,
1842 (2012)
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This paper presents investigation of optical properties of the high energy O+6 ion implantation
using combination of optical (photothermal radiometry (PTR) and modulated free carrier absorption
(MFCA)) and electrical methods (Capacitance-Voltage (CV)). The recombination parameters of
silicon samples implanted by energy O+6 ion implantation were investigated in paper [1]. In this paper
we propose simple relation between the thickness of the implanted layer d and the optical absorption
coefficient of this layer βimp:

where k is the ratio of the PTR or MFCA amplitude, in the plasma wave region of the implanted
sample, to the PTR or MFCA amplitude of the nonimplanted sample in the same plasma wave region.
Fig. 1 presents relation between –ln(k) and four different excitation  photons' energies.

d
k

imp

= −
ln

β
(1)

Fig.1. Dependence -ln(k) vs. energy of
photons for oxygen implanted
silicon sample - ln(k) = βimp·d =
A·(Ef-Eg)

2·d, where Eg = 1.1 eV.
Squares mean PTR or MFCA
results for four different exci-
tation  photons' energies.
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If the thickness of the ion implanted is known then the absorption coefficient of the ion implanted
layer can be calculated. 

[1] M. Pawlak, M. Maliński, Infrared Phys. Technol. 63, 6 (2014)

Thermal interface conductance of copper layers on carbon 
and correlation with mechanical adhesion strength  
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3 Vienna University of Technology, Institute of Solid State Physics, Wien, Austria
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The functioning of protective coatings is governed by the strength of the mechanical adhesion of
the film on the substrate. Generally, it is assumed that the mechanical contact is directly related to
the thermal contact. Therefore, measurements of the thermal interface conductance are used to judge
the quality of adhesion of the film. In this work we have setup a study to explore the quantitative na-
ture of this correlation for copper films deposited on carbon. The thermal interface conductance was
determined by frequency domain photothermal radiometry (PTR). The mechanical adhesion strength
(AS) of the film coating was deduced from pull-off experiments. The experiments were performed
on copper-carbon flat model systems with different bonding layers between the copper film and the
substrate. The Cu- films (about 1 µm thickness) and the bonding layers of B, Mo, Nb or Ti (5-10 nm
thickness) were deposited by magnetron sputtering on vitreous carbon (Sigradur) substrates. One part
of the samples had been subjected to a heat treatment. The experimental thermal data were analysed
in the frame of heat diffusion equation for one-dimensional and three-dimensional heat transport. It
was assumed that the contact of the layer is not perfectly constant across the samples. The non-perfe-
ct interfaces were modelled by two different values for the thermal interface conductance G1 and G2

which co-exist at different areas on the interface and are weighted according to their relative area x1

and x2. With respect to the heat transport through the interface the two areas with different G values
act like a parallel connection of two resistors where the one with a larger G and larger area dominates
the total Gth = x1×G1 + x2×G2. However, when considering the correlation with the mechanical adhes-
ion strength we found that one has to take into account the series connection of the interface resista-
nces of both areas Reff = x1×R1 + x2×R2. The adhesion strength then scales with the effective thermal
conductance Geff = 1/Reff. The defective area has a much larger impact for Geff  than for Gth that con-
trols the heat transport across the interface. For the investigated CuC-flat samples the adhesion stre-
ngth (AS) as a function of the effective interface conductance Geff  obeys the power law ASµGeff

0.60.
The result that the adhesion strength scales more likely with Geff than with Gth can be explained by
pulling forces in the AS-experiment which are not directed perpendicular to the surface only. 



! 72 !

Study of heat transfer regimes as a function of gas pressure 
in a vacuum chamber using a thermal wave resonant cavity

L. Gómez-Heredia, J. D. Macias, O. Ares-Muzio, G. Oskam, R. de Coss, J. J Alvarado-Gil J

Departamento de Física Aplicada, Centro de Investigación y estudios Avanzados
del IPN-Unidad Mérida, Yucatán, México

J jjag@mda.cinvestav.mx

Evacuated solar collector receivers are the most important components of a solar thermal system,
which are designed to improve the energy conversion efficiency from sunlight to thermal energy. The
structure of the collector consists of an absorber tube and a glass envelope, in which the intermediate
space is evacuated from air or filled with low thermal conduction gases. Heat loss is due to three
mechanisms: conduction, convection and radiation. In order to minimize conduction and convection
mechanisms, the tube-glass intermediate space is evacuated to reach a vacuum pressure of about 10-5

Torr [1] . In this situation, only radiation heat transfer mechanism is present. In this work, we used
a Thermal Waves Resonant Cavity (TWRC) [2] to study the suppression of conduction and
convection heat transfer mechanisms. With this purpose we put the resonant cavity into a vacuum
chamber; and the signal phase and amplitude of the pyroelectric signal was collected as a function
of vacuum pressure. The results obtained show a dependence of the amplitude and phase lag of the
pyroelectric signal with respect to the vacuum pressure which allows us to determine the different
heat transfer mechanisms as a function of the chamber pressure.

[1] G. Gong, X. Huang, J. Wang, M. Hao, Sol. Energy, 84, 2230 (2010)
[2] J. Shen, A. Mandelis, Rev. Sci. Instrum., 66, 4999 (1995)

Quantitative thermal measurement 
by the use of scanning thermal microscopy
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Krzywoustego 2, 44-100 Gliwice, Poland
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The scanning thermal microscopy (SThM), invented in 1986 by Williams and Wickramasinghe,
gives opportunities for thermal measurement with high spatial resolution. Both lateral and depth
resolutions are defined by a radius of SThM probe and sample contact. In a case of nanofabricated
thermal probes this radius does not exceed 100 nm. Thermal images of nanostructures confirmed the
submicron spatial resolution of the measurement. 
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The main problem connected with quantitative thermal measurement using SThM equipment is
relatively low dynamic range. Because the contact area between the probe and the sample is very
small, an influence of sample thermal properties on measured signal is low. A few orders of
magnitude change in the thermal conductivity of the sample results in no more than 20-30% change
in the measured signal. This caused necessity of noise suppression to obtain satisfactory resolution
of measurement. This goal can be reached by the use of lock-in signal detection. However it requires
driving the probe by ac current which causes problems with stability of the probe sample contact. To
solve this problem the measuring technique in which the probe is driven by a sum of dc and ac
currents was proposed. Experiments showed that in this case periodical probe bending caused by
thermally induced stresses can be avoided. The measured signal consists of dc component and 3
harmonic components at frequencies ω, 2ω and 3ω, where ω is the frequency of ac component of
driving current.

An analysis of the sensitivity of the system to the thermal conductivity of the sample revealed that
the highest sensitivity can be theoretically achieved when higher harmonics are measured. But form
the other hand higher harmonics detection is accomplished by the fact that the amplitude consecutive
harmonics considerably decrease.

The results of theoretical considerations were confirmed by experimental data. Measurements
were carried out for two types of probes: the probe utilizing Wollaston wire and nanofabricated
thermal probe. Measured frequency characteristics of both probes can be qualitatively explained by
the lumped approximation of suspended wire. More detailed analysis showed that dependencies
obtained for the nanofabricated thermal probe have more complex character. Its interpretation
requires more complex model of the heat exchange in the probe-sample system.

The thermal diffusivity of ZnSxSe1-x crystals as a function of composition

D. Trefon-Radziejewska 1 J, J. Bodzenta 1, J. Juszczyk 1, K. Strzałkowski 2

1Institute of Physics, Silesian University of Technology, 
Krzywoustego 2, 44-100 Gliwice, Poland

2 Institute of Physics, Nicolaus Copernicus University, 
Grudziądzka 5, 87-100 Toruń, Poland
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ZnSxSe1-x ternary crystals are solid solutions of two binary semiconductors ZnSe and ZnS. They
can be potentially interesting for applications thanks to possibilities of controlling physical properties
through crystal composition. It was already shown that the band gap, the electric conductivity, the
optical properties etc. depend on sulphur content x. The aim of this work was to investigate the
thermal diffusivity dependence on x.

Measurements were carried out by photothermal method with IR detection. A plate-like sample
was illuminated by intensity modulated light (λ = 532 nm) and the temperature disturbance was
registered through the IR radiation from the sample surface. Measurements for front and back
illumination were carried out. As investigated samples were transparent to both illuminating light and



IR radiation a thin metal foil was attached to the sample surface for localization of heat sources and
temperature measurement. An existence of these foils were taken into account in experimental data
analysis. 

The sulphur content varied from 10 at% to 30 at%. The results showed that the thermal diffusivity
of samples decreases with the increase of sulphur content x. However proper analysis of obtained
data was accomplished by the fact that the thermal diffusivity strongly depends on the concentration
of phonon scattering centres. They can be produced by alien atoms in the crystal lattice but also by
other defects (dislocations, grain boundaries, etc.). It causes that unambiguous interpretation of
experimental results is difficult.
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