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PURPOSE OF THE WORKSHOP

The aim of the workshop is to bring together allestists, technology
developers and technology users who are invesimgati exploiting optically

and electromagnetically excited acoustical andntléphenomena for the
investigation of a large variety of material prdpes and applications. The
wealth of photoacoustic and photothermal (PA/PPid® indicate that this
field has developed a broad range of tools for &mental and applied
research. PA/PT research has reached a matues siith an established
position in measurement technology and materiadgactterisation and future
progresses are guaranteed by the close synergyadithnces in laser and
measurement technology. This second workshopoadkdges the explosive
growth of biomedical photoacoustics and tissue inggand the presence of
an ever growing biomedical photoacoustics reseamhmunity around the
world and in Europe, in particular. It also ackneddes the significant and
growing contributions of photoacoustic and phototied non-destructive

evaluation / characterization to nanoscale andrailganced materials (with
connections to biomedical imaging by use of nartipes). Participants are
encouraged to present their own results in the.fiel

LOCATION & HISTORY

The conference site is the «Ettore Majorana» Faimdaand Centre for
Scientific Culture (EMFCSC) in Erice — Italy édettp://www.ccsem.infn.it)
EMCFSC has a long tradition in the organizatiorSohools, Workshops and
International Conferences, covering all branchesSofence. EMCFSC is
situated in the old pre-mediaeval city of Erice véeh& monasteries (one of
which was the residence of the Viceroy of Sicilyridg the XIV and XV
Centuries) provide an appropriate setting for higéllectual endeavor.

Erice is a historic town in Sicily, Italy. It is ¢ated on top of Mount Erice, at
around 750m above sea level, overlooking the difjrapani, the low western
coast towards Marsala the dramatic Punta del Sawaaed Capo san Vito to
the north-east, and the Aegadian Islands on Siailgtth-western coast.

In Erice you can admire the Castle of Venus, thel@ean Walls (~800 B.C.)
and the Gothic Cathedral (~1300 A.D.). Erice iprasent a mixture of ancient
and medieval architecture. Other masterpieces @eancivilization are to be
found in the neighborhood: at Motya (Phoeniciamgesta (Elymian), and
Selinunte (Greek). On the Aegadian Islands — tlkeafrthe decisive naval
battle of the first Punic War (264-241 B.C.) — segive neolithic and
paleolithic vestiges are still visible: the grotasf Favignana, the carvings and
murals of Levanzo. Splendid beaches are to bedf@irSan Vito Lo Capo,
Scopello, and Cornino, and a wild and rocky coestied Monte Cofano.

SESSIONS & TOPICS
The Workshop intends to focus on current PA and “Rat” topics of
significant growth; they are grouped into four difint thematic sessions.

Session ABiomedical and Biological PA & PT (Chair: A. Manddis)

1. Instrumentation design, software and signal ggioa techniques
for biomedical photoacoustics and imaging.

2. Clinical applications of biomedical photoacocsti

3. Microscopy, spectroscopy and endoscopy

4. Animal imaging

5. Dyes, nanopatrticles and other contrast agents

6. Biothermophotonics and biomedical photothermethradologies

7. Biological photoacoustics and photothermics

Session B Nanoscale Heat Transfer and Imaging (Chairs: S. Ma and G.
Tessier)

8. Ultrafast thermoelastic phenomena

9. Thermal and elastic properties on nanoscale

10. Picosecond photoacoustics

11. Phonon Transport

Session C Non Destructive Evaluation & Testing (Chairs: R. Li Voti and
A. Mandelis)
12. Infrared Thermography and Thermophotonic Imagin
13. Non-destructive testing and industrial appiaat
14. Depth profiling of materials and inverse proide
15. Semiconductors, Photovoltaics, MEMS, NEMS,
and phononic bandgap materials
16. Environmental sensors, biosensors, new institatien,
and methodology

Session D: Thermophysical Properties (Chair: C. Glrieux)
17. Complex fluids, phase transitions and glasssttians
18. Spectroscopy, analytical chemistry, nonlingsics
and photochemistry
19. Thermophysical and thermodynamic properti@sguBA and PT

CONFERENCE FEE

The Conference fee is 1000 Euro for each partitipan

The fee will cover the registration, the accomntimafa(for the whole period

April 19-26 2012), all meals including the socitihner, and the transfer to
and from the Airports close to Erice (Trapani orleRao). For your

convenience we remind you that Trapani Airport ésved by the low cost
company Ryanair (sdgtp://www.ryanair.com/i). Both Palermo and Trapani
airports are served also by Alitalia (skgp://www.alitalia.com) and other

companies.

FURTHER DETAILS and APPLICATION

All information about the Workshop can be found tme website at
http://w3.uniromal.it/photoacoustic-photothermalh order to submit the
application to attend the Workshop you are kindligeal to send a short email
to the conference Secretariat at

Roberto LI VOTI

SapienzaJniversita di Roma - Dipartimento SBAI
e-mail: WorkshopErice@unirorét

Application deadline : January 262012

In the email you are kindly asked to write theduling info:
1) Name and affiliation of the participant
2) Option: poster presentation, oral presentationeraf them.

DIRECTORS OF THE WORKSHOP: R. LI VOTI - A. MANDESI
DIRECTOR OF THE SCHOOL: S. MARTELLUCCI - A.N. CHEER
EMFCSC PRESIDENT AND DIRECTOR OF THE CENTRE: ACHICHI
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Timetable of the Workshop
Thursday 19" April :

noon onwardsArrivals & Registration
Lunch & Dinner:Local Restaurants
After Dinner:Welcome Party—Piano Room San Rocco

Friday 20" April :

Morning Session: Foundations and Techniques
San Rocco Lecture Hall

ChairpersonA.N. Chester
9.00-9.15 Opening b&. Mandelis andR. Li Voti

9.15-10.15 Osamu Matsuda -Hokkaido University, Japan
Picosecond laser ultrasonics in materials physics

10.15-11.15 Roberto Li Voti — Sapienza Universita di Roma -Italy
Photothermal techniques for nondestructive testifigT)
and evaluation (NDE) of materials
11.15-11.30 Coffee Break — San Rocco Cloister
ChairpersonG. Diebold
11.30-12.30 Andreas Mandelis -University of Toronto - Canada
Lock-in and heterodyne carrierographic imaging:
Dynamic optoelectronic diffusion-wave NDT methadh applications
to quality control of industrial solar cells

12.30 -3.00 Lunch: Local Restaurants



Friday 20" April :

Afternoon Session - Foundations and Techniques
San Rocco Lecture Hall

ChairpersonA. Mandelis

3.30-4.30
4.30-5.30
5.30-5.45

Christ Glorieux - KUL Leuven, Belgium
Depth profiling and other inverse problems in PA&PT

Sebastian Volz -CNRS - France
Nanoscale Engineering Networks and Challenges

Coffee Break — San Rocco Cloister

ChairpersonS. Volz

5:45-6.45 Andrea Bettucci— Sapienza Universita di Roma -Italy
Acoustic Microscopy: Introduction, Overview and Aggtions

7.00 -9.00 Dinner: Local Restaurants

9.00-11.30 Poster Discussion & Marsala Room

Saturday 2T April

Morning Session B: Nanoscale Heat Transfer and I maging
San Rocco Lecture Hall

Chairperson:S.Volz

9.15-10.15
10.15-11.15
11.15-11.30
11.30 - 12.00
12.00 -12.30
12.30 - 3.00

Ariane Deniset -Université Paris-Sud, France
When AFM met IR: Nanospectroscopy AFMIR for sublaglimaging

Olivier Chapuis - CNRS - INSA Lyon, France
Heat Conduction in Nanostructures Investigated \kictrical Means.
A Comparison with Optical Techniques

Coffee Break — San Rocco Cloister

Andrea Bragas- CONICET Universidad de Buenos Aires - Argentina

Metal Nanoparticle Ensembles: Tunable Laser PuBBisinguishMonomer from
Dimer Vibrations

Colby Jensen” Utah State University, Logan, UT, USA

Thermal Conductivity of Proton-Irradiated ZrC ugin

Scanning Thermal Microscopy and Photothermal Raeioy

Lunch: Local Restaurants



Saturday 2T April

Afternoon Session B - Nanoscale Heat Transfer and Imaging
San Rocco Lecture Hall

ChairpersonG. Tessier

3.30-4.30 Christ Glorieux - KUL Leuven, Belgium
Thin film characterization by transient grating kegques:
on the way from micron to nanometer scales

4.30-5.00 Roberto Li Voti - Sapienza Universita di Roma -Italy
Nanostructure characterization by PA&PT

5.00-5.30 Mario Bertolotti - Sapienza Universita di Roma —lItaly
Nanostructures for infrared management

5.30-5.45 Coffee Break — San Rocco Cloister

Chairperson:O. Chapuis

5.45-6.45 Gilles Tessier -Institut Langevin, ESPCI, Paris, France
Digital heterodyne holography images heating imostructures

6.45-7.10 Kyle Horne - Utah State University, Old Main Hill, Logan UT
Monte Carlo Uncertainty Analysis of Thermal Prager
Measurements by Photothermal Methods

7.10 -9.00 Dinner: Local Restaurants

9.00 -11.30 Poster Discussion and more

Sunday 22 April : 9.00 a.m. — 7.00 p.m.

Excursion to Selinunte and Segesta archeological sites.
Lunch at “Lido Azzurro”

Bus leaving Erice Parking area at 9.00 a.m.

7.00 —9.00 Dinner: Local Restaurants

9.00 -11.30 Poster Discussion and Marsala Room




Monday 23 April :

Morning Session A: Biomedical and Biological PA&PT
San Rocco Lecture Hall

ChairpersonA. Mandelis

9.00 - 10.00 Vladimir Zharov - University of Arkansa for Medical Sciences, USA
Photoacoustic flow cytometry for early diagnodisancer,
infections and cardiovascular diseases

10.00 — 11.00 Rinat Esenaliev- University of Texas Medical Branch, TX, USA
Optoacoustic Platform for Noninvasive, Continutnitoring of
Multiple Physiologic Parameters

11.00-11.10 Coffee Break — San Rocco Cloister

ChairpersonsRinat Esenaliev

11.10 - 12.10 Srirang Manohar - University of Twente, The Netherlands
Photoacoustic Breast Imaging: the Twente expegenc

12.10-1.10 Ekaterina GalanzhaUniversity of Arkansas for Medical Sciences
Negative contrast photoacoustic and photothermmaging,
spectroscopy and cytometry

1.10-3.00 Lunch: Local Restaurants

Afternoon Session A: Biomedical and Biological PA&PT
San Rocco Lecture Hall

ChairpersonV. Zharov

3.30-4.30 Guenther Paltauf - Karl-Franzens Univ. Graz, Austria
Focusing acoustic elements for photoacoustic imggi

4.30-5.30 Andreas Mandelis— University of Toronto, Canada

Thermophotonic and Photoacoustic Radar Imaging kidsh
for Biomedical and Dental Imaging

5.30-5.45 Coffee Break — San Rocco Cloister



ChairpersonG. Paltauf

5.45-6.45
7.00 -9.00
9.00-11.30

Amir Rosenthal - Helmholtz Zentrum, Munich, Germany
Advances in multispectral optoacoustic tomography

Dinner: Local Restaurants

Poster Discussion and Marsala Room

Tuesday 24" April :

Morning Session C: Non Destructive Evaluation & Testing
San Rocco Lecture Hall

Chairperson:R. Li Voti

9.15 -10.15
10.15-11.15
11.15-11.30

Osamu Matsuda -Hokkaido University, Japan

Time-resolved two-dimensional imaging of GHz sw@facoustic waves in
phononic crystals and structures based on them

Arantza Mendioroz - University of the Basque Country UPV/EHU
Internal heat source reconstruction: an approacliédect characterization
from vibrothermography data

Coffee Break — San Rocco Cloister

ChairpersonA. Mandelis

11.30-12.00

12.00 -12.30

12.30 - 3.00

Peter Burgholzer- Research Center for Non Destructive TestinghzLi
Limits of spatial resolution for thermography anher non-destructive imaging
methods based on diffusion waves

Dmitriy Ksenofontov - M.V.Lomonosov Moscow State University - Russia
Contact Laser Ultrasonic Evaluation of Graphite-EgdaComposite Structure

Lunch: Local Restaurants



Tuesday 24" April :

Afternoon Session C: Non Destructive Evaluation & Testing
San Rocco Lecture Hall

Chairperson:A. Mendioroz

3.30-4.30 Gerald J. Diebold - Brown University, Providence - USA
Heat Conduction Effects, CW Photoacoustics, anchBhiz Structures

Post Session B: Nanoscale Heat Transfer and I maging
San Rocco Lecture Hall

Chairperson:O. Matsuda

4.30-5.30 Michel Orrit - Leiden University, The Netherlands
Photothermal Spectroscopy of Single Gold Nanogadi

5.30-5.45 Coffee Break — San Rocco Cloister
Event of FLIR
San Rocco Lecture Hall

Chairperson:A. Mandelis

5.45-6.15 Francesco Messa — Antoine Billardello FLIR
FLIR exhibition

6.15 - 7.00 FLIR Best Presentation Award
Celebration of the winner and brief talk

7.30-9.00 Social Dinner

9.00-11.30 Poster Discussion and Marsala Room

Wednesday 25 April :

Morning Session D: Thermophysical Properties
San Rocco Lecture Hall

Chairperson:A. Mandelis

9.15-10.15 Dorin Dadarlat - Institute for Isotopic and Molecular Technology,Ramia
Recent Developments in the Photopyroelectric Qaletry of Condensed Matter

10.15-11.15 Fulvio Mercuri - Universita di RomaTor Vergatd, Italy
Active infrared thermography applied to the stofiCultural Heritage



11.15-11.30

Chairperson:D.

11.30 - 12.00

12.00 - 12.30

12.30 - 3.00

Coffee Break — San Rocco Cloister

Dadarlat

Viviane Pilla — Universidade Federal de Uberlandia - Brasil
Thermo-Optical Characterization of CdSe/ZnS QuanRots
Embedded in Biocompatible Materials

Jose Ordonez Miranda— Cinvestav-Mérida, México
Thermal Conductivity of Particulate Nanocompos#éed Porous Media:
Comparison between Experiment and Theory

Lunch: Local Restaurants

Afternoon Session D: Thermophysical Properties
San Rocco Lecture Hall

Chairperson:M.

3.30-4.00

4.00 - 4.25

Bertolotti

Esteban Alejo Domené Universidad de Buenos Aires - Argentina
Focus Shift Thermal Expansion Microscopy for Mapgpiimermal Diffusivity

Dmitriy Ksenofontov - M.V.Lomonosov Moscow State University - Russia
High Energy States of Thermally Thin Metal Foilduned by
Nanosecond Laser Pulse Impact

Afternoon Session: Conclusions
San Rocco Lecture Hall

Chairperson:A. Mandelis and R. Li Voti

4.30-5.00 Presentation of the next International Conferences:
* |ICPPP China
* 18" Symposium on Thermophysical Properties at Bouligorado
* Third Mediterranean International Workshop BA&PT

5.00 -5.30 Concluding Remark and Round Table

7.00 —9.00 Dinner: Local Restaurants

9.00-11.30 Farewell Party — Marsala Room

Thursday 26" April :

noon onwardsDepartures

Lunch & Dinner:Local Restaurants




Poster Presentations

P 1.

Transition from Rayleigh waves to capillary waves tthe free surface

of a visco-elastic material

J. Sermeus, O. Matsuda, J. Fivez, R. SalenbievigBtraeten, C. Glorieux

P_2:

Photothermal Depth Profiling in Hardened Steels: anew inverse approach based on Singular
Value Decomposition

Roberto Li Voti, Grigore Leahu, and Concita S#bili

P_3:
NANOSCALE HEAT TRANSFER IN SYNTHETIC METALLIC OPALS
Roberto Li Voti, Grigore Leahu, Luca Di Dio, CatacSibilia, and Mario Bertolotti

P_4:
Fabrication at the nanoscale of Ultrasonic transduers
LeonelMarques, Richard Smith, Jon Aylott, Mattikla

P 5

Thermal conductivity and diffusivity measurements ¢ glass coated magnetic microwires
using lock-in thermography

R. Fuente, A. Salazar, A. Mendioroz, A. Zhukand V. Zhukova

P_6:
Large depth of field scanning acoustic and photoacistic microscopy
K. Passler, R.Nuster, G. Wurzinger, S. Gratt, FgBalzer and G. Paltauf

P_7:
New pharmaceutical solid forms: a photothermal andstructural approach
Carmen Tripon, Irina Kacso, Marieta Muresan-Pop, B&irodi, |. Bratu and D. Dadarlat

P_8:

DEVELOPMENT OF A FOCUS ERROR PHOTOTHERMAL DETECTOR FOR THE
CHARACTERIZATION OF OPTICAL AND THERMAL PROPERTIES IN MATERIALS
Esteban A. Domerend Oscar E. Martinez

P_O:

Prediction of the Maximal Safe Laser Radiant Exposte on an Individual Patient Basis Based
on Photothermal Temperature Profiling

Luka Vidovic, Matija Milani¢, and Boris Majaron

P_10:

Metal Nanoparticle Ensembles: Tunable Laser PulseBistinguish Monomer
from Dimer Vibrations

Pablo M. Jais, Daniel B. Murray, Roberto Merlin ahadrea V. Bragas



Friday 20" April

Foundations and Techniques
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Picosecond laser ultrasonics in materials physics

Osamu Matsuda
Division of Applied Physics, Faculty of Engineeriitpkkaido University

Abstract: Absorption of subpicosecond laser puilsesmedium may generate picosecond acoustic
pulses therein. The propagation of generated dcguslses can be monitored with delayed laser
pulses through the transient optical reflectancangk. The technique is called picosecond laser
ultrasonics and is used for the evaluation of rayér structures in nano- or micrometer
thicknesses as well as for the evaluation of playsimoperties of materials.

In this talk, some of our recent works to extenel dipplicability of laser picosecond acoustics are
introduced; the generation and detection of sub-Eeaustic waves in semiconductor quantum
wells[1], and the generation and detection of slaeaustic waves|[2].

Semiconductor quantum wells have a fascinatingreatthich allows one to tailor the electronic

structure. First part of the talk will be aboue timvestigation of the GaAs/AlGaAs quantum well

system with picosecond laser acoustics. When lg@rens in the quantum well is excited by the
infrared light pulses (pump pulses), the stredsl fo®rresponding to the confined electronic wave
function is set up instantaneously and launchesaustic pulse up to or beyond 1 THz band
width. The frequency doubled blue laser pulsesl@rpulses) are used to monitor the arrival of
acoustic pulses to the sample surface with varyiregdelay time between the pump and probe
pulses. A Sagnac interferometer is used to deteitt eal and imaginary part of the reflectance
change caused by the photoelastic effect and tHacgudisplacement. The sample containing
several quantum wells with different well widthsogls an optical wavelength selective acoustic
pulse generation. Theoretical model of the ligtdatering by inhomogeneous modulation of the

optical constants is developed and gives good awet between the experimental result and
calculation.

The second part of the talk will be about the shsaoustic waves generation and detection in
picosecond laser acoustics. Because of the symmoksamples and measurement configuration,
longitudinal acoustic waves have been mostly corezgrin laser picoseconds ultrasonics.
However, an inclusion of transverse acoustic wanghe measurement would be desirable for the
complete understandings of the materials propemietor the practical application where the shear
waves are essentially important. We have invegthdhe generation of shear acoustic waves
exploiting an anisotropic crystal and the detectbshear waves in a transparent isotropic material
with a special optical configuration. The lightatering theory is extended to handle the induced
optical birefringence and obliquely incident probght. The good agreement between the
experiment result and calculation is obtained.

These achievements should form a basis for thergbwe application of picosecond laser
ultrasonics.

[1] O. Matsuda, T. Tachizaki, T. Fukui, J. J. Baargh and O. B. Wright, Phys. Rev. B 71 (2005)
115330.
[2] O. Matsuda, O. B. Wright, D. H. Hurley, V. Guseand K. Shimizu, Phys. Rev. B 77 (2008)
224110.
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Photothermal techniques for nondestructive testingNDT)
and evaluation (NDE) of materials

Roberto Li Voti

Dipartimento di Scienze di Base ed Applicate afjdgneria, Sapienza Universita di Roma,
via A.Scarpa 16 — 00161 Roma - Italy

This tutorial wish to introduce the basis of theermal Wave Physicand recall the PA& PT
techniques. It is divided into two parts:

We first recall the basic theory and discuss soomeldmental phenomena as thermal wave
reflection and refractionthe thermal wave interferometrythe thermal wave resonancand the
thermal wave scatteringogether with the main relative applications.

Then we recall the principle of the different PARRechniques, showing the main applications in
the non-destructive testing NDT and evaluation afenials NDE.

The challenges for the future research are alssepted



20_3
Lock-in and heterodyne carrierographic imaging: Dyramic
optoelectronic diffusion-wave NDT methods with apptations to
quality control of industrial solar cells

Andreas Mandelis', Yu Zhang'? and Alexander Melnikov*
! Center for Advanced Diffusion-Wave TechnologieS(ET), Mechanical and Industrial
Engineering, University of Toronto, TorontoM5S 3G&nada
2 Department of Automation Measurement and Contratbi# Institute of Technology, Harbin,
150001, China

Abstract

A solar cell lock-in carrierographic image genearatitheory based on the concept of non-
equilibrium radiation chemical potential was dey&ld. An optoelectronic diode expression was
derived linking the emitted radiative recombinatiphoton flux (current density), the solar

conversion efficiency, and the external load resis¢ via the closed- and/or open-circuit
photovoltage. The expression was shown to be oftractare similar to the conventional

photovoltaic 1-V equation, thereby allowing the reamographic image to be used in a quantitative
statistical pixel brightness distribution analysisith outcome being the non-contacting

measurement of mean values of these important gheasnaveraged over the entire illuminated
solar cell surface. This is the optoelectronic ealgint of the electrical (contacting) measurement
method using an external resistor circuit and thgputs of the solar cell electrode grid, the latter
acting as an averaging distribution network over shrface. The statistical theory was confirmed

using multi-crystalline Si solar cells.
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Depth profiling and other inverse problems in PA&PT

Jan Sermeu§, Liwang Liu, Robbe Salenbieft, Jan Five? and Christ Glorieux®”
@ |_aboratorium voor Akoestiek en Thermische Fydiep. Physics and Astronomy, KU Leuven,
Celestijnenlaan 200D, B3001 Heverlee, Belgium
®) cMS, HUB, Stormstraat 2, B-1000 Brussel, Belgium
" christ.glorieux@fys.kuleuven.be

As in most fields experimental physics, the analysi experimental data in photoacoustic and
photothermal research requires the extraction ofen@h parameters from a set of acquired
experimental values. In most of the cases a thieatanodel, calculating the observed signals
given the material parameters is available. Howevery often, there is no analytical equation
available that explicitly expresses the materiaapeeters as a function of the experimental data.
Here we shed a light on a series of such non-trimigerse problems related to photoacoustic and
photothermal techniques, summarize typical apprest¢h deal with them, and propose some new
approaches. We focus on the mildly ill-posed peoblof photothermal depth profiling. Also
examples of photopyroelectric signal analysis aelhted problems of fitting degeneracy are
discussed. The limits of the inverse problem aftphcoustic depth profiling, i.e. the extraction of
the depth profile of the elastic parameters from ttequency/wave number dependence of the
surface acoustic wave velocity is revisited, an#édiare made to the extraction of elastic parameter
from isotropic and anisotropic multilayers, withesfal attention on how to cope with fitting

degeneracy via most-squares analysis and the udtiod of non-degenerated parameters.



20_5
Nanoscale Engineering Networks and Challenges

Sebastian Volz
Laboratoire d'Energétique Moléculaire et Macrosappe, Combustion, UPR CNRS 288
Ecole Centrale Paris, 92295 Chatenay Malabry France

This presentation will first emphasize a link exigtbetween nanoscale heat transfer,
nanoelectronics, radiation and acoustics and meiite corresponding communities involved in
Europe.

This network approach will be then illustrated bgpecific challenge which is to consider
heat as possible information carrier. This idea el further supported by recent measurements of
nanojunction thermal conductances proving balligtermal phonon transport at ambient
temperature.

This measurement was performed based on a MEME&M-{MicroElectroMechanical
System in Transmission Electron Microscope), whtichsists in generating a static temperature
difference at the ends of a nanojunction. The naratjon itself is formed by contacting microscale
silicon surfaces and retract them to draw smalkksvof a few tens of nanometers. The conductance

data clearly reveal the presence of ballistic pimamansport.



20_6
Acoustic Microscopy: Introduction, Overview and Applications

A. Bettucci
Department of Basic and Applied Sciences for Eewging,
SAPIENZA Universita di Roma, Rome, Italy

Abstract: Nowadays there are a great number afadk@ microscopy techniques to observe and
characterize micro- or nano-structures: opticalrascopy, electron microscopy, the large family of
the scanning probe microscopy which includes, x@neple, the scanning tunneling and the atomic
force microscopy, etc. Each of these techniquessrein a different contrast mechanism to reveal
the structures and each technique has its own m@raeplications for which is particularly suitable
The acoustic microscope it is not a new entry i@ tield of microscopic imaging: its current
configuration as a scanning instrument, in whiclsample is placed in the focal region of a
converging ultrasonic beam generated by an acolesig with a large numerical aperture, was
introduced by C. Quate and R. Lemons at Stanforgddsity in 1974 [1]. It is s a miniature sonar
system (e.g. an instrument based on the pulse-effext of the elastic waves) in which
electroacoustical transducers and acoustic lensels & Megahertz (or Gigahertz) frequencies to
form high resolution images showing material prtipsrnot usually seen with other kinds of
microscopy techniques. Actually, the nature ofdleustic contrast is based on the propagation of
Surface Acoustic Waves (SAW), also known as Rakleigves, that are elastic waves traveling
along the surface of the sample and whose energgnBned within few wavelengths below the
surface itself: the SAW are responsible for highiigg the changes in elastic properties in acoustic
images [2].

In normal operating condition the lateral resolntaf an acoustic microscope is in the submicron
range, consequently, for some applications, it @sn superseded by instruments with higher
resolving power i.e. Atomic Force Microscope (AF&£)d, for subsurface imaging in solid samples,
by acoustic AFM-based techniques such as Ultradémice Microscope (UFM). Anyway, just for
the very particular mechanism of contrast genemativze acoustic microscope remains unsurpassed
in some applications; for example, the presenca tfuid as a coupling medium between the
acoustic lens and the sample surface makes itquertool for probing mechanical properties of
living cells and soft tissues that can be analya#lout the need of staining or some other kind of
preparation.

In this talk the physics of the acoustic microscefiebe analyzed with emphasis to the mechanism
of contrast generation highlighting the role playgdRayleigh waves; examples of application will
be reported in the field of non destructive evabraand of imaging of living cells and biological
tissue.

[1] C. F. Quate, Physics Tod&8;,34-42 (1985).
[2] G. A. D. Briggs and O. V. KolosoWcoustic MicroscopyOxford University Press, 2010).



Saturday 21" April

Nanoscale Heat Transfer and | maging
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When AFM met IR:
Nanospectroscopy AFMIR for subcellular imaging.

A Deniset-Besseaf* C. Martel®, J.M. Ortega?®, R. Prazere§, M.J. Virolle®, C. Policar, and A. Dazzf
@ |aboratoiry of Chemical-Physics, Université Pafiad-CNRS UMR 8000, Orsay, France
®) |nstitut of genetic and microbiology, Universitérd-Sud-CNRS UMR 8621, Orsay, France
© Laboratory of biomolecules - UMR 7203- Ecole NolerBupérieure, Department of chemistry, Paris, n
“ariane.deniset@u-psud.fr

Abstract: Recently near-field techniques play admental role in Nanoscience microscopy. Two
different ways exist to make infrared studies witkar-field techniques: optical techniques
measuring the transmitted signal coming from theorabject and photothermal approachs using
thermometer to link temperature to absorption messants. Considering these previous methods
limitations, we have developed an innovative irdchnanospectromicroscopy, AFMIR.

AFMIR? s a cutting-edge near-field technique using apsét which an atomic force microscope
(AFM) is coupled with a tunable pulsed infraredelaso record spatially resolved absorption
measurements. The AFM tip is in contact with thaga that is illuminated by a pulsed laser beam
passed through a ZnSe prism. The laser waveleadtmed to an IR absorption band of a molecule
and, when the laser pulse occurs, the temperatucesases locally with local temporary
deformations. The AFM tip detects these local defiions and starts to oscillate. The maximum
amplitude of the oscillations, corresponding to #EMIR signal, is proportional to the local
absorbance. AFMIR resolution is the same as the A€M 20-50 nm). It thus allows subcellular
IR mapping of biological samples. The relevancdhaf technique was proved by following the
growth of PolyHydroxyButyrate vesicules in Rhoddieacapsulatu’s

To illustrate, two studies will be detailed on @ and eucarotic cells. First, we have recently
showr! that P89, a hydroxy-tamoxifene hormone conjugétesl Re-tris-carbonyl7 (a IR marker) is
providing, after cellular incubation (1h, 1uM, seMDA-MB231, non-hormono-dependent breast-
cancer), an intense signal (at 1925%rm classical FTIR and allows an efficient AFMIRapping
inside cells. Using the intrinsic IR-signal of ppbate (1240 ci) and amide | (1650 cm) the
nucleus was localised without any probe. The cdieaigon with P89 and the nucleus was
evidenced due to the comparison of the high resaiwapping of AFMIR.

Then a study on Streptomyces, soil filamentousdsagtwill be presented. These bacteria produces
many secondary metabolites with various chemicalcgires and useful. Recently, an inverse
correlation between the presence of lipid vesialed the production of secondary metabolites was
highlighted in Streptomyces. Consequently, considethe size of the vesicless 100 nm) and
their IR properties (C=0O stretching of the estear4 %88 cn), we have proposed to monitore the
constitution and/or degradation of storage lipidsStreptomyces in relation with the production of
seconday metabolism.

[1] A.Dazzi, R.Prazeres, F.Glotin, J.M.Ortega, bMticroscopy 107, Issue 12, 1194-1200 (2007).
[2] A.Dazzi, R.Prazeres, F.Glotin, J.M.Ortega, Ms&Waftah, M.De Frutos, Ultramicroscopy 108,
635-641(2008).

[3] C.Mayet, A.Dazzi, R.Prazeres, J.M.Ortega , Mlatd, Analyst 135, 2540-2545 (2010).

[4] C.Policar, J.B.Waern, M.A.Plamont, S.Cléde, @ydt, R.Prazeres, J.-M.Ortega, A.Vessieres,
and A.Dazzi,
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Acoustic phonons — collective and extended modeghef atomic motions - are the dominant heat carier
nonmetallic materials. At low frequencies (GHz r@pga number of optical experiments (Brillouin tsedng

spectroscopy, ultrafast spectroscopy) are able rabep their behavior at a single frequency — cohengave

propagation, attenuation - whereas at higher fregjes (> 2 THz), being the ones responsible foitlteemal transport
at room temperature, a monochromatic investigasomore difficult due to the strong attenuation.alfdition to the
optical methods, Joule-heating thermal excitatienai solution to generate high-frequency phonons, the full

spectrum is excited and an averaged analysis Has performed. The particle-picture appears pdaibuappropriate
to describe the heat transfer.

We have probed the ridge-substrate geometry toyamahe confinement of the acoustic phonons, whichour
experiment, are generated through Joule effectdemosited metallic resistor wire that lies on tdghe ridge. We
discuss the results as a function of the tempezahere used as a convenient way to tune the aeatgonon mean
free path [1].

We discuss the fact than in nano-objects propertheghs (and their associated temperatures) dieulifto define and
show how the particle-picture helps then definimg heat flux flowing from one nano-object to a nogcopic one [2].
We also analyze the rarefied phonon regime, whepkionons are generated from sub-mean free patbeso3].

J_D=100-450nm
t €=100nm

I L=200-1000nm
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Fig. 1Silicon ridge and substratgig. 2: Rarefied phonon
(blue),and nanoheater (red) geometry
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Abstract: Tunable optical pulses are used to exssgtectively coherent mechanical oscillations & 5150 GHz range,
assigned to vibrations of isolated spheres or paEfirsontacting spheres, in an ensemble of gold parizles. The
amplitudes of the oscillations exhibit a strong@amtement when the laser central wavelength is ttmeelsonate with
the corresponding plasmon. Our approach distingsistself in that we are able to discriminate befwenodes of
individual spheres and pairs of connecting sphevitsout recurring to single-particle detection. Base of the
resonant selection in the excitation process, tisghe of the acoustic modes are significantly serathan broadening
caused by the spread in radii in the ensemble.

There are various mechanisms by which light coufgesanoparticle (NP) vibrations [1]. For instanabsorption of an
incident optical pulse at or near a plasmon resomdeads to an increase in temperature with thearoitant thermal
expansion of the NP. If the temperature rise ididahtly fast, this results in the coherent exiita of vibrational
modes [2]. In the case of spherical NPs, light ¢esiprimarily to the radial breathing mode of momosn[2] and, as
recently shown by Tchebotareva et al. [3], to tihetshing mode of dimers. These authors could ifietite respective
modes by performing measurements on isolated splagre dimers. Here [4], we work with an ensembépared by
wet chemistry methods, which allow for fine contoblthe concentration and aggregation of the NF§].[Selectivity
in excitation and detection of one or the other engglattained by tuning the laser wavelength tochméahat of the
corresponding monomer or dimer plasmon. We find, tthae to resonant excitation and, thereby, paransetectivity,
the vibrational modes exhibit a higher quality &adhan what is expected for the size dispersidhénensemble
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Fig. 1. Coherent phonons generated in an ensemble ofnl@adius nanoparticles. Data obtained for laser
central wavelengths corresponding to the plasmson@nce of (a) single particlés € 520 nm) and (b) dimers
(Ac = 620 nm). The top traces show the measured diffel transmissioryT/T. Red curves are fits to the data.
The lower panels show the individual phonon contiins obtained from the fit after subtraction bet
electronic background. The cartoon in the middlewsh schematically the stretching dimer mode and the
breathing single-particle mode, which amplitudstiengly enhanced when the pulse wavelength ressmdth

the corresponding plasmon frequency.
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Understanding the change of thermophysical pragedf materials under irradiation conditions isrextely
important for the development of new technologied materials to be used in next generation nucksetors. Using
ion-irradiation in lieu of in-pile measurement pides an easier, quicker, and cheaper method ofismdrradiation
damage effects [1]. As may be predicted by numksicaulation, the ion irradiation penetrates a thime (0.1-10Qm
deep for laboratory accelerators) on the irradiaiedace creating what at times may be approximated layered
structure. Few studies of ion-irradiation-inducdtertmal property changes have been performed, maesiyg
photothermal methods [2-4].

Using an approach combining scanning thermal mamnoyg (SThM) and photothermal radiometry (PTR), the
thermal conductivity change of a proton-irradiagatonium carbide (ZrC) sample has been charae@rizhe cross
section of the sample has been mapped using SThiotade a thermal conductivity profile as a functiof depth
through the irradiation damaged layer into the pubkdamaged material as shown in Fig. 1. Frequsoays performed
using front-detection PTR on the irradiated facsoatlemonstrate the capability to identify the thaphysical
parameters of the damaged zone approximated gei3lan the bulk.

The measured SThM conductance profile evidencesta gniform degradation of thermal conductivitytive
damaged region with evidence of a thin transitagel to the bulk, raw ZrC (Fig. 1) and providesuadile input in the
parameter fitting process for the PTR data. DCbeation of the SThM conductance signal has beerfopeed
indicating ~50% reduction of thermal conductivity the irradiation-damaged layer. Best fits for theasured PTR
spectra validates this result showing 53% degradaffhe SThM and PTR methods are shown to complesaeh
other to characterize the strong degradation ofirthe conductivity in the ZrC sample and may provaeiseful
methodology for future studies.
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Fig. 1: Thermal conductance profiles for proton-irradiated ZrC cross section. Left: SThM probe power [0 conductance) in
constant temperature mode vs. penetration depth (Btance = 0 is ~1@m from surface). Right: Conductance image showing
clear thermal distinction between damaged zone (d&) and virgin material (light).
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Transient grating techniques exploit the largeimsic bandwidth offered by laser excitation
and detection via photothermal and photoacoustieces, while channeling the signal
energy into a narrow band wave number of choicehe Wave number selection is
controlled via the crossing angle between mergsdrlaeams, with wavelengths down to
the one of the used laser light. Due to the hig¢tigion on the frequency of the narrow
band signals, thin film induced dispersive effesisface acoustic wave velocities can be
determined very accurately, so that transient ggatiechniques allow to characterize films
with thicknesses in the sub-100 nm range.

In this presentation we probe the current and deplealtimate limits of elastic thin film
characterization by transient gratings. Also atbgcal model for and preliminary results
on the use of a transient grating techniques ferthliermal characterization of thin films are
presented, and future perspectives on this appraactiscussed.

Also some alternatives to the classical detectibtramsient grating signals by diffraction

are proposed.
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Heat transport at nanoscale is of importance fonymaanotechnology applications [1]. There are
typically two current problems related to this sdbjin nanophotonics: the first problem, of
fundamental interest for semiconductor lasersif{he removal of the heat generated to maintain
the functionality and reliability of these device$She efficient evacuation of heat in the
nanostructures is of crucial importance in ordeavoid large thermal stresses devastating for the
lifetime of the whole device. The second problertoisitilize nanostructures to manipulate the heat
flow for thermoelectric energy conversion and thephmotovoltaic power generation. Here one has
the inverse requirement, i.e. to limit thermal diéon in order to guarantee a high energy
conversion efficiency. Considerable efforts are adays to discover new geometries with a huge
number of internal interfaces and thermal barriererder to increase the thermal resistance. The
study of the heat transport in such nanostructigdsere performed by applying photothermal
techniques. Photothermal radiometry is here appbddcalize the internal heat sources where the
light is absorbed and to measure the sample efeetiiermal diffusivity. In this work we discuss

the results obtained on opals [3-5] and carbon tdnes.
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The terminfrared signaturegenerically describes how objects appear to iaftasensors. In most cases,
infrared (IR) emissions from vehicles are used étedt, track, and lock-on to the target. The imfdasignature of a
given object depends on several factors, incluttiegshape and size of the object, its temperanadta emissivity, as
well as external conditions (illumination, backgndiy to name some). One of the most challengingstesffarding the
IR vision is to reduce the infrared signature gkots.

Although the IR spectrum extends from the red lighimicrowave radiation, i.e. 0.77 to 100, there are
only two wavelength ranges showing high IR trantanite in the atmosphere, i.e. 3-5 and 84t known as mid
(MWIR) and long (LWIR) IR windows, respectively. @ide these windows, GGnd HO vapour give rise to both
absorption and scattering phenomena, determininggtattenuation of IR radiation.

Thermochromic materials, changing their spectrapprties as a function of the temperature, arensitely
studied in the seek of active control of thermalission. Among the different thermochromic materidlee most
known and widely diffused is vanadium dioxide, ¥that is also the object of the present study Itk].crystalline
lattice exhibits an abrupt semiconductor-to-metage transition at a temperaturg=1341 K (68°C) characterized by
an increase of reflectivity as well as a decredsanossivity in the IR range. At a microscopic s;ahrough the phase
transition VQ undergoes a physical change of its crystallinefa@h monoclinic to tetragonal.

As well as other oxides showing this peculiar cbastic, as Nb dioxide (Nb{ and O, VO, has an
insulating behavior undercJ while above this temperature it exploits a matatiature, dramatically changing its
optical, electrical and magnetic properties. Intipafar, optical properties are sharply changedirduthe phase
semiconductor-to-metal transition, thus the disperéaw of the complex refractive indexik is strongly modified.
[2,3]. As a consequence, the phase transition,rdoguin a very short temporal range of the ordefeay picoseconds,
can be exploited for the realization of an optiwamponent switching from transparent (in the semictor state) to
reflective (in the metallic state), as well as #icent thermal switch. [4,5]

In general, the performance effectiveness of eitiptical or thermal switches can be quantified astimated
through the so-calledynamic rangewhich is the difference between the largest amdligest possible values of a
changeable quantity. Within the present work weandethis figure of merit as the difference betwélea emissivity
values, averaged in the IR range 3#» and calculated for the two different regimes, below and above ¢
respectively. Given this assumption, it's worthnimte that thesign of the dynamic range, i.e. if positive or negative
completely changes the filter behavior and thugmeines the type of application. A thermochromitefidisplaying
positive dynamic range, i.e. its IR emissivitigcreaseswith increasing temperature, is suitable for Iignsiture
reduction as well as for smart windows for thergwitrol [6]. On the other side,regativedynamic range is required
for space applications and emissivity control aicgzraft [7].

Recent works have shown, both theoretically andegmpentally, that the thermal emissivity behaviaith
temperature (i.e. dynamic range) of M@in films is strongly influenced by the substrased for the deposition.

In what follows we consider simulations of the ioalt response of V&thin films first deposited on different
substrates (section 2), and then in multilayercstmes (section 3), below and above the We discuss the effect that
different substrates as well as Yfyer thicknesses have on the sign of the dynaamge. Finally, we introduce some
metallo-dielectric multilayer structures, compod®ad copper or silver and V{alternating layers, where the layer
thickness is systematically varied in order toHartincrease and optimize the dynamic range value.
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Abstract: Heterodyne digital holography associ#ttesadvantages of full-field phase-sensitive imggmthe ability to
probe modulated phenomena, such as photothermaloptena. It is therefore very adapted to the 3D ystol
plasmonic phenomena, which direct or confine lighi;, also induce strongly localised heating. Thesfalities of this
method, which delivers signals directly proportioria the local temperature increase induced by ightse
phenomena, will be illustrated on nanodisc chaintsrad pairs.

In metals displaying ohmic losses, the electrorillation which is characteristic of plasmonic phemna induces
heating. Although detrimental to some applicatiottés heating can be considered a fingerprint aisionic
phenomena, and has recently been used as waysetd danoparticles [1, 2], or to characterize plasio resonances
in nanostructured systems [3]. Here, we proposeracontact, full field imaging method based on t@digheterodyne
holography [4], which measures variations in tightliscattered by the structures as a result cdetfie index changes
related to local heating. A variety of nanodisc inkawith different disc numbers, spacings and diansewere
fabricated on glass substrates by e-beam lithograph

A heterodyne phase modulation of a low power progam A= 785 nm, P = 50 mW) allows the retrieval of high
frequency changes induced by the modulation of>aitagion beam (Fear = 1 kHz,A= 532 nm, P < 1W) at a low
frequency compatible with a slow CCD cameracf= 16 Hz). A Green function - based analytical apgh allowed
us to show that the recorded signals are directdpqrtional to the temperature increase.

In the example shown in figure 1, on a 17 discsircifd=150nm, gap=10nm), a clear photothermal sigsal
observed when the excitation beam is polarizedllphta the axis of the structure. The photothersighal is 3.5 lower
for a perpendicular polarization at identical laffeence. This is a clear indication that a plasineasonance involving
the whole disc chain, efficiently excited by anctfie field along its axis, is the dominant disgipa source in this case,
while the perpendicular polarization mostly excitedividual disc modes.

We will present a systematic study of the depene@figphotothermal signals on disc number, sizegam as well

as photothermal measurements on other types ahplas structures.
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Figure 1 : left: setup. Acousto Optical Modulators (AOM 1 a)dmodulate the optical phase of the probe beam (at
80 MHz and 80 MHz-f..r Fccp/4 respectively. Right : Thermally induced changethe scattering by nanostructures,
induced by a green laser modulated by AOM3 in anghdi at a frequencyyk (typ. 1 kHz), on a chain of 17 discs of
150 nm diameters, separated by 10 nm gaps.

[1] D. Boyer, P. Tamarat, A. Maali, B. Lounis, and ®irrit, Science297, 1160-1163 (2002).

[2] E. Absil, G. Tessier, M. Gross, N. WarnasoorigaSuck, M. Coppey-Moisan, D. Fournier, Opt. Ei®, 2, 780 (2010).
[3] Baffou, G., C. Girard, and R. Quidant. Phys. Reatt1104 (13), 1-4 (2010).
[4] S. Y. Suck, S. Collin, N. Bardou, Y. De WildeydaG. Tessier, Optics Letters 36, 6, 849, (2011).



219
Monte Carlo Uncertainty Analysis of Thermoproperty Measurement
by Photothermal Methods

Kyle Horne, Benjamin Timmins, Heng Ban
Utah State University, Old Main Hill, Logan UT
“horne.kyle@gmail.com

Photothermal methods are used to measure thermmpémies of layered samples with great with
encouraging resulis-3]. Among these efforts is a method which computessimple’'s properties
from measured surface temperature phase lag aiugafiequencies using a multi-stage curve fit
process. The curve fit process combines a brute fapproach with more traditional curve fitting
methods helps to remove the dependence of theafdanpeters initial guesgl, 5]. Due to the
complexity of curve fit process traditional Taylerseries method cannot be used to estimate the
uncertainty; therefore this work focuses on undetyaestimation for different Photothermal
methods through Monte Carlo simulations.

The Tayor series method of uncertainty propagatguires the development of a data reduction
equation which relates input variables to the @elsiesult. When general algorithms, such as curve
fitting, are used to relate inputs to results ibfien undesirable to define a data reduction egpiat

due to the number of terms involved and complexetaied relationships. For such algorithms the
Monte Carlo method is used, which simulates thegss with random inputs and returns statistical
data pertaining to the expected res[6is This feature allows the Monte Carlo method torimee
versatile than the Taylor Series method by accagritir correlated effects, and large numbers of
terms but sacrifices generality; in general Mongél€results are only valid for the specific system
simulated.

Initial investigations into the uncertainty of diffivity and effusivity of a thin film on a known
substrate have been completed. Using the methantilbled, various measurements normally made
during a material property calculation were givamiations to simulate uncertainty in that value.
The diffusivity and effusivity of the thin film werthen calculated by an algorithm which is given
only the believed values, not the true values. Jthéstics of the deviations from the true valoe i
the simulated results quantify the uncertainty ttu¢he variable inputs, seen in the figure. The
asymmetrical diffusivity distribution indicates aeasurement bias or dependent input variables in
the calculation. The width of the distributions used as the confidence interval for the
measurement.
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PHOTOACOUSTIC FLOW CYTOMETRY FOR EARLY DIAGNOSIS OF CANCER,
INFECTIONS, AND CARDIOVASCULAR DISEASES

Vladimir P. Zharov

Arkansas Nanomedicine Center , University of Arkarfer Medical Sciences,
4301, West Markham St., Little Rock, Arkansas 72288, USA.

Recently we introduced a new platforminfvivo photoacoustic (PA) flow cytometry for real-time
detection of circulating normal and abnormal cebgymolecules, contrast agents, micro- and
nanoparticles in various bioflows [1-4]. This repesummarizes recent advances of this platform
which include: multispectral laser array, multimbghotoacoustic-Raman detection schematics,
ultrasharp rainbow nanoparticles, molecular tangetf multiple circulating biomarkersn vivo
magnetic enrichment, and combination of PA diagn@sth photothermal (PT) nanotherapy. The
capacity of this technology was demonstrated byr#ad-time detection of circulating individual
normal cells (e.g., erythrocytes and leukocytes)different functional states (e.g., normal,
apoptotic, or necrotic), circulating tumor cellsTCs: melanoma, breast, squamous), bacteria (e.g.,
E. coliandS. aureuys nanoparticles (e.g., gold nanorods, carbon ndnest, magnetic, and golden
carbon nanotubes), and dyes (e.g., Lymphazurinng&wdue, and Indocyanine Green) in blood,
lymphatics, bone, and plants. The assessmentrgé lalood volumein vivo, potentially the
patient’s entire blood volume (in adulfs L) significantly (16-fold) may enhance the sensitivity of
CTC detection including rare cancer stem cells cexgb to the existing CTC assay vivo.If
oncoming pilot clinical trials using the portablé Flow cytometry device are successful, this
technology can provide breakthroughs for the edefection of CTCs when metastasis has not yet
developed and, hence well-timed therapy is mowectffe.
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Optoacoustic Platform for Noninvasive, Continuous Mbnitoring of
Multiple Physiologic Parameters

Rinat O. Esenaliev
University of Texas Medical Branch, Galveston, Beka555-1156, USA
riesenal@utmb.edu

Our laboratory has pioneered novel optical andasttund techniques can be used for
noninvasive, high-resolution imaging and monitoragywell as for noninvasive therapy. We will
present an overview of our results obtained usimg tollowing diagnostic and therapeutic
techniques:

1. Optoacoustic imaging and monitoring;

2. Optical Coherence Tomography (OCT);

3. High-resolution ultrasound imaging;

4. Nanoparticle-mediated cancer therapy.

The optoacoustic technique can be used for ima@rg and 3-D) and for monitoring of
cerebral venous and central venous blood oxygematiddal hemoglobin concentration, and other
physiological parameters. This technique is basedeaiection of thermoelastic ultrasound waves
induced in tissues by optical pulses and yieldsmnvasive diagnostic modality with high optical
contrast and ultrasound spatial resolution. Foremibian 2 decades we have been developing
biomedical optoacoustic monitoring, imaging, anasseg techniques and systems. At present,
optoacoustics is the fastest growing area in biocaéadptics.

One of our long-term objectives in this field isitoprove the care of large populations of
patients by developing the noninvasive, optoacoudingnostic platform that will accurately and
continuously measure multiple important physiologarameters including venous oxygenation
(both cerebral and central) and total hemoglobimceatration. Currently, invasive measurements
of these parameters are routinely used in patientis traumatic brain injury, patients with
circulatory shock, critically ill, surgical, anemiand neonatal patients. We built optoacoustic
systems for monitoring of these parameters by pgBpecific blood vessels including the radial
artery, superior sagittal sinus, and central andpperal veins. In these studies we used multi-
wavelength, OPO-based optoacoustic systems tunabtBe 700-1064 nm spectral range and
highly-portable, light-weight, inexpensive, laseiodk-based systems. We developed highly-
sensitive, wide-band probes for detection of optaatic waves induced in the blood vessels. By
using these probes and reconstruction algorithmseldeed for real-time, continuous signal
acquisition and processing, we obtained high catigi between the optoacoustically predicted and
reference blood parameters. High-resolution (30ran€) ultrasound imaging Vevo system and
standard clinical GE ultrasound imaging systemsewesed in some studies for ultrasound-guided
optoacoustic monitoring. Our results on noninvastamcer therapy and drug delivery that are
based on interaction of nanoparticles with lasarltvasound radiation will be presented as well.
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Photoacoustic breast imaging: the ongoing Twente pgrience

Srirang Manohar, Michelle Heijblom, Daniele Piras, Jithin Jose, Waarg Xia, Johan van Hespen,
Ton van Leeuwen and Wiendelt Steenbergen

Biomedical Photonic Imaging Group,Faculty of Sceand Technology,
MIRA Institute for Biomedical Technology and TechhMedicine
University of Twente, Enschede, The Netherlands

Frank van den Engh and Joost Klaase
Department of Radiology, Department of Surgery,
Medisch Spectrum Twente, Enschede, The Netherlands

One of the relatively new methods being investidater application in imaging the breast is
photoacoustic imaging. The techniqgue measuressoltrad excited by pulsed light illumination of
optically absorbing structures in tissue. This\adhe development of images of pathologies such
as cancer that are endowed with higher absorptierta enhanced vascularization.

Early studies have demonstrated photoacoustic timaging in various configurationsl,2.
We developed the Twente Photoacoustic Mammoscob® (I to image the breast in the cranio-
caudal transmission mode. After a successful pilady in 20073, a new clinical study was started
in December 2010 investigate the clinical feadypibf photoacoustic mammography in a larger
group of patients with different types of brea&stibns. Here we present the results of the firasph
of our study where 10 patient measurements onygjpect lesions and 2 on benign lesions were
performed.

Further, we present some developments in the diefthotoacoustics in a computed
tomography geometry which relies on acquiring salvgrojections around the object under
investigation. We show in phantoms and biologiceécsmens that the presence of acoustic
heterogeneities can produce artefacts when ussngée speed-of-sound in acoustic backprojection
reconstruction. We address the problem, by asoéntaa distribution of acoustic velocity through
the object simultaneous to the acquisition of come@al photoacoustic images. This is achieved
with the help of a passive element4 generatingsdinnd, which is a high absorber of light and thus
a photoacoustic sources, placed in the path ofnitident light outside the object. By choosing a
passive element with a small cross-section, we ghetvsimultaneous imaging of light absorption
and acoustic velocity is possible. The distributioh the acoustic velocity can be used to
compensate for acoustic heterogeneities in the sticolackprojection procedure to obtain
improved resolutions and contrast.
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Negative contrast photoacoustic and photothermal imaging,
spectroscopy and cytometry

Ekaterina Galanzha
University of Arkansas for Medical Sciences, Little Rock, AR, 72205

We introduced a new principle of negative dynamic contrasts for photoacoustic, photothermal
and fluorescent flow cytometry in biomedical research. The advanced capabilities of this method
has been demonstrated for ultrasensitive and noninvasive detection of circulating clots as early
diagnostic and prognostic biomarkers of cardiovascular diseases. Using preclinical in vivo studies
on mouse models of myocardial infarction and human blood samples, we found that low-absorbing
circulating clots can be detected by photoacoustic negative contrast (i.e., signals from clots below
background signal from blood) with the size down to 20 um. Combination of this phenomenon with
positive contrast expanded the capability of flow cytometry to distiguish white, red, and mixed clots.
Taking into account the safe nature of the proposed biotechnology, we anticipate its quick
translation for use in humans.

Selected publications:

1.

3.

4.

Galanzha El, Shashkov EV, Kelly T, Kim J-W, Yang L, Zharov VP. In vivo magnetic
enrichment and multiplex photoacoustic detection of circulating tumour cells. Nature of
Nanotechnology, 2009, 4(12):855-60.

Galanzha El, Sarimollaoglu M, Nedosekin DA, Keyrouz SG, Mehta JL, Zharov VP. In vivo
flow cytometry of circulating clots using negative photothermal and photoacoustic contrasts.
Cytometry A. 2011 Oct;79(10):814-24.

Galanzha ElI, Zharov VP. In vivo photoacoustic and photothermal cytometry for monitoring
multiple blood rheology parameters. Cytometry A. 2011 Oct;79(10):746-57.

Tuchin VV, Galanzha El, and Zharov VP. In vivo photothermal and photoacoustic flow
cytometry Chapter book 17. Ed. Tuchin VV. Advanced Optical Flow Cytometry. Wiley-
VCH, 2011.
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cytometry of circulating cells with negative and positive contrasts. J. Biophotonics, 2012 (in
press).
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Focusing Acoustic Elements for Photoacoustic Imagmn

Gunther Paltauf*, Robert Nuster, Klaus Passler, andSibylle Gratt
Department of Physics, Universityof Graz, Austria
Corresponding Author’s e-mail address: guenthdtgqag@uni-graz.at

Photoacoustic imaging (PAI) uses similar instruragah as classical pulse echo ultrasound imagingdbfers from
this established technique in several ways. Firstlpthe contrast in PAI is due to the opticabperties of the object,
which is hit by short laser pulses in order to ethiérmoacoustically excited ultrasound transiefise second
difference is the frequency content of the generatérasound waves. In PAI, the acoustic frequenciee largely
determined by the size and shape of absorbingtategwithin the object, whereas in conventionatsbund imaging
they are given by the characteristics of the ermgdayltrasound transducer.

Focusing elements are widely used in PAI to impribsesignal to noise ratio and to focus the saritsitof the detector
to a defined area. This enables efficient dataiaitopn, for example in photoacoustic microscopyene two- or three-
dimensional images are formed by collecting amg@ét(A-) scans, without further reconstruction aitjon. But also in
photoacoustic tomography, where sensors with wabe@tance angle are used and where images aredidiynieack
projecting the received signals, sometimes cyloalrdienses are used to focus the sensitivity tefmeld section within
the object. In this case a reconstruction algorithmsed to obtain a two-dimensional image.

In this work, the design and implementation of sgledroad bandwidth focusing elements is demotetiraThese
elements have in common that they do not use chdsacoustic lenses, but rather lens less focudatgctors or
reflectors. Even more importantly, we attempt ttirojze the image quality by using special line fsiclg elements.

The first approach is an axial line focus that éembarge depth of field (DOF) PA microscopy ushkgcans.

This type of element focuses onto a line in dimtf its symmetry axis. By contrast, a classighiesical lens focuses
to a point. If the time of flight of an acoustic veais used to form a depth resolved image the fiieais has the
advantage that lateral resolution stays constamigah large DOF. A single element that allows sactaxial focus is a
concave conical sensor. It is related to the coroanical axicon lens in optics that is used to gateeBessel beams.
Simulations and experiments are shown to demomsthat imaging properties of such an element, wiiak made
from a piezoelectric polymer. Although it exhibite desired large DOF, the detector suffers froongt artifacts due
to incomplete filling of the frequency space of thigect. Owing to the spatially constant point sgréunction some
improvement can be achieved by deconvolution, hatlack of frequency components makes this procgssiite
ineffective. An improved but more complex solutisran array of concentric rings (up to 8). The aldgormation for
such a device is shown and the formation of A-s¢gndynamic focusing, together with experimentauitts.

Another line focus is that of a long, cylindricalihaped lens (or lens less detector). Now the tatien of the line
focus is in lateral direction, meaning that wavestied from sources lying on the focal line arratethe same time at
the detector. Again for this device the signal gatien and processing is shown. Image reconstmudtam signals that
are acquired while the sample rotates about an axis
perpendicular to the focal line involves the ineers
Radon transform. An implementation using a
piezoelectric polymer film is shown and some
experimental results on phantoms and biologicatctbj
Finally, the line focus concept is combined withicgl
detection, using an elliptical reflector. Waves daogn
from the object around one focal line of the elipme
collected in the other focal line, where the acicady
induced optical phase change is detected with a
interferometer. Advantages of this approach compare
piezoelectric sensor are that the optical detedtorery
accurate and has high bandwidth. The figure shows
images of a zebra fish taken with this device.
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Thermophotonic and Photoacoustic Radar Imaging Methds for
Biomedical and Dental Imaging

Andreas Mandelis (*)
Center for Advanced Diffusion-Wave TechnologieqtDef Mechanical and Industrial
Engineering and Institute of Biomaterials and Bialisal Engineering, University of Toronto,
Toronto, ON, M5S 3G8, Canada
In the first part of this presentation | will inttace thermophotonic radar imaging principles and
techniques using chirped or binary-phase-coded tatdn, methods which can break through the
maximum detection depth/depth resolution limitasiaxf conventional photothermal waves. Using
matched-filter principles, a methodology enablirmggbolic diffusion-wave energy fields to exhibit
energy localization akin to propagating hyperbeliave-fields has been developed. It allows for
deconvolution of individual responses of superpamadlly discrete sources, opening a new field:
depth-resolved thermal coherence tomography. Slevetamples from dental enamel caries
diagnostic imaging to metal subsurface defect tlognaphic imaging will be discussed. The second
part will introduce the field of photoacoustic radar sonar) biomedical imaging. | will report the
development of a novel biomedical imaging systeat thtilizes a continuous-wave laser source
with a custom intensity modulation pattern, ultrdsophased array for signal detection and
processing coupled with a beamforming algorithmrironstruction of photoacoustic correlation
images. Utilization of specific chirped modulatisveforms (“waveform engineering”) achieves
dramatic signal-to-noise-ratio increase and impdovaxial resolution over pulsed laser
photoacoustics. The talk will conclude with aspeaftinstrumental sensitivity of the PA Radar to
optical contrast using cancerous breast tissue-tcking phantoms, super paramagnetic iron oxide

nanoparticles as contrast enhancement agentis-asvb tissue samples.

(*) With N. Tabatabaei, S. Telenkov and R. Alwi
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Time-resolved two-dimensional imaging of GHz surfag acoustic
waves in phononic crystals and structures based dhem

Osamu Matsuda
Division of Applied Physics, Faculty of Engineeriktpkkaido University,
060-8628 Sapporo, Japan
" omatsuda@eng.hokudai.ac.jp

Abstract:  Ultrashort light pulses of temporal widin the sub-picosecond regime can generate arettdatgh

frequency acoustic waves up to and beyond 1 THiins[1]. The propagation of generated acoustiwes can be
monitored as transient optical reflectivity changésch are detected with the delayed light puls€éhe method is an
optical pump-probe technique and is called picosdclaser acoustics. It has been widely used tdyselastic

properties and sample structure using the excitadfolongitudinal or shear acoustic waves propagatowards the
interior of the sample.

The combination of the picosecond laser ultrasotéchnique, two-dimensional scanning of the prabétlIspot
position over the sample surface, and optical iatemetry allows one to follow the spatiotemporabletion of GHz
surface acoustic wave (SAW) fields with a laterstsal resolution of 1um[2,3]. This time-resolved two-dimensional
imaging of SAW is also very useful for investigafielastic and structural properties.

We have applied this SAW imaging method to the wfdthe acoustic properties of 1D and 2D phonanystals[4,5]
and devices based on them, such as phononic cryatedguides. By taking temporal and spatial Fouremsforms of
the spatio-temporal acoustic field data, the acowdispersion relations and, in particular, phocoband gaps are
revealed. In the phononic crystal waveguides awities, the frequency dependence of the wave Gieldinement is
clarified. These results are compared with numersiaulations based on the finite-element methafj[6, This
research forms a basis for the efficient evaluatibphononic structures based on the phononic a@ig/sThe talk will,
in particular, review our recent results in thildi

[1] C. Thomsen, H. T. Grahn, H. J. Maris, and ld&hys. Rev. B4, 4129 (1986).

[2] Y. Sugawara, O. B. Wright, O. Matsuda, M. Taiira, Y. Tanaka, S. Tamura, and V. E. Gusev, IReysLett.88,
185504 (2002).

[3] T. Tachizaki, T. Muroya, O. Matsuda, Y. Sugaaab. H. Hurley, and O. B. Wright., Rev. Sci. Instr. 77, 043713
(20086).

[4] D. M. Profunser, O. B. Wright, and O. Matsu@dys. Rev. Lett97, 055502 (2006).

[5] D. M. Profunser, E. Muramoto, O. Matsuda, OVBight, and U. Lang, Phys. Rev.88, 014301 (2009).

[6] 1. A. Veres, D. M. Profunser, O. B. Wright, ®latsuda, and B. Culshaw, Chin. J. P&.534 (2011).

[7] O. B. Wright, I. A. Veres, D. M. Profunser, ®latsuda, B. Culshaw, and U. Lang, Chin. J. PA9s16 (2011).
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Internal heat sources reconstruction: an approachd defect
characterization from vibrothermography data

A. Mendioroz®”, R. Celorrio®, and A. Salazaf”
@Departamento de Fisica Aplicada I, Universidad Bals Vasco, UPV/EHU, Bilbao, Spain
®Departmento de Matematica Aplicada, EINA/IUMA Unsity of Zaragoza, Zaragoza, Spain
" Corresponding Author’s e-mail address: arantza.dieroz@ehu.es

Infrared thermography using ultrasound (US) exidtatvas first introduced in the late seventies [f]this technique
the sample is excited by ultrasonic vibrationshesitmodulated in amplitude (vibrothermography) bslwort duration
(sonic infrared). Ultrasonic waves generated atdbetact travel along the continuous material withsignificant
losses, but in the presence of discontinuitieg tkacks or delaminations, friction between the faaes of the defect
can generate heat that propagates inside the saimee thermal waves eventually reach the sanpface and the
corresponding temperature field can be detectadyumi infrared camera. In this configuration, defdehave like heat
sources on a dark field, which makes this technigery suitable for the detection of defects elusi@eother
nondestructive evaluation tests [2,3].

In this work we develop an inversion technique haracterize the position, size and shape of intdiataheat sources
from vibrothermography data: surface temperaturglitimde and phase data at different US amplitudelutation
frequencies. First we solve the direct problene, i.calculation of the surface temperature gengtayean internal flat
heat source of arbitrary shape. Then, we geneyaithetic data by adding white noise to the direabfem solution
and use these data for the inversion. The inveiisiperformed by defining a 2D mesh in the planet@iming the heat
source and applying the total variation regulaiarato determine the presence or absence of asheate at each point
of the mesh.

Finally, we have prepared samples containing catiifat artificial heat sources by attaching two psect AISI 304
stainless steel against each other through adld&ce. In order to localize the heat sources irrasy way, we have
introduced between these two pieces a thin shemipger, whose shape and size is varied in differeperiments. We
have taken vibrothermography data on these santipé¢shave been inverted according to the procegggiously
developed. We have analyzed the accuracy of thenstriction of different contours as a functiortteé depth of the
heat source.
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Limits of spatial resolution for thermography and aher non-
destructive imaging methods based on diffusion wase

Peter Burgholzef® " and Giinther Hendorfer ®
@ Christian Doppler Laboratory for Photoacoustic Igiag and Laser Ultrasonics, Research Center for Restructive Testing GmbH
(RECENDT), Linz, Austria
® FHOOE Forschungs & Entwicklungs GmbH, Wels, Aastri
" peter.burgholzer@recendt.at

In this work the measured variable, like tempemgtig a random variable showing fluctuations. Tdes lof information
caused by diffusion waves in non-destructive tgstian be described by stochastic processes. Inestnuctive
imaging the information about the spatial pattera eamples interior has to be transferred to émepde surface by
certain waves, e.g. thermal waves. At the sampfaseithese waves can be detected and the ingtriature is
reconstructed from the measured signals (Fig. 1¢.amount of information about the interior of sanple, which can
be gained from the detected waves on the sampigcsyiis essentially influenced by the propagatiom its

excitation to the surface. Diffusion causes anagytiproduction which results in a loss of inforroatfor the
propagating waves. Mandelis has developed a ugiffyfemmework for treating diverse diffusion-relatgeriodic
phenomena under the global mathematical labelfbfsibn-wave fields [1], like thermal waves.

(b)
(a) measured signal

detector time

Fig. 1. (a) The same structure is contained twice irstiraple: just beneath the surface and at a higlpth d@) Measured signal at
the sample surface as a function of time: dueffagdon waves the signal from the deeper structurmt only smaller but it is also
broadened compared to the signal from the strugistdoeneath the surface.

Thermography uses the time dependent diffusioreat feither pulsed or modulated periodically) whidkes along
with entropy production and therefore a loss obinfation. The amplitude of a thermal wave decreageg than 500
times at a distance of just one wavelength [e.gTB¢re have been made several attempts to conpehigadiffusive
effect to get a higher resolution for the recongzd images of the samples interior. In this woik shown that
fluctuations limit this compensation. Thereforeoaise spatial resolution for non-destructive imgga a certain depth
is limited by theory. Comparison of experimentauks to theory shows the maximal potential to iowerthe
resolution for a thermography set up.

[1] A. Mandelis, “Diffusion-wave fields: mathematicmethods and Green functions”, Springer-VerlagyNerk
(2001).

[2] A. Rosencwaig, in “Non-destructive evaluatignogress in photothermal and photoacoustic sciande
technology”, edited by A. Mandelis, Elsevier, N.(¥992)



24 4
Contact Laser Ultrasonic Evaluation of Graphite-Epocy Composite
Structure.

D.M. Ksenofontov®", A.A. Karabutov Jr.®, A.A. Karabutov®, .O. BelyaeJ”
and S.A. Khizhnyak®
®@International Laser Center, Moscow State Univerditpscow, Russia
®)33C Aerocomposit,Moscow, Russia
"ksenofontov@physics.msu.ru

A laser ultrasonic methodfor contact nondestructex@luation of the structure of composite
materials is proposed. Specimens of graphite-epmgposites with both compact (i.e. cracks,
cavities) and distributed (i.e. areas of incregseasity) defects are investigated. Two- and three-
dimensional images of composite structure are néthi

The method is based on backward-modeopto-acouststigation[1]. Wide-band acoustic probe

pulse is generated thermooptically by laser puts®@gption in special generator on the front surface
of the studied object. Then, probe pulse propagatethe specimen and being scattered on
structural inhomogenities. The backscatteredacouptilses are registered by a wide-band
piezotransducer, which makes it possible to detectistic pulses in the frequency range from 0.1
to 15 MHz[2, 3]. Since the generation and detectbracoustic pulses takes place on the front
surface of the specimen, this method allows usatoycout nondestructive evaluation with one-

sided access to the object under study. The spectdatime-domainanalyses of backscattered OA
signals are used for mathematical processing ofettperimental data. The method developed
makes it possible to determine the type of defaststhe depth of their location.

[1] V. E. Gusev, A. A. Karabuto\,aser Optoacousticgin Russian], Nauka, Moscow, 1991).
[2] A.A.Karabutov, V.V. Murashov, N.B. Podymova, kte Compos. MateB5, 1, 89-94 (1999).
[3] A.A.Karabutov, I.M. Pelivanov, N.B. Podymova,d¢h. Compos. Mate86, 6, 497-500 (2000).
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Heat Conduction Effects, CW Photoacoustics,
and Phononic Structures
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Abstract: The wave equation commonly used to des¢he photoacoustic effect is derived under thed@ion of no
heat conduction. Experiments show that sharp igatssare found on the leading edges of photoaimowstves from
layers excited by short pulse lasers. The effaatlze shown to arise from the effects of heat cotimlu where the
enormous thermal gradients produced by absorpfipulsed laser beams at flat surfaces takes plAcgave equation
for pressure with an additional term is derivee, sblutions to which describe delta function putbes travel in time at
the front of the photoacoustic wave.

Experiments and theory are presented for the géoeraf photoacoustic waves by irradiation of as@bing gas with

a continuousynmodulatedaser. The effect arises from the fact that where¢here is a pressure maximum there will
be a density maximum, an increase in the concémtraf absorbing molecules, and hence enhanceddegatsition.
This heat deposition increase tends to reinforge aamoustic wave. The opposite effect takes plabera there are
pressure minima—a smaller amount of heat is degbsit these points. An amplification effect is pceatl to be
present in a photoacoustic cell that is irradiaé¢dne window. If a longitudinal acoustic wavepigsent in the
absorbing gas, its amplitude will be enhanced lyattidition of laser energy at the entrance windothé cell, so that
oscillation of a standing wave in the cell shouddsistained.

The theory of photoacoustic and photothermal wasregation in a modulated structure is describe@. cdhsider
perhaps the simplest case of a phononic struataraely, a one-dimensional structure with sinuscdgailsity or
compressibility variations. The wave equationdogssure in a fluid or a one-dimensional solidivelg by

<Lp 2@ cos®@zUp o fae

where aw?, y is a modulation depth, the dimensionless coordimats z=x/ @ where x is the coordinatey is the
modulation frequency, an@ is the cell dimension. The function f(z) is projanal to the optical absorption
coefficient, the thermal expansion coefficient, aimel distribution of optical radiation in spacehelwave equation thus
is found to reduce to the form of an inhomogenddathieu equation. Solutions are found for an iitdirstructure, a
finite length structure, a two dimensional struetwith variations in only one direction, and a spda structure. If
Floquet theory is used, the dispersion relatioa,gbsition of the band gaps, the damping insidéottra gaps, and the
form of the solutions for the pressure inside antside of the band gaps can be determined. Ibvs possible to use
Mathematica to give all three types of Mathieu fiors, the characteristic values, and the chariatiteexponent. The
computation of all results thus becomes straightéod.

If a structure is engineered so that the thernfélsivity varies sinusoidally in space, the hedfudion equation can be
shown to reduce to a Mathieu equation, but witlormmlex value for the parameter a. We show thathMattheory is
still valid, and that solutions for the temperatwan be obtained. Solutions do not show confinemantl the
dispersion relation varies only slightly from tldtan unmodulated structure.
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Fig. 1: (Left) Positions of the band gaps for a structuita y =0.25. The height of the curve gives the magmitafithe damping
constant for waves inside of the gaps. (Right) Disipe relation for a structure with the same vadfig. Both plots were found
from the Mathieu characteristic exponent.
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Compared to electron microscopy or to scanning eralicroscopy, the optical selection of
individual nanoparticles in a far-field microscopas specific advantages. Laser excitation is non-
invasive, can reach much beyond surface layerscaminands a wide range of time-resolved and
frequency-resolved spectroscopic techniques. dpsgmals provide unique insights into the
dynamics of nano-objects [1]. | shall illustraterso applications of single-nanoparticle optics to
dynamics with recent topics from our group.

i) We study single gold nanoparticles by phototherand pump-probe microscopy. We detect their
acoustic oscillations launched by a pump pulse [Rjis opens up uses of individual gold
nanoparticles for local plasmonic, mechanical amehacal probing

i) Photothermal microscopy opens the study of floarescent absorbers, down to single-molecule
sensitivity [3]. Combining photothermal contrastiwphotoluminescence [4], we can measure the
luminescence quantum yield on a single-particlesbaisd gain insight into the complex relaxation
phenomena leading to emission by metal particles.

i) We have built a near-infrared optical trap fgold nanoparticles [5]. Single nanorods orient
along the polarization of the trapping laser. Byam® of polarized detection, we observe their
translational and rotational Brownian motion in thap. We use this dynamics to evaluate the
optical restoring torque and the temperature opticle.

[1] F. Kulzer et al., Angew. Chem9 (2010) 854.

[2] A. L. Tchebotareva et al., Laser Photon. Re{2@110) 581-597.
[3]. A. Gaiduk et al. Scienc&30(2010) 353

[4] A. Gaiduk et al., ChemPhysCheifd (2011) 1536.

[5] P. V. Ruijgrok et al.107(2011) 037401.
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Recent Developments in the Photopyroelectric Calanetry of
Condensed Matter

D. Dadarlat
Department of Molecular and Bio-molecular Physiational R&D Institute for Isotopic and
Molecular Technologies, Cluj-Napoca, Romania

Abstract: In this review the possibilities offerled the two main used photopyroelectric (PPE) deteatonfigurations,
“back” and “front”, are analyzed, and the infornoaticontained in the amplitude and phase of the BiBEal are
compared. A study of the accuracy of the investigat when using the frequency or thickness scaradeis also
made. The applications of the technique refer hotliquid and solid samples. Concerning liquidsggharesolution
measurements of thermal diffusivity and effusivitysome “special liquid samples” (associative and-associative
binary liquids, isotopic liquid mixtures, nanoflgidvegetable oils) are described. Several partidaRE detection
cases, used for thermal inspection (measuremetitesmal parameters, detection of phase transitietty, of thin
and/or bulk solids were also presented.

The photopyroelectric (PPE) calorimetry, togetheithwother photothermal techniques, overtook thegesta of
development of theoretical aspects and qualitajwalications [1]. People working in the field arewnexploring the
limits of the method for accurate investigationstioédrmal properties of condensed matter. In the B&l&rimetry,
practically, one can combine different detectionfagurations (usually two - “back” or “front”), soces of information
(PPE amplitude or phase) and scanning parameteopgng frequency or sample’s thickness), in otdeobtain the
dynamic thermal parameters of a condensed matteriald2].

Concerning the investigated materials, during #e Hecades, the area of interest was dedicatealymai liquids
because, due to the perfect sample-sensor theontdat, accurate quantitative results can be obdai@onsequently,
intimate processes occurring in liquids (molecudasociations, isotopic effects, structural chanigesanofluids,
adulteration and spoilage of liquid foodstuffs,.ptcan be studied. The main PPE procedures apfiiediquids’
calorimetry were the front and back configuratioompled with the thermal-wave resonator cavity @& method
[2, 3]. This procedures lead to highly accurate sneaments of thermal diffusivity in the back configtion and
thermal effusivity in the front one [2, 4-5]. Inree cases the front configuration coupled with tW¢RC method
showed to be self-consistent, being able to allbe direct measurement of both dynamic thermal peieis
mentioned above, provided a proper alternatiorhefinhvestigated liquid with a known one in couplifigid’s and
backing's position respectively, is performed [6].

If we refer to solid materials, the back PPE camfégion, together with the frequency scanning pdace, showed to be
suitable for investigation of both thermal diffusyvand effusivity, by using the information contad both in the phase
and amplitude of the signal [7]. Using the samefigomation, phase transitions investigations carpbdormed with
the special feature of an intrinsic amplificatioh the discontinuity of the temperature behaviourtioé thermal
parameters in the critical region [8]. Recentlye front detection configuration, performed for dedéion cell with 3
and/or 4 layers respectively, together with the T®Vjitocedure was applied to investigate thermal gntags of bulk
solids situated in a backing position in the détectcell, or thin solid layers, inserted as sepasatetween the
coupling fluid and a liquid backing [5, 9].

[1] A. C. Tam, Rev. Mod. Phy&38, 381- 431 (1986).

[2] D. Dadarlat, Laser Phy49, 1330-40 (2009).

[3] A. Mandelis and A. Matvienkd?yroelectric materials and sensoi3, Remiens, ed (Kerala, India 2007).

[4] S. Delenclos, D. Dadarlat, N. Houriez, S. Loamart , C. Kolinsky and A. H. Sahraoui, Rev. Scitrims. 78, 024902 (2007).
[5] M. N. Pop, D. Dadarlat, M. Streza and V. To&ata Chim. Slov58,549-54 (2011).

[6] D. Dadarlat and M. N. Pop, Int. J. Therm. S)12- in press

[7] S. Pittois, M. Chirtoc, C. Glorieux, W. Van d&nil and J. Thoen, Anal. SclL7,S110-3 (2001).

[8] M. Marinelli, F. Mercuri, U. Zammit, R. Pizzofeto, F. Scudieri and D. Dadarlat, Phys. B&®, 9523 (1994)

[9] D. Dadarlat and M. N. Pop, Meas. Sci. Tech4l.105701-5 (2010).
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Several kind of art and historic artifacts like ksand documents, archaeological findings, andaksy as well as
their component material, have been successfullgstigated by the infrared thermography (IRT) whidlowed to
reveal structural features and inhomogeneitiebénmaterial and to characterize some of their théproperties [1,2].
An overview of the applications of tleetiveinfrared thermography to the analysis of the caltheritage is presented,
describing the specific adopted configurations. UResare reported that have been obtained for reiffie kind of
artifacts: bronze sculptures made by lost wax ngstvhere the workings performed after the castinghl® bronze
surface (repairs, fillings, surface cold workingg, are generally concealed under the final poigtand patination;
historical bookbindings and its parchment composietgxts hidden under the endleaf of ancient baokazessible
only from on the back side of page; concretion®Roman terracottas (Fig.1), coins, etc..

R — —

@)

Fig. 1: (a) Image (left) of the end paper of XVIII century boalkd corresponding thermogramowing the writing of an earlier

manuscript leaf used for the binding beneath tlkepaper(b) Concretions on the neck of a Roman amphora. Thenttggams

captured at different delay from the light pulsewtthe different state of adhesion the two sheltécated by the arrows to the
earthenware.

In addition to the qualitative investigation of tharious structures thermal diffusivity measurerseoit the artifact
constituent material have been performed by meénheolRT. Such measurements, like the ones ofratimermal
properties [3], can be used, for instance, to chiar&ze the preservation state of the parchmenoi[4d reveal specific
thermal and mechanical treatments operated byrtistseon the bronze of the statues during the rizeuring process.

The application of active IRT to the investigatiohthe cultural heritage also stimulated its in&ggm with methods
such as other non-destructive digital imaging témpes. In this regard, a new system for 3D-termplgyebased on the
integration of 3D laser scanning and active IRTs haen developed and successfully tested on sortie aftudied
cultural heritage artifacts.

[1] F. Mercuri, U. Zammit, N. Orazi, S. Paoloni, Marinelli, F. ScudieriActive infrared thermography applied to the invgation

of artand historic artefacts] Therm Anal Calorimi04, 475485 (2011)

[2] N.P. Avdelidis, A. MoropoulouApplications of infrared thermography for the intigation of historic structures] Cult Heritage

5, 119-27 (2004)

[3] E. Badea, L. Miu, P. Budrugeac, M. Giurginca,Masic, N. Badea, G. Della Gat@tudy of deterioration of historical

parchments by various thermal analysis techniquesptemented by SEM, FTIR, UV-VIS—-NIR and unilatéMR investigations]
Therm Anal Calorim. 20081,17-27

[4] A. Riccardi, F. Mercuri, S. Paoloni, U. Zammit Marinelli, F.ScudieriParchment ageing study: new methods based on thermal
transport and shrinkage analysis-PS7, 87—95 (2010)
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Thermo-Optical Characterization of CdSe/ZnS QuantumDots
Embedded in Biocompatible Materials

Viviane Pilla®*, Juliana F. Santana®, Leandro P. Alve$”, Adalberto N. Iwazaki®,
and E. Munin®
@ |nstituto de Fisica, Universidade Federal de UBadia-UFU, Uberlandia, Brazil
®) Centro de Engenharia Biomédica, Universidade Car@istelo Branco-UNICASTELO,
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Abstract: Nanostructured semiconductors or Quanots (QDs) are materials in continuous
development that hold potential for a variety ofwnapplications, including uses in fluorescent
labels for biomedical science, photonic devices amihsor materials [1,2]. In biomedical
applications, several nanodiagnostic assays haga Heveloped that use QDs. They have been
applied to diagnostics, the treatment of disedsesnaging, drug delivery, engineered tissues and
biomarkers [2]. For example, CdSe/ZnS core-shetbngystals have been shown to be useful for
tailoring the fluorescence of dental resin compss|8].

The solvent or matrix used to suspend the solutgpkss can exert important influence on such
properties as the radiative quantum efficiengy, @bsorption and emission spectra, stabilization
and thermal parameters (including thermal diffugiiD) and the thermal coefficient of the
refractive index)[4] of the investigated materidf®r a nanoparticle to be a candidate for practical
applications, it is important to characterize thiegérmo-optical properties. The present work report
the thermo-optical properties @édmium selenidézinc sulfide (CdSe/ZnS) core-shell colloidal
solutions measured with Thermal Lens technique [#jermo-optical characterizations were
performed on samples of CdSe/ZnS QDs suspendedjuroas solutions functionalized (with
amine and carboxyl groups) and non-functionalized biomedical applications. For non-
functionalized QDs the studies were performed im@as of QDs embedded in biocompatible
materials: dental resins composites and saliva. thieemo-optical properties, such D, fraction
thermal load ¢§) andn of the QDs samples were determined.

[1] M. Bruchez Jr., M. Moronne, P. Gin, S. Weisslah P. Alivisatos,Science281, 2013-2016
(1998).

[2] N. Sounderya and Y. ZhanBgecent Patents Biomed. Erg34-42 (2008).

[3] L. P. Alves, V. Pilla, D. O. A. Murgo and E. Min, J. Dentistry38, 149-152 (2010).

[4] V. Pilla, L. P. Alves, E. Munin and M. T. T. Blaeco,Opt. Commun280, 225-229 (2007).
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Abstract

Over the past few decades, significant researdabrtefhave been devoted to the study of the theprmberties of
particulate composites and porous media, due to thany technological applications ranging from imeaical
structures to electronics[1]. Despite their impoce, the thermal performance of these smart méteganot well-
understood to date, especially at high volume ifsastof micro/nano-sized particles or pores.

In this work, the thermal conductivikyof composites made up of nanoparticles or porouseeiated in a solid matrixis
investigated from the experimental and theoretwaint of view. The model developed for the compmsitvith

nanoparticles is written as
A+ B
1
km 1 Bt// TRrT (1)

where km is the thermal conductivity of the matrixf is the volume fractions of the nanoparticles aridotier

parameters depend on the thermal, geometricalraeddcial properties of the components materadsyell as on the
mean free mean free paths of the heat carrierst(efes and/or phonons). When the size of the pestis of the order
of the mean free path of the energy carriers, shiswn that the thermal conductivity of nanocomigssdepends on: 1)
the collision cross-section per unit volume of faaticles and 2) the mean distance that the engagjers can travel
inside the particles.[2] On the other hand, foramnrations of particles up to thevaximum packing volume fractipn
the proposed approach exhibits a strong dependameke crowding factor of the particles. Equatidh generalizes
various models reported in literature[3, 4]. Forques media with randomly oriented spheroidal pooesthe other
hand, the following model is proposed

k=k,(1- f)" 2)

where the exponenn depends strongly on the shapes of the pores. &imekults are also found for the thermal
conductivities along the principal axes of spheabidligned pores. The obtained results can be eghgbr porous
media with low as well as high porosities, and tekgw that: 1) the effect of the pores shape bes@tienger as the
porosity increases. 2) The thermal conductivity fandomly oriented pores takes its maximum valuesftherical
pores and is a geometric average of the thermalumiivities along the three principal axes of tloegs, when they are
aligned. 3) In the case of aligned pores, the théwconductivity increases with the size of the gomuch that it is
larger along the side with longer dimension.

The predictions of Egs.(1) and (2) are in good agrent with the measured thermal conductivity ofotsscomposites
and porous media [5-7].It is expected that the inbthresults can provide useful insights on thentia design of
particulate nano and micro composites as well asysomedia.

[1] A.A. Balandin, Nature Material®, 569-581 (2011).

[2] J. Ordonez-Miranda, R.G. Yang, J.J. Alvaradb-@ppl. Phys. Lett98,233111-233113 (2011).

[3] C.W. Nan, R. Birringer, D.R. Clarke, H. Gleiter. Appl. Phys81, 6692-6699 (1997).

[4] L.E. Nielsen, Industrial & Engineering Chemistfundamentals3, 17-20 (1974).

[5] M.A. Zambrano-Arjona, R. Medina-Esquivel, JAlvarado-Gil, J. Phys. D: Appl. Phyk), 6098-6104 (2007).
[6] J.J. Wang, X.S. Yi, J. Appl. Polym. S&9, 3913-3917 (2003).

[7] C.P. Wong, R.S. Bollampally, J. Appl. Polym.i.3d, 3396-3403 (1999).
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Abstract: A photothermal method based on the mreasnt of the surface curvature due to thermal mesipa is
presented. The technique allows the retrieval eftttermal diffusivity at microscopic levels and bemmapping such
magnitude over a sample surface. Two ways to meas$er surface curvature are presented and shovigure la.
Both techniques detect the shift in the focus effiobe beam due to the surface curvature. Analgtimer carries two
laser beams of different wavelengths avoiding tteblems arising from pointing instabilities [1]: ®@is modulated and
acts as a pump; a second probes the surface deifonndaie to the thermal expansion at the moduldiieguency [2].
The first detection scheme is through the samesaldfiber that acts as a pinhole and thus is degadib the defocusing
originated from the thermal expansion of the sw@f@) at the pump modulation frequency. The other tephn
consists of a beamsplitter (BS), a filter to bldbk pump laser (F1), an astigmatic lens (L3) addgmadrant detector
that generates a focus error signal proportiontiéadefocusing [3].

The induced thermal expansion defocuses the prebemtdue to the surface deformation (curvature). mbdulated
surface curvature is proportional to the complexcfion g(f/f;) wheref is the modulating frequency (see Fig. 1b), and
f,=D, /(;16°) is a cutoff frequency that only depends on therttaé diffusivity (D,) and the pump beam size)(
allowing a straightforward retrieval of the therrdiffusivity of the sample.

This non-destructive and non-contact techniquenalithe retrieval of crystalline phase maps as aglthe study of
thermal diffusivity and other thermal propertiegsilts in solids, such as metals, ceramics andegasvill be shown.
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Fig. 1: a.Experimental setuh. Frequency dependence of thermal expansion (ampland phase).

[1] O. E. Martinez, F. Balzarotti, and N. Mingolopplied Physics. B90, 69 (2008).
[2] J. Opsal, A. Rosencwaig, D.L. Willenborg. Appli®ptics 22, 3169 (1983).
[3] E. A. Domené, F. Balzarotti, A. V. Bragas, andEDMartinez, Opt. Lett. 34, 3797-3799 (2009).
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In current paper we propose an experimental apprfsadhe achievement of thermodynamic states
of metalswith temperature ~ KK and pressure ~ Ibar (near- and supercritical region of phase
diagram)under impact of nanosecond laser pulseoolenate intensity — up to 1 G¥Wi2 (fluence —

up to 7 dm2) — on confined surface.

In current research target was made of thin met#lffont and rear surfaces of which were
confined by transparent dielectrics with rather lthwermal conductivity (quartz glass K-8). The
usage of confined geometry leads to significaneaiveness of pressure and temperature
generation and prevents plasma plume formationhab temperature of heated surface can be
measured by its thermal radiation.

Thickness of sample metal was chosen to be snibfierthermal diffusion length within laser pulse
duration, which means that metal foil will be almgpatially isothermic when laser pulse ends.
This approach allows estimating sample destiny ohyost by measuring pressure in it. Confining
dielectrics also reduce heat dissipation from méeal prolonging lifetime of high energy
thermodynamic state of metal under study.

A table — top experimental setup for investigatioih near- and supercritical statesof metals,
achievable under moderate intensities of incidaser radiation was created.Assembled setup
allowed to measure pressure, temperature and tieflgof the surfacesimultaneously with
nanosecond temporal resolution.

Proposed approach was applied to study pulsed hasging of ultrathin aluminum foils (thickness
— 200nm) confined by quartz glass K-8. Thermodymastates with pressure ~4kbar and 10 kK
were obtained (supercritical area for aluminum)mperal dynamic of thermodynamic state was
studied both in near- and supercritical area ospltiagram.

[1] A.A.Karabutov, A.G.Kaptil'niy,A.Yu.lvochkin, Hjh Temperature45, 5, 613-620 (2007).



Posters



P 1
Transition from Rayleigh waves to capillary waves aithe free surface
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®) | aboratory of Applied Solid State Physics, Rede@mup of Quantum Matter Physics, Division
of Applied Physics, Graduate School of Engineerithgkkaido University, Sapporo, Japan
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Till now, the Impulsive Stimulated Scattering tejue has been used to investigate, int. al., thimsf[1], multi-
layered structures [2], bulk fluids [3] and fluids an interface with a solid [4]. In this report extension of the
technique is proposed to study the optically induttermoelastic response at free liquid surfaces.

The technique presented allows to determine bathvigcosity and surface tension of viscoelastiaitlg in the MHz
region. At very low temperatures, when the matésian a solid-like state, Rayleigh waves carrformation about the
elastic moduli. When the material is viscoelastidntermediate temperatures, the acoustic suvfase propagation is
governed by the shear modulus and thus previousbaitld information about the viscosity can be rexme At high
temperatures, when the material has reached alisfaie, the surface tension is the dominatingefoamd can be
extracted from the propagation features of thelleapiwave.

In this paper, the theoretical background for treelastic signal generation in the free liquid scef@onfiguration is
given, in particular for the low frequency limi'he presented model forms an extension of an eaéport by Kading
and Maznev in 1995 for bulk solids [5] and is coempéntary to models presented in Ref. [6,7,8]. fie¢hodology is
illustrated numerically for glycerol at differentawe numbers and temperatures, and experimentditlated for water
at room temperature.

[1] J.A. Rogers and K.A. Nelson, J. Appl. Phys.,3j5(534—-1556, 1994.

[2] R.M. Slayton, A.A. Maznev, and K.A. Nelson, Jopl. Phys., 90(9):4392-4402, 2001.

[3] D.M. Paolucci and K.A. Nelson, J. Chem. Phy42 115):6725-6732, 2000.

[4] C. Glorieux, K. Van de Rostyne, J. GoossensSikerdin, W. Lauriks, and K. A. Nelson, J. ApplyBh 99:013511, 2006.
[5] O.W.Kading, H.Skurk, A.A.Maznev and E.Matthi@gpl. Phys. A, 61:253-261, 1995.

[6]: Yasumoto, K; Hirota, N; Terazima, M, Laser umd capillary wave at air/liquid interface, 10thernational Conference on
Photoacoustic and Photothermal Phenomena, Date: 28487, 1998 Rome Italy, photoacoustic and phetotial phenomené63,
484-486(1999)

[7] Yasumoto, K; Hirota, N; Terazima, M, Surfacedanolecular dynamics at gas-liquid interfaces pdope interface-sensitive
forced light scattering in the time domain, Physv.R260 (12), 9100-9115 (1999)

[8] Yasumoto, K; Hirota, N; Terazima, M, Laser-irmhal capillary wave at air/liquid interfaces in tighemain,
Appl.Phys.Lett74 (10), 1495-1497 (1999)
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Quality control of the performance of mechanicahponents subjected to hardness processing is a
topic of fundamental importance, both in the fief[dautomotive and aerospace systems both for ail
military applications. The lack of cementation, thens in the steels, and the decarburisationeeopower
gears, and the statoric and rotoric equipments caasge catastrophic failures with serious reperoossi
The industry and the companies responsible foh#trdening processes as well as for the qualityrabat
the mechanical components are continuously segkingmprovements in the standard destructive tests
performed by Vicker or Brinell durometer where anechanical component is chosen for random testing.

Since 1996 the use of IR systems based on phototheradiometry for the non-destructive
determination of the hardness profiles in steetstieen deeply studied and discussed by severghgtmih
in Europe in the framework of European Themationeks (BRRT-CT97-5032) [1], in North America [2],
and more recently in Asia [3] as shown by the hugmbers of papers presented in the past ICPPPRmrsliti

In this paper we introduce a new PTR compact sysitetegrable with mechanized and robotic arms
for industrial needs, which use a simple Ge lenscfilecting the IR radiation from the sample t@ th
detector. The inverse problem to reconstruct tffesivity profile D(z) from the PTR signal in thesiguency
domain S(f) has been linearized and solved by thgufar Value Decomposition by using a new approach
The hardness depth profile HV(z) is eventually clted thanks to the calibration curve
hardness/diffusivity. Preliminary results on AIS198hardened steel gears show accurate hardnesie prof
reconstructions in comparison with the hardnesssorements by standard Vicker test.

References

[1] H. G. Walther, D. Fournier, J. C. Krapez, M.Ukkala, B. Schmitz, C. Sibilia, H. Stamm, and Jodih,
Analytical Sciences. 17, s165-s168 (2001).

[2] M. Munidasa, F. Funak, and A. Mandelis, J. Afhys. 83, 3495-3498 (1998).
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Heat transport at nanoscale is of importance fonymaanotechnology applications [1].
Considerable efforts are nowadays to discover neamgtries with a huge number of internal
interfaces and thermal barriers in order to in@dhs thermal resistance and/or manipulate the heat
flow. A common material used to achieve these reguents is the synthetic opal, a special 3D
Photonic Crystal (PhC) widely used in nanophotorj#8,4]. One of the most intriguing and
relevant open question is how can heat be diffusetthiese nanostructures. In principle the heat
flow should be reduced due to the huge numberatefnal interfaces and thermal barriers, but an
exact answer is not trivial because the heat tamsgp nanoscale may differ substantially from that
at macroscale [5].

This reason motivates our research on Nickel aalthddum inverse opals. The internal
structure of the inverted opal is made of close«pdcsubmicron air spheres (200nm-+500nm)
regularly placed in the metal. Each metallic nanmstire has been thermally characterized by using
photothermal radiometry [6] by a Ar laser @ 488 modulated by an acousto-optical modulator at
a frequency ranging from 1 Hz up to 100 kHz so bange the penetration (i.e. the spatial
resolution) of the induced thermal waves from 10Gonimm. The modulated infrared emission
from the surface is collected by a Germanium kms focused onto an infrared detector HgCdTe.
The signal allows to measure the effective therdi#lsivity and the porosity of the whole
structure.

The calculated porosity via photothermal radiometrabout 50-60% for opals with spheres
of 320nm, while reaches 60-70% for larger sphefe450nm. These values ttiermal porosity
(obtained via photothermal measurements) well fihwhe expectedjeometricalporosity of the
opaline structure [7]

This research demonstrates how photothermal radignmay be particularly suitable to
detect theahermal porosity and the effective thermal diffusivity tilese nanostructureshis work
has been done in the framework of the PhROREMOSWol&tof Excellence
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The importance of ultrasonic transducers in botbldgical and industrial applicationsisbeing
growing with much interest in the recent years [AJour research group, weareresearching into the
production of smaller and high frequency transdsiegth theaim of performing ultrasonics at the
cellular level. To date we have produced devicebenmicron scale operating at up to 50 GHz.
These are excited and probed using fslasers [&.gEmeration of nanoscale ultrasonic transducers
can lead to newapplications in biomedical sensimg) isnaging, especially when the target aimed
issmall structures such as cells. In this work, discuss the design and fabrication ofnanometre
sized ultrasonic sensors (nanochots) using sedfralsly process of hybridnanostructures. The
design leads to the formation of a core/shell stmecinanoparticles [3], using a silica nanopatrticle
as the core (radius ~ 100 nm) and a shellmade ldf ggnoparticles (with ~ 10 nm coating). The
nanochots are designed to beabsorbing light abptieal wavelength to excite the vibrations and
to be efficientresonant scatterers at a secondcalptwavelength to enhance the detection of
theultrasound. The optical and mechanical propemiethese devices have beenmodeled using
finite element modeling (FEM) and analytical tecjues. Thedimensions of the nanochots are
tuned to operate at optimal wavelength and togémeaeoustic waves in the GHz frequencies.
Modifying the surface of thenanochot with differettemical receptors promotes the creation of a
sensing device.The nanochot's surface functioriadizas initially made with model proteins
likestreptavidin and biotin, aiming for at a lastage the conjugation of specific receptorsto targe
cancer cells.

[1] S. C. Mukhopadhyay, Y.-M. Huang, Sensors — Athaaments in Modeling, Design Issues, FabricatiaiPaactical Applications
(Springer, 2008) Part V.

[2] R. Smith, A. Arca, X. Chen, L. Marques, M. Clatk, Aylott, M. Somekh, Journal of Physics: ConferSames, 278, 012035
(2011).

[3] N. Sounderya, Y. Zhang, Recent Patents on Biaraé&ngineering, 1, 34-42 (2008).
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Abstract. Magnetic microwires (with diameter of a few terfsnucrometers) have been introduced in the
last years following the tendency in miniaturizatiof magnetic sensor devices. The aim of this werlo
measure the thermal diffusivityp] and conductivity ) of coated magnetic microwires made of a metallic
core with glass coating. Lock-in thermograph iscigdly suited to study lateral heat propagation.rétwer,
by annealing the magnetic wires at temperaturefiehighan 300°C the amorphous wires become

crystallized. The effect of this crystallizationtis enhance the transport thermal properties bgctof of
about 1.8.
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Combining several imaging methods providing imagék complementary information is an ongoing fieldresearch
[1-3].

In ultrasound, the classical ultrasonic pulse eomthod uses the same device for ultrasound exwitaaind for
detection. The contrast is based on acoustic immedahomogenities. In photoacoustic imaging ulttersl waves are
excited by the absorption of short laser pulses. ifflaging contrast is pure optically.

In microscopy both techniques use spherical ultrizgstenses for focusing. Depth of field is limitbg the Rayleigh
criteria. Due to the limitation of the focal lengtbanning in depth is essential.

In this work we combine ultrasound pulse echo imggind photoacoustic imaging in one single devibe. same laser
pulse is used for ultrasound excitation for thespudcho mode and for illuminating the observedetadgectly for the
photoacoustic mode.

The proposed dual mode scanning acoustic and ptmisc microscope ( DSAM ) uses a special transdue so
called axicon transducer for the pulse echo modeagnannular ring array for signal detection towllarge depth of
field imaging[4,5]. Within one single scan the DSAdvbvides two images which show the specific cattod the two
imaging modalities. The advantage of an annulayarr comparison to a single ring detector (a psintrce appears as
an X) is the suppression of imaging artifacts [6@¥namic focusing, coherence weighting and Hillkexhsformation
are applied to enhance image quality.

Various phantom experiments are presented to demnatmshe capability of the DSAM for simultaneowwastic and
photoacoustic imaging.

Fig. 1. cross section images of a sphere obtaited €ach ring — acoustic and photoacoustic

[1] J. J. Niederhauser, M. Jaeger, R. Lemor, P. Welel M. Frenz, "Combined Ultrasound and Optoado@ststem for Real-
Time High-Contrast Vascular Imaging in Vivo," IEEEahs.Med.Imag. 24, 436-440 (2005).

[2] S. Emelianov, S. Aglyamov, J. Shah, S. SetharariwV. Scott, R. Schmitt, M. Motamedi, A. Karpioakd A. Oraevsky,
"Combined ultrasound, optoacoustic and elasticiggimg," Photons Plus Ultrasound: Imaging and S¢gns820, 101-112 (2004).
[3] T. Harrison, J. Ranasinghesagara, H. Lu, K. Maton, A. Walsh, and R. Zemp, "Combined photoacoasticultrasound
biomicroscopy," Optical Express 17, 22041-220480&0

[4] K. Passler, R. Nuster, S. Gratt, P. Burgholaed G. Paltauf, "Photoacoustic Generation of X-weauad their Application in a
Dual Mode Scanning Acoustic Microscope," Proc. SP3#1, 73710R (2009).

[5] K. Passler, R. Nuster, S. Gratt, P. Burgholaed G. Paltauf, "Laser-generation of ultrasonic &+as using axicon transducers,"
Appl. Phys. Lett. 94, (2009).

[6] Passler K., Nuster R., Gratt S., BurgholzeraRd Paltauf G.,"Photoacoustic Imaging Using a NlétPiezoelectric Ring
Detection System" in Anonymous , 2010).

[7] R. G. M. Kolkman, E. Hondebrink, W. SteenbergénG. Van Leeuwen, and De Mul, F. F. M., "Photagti® imaging with a
double-ring sensor featuring a narrow apertureBidmed. Opt. 9, 1327-1335 (2004).
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Abstract: The front photopyroelectric (FPPE) coofation was applied in order to measure the theeffabivity of
some ambazone-based new solid forms, insertedckinigdayers in the detection cell. The technigadased on the
scanning procedure of the coupling fluid's thickhé3WRC method) [1]. Concerning the investigatedhpounds,
their thermal effusivity was found to be differdram the pure starting materials. The investigatelid samples were
pressed powders and such a result can be ascakedlifferent confinement of the powders or to fivenation of a
new compound. The second alternative is more ptelming also supported by X-ray analysis, solatesNMR, DSC
calorimetry and FTIR spectroscopy.

The study of solid forms (polymorphs, salts, hyesatsolvates or co-crystals) of the pharmaceuticaipounds is on
the critical path of the drug development processabse the different solid forms tend to have difie physical and
chemical properties, such as solubility and biodalsdity which are essential for the drug develan The solid
forms discovery and characterization may lead tdewstanding the overall crystallization behaviortioé studied
pharmaceutical compounds, such as their tendenéyrto hydrate and solvate forms, the crystal pagkimodes and
the types of intra- and inter-molecular interacsioSystematic solid-state studies of the pharmamdutompounds
could contribute to defining rational elements tméght be generally applied in the search of sfdiths [2].

The present work is focused on the structural atearaation of new ambazone-based compounds, vwatbnpial

pharmaceutical applications. Thus, the practicahowative approach proposed here is the combinatibn
complementarily structure-elucidation techniques, powder X-ray diffraction (PXRD), solid-state Ny DSC

calorimetry and FTIR spectroscopy. The PPE caldryneapplied to pressed powders is a new approbah,if

reaching high enough accuracy, this technique staibksh connections between the value and behavitinermal
parameters and new solid forms composition, belisg @ very useful tool, together with the methodstioned above,
for the study of the potential pharmaceutical commts [3].

The PPE investigations performed on the ambazoseeb@ew solid forms shown that the value of thentlaé

effusivity of the investigated compounds is differérom the values of the starting materials. Hgvim mind that the
solid samples were in fact pressed powders, tBigltrean be ascribed to two reasons: (i) a diffecenfinement of the
powders or (ii) the formation of the compound. Dadhe fact that the pressure used for sampleggegion was the
same, the second alternative is more probableadhthe formation of the compound was also supdadote X-ray

analysis, solid-state NMR, DSC calorimetry and F§fectroscopy [3,4].
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In this work we show how a photothermal techniqQased on a DVD pickup head [1] can
be used to characterize the thermal expansiontightly focused pump beam. In this situation the
expansion not only defocuses the probe beam dtleetsurface displacement, but also due to the
surface deformation (curvature). It is shown thae turvature has a stronger impact in the
defocusing signal. The basic model regarding thdase shape and modulation phase is well
known [2,3] and has been used before for thernfllgivity measurements using slightly displaced
pump and probe beams.

The experiment consists of an optical pump-probeips where the thermal expansion
caused by the amplitude modulated pump laser ectzt indirectly as a focusing error of the probe
laser. The focus error signal is obtained by impiggwith the astigmatic probe beam on a four-
guadrant detector after reflecting on the surfddb® sample [1]. The frequency dependence of the
signal depends only on the thermal diffusivity atlte beam sizes, and hence allows a
straightforward retrieval of the thermal diffusivibf the sample at the impinging location. The
proposed method is both non-destructive and notacgrhas a high axial resolution (~10 pm) and
a displacement sensitivity of 1 puv.
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In photoacoustics (PA) the ultrasonic wave pulseset detected are generated directly inside thelsadue to thermal
expansion after the absorption of a short lasesegoulherefore a photoacoustic image depicts tterdift absorbing
properties of an object. On the other hand, in eatignal pulse echo ultrasound imaging back séagesf ultrasound
waves at interfaces between different acoustic dapees is the main source of contrast.

The laser ultrasound (US) method uses the photsticceffect for the generation of the incoming agwund waves.
Acoustic waves are launched by an appropriate bBbsahat has been illuminated by light pulses ofeatain

wavelength. The geometry of the absorber has dureimée on the shape of the produced acoustic fielthis work for

example a plane absorber was illuminated by imatliegend face of an optical fiber onto its surfaieis way plane
ultrasound waves can be produced.

When combining both methods images based on twerdiit contrast mechanisms can be obtained sinedtasty

when the absorber is illuminated by the same lpskse as the target.

Here the detection of the pulses that have beeergtsd, reflected and back scattered by the olgjeltine optically. A
Mach-Zehnder interferometer as described in [1used for detection thus providing a purely optisatup for

simultaneous photoacoustic and ultrasound imaging.

With this successfully installed setup two differeapproaches for gaining images are tested on tmal three-
dimensional objects, namely tomography and sedt@ging which differ in the kind of illumination drin the applied
reconstruction algorithms [2-5]. Due to the simu#taus measurements the PA and US images compietiap.
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Abstract: Tunable optical pulses are used to excite sekgticoherent mechanical oscillations in
the 5-150 GHz range, assigned to vibrations ohisdl spheres or pairs of contacting spheres, in an
ensemble of gold nanoparticles. The amplitudeshefdscillations exhibit a strong enhancement
when the laser central wavelength is tuned to m@somvith the corresponding plasmon. Our
approach distinguishes itself in that we are ablediscriminate between modes of individual
spheres and pairs of connecting spheres withoutrniag to single-particle detection. Because of
the resonant selection in the excitation procdsswidths of the acoustic modes are significantly
smaller than broadening caused by the spread inimatie ensemble.

Using self-assembly techniques with polyelectrdyé®d nanoparticles, different architectures for
the sample can be built, controlling up to someesmixtthe coverage and aggregation of the
nanoparticles. By adding new layers of polymer etween the nanoparticles, the mechanical
coupling between nanoparticles could in principke rhodified as well. We present preliminary

results of the excitation of acoustic modes in ¢hkisids of systems, observing that the oscillator
guality factor is somehow degraded, although n@& wuspread in size of the nanoparticles but to
the spread in the mechanical coupling nature.



