SCHEDULE AT A GLANCE
55" Course Quantum Electronics, 5 October - 12 Oct@béd Directors: R. Li Voti — A. Mandelis

Sunday 5 October

Monday 6 October

Tuesday 7 October

Wednesday 8 October

Thursday 9 October

Friday 10 October

Saturday 11 October

Sunday 12 October

(General Session) (Biomedical and (Nanoscale Heat Transfer (NDE&NDT - 1) (NDE&NDT —1I) (Thermophysical
Biological PA & PT) and Imaging) Properties)
Hotel or Hotel or Hotel or Hotel or Hotel or Hotel or Hotel or Hotel or
Breakfast (*) S. Rocco Cafeteria S. Rocco Cafeteria S. Rocco Cafeteria S. Rocco Cafeteria S. Rocco Cafeteria| S. Rocco Cafeteria S. Rocco Cafeteria S. Rocco Cafeteria
7:00 - 9:00 a.m. 7:00 —9:00 a.m.. 7:00 - 9:00 a.m. 7:00 — 9:00 a.m. 7:00 - 9:00 a.m. 7:00 —9:00 a.m. 7:00 - 9:00 a.m. 7:00 - 9:00 a.m..
Chair: S.Martellucci Chair. A.Mandelis Chair:S.Volz Chair: C. Glorieux | Chair: A. Mandelis Chair: A.Mandelis
10:00 — 10:15 a.m. &RLiVot
; ; Opening by: . . . . . . . .
Morning Sessior A.Mandelis and R. Li Voti | 9:00 —10:00 a.m. 9.00 -10.00 a.m. 9:00 — 10:00 a.m. |9:00-10:00 a.m. 9:00 — 10:00 a.m.
San Domenico G. Diebold Y. De Wilde X. Maldague A. Maznev M. Wiibbenhorst
Lecture Hall Arrivals
10:15-11.15am. 10:00 —11.00 a.m.  [10:00 —11.00 a.m. 10:00 — 11.00 a.m. |{10:00 —11.00 am. |10:00—11:00 a.m.
& C. Glorieux H. Jiang G. Tessier Oral Presentations | A. Oleaga A. Mandelis
Coffee Break (*) Departures

San Domenico
Terrace

Morning Sessior
San Domenico

Registration

11:15-11:30 a.m.

11:00 - 11:15 a.m.

11.00 - 11:15 a.m.

Chair: A. Mandelis

11:30 a.m. — 12:30 p.m.

Chair: B. Palpant

11:15 a.m — 12:15 p.ny

Chair: G.Tessier

A1:15 a.m. —12:15 p.m.

11:00 - 11:15 a.m.

11:00 - 11:15 a.m.

Chair: X. Maldague

11:15-11:45 a.m.
Oral Presentation

11:00 - 11:15 a.m.

Chair: A.Mendiorotz

11:15 a.m. — 12:15p.nj

A1:15a.m. —12:15 p.m

Chair: R. Li Vot
Special Session Expol§

Lecture Hall B. Majaron Oral Presentations Oral Presentations Oral Presentations M. Franko
Lunch (*) Local Restaurants Local Restaurants Local Restaurants Local Restaurants Local Restaurants Local Restaurants | Local Restaurants
Chair: R. Li Voti Chair: G.Diebold Chair. S.Volz Chair: A. Oleaga Chair: M. Franko
Afternoon 3:00 — 4.00 p.m. 3:00 — 4.00 p.m. 3:30-4.30 p.m. 3:30-4.30 p.m.
Session S. Volz M. Proskurnin J. Ordonez Miranda Oral presentations 3:00 - 5.00 p.m.
San Domenico Oral presentations
Lecture Hall 4:00 —5.00 p.m. 4:00 —5:00 p.m. 4:30 —5:30 p.m. . 4:30 — 4:45 p.m.
Arrivals D. Lanzillotti Kimura E.M. Strohm C. Sotomayor-Torres Excursion Coffee Break
Coffee Break (*) Joint Session LENR
San Domenico & 5:00 - 5:15 p.m. 5:00 - 5:15 p.m. 5:30 - 5:45 p.m. Chair: A. Mandelis 5:00 - 5:15 p.m.
Terrace 4:45 -5.15 p.m Departures
Registration F. Messa
Afternoon Chair: C. Glorieux Chair: A. Mandelis Chair: C. Sotomayor- 5.15- 6.00 p.m. Chair: D. Todorovic
Session 5:15-6.00 p.m Torres V .Violante 5:15-6.15p.m
San Domenico B. Palpant 6.00 - 6.30 p.m Oral presentations
Lecture Hall R. Li Voti
6.00 — 7.00 p.m. 5:15-6.45 p.m. 5:45 -6.45 p.m. 6.15—7.00 p.m
M. Baesso Oral Presentations Oral Presentations 7.00p.m. FLIR prize | Concluding remarks
Dinner (*) Local Restaurants Local Restaurants Local Restaurants Local Restaurants Local Restaurants Social Dinner (*) Local Restaurants Local Restaurants
7:30 - 9:00 p.m
After dinner Welcome Party (*) Poster Discussion Poster Discussion Poster Discussion 10.00 — 10.30 p.m. Poster Discussion Farewell Party (*)
Session Night Session
Piano Room 9:00 - 11:30 p.m. 9:00 - 11:30 p.m. 9:00 -11:30p.m. 9:00 -11:30 p.m. 10:30 - 11:30 .. 9:00 -11:30 p.m. 9:00 -11:30 p.m.

at San Rocco

Joint Party with LENR

(*) Accompanying person(s) may join us



“ETTORE MAJORANA” FOUNDATION an@ENTRE FOR SCIENTIFIC CULTURE
INTERNATIONAL SCHOOL OF QUANTUM EECTRONICS
55" Course: THIRD MEDITERRANEAN INTERNATIONAL WORKSHOP ON

PHOTOACOUSTIC & PHOTOTHERMAL PHENOMENA:
FOCUS ON BIOMEDICAL AND NANOSCALE IMAGING AND NDE
ERICE-SICILY: 5 -12 OCTOBER 2014

Sponsored by: ¢ Italian Ministry of Education, Uaiisity and Scientific Research  Sicilian RegidBavernment
Sapienza Universita di RomaThermal Nanoscience and Nanoengineering CNRS eanodetwork FLIR - SIOF

Timetable of the Workshop
Sunday 5" October :

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

Monday 6™ October :

Morning Session: Foundations and Techniques
San Domenico Lecture Hall

ChairpersonS. Martellucci
10.00 — 10.15  Opening #. Mandelis andR. Li Voti
10.15-11.15 Christ Glorieux - KUL - Belgium
Applications of Photothermal and Photoacoustic Methusing different

spatiotemporal excitation patterns

11.15-11.30 Coffee Break — San Domenico Terrace

ChairpersonA. Mandelis

11.30-12.30 Boris Majaron - Ljubljana - Slovenia
Photothermal Radiometry in Time Domain for tempamiprofiling in biological
samples

12.30 — 15.00 Lunch: Local Restaurants

Poster Assembling



Monday 6™ October :

Afternoon Session - Foundations and Techniques
San Domenico Lecture Hall

ChairpersonR. Li Voti

15.00 - 16.00
16.00 - 17.00
17.00 -17.15

Chairperson:C.

Sebastian Volz -CNRS - France
Physical Heat Conduction Mechanisms at Micro anddézales

Daniel Lanzillotti Kimura - CNRS — France
Light & Sound Interactions at the Nanoscale.

Coffee Break — San Domenico Terrace

Glorieux

17.15-18.00 Bruno Palpant -Ecole Centrale Paris - France
Plasmonic Nanoheating: Fundamental Mechasiand Applications
18:00 — 19.00 Mauro Baesso Universidade Estadual de Maringa - Brazil
Thermal Lens to Study Transeterification Staayes$ Oxidative Stability:
Theory and Experiments
19.00 — 21.00 Dinner: Local Restaurants
21.00 — 23.30 Poster Discussion & Marsala Room
Tuesday 7" October :

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

Chairperson:A.

Mandelis

9.00—10.00 Gerald Diebold - Brown University - USA

10.00 - 11.00

11.00 - 11.15
Chairperson:B.

11.15-11.45

Generation of the Photoacoustic Effect by Mgv@ptical Sources and
Thin Layers

Huabei Jiang -University of Florida - USA
Photoacoustic Imaging and Its Biomedical Apgtdiicns

Coffee Break — San Domenico Terrace
Palpant
Boris Majaron - Ljubljana - Slovenia
Objective Characterization of Bruise Evolution ggin

Photothermal Depth Profiling and Monte Carlo Modeji
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11.45-12.15 Andreas Mandelis -University of Toronto - Canada
The Application of Ultrasound and Photoacoustic &adetection and Imaging
for Assessment of Bone Collagen and Mineral Costent

12.30 - 15.00 Lunch: Local Restaurants

Tuesday 7 October :

Afternoon Session A - Biomedical and Biological PA&PT
San Domenico Lecture Hall

Chairperson:G.

15.00 - 16.00
16.00 - 17.00
17.00-17.15

Chairperson:A.

17.15-17.45
17.45-18.15
18.15-18.45
19.00 — 21.00
21.00 - 23.30

Diebold

Mikhail Proskurnin - Moskow State University — Russia
Studies of Protein and Nanoparticle Solutions ig&rized Media by Thermal
Lensing Along with Spectrochemical Analysis

Eric M. Strohm - Ryerson University - Canada
Photoacoustic Imaging and Characterization of
Biological Structures from 1 to 1000 MHz

Coffee Break — San Domenico Terrace

Mandelis

M. Pleitez- Universitat Frankfurt - Germany
Advances on Photothermally-based Mid-IR Spscbpy
for the Study of Human Epidermis in vivo

Serge Camou -NTT Japan

Recent Advances in Development of NoninvasigeCantinuous Monitoring of
Blood Glucose Levels Based on Continuous-waetodcoustic Protocols
Timothée Labouret - Ecole Centrale Paris - France

Ultrafast Plasmonic Heating of Single Gold NanoroEslarization-Controlled
Photothermal Impact on a Hydrogel Medium

Dinner: Local Restaurants

Poster Discussion and more




Wednesday & October :

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

ChairpersonS. Volz

9.00 — 10.00 Yannick De Wilde - Institut Langevin, ESPCI, CNRS - France
Imaging and Spectroscopy of the Near-field Thergmission

10.00 - 11.00 Gilles Tessier- Institut Langevin, ESPCI, CNRS - France
Digital Heterodyne Holography for Thermoplasmonjphcations

11.00 — 11.15 Coffee Break — San Domenico Terrace
ChairpersonsG. Tessier
11.15-11.45 Alexei Maznev —-MIT - USA
Non-diffusive Thermal Transport by Phonons atrRd@mperature
11.45-12.15 Sebastian Volz -€NRS - France

Heat Transfer in Vacuum due to Phonons

12.30 — 15.00 Lunch: Local Restaurants

Wednesday 8 October

Afternoon Session B: Nanoscale Heat Transfer and Imaging
San Domenico Lecture Hall

ChairpersonS. Volz

15.30 - 16.30 Jose Ordonez-Miranda- Ecole Centrale Paris, CNRS-France
Ultrafast Laser-Induced Heating of Dielectric Naitwis Predicted by the
Boltzmann Transport Equation: Microscopic Desciptiof Photothermal
Phenomena

16.30-17.30 Clivia Sotomayor Torres —CINN - Spain
Phonons in Silicon Free-standing Membranes

17.30-17.45 Coffee Break — San Domenico Terrace



ChairpersonClivia Sotomayor Torres

17.45-18.15 Lei Hou - Leiden University, The Netherlands
Nanobubble Formation around a Heated Single Goldd$phere
18.15 - 18.45 Roberto Li Voti - Sapienza Universita di Roma - Italy
Thermal Characterization of Carbon Nanotubes hyptBthermal Techniques
19.00 — 21.00 Dinner: Local Restaurants
21.00 — 23.30 Poster Discussion and Marsala Room




Thursday 9" October:

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

Chairperson:C. Glorieux

9.00 -10.00 Xavier Maldague - Université Laval - Canada
Infrared Thermography for NDT and More

10.00 - 10.30 Arantza Mendioroz - University of the Basque Country UPV/EHU - Spain
Characterization of Vertical Cracks using Lock-imdaBurst Ultrasound
Excited Thermography

10.30-11.00 Qining Sun and Andreas Mandelis— University of Electronic Science and
Technology of China (UESTC) and University of Toi@- Canada
Camera-based Homodyne and Heterodyne Lock-in Gagraphy Imaging
of Crystalline Silicon Wafers

11.00-11.15 Coffee Break — San Domenico Terrace

Chairperson:X. Maldague

11.15-11.45 Christ Glorieux, - KUL Leuven, Belgium

Photothermal Characterization of Layers: Experinamésues and Solutions
12.00 - 15.00 Lunch: Local Restaurants
Excursion:

Bus leaving Erice Parking area arount.00
More details will be given during the workshop

19.00 — 21.00 Dinner: Local Restaurants
Night Session:
San Rocco Lecture Hall

Chairperson:S. Martellucci

22.00 — 22.30 Mario Bertolotti
Celestial Messengers

22.30 — 23.30 Joint party with LENR at Marsala Room




Friday 10" October :

Morning Session C: Non Destructive Evaluation & Testing 11
San Domenico Lecture Hall

Chairperson:A. Mandelis

9.00 -10.00
10.00 - 11.00
11.00-11.15

Alexei Maznev —MIT — USA
Laser-Induced Transient Gratings for Acoustic amgéfmal Measurements
in Science and Industry

Alberto Oleaga -Universidad del Pais Vasco UPV/EHU - Spain
Recent advances in the characterization of veriicatks
using lock-in thermography

Coffee Break — San Domenico Terrace

ChairpersonA. Mendiorotz

11.15-11.45
11.45-12.15
12.30 - 15.00

Peter Burgholzer -Linz - Austria
Depth Profiling in Thermography: Fluctuations ard Influence on
Thermodynamic Limits of Spatial Resolution

Roberto Li Voti - Sapienza Universita di Roma — Italy
Photothermal Depth Profiling in Hardened SteelswNieverse Approaches
to Improve the Profile Reconstruction

Lunch: Local Restaurants

Friday 10" October:

Afternoon Session C: Non Destructive Evaluation & Testing 11
San Domenico Lecture Hall

Chairperson:A. Oleaga

15.30 - 16.00
16.00 - 16.30
16.30 — 16.45

Nelson W. Pech-May University of the Basque Country UPV/EHU - Spain
Extending the Flash Method for Semitransparent Male

Facundo Zaldivar Escola- Universidad de Buenos Aires - Argentina
Characterization of Mixed Oxide Ceramics by Phototial Microscopy

Coffee Break — San Domenico Terrace



Friday 10" October:

Evening Joint Session: FLIR exhibition and LENR Seminars
San Domenico Lecture Hall

Chairperson:A. Mandelis

16.45-17.15
17.15 - 18.00
18.00 -18.30
18.30 - 19.00
19.30 - 21.00
21.00 - 23.30

Francesco Messa FLIR
FLIR exhibition & FLIR Best Presentation Award

Vittorio Violante — ENEA Frascati - Italy
Material Science and Measurements in Low Energyddindreactions

Roberto Li Voti - Sapienza Universita di Roma — Italy
Optical & Photothermal Measurements Applied to LEB{Rtems

Celebration of the winner and brief talk
Social Dinner

Poster Discussion and Marsala Room




Saturday 11 October:

Morning Session D: Thermophysical Properties
San Domenico Lecture Hall

Chairperson:A. Mandelis & R. Li Voti

9.00-10.00
10.00 - 11.00
11.00 - 11.15

Michael Wibbenhorst —Katholieke Universiteit Leuven - Belgium

Specific Heat Spectroscopy and Pyroelectric Deptfilhg in Ultrathin
Films of Glass Forming Liquids and Polymers

Andreas Mandelis—University of Toronto - Canada

Non-Contact Optoelectronic Diagnostics of Solarl@hterials and Devices
using Photocarrier Radiometry, Lock-in Carrierogtapand Termography
Imaging

Coffee Break — San Domenico Terrace

Morning Special Session in view of Expo 2015
San Domenico Lecture Hall

Chairperson:R. Li Voti

11.15-12.15
12.15-12.45
13.00 - 15.00

Mladen Franko —Nova Goriza — Slovenia
Achievements and Future Prospects in ApplicatioRradtothermal
Techniques for Food Quality Control and Safety

Annamaria Giusti — Sapienza Universita di Roma - Italy
Photoacoustic Techniques Applied to Nondestruchadyais of
Phytochemicals Present in the Typical Foods oMlediterranean Diet

Lunch: Local Restaurants

Saturday 115 October:

Afternoon Session D: Thermophysical Properties
San Domenico Lecture Hall

Chairperson:M. Franko

15.00 - 15.30

15.30 - 16.00

Paolo Bisor- CNR ltaly
Non Invasive Detection of Marble Sulfation by PdI$&ermography

Dragan M. Todorovi¢ - University of Belgrade - Serbia
Photoacoustic and Photothermal Study
of the Micro-Electro-Mechanical-Structures

10



16.00 — 16.30

16.30 - 17.00

17.00 - 17.15

J.A. Balderas-Lépez -Instituto Politécnico Nacional - UPIBIMéxico
Photopyroelectric Technique: Sample’s thicknesarsog for Measuring
Optical Properties of Pure Liquid Substances

Marcus Wolff - Hamburg University Germany
Optical Characterization of Photothermally Induc&rct Flicker in
High-Intensity Discharge Lamps

Coffee Break — San Domenico Terrace

Chairperson:D. Todorovié¢

17.15-17.45

17.45-18.15

Alberto Oleaga - University of the Basque Country UPV/EHU
Photopyroelectric Calorimetry Applied to
the Study of Critical Behavior of KAFA = Mn, Co, Ni)

Mario Bertolotti — Sapienza Universita di Roma - Italy
Photothermal Characterization of Thermochromic Miis
for Tunable Thermal Devices

Afternoon Session: Presentation of the next events & Conclusions
San Domenico Lecture Hall

Chairperson:A. Mandelis and R. Li Voti

18.15-18.45
18.45 -19.00
19.15-21.00
21.00 - 23.30

Presentation of the next International Conferences:

* 18" ICPPP Belgrade

* 19" Symposium on Thermophysical Properties at Boulitgorado
* Fourth Mediterranean International Workshop BA&PT

Concluding Remark and Round Table
Dinner: Local Restaurants
Farewell Party — Marsala Room

Poster Disassembling

Sunday 129 October:

Departures

Lunch & Dinner:Local Restaurants

11



POSTER SESSION

P.1
Bingzhang Chen Dan Wul, Jinge Yang, and Huabei Jiang
Study of Acupuncture Effect on Cerebral Blood Fisng Photoacoustic Imaging

pP.2

O. Hertzberg, M. Pleitez, T. Lieblein, A. Bauer, H. von LilientelToal and W. Méantele
Mid-IR Photothermal Deflection Spectroscopy fovivo Skin Measurments using a Tunable
Quantum Cascade Laser

P.3

Renato SaavedraJorge Yarfez, and César Soto

Classifying Ammunition from Gunshot Residues UBmgyier Transform Infrared Photoacoustic
Spectroscopy (FTIR-PAS)

P.4

Renato SaavedraJorge Yarez, and César Soto

The Use of Thermal Lens Determination of Coppewith 5-(4-sulphophenylazo)-8-
aminoquinoline

P.5

M.M. Krayushkin, Barachevsky V.A., Yarovenko V.N., Levchenko K.Zavarzin L.V,

Chudov K.A., Kobeleva O. I., Valova T. M.

Transformations of Chromones and Their Structunadlagues into Fluorescent Products under
UV-Irradiation.

P.6

V.A. Barachevsky, O.V. Venidiktova, O.l. Kobeleva, A.M. Gorelik, M. Krayushkin, O.l.
Andreev, G.I. Sigeikin

Solid-Phase Photochromic Films with Polyfunctio@gdtical and Electric Properties

P.7

l.V. Zavarzin, M.M. Krayushkin, A.M. Bogacheva, V.N. Charushin\V.Yarovenko,
I.A. Platonova, V.A. Barachevsky

Non-destructive Recording Media Based on FRETfide®©perative Optical Memory

P.8
A. Giusti, G. Leahu, A.Maurizi, G.Cesarini, C.Sibilia, R.\Loti
Nondestructve Evaluation and Testing of Applestytéacoustic Spectroscopy

P.9

R. Li Voti, G.Leahu, M.C. Larciprete, G.Cesarini, C. $#ilM. Bertolotti, |. Nefedov, I. V.
Anoshkin

Photoacoustic Characterization of Randomly Orierfsdgder Nanowires Films

P.10

G. Cesarini, R. Li Voti, G. Leahu, C.Sibilia, M.L.Grilli, A.Sytchkova

Optical and Photoacoustic Investigation of AZO/AffATransparent Conductive Coating for solar
cells

12



P.11

R. Li Voti, G. Leahu, M.C. Larciprete, G.Cesasini, F.Murkkratoddi, C. Sibilia and M.
Bertolotti

Semiconductor-Metal Phase Transition of Vanadiumxidie Nanostructures on Silicon Substrate:
Applications for Tunable Thermal Devices

pP.12
E. Marin, K. Martinez, A. Lara-Bernal, A. Caldero;. Pefia-RodriguezC. Glorieux
On Heat Losses in Photothermal Experiments

P.13
P. Vieyra Pincel, J.L. Jiménez-Pérez, A. Cruz-Ofed\. Correa-Pacheco,V. Cruz-SanMartin, and

C. Glorieux
Study of Curing Time of a Photoresin by using Bacbustic Technique

13



Monday October 6"

Foundations and Techniques

14



T1
Applications of photothermal and photoacoustic metbds using
different spatiotemporal excitation patterns

Jan Sermeu®), Bert Verstraeter?, Liwang Liu®, Ernesto Marin®, Angel Cifuente$, Jan FiveZz9, Michal
Landa@, Pavla Stoklasov&), Ken Haener), Paulius Pobedinska®, Christ Glorieux@"

@ Laboratory Acoustics and Thermal Physics, Depaninoé Physics and Astronomy, KU Leuven, Celestijren200D, B3001
Heverlee, Belgium
®) Centro de Investigacion en Ciencia Aplicada y Teogial Avanzada (CICATA), Unidad Legaria, Institutoiehico Nacional
(IPN)Legaria 694, Colonia Irrigacion, México D.F 1160México
© HUB, Warmoesberg 26, B-1000 Brussel, Belgium
@ Laboratory of ultrasonic methods, Institute of Tinemechanics,ASCR, Dolejskova 5, 182 00 Praha 8, Gzeghiblic
(©) Hasselt University, Institute for Materials Resgta(IMO), Diepenbeek, Belgium
* christ.glorieux@fys.kuleuven.be

The determination of thermal and acoustic transpaperties is typically based on the local genemnadf heat or elastic stress and
the detection of the resulting temperature or dispinent at one or more distances from the exaitattgion. The thermal
diffusivity or acoustic wave velocity and dampingncthen be extracted from the spatial and tempalution of the measured
quantity. In order to enhance the measurementracgubandwidth or spatial resolution, it can beveadageous to perform
measurements in frequency domain (sinusoidally neteld laser intensity) or wavenumber domain (spwtigeriodic grating
excitation), or to work with wide bandwidth excitat, in time (pulsed laser), in space (line souroejn both.

Here we give an overview of photoacoustic and pthetonal applications that make use different spetiporal configurations,
with focus on their advantages and disadvantagd#farent situations. Both the excitation and d&t: possibilities are discussed.
Different implementations are given for thermal afastic characterization of thin layers, free-dtag films, substrates, and bulk
materials with frequency dependent properties. cf@pattention is given to the data analysis ofae acoustic wave and thermal
wave dispersion curves.

Fourier spectrum (a.u.),

' 0 05 1 1.5 2
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o ;Lr' “/\“_‘“I Rayleigh wave '_—“

. ! . L L L \ !
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Different excitation schemes and resulting signals
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T2
Photothermal Radiometry in Time Domain
for Temperature Profiling in Biological Samples

Boris Majaron
Department for Complex Matter, JoZef Stefan In&tjtujubljana, Slovenia
Faculty of Mathematics and Physics, University jobljana, Slovenia
boris.majaron@ijs.si

Photo-thermal radiometry in time domain (a.k.aspdlphotothermal radiometry - PPTR) is based orsurements of
transient changes in mid-infrared (IR) emissiomfreample surface after exposure to a single pilkgh. In addition

to optical or thermal properties of homogeneous pdasn light-induced temperature depth profiles edso be
determined from the measured radiometric signafgpréximately 20 years ago it was first proposed tha same
approach could be useful for structural characi¢ion of biological tissues and organs.

After covering the theoretical background and eixpental setup for PPTR temperature profiling, |lvdddress
specific challenges involved in solving the seweiidposed inverse problem of temperature proféeonstruction in
biological samples [1,2] and some recent advandeshwenabled us to achieve record-breaking desblugon and
robustness in experimental tegtsvitro [3]. These steps include development of a custotimigation algorithm
(combining thev-method and nonnegativity constraint) [3], prectioding of the kernel matrix (by nonuniform
binning of the signals)[4], and augmentation of fbeward problem formulation (by introduction of Hitspectral
kernel matrix)[3].

Second part of the talk will review our recent agations of PPTR profilingn vivo. These include monitoring of laser
tattoo removal [5], characterization of laser-tessnteraction in treatment of port wine stain (PWf8thmarks [6],
objective evaluation of a prototype laser systenskin rejuvenation (emitting at 1342 nm) [7], ashelelopment of an
inovative technique for determination of maximafesaadiant exposure on individual patient basis [Br most
complex (and ongoing) study of hemoglobin dynaniicdraumatic bruises (hematomas)[9] will be presdnin a
separate talk (by Vidoviet al).

w

Fig. 1: Reconstructed temperature profiles in a tattooaita healthy volunteer prior to Nd:YAG laser treant plack solid line -
2), 6 months after the treatmebiye -3, and 3 months after second treatmeed lashed line -}[5]

[1] B. Majaron, M. Milang, Phys. Med. Biol52, 1089-1101 (2007).

[2] M. Milani¢ and B. Majaron, J. Biomed. Of#4, 064024-1-8 (2009).

[3] M. Milani¢, I. Ser3a, B. Majaron, Phys. Med. Bib#, 2829 (2009).

[4] M. Milani¢ and B. Majaron, Proc. SPIE371, 773100 (2009)

[5] B. Majaron and M. Milarii, Proc. SPIBB207, 82070G-1-12 (2012); J. Laser Health Ac2@il3 68—74 (2013)
[6] B. Majaron, M. Milang, J.S. Nelson, Proc. SPE632 66320C (2007).

[7] M. Milani¢ and B. Majaron, Lasers Surg. Mekb, 8—14 (2013).

[8] B. Majaron, L. Vidov&, M. Milani¢, W. Jia, J.S. Nelson, Laser Surg. M8@3 916-917 (2011)

[9] L. Vidovi¢, M. Milani¢, B. Majaron, Proc. SPIE va8941, 894112-1-9 (2014); J. Biomed. Opt. (submitted).
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T3
Physical heat conduction mechanisms at micro and nascales

Sebastian VolZ? and Yann Chalopir®
@ Laboralaboratoire d'Energétique Moléculaire et Mascopique, Combustion, UPR CNRS 288, Ecole Central
Paris - 92295 Chatenay Malabry — France

Abstract: We present a short introduction on siffeces on heat conduction at nanoscales and itltestthose with
recent advances in the understanding of heat cdinduo semi-conductor superlattices [1] and casbbased systems
[2-5]. In superlattices, the effect of (i) cohererend (ii) interfaces/surfaces becoming predomjnamtuse a direct
simulation technique -i.e. Molecular Dynamics- stimate the thermal resistance generated by tHésetsebut also a
specific metrics to define the coherence lengthtafnons. In grapheme systems, several mechaniceanlilighlighted
such as the high graphene-silica interfacial rasist, the grapheme substrate dependence of ttstares to the
number of layer and the differences appearing veheaspended grapheme is deposited on a substrate.

[1] B. Latour, S. Volz, Y. Chalopin, Microscopic Beription of Thermal Phonon Coherence : From CaiteFeansport
to Diffuse Interface Scattering in Superlatticelsy$ Rev. B., 90, 1, 014307 (2014).

[2] Y. Ni, Y. Chalopin and S. Volz, Few Layer Grapte based Superlattices as Efficient Thermal ItadaAppl.
Phys. Lett., 103, 14, 141905, (2013).

[3] Yuxiang Ni, Yuriy Kosevich, Shiyun Xiong, Yan@halopin, and Sebastian Volz, Substrate InducedscRiane
Thermal Propagative Modes in Few Layer Graphengs HRev. B., 89, 20, 205413, (2014).

[4] Y. Ni, Y. Chalopin and S. Volz, Few Layer Grapte based Superlattices as Efficient Thermal ItadaAppl.
Phys. Lett., 103, 14, 141905, (2013).

[5] Yuxiang Ni, Yann Chalopin, and Sebastian Vo&ignificant thickness dependence of the thermaltate
between few-layer graphenes, Appl. Phys. Lett., 52306, (2013).
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Light and sound interactions at the nanoscale

Daniel Lanzillotti Kimura @
@ Laboratoire de Photonique et de NanostructuresRGNMarcoussis, France
®) Laboratoire Matériaux et Phénoménes Quantiquesyéisité Paris 7, Paris, France
* daniel.kimura@lpn.cnrs.fr

Abstract: The idea of trapping and manipulatirgpij sound and heat has fascinated mankind sinderdartimes. The
development of micro- and nanofabrication techrégeeabled the study of nanostructures where itoisiple to
confine photons (light) and phonons (ultrahigh fregcy sound) in a single resonant cavity of ab@@ danometers,
and control both the dynamics and the interactioesveen them. Through the engineering of semicanduend
metallic nanostructures displaying a controlledusstic impedance modulation, a new area is growinganoscience:
nanophononics. This area is devoted to the stfidyeovibrational and thermal properties at theameter scale, and
the interaction of these engineered phonons witliqats and electrons at high frequencies and redscadds.

In the first part of this presentation | will inttace different strategies to generate and manipuwaherent phonons
using femtosecond lasers [1], and will discuss drpental results obtained using engineered semisocind
nanostructures. | will discuss several acoustigicds: superlattices operate as high reflectadmn@nic mirrors,
acoustic nanocavities confine and amplify the hgpend field both spatially and in the spectral dimmand optimized
aperiodic multilayers may act as tailored phonditters. Also, | will introduce structures based GaAs/AlAs capable
of simultaneously confine light and sound optimigtheir interactions. [2-6]

Plasmonics, on the other side, has emerged as raiging field in physics, with the potential to ogeme the

diffraction limit in classical photonics, and tovedop a myriad of applications. Spatially localizearface plasmons
show strong electronic resonances that allow the& for the design of optical nanoantennas and magéaials,

enabling new ways of capturing and controlling 1i§if]. These resonances can be strongly depenaepblarization,

allowing a selective coupling and control of thghli with the nanostructures [8]. In the second pfthis presentation
I will show how to integrate plasmonics conceptto ithe field of nanophononics using metallic naeanas as
coherent phonon generators and detectors [9].

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

[2] N. D. Lanzillotti-Kimura et al., Appl. Phys. Itie 96, 053101 (2010)

[3] N. D. Lanzillotti-Kimura, A. Fainstein, B. Pém; et al, Phys. Rev. Lett.04, 187402 (2010).

[4] N. D. Lanzillotti-Kimura, A. Fainstein, B. Pém; et al, Phys. Rev. B4, 201103 RC (2011).

[5] A. Fainstein, et al. Phys. Rev. Lettl0, 037403 (2013).

[6] N. D. Lanzillotti-Kimura, et al., Ultrasonic# press (DOI: 10.1016/j.ultras.2014.05.017) (2014)
[7] S. Maier, “Plasmonics: Fundamentals and Appiaes”, Springer, Berlin, (2007).

[8] T. Ellenbogen, K. Seo and K. B. Crozier, Nanol&e® 1026 (2012).

[9] K O'Brien, N. D. Lanzillotti-Kimura, et al, Nat@ Communications, 4042, (2014).
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Plasmonic nanoheating: fundamental mechanisms andgaglications

Bruno Palpant

Laboratoire de Photonique Quantique et Moléculail®R CNRS 8537 — Ecole Normale Supérieure de Cadtanie
Centrale Paris, 92290 Chéatenay-Malabry, France
bruno.palpant@ecp.fr

Abstract: This tutorial aims at providing some tdd@ne messages about the ability of noble metabpeaticles to
behave as effective heat nanosources when irrddiatelight at their localized plasmon resonance [Mfje basics
mechanisms of this conversion process will be erathi We will show how pulsed optics can help undading
them. The influence of key parameters related tth tbe medium (nanoparticle size, shape, numbersigen
environment) and light (pulse duration, wavelengthll be discussed. Some selected applicationshe fields of
biomedicine and materials will be presented.

Fig. 1. The Lycurgus cup after light irradiation at plasmesonance. The effect of nanoscale light-heatemsion on the
macroscale material optical properties can beyeabserved.

[1] B. Palpant, “Photothermal properties of gold oarticles”, inGold Nanoparticles for Physics, Biology and Chergjstd. C.
Louis and O. Pluchery (Imperial College Press, 2012)
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Thermal lens to study transeterification stages andxidative stability:
theory and experiments

R. Constantind, M. G. Francd, G. G. LenzP, E. SavP, F. B. Guimarae$, E. K. Lenz®, L. C. Malacarne®, N. G.
C. Astrath®, A. C. Bentd, M. L. Baess§

@ Grupo deFisica Geral e AplicadaUniversidade Tecnoldgica Federal do Parana, Carvmurao, Brazil
®) Departamento de Fisica, Universidade Estadual @eihga, Maringa, Brazil
“ mlbaesso@uem.br

The remote nature of Thermal Lens Spectrometry JT=8 been successfully explored in temperatunenscg studies
of both solids and liquids [1,2]. Glass and phaagaditions of solids and photostability of biolagisystems have been
investigated through quantitative measurementh@fsamples thermophysical parameters [1-2]. Inwhigk, theory
and experiments of TLS will be discussed focusimg study of transesterification stages and oxidasitability of
biodiesel and oils. Measurements of samples frdfardnt stages of the transesterification reactiene performed as
a function of temperature, simultaneously with theuction of fast oxidation. Vegetal oils with amdthout natural
antioxidants were also studied. The results alloteedorrelate the measured parameters with theatix&l stability.
Temperature behavior of the thermal diffusivity wearrelated with the molecular size, and the TLSplande
evidenced the occurrence of oxidation. The onsepégature (Inse) during the transesterification stages changeuah fro
149C to 169C for sunflower and from 12T to 142°C for soybean samples. The values of the charatitereaction
time revealed the formation of intermediate computsuafter ~7min for sunflower and ~10min for soybeadditional
analyses of oxidation and transesterification dhisamples were performed with conventional caletignand Fourier
transform infrared spectroscopy. The results weragreement with those obtained by the TLS metfibd. TLS also
allowed to distinguish natural oil from the antidant treated one in terms of their photostabilities conclude, in this
presentation the theory and experiments of thederad method will be discussed envisaging this teglnas a
promising tool for different temperature studiesbaidiesel and oils, and their relationship witke #amples oxidative
behavior. The results appear to be useful for ghebdishment of novel protocols for these mateigalgification.

[1] N.G.C. Astrath,et al Appl. Phys. Le5,191902(2009).
[2] N.G.C. Astrath,et al Phys. Rev. B1,214202(2005).
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Generation of the Photoacoustic Effect
by Moving Optical Sources and Thin Layers

Lian Xiong, Jennifer Ruddock, and Gerald J. Diebold
Brown University, Department of Chemistry, ProvidenRI, 02912, USA

Abstract: The photoacoustic effect can be produmechoving an optical beam in a weakly absorbinglion®. The

character of the sound waves generated in 1, 23atidnensions is found to differ greatly. In onendnsion, for

example, the sound amplitude increases without éd@aocording to linear acoustics, when the optiegrb moves at
the sound speed. In three dimensions a trailingevimfound as a result of reflection of a wavepagating towards the
origin. In two dimensions, in addition to compriess and rarefactions that move with the light bespeed, a
discontinuity in the pressure is found. Theorétazad experimental results for short pulse irradabf thin layers is

given as well.

The wave equation for pressure has a source teammigtproportional to the time derivative of theatieg function,

which is the energy delivered by the light beam peit volume and time to the fluid. As such, angtion of the

optical source is space results in the generatiGownd. It has been known for some time[1] thad bne dimensional
geometry, that is, where, for instance, an optizdm moves with speed v as a line, or perhapstmsam with a
Gaussian profile, along the z axis in a channdl ¢bafines the pressure, that the pressure cordistavave front that
moves with the sound speed c, followed by a presdsecrease that moves with speed v, and a traiieng that

propagates in the negative z direction with a speethe wave amplitude is positive, and is propoii to 1/(c-v),

which, of course, means that as v approaches @dbastic amplitude gets large. It can be showahwhen v=c, the
wave increases in amplitude as a linear functiotinoé without bound—at least according to lineavwstics. In two

and three dimensions, this is not the case as riégsyre can be dissipated in directions other thardirection of

propagation.

It is possible to consider theoretically the problef a three dimensional, spherically symmetricusian optical
source initially at a distance from the origin tleéther travels away from the origin or towards &gain, for a radial
speed v that is smaller than c, there is a waveatigances ahead of the source, and a trailing \treatepropagates
oppositely to the direction of motion of the sourck the case of spherical waves, there must beflection at the
origin,

which results in a finite amplitude wave propaggtkimtwardly and adding to the initially generateaivey.

Two dimensional waves can be generated by lightniseaoving perpendicularly to the propagation dioecof the
optical beam. The case of a delta function opsoairce moving away from the origin with a speedong the x axis
is taken. The unusual feature of the two-dimeraiarave generated in this way is that the waveghatedes the
source and travels at a speed ¢ shows a discaytadaing a circle centered at the origin, as showthe figure.

Results for pulsed laser irradiation of thin filang presented. Here solutions to a new wave exutitat takes into
account thermal conduction are given and compaitdthe results of experiments using thin goldf@lbmerged in
water.

[1] V. E. Gusev and A. Karabutolzaser Optoacoustic®American Institute of Physics, 1993).
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Photoacoustic Imaging and Its Biomedical Applicatios

Huabei Jiang
Department of Biomedical Engineering, Universitytdrida, Gainesville, Florida 32611, U.S.A.

Abstract: Principles of photoacoustic tomograpRPAT) and photoacoustic microscopy (PAM) along wikteir
hardware/software implementation will be descridedparticular, quantitative photoacoustic tomodmaggPAT) and
photoacoustic computed microscopy (PACM) will bghlighted. These variations of photoacoustic imggiill be
illustrated through their applications to deteatiear, probe inflammation and map brain activity.

Photoacoustic imaging (PAI) is an emerging biomeldicnaging modality that combines the high contrast
spectroscopic-based specificity of optical imagwigh the high spatial resolution of ultrasound inmggin a single
modality. By listening to light, PAI detects tissabsorbed photons ultrasonically through the phugostic effect.
Since ultrasonic scattering is 2 to 3 orders of mitage weaker than optical scattering in tissuel Bx&aks the 2-4mm
spatial resolution limit associated with pure ogtitomography such as diffuse optical tomograph@TIp for deep
tissue imaging, or the ~1mm depth limit associatéti confocal and multi-photon microscopy and ogticoherent
tomography (OCT). In PAI, tissue is excited withshort (typically a few nanoseconds) laser pulseuged or
unfocused) and the subsequent laser-induced trangfetoacoustic waves in the range of 1-100MH=z th the
transient thermoelastic expansion of light-absarbdiomponents in tissue, are detected by widebarfidcused or
focused ultrasound transducer(s). Unique advastafid’Al are that functional or biochemical paraenetsuch as
deoxy-hemoglobin (HbR), oxy-hemoglobin (H§Owater (HO), and lipid, etc along with vasculature and bldiogv
can be imaged in high resolution. In addition, hygspecific molecular PAI can be realized throubke use of
molecular contrast agents. Finally, PAI can be mpaol¢able for bedside applications, is economiaal uses non-
ionization radiation.

PAI has found its potential clinical applicatioms several areas. In breast imaging, PAI offers the
submillimeter-resolution ability to quantitativelypnage the high optical contrast generated throunghpgresence of
blood, water, and lipid which are the predominat@nsformations associated with malignancy. Clinisaldies
conducted at multiple institutions and countrieveéhaepeatedly shown that there exist 2:1 and higlesorption
contrasts in breast cancers that can be imagedbyTRese studies suggest that PAIl has the potdntidetect breast
tumors at early stages. Application of PAI to jaimaging has been recently explored, offering apoofunity for early
detection and monitoring of progressive diseasehudiing osteoarthritis and rheumatoid arthritis.this case, the
optical contrast is produced through the degradtcuar cartilage, and the increased water cordentturbidity in the
synovial cavity. Other clinical applications of PAdlso start to appear including intravascular imggiand
intraoperative imaging during cancer treatment.

While brain imaging and electrophysiology playemtal role in neuroscience research and in thkiatian of
neurological disorders, a single noninvasive magdhat offers both high spatial and temporal reSoh is currently
not available. PAI may become such a neuroimagiodality at least in animals. | show in this leetun an acute
epilepsy rat model that PAI can noninvasively tragkzure brain dynamics with both high spatial aechporal
resolution, and at a depth that is clinically reletr The noninvasive yet whole surface and depplalmitities of PAI
allow to actually see what is happening duringgettesis in terms of seizure onset and spread.
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Objective Characterization of Bruise Evolution usirg Photothermal
Depth Profiling and Monte Carlo Modeling

Luka Vidovi ¢ Matija Milani &, Boris Majaron”
Department for Complex Matter, JoZef Stefan Ingtjtujubljana, Slovenia
“boris.majaron@ijs.si

Forensic examiners are frequently asked to estithat@ge of traumatic bruises. This procedure iseatly based on
subjective assessment of the bruise color, whicielver depends strongly on the depth of vascularynjatural skin
tone, ambient light conditions, etc. Limited cohtod these factors prevents an accurate and relidbtermination of
the time of the injury.

Optical techniques, such as diffuse reflectancetspgcopy (DRS), were recently applied to objecawalysis of the
bruise healing process [1,2]. However, DRS siglaadk information on geometry of the specific skite sas well as on
depth distribution of relevant chromospheres. Cqusatly, the key parameters governing the bruisdige process
assessed from inverse analysis of DRS spectrékalg hot very accurate.

Pulsed photothermal radiometry (PPTR) allows noaéive determination of laser-induced temperatupghdprofiles

in strongly scattering biological tissues [3,4]. Wave applied this technique to quantitative charaation of the
bruise healing process. By combining an analyticatlel of bruise evolution with numerical (Monte ©qusimulation

of PPTR measurement, we can objectively fit the RRignals obtained from human volunteers at vartonss after
incidental injury [5]. This approach eliminates @astruction of the corresponding depth profilesjclvhavoids the
controversies related to its non-uniqueness, addces the computational complexity. The above sepeceded by
similar analysis of a nearby healthy site, whiclowas us to assess the local values of epidermekiiiss, melanin
content, and concentration of blood in intact dermi

The described approach enables us to determingathes of hemoglobin mass diffusivity and biocheahegradation
rate, which were controversial in literature angehaot been measured directly. In addition, tempaagations of the
hemoglobin dynamics parameters can be assess#teféirst time. Access to such information is ingdare for future

development of objective techniques for bruise @gefermination.

Healthy skin 6h N 92h
1.5 — Measurement 1.5 —— Measurement 1.5—,:' —— Measurement|
-=--- Simulation ---- Simulation -=-=-- Simulation

0.5+ 0.5 0.5

00 05 10 15 2.0 0.0 05 10 15 20 00 05 10 15 2.0
t[s] t[s] t[s]

Fig. 1. Measured and best fitting simulated PPTR signatseglthy (eft) and bruised skin 16 (center) and 92 hours afieidental
injury (right).

Table 1: Parameters of the bruise evolution model as asddssm the data in Fig. 1.

t=16h t=92h
Hemoglobin mass diffusivity [$omn¥/h] 6.61 +0.07 6.2+0.2
Depth of blood extravasation [mm] 0.466 + 0.003 0.478 £ 0.007
Hemoglobin decomposition time  [h] 51+5 81+3
Duration of blood spill [h] 61 38+3

[1] L.L. Randeberget. al, Laser Surg. Med8, 277-289 (2006).

[2] B. Stamet al, Med. Biol. Eng. Compu#8, 911-921 (2010).

[3] M. Milanig, I. Ser3a, B. Majaron, Phys. Med. Bib#, 2829 (2009).

[4] M. Milani¢, B. Majaron, Lasers Surg. Megb, 8—14 (2013).

[5] L. Vidovi¢, M. Milani¢, B. Majaron, Proc. SPIE vag941, 894112-1-9 (2014).
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The Application of Ultrasound and Photoacoustic Radr Detection
and Imaging for Assessment of Bone Collagen and Manal Contents

Lifeng Yang® 2 Bahman Lashkari* , Joel W.Y.Tart, Andreas Mandelig-?
!Center for Advanced Diffusion-Wave TechnologieSX[EA), Department of Mechanical and Industrial Engering,
University of Toronto, Toronto, M5S 3G8, Canada
2School of Optoelectronic Information, UniversityEéctronic Science and Technology of China, Chan§0054,
P.R. China

Osteoporosis is a major public health problem imyneountries. This talk will examine the backsaattieultrasound
(US) and back-propagating photoacoustic (PA) smfi@m trabecular bones, and their variations wétluction in
bone minerals and collagen content. While the geltestatus is directly related to the strengthheflione, diagnosis of
its condition using US remains a challenge. Fohb®A and US methods, coded-excitation signals aatthed
filtering were utilized to provide high sensitivitf the detected signal. The PA signals were géegnaith an 805-nm
CW laser used for optimally deep optical penetratitepth. The detector for both modalities was aN#- US
transducer with lateral resolution of ~1 mm aff@sal point. Bone decalcification and decollageti@awere induced
with mild ethylenediaminetetraacetic acid (EDTA)dasodium hypochlorite solutions, respectively. & and US
signals were measured on bovine bones, and apgdategtated backscatter/back-propagating (AlB) pei@rs were
compared before and after demineralization and Ithgmmization. Using a lateral pixel size much &rthan the size
of the trabeculae, raster scanning generated Pgdmeelated to the averaged values of the optimhltlkermoelastic
properties, as well as density measurements ifioitte volume. US backscatter yielded images relédeshechanical
properties and density in the focal volume. Thetlleayf interest was selected by time-gating the agror both
modalities. The raster scanned PA and US imagee w@mpared with micro-computed tomographZ 1) images
averaged over the same volume to generate simplatiab resolution as US and PA. The comparison aiede
correlations between PA and US modalities withrtieeral volume fraction of the bone tissue. Varidestures and
properties of these modalities such as detectapthdresolution and sensitivity are discussed.

The results show that both PA and US are senditivaineral changes. In addition, PA is also sereitdo changes in
the collagen content of the bone, but US is natiigantly sensitive to these changes.

25



A5
Analysis of Protein and Nanoparticle Solutions in @ganized Media by
Thermal Lensing Along with Spectrochemical Analysis

Mikhail Proskurnin "®, Dmitry Volkov @), lvan Mikheev@®®P), Tatyana Samaring®®
@ Chemistry Department, M.V. Lomonosov Moscow S$tateersity, Moscow, Russia
®) Analytical Centre, M.V. Lomonosov Moscow Statevehsity, Moscow, Russia
*proskurnin@gmail.com

Abstract: State-of-the-art research trends lookesginat similar for studies in biomedicine and iniwas case s of
nanomaterial assessment in technology. Sometinaely, studies in artificial mixtures (for technoldggr purelyin
vitro studies (for biomedicine) quickly jump to actuglpfication environments dn vivo studies. However, such a
quick ‘long’ jump changes too many parameters efdjstem in question and one cannotaayiori that the behavior
of the test entity in artificial conditions will beeplicated in real systems. As well, not all tlzegmeters of the system
in question can be readily monitoradvivo or in a real application with ease. Thus, a téatfgrm, which can be
considered as an intermediate step between imtiatro/test studies anih viva'real applications, is of a great value [1,
2]. Such intermediate (@x vivg platforms are known to be based on organized anefdhydrophilic polymers—either
micellar or structural—polyethylene glycols, vagomembranes, or hydrogels [3-6]. The polymer modifon of the
solution stabilizes and mildly fixes nanoparticlescelles, or cells in place and provides the oVeiaysicochemical
properties closer to the intended real applicabibtine test entity.

On the other hand, the field of application of gitbérmal spectroscopy for heterogeneous matesal& (and liquid),

including dynamic heterogeneities, develops rapaityl extensively. This includes sensing and aralgkivarious

nanoparticles, biologically active complexes, antlsc As the photothermal signal strongly depemishe parameters
of the solution, it could change advantageously @ndially if an aqueous medium contains nanopagijanicelles, or
polymers. Thus, polymer-based organized media cawige very sensitive and distnict measurementesf éntities

with photothermal spectroscopy in various environteeMoreover, due to its intrinsic sensitivityrsatility, and non-

destructivity, photothermal spectroscopy can beaklable assessment/probing unit of such a testnpmhpased

platform.

The examples of this study will include use of salepolymer and surfactant-based organized mediatte
photothermal (thermal-lens) detection and invesitgaof carbon nanomaterials (unmodified fullerenes detonation
nanodiamonds) and some (heme) proteins and thpraswlecular complexes with metal chelates, lip&ts, The
applications of photothermal spectroscopy for thrgification and size estimation of these testemals will be
discussed. The data obtained by photothermal ssecpy will be compared with the data from othdevant
analytical methods, mainly of spectrochemical asialy

Acknowledgements: The work is supported by The RasScientific Foundation, grant no. 14-23-00012.

[1] M. Yuan et al, Sens. Actuat. B90, 707—714 (2014).

[2] D. Zhai et al, ACS Nand,, 3540-3546 (2013).

[3] N. Sahiner, Prog. Polym. ScB8, 1329-1356 (2013).

[4] N. Sahiner and L. Sagbas, J. Power Sou#8,55-62 (2014).

[5] E. Mansfield, T.L. Oreskovic, N.S. Rentz and K.Merdge, Nanotoxicology, 394—403 (2014).
[6] S. Hernandez, J.K. Papp and D. BhattacharyyaHnd. Chem. Resg3, 1130-1142 (2014)
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Photoacoustic imaging and characterization of biolgical structures
from 1 to 1000 MHz

E.M. Strohm, M.C. Kolios
Department of Physics, Ryerson University, ToroGanada
estrohm@ryerson.ca, mkolios@ryerson.ca

Photoacoustics is an emerging imaging modality ¢batbines the high contrast of optical imaging
with the high resolution of ultrasound imaging. Whessue is illuminated with a laser, the
absorption of optical energy causes a rapid thelasbe expansion, resulting in the emission of a
pressure wave that can be detected with ultrasoeceivers. Both endogenous contrast (such as
melanin or hemoglobin) or exogenous contrast (agllyes and nanoparticles) can be used as
optical absorbers to facilitate photoacoustic wargssion. Specific parts of the cell or tissue can
be examined by selecting appropriate chromophonesiaterrogating optical wavelengths. The
resulting photoacoustic wave intensity can be usedenerate high resolution images from the
absorbing structures. The thermoelastic expansemergted upon absorption of optical energy
creates pressure waves with frequencies in the MH&Hz range, depending on the structures
examined. A quantitative analysis of the frequecaytent of the signals can be used to extract the
composition or functional information about thelgelr tissue that cannot be obtained through other
means. These properties can give insight into st of the cells and tissue, including the
presence of disease such as cancer. In this patisent recent advances in biomedical
photoacoustic research using frequencies from D-1@Blz will be presented. This includes the
clinical range (1-15 MHz) for small animal imagiagd tissue characterization, high frequency (20-
80 MHz) for tumor and blood vessel characterizatiand photoacoustic microscopy (over 100
MHz) for the analysis of single cells.
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Advances on Photothermally-based Mid-IR Spectroscgp

for the Study of Human Epidermisin vivo

M. PleiteZ, T. Lieblein', A. Bauer}, O. Hertzberg!, H. von Lilienfeld-Toal?> and W. Mantele*
! Institut fur Biophysik, Goethe-Universitat FrankfuMax von Laue-Str.1, 60438 Frankfurt am Main r@any

2 Elté Sensoric GmbH, Gelnhausen, Germany

The study of the composition, structure, and funrctf the human epidermis is a clear example whbatothermally-
based spectroscopy shows a remarkable advantage tbeetraditional spectroscopy methods. When mid-IR
spectroscopy is applied, these advantages areefueththanced because, in this spectral region, ffleéeacy of the
production of the phototermal effects is extrentetyh. Furthermore, in the mid-IR, the biomolecypessent their most
characteristic spectral features. Additionally, #pplication of photothermally-based spectroscopéthods has been
recently boosted by the introduction of broadlyaile quantum cascade lasers. As a consequencealsavinors have
already published results using these powerfult Igglurces in combination with the photothermal apph. Sigriset
al.,, for instance, reported the measurement of the-IRidbsorption spectra of skim vivo by means of CW
photoacoustic spectroscopy[1]. We have also regeaplorted the use of a windowless ultrasound r&sorfor non-
invasive glucose monitoring in human skim vivo by pulsed photoacoustic spectroscopyAnother example is
provided by Mandeligt al. who have proposed the use of differential photattaradiometry in human skin for non-
invasive glucose monitorifg

In this event we are discussing, with an oral preg@®n, themost recent advances on the application of photesimo
spectroscopy as well as photothermal deflectomettlye study of the structure and composition ahbhn epidermisn
Vivo,in a non invasive way, as well as its relevanci@understanding of its function in wound healidhgig delivery,
and non-invasive glucose monitoring.

[1] J. Kottmann, U. Grob, J.M. Rey, and M.W. Sigri8ensord 3, 535 (2013).

[2] M.A. Pleitez, T. Lieblein, A. Bauer, O. Hertalge H. von Lilienfeld-Toal, and W. Mantele, Rev.iSastrum.84,
084901 (2013).

[3] M.A. Pleitez, T. Lieblein, A. Bauer, O. Hertalge H. von Lilienfel-Toal, and W. Mantele, Anal. &n.85, 1013
(2013).

[4]1X. Guo, A. Mandelis, and B. Zinman, Biomed. Ogkpress3, 3012 (2012).
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Recent advances in development of noninvasive and continuous
monitoring of blood glucose levels based on continnous-wave
photoacoustic protocols.

Serge Camon
NPT Mursrerfrms Madigration dals, ATT Cime, bl Saam
" raan rerppiiad it e

Thee tepular monitoring of blosd phacose evels lave been o Barden foe all tle diabene patiens worldwide in
aider o deerease this conditson corseguence im he knie-term. Wit recanl advanees. partable and relatively Tow
onst devices have been develaped and commercialized by several companaes, which provides nccurate and fost
measuremenzs amywhere, anyviime, and by anyore. However, the techneque reguites blood smpling asaally
theough Fimger-pricking. whioh causes pain and porestial infection, which in fuwrn affect patiems’ compliaro:.
and cained provide contimious mondening (1] Wikna a deult, the nealnvasive sechidgue remains the porfinsg
allemmetive to the shndond protocol for combimooes and painless bonpsterm mondioring [2]. 5o fzr, none of the
propised appreaches have been ablde to reach the market ploce diaz to stringent regulubions-and complexity af
huwman body, Is order to propose @n altemnive 1o this nead, we then chase the ceminuous-wave pholoscoustic
(CW-PAL techndgue among e several technlguies ovadlable, and aleéady developad mwo protocels: the
Frequency shill (F5) |3.4) amd the pplical powes hulance shill (OPBS) [5.6]. Figare | shows e cxpermmental
schup, whene FS requirl:s arely goe liphi smance while Q1PBES needs iwao for differentinl measurements.

Despive wisang the senes techmgue, the two approdckss focus o diffenont agpect of the sensing moechntism ol
therefiore exhibil specihic chamsclensises. Un the one harkl, FS momioes the skl ol he resanani redquency. This
is 2 siular parameter thal dosin’t depend on neither optical wiavslengih nor the caviby size dimensson, It can alao
prowviche high sensitivity ta oy change in sample solutsn compasition, Hewever, F5 is eguivalent 10 an soausiic
veloeity measurensenl, aod thus exhibits no specificiey fo plugose Om the ol hed, OPBES uses owe aptical
siHareed i perlonm Ml ogquavalent o diTerestsd oplical cocilicioms mrmianng. This protoced eaables
one b cancel out the backgrouni signal generated by waler alsospbion and privides dependence o compeamd
strongly influenced by the choice of optical wnvelengihs poir. Figure 2 shows eaperimenial resubis performeed ai
P38Ianms-1600nm pair with pure glocose snd pure albumin squeous selwtions, Those resilts are in good
agrecmsenl with apsctioacopie data, The lager methed then openg the door o selectve measureinents of phicose
by multiplexing oplical wavclenglhs.
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Fig 1. Schemaonic view of the experimentsl  Fig, 2. OFBS-lused messarcments of glueese and albomin
gebap rogaired to perform FS (one Hght soiree)  ogoeos solatons made fuidic cell wibour costiel of
and OIFES (bwir lght sowrces) messarenwenis, tespseraiure {emariirs).

f1] LE. Kirk ani 1. Seegner, 1. Thabetes Sci Technal., Vol. 4 12 435-430 | 2010}

121 ). Wegner, O Midchodl, and (3 Abbott. [Nabetes Techn. & Thermpeuises. Wol. 7 (80 G1EA 10 {2057

3] 5 Camcar, Y. Llenio, amd B Teenechikn, do pesevedbng of TEFE Sensses 20000 Clor, 3000, Hawais, LSA

(4] 5 Cwmoii, T Haga T Tagrma, and £ Tameclnka, Anal. Chene, Vol, 84 (1L 471847048 (1012

[3] 5 Carmime, ¥, Lignp, amil B, Temechika, i prosresier of TEEE Benpocs 200 1, O, 2000, Limerick, Ireland

[6] 5. Comon; chipter in Perasive aod seebile senong aud coogunig foe dealtheane, 580, Moekbopadhysy ond A
Pustodache, eds. |Springes, 200 2)
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Ultrafast Plasmonic Heating of Single Gold NanorodsPolarization-
Controlled Photothermal Impact on a Hydrogel Medium

Timothée Labouret®, Jean-Frédéric Audibert®, Evgeny Turbin©, Yury Prokazov(®, Werner Zuschratter®©,

Robert B. Pans¥ and Bruno Palpant®*
@ LPQM, CNRS UMRS8537 & Instit. D’Alembert, FR3242pke Centrale Paris, 92290 Chatenay-Malabry, France
® PPSM, CNRS UMR8531 & Instit. D’Alembert, FR3248SECachan, F94235 Cachan, France
© Leibniz Institute for Neurobiology, 39118 MagdehuEgrmany
* bruno.palpant@ecp.fr

Abstract: Gold nanoparticles exhibit strong absorpof light around a particular wavelength, dud¢he excitation of a
collective oscillation of conducting electrons imetmetal. This phenomenon, known as localized sarfaasmon
resonance (LSPR), strongly depends on the sizpesirad environment of the nanoparticle. Gold nartmbes can act
as nanoscale sources of heat through photothemnakecsion at their LSPR. This feature enables varimomedical
applications including bioimaging, photothermalrtgy and drug delivery[1].

High aspect ratio gold nanorods, in particular,vshumusual high resonance in the infrared (tunablth¢ therapeutic
window). This resonance is associated with a laxig-@ongitudinal) oscillation of electrons, thusmkénding on the
alignment of the nanorod relative to the incideleckic field [2]. While gold nanorods and theimpimon dynamics
have been extensively studied experimentally, thekery little experimental evidence on photothakimeating of an
aqueous medium from a single gold nanorod undeafakt excitation.

Erslar o 218K %

Fig. 1. Polarization-dependent optical backscatteringorse of a single irradiated gold nanorod

We will present the ultrafast plasmonic heatingiofjle 10-by-67-nm gold nanorods embedded in adtgdrchitosan
hydrogel thin film. An infrared femtosecond-puldeder beam with controlled linear polarization sgly excites the
longitudinal LSPR of the nanorods. Photothermaltihgas transferred to the hydrogel medium withieas outcomes.
Using fluorescence lifetime imaging microscopy &magkscattering imaging, supported by heat trarsfiealations, we
will show polarization-dependent non-thermal damagea large area around the nanorods. We will disdhe
physical mechanisms most likely involved, includimgnobubble generation, chemical damage and plasmation.

[1] E.C. Dreaden, A.M. Alkilany, X. Huang, C.J. Musphnd M.A. El-Sayed, Chem. Soc. Ré\, 2740-2779 (2012).
[2] H. Ma, P.M. Bendix and L.B. Oddershede, Nano .LiE2t8, 3954-3960 (2012).
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Imaging and spectroscopy of the near-field thermal emission
Yannick De Wilde

U Iastitun Langeving, ESPCT ParsTech, CWNRS, 73238 Pans Cedey 03, Franee
vannick. dewildeiespei fr

We present the coupling of a Fourier transform infrared spectrometer (FTIR) and a scanning probe microscope
to perform imaging and spectroscopy measurements with sub-wavelength spatial resolution in the mid-infrared
spectral range. In contrast with a regular scanning near-field optical microscope which requires the use of an
external laser source, the originality of our set-up is that it is based on the detection of the sole near-field thermal
emission (NFTE) produced by the sample, which 15 scattered by a nanosized tip. This mode 15 called thermal
radiation scanning tunnelling microscopy (TRSTM) [1]. As it probes the NFTE, it provides information
regarding the spatial and spectral variations of the electromagnetic local density of states {EM-LDOS) | 1-4].

We achieve a spatial resolution of hundreds of nanometers in the mid-infrared range (& = 10 pm) for imaging,
FTIR spectroscopy, and hyperspectral imaging [5] As an example, figure | shows hvperspectral line scans
performed across a boundary between silicon carbide (5iC) and gold (Au). The transition between intense
guasi-monochromatic peaked spectra on SiC, due to the surface phonon polaritons resonance [4], and low
intensity bromdband spectra on Au, occours within ~ 300nm. Besides the non-Planckian behavior ol some
materials, this demonstrates that spatially super-resolved spectroscopy is achieved with our method with a
resolutim nearly two orders ol magnitude bevond the diffrsction limit, Varows apphications of the TRSTM wall
b discussed during this talk

Fig. 1: Hyperspectral TRSTM line scan. MWear-held
thermal emission spectra are recorded each 100 nm along a
strmght line crossing a boundary between SiC and Aw A
quasi-monochromatic  near-field  thermal emission s
observed on SIiC due to the contribution of surface
phonon-polaritons [ 5],

Work performed thanks to a frwtful collaboration with:

F. Peragut, ¥V, Krachmalnicofl, B, Carminati {Insttod Langevin) 5 K. Jouwlain (Institut P75 00 Greffet (Labo,
Charles Fabry- Institut d'Optique) : P. Roy, J.-B. Brubach {Synchrotron SOLEIL) : P.-O. Chapuis (Centre
d'Energétique et de Thermique de Lyon) ; 5. Collin, N, Bardou (Labo. Photonique et Nanostructures),

[11Y, D Wilde, F. Formanck, B. Carminati, B. Gralak, P.-A. Lemoine, 1-P, Mulet, K. Joulan, Y, Chen, 1.-1, Greiles,
Manure, 444, TAQ 200G,

[2] AL C. Jomes and M. B, Baschke, Mune Letters, 12, 1475 (200 2).

[3] K. Jouloin, P. Ben-Abdailuh, P -0, Chapais, Y. De Wilde, A, Babuty, C. Henkel, Joumnal of Cuantititive Spectroscopy &
Radistive Transfer, 136, 1 (20041,

[4] A Babuty, K. Joulain, P~00 Chapus, 1-J. GrefTet, Y. De Wilde, Physical Review Letters, 110, 146103 (2003).

[5] F. Peragut, J.-B. Brubach, . Roy, Y. De Wilde, subminted (2014).
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Digital heterodyne holography for thermoplasmonic @plications

Adrien Lalisse®?) Ariadna Martinez-Marrades ®, and Gilles Tessie®"
@ Neurophotonics Laboratory, CNRS UMR 8250, UniviBescartes, 45 Rue des Saints Péres, 75005, Fadace
® Institut Langevin, ESPCI, CNRS UMR 7587, 1 ruesi¢us 75238 Paris cedex 05, France
" gilles.tessier@parisdescartes.fr

Abstract: Like most interferometric methods digitallography is able to record the amplitude andsphaf optical
waves. Associated to heterodyning, it is also athpd the measurement of modulated phenomena. B&eigr here
applications to temperature imaging in metallic agystems, where plasmonic excitation is associédedhmic
heating, and can therefore be used to charactnd@ptimize plasmon resonance.

In metals displaying ohmic losses, the electrorillation which is characteristic of plasmonic phemna induces
heating. Such localized heat sources can be used.icancer cell destruction, to design optimizeldmeters or to
optimize photo-thermo-voltaic devices. Convershbating can be detrimental to applications of pasmresonators
to medical diagnosis, where sensitivity is ultiniatenited by the optical power which can be withstl by the analyte
or the antenna without risking destruction. In aage, this heating can be considered a fingerpfiptasmonic
phenomena, and a way to characterize them. It earséd as a way to detect nanoparticles [1], ohémacterize
plasmonic resonances in hanostructured systembl§g, we present a non contact, full field imagimethod based on
digital heterodyne holography [3,4], which measwsations in the light scattered by the struciuae a result of
refractive index changes related to local heatingariety of nanodisc chains with different disamers, spacings and
diameters were fabricated on glass substratest®ast lithography.

A heterodyne phase modulation of a low power prok@m 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 camerac= 16 Hz). In collaboration with R. Carminati (litet Langevin),
a Green function - based analytical approach allbuseto show that the recorded signals are dirgethportional to
the temperature increase.

Clear photothermal signal were observed when théagion beam is polarized parallel to the axishaf structures,
allowing nanoantenna excitation. The phototherrigaiad is typically 4 times lower for a perpendiauggolarization at
identical laser fluence. This is an indication thaplasmonic resonance involving the whole disdrghefficiently
excited by an electric field along its axis, is ttleminant dissipative source in this case, while perpendicular
polarization mostly excites individual disc modes.

Negative antennas, i.e. series of holes in a cootisa metallic films are interesting candidates toimize heating :
the gold layer can act as an efficient heat dissipahile, according to Babinet's principle, opligaoperties are in
some respect expected to be similar to those dfipwsntennas, i.e. series of gold disks on gtagsstrates. We have
carried out a detailed scanning near-field micrpgc(BNOM) characterization of these negative stngs in order to
compare evaluate the validity of the comparisorth@ir positive counterparts, and a photothermatlisti of their
thermal properties. We will present a systematicgtof the dependence of photothermal signals sa ”umber, size
and gap, as well as photothermal measurementshen types of plasmonic structures.

Finally, we will present finite element simulatioassimple plasmonic structures showing that, fagiven density
of metal per unit surface, a fine tuning of theexdpratio of elongated gold nanodiscs allows annapation of the
absorption by the structure, paving the way foiceffit light to heat conversion taking advantageptE#smonic
resonances.

This work is funded by the ANR NATO, and by LABEXIW (Laboratory of Excellence within the French
Program "Investments for the Future") under refeesrANR-10-LABX-24 and ANR-10-IDEX-0001-02 PSL*.

[1] D. Boyer, P. Tamarat, A. Maali, B. Lounis, and ®irrit, Scienc&97, 1160-1163 (2002).

[2] Baffou, G., C. Girard, and R. Quidant. Phys. Reatt1104 (13), 1-4 (2010).

[3] E. Absil, G. Tessier, M. Gross, N. Warnasooriga Suck, M. Coppey-Moisan, D. Fournier, Opt. Ei®, 2, 780 (2010).
[4] S. Y. Suck, S. Collin, N. Bardou, Y. De WildeydhG. Tessier, Optics Letters 36, 6, 849, (2011).
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Non-Diffusive Thermal Transport by Phonons at Roonmlemperature

A.A. Maznev
Department of Chemistry, Massachusetts Institufeeshnology, Cambridge, MA, USA
alexei.maznev@gmail.com

Abstract: Phonon-mediated thermal conductivitgxpected to follow the diffusion model as long lae heat transfer
distance is large compared to the phonon meampftde(MFP). The “textbook” value of the phonon MiRFSi at room
temperature (RT) is about 40 nwith even shorter MFPs listed for most other materiConsequently, we used to
believe that deviations from the Fourier law of the@anduction could only be observed on the tensaobmeters
scale. However, describing phonon transport indsdliy a single MFP value is an extremely poor madethe
MFP varies greatly over the phonon spectrum. Rediesttprinciples calculations [1] indicated thaiw-
frequency phonons with MFP exceedinguh contribute about 50% to the thermal conductiafySi at RT,
contrary to what the entrenched textbook MFP vahay suggest. We will discuss a recent experimegnthig
demonstrated that the Fourier law indeed breaksndawdistances much greater than previously thoutji
laser-induced transient grating (TG) technique wsed] to set up a spatially periodic temperaturélerio a thin
silicon membrane and monitor its decay. By chandiiregthermal grating period, the heat transpothdie was
varied within the range ~1-1@m. A deviation from the quadratic dependence ofttheay time on the TG period
demonstrated the deviation from the diffusion maded clean and model-independent manner. Furtherntioe
simplicity of the experimental geometry enabledaaalysis of the phonon transport with the Boltzmaansport
equation [3,4] that showed a reduction in the éffecthermal conductivity due to the suppressiontlod
contribution of the low-frequency phonons with MERceeding the heat transfer distance. We will disdhe
implications of these findings for our understamgdai the phonon-mediated heat transport at smsthdces.

[1] K. Esfarjani, G. Chen, and H. T. Stokes, Phys/. B84, 085204 (2011).

[2] J.A. Johnson, A.A. Maznev, J. Cuffe, J.K. Eliasé.J. Minnich, T. Kehoe, C.M. Sotomayor Torres,@ben, and K.A. Nelson,
Phys. Rev. Lettl10 025901 (2013).

[3] A.A. Maznev, J.A. Johnson, and K.A. Nelson, Bhigev. B84, 195206 (2011).

[4] K. C. Collins, A. A. Maznev, Z. Tian, K. EsfarjaiK. A. Nelson, and G. Chen, J. Appl. Ph$44, 104302 (2013).
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Heat transfer in vacuum due to phonons

Sebastian VolZ?
@ Laboralaboratoire d'Energétique Moléculaire et Mascopique, Combustion, UPR CNRS 288, Ecole Central
Paris - 92295 Chatenay Malabry — France

Abstract: We tackle the mechanism of radiatiosratll scales. When the gap distance between twtirgnbodies
decreases below the Wien's photon wavelength, tdiectrostatic interactions between charges yaeldexalted heat
transfer larger than the one predicted Stefan's. Md@ show that the proposed Maxwell equation apgroamains
limited to gaps larger than about 10nm and we mghlthat charge-charge interactions predominatevbehis
distance down to a few Angstroéms [1]. We also erthve existence of a guided radiated heat flux galpalar

nanowires that can be larger than the one trarsgphdhrough lattice vibrations. This flux can beirasted with the
guantum of thermal conductance at ambient temprer§2L

[1] S. Xiong, K. Yang, Y.A. Kosevich, Y. ChalopinD'Agosta, P. Cortona, S.Volz, Classical to quantransition of

heat transfer between two nanoparticles, Phys. Rett. 112, 114301 (2014)C. van Tiger, Phy. Rett. 0d, 741-755
(1997).

[2] J. Ordonez -Miranda, L. Tranchant, B. Kim, Yh&opin, T. Antoni and S. Volz, Quantized Thermadlictance of
Nanowires at Room Temperature due to Surface Ph&wdaritons, Phys. Rev. Lett., 112, 055901, (2014).
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Ultrafast Laser-Induced Heating of Dielectric Nanoflms Predicted by
the Boltzmann Transport Equation: Microscopic Desciption of
Photothermal Phenomena

Jose Ordonez-Miranda®’, Ronggui Yang®, Sebastian VolZ®, and J. J. Alvarado-Gil ©
@ Laboratoire d’Energétique Moléculaire et Macrosagye, Combustion, UPR CNRS 288, Ecole CentralesPari
Grande Voie des Vignes, 92295 Chatenay Malabrynéea
®) Department of Mechanical Engineering, UniversityColorado, Boulder, Colorado 80309, USA.

© Departamento de Fisica Aplicada, Centro de Ingestion y de Estudios Avanzados del |.P.N-Unidadidéer
Carretera Antigua a Progreso km. 6, A.P. 73 Corden¥érida, Yucatan, 97310, México.

" Corresponding Author’s e-mail address: jose.orda@ecp.fr

Abstract: The blossoming of nanotechnology involving theniatiurization of devices with enhanced rates of
operation requires a profound understanding of tthermal performance. This is particularly critic@ nanomaterials,
in which the heat transport is not necessarily diesd by the Fourier’s law of heat conduction.

In this work, a nonlocal theory for heat conductammoss dielectric nanofilms under high frequerygerature fields
is developed and applied to explain the reductibtheir thermal conductivity observed in recent exments. This
theory is a novel and analytical solution of thdtBmann transport equation for phonons in a dieledim subjected
to periodic heating at the surface. By considetirag the mean free path (MFP) and mean free timeT(Mf phonons
are independent of the temperature and the phaegaédncy, explicit expressions for the temperaaume the heat flux
are derived and analyzed as a function of the filitkness and modulation frequency. It is showrt: thpFor a film
thickness much greater than the MFP (diffusivermegiand for frequencies much smaller than the sevef the MFT,
the amplitude and phase of the temperature fidhibéxhe classical diffusive behavior predictedthg Fourier’s law.
By contrast, as this thickness becomes comparahbde $maller than the MFP (ballistic regime), theggals display
attenuated oscillations, which strengthen as the fhickness reduces to nanoscales or the modaldteguency
increases from GHz to TH2) The diffusion length is still a meaningful coptén the ballistic regime and its value is

given by /= I/«/6a)r, wherel and 7 are the MFP and MFP respectively, ag@dis the modulation frequency. 3) The

cross-plane thermal conductivikyof a dielectric film increases with the ratjp between the film thickness and the
phonon MFP and is given by

kK=—7""—%"
14 4B0) (1)
3

which reaches its bulk valug at the limit A — co. The explicit determination of the paramejgfA) is provided by
our approach, which makes of equation (1) an ate@ngension of previous formulas reported in ttezdture [1,2].

Our theory facilitates the understanding of heatdewtion at high frequencies, and it could be wsedhe theoretical
model to perform the microscopic characterizatibmanofilms, through the determination of the MRRIaMFT of
phonons.

[1] A. Majumdar, ASME J. Heat Transféd5 7-16 (1993).
[2] G. Chen, Phys. Rev. B7, 14958-14973 (1998).
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Phonons in silicon free-standing membranes

Emigdio Chavez-Ange®, J Sebastian Repara®, Bartolomiej Graczykowski®, Francesc Alzind®, Jordi Gomis-
Brescd®, Marianna Sledzinska®, Markus R Wagner®, Andrey Shchepetot), Mika Prunnila ®, Jouni
Ahopelto® and Clivia M. Sotomayor Torres@°”

@ICN2 Catalan institute of Nanoscience and Nanotetbgy,Campus
UAB, Edifici ICN2, 08193 Bellaterra, Spain
® VTT Technical Research Centre of Finland, PO Ba30] 02044 VTT, Espoo, Finland
© Catalan Institute for Research and Advanced Stud@i&EA, 08010 Barcelona, Spain

" Corresponding Author’s e-mail address: clivia.somyor@icn.cat

Abstract: In this talk we will review the currenhderstanding of phonons in ultra-thin membraneth wpecial
attention to thermal transport. The main messaggaisthe thermal conductivity decreases with meméirthickness in
accordance to observation of electronic device ihgads dimensions are reduced. Here we explorepthsics
underpinning this increasing thermal managemeaneiss

We will present dispersion relations of acoustioqpdns and how they are affected by stress. Wedigtluss phonon
lifetime measurements of selected modes and rdeath@m with scattering mechanism the strength litkwdepends
on frequency and extrinsic scattering such as bawynstattering.

The connection to thermal conductivity will be maleth based on simulations which use a modified iéddr

mechanism and on experiments, including resulta téchnique developed in-house, namely, the Twer-lBaman
thermometry.

Two further examples associated with confined phenaill be briefly discussed: Our experiments ondiinonic
crystals with a mode in the gap combined with athic crystal (optomechanical or phoXonic crystaeyl phonons
in 2D phononic crystals, in particular the tramsitform ordered to disordered crystals, in termgtafnon localisation.

Bibliography:

[1] C. M. Sotomayor Torres et aPhysica status solidi () (11) 2609-2612 (2004).
[2] J. Groenen et alPhys Rev B77, 045420 (2008).

[3] J. Cuffe et al.Nano Letterdsl2 (7) 3569-3573 (2012).

[4] A. Shchepetov et al., Appl Phys L&th12,192108 (2013).

[5] E. Chavez et alJPCS 3952012), 012105.

[6] J. Cuffe et alPhys Rev Lettl10(9) 095503 (2013)

[6] A. Johnson et al., Phys Rev Letts0(2) 025901 (2013).

[7] J. S. Reparaz et aReview of Scientific Instrumeng5 034901 (2014).

[8] E. Chavez Angel et alAppl Phys Lett Material@ (1) 012113 (2014)
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Nanobubble formation around a heated single gold nanosphere

Lei Hou "™, Mustafa Yorulmaz ™, and Michel Orrit ™
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Gold nanoparticles (NP) abzorb light strangly, and the absorbed energy is dissipated as heat into the local
envirenmieni. When the letnperature of the NP's surroundimg medium, for mstance waler, reaches the pressure-
dependent boiling point, o vapor shell forms around the particle [1]. Thes vapor shell or nunobubble atfects the
particle's optical response (spectrum, absorption) [2]. To follew the dvnamics of bubble formation, we wse both the
photothermal and a fast pump-probe detection method to investigate the formation and dymamics of the plasmon-
assisted “nanobubble™ [3]. Our first results indicate that the boiling temperature at which @ nancbubble forms s
about 200 °C becouse of the increased Laplace pressure in the bubble. Rich dynamics can be observed in this
nanobubble system, even under OW laser heating (see Frgure 1),
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Fug. 1: Dhirect probe detection of 8 nancbubble under constamt hesting just above the boiling threshald, The signal shows quas-
periodic bursting behovior, wath ench burss lusting Fos a tew tens of ns,

[1] berabin, 5., Keblinsky, P Joly, L., Lewis; L. & Bareac, 1-L. Crtical lsear flux assund
stromply beated nanoparicles. Plwcal Review £T8 02 404, (2009);

[2] Fang, £ et el Evolution of Light-Induced Vapor Generation at a Laguid-Immersed Metallie
Manoparizche. Mame feifery 13, 1736-1742, (20137

[3] Lukianowa-Hieb, E. Y. & Lapotko, D O, Experionenial iechuiques for imaging amd messunng
iransenl vapor nanobubbles, dppdicd Pinaes Letrers 100, 204002, £2002),
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THERMAL CHARACTERIZATION OF CARBON NANOTUBES
BY PHOTOTHERMAL TECHNIQUES

Roberto Li Voti, Grigore Leahu, Maria Cristina Larciprete, Citm&ibilia and Mario Bertolotti
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I. Nefedov, I. V. Anoshkin
School of Electrical Engineering SMARAD Center xédtlence, Aalto University, P.O. Box 13000,
00076 Aalto, Finland

Carbon nanotubes (CNT) are multifunctional mater@mmonly used in a large number of
applications in electronics, sensors, nanocompmsiteermal management, actuators, energy
storage and conversion, and drug delivery.

Despite recent important advances in the developwfe@NT purity assessment tools and
atomic resolution imaging of individual nanotubes dzanning tunnelling microscopy and high-
resolution transmission electron microscopy, thecnoscale assessment of the overall surface
qualities of commercial CNT materials remains aagrehallenge. The lack of quantitative
measurement technology to characterize and contparsurface qualities of bulk manufactured
and engineered CNT materials has negative impaats tlee reliable and consistent
nanomanufacturing of CNT products

In this paper we show how photothermal and photosttotechniques represent useful non-
destructive tools to study the thermal properti€arbon nanotubes films. The photoacoustic
spectroscopy (PAS) is used for a direct measurewietite absorbance spectra of CNT showing
many advantages with respect to the standard ompectra measurements which are usually
affected by relevant scattering phenomena. We egpptiAS in the UV/VIS range from 250 to 650
nm by using 400 W Arc Xe lamp. On the other sit@tpthermal radiometry (PTR) has been
applied by using an Af pump laser beam, modulated at a frequency imahge 1Hz -100 kHz,
and a MCT infrared detector, in order to measueeetfiective thermal parameters, the IR emission
properties from CNT thin films, and evaluate theerage thermal boundary resistances at the
film/bulk interface.

We investigated two set of CNT,; in the first graime nanostructures are alignefofést)
and deposited onto a silicon substrate. The dianoétthe nanotubes ranges from 20-50nm, and the
total thickness of the CNT film ranges froum to240um. In the second group the CNT are
randomly oriented in plane, and the CNT film is olgifed on different transparent substrate (PET
and quartz).

Experimental results show how both PAS and PTR represent anllemteool for
guantitative measurement of the thermal propedi&3NT thin films.
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Infrared Thermography for NDT and More

Xavier Maldague
ECE Dept. Université Laval, Canada

Abstract: This presentation intends to presentaheil Thermographic in the context of NonDestructiesting (IRT-
NDT). After a brief theoretical overview, both sohes, of passive and active are introduced includingent image
processing approaches. More specifically, theuallkkaddress the following points:

- electromagnetic spectrum and the Planck’s law;

- deployment;

- practical approaches (pulsed, modulated, eddgntjrvibro-thermographyy);
- infrared image processing;

- review of some NDT applications.

Aircraft industry is one of the leading field fodwanced IRT-NDT thanks to recent POD (Probabilitybetection)
studies which formalize the capabilities and limafsthe technique. It demonstrates that image [m%ing enables to
push further the limit of detection. For instandeage images enable to probe deeper defects. Rethateployment
allows the routine inspection of complex compopiets.

Another growing field is cultural heritage whereTHRIDT enables to assess historical facts, deteotcss of
degradation. Clever stimulation approaches sudoks loading can be used with profit, for instat@weeveal internal
building structure even under thick masonry.

Additionally, passive applications will be presehi@s well: cattle monitoring, parking lot surveili, night vision
driving, etc.
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Characterization of Vertical Cracks using Lock-in and Burst
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Ultrasound (US) excited infrared thermography drethermography has emerged as a promising technamudetect
and characterize closed cracks. It is based oddtection of the surface temperature distributibpasts that arise as a
consequence of the heat produced at the defectr whiriasonic excitation, mainly because of frintibetween the
crack surfaces or stress concentration at the dipgkThe technique has been developed in to éwgpobral regimes of
the excitation: (a) a short burst of constant U8nieity in which case the surface temperature isitoi@d as a function
of time in both the heating and cooling periodsdl (b) an amplitude modulation of the US intgngigether with a
lock-in analysis of the images sequence giving rise amplitude and phase thermograms [2]. Lock-in
vibrothermography has proven to be a useful toathtaracterize vertical cracks [3]. However, beingsb excitation
much faster in terms of data taking, there is natimwork published on the characterization of eaitcracks using
this type of excitation. In this work we calculatke time evolution of the surface temperature itistion
corresponding to rectangular vertical cracks inlihest regime. Simulations indicate that the terapee distribution
obtained at the time corresponding to the end efhirst together with the time evolution of the pemature at the
center of the thermogram may contain enough inftiomao retrieve the width, height and depth of teetangular
vertical crack.
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Fig.1: Experimental (dots) and fitted (continuome) temporal evolution of the temperature at thater of the thermogram (a), and
central profiles obtained at the end of a 300 mistiperpendicular to the crack (b) and along tlaelc(c) correspondingto a 1 by 1
mm square vertical crack buried 0.6 mm bellow gr@ge surface.

In order to check the predictions of the theory, hewe performed burst vibrothermography experimentsamples
containing calibrated vertical cracks and have fbarvery good agreement between experimental aatahe results
of the simulations. Moreover, by performing a sitankous fitting of two perpendicular temperaturefifgs obtained
at the end of the burst together with the tempegagwolution at the center of the thermogram weehasen able to
retrieve the dimensions and depth of the calibratadk (see Fig. 1). Results from lock-in and builstothermography
are compared. These results open the possibilighafacterizing vertical cracks from burst vibrathegraphy data in
a fast manner.
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Camera-based Quantitative Lock-in Carrierographic Imaging of
Crystalline Silicon Wafers
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Abstract: Photoluminescence (PL) has been higblelbped and widely used for characterization iéesi wafers
and solar cells. Photocarrier Radiometry (PCR) filform of frequency-domain dynamic PL techniqumgicarrier
diffusion waves, has been demonstrated to be attefé quantitative methodology for carrier transgmarameter
determination (bulk lifetime, carrier diffusivityand surface recombination velocities) and carriensity imaging.
Lock-in carrierography (LIC) [2], the camera-basethging extension of the single-element detectoRPRas been
introduced in both low-frequency homodyne and Higlgtuency heterodyne modes for imaging charactésizaof
crystalline Si wafers. For homodyne LIC, phase iesagt several modulation frequencies and a sireglifiodel based
on PCR theory are used to construct the effectareiar lifetime image from the phase-frequency dejemce [3].
However, due to the low frame rate of today’'s neémared cameras and poor signal-to-noise ratioRpBt short
exposure times, the imaging frequency range ofiklfighly limited. This limitation hinders LIC frorhigh frequency
imaging which is the key to resolving the foregofiogr transport parameters and realizing depthetigldresolved
imaging. A heterodyne lock-in imaging scheme [4&$ been introduced to overcome the camera spegdtions and
poor SNR, thereby generating high-frequency LICgemof crystalline Si wafers up to 10 kHz [6]. Tidea is to
construct a slow enough beat frequency componenugh frequency mixing. Heterodyne LIC produceslisha
carrier-density-wave diffusion-length-controlled dges of Si wafers at high frequencies. A heterodyre®retical
model has been established for fitting the expentaledrequency scans from associated PCR datattaotthe major
carrier transport parameters [6]. Good agreemestfaiand between the heterodyne and conventionabtgne PCR
measurements, and between LIC arbEICD effective lifetime imaging results. The vetgse similarity between PCR
and heterodyne LIC pixel frequency responses ovmioad range (100 Hz — 10 kHz) renders the hete®dyethod
suitable for simultaneous quantitative imagingrahsport properties of semiconductor substrategslanites.
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Fig. 1: Homodyne LIC of a c-Si wafer (a) 300 Hz phase im&@lgephase-frequency dependence; (c) effectietittife image
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Fig. 2: Heterodyne LIC of the same wafer (a) at 600 Hzafk) kHz; (c) amplitude-frequency dependence.d¢dtie amplitude
contrast inversion at high frequencies.
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In measurement techniques for determining therraakport parameters, the thermal conductivity errttal diffusivity of a
material are determined by analyzing the steadg $thhermal conductivity) or dynamic (thermal difuity) thermal gradient over a
sample layer, which is resulting from a given Heptt. The accuracy of the method then dependb@accuracy of the involved
quantities: the temperature, the distance overiwtiie temperature gradient is determined, andyrimescases, the input power.
Photothermal techniques offer the advantage tlyathbosing the frequency range of the used ligienisity modulation, the the
thermal diffusion length can be tuned to the regibmterest, avoiding the estimation or modelifignfluences of heat exchange on
other locations, which are not of interest. Mompthe measurement configuration and frequenayeraan be chosen to determine
specific thermal parameters or combinations thengibf optimum accuracy. One-dimensional standardigarations have been
proposed (research groups of A.Salazar/A.OleaghaBjlA. Mandelis, Toronto, M. Marinelli/U.ZammitMercuri/S.Paoloni,
Rome, S. Longuemart, Dunkerque, D. Dadarlat, ClujddapE. Marin, Mexico City, A.Orea, Mexico City, M. i@oc, Reims, J.
Philip, Cochin, R. Li Voti, Rome, A. Guimaraes, DaRibeiro, C. Glorieux/J.Thoen, Leuven, and many ilire the photothermal
community [1]) for the determination of thermalwefivity, thermal diffusivity, thermal conductivigffusivity and specific heat
capacity.
In this paper, we discuss the main challengesrtedl to be overcome when designing or performirmgthermal experiments that
are intended to determine the thermal properti¢ayered samples, and solutions that have beenthggroposed:

(i) Control and accurate measurement of the layer thgkand parallelity

(i) Heat losses due to convection and radiation

(i) Effects of thermal wave reflections

(iv) Effects of pick-up noise in case of very weak signa

(v) Determining thermal diffusivity of thermally thidayers (substrates)
For each challenge, solutions and measures wjrbposed.

[1] Proceedings of the 15th International Confeeeon Photoacoustic and Photothermal Phenomena RICHP
19-23 July 2009, Leuven, Belgiufittp://iopscience.iop.org/1742-6596/21 44t viewed on 28/9/2014

44



Friday October 10" :

Non Destructive Evaluation & Testing |

45



C5-Ii
Laser-Induced Transient Gratings for Acoustic and Thermal
Measurements in Science and Industry

A.A. Maznev
Department of Chemistry, Massachusetts Institufeeshnology, Cambridge, MA, USA
alexei.maznev@gmail.com

Abstract: In transient grating (TG) photoacoustm®ssed laser pulses are used to excite spagialipdic acoustic
and thermal responses which are monitored viaadifion of a probe laser beam. The TG techniqueaiicolarly
advantageous for studying elastic and thermal panproperties of thin films and near-surface tayaf bulk samples.
This lecture will provide a comprehensive reviewtttd state of the art of TG photoacoustics inclgditstrumentation,
methodology and applications ranging from fundamlestience to industrial metrology.

The TG method is greatly enhanced by the opticrbdyne detection which not only improves the algn-noise
ratio but also enhances the information contenthef measurements. In particular, we will see hoev lbterodyne
phase control enables the isolation of the therffewtance component of the signal from the surfdisplacement
contribution which is important for the interpretet of the thermal transport measurements in opatpierials.

The use of diffractive optics and small lasers é&ththe implementation of the heterodyned TG tegmmiin a compact
apparatus with the automated control of the TGagethat has been implemented in a commercial nogfyosystem
for semiconductor industry. While the main indwdtrapplication has been the metal film thicknesatrad, the

technique has great potential for measuring elgstiperties and thermal conductivity for a variefyapplications

ranging from low-k dielectrics in microelectronimsmaterials for future fusion reactors.

Apart from practical applications, the TG methodpkd produce a number of interesting results rdlate the

fundamental aspects of wave propagation in surnfdmaonic crystals and locally resonant metamagerial another
recent study, the TG technique was used to medisermal conductivity of free-standing silicon meiaes down to
15 nm in thickness, which enabled a reconstrudtien“mean free path distribution” of the thermahduactivity in Si.

We will conclude by discussing trends and prospsuat$ as that of TG measurements in the X-ray range
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Early detection of vertical cracks is a challengiagk to prevent failures in working structuresisTkind of crack can
be easily detected using IR thermography basedigebs provided an asymmetry in the heat flux @dpced. This
can be achieved by illuminating the sample witlasel beam which is focused close to the crack Kggela). This
produces a discontinuity in the temperature figldath sides of the crack due to its thermal raaist, which partially
blocks the heat flux. In the last decades the riflyspot” method, based on heating the sample witlong laser spot
and detecting the surface temperature with anriedraletector, has been developed to detect cracasfast manner
[1]. In the last years several approaches to cheniae the geometrical parameters of the cracktfddpngth and
width) have been published [2,3].

The aim of this work is to characterize verticahaks accurately using lock-in thermography. In ¢hee of infinite
vertical cracks an analytical solution for the agd temperature is obtained. The effect of the iaxeatal parameters
(a, d, f) on the temperature discontinuity at the crackitfprsis analyzed. Measurements on samples contini
calibrated cracks have been performed using aargdrcamera. A least square fit of the amplitud® @mase of the
surface temperature is used to retrieve the thikmd the crack. A very good agreement betweemdminal and
retrieved thickness of fissure is found, even fatlas down to Jum, confirming the validity of the model (see Figb.
and c).

In the case of finite cracks there is no analytgalution. Moreover, classical continuous finiteraents fail when
dealing with narrow cracks. To overcome this probleve have developed a new method based on discout finite
elements, which allows dealing with very narrowctisa The surface temperature of steel samplesioingecalibrated
semi-infinite cracks has been measured using aifo¢ckermography setup. A least square fit of thepktude and
phase of the surface temperature is used to rettiey width and depth of the semi-infinite crackeddurements on
finite rectangular cracks are now in progress.
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Fig. 1: (a) Diagram of the vertical crack of arbitrary gha(b) Experimental natural logarithm of the scefeemperature amplitude

and (c) phase profiles along thexis for several crack widths, for infinite crack®ots correspond to experimental data and
continuous lines to the fit to theory (for the sakelarity data have been shifted vertically).
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Abstract:

In macroscopic systems behavior is usually repridieicand fluctuations, which are deviations frone ttypically

observed mean values, are small. But almost afirge/ problems in the physical and biological s@srare ill-posed
and these fluctuations are highly “amplified”. Ugiatochastic thermodynamics we describe a systeequilibrium

kicked to a state far from equilibrium and the daling dissipative process back to equilibrium. Frtma observed
value at a certain time after the kick the magratofi the kick should be estimated, which is suclilggosed inverse
problem and fluctuations get relevant. For simpledel systems (kicked Ornstein-Uhlenbeck proceskicked

harmonic oscillator) the time-dependent probabiflitstributions, the information loss about the niagte of the kick
described by the Kullback-Leibler divergence ofsthelistributions, and the entropy production defiviem the
observed mean values are given. The equality ofnmdition loss caused by fluctuations and mean pytpooduction
is shown for general kicked dissipative processemfstochastic thermodynamics following the defbsatof the

Jarzynski and Crooks equalities.

For real-world heat diffusion processes having darafed phonon — atoms interactions, the distrdmgidescribing the
temperature fluctuations are mostly unknown and benonly approximated by Gauss distributions “netr”
equilibrium. But the mean value equation, whichthie heat diffusion equation and therefore the meamopy

production is known. The equality to the Kullback#hler divergence and its information-theoretiaaterpretation
(Chernoff-Stein Lemma) allows us to describe tHuénce of the fluctuations without knowing theistributions just
from the heat diffusion equation and thus to dewxeey applicable results, e.g. by giving thermodwi@alimits of

spatial resolution for depth profiling in thermoghgy.

Experimentally a graphite bar heated at certaiations was used to get a nearly one dimensionaltiaesfer. Beside
the unavoidable thermodynamic fluctuations theuierfice of additional noise (electronic noise, shwsay...) on the

spatial resolution for depth profiling is evaluated
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PHOTOTHERMAL DEPTH PROFILING IN HARDENED STEELS:
NEW INVERSE APPROACHES TO IMPROVE THE PROFILE
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Nondestructive testing of mechanical componengested to hardness processing is a topic
of fundamental importance, both in the field of ambtive and aerospace systems. The lack of
cementation, the burns in the steels, and the dedaations of the power gears, and the statoric
and rotoric equipments may cause catastrophicréslwith serious repercussions. The industry and
the companies responsible for the hardening preseas well as for the quality control of the
mechanical components are continuously seekingriprovements 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 photo#headiometry for the non-destructive
determination of the hardness profiles in steels lteen deeply studied and discussed by several
groups both in Europe in the framework of Europ&aamatic Networks (BRRT-CT97-5032) [1],
in North America [2], and in Asia [3] as shown lnethuge numbers of papers presented in the past
ICPPP editions.

In this paper we introduce a new PTR compact sysiategrable with mechanized and
robotic arms for industrial needs, which use a #ntpe lens for collecting the IR radiation from
the sample to the detector. The inverse problenedonstruct the diffusivity profile D(z) from the
PTR signal in the frequency domain S(f) has beeealized and solved by the Singular Value
Decomposition by using a new approach [4,5,6]. ihedness depth profile HV(z) is eventually
calculated thanks to the calibration curve hardddssivity. Preliminary results on AlISI9310
hardened steel gears show accurate hardness pretinstructions in comparison with the
hardness measurements by standard Vicker test|.
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The flash technique on the back configuration is ohthe standard techniques used for the detetimimaf thermal
diffusivity in solids [1], however the flash methadthe front face configuration have been attragtittention in the
last decade, due to its versatility for charactegzarts, mainly in service, whose back surfadeaisl to access [2]. In
order to improve the applicability of the flash te@ue (in both front and rear faces configuratjansthis work we
make an extension to semitransparent slabs, whimhsasimultaneous evaluation of the thermal diffitg and optical
absorption coefficients, at both exciting and irddh (IR) wavelengths, from the same experimentah.d@his is
achieved by introducing a theoretical model thatsiders plane illumination on one surface of theisansparent
slab, transparency to visible and IR wavelengthsltipie reflections of the light beam at the slalsfaces, and heat
losses to the surrounding atmosphere by conveethe radiative mechanisms at the boundaries of tdie Jhe
duration of the light pulse is also included in thedel.

Analytical expressions for the temperature atftbat and rear surfaces are obtained in the Lapiieeain.
Then, numerical Laplace inversions are performadguthe Stehfest algorithm [3]. We make curve rfijs from the
experimental data, using the Levenberg-Marquagtirdghm [4]. Five parameters have been used irfittiegs: Qu./K,
D, a, B, andh/K, whereQ, is the energy of the heating pul$éejs the thermal conductivity of the materil,is the
thermal diffusivity of the slabp and 3 are the optical absorption coefficients to exgtiand IR wavelengths,
respectively, anth is the combined convective-radiative heat transéefficient.

Several materials covering a wide range of themtifflisivity and optical absorption coefficient uals have
been measured in order to validate the proposectisio@ood agreement between experimental datahmudetical
models is obtained, as indicated by the low red&dualues shown in Figure 1. Most importantly, &rthe materials
analyzed in this work the retriev&landa agree with literature values.
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Fig. 1. Results obtained from both front and back flashhwes$. Experimental results are shown by dots amdiremus lines
represent the curve-fittings obtained from the nfld@) Classical (back configuration) flash metheslilts in cardboards. (b) Front
face configuration results for magnetic oxides #ratsemitransparent to IR wavelengths.
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" facundozaldivar@gmail.com

In this work we show how a newly developed accgsdor metallographic microscopes can be used far th
characterization of sintered mixed oxides, prowdia microscopic map of the thermal diffusivity aatso a
concentration map and homogeneity quantitativerdeteation.

The method relies on the measurement of the sudfaceature appearing as a consequence of the thexpansion

induced by the modulated pump beam [1]. This i®amglished by a quasi confocal configuration for tlodlection of

the reflected probe beam, which results modulatédeapump modulation frequency due to a changéerreinjected
power produced by the defocusing from a curvedaserf The scheme used in this work is a modificatbithe

suggested scheme presented in Ref. [2]. The chamgresintroduced to be able to add the device amcaessory of a
commercial optical microscope.

A modulated beam heats the surface and a secohe ppeam collinear with the pump detects the chamgeirface
curvature due to the material expansion. The frequalependence of such expansion provides infoomain the
thermal diffusivity of the sample at the impingitacation. Scanning the beams allows the retrief¥ah ahermal
diffusivity map (Fig. 1). This new setup resultedna stable, reliable and precise than the photediidin technique
used before for the characterization of similar glas [3]. The thermal transport properties arengtlp correlated to
the composition, allowing the detection of clusteipure (unmixed) oxides, and the determinatiothefconcentration
distribution. Histograms of the thermal diffusiviprovide information on the homogeneity of theemdiffusion (Fig.
2). Detailed frequency scans at fixed locationsvjgl® more accurate absolute values of the theriiffalstvity. Tests
on Urania/Gadolinea and Urania/Dysprosia mixturespgesented. A microscopic image of a sampleasvehin Fig 3.
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camera.
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[1] N. Mingolo, O. E. Martinez. Focus shift photettmal method for thermal diffusivity mapping. J. pApPhys. 111, 123526
(2012).

[2] N. Mingolo, O. E. MartinezThermal expansion recovery microscopy: Practieigh considerations. Review of Scientific
Instruments 85, 014903 (2014).

[3] F. Zaldivar Escola, O. E. Martinez, N. Mingolg, Kempf. 2013. Photothermal microscopy appliedh&® characterization of
nuclear fuel pellets. Journal of Nuclear Materé3s, 17-24.
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Optical and Photothermal Measurements applied to
Low Energy Nuclear Reaction Systems

R.L1VoTl, G.L.LIAKHOU , C.SBILI A, M.BERTOLOTTI , E. CASTAGNA, V.VIOLANTE

aDipartimento di Scienze di Base ed Applicate pegkgneria, Sapienza Universita di Roma,
Via A. Scarpa 16 00161 Roma, Italy
2ENEA Frascaiti,

Researchers working with the Low Energy Nuclear dRen Systems have always been interested to apgply
nondesctructive techniques for the characterizatiothe palladium-hydrogen compounds. One of thenmequest is
to find a simple methodology to reveal the amourtyalrogen loaded in the system (loading ratio)identify simple
quality parameters to describe if the surface molqdy is adapted for an efficient loading procdss, triggering
plasmons in the structures, and finally to prodefficient excess of heat. In this article we preéese compact laser
device that has been designed and realised forestmudtive optical and morphological charactera@atf some rough
palladium samples subjected to an electrolytic @ssdi.e. cold fusion) [1]. Such a characterizati@s a crucial and
challenging task of a joint collaboration among i8apa Universita di Roma, ENEA Frascati, and Entrgée.Lc, to
explore possible correlations between the surfatieal properties and the measured excess of hEa. laser device
measures the in plane scattered intensity in th@emtange of scattering angle [-89°, +89°] (0°ds iormal incidence)
coming out from rough palladium samples. The spadtdight detected by the Si-photodiode is finalyalysed by a
dedicated software which allows to invert the ekpental data, reconstruct the statistical propemiethe surface, and
eventually detect the presence of surface pattgramd surface plasmons (figure 1). We applied aplsatothermal
deflection techniques for measuring the thermdludi¥ity of different palladium samples with diffait concentration
of Hydrogen (loading ratio). Generally the presen€dlydrogen could inhibit the heat conduction atiffusion, as
well as electrical conductance because of the mtamuof defects and dislocations. In this sensethiermal diffusivity
may be correlated to the hydrogen concentratiowigitmy a supplementary information about the qyaiitthe loading
processes. In figure 2 we report some experimeesallts on different palladium compounds. We digplee inverse of
the thermal diffusivity of the compound normalizedl the standard palladium diffusivityD¢/D) vs the electrical
resistance rati®/R... A clear correlation between thermal and eledtfcaperties is found. By looking at the different
scales ofDy/D andR/R, one could conclude that the thermal diffusivityaserements could be very sensitive to the
loading process, more than the electrical resistanc

Diffusivity ratio, D, /D

1 T T T T T T T T
1 15 19

Resistance ratio, R/R

Figs.1 e;<p.setup: Fig.: correlation curve betwthendiffusivity ratio and the electrical resistamato

1. R. Li Voti G.L. Leahu, S. Gaetani, C. Sibilia, Bertolotti, V. Violante, E. Castagna, JOSA B Vd, 2009.A.
2. De Ninno, A. La Barbera, V. Violante - Journalfdioys and Compounds 253-254 (1997);
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Specific Heat Spectroscopy and Pyroelectric Depthr&filing in
Ultrathin Films of Glass Forming Liquids and Polyme's

Michael Wubbenhorst', Angeline Kasina, and Tristan Putzeys, Bram Vanroy
Department of Physics and Astronomy, Laboratoradfustics and Thermal Physics,
KU Leuven, Celestijnenlaan 200D, 3001 Leuven, Beigi
* wubbenhorst@fys.kuleuven.be

The thermo-physical properties of supercooled tiguand glasses show often deviations from theiniljlpgum) bulk
properties when they are confined to structuremabmeter dimensions. Typical properties beingeqtfide tosize or
confinemeneffects are the glass transition temperatugethiE melting and crystallization temperature/kivetdensity,
transport properties and others, which are docuedeint a large body of scientific literature fronetlast two decades.
The physical characterization of nano-confined esyst such as ultrathin films and nano-porous strestis often
challenging, since proven bulk techniques mightoenter problems arising from unfavorable scalintptiens
(probing length scales >> e.g. sample thickness,stmall sample mass). Here, photothermal technjquidizing
“slowly” propagating thermal waves, represent anfiging approach for studying thermo-physical préiperin nano-
confined materials.

This presentation focuses on the characterizafiattrathin glassy films by means of thermal waaséd methods.

In the first part, we will address ultrathin filno§ H-bonded liquids that were vapor deposited Wwelbw their bulk-F
to form low-enthalpy “stable” glasses [1]. Thedm§ of a typical thickness of 50 nm were studiechlombination of
chip-based ac-calorimetry and dielectric spectrpgdn an OMBD setup. Glycerol films revealed a gecudynamics
after recovery of the liquid state that manifestsaaslow-down in the dielectric structural relagatitime [2]. In
contrast, specific heat spectroscopy in an oveitapfrequency range is lacking this effect and atsaofirmed the
gradual recovery of bulk-likepcduring various structural transformation eventgaC “stable glass* behavior was
found for vapor deposited glasses of 2-Ethyl-1-Hh@kawhich will be discussed as th& 2xample.
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Fig. 1: Pyroelectric surface profiles on PET thin filmsasered by LIMM as function of sample annealing time

Size and surface induced effects in polymeric ftims will be subject of the second part. Thermah@aling of thin
films of polyethylene terephthalate (PET) leadsirteversible adsorption of parts of the polymeriohe a solid
substrate. The resulting absorbed layer shows aceedmobility that manifests as by a decrease éndielectric
strength of the film. A first visualization of thigdsorbed layer is obtained via washing experimemtgealing a
Guiselin brush structure, where the polymer backisare oriented perpendicular to the substratesplem confirm the
predicted chain conformation, ultimately resultimg a surface-induced polarization, we have studieel metal
(aluminum) / PET interface by means of a pyroelectiepth profiling technique, also known as Lasatemsity
Modulation Method (LIMM, [4]). Experiments were demusing high frequency thermal waves excited inrtdrege
from 25 kHz to 25 MHz. The pyroelectric profile wabtained by both a scale transform approximatiod by
applying an innovative Monte-Carlo algorithm. Tlatér finally yielded an exponential-type surfacglapization
profile of PET with nanometer resolution, see Feglir the temporal evolution of which was found dorelate greatly
with the growth dynamics of the irreversibly adsdtPET layer as confirmed by independent adsorgtkperiments.

[1] S.F Swallen, K.L Kearns, et al., Scierg¥s, 353 (2007)

[2] S Capponi, S Napolitano, M Wiibbenhorst Natunmcmnications3, 1233, 9, 2012.
[3] S. Napolitano and M. Wibbenhorst, Nat. Commutioces. 2, 260 (2011).

[4] B. Ploss, Proc. ISE 11, Melbourne, Australia7-IB0, (2002).
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NON-CONTACT OPTOELECTRONIC DIAGNOSTICS OF SOLAR CEL L MATERIALS
AND DEVICES USING PHOTOCARRIER RADIOMETRY, LOCK-IN
CARRIEROGRAPHY AND THERMOGRAPHY IMAGING

Andreas Mandelis’,
I Center for Advanced Diffusion Wave Technologigs{IET), Mechanical and Industrial Engineering, Uaigity of
Toronto, Toronto, Ontario MS5 3G8, Canada
2 School of Mechatronics Engineering, Harbin Ingttof Technology, Harbin, 150001, Heilongjiang, plets
Republic of China

In this work a combined theoretical and experimleapproach is developed for determining the
current-voltage characteristics of silicon solallscby use of quantitative lock-in carrierographic
(LIC [1], also described as frequency-domain photohescence, LIP) and lock-in thermographic
(LIT) imaging [2]. The optoelectronic (LIC) and timeoelectronic (LIT) imaging modalities are
used for non-destructive, non-contact measurenwdritse electrical parameters of industrial solar
cells from images obtained at various external I@sistances. The measured values were found to
be in very good agreement with electrical measuremA photogenerated carrier radiative
recombination current flux equation was developedictv links the optical and electrical
characteristic of solar cells. Based on that equatstimation of the current-voltage characteristi
of silicon solar cells by use of contactless LICaga measurements under variable illumination
intensity becomes possible at all stages of soddr fabrication before electrode deposition.
Contactless LIC measurement was found to be in gagekement with standard electrical
measurements.
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Fig. 1 The determination of a mc-Si solar cell podigsipated by using LIT. Fig. 2 The estimation
of current-voltage characteristic of the solar aslihg contactless LIC

REFERENCES
[1] A. Melnikov, A. Mandelis, J. Tolev, P. Chen andHgiq, J. Appl. Phys, 107, 114513 (2010)

[2] O. Breitenstein, M. Langenkamp, O. Lang ands&hirrmacher, Sol. Energy Mater. Sol. Cells
65, 55 (2001).
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Achievements and Future Prospects in Application oPhotothermal
Techniques for Food Quality Control and Safety

Mladen Franko
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Abstract: Over the past decades photothermal tgeba had undergone important development in ingntation and
have found numerous applications including moniigrof food processing and particularly food quabtyd safety
control, mainly due to their inherent high sendiv Applications in the food sector are extensjvedviewed in
references listed below [1-6] and include mainlyeth groups of photothermal techniques: 1) photoglgadric
techniques (PPE) for thermal characterization aadsurements of properties such as thermal diftysieffusivity and
determination of phase transition temperaturesptjtoacoustic spectroscopy (PAS) for detection adsgs in the
process of food storage, as well as for charactioiz of powder samples (e.g. flours), and 3) tteddens spectrometry
(TLS), which was extensively used for chemical gsial of foodstuffs in combination with other anatgt techniques
such as liquid chromatography (HPLC), flow injeatianalysis (FIA) or bioanalytical assays engagingyenes or
antibodies (ELISA).

In addition to measurements of thermal parametgiRBRE, which are relevant for optimization of fqubcessing (e.g.
cooking temperature), PAS was mainly used for deteation of ethylene and other gases importanttomage of
vegetables and fruits or ammonia as indicator adtrepoilage. Other indicators of food spoilage ygidénic conditions
can be biogenic amines formed by microorganisns ialprocesses such as food fermentation. Such congs were
determined by FIA-TLS, which was also used in carabion with bioanalytical assays for determinatidmllergens in
food or organophosphorous and carbamate pesticidegetables and juices. HPLC-TLS found appligaimainly in
determination of carotenoids as antioxidants articators of adulteration of olive oils or fruit s but also in
investigations of their role as antioxidants in gibjogical processes in human body. Other imporapmiications of
HPLC-TLS include determination of neonicotinoidsr@gresentatives of third generation pesticidesegetables.
Current trends are oriented particularly into depehtent of fast screening methods to analyse lang&ers of samples
in shortest time possible. Important progress is fleld has been recently made by advancemenhaimal lens
microscopy (TLM) and introduction of pPFIA-TLM [7]it was for example demonstrated by determination of
carcinogenic chromate in water that up to 15 subsaiples per minute can be analysed using thisitged, which
still provides limits of detection lower than comé®nal transmission mode spectophotometry.

[1] D.D. Bicanic,J. Mol. Struct993 9-14 (2011)

[2] C.D. Tran , M. FrankoThermal Lens Spectroscapiyn Encyclopedia of analytical chemistry, R.A. Megjeed. (John Wiley:
Chichester., 2010)

[3] M. Franko,Bioanalytical Applications of TL3n: Thermal wave physics and related phototheteetniques: Basic principles
and recent developments, E. Marin, ed. (Researaip8gy Press, 2009)

[4] M. Franko, Appl. Spectrosc. Rev.3, 358-388(2008)

[5] M. Franko, Talantab4, 1-13 (2001)

[6] D. Bicanic, M. Franko, J. Gibkes, E. Gerkma,. FRvier, H. JalinkApplications of photoacoustic and photothermal iontact
methods in selectedareas of environmental and aljui@l sciencesIn: Life and earth sciences, Progress in photatak and
photoacoustic science and technology, vol. 3. Andi#is, P. Hess, Peter, eds. (Bellingham: SPIE @pEogineering Press, 1997)
pp. 131-186

[7] M. Liu, M. Franko, Crit. Rev. Anal. Cherd4, 328-353 (2014)
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Fruits and vegetable have long been regarded aadhawnsiderable beneficial effects on
health due in part, to the presence of bioactivenpmunds or phytochemicals. Some of these
molecules, such as chlorophylls, carotenoids arnldoaganins are responsible for the organoleptic
qualities of fruit and vegetables. In addition, ythare implicated in numerous physiological
processes of the plants, being produced in resgondiéferent types of abiotic and biotic stress. |
particular, chlorophylls and carotenoids, widelyrid in the skins of fruits like apples, are invalve
in the photosynthesis process, while anthocyamgsther with carotenoids, play an important role
in protecting the fruits from photo-damage indubgdUV irradiation. Thanks to these properties,
the mentioned pigments play an important role ambrkers of nutritional, healthy and commercial
quality, so in this respect they receive greatrggenot only from nutritionists, but also from the
agro-food industry.

In apples, chlorophylls, carotenoids and anthocyanindergo to the changes during ripening and
storage of fruits and their direct determination éoyion-destructive analytical approach make it
possible to correlate the content of these pigmertts the degree of ripeness, freshness and shelf
life of fruits. Eventually, non-destructive anab/sould allow to standardize the quality paranseter
to meet the needs of both consumers and market.

In recent years, the photoacustic non-destructiehrtique (PA) have had a great
acceleration in food analysis, since is not affedig scattering of light in turbid media, as octur
traditional spectroscopic techniques. Moreover,rBduire little or no manipulation of the sample,
nor require extraction procedures, so it can beleyed for the direct optotermic characterization
of the molecules contained in complex matrices $aols.

PA measurement were carried out on the apple pééhgo cultivars: Golden Delicious and
Royal Gala. The results revealed that PA signalsewa agreement with the presence of
chlorophylls (a and b), carotenoids and anthocyammndifferent side of apple according to the
different colour of the portion of apple peel arsag.

The quantitative standardization of the system allbw to correlate the concentration and
the proportion of chlorophylls, carotenoids andhanyanins with ripening state of the fruits in
order to provide indication on optimum harvest d#tapple fruits.
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Pulsed Thermography
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Abstract: Air pollution is one of the most seridastors of degradation of carbonate stones, which
compose some of the most important monuments aifdcés in the world. Although in recent
years pollution has decreased considerably in EBmopirban areas, there are still concentrations of
pollutants, such as sulfur dioxide, one of the nu@sigerous chemical compound involved in the
deterioration of calcareous stones. Sulfur dioxdde react with calcium carbonate, producing an
external layer of gypsum. This process greatly ddpeon the structure of the stone and on the
presence of moisture. This work aims to estimatea inondestructive way, the thickness of the
gypsum layer grown on the marble surface by solfati

Recently, considerable improvements in infrared examtechnology have allowed the use of
thermography as a nondestructive testing methadZlL][3]. For the sake of historical importance
of monuments, we propose a new method that petméstimate the thickness of the gypsum layer
formed on the marble surface, heating by a lighte@the surface area where the gypsum layer is
located, while an infrared (IR) camera monitors slueface temperature. This technique is non-
disruptive, non-invasive and non-contact. It isdshen both pulsed infrared thermography and a
mathematical model to reconstruct the profile o #ifusivity and the thickness of the gypsum.
Laboratory tests drew attention to the translucemicgypsum and marble at wavelengths of the
visible to near IR. For this reason a model takitig account this aspect is adopted in the invarsio
procedure.

[1] X.P.V. Maldague; Nondestructive Evaluation of Matkr by Infrared Thermography; Springer-
Verlag, London (1993).

[2] S.M. Shepard, J.R. Lhota, B.A. Rubadeux, D. Wanghmed; Reconstruction and enhancement
of active

thermographic image sequences;
Opt. Eng. 42 (5), 1337-1342 (2003); doi: 10.1117366969

[3] S.M. Shepard, J. Hou, J.R. Lhota, J.M. Golden; Aated processing of thermographic

derivatives for quality assurance;
Opt. Eng. 46 (5), 051008 (2007); doi: 10.1117/a12774
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Abstract

The development of microsystem technologies (sarfand bulk micromachining) resulted in the prodrctiof
miniature sensors, actuators, resonators and ateetthanical parts. The photoacoustic (PA) and phetmal (PT)
science and technology extensively developed netihads for the investigation of micro — electro —cimenical -
systems (MEMS). The PA and PT effects can be inapbrialso as driven mechanisms for optically excited
micromechanical structures.

The basic concept, development and applicationhef RA and PT elastic vibration methods are predentae
amplitude and phase of the PA and PT elastic vidoratpectra (the PA and PT signals vs. the moduidtequency of
the excitation optical beam) for various types aénemechanical structures (the cantilevers, mendsaplates) were
measured and analyzed.

The PA and PT elastic vibration methods enablentestigate the different micro-electro-mechani¢aletures
(MEMS). This investigation is important for analysif the influence of the different technologicabgesses to the
vibrations of the optically driven micromechanicstructures, i.e. how the technological processesngh the
characteristics of micromechanical structures &mssrs and actuators.

59



D7
Photopyroelectric Technique: Sample’s thickness snning for
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Abstract: The useful of Photopyroelectric techeigim the transmission configuration, for measunptjcal properties
of pure liquid substances is shown. The analytsmdleme involves the scanning of the photopyroeldimgnal as
function of the sample’s thickness. Optical absomptoefficient, at 980 nm, was measured for destilwater and a
series of linear alcohols (methanol and ethanolrapntbem). An interesting relationship between dpsical parameter
and the molecular weight of the linear alcohol fasd.

Optical properties are widely used for identifioatilespecially in the infrared region) and quagdifion (usually in the
UV region) of pure substances or their mixturesti€b absorption coefficienf, is required for the second purpose.
This optical parameter, defined for a substanca mixture ast=ce, wherec is the concentration ang the molar
extinction coefficient (or absorptivity), depends the wave-length and characterize how fast momaahtic light is
absorbed across the sample. Beer-Lambert’s lawlisstas an exponential decay for the light passimgugh the
sample by means of the equatieh.exp(#l), wherel, is the initial light intensity antlis the one after passing through
the sample, with thickneds When applies, a dimensionless parameter, namsattzdnce, defined a&=-log(l/lo), is
related withp through the equatio®=pllog(e). Absorbance is measured by means of a spectromdtieh just
measure, for a constant thickness, the light pgsgimugh the sample and the corresponfing oneafoeference
sample, lacking of experimental criteria for veirify validity of Beer-Lambert model calibration carvestablishing
linear relation between and A, is required for establishing this relation. Thigperimental scheme does not apply,
however, for a pure substance and commercial spaeters are not useful in this case. Photopyraée(PPE)
technique in transmission [1], taking the samptliskness as variable, results ideal instead, andd 1 is a cross
section of the PPE experimental setup. If the safepbehaves in the thermally thick regime and ldample’s
thickness as the only variable it has been shoanRRE signal/(l), can be written as [1]

V(D) = Cexp(=BD (1)
whereC is a complex constant. This equation establishatit Beer-Lambert’s model applies PPE amplitueerelase
exponentially while PPE phase remains constant.
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Figure 2 shows experimental results for pure wate®80 nm, showing the constant PPE phase (aghwialidates the
Beer-Lambert model in this case, and the correspgnd®PE amplitude, which decrease exponentiallye Th
corresponding optical absorption coefficient isadted from Eg. (1) as the slope of the best lifikashown in Fig. 2b
as the continuous line. The optical absorption faeht for six linear alcohols: methanol, ethanblprophanol, 1-
buthanol, 1-penthanol and 1-octhanol were also uredsand an interesting relation between this appicoperty and
the molar weight was found.

[1] Balderas-Lépez J. A., Meas. Sci. Techn®8(2012)065501 (10 pp.)
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High-intensity discharge (HID) lamps comprise anslacent vessel called arc tube, in which a pladiseharge arc between two
electrodes is established. These lamps combineltigan efficacies with excellent color qualitiepddating HID lamps at a high-

frequency (20 — 300 kHz) would reduce cost andeiase energy efficiency of the lamp-driver systempmared to the currently used
low frequency 400 Hz [1]. However, tuning the afi@ing current (AC) frequency of the electronic drivo the high-frequency

range bears the risk of stimulating acoustic eigetes of the arc tube which leads to arc flicker.rélgecently, the mechanism
behind this phenomenon has been identified [2]: Alerepresents a periodic heat source that impéegérature and pressure
oscillations. The standing pressure waves indumzefowith non-zero time average that arise fronbthlk viscosity of the plasma.

This effect is called acoustic streaming [3]. Thiditional force field superimposes the buoyancyivelocity field and can cause
unstable plasma arcs that result in visible liditkér. However, the acoustic streaming effect edso be used to straighten the
discharge arc and, thus, to significantly enhahedamp efficiency [4].

This work presents experimental investigationsiff¢ré@nt excitation frequencies and modulation tiegh order to characterize arc
flicker. Light fluctuations of the discharge arcvbabeen detected with a photodiode. Simultaneoubkly,operating voltage as
function of time has been recorded. A transfornrmatbthe measuring results into the frequency darshibws that the arc motion
represents a superposition of sinusoidal osciliaticAdditionally, a photodetector array has beesdu® obtain two-dimensional
information about the light intensity distributiomhese results are compared to the photodiode mexasuts. In a second step
shape, position, and length of the discharge aecidentified and the range of motion at differertimtion frequencies and
modulation depths are determined.

[1] G. A. Trestman, 28th Annual Conf. of the Inde&ton. Soc., (IEEE, Piscataway, NJ, 2002), pp41PA18.
[2] F. Afshar, Journal of the lllum. Eng. Sé&;.27-38 (2008).

[3] J. Lighthill, Journal of Sound and Vibrati@i, 391-418 (1978).

[4] K. Stockwald, H. Kaestle, H. Ernst, IEEE Trana.Ind. Applicat50, 94-103 (2014).
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Critical behavior of the paramagnetic to antiferegmetic transition in single crystals of KNiend KCok has been
studied by means of a high resolution ac photopggobéc calorimetry and compared with our previonsasurements
in KMnFs. From the phase of the photopyroelectric sigadrmal diffusivity is extracted and from the condtion of
phase and amplitude, specific heat and thermal wxiivity can be obtained. The three thermal magieituare
presented for the three samples. The transitiokes pdace at 245.1 K for KNi- 115.2 K for KCok and 86.6 for
KMnF3. For both KMnE and KNiF; the transition is purely magnetic but for KGoEhe spin-orbit interaction leads to
orbital ordering at the same time as the magnetiering takes place, distorting the crystal lattfoem cubic to
tetragonal.

Figure 1 shows specific heat,(dor both KNiFs and KCok in the near vicinity of their respectives Néel paratures
Tn. In the near vicinity of the transition, the adl behavior of specific heat can be expresseditfiraghe well known
equation

c, = B+ Ct+ A (1+ E| f'5) 1)

where t= (T-R)/Tn is the reduced temperature, andA*, B, C and E are adjustable parameters. In the case of KNiF
the value of the critical exponent has been fountea =-0.110+0.003 and the ratio of the coefficient$/=1.30,
agreeing quite well with the 3D-Heisenberg isotcopiodel, which is compatible with the magnetic ctuoe of the
sample. This result has been confirmed applyingrdlas procedure to D and 1/K. Concerning KGpkhe critical
exponent iso =-0.078+0.008 while the ratio of the coefficiegfises A/A=1.28. The deviation from the theoretical
Heisenberg value (-0.115) arises from the fact thate is orbital as well as magnetic ordering, cvhaffects the
Hamiltonian describing the system.

These results are compared to the case of kMakerea =-0.111+0.002 and #A=1.41 [1] and the differences in the
parameters are discussed as a function of the magmésotropies appearing as a result of the chafgransition
metal.

920
(a) 720 |- (b)
—~ 900 F —
< <
o) 880 - s 680
= =
2 860 | =2
S & 640
840 |-
P I I goo Lo 1 v 1 1]
232 238 244 250 256 102 108 114 120 126
Temperature (K) Temperature (K)

Fig. 1: Specific heat for KNik(a) and KCoF (b) in the vicinity of the magnetic transition
Acknowledgements: This work have been supportedhbyMinisterio de Ciencia e Innovacién (MAT2011-233

Gobierno Vasco (IT619-13), and UPV/EHU (UFI11/55).

[1] A. Salazar, M. Massot, and A. Oleaga, Phys. Be¥5,224428 (2007).
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The optical and infrared properties in thermochiomaterials have been deeply investigated in thieykears
due to the large variety of photonic devices tlzat be realised thanks to the metal/insulator ptraseition: ‘smart”
windows which autonomously control sun rays inteoam, thermally controllable localized-plasmon,steyesis
enhancement of a phase transition by nanoparticaladptical memory by the means of phase tranmsiimd ultrafast
switching of the photonic stop band in photonicstays.

Among the thermocromic materials (niobium dioxigdanadium sesquioxide etc..) vanadium dioxide /O
represents the most widely used for many applinatid]. Its crystalline lattice exhibits an abriggtmiconductor-to-
metal phase transition at a temperature of abea68°C, characterized by a change of the crystaltielt from
monoclinic to tetragonal, and consequently by drafdst change in the optical and IR properties feflectivity and
emissivity).

In this paper we show how photothermal techniquag mepresent a useful non-destructive and non cbnta
tool to study the optical and thermal propertieanges of vanadium dioxide thin films (both singéydr and
multilayers deposited onto a silicon substrate]jaj8ring the phase transition. We have perfornfedstandard optical
and infrared measurements of reflectance, trarenciét, and emittance by changing the temperatutkeofanadium
dioxide film from 20°C (below J) to 90°C (above J so to determine the entity of the thermal hystisréoops and
compare the refractive index in both metallic aachigonductor states with respect to the refereatges [4]. We have
applied photothermal radiometry (PTR) by usingaddilaser modulated at a frequency in the range-16iz kHz, and
a MCZT infrared detector, in order to measure tifiecéve thermal parameters of the structure, alé agethe induced
emissivity changes from the vanadium dioxide fiBh [

Experimentalresults show how PTR represent an good tool fouantitative measurement of the thermal
properties of vanadium dioxide thin films.
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Abstract: Acupuncture has been a powerful climcal wol for treating brain diseases, A
rescarch proposcd that the neural system generates neural clectrical signals evoked by
acupuncture [1]. Another study indicated that acupunciure produces an effect by regulating
the nervous system [2]. Hui observed that acupunciure can activate the limbic system and
produce relevant responses with the sensormmotor system [3]. However, there 15 currently no
appropriaie  method to clanfy the therapeutic effect of acupuncture. Here, we use
photoacoustic tomography (PAT) to study the effect of acupuncture by tmaging cerchral
vasculature and blood flow in small animals. Ten healthy mice were stimulated with
acupuncture needles on Yonegquan acupoints, and PAT images of mouse brain were
copcurrently obtained. Compared o control group, the muce with acupunciure showed
signmificant changes in cerchral blood Aow espeeally in the middle cercbral artery {MCA) and
branch vessels, as see in Fig. 1. Data were analyzed after the experiment on ten mice using a
f=test, The crterion for significance was p < 0,05, This pilot study shows the potential of PAT
as a visualization tool for illuminating the mechanism of acupuncture and promoting its
clinical applications.
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Fig. 1: Moninvasive PAT imaging of & mouse brain st a waelength of 332nm with skin and skull intacr,
Photoscoustic image scquired (&) before scupunciure (at the 3 minutes), {b) after acopunciure (at the 8
miinstes), (2] after rodation of the needle {at the 13 minuies). §ali-{a3} is the magnificd omage of ox 1.2

and 3 o fal {b1)-(c3) are zequired similady o () and {c). {d} Photograph of the small mouse brain
obamed afier the PAT experiment.

[ CX, Han, ), I B, Wang, ¥ Goo, Yo Liv, J, Tianjin University 44051, 412-4146 (2001}
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Middle infrared (mid-IR) photothermal spectroscqpgvides a promising method for non-invasive sd@nalysis of
the human epidermis. This is due to the high spp#tgifand sensitivity of biomolecular absorptiors, far example for
glucose, in this spectral range[l]. There are diyeseveral successful approaches measuring theéBtra of the
human epidermis[2]. Additional, these approachésnathe determination of epidermal glucose conains using
an acoustic resonator in the ultrasound range[3].

Here we propose a mid-IR photothermal deflectioecgpmeter, which makes the recording of skin spegbssible.
The experimental array can be described as a puoiepeam detection system. By using a mid-IR/V#dparent
material as a sample holder, the alignment of tbbg beam to samples with not defined shape, edpekfuids and
soft tissue (e.g. skin), is simplified due to tlstablishment of a defined flat sample surface. Mgk IR pump laser, a
tunable quantum cascade laser (QCL), is irradiatiegsample, while the probe beam passes aboveddeted spot
and is deflected. This deflection of the probe béam consequence of the change of refractive imdedxced by the
generated thermal wave.

With this setup we were able to perform depth firgfiof the human epidermis by measuringvivo skin spectra at
different modulation frequencies of the QCL. Algovitro measurements of several aqueous glucose solutiche
physiological range (50mg/dl to 500 mg/dl) wererieat out to prove, if the system offers enough #isity for
detecting typical concentrations of this analyigareling non-invasive glucose determination in huskin. The results
of these measurements give a promising perspefdivéurther applications as sensing technique m bilomedical
filed.

[1] H. von Lilienfeld-Toal, M. Weidenmdiller, A. Xha&, and W. ManteleYib. Spectroscvol. 38, no. 1-2, pp. 209-215, Jul.
2005.

[2] M. a Pleitez, T. Lieblein, A. Bauer, O. HertzQeH. von Lilienfeld-Toal, and W. ManteRev. Sci. Instrumvol. 84, no. 8,
p. 084901, Aug. 2013.

[3] M. A. Pleitez, T. Lieblein, A. Bauer, O. Hertzige H. von Lilienfeld-Toal, and W. Mantel&nal. Chem.vol. 85, no. 2, pp.
1013-20, Jan. 2013.
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Abstract: The Gunshot Residue (GSR) particles leatensive significance in forensic examinatiortages involving
suspected use of firearms. The GSR can consisttbfumburned and partially burnt combustion prosidicim primer
or powder components, and can be used to link éatythes ammunition, or eventually help in identifyithe firer.
Identification of propellant powders in evidentiaaterials can provide useful information especiallyen both the
cartridge and projectile are absent. In this studg, present an approach to classify GSR from diffepropellant
handgun ammunition by FTIR-PAS. For these measuntanéhe sample collection is by “taping” the lisnof the
shooter with adhesive tapes immediately after itteaifm discharge. A total of seven ammunition bsangre studied
for classification purposes. Ammunition was suppli®y Policia de Investigaciones de Chile. The tape® directly
subjected to spectral measurement in a FTIR spaetar (Nicolet 450, USA) equipped with a cantileeahanced
photoacoustic cell (PA301 GASERA, Finland). Plgcthe tape in the cell holding cup and purging ¢ak with dry
He, 50 scans were recorded in the range of 500e400@nd resolution of 8cth A carbon reference was used for
spectra-intensity normalization. Multivariate datealysis such as Principal Components Analysis (P@#s used to
reveal the separation between spectra in the sp@ee and compared also wikmearest neighbors (KNN), SIMCA
and PLS-DA. This work demonstrated that FTIR-PASaisufficiently sensitive to detect and classifyRG8om
different types of ammunition brand. Collectionre$idue is quite simple and easily carried oub@field. The taping
method can be directly applied to the surface (skiother material) to be tested. The methodoldipwa a fast and
simple photoacoustic measurement in which additisample preparation methods and chemical extnaEtaoe not
required.
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Abstract: Thermal Lens Spectrometry (TLS) had shembe an effective technique in the field of gtiedl chemistry.
Successful application in environmental and biodbahrsamples has been reported, specially becduise extreme
sensitivity. We report the results obtained in g@ntitative determination of copper by using TIL&e work is part of
an investigation on metal complexes determined ltgthermal methods. We explore thermal lensingiigity in
comparison with conventional spectrophotometrichods. We developed preliminary studies for deteimgi Cu(ll)
in water samples and is meant to be applied in raimesiduals and natural water impacted by thangiactivity.

The method is based on Cu(ll)-5-(4-sulphophenyl&zajninoquinoline (SPA) complex colorimetric reacti The
characterization and optimization of the Cu(ll)-SB#mplex in aqueous solution was analyzed undédr Bbs. Cu(ll)
reacts with SPA at room temperature and it formbigh molar absorptivity brown-red complex. The cdemp
absorption is not affected by the buffer additiénTL spectrometer was set up with He-Ne laser (20na&/both the
probe and the excite sources at wavelength of G¥2.8The sample solution was introduced into a b photometric
quartz cell. By measuring, the signal from the diteover time was acquired for each sample and Thesignal was
calculated. Under optimum conditions for copper ptax formation (10 mL dilution volume, SPA 1-i@nol/L, 3 mL
Buffer pH 11.5, 5 mL methanol), the TLS calibratignlinear up to 13Q:g/L and the limit of detection (LOD) of
copper resulted 3.4g/L. The relative standard deviation (R.S.D.) @& thethod for the calibration is nearly 5% at 63.5
ng/L (n=5).
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At present, optical information recording in thedeon ODs is based on thermoinduced transformatioogsses
of substances that change the reflection propaurtidsr light. Prospects for increasing the inforaratapacity of ODs
are related to the development of multilayeredthggmsitive recording media based on organic comg®uhat being
irradiated experience irreversible photochemicaingformations of the initial non-fluorescing compduinto a
fluorescent photoproduct [1-3]. Multilayered ODgyide the realization of the three-dimensional (8Plical memory
with the recording density higher than 1 TB dudatger-by-layer processes of two-photon informatieoording and
reproduction [2].

It has recently been shown that UV-irradiageglchromones | that do not manifest fluorescemerimmeversible
rearranged to fluorescent furano[3,4-bJchromenohg8-5]. Based on the latter, we are developingltifayered
detection media for ODs of the WORM archive type Tis work is devoted to development of methamlssynthesis
and the study of the photochemical properties shmounds | and the fluorescence properties of ph@Eogement
products II.

In addition the synthesis of structural anaksylll and their behavior under UV-irradiation aresented.
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Figure 1 shows the typical photoinduced changdsdrabsorption and fluorescence spectra of chror@iretoluene.
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Fig. 1. Absorption spectrum of compoutal (R=R=R;; X=0) in toluene (1) and the absorption (2—4) anebiescence (5-8) spectra of its
photoproduct formed after UV irradiation througte tbFS-1 light filter. The fluorescence spectra wereasured after light excitation with the
wavelength of 440 nm.

All studied chromones are characterized by a higtkeé® shift that provides their practical applioatboth in
light-sensitive recording media with fluoresceneadout of optical information and other fields do¢he achievement
of a high contrast of the fluorescence signal. ¥&lele of quantum yields depends on both the strecifichromones
and the nature of substituents in their fragments.

. Barachevsky, M.V. Alfimov, V.B. Nazaro@pt. Mem. & Neur. Networkg, (3), (1998), 205.
. Dvornikov, E. P., Walker, P. M. RentzegisPhys. Chem113 (2009), 13633.
. Barachevsky, O. I. Kobeleva, T. M. Valo¥a,O. Ait, A. A. Dunaev, A. M. Gorelik, M. M. Krayshkin,
evchenko, V. N. Yarovenko, V. V. Kyiko, E. Brebennikov,0Opt. Mem. & Neur. Network49 (2010), 187.
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. Bull, 2012, Ne 9, 1745.
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Abstract: With the use of photochromic nanoparsickased on thermally irreversible photochromic ydéhenes,
organic fluorophores, Ag nanoparticles as well &&S&zZnS quantum dots new photocontrolled thin flements
simultaneously and reversibly changing optical ¢apson, fluorescence) and electric (conductivipybperties under
light were first created.

Nanophotonics progress demands the improvemehtaflement base for creation of smart devices wfgeneration.
In this regard photocontrolled elements on a basishotochromic nanoparticles are of special irgerln the given
report the first results on creation of multifumetal photochromic solid-state films which at thensatime reversibly
change absorption, fluorescent and electric pragsemder light are discussed.

Photochromic nanoparticles have been created oibdbies of Ag nanoparticles and CdSe/ZnS quantumtfoAs
photochromic components were used thermally irslolr diarylethenes (), testing repeated revessibhlence
isomerization between A and B forms under onlyvatiing radiation. For reception a nondestructiveotpinduced
fluorescent signal in photochromic layers on theidaf Ag nanoparticles organic fluorophores, intipalar oxazine
II, were used. In layers based on CdSe/ZnS quadnmnthey served as fluorophores. Solid-phase dayere put on
the "edge" aluminium electrodes made by a methodasium evaporation of metal through a mask onassgl
substrate.
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The prepared solid-phase photochromic film basedr@nfrom diarylethene (R=CHO), nanopatrticles Ad an
oxazine Il as a fluorophore showed reversible pihdiacced changes of absorption and fluorescent. {J-as well as
conductivity (Fig.2). The szme results were receifa the solid-phase photochromic film containthg same
diarylethene and quantum dots CdSe/ZnS.
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Fig.1 Absorption (1-4) and fluorescence (5-8) spectrate solid-phase film containing diarylethenexarine 1l and nanoparticles
Ag before (1,5), after UV (2,6) and subsequentlgsirradiation (3,4,7,8).

Fig.2. Volt-Amper characteristics for the same film bef¢t), after UV (2) and subsequent visible irradia(3).

Thus, as a result of the study thin solid-phasécapnhanostructured films simultaneously and reitdyschanging
optical (absorption, fluorescence) and electrim(activity) properties under light were first credt This study opens
perspectives for the development of a new generatigphotocontrolled polyfunctional optical elemgatceptable for
creation optical integrated shemes.

This study was supported by RFBR ( the project M230964a) and Presidium of RAS.
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Photochromic 1,2-dithienylethenes containing cyeflipnes as a linking bridge are considered as piogni
components of light-sensitive recording media [Ihder UV- and Viz- Irradiation these compounds capeatedly
undergo, without decomposition, photochemical ti@msations to form thermally stable open (A) anctliy (B)

forms.

We developed methods for the synthesis of a widge@f new cyclopentene photochromes of 1-4 tyRej [
and showed that these compounds can be used fde#ign of non-destructive recording media withghetoinduced
fluorescent readout of optical information. Unsynineal cyclopentene photochromes 2 with differeandtional
groups may be also of interest as linkers for naginology, and photochromic coordination ligands.

A large number of fluorescent compounds such adymts 5-7 were synthesized as well [4,5].

Composite materials for reversible optical memoeyides using the FRET effect were created. Forgba
binary mixtures of photochromes and fluorescentpaments were prepared. The absorption bands obghames 1-
4 are located in the 400-600 nm range; they refiabincide with the emission bands of fluorophdses

Using such composites provides nondestructive alptiata reading out.

[1]. M.M. Krayushkin and M.A. Kalik, Syntheses ofi¢tochromic Dihetarylethenes. In: Katritzky, edétogkdvances in Heterocyclic
ChemistryVol. 103, Oxford: Academic Press; 2011, p. 1-59.

[2]. M.M. Krayushkin, V.N. Yarovenko, L.V. Christofova, A.S. Shashkov, E.P. Grebennikov, A.G. DewyatkG.E. Adamov,
K.S. Levchenko, P.S. Shmelin, V.A. Barachevsky, TMdlova, O. |. KobelevaRuss. Chem. Bull2011, Ne 12, 2487-2494.

[3]. A. M. Bogacheva, V. N. Yarovenko, K. S. Levchen&o,l. Kobeleva, T. M. Valova, V. A. Barachevsky, MStruchkova, P. S.
Shmelin, M. M. Krayushkin, V. N. Charushifietrahedron Lett2012,53, 5948-5951.

[4]. A. N. Komogortsev, B. V. Lichitsky, A. A. Dudino¥. S. Krylov, A. M. Bogacheva, O. I. Kobeleva, V. Barachevsky, M. M.
Krayushkin.Mendeleev Commur2013 23, 222-223.

[5]. M. M. Krayushkin, A. M. Bogacheva, A. N. Komogons®. V. Lichitsky, A. A. Dudinov, K. S. Levchenk@. I. Kobeleva, T.
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Many epidemiological studies suggest that a dieh in fruits and vegetables, like the Mediterraneit, offers
protection against some common diseases of theaesbrld, such as cardiovascular events, obeditpetes, cancer
and other age-related degenerative diseases. Fmitgegetable have long been regarded as havingidesable
beneficial effects on health, due in part, to thespnce of bioactive compounds or phytochemiddlese compounds
include tens of thousands of molecules belongingatious chemical classes and botanical familiee &kry distant
from each other such as carotenoids, tocopherbispginolates and polyphenols. They are producedeasndary
metabolites by plants and play a key role in compietic and abiotic interaction. In fact, the bitise compounds are
essential for plants survival, because are produeedignal molecules, in response to various $timeluding stress
(UV, temperature, hydric stress).

Their amount and composition in plant foods ity dependent on a number of factors as genotype,
ripening, environmental conditions, climate, cution practices, harvesting modalities and storagethods.
Moreover, many of them are responsible for the woggptic characteristics of foods such as colowma and taste. In
the human organism, the phytochemicals, througkrdifit mechanisms, defend our cells and tissu@s free radicals
attack, helping to neutralize or reduce the oxigafirocesses. In particular, due to their chenstrakture, the phenolic
compounds may exert strong antioxidant activityaddition these molecules are involved in sevetlaér cellular
processes, for example, are able to interact andulate multienzymatic systems, to inhibit platedgigregation, to
counteract the carcinogenesis, to reduce the fasmatdf inflammatory molecules. The daily and couotios
introduction of these substances is of particutgrdrtance for human health.

All these properties confer to phytochemical arpamant role as biomarkers of nutritional, healtuyd
commercial quality. Nowadays, both the food industnd the agricultural sector need of rapid scragmools that
make it possible the quality control along the whohain of production (from farm to finished protjuén this respect
is desirable a non-destructive analytical approadhich allows to correlate the information obtainedm direct
analysis of bioactive compounds content in planti® with the stadium of ripeness, freshness, §felbf products.

In the recent years, the PA and PT techniques haea applied to the quantitative analysis of pHygeoaicals present
in fruits and vegetables. In particular, these mégnes have allowed the direct quantitative analg$icarotenoidsoef
and p-carotene, lycopene) and flavonoids (mainly antloays) in fresh produce products such as tomatzsots,
brassicaceae, oranges, cherries, apricots, grapes,etc, with little or no manipulation of thensple.

In particular we obtained preliminary data (figutefrom PA signals measurements in peel of applésf
belonging to two different varieties: Golden Deadigs and Royal Gala. The results revealed that BAats were in
agreement with the presence of chlorophylls (al@ndarotenoids and anthocyanins in different sid@pple according
to the different colour of the portion of apple paealysed.
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Metallic nanowires have cross-sectional diametectuded between few to hundreds nanometers, whdie t
lengths span from several to some hundreds michMetallic nanowires films show peculiar optical pesties, such as
high optical transmittance in the visible rangenmected to the extremely reduced dimension of wdiemeter, while
still allowing for good electrical conduction, thbsing suitable for those applications where trarsmt electrodes are
required. As a consequence, metallic nanowires yrasth randomly of systematically oriented, canelbeployed to
tune the effective optical constants of the resglfilm, and get peculiar spectral absorbance ptigse

In this work we present the photoacustic charaza¢idn in the UV/VIS range of randomly orientedvsil
nanowires films deposited onto either quartz olyparic substrate. This study was performed oveetao$ films
differing in both metallic nanowires’ dimensions,wsell as metal content.

Samples were prepared using suspensions of Ag-riegsoim isopropanol (IPA) (25 mg/ml), purchasedniro
Seashell Technology, differing by both nanowiresidth and diameter. The starting IPA dispersion agded to de-
ionized water, and then ultrasonicated for few reaufiltrated and transferred onto the substratdrbp casting. The
obtained films were characterized by scanning edeciicrography (SEM images), thus the metal fjlifiactor was
retrieved with a matlab software based on visuahoa[1].

Following the morphological characterization, wepdoyed photoacoustic spectroscopy (PAS) to invattig
in details the absorbance spectra of silver naresaitms, in order to evidence their peculiar atbaace properties in
the UV/VIS range. The us of PAS is particularly fuseto investigate film that my display relevantasiering
phenomena, as for silver nanowires films. We appRAS in the UV/VIS range from 250 to 650 nm byngsa low
modulation frequency from 1Hz to 100Hz. The experital results show that the choice of metal fillfiagtor may
affect the absorbance spectra of the resulting mesh
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Great attention has been paid recently to traesparonductive oxides TCO because of their apjdinain
optoelectronic devices, flat panel displays, sotdls, and anti-static coatings.
For photovoltaic applications, the reduction of thaterial cost, and the cost of its processingkasefactors in the
production process. Al-doped ZnO meets the requrgmfor contacting thin film solar cells, thanks its good
optoelectrical properties, low cost and higherstasice to Hydrogen-reach plasmas.

Recently many papers analyse innovative AZO ba%2@ Structures where a thin layer of Silver is idtroed
in the TCO so to increase the electrical condudarithout loosing transparency.

In this work first we simulate the transparencyaofultilayer AZO/Ag/AZO as a function of the silvérin
layer, by optimizing the AZO thicknesses, discugsiome typical figure of merit.

Then we have prepared some multilayer coatingsfgiRittering not optimized yet.

The optical and thermal performances of the redlix20/Ag/AZO multilayers were investigated by otiic
and photoacoustic spectroscopy. The thicknessedfatrers was determined by ellipsometry characgaa.

REFERENCE
[1] M.L. Grilli, A. Sytchkova, S. Boycheva, A. Piag, "Transparent and conductive Al-doped ZnO filimssolar cells
applications", Phys. Status Solidi A 210, No 4,-783 (2013)

74



P11
SEMICONDUCTOR-METAL PHASE TRANSITION OF VANADIUM
DIOXIDE NANOSTRUCTURES ON SILICON SUBSTRATE:
APPLICATIONS FOR TUNABLE THERMAL DEVICES

R. Li Voti*¢ G.L. Leahy, M.C. Larcipret& G.Cesarini,
F.Muraa, |.Fratoddib, C. Sibiliaa and M. Berttimt

@Dipartimento di Scienze di Base ed Applicate pagkgneria, Sapienza Universita di Roma,
Via A. Scarpa 16 00161 Roma, Italy
bDipartimento di Chimica, Sapienza Universita di RgrRiazzale A.Moro, Roma, Italy
“To whom correspondence should be addressed. Emadierto.livoti@uniromal.it

Abstract.

We present a detailed infrared study of the sendaotor-to-metal transition (SMT) in a vanadium dae (VO2) film

deposited on silicon wafer. The VO2 phase transit® studied in the mid-infrared (MIR) region byadyring the
transmittance and the reflectance measurements thenaalculated emissivity. The temperature behaviaf the

emissivity during the SMT put into evidence the pdwenon of the anomalous absorption in VO2 which lneen
explained by applying the Maxwell Garnett effectimedium approximation theory, together with a siréwysteresis
phenomenon, both useful to design tunable therentds to be applied for the thermal control ofcguaaft. We have
also applied the photothermal radiometry in oraestudy the changes in the modulated emissivityéed by laser.
Experimental results show how the use of theseniqubs represent a good tool for a quantitativesmeament of the
optothermal properties of vanadium dioxide basaatsires.

Keywords: Emissivity; Phase transition; Photothdrradiometry; Thermochromic materials.
PACS: 42.79.Ta, 64.60.an, 78.20.Ci
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Analysis of convection-radiation heat losses (CRIiitlLjrequency domain photothermal experiments & In this
work a simple analysis demonstrates that CRHL camdyglected for modulation frequencies at which ttr@mal
resistance against these mechanisms exceeds thdiffiesion thermal impedance. A frequency dependémumber
has been introduced in order to give a mathemati@@rion for this, namell = ZH<< 1, whereZ is the real part of
the sample’s thermal impedance &hdhe CRHL's heat transfer coefficient. It is somatvAnalogous to the Biot's
number for stationary phenomena. A simple experirhas been designed to demonstrate the above legiotiA disc
shaped sample is periodical heated at one of ifaces at different frequencies using an amplitodelulated laser
beam, and the temperature at the rear surface métaned as a function of time using an infraredssen Amplitude
graphs as a function of frequency are then compareda theoretical model with and without CRHL esaderation. It
has been found that at low modulation frequencies donventional model without CRHL does not fit e
experimental data, while using the proposed magifins a good agreement was found. From this cdsgrathe
sample’s thermal diffusivity has been obtainedigittéorwardly. We hope that the here presentedlt®sinould be
helpful not only for researchers in the field obptthermal techniques, but also for those dealiity any phenomena
involving periodical modulated heating.
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Figure: Top left: experimental setup. Top right: typicRl $ignals. Bottom: frequency dependence of IR radignsignals of
different samples, containing features due to coimve and radiative heat losses.
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This research studies the curing of a photoresithbypresence of UV laser radiation, as the eti@itasource. The
optical absorption band for the curing of the resimged from 300 to 405 nm. A UV laser radiatiopem@ted ak = 405
nm with an output power of 20 mW, was the lightrseuto study the curing of the resin as a functbtime and the
open photoacustic cell (OPC) was used to charaetdhie curing process and characteristic curimge fior different
resin thicknesses. The average values of curing tiraret = 10.43, 20.99, 30.18, 45.84, 67.59 and 89.55dsthe
resin thicknesses were 0.1, 0.2, 0.3, 0.4, 0.50a®@m, respectively, showing a parabolic behavfaesin thickness as
a function of the characteristic curing time. AlS¥-vis Spectroscopy and Infrared Fourier Transf@pectroscopy
(FTIR) techniques were employed to characterizerdéisén in order to study the optical absorption #mel chemical
bonds, respectively. Our study has applicationthénmanufacture of 3D printing parts for uses irditiae.
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Figure: Top: 3D resin structure. Bottom left: PArsals recorded during curing for different curihgcknesses. Bottom right:
evolution of thickness with curing time
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