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» Custom quartz tuning forks design and implementation

QTF — mR acoustic coupling analysis

» Gas mairix effective relaxation rate measurements

» [nterferometric PAS with custom QTFs




« QOptical LASER absorption

» Non-radiative relaxation through
molecular collisions

« Acoustic wave generation

» Detection of the acoustic signal
S with a QTF

Quartz-Enhanced Photoacoustic Spectroscopy
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« Optical LASER absorption
» Non-radiative relaxation through

« Acoustic wave generation
» Detection of the acoustic signal
S with a QTF

molecular collisions *,!'

Main advantages

« High-Q element

« Narrow spectral passband

* Anfisymmetric vibration inactive
« Gas samples volume of ~ I mm?3

Quartz-Enhanced Photoacoustic Spectroscopy
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Low resonance frequency

High Quality factor
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Custom quartz tuning forks design
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Custom quartz tuning forks design
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Custom T-shaped QTF performance
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P. Patimisco, A. Sampaolo, M. Giglio, S. Dello Russo, V. Mackowiak, H. Rossmadl, A. Cable, F.K. Tittel, V. Spagnolo, “Tuning
forks with optimized geometries for quartz-enhanced photoacoustic spectroscopy”, Opt. Express 2019, 27, 1401-1415




Custom T-shaped QTF performance

5 QTF — AmR coupling study
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P. Patimisco, A. Sampaolo, M. Giglio, S. Dello Russo, V. Mackowiak, H. Rossmadl, A. Cable, F.K. Tittel, V. Spagnolo, “Tuning
forks with optimized geometries for quartz-enhanced photoacoustic spectroscopy”, Opt. Express 2019, 27, 1401-1415




QTF — AmR coupling analysis
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QTF — AmR coupling analysis

The antinode appears a little out from the end of the tube and
forms the Open End Correction (OEC).
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S. Dello Russo, M. Giglio, A. Sampaolo, P. Patimisco, G. Menduni, H. Wu, L. Dong, V.M.N Passaro, V. Spagnolo, *Acoustic Coupling
between Resonator Tubes in Quartz-Enhanced Photoacoustic Spectrophones Employing a Large Prong Spacing Tuning Fork”,
Sensors 2019, 19(19), 4109



QTF — AmR coupling analysis

The antinode appears a little out from the end of the tube and
forms the Open End Correction (OEC).
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Prong QEPAS SNR
QTF Spacing (mm) ID (mm) A/2 (mm) @ Lexp (mm) Enhancement
Standard 0.3 0.6 5.25 4.73 4.4 30
QTF#2 0.8 1.3 23.89 22.79 23 40
QTF#4 1 1.52 6.76 5.47 5.3 15
QTHT1 0.8 1.59 13.79 12.43 12.4 60

The theoretical model predicts very well
the optimal tube length for a tube ID

S. Dello Russo, M. Giglio, A. Sampaolo, P. Patimisco, G. Menduni, H. Wu, L. Dong, V.M.N Passaro, V. Spagnolo, *Acoustic Coupling
between Resonator Tubes in Quartz-Enhanced Photoacoustic Spectrophones Employing a Large Prong Spacing Tuning Fork”,
Sensors 2019, 19(19), 4109




Relaxation rates measurements
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Decrease of the quality factor Q(p) with increasing pressure due to the
increase in viscosity of the surrounding medium



Relaxation rates measurements
S(p) = KstPLCgas g0,8-- ’ I .
&(p) = 1 504" Tt e,
1+ (angfgfﬂjz 02‘_ : . 8%Ff;ﬁ::?osrignal
00

0O 100 200 300 400 500 600 700
Pressure (Torr)

Decrease of the quality factor Q(p) with increasing pressure due to the
increase in viscosity of the surrounding medium

Increase of the radiation-to-sound conversion efficiency (RiSe) e(p) towards
higher pressures, due to the increased rate of molecular collisions and hence
a faster VT relaxation.




Relaxation rates measurements

Ratio between measured QEPAS peak signal and QTF quality factor
for a set of custom QTFs
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Relaxation rates measurements

Ratio between measured QEPAS peak signal and QTF quality factor
for a set of custom QTFs
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QTF performance comparison

The slow-relaxer/fast-relaxer signal ratios allows to eliminate the contributions due to the tuning
fork, such as the quality factor and the instrumental constants.
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QTF performance comparison

The slow-relaxer/fast-relaxer signal ratios allows to eliminate the contributions due to the tuning
fork, such as the quality factor and the instrumental constants.
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Interferomeftric PAS with custom QTFs

For applications in which electromagnetic field may distort the piezoelectric signal
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S. Dello Russo, S. Zhou, A. Zifarelli, P. Patimisco, A. Sampaolo, M. Giglio, D. lannuzzi, V. Spagnolo, “Photoacoustic spectroscopy for
gas sensing: a comparison between piezoelectric and interferometric readout in custom quartz tuning forks”, submitted




Interferometric PAS with custom QTFs

For applications in which electromagnetic field may distort the piezoelectric signal
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S. Dello Russo, S. Zhou, A. Zifarelli, P. Patimisco, A. Sampaolo, M. Giglio, D. lannuzzi, V. Spagnolo, “Photoacoustic spectroscopy for
gas sensing: a comparison between piezoelectric and interferometric readout in custom quartz tuning forks”, submitted




Second year goals

* Light induced thermo-elastic spectroscopy

Corrosive gas sensing
Gas matrix influence avoided

« QEPAS for wide range gas target concentration

From gas traces 1o high concentrations sensing
Investigation of non-linearities




List of aitended courses (14 CFU)

Promozione della ricerca scientifica (Prof. De Gennaro)
 How to prepare a technical speech in English (Prof. White)
« Programming with Python for Data Science (Prof. Diacono)

tom-photon interactions (Prof. Pepe)

Opfical sensors and spectroscopic techniques (Prof. Patimisco)
Applications of MATLAB (Prof. Dotoli)

Infroduction to C++ programming (Prof. Cafagnaq)

Exam passed
Course attended
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