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Summary:

In this paper, we report the development and use of a photoacoustic cell designed for gas spectrosco-
py of volatile organic compounds (VOCs) used as biomarkers of breast cancer. The cell, composed of 
a PMMA Helmholtz resonator grafted to a finite size tube. A commercial microphone mounted on the 
Helmholtz enables the measurement of the system response at its resonance frequency. The system 
was successfully characterized using different concentrations of isopropanol (0.5 to 17 ppm) using 
tunable MIRCAT QCL laser with wavelength range of 8-11µm.
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Introduction
In the context of non-invasive medicine, volatile 
organic compounds (VOCs) can be used as 
biomarkers in various clinical applications, such 
as early detection of breast cancer, monitoring 
treatment efficacy, and detecting recurrences. 
These are created by human body cells when 
subjected to oxidative stress [1], then 
transformed by an enzyme, Cytochrome P-450
[2], which regulates the levels of chemical 
species in the human body. These VOCs can 
be found within the cells themselves and 
transmitted via the bloodstream to breath, 
sweat, urine, feces, saliva, etc. [3],[4].
Kure et al. published a study in 2021 [5] propos-
ing a prediction model for breast cancer using 
only Isopropanol and 2-butanone as biomarkers 
with an efficacy rate of 90%. In this study, anal-
ysis was conducted on urine using mass spec-
trometry and gas chromatography. A healthy 
individual typically has an isopropanol level 
between 1 and 20 ppb, while a person with 
cancer has a concentration ranging from 10 to 
100 ppb [6].

Experimental materials
In this study, we report the development and 
use of a photoacoustic cell entirely made of 
plexiglas (PMMA), see figure 1.b, for gas spec-
troscopy. The first design step focuses mainly 
on the design of high-performance photoacous-
tic cells. Isopropanol was the targeted gas for 

our analysis. A commercial microphone (TDK 
membrane microphone) was used in this study. 
The laser used is a MIRCAT QCL from Daylight 
solution laser emitting in the far-infrared [7],
which is in the range of one of the absorption 
peaks of isopropanol at 8.73 µm (1144.47 cm-

1). Laser modulation is achieved using a me-
chanical chopper. The frequency of modulation 
is chosen close to the acoustic cavity reso-
nance frequency. The acoustic cavity is com-
posed of a Helmholtz resonator grafted to a 
finite size tube outside a pressure node as 
shown in Figure 1.a (COMSOL Multiphysics 
simulation).

Fig. 1. Schematic of the photoacoustic cell and the 
pressure field at its resonance frequency (a). Picture 
of the Photoacoustic cell (b).

Results
Figure 2 shown the schematic of the experi-
mental setup of measurements, composed of 
the acoustic cavity, QCL tunable laser, chopper 
for laser beam modulation and high resolution 
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acquisition systeme. Figure 3 display the results 
for the measured signal at different concentra-
tions of isopropanol. Accurate acquisition sys-
tem is used for this purpose (200kHz sampling 
frequency with 24bits resolution). The root 
square of the PSD is plotted in linear scale 
showing high SNR. In pure air the level of the 
signal is extremely low, we also test the excita-
tion at different laser wavelength showing a 
good agreement with isopropanol absorption 
spectrum (result not shone here). The linearity 
of the system was   evaluated and the results is 
shown figure 4.b. The sensitivity is estimated to 
be around 50mV/ppm. According to this prelim-
inary results, resolution close to few ppb can be 
achieved with this design. Ongoing works on 
the design optimization are very promising.   

 

 
Fig. 2. Schematic of the experimental setup. 

 

 
Fig. 3. Photoacoustic signal for different concentra-
tion of isopropanol (a). Linearity between the ampli-
tude’s signal and the concentration of isopropanol 
(b). 
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