Supplemental Document

Biomedical Optics EXPRESS =

Single-wavelength water muted photoacoustic
system for detecting physiological
concentrations of endogenous molecules:
supplement

CHAO Xu,"2 SHAZZAD RASSEL,'2:3 STEVEN ZHANG, -2
ABDULRAHMAN ALORAYNAN,':2 AND DAYAN BANT:2:4

I Department of Electrical and Computer Engineering, University of Waterloo, 200 University Ave W,
Waterloo, Ontario N2L 3G1, Canada

2Waterloo Institute for Nanotechnology, University of Waterloo, 200 University Ave W, Waterloo, Ontario
N2L 3Gl, Canada

3 srassel@uwaterloo.ca

4 dban@uwaterloo.ca

This supplement published with The Optical Society on 24 December 2020 by The Authors
under the terms of the Creative Commons Attribution 4.0 License in the format provided by the
authors and unedited. Further distribution of this work must maintain attribution to the author(s)
and the published article’s title, journal citation, and DOL.

Supplement DOI: https://doi.org/10.6084/m9.figshare.13299899

Parent Article DOI: https://doi.org/10.1364/BOE.413086



Single-wavelength water muted photoacoustic system
for detecting physiological concentrations of
endogenous molecules: supplemental document
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Fig. S1. Picture of single wavelength water muted photoacoustic system with (left)/ without (right) purging box
for dry air flow. The purging box is made to prevent water condensation on cell and metal unit in experiment at
low temperature. The optical component (black) on the right side in both pictures is the collimator and SWIR
diode laser.
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Fig. S2. Test of temperature stabilization for the system. The target temperatures are set to be 6.5, 5.5, 4.5, 3.5,
and 2.5 [1. At each temperature, the system waited 5 min for stabilization at the target temperature and then read
the temperature for 20 times. The right figure shows the enlarged area of temperature reading at 4.5 [ in left
figure. The slight off-set of reading temperature from target temperature (e.g. 4.56 [J to 4.5 [1) is due to the
residuals of feedback loop in temperature control. A small temperature variation of less than 0.02 [ can be
achieved, as shown in the right figure.
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Fig. S3. Simulated photoacoustic spectrum of DI water at temperatures of 20, 10, 5, and 0 °C by COMSOL.
The shift of resonant peaks is due to the change of sound velocity in DI water at different temperatures: 1481,
1447, 1427, and 1403 m/s for temperatures of 20, 10, 5, and 0 °C, respectively. The simulated peak frequencies
are shifted from 23.28 kHz at 20 °C to 22.91 kHz at 0 °C, which shows a good agreement with the experimental
result: 23.4 kHz at 20.06 °C to 22.9 kHz at 0.72 °C. The result proves the shift of peak frequency in temperature
dependent measurements is mainly caused by the change of sound velocity in DI water.
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Fig. S4. (Left) Measured peak intensities of photoacoustic spectrums of glucose aqueous solutions (with low
glucose solute concentration of 500 (purple), 400 (blue), 300 (green), 200 (yellow), and 100 (orange) mg/dL)
and DI water (red) as a function of temperature. Linear fitting is used on each curve for reading muting
temperature (intercept with muting line). For each solution, 5 independent measurements were deployed.
(Right) Enlarged area of muting temperature reading for all measurements. The muting temperatures were read
by the intercepts of fitted curves on muting line (zero photoacoustic signal axis).



