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Fig. 1. Schematic diagram of the photoacoustic imag-
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Fig. 2. Schematic of molecular vector absorption principle: (a) Schematic diagram of anisotropic absorption of a single chromophore,

E, U and M are the electric vector of incident light, the electric transition dipole moment (ETDM) and the magnetic transition di-

pole moment (MTDM) of the chromophore, respectively, and 6 is the angle between E and U, A, is the swing range of the single

molecule transition dipole moment orientation; (b), (c) schematic diagrams of electronic energy level transitions of anisotropic mo-

lecules excited by linearly polarized light and circularly polarized light, respectively.
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Fig. 3. The schematic diagram of the distribution of multiple transition electric dipole moments in the photoexcitation range, where

A6 represents the average diffusion angle of the transition electric dipole moment, and the larger Af represents the smaller order of

the multiple molecules!*?.
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Fig. 4. Development of polarized photoacoustic imaging technology at home and abroad.
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Fig. 5. The DOR-PAM system and experimental results/*>¥): (a) Schematic of the DOR-PAM system; (b) optical microscopic photo
of the brain section; (¢) close-up of the boxed area in Fig.(b), the blue and black arrows indicate the CR-stained amyloid plaque and
the NR-stained background cells, respectively; (d), (e) the DOR-PAM images acquired with each of the two orthogonally polarized
optical irradiations, respectively; (f), (g) the summation and subtraction of Fig.(d) and Fig.(e), respectively, the differential detec-
tion in Fig.(f) eliminates the non-dichroic background and highlights the dichroic contrast of the amyloid plaque; (h) schematic of
dual-contrast PAM, the boxed inset illustrates the laser excitation scheme designed for simultaneous dichroism and multi-paramet-
ric PAM, where AOM is the acousto-optic modulator; FC is the fiber coupler, PM-SMF is the polarization-maintaining single-mode
optical fiber, BPF is the bandpass filter, DM is the dichroic mirror, EOM is the electro-optic modulator, OL is the objective lens,
CL is the correction lens; UT is the ultrasonic transducer, WT is the water tank, DAQ is the data acquisition, H/V pol,
horizontal /vertical polarization; (i)— (k) multi-parametric PAM images of a 10-month-old APP/PS1 mouse brain in vivo, including
the Chyp, So2, and blood flow speed; (1) dichroism PAM image showing the distribution of CR stained amyloid plaques and deposits
in the vessel wall; (m) close-up of the boxed area in Fig.(1); (n) confocal image of the boxed area in Fig.(l). Scale bars: 200 pm.
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Fig. 6. Theoretical setup and experimental results of a quantitative polarized photoacoustic microscopy (PPAM)M3l: (a) Schematic

diagram of molecular vector absorption principle; (b) the correlation between the DOA value and the modulation intensity of polar-

ized photoacoustic signals; (¢) PPAM device diagram; (d) the anisotropic characteristics of the compound eyes of praying mantis

and shrimp in PPAM three-dimensional imaging.
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Fig. 7. High order harmonic polarized photoacoustic signal detection technology and experimental results®’: (a) Photoacoustic sig-

nal generated by the linearly polarized laser at different layers, the yellow arrow indicates the polarization angle of the laser, and

the white arrow indicates the orientation of the optical axis; (b) 3D anisotropy phantom; (¢) normalized photoacoustic amplitude at
the non-overlapping area; (d) normalized photoacoustic amplitude at the overlapping area; (e) spectrum of the normalized pho-
toacoustic amplitude at the non-overlapping area; (f) spectrum of the normalized photoacoustic amplitude at the overlapping area.
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6l (a) Schematic of the dual-fiber single-shot dichroism OR-

PAM system; WT, water tank; (b) PA images of three linear polarizers excited with polarized light at 0°, 45°, and 90°; (c), (d) cal-

culated dichroism image and polarization angle of the three linear polarizers.
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Fig. 9. Measurement of 0-—180° molecular transition dipole moment orientation®: (a) OTDM distribution diagram, E and U are

the electric vector and electric transition dipole moment of incident light respectively; (b) schematic diagram of OTDM distribution

settings for virtual samples simulated by computer, with DOA values set to 1 for these samples; (c¢) calculate the simulated OTDM

imaging results according to Eq. (21); (d) the OTDM imaging results obtained after eliminating the degeneracy effect.
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Fig. 10. The correlation between the accuracy of molecular orientation in polarized photoacoustic imaging and the number of ex-
cited photoelectric vectorsP: (a) The DS-PAM system configuration, FC is fiber collimator, L is lens, BS is beam splitter, PBS is
polarizing beam splitter, RS is rotary stage, UST is ultrasonic transducer, WT is water tank, AMP is amplifier, PD is photodetect-
or, PC is personal computer, DAQ is data acquisition; (b) photograph of crossed wires, the red box indicates the FOV for DS-PAM;
(¢) conventional PA MAP image; (d) series of images according to the polarization states; (e) azimuth and (f) dichroism mapping

according to (i)—(iv) the number of angles applied.
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Fig. 11. Linear dichroic photoacoustic computed tomography system and experimental results*/: (a) Experimental setup of linear
dichroism-sensitive photoacoustic computed tomography (DS-PACT); (b) a sequence of conventional PACT images is acquired at a
frame rate of 0.625 Hz, rotating the polarization of the incident light at 11.25°/s; (c)normalized PA amplitude as a function of time
at one representative spatial point. PA(t) is normalized with respect to its average; (d) Fourier spectrum of PA(t). The peak loc-
ated at 0.0625 Hz corresponds to the alternating PA signals due to the modulated polarization; (e¢) DS-PACT image reconstructed
by the amplitude of the lock-in term; (f) color-coded orientation angle map of the sample, which is reconstructed from the phase of
the lock-in term; (g) photograph of the sample without any scattering medium. The sample contains two pieces of bovine tendon,
which are placed perpendicular to each other; (h) modulation depth of the PA amplitude acquired with increasing thickness D of
the scattering medium, up to 15 mm, the red solid line indicates the exponential fit to the measured data. The black dashed line
represents the noise level; (i) conventional PACT images; (j) amplitude images using DSPACT; (k) orientation angle maps of the

two pieces of bovine tendon.
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Fig. 12. Handheld polarized photoacoustic computed tomography system and results*7: (a) Handheld polarized photoacoustic probe,
UT is ultrasound transducer, HWP is half wave plate; (b) photograph of the calibration setup; (c) PAI of the PVA and PVC with
different polarizations; (d) modulation curve of polarized photoacoustic signals in PVA and PVC excited by photoelectric vector dire-
ction; (e) photograph of the mouse leg (upper) and bovine tendon (lower); (f) HP-PACT images of mouse leg (upper) and bovine
tendon (lower) with the polarization of the excitation light being 0° (horizontal) and 90° (vertical); (g) dichroic imaging of mouse

leg (upper) and bovine tendon (lower) lines.
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Fig. 13. Polarized photoacoustic detection of circular dichroism in nano spiral materials®: (a) Schematic diagram of a single helix,
with a wire diameter (WD) of 110 nm, an outer diameter (ED) of 300 nm, and a vertical spacing (VP) of 300 nm; (b) schematic
diagram of the base located below the spiral layer, it consists of a GaN/AlGaN heterostructure; (c¢) scanning electron microscopy
(SEM) sample view; (d) schematic view of the experimental setup for PA measurements, we show the laser source (1), the chopper
(2), the QWP (3), the PA chamber (4) containing the studied sample and the PD (5); the microphone (6) is partially installed in-
side the PA chamber; here again a lock-in (7) is connected to the main set-up; (e) the intensity (normalized) measured by optical
technology is used as a function of wavelength and QWP direction angle; (f) extract CD data from (e) within the same wavelength
range; (g) the relationship between the amplitude of photoacoustic signals generated under different wavelengths of radiation and
the angle of QWP.
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Fig. 14. Chiral properties of metal polystyrene (SNSA) metasurfaces detected by polarized photoacoustic detection®: (a) Au-SNSA,
(b) Cr-SNSA, and (c) Ag-SNSA and (d) sketch of the geometric parameters and the evaporation angle; (e) schematic diagram of
chiral PA setting device, illustration: incidence mode; (f) the amplitude variation trend of photoacoustic signals obtained by rotat-
ing a quarter wave plate before and after Au deposition; (g) changes in CD values of three samples under different incident angles;
(h) the distribution of absorption density of Au SNSA under maximum CD conditions is shown, with the maximum absorption

density at the boundary of gold nanoparticles.
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Fig. 15. Angle resolved polarized photoacoustic technology for detecting the crystal axis orientation of two-dimensional materials52):
(a) The diagram of the angle-resolved polarized photoacoustic microscopy (AnR-PPAM) system and the illustration is the optical
photo of black phosphorus; (b) a;, a,, as, and a, are the crystal axis (armchair type) orientation detection results of the four

sampling points.
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Fig. 16. Polarized photoacoustic background free imaging based on magnetic responsive nanoprobesl®: (a) Schematic diagram of the
principle of magnetic controlled polarized light acoustic background free imaging; (b) electric field distribution of orientated nanor-
ods under light excitation at resonant wavelength. Scale bars: 20 nm; (¢) background free polarization imaging schematic of venous

tumors, injection Fe;O@Au NRs; (d) control photoacoustic imaging and polarized photoacoustic imaging have no background ima-

ging results.
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Abstract

Life is a highly ordered combination, and the basic biological processes of cells and tissues are essentially
controlled by the structural order of biomolecular assembly, in which the conformational characteristics of
biomolecule arrangement, orientation, helix, and folding are closely related to the physiological functions of
biological tissues. In the skin, muscle, and nerve tissues of living animals, for instance, fibrous proteins, collagen,
nerve fibers, and DNA frequently exhibit molecular spatial conformation properties such as particular alignment
or helical structure, and such tissues have distinct optical polarization responses. The fundamental structural
foundation for tissues to carry out certain activities is provided by molecular conformational characteristics.
Early illness diagnosis will be aided by the accurate detection and efficient revelation of molecular
conformational characteristics and their changes. The microscopic organization, structure, orientation, chirality,
and other structural details of living things or materials can be obtained by using polarization imaging. The
analysis of the imaging depth and polarization data is challenging, despite its widespread usage in the fields of
material detection and biological imaging. Photoacoustic imaging preserves both the great contrast of optical
imaging and the deep penetration of ultrasonic imaging by using light as an excitation source and ultrasound as
the carrier for information transmission. While keeping the benefits of non-invasiveness, it is capable of high-
resolution imaging, deep penetration, and functional imaging. A polarized photoacoustic imaging technology has
recently been developed to complement polarization optical imaging and allow the collection of three-
dimensional polarization data from deeper layers of the medium. This provides a straightforward and efficient
method of measuring the polarimetry of tissues, suggesting substantial promise for both biological imaging and
substance detection. The evolution of polarized photoacoustic imaging technology is outlined in this paper.
First, the technical underpinnings of polarized photoacoustic imaging are described. Then, from the two
applications of biological tissue imaging and nanomaterial detection, the related research progress of polarized
photoacoustic microscopic imaging, polarized photoacoustic computational tomography, and polarized
photoacoustic nanoparticles' molecular imaging is presented. We briefly explain the depolarization that results
from particle size, density, and organization as polarized light travels through tissue. In an anisotropic medium,
the change in the mid-incident polarization state of such a sample is caused by tissue birefringence and
scattering because of the inherent birefringence effect of molecules, whereas in the isotropic medium,
depolarization is largely determined by the density and size of the scatter. The potential applications of
polarized photoacoustic imaging are then discussed.

Keywords: anisotropy, molecular orientation, chirality, polarized photoacoustic imaging
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