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Fig. 1. Pump-probe photoacoustic tomographic system optimized by a transient

absorption spectroscopy: (a) Schematic of the pump-probe photoacoustic tomographic

imaging system: (b) Schematic diagram of the nanosecond transient absorption

spectrometer.
3 EREFRNELER
3.1. PtOEPBRATRWBEHF T

PtOEP 73 ¥ BB AT OB EETHSRE, Wi 2 (a) Pror. PtOEP £
HR 4 o B 2R AT RO B s A2 T 381 A 532 nm AR s AcHT . izl
PAUESE TR AR HI2ERE, JF PTG 532 nm AN HRMP,  BLSEEL PtOEP 705~ A
HEAS SO B — =R T1 KR BERIE « RN AR fh i 2O6 & SHE an s 2¢a)

6



PR, TAISHAE 643 nm 22 HIBGRSIE, SRR THK =8 (To
A (So) MIERIT.

(a) (b) (©)

T T 4000 4000
12 PIOEP Absorbance - T (Probe) T (Probe)
_ PIOEP Emission 3500 M (Pump+Probe) 3500 M (Pump+Probe)
s ! p‘ ] 3000 3000
> -~ -
£ El 3
gos , \ R & 2500 5 2500
2 > >
So6 \ 22000 22000
o c c
N ’ \ £ 1500 £ 1500
T 04 ] E E
E
s / \ 1000 1000
02 / " g 500 500
a L A J A o o
300 400 500 600 700 400 500 600 700 800 900 400 500 600 700 800 900
Wavelength (nm) Wavelength (nm) Wavelength (nm)
@ (e) ®
0.5 0.14 0.14
Original —o0—PD2 —o—PD2
;\ Calibrated ~0.12 —0—PD1 —~0.12 O PD1
04 3 2
A [
@ o 01
8 8
§o3 3
3 So08
8 2
3
<o2f 9%
5 5004
€01 &
g So02
0 r -
0[ PPFE. 2 PSP PPYYN PPPPY VPR oI PP ) E T
450 500 550 600 650 700 750 800 850 900 0 5 10 15 0 5 10 15
Wavelength (nm) Delay (us) Delay (us)
A A A2 FASRC AR A et
P 2 PtOEP [ AW S MR 45 B (a) PtOEP Fa AW SIS AR S 1% (b) PD1 £

TCAM IR RIS AR RIS 55 (o) PD2 7EA4 ToIR T GIUR T HUs
JEAERIGAE 55 (d) AZIERTJE ) PtOEP BESIIE; (e) W& 532 nm B EA
770 nm PRI FCAS FILER T (1) PtOEP B Sz am it 425 () 2 IE 5 ) PtOEP s
W ST i it 2

Fig. 2. Transient absorption spectroscopy characterization of PtOEP: (a) Steady-state

absorption and emission spectra of PtOEP: (b) Raw probe signals detected by PD1

with and without pump excitation; (¢) Raw probe signals detected by PD2 with and

without pump excitation: (d) Transient absorption spectra of PtOEP before and after

correction; (e) Transient absorption decay curves of PtOEP at different delay times

with 532 nm excitation and 770 nm probe light; (f) Corrected transient absorption

decay curve of PtOEP.
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Fig. 3. Pump-probe photoacoustic imaging results of a single sample tube: (a) Imaging

results of the tube at several probe wavelengths; (b) Comparison of photoacoustic

signals of PtOEP at different probe wavelengths: (c¢) Fluctuations of 532 nm pump

photoacoustic signal during TTD acquisition at different probe wavelengths: (d) TTD

signal comparison of PtOEP at varied probe wavelengths: (e) Comparison of TTD

signal for a single-channel A-line across different probe wavelengths.
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Fig. 4. Photoacoustic imaging results of a multi-tube phantom. (a) Photoacoustic

images of three sample tubes under pump light (532 nm), probe light (770 nm), and

combined pump-probe excitation, where A, B and C denote 1% oily ink solution, 12%

bovine hemoglobin (Hb) solution, and 400 umol/L PtOEP solution, respectively: (b)

TTD images obtained at various probe wavelengths.
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Fig. 5. Photoacoustic lifetime imaging results of a multi-tube phantom sample with

optimized wavelength. (a) TTD images under 6 groups of pump-probe delay settings:

(b) photoacoustic lifetime image fitted from the delay series; (c¢) Fitted lifetime decay
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curve of the representative pixel P1 shown in (b).
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Transient Absorption Spectrum of PtOEP and its
Application in Pump—Probe Photoacoustic Tomography
for high—specific molecular imaging’
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1) (Department of Biomedical Engineering, Xiangya School of Basic Medical Science,

Central South University, Changsha 410083, China)

Abstract

Photoacoustic tomography (PAT) combines the high molecular contrast of optical imaging

with the deep penetration depth of ultrasound imaging, making it a powerful tool for biomedical
applications. However, in complex biological tissues, PAT often suffers from strong background

interference arising from endogenous absorbers such as hemoglobin, which severely compromises

the detection specificity and image contrast. To address this challenge, the use of exogenous
probes with long-lived triplet states in conjunction with pump-probe detection strategies has

emerged as a promising approach to eliminate the blood-induced background and enable selective
imaging of targeted molecules.
In this work, we developed a highly sensitive nanosecond transient absorption

spectroscopy system incorporating a reference-light synchronized dual-channel monitoring
scheme, which effectively compensates for pulse-to-pulse laser energy fluctuations - and

significantly reduces measurement uncertainties. Using 532 nm as the excitation wavelength to

populate the triplet state (T1) of the photosensitizer probe platinum octaethylporphyrin (PtOEP),

and applying a 0.2 us pump-probe delay, we systematically characterized the triplet-state

absorption spectrum of PtOEP across a broad spectral range from 420 to 900 nm. Based on the

spectroscopic characterization, we further evaluated the pump-probe PAT (P3AT) performance of

PtOEP at various probe wavelengths. The results demonstrate that the optimal signal-to-noise

ratio is achieved at the triplet-state absorption peak of 770 nm, consistent with the transient

absorption measurements.

Phantom imaging experiments confirm that the P?AT system with the optimized probe

wavelength (770 nm) effectively suppresses strong background signals from hemoglobin and ink,

enabling highly specific background-free imaging of PtOEP. In addition, by varying the

pump-probe time delay, we acquired the triplet-state lifetime decay curve of PtOEP. The derived

triplet lifetime was 1.87 us (R> = 0.9879). consistent with the transient absorption spectroscopy

measurements. Collectively, this study establishes a complete workflow that bridges the

photophysical characterization of probe materials at the molecular level and the optimization of

macroscopic P2AT imaging. The proposed strategy provides not only scientific guidelines for the

rational design of high-performance pump-probe contrast agents but also a practical technical

pathway toward the clinical translation of P3AT.

Keywords: Transient absorption spectroscopy, pump-probe photoacoustic
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tomography, PtOEP, background-free, excited-state lifetime
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