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Mid-infrared photothermal (MIP) microscopy enables label-free super-resolution mid-infrared (mid-IR)
imaging by capturing refractive index changes induced by MIR absorption through visible light detec-
tion. This article presents advancements in MIP quantitative phase imaging (MIP-QPI) for high-speed
and high-resolution vibrational imaging. By optimizing mid-IR pulse fluence and the QPI system, we
achieved a several-hundred-fold increase in MIP-QPI detection sensitivity compared to conventional ap-
proaches, which allows for high-speed live-cell imaging beyond video rate. Utilizing this system, we
successfully visualized sub-second dynamics of water and heavy water exchange through the cell mem-
brane. Furthermore, we demonstrated 120-nm spatial resolution by developing a high-resolution system
employing a synthetic aperture with an NA of 2.2, enabling detailed biochemical imaging of bacterial
cells. MIP-QPI holds significant potential for both fundamental biological research and biomedical ap-
plications, including protein secondary structure analysis, intracellular water state characterization, etc.
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Fig. 1 High-SNR MIP microscopy for high-speed vibra-
tional imaging. (a) Schematic of the optical sys-
tem. (b) Timing diagram illustrating sensor expo-
sure, mid-IR illumination, and visible light
detection. (c) MIP image reconstruction through
differential analysis between mid-IR ON and OFF
states. Lithium Triborate: LBO.
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Fig. 2 High-speed MIP imaging of intracellular and extra-
cellular water and heavy water exchange dynamics.
(a) Schematic of the experimental setup. (b) Phase
image captured in the mid-IR OFF state. (c)

Temporal evolution of MIP images at mid-IR wav-
enumber of 3014 cm™!.
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Fig. 3 High-resolution MIP microscopy. (a) Aperture
synthesis in quantitative phase imaging (QPI). (b)
Schematic of the single-objective synthetic aper-
ture QPI. (c) Experimental setup. Double-sided
arrows indicate lenses. Polarizing Beamsplitter:
PBS. Quarter-Wave Plate: QWP.
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Fig. 4 High-resolution MIP imaging of bacterial cells. (a)
MIP images of E. coli and R. jostii RHAI at
2920 cm™! and 3000 cm™!. (b) Cross-sectional in-
tensity profile along the white dotted line in (a). (c)
MIP spectra normalized by mid-IR pulse energy.
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