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Abstract: Near-infrared (NIR) light has great potential in biomedical application due to its advantages such as

deep penetration depth and low photodamage to biological tissues. If we want to use NIR light that has entered

animal body, for in-vivo diagnosis and therapeutic intervention, a prerequisite is to obtain nanomaterials and/or

nanodevices that can absorb or convert NIR light. This paper reviews the recent research progress in NIR-light-

driven nanomaterials and/or nanodevices, including up-converting rare-earth nanophosphors, 980-nm laser-driven

generator, and photothermal nanoagents. The main attention has been given to the biological application of these

nanomaterials and/or nanodevices. At last, the present problems and the future development trends are pointed

out.
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Fig.1 Types and biological applications of NIR-light

driven nanomaterials and nanodevices
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Fig.2 Schematic diagram of the energy level, upconversion
excitation and visible light emission of rare earth
materials co-doped Er**/Yb**, Tm*7/Yb**: the solid
lines and dotted lines represent the transfer of the
radiant and non-radiative energies respectively, and
the curved lines represent the relaxation process of

multi-photon!™
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Fig.3 Phase transfer synthesis mechanism in liquid-solid-solution (LSS) and the rare earth

nanomaterials synthesized by hydrothermal method™
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Fig.4 Formation mechanism diagram of the a-NaYF, and B-NaYF, nanocrystals prepared by thermolysis methods™
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Fig.5 Synthesis mechanism of carboxylic acid-functionalized UCNPs from oleic acid-capped precursors!'
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Fig.7  Upconverting luminescent intensity along the line
shown in the image (inset) of Hela cell labeled
with UCNPs-FAP
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Fig.8 In vivo up-conversion luminescence imaging of subcutaneous Hela tumor-bearing athymic

nude mice (right hind leg, pointed by white arrows)™
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Fig.9 Schematic illustration of photovoltaic cells (PVCs)
driven by light that penetrate through biological
tissues: (A): UV and visible light, (B, C) NIR light
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Fig.11  Photocurrent-voltage characteristics of a 980LD-
PVC covered with (A) no intestinal layers and
(B) one intestinal layer under irradiation of a
980-nm laser with a power of 1 W'
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Fig.12 (a) Up-conversion luminescence spectra of TCO glass/N3-sensitized TiO, film/NaYF,:Yb,Er film (b and ¢) Photos
of TCO glass/N3-sensitized TiO, film/NaYF,;Yb,Er film on the skin with the support, when 980 nm laser

turns off and on'®
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Fig.13  (a and b) Photos showing the photoelectric measurements of 980LDNG covered without and with chicken

skin; (c) Photocurrent-voltage characteristics of 980LDNG covered without and with chicken skin under

the irradiation of a 980 nm laser with an intensity of 720 mW+cm™
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Fig.14 I-V characteristics of 980LDNG, uncovered
and covered with a 3 mm thick layer of
porcine skin; Irradiation power of the 980 nm
laser: 21.63 mW®!
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Fig.15 Molecular structure and absorption spectrum of indocyanine green
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Fig.16  Absorption spectra and photothermal effect of polyaniline nanoparticles, and photothermal ablation of cancer cells®
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Fig.17  Gold nanostructures and their diameter-dependent near-infrared absorption spectra
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Fig.19 Morphologies and photothermal effect of CuS
superstructure, and the results of photothermal

ablation of cancer cells!”!
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Fig.20  Morphologies and photothermal effect of CuySs nanoplates, and the results of photothermal ablation of cancer cells®
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Fig.21 TEM image of ultrathin PEGylated W 304 nanowires, plots of the temperature within the irradiated tumor area in

two mice injected respectively with saline solution and W04 nanowire solution as a function of irradiation time,

and the results of photothermal ablation of cancer cells®
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