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1. Synthesis and characterization of the nanobubbles.
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Fig. S1 (a) Synthetic process of nanobubbles (NBs) by sonication method. (b, ¢) Scanning electron
microscopy patterns of NBs with different field scales. (d) Transmission electron microscopy
imaging of NBs. (e) Confocal bright field with bubbles and (f) fluorescence imaging of bubbles
loaded with Dil dye can be detected by a confocal microscope (scale bar: 1 pm).



2. Synthesis and characterization of the NaYF,:Yb/Tm@NaYF,:Yb/Nd upconversion
nanoparticles (UCNPs) and upconversion nanoparticle-poly-l-lysine hydrobromide-carbon
nitride quantum dot (UCNP-PLL@CNs) composite.

Fig. S2 TEM patterns of (a) NaYF4:Yb/Tm, (b) NaYF,:Yb/Tm@NaYF,4:Yb/Nd (UCNP), and (c)
UCNP-PLL@CN:s. (d) High angle annular dark field-scanning transmission electron microscopy
energy-dispersive X-ray spectroscopy mapping images of UCNP-PLL@CNs to ensure the
element distribution of F, Y, Yb, Tm, and Nd for UCNP and N for CNs (scale bar: 40 nm).
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Fig. S3 (a) Crystal structure of B-NaYF, hexagonal phase and (b) X-ray diffraction patterns of
NaYF;:Yb/Tm@NaYF,:Yb/Nd (UCNPs), UCNP-PLLs, and UCNP-PLL@CNs. (c) UV—Vis
absorption of CN quantum dots and photoluminescence spectra of UCNPs. (d) Fourier transform
infrared spectroscopy curves of UCNPs, CNs, PLL, and UCNP-PLL@CN:s.



3. The survival time of the UCNP-CN@NBs with different time and laser treatment.
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Fig. S4 UCNP-CN@NBs is reserved for (a) 0 week to 4 weeks and treated with (b) different laser

usage for 0 min to 20 min. (c) Particle size analysis of UCNP-CN@NBs by dynamic light
scattering. Zeta potential analysis of UCNP-CN@NBs.
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Fig. S5 UCNP-CN@NBs is reserved for (a) 0 week to 3 weeks and keep in PBS and medium
solution. The size of nanobubbles and UCNP nanocomposites can be detected after keeping 21
days, respectively. The broken phenomena of UCNP-CN@NBs demonstrate that two-type
distribution is present after 21 days in (b) PBS and (c) medium.
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Fig. S6 The addition of the upconverted nanocomposite material cannot enter into the bubbles
after forming the micelle. It can be observed from the confocal microscope diagram that the blue
fluorescence is not located in the bubbles (scale bar: 10 um).
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4. In vitro assessment of UCNP-PLL@CNs.
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Fig. S7 Cell viability after treatment. (a) Nanobubbles (NBs) and (b) UCNP-PLL@CNs with
Huvec and 3T3 normal cells. (¢) NBs and (d) UCNP—PLL with OECM-1 and Cal27 cancer cells.
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Fig. S8 Confocal images of OECM-1 treated with 808 nm UCNPs, nanobubbles (NBs), and
UCNP-PLL@CNSs for 12 h. 4,6-diamidino-2-phenylindole (DAPI) was used to stain for marking
the nucleus location. Dil dye was used to stain for marking the double lipid layer of NBs. The
UCNP emission is 450 nm, and green fluorescence was used to avoid confusion with DAPI (scale

bar: 25 pm).




