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Introduction Optical properties of
NaYF4:Yb,Er@SiO2@Fe3O4

NaYF4:Yb,Er@SiO2@Fe3O4 synthesis

Heating curves of the NPs under the influence of two types of NIR lasers: 808 nm and 880 nm
depending on the laser power. The black lines represent the fit of the theoretical curve to the
measurement data. Water excited at 1600 mW was used as a control.

Conclusions

The solution of NaYF4:Yb,Er@SiO2@Fe3O4 NPs before A) and after B) applying the
magnetic field. (C) The picture of luminescence from NPs excited by 980 nm laser
light. (D) Absorption spectra of NaYF4:Yb,Er@SiO2@Fe3O4 NPs before and after
applying the magnetic field. (E) Upconversion spectra of NaYF4:Yb,Er@SiO2@Fe3O4

NPs before and after applying the magnetic field (excitation 980 nm, laser power:
15 W/cm2).

In this study, we prepared multifunctional NaYF4:Yb,Er@SiO2@Fe3O4 nanoconstruct for
Photodynamic Diagnosis (PDD) and Phototermal Therapy (PTT) at the same time.
Under NIR laser irradiation, the nanoconstructs can achieve photothermal treatment
and upconversion luminescence imaging of the cancer cells simultaneously. Both, the
PTT and PDT used the NIR light, which is located in a biological window.
The PDD was achieved from NaYF4 nanoparticles activated with trivalent rare-earth
cations responsible for the upconversion process. The ability of Yb3+ and Er3+ to
energy conversion enables their excitation with the near-infrared wavelength of 980
nm which results in strong photons emission within the visible and/or ultraviolet
range.
The Fe3O4 nanoparticles are good candidates for PTT therapy applications. Fe3O4 NPs
can generate heat under the NIR laser irradiation, because of the dipole relaxation of
the alternating magnetic field. The main mechanism associated with the NIR light
conversion into heat relies on photon absorption and energy dissipation through the
nonradiative processes which leads to the activation of net phonons and an increase
of the material temperature. To be sure that PTT will occur only from the Fe3O4 NPs
in a specific local place, and to avoid the water excitation of all tissue, the 808 nm and
880 nm wavelengths were tested
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NaYF4:Yb,Er@SiO2-NH2

+
Fe3O4-BMPA

BMPA = dibromodimethylpropionic acid

=

NaYF4:Yb,Er@SiO2@Fe3O4

24 ± 2 nm

6 ± 1 nm

1.5 nm

scale bare is 50.00 nm
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The parameters of SAR obtained 
for 808 nm and 880 nm for 
NaYF4:Yb,Er@SiO2-Fe3O4 NPs at 
a concentration of 2.5 mg/ml in 
water.

The SAR parameters

SAR=AλC/m
A - the saturation temperature 
λ - a parameter related to the 
curvature of the heating curve
C - the heat capacity of the fluid 
per unit mass of fluid (m)

The confocal images of MDA-MB-231 cells 
after 16 h incubation with 500 μg/ml 
NaYF4:Yb,Er@SiO2-Fe3O4 NPs. The NPs were 
excited by a femtosecond laser with a 
wavelength of 980 nm (red channel), the 
stained lysosomes in cells were excited by 
an argon laser with a wavelength of 488 nm 
(green channel), cell nuclei stained with 
Hoechst 33,342 dye were excited with a 
femtosecond laser with a wavelength of 
690 nm (blue channel). 

MDA-MB-231 cells with NPs

1. The monodisperse UCNPs with a size of 24 nm were obtained with the upconversion luminescence (521, 540, and 654 nm) after 980 nm laser excitation. The UCNPs were coated by a thin 
mesoporous SiO2 shell and decorated by magnetic Fe3O4 NPs with a size of 6 nm. 
2. The in vitro UCL imaging of NPs inside MDA-MB-231 cells was investigated using a confocal microscope under excitation with a 980 nm laser. A strong UCL signal was observed from the 
sites of the cells without autofluorescence from its components. This phenomenon suggested that NPs could be taken up by human cells and could act as an effective UCL signal 
probe for cell imaging. 
3. The temperature effect was measured using 808 nm and 880 nm lasers as a function of laser power. A significant increase in temperature was observed with increasing laser power for 
both wavelengths for aqueous solutions of NPs at a concentration of 2.5 mg/ml. The SAR parameter increased with the power of the laser for both laser wavelengths. The highest value was 
obtained for an 880 nm laser with 1600 mW (87 W/g).
4. As we showed earlier, phototherapy on Fe3O4 materials is more effective in the context of heat induction compared with others. In combination with up-converting properties, we obtained 
a multifunctional nanoconstruct suitable for imaging (cancer detection) and therapy through phototherapy in the optical biological windows.
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