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terest from researchers for many years due to its unique optical properties. The influence of solvents on the sur-
faces of these nanoparticles is a common problem in practical applications of these materials. However, tradi-
tional analysis methods are incapable of quantifying the influences of solvents. In response to this difficulty,
we used a Monte Carlo simulation to reconstruct macroscopic upconversion luminescence at the microscopic
level of ion-ion interaction. Then, we succeeded in obtaining quantified analysis results of the surface effects
from four different aqueous solvents, which were water, methanol, ethanol and N, N-dimethylformamide
(DMF). Both steady-state and dynamic spectra results show that the surface quenching rate of the upconver-
sion nanoparticles in the highest to the lowest order of the four solvents are water, methanol, ethanol and
DMF, which is attributed to the hydroxyl group and its activity. The computational simulation results show that

the surface quenching rates of the Yb’* excited state(*F,,,) in NaYF,:20% Yb,2% Er upconversion nanopar-

ticles in the four solvents are 2.5 x10* s ™' (DMF), 1 x10° s ' ( methanol and ethanol) and 5 x 10’ s ™' ( wa-

ter) , which confirms our hypothesis.

Key words: aqueous solvent; nanoparticle ; upconversion luminescence ; computational simulation ; quantitative

analysis
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Fig. 1 (a)SEM image of NaYF,:20% Yb,2% Er upconversion nanoparticles ( scale bar is 100 nm) and its X-ray powder

diffraction spectra(b) ( compared with the Joint Committee on Powder Diffraction Standards, file number 16-0334 )
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Fig.2 (a)The emission spectra of upconversion nanoparticles in four different solvents( Ex:980 nm, power density is 100
W/em® | the concentration of nanoparticles is 50 mg/mL). (b) Comparison of upconversion luminescence intensities
(‘spectra integration region;500 ~700 nm) in four different solvents (normalized by the luminescence intensity of
nanoparticles in DMF solvent )
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Fig.3 Under the excitation of 980 nm nanosecond pulsed light, the lifetime curves of (a)upconversion luminescence (540

nm) of activator Er’* and (b) Stokes luminescence (1 040 nm) of sensitizer Yb** of the nanoparticles in different

solvents
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Fig.4 (a)Upconversion luminescence microphysical image based on Monte Carlo computational simulation. (b) Computa-

tional simulation parameters of the interaction between ions in NaYF,:20% Yb,2% Er upconversion nanoparticles
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