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Abstract: In recent years, upconversion emission of rare earth nanocrystals, which can convert near-infrared light
to short-wavelength visible or near-infrared one, has attracted extensive attention from researchers in the fields of bio-
logical imaging, nanothermometer, solar cells, and so on. For multi-field applications, upconversion emission of
rare earth nanocrystals needs to improve the luminescent intensity, luminescent wavelength selectivity, and excita-
tion wavelength. In this paper, we briefly review the research progress in improving the color, luminescence intensi-
ty, and luminescence lifetime of upconversion emission on the basis of understanding the energy transfer pathway and
upconversion emission process through the design of composition, structure and core-shell structure at the nanoscale.
In addition, the coupling between nanocrystals and precious metal surface electromagnetic fields, surface organic
molecules and ambient temperature is also concerned. The research trend of increasing the intensity of rare earth up-
conversion luminescence in terms of increasing radiation transition probability and reducing non-radiation quenching

is also mentioned.
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Fig.9 Upconversion emission enhanced by electric field on the surface of noble metals. (a)The effect of distance between UC-

NPs and Au/Ag in UCNPs-Al,0;-Au/Ag on the upconversion emission of Er'**( green curves) and Tm* (blue curve)™. (b)
AFM image showing the nanoassembly approach of 60 nm gold nanosphere attached to the NC with the help of the AFM
tip. The yellow arrow indicates the polarization axis of the excitation light, and UC spectra of the UCNPs with (blue
curve) and without(violet curve) the gold nanosphere in close vicinity . (¢) Assembly of silver nanowires and UCNPs,

and UC spectra of the UCNPs with(red curve) and without(black curve) the silver nanowires'™".
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(a) Influence of size on the emission lifetime of green (middle) and red emission (right)™" of YF,: Yb, Er nanocrystals.

(b)NaYF,: Tm@IR-820 composite structure (left) , schematic diagram of luminescence lifetime regulating by fluores-

cence resonance transfer (middle)™’, and detection of HCIO content in biological system (right). (¢) Effect of shell

thickness on green(middle) and red (right) emission lifetime of NaYF,: Yb, Er nanocrystals™™.
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