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Surface Plasmon-Enhanced Upconversion Luminescence Properties of Silver Nano-rices
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Abstract: Upconversion nanoparticles have been limited to further development in the field of application due to
their low luminescence efficiency. Surface plasmon modulation using noble metal has been developed as an effec-
tive way to enhance upconversion luminescence. In this work, the noble metal ricelike structure with a simple
synthetic procedure was obtained through regulating the localized electric field around upconversion nanoparticles
for improving upconversion luminescence intensity. The 3D finite element method was employed to investigate the
effect of the different contact modes between Ag rices in the actual films on induced localized electric field enhance-
ment. Further, this enhancement effect caused by plasmon-coupling is a crucial contribution in this upconversion-
modulated system. And the upconversion intensity improvement of nearly 100 times was acquired. Finally, the
upconversion luminescence performance can be further optimized by adjusting the thickness of the plasmonic layer

and luminescence layer.
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Fig.1 Top views of SEM images of (a) NaYF,: Yb*, Tm** film and (b) Ag nano-rices film; (c) Side view and locally magnified

top view of SEM image of NaYF,: Yb*", Tm**/Ag film; (d) Extinction spertrum of Ag nano-rices
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Fig.2 Localized electromagnetic field distribution of single Ag nano-rice on different electric field direction under 980 nm excitation
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Fig.3 Localized electromagnetic field distribution between Ag nano-rices with different contact modes under 980 nm excitation
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Fig.4 Localized electromagnetic field distribution of multiple Ag nano-rices under 980 nm excitation
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Fig.5 (a) Upconversion luminescence mechanism of NaYF,: Yb*, Tm**; (b) Luminescence spectra of NaYF,: Yb*, Tm*

and NaYF,: Yb*, Tm*/Ag
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Table 1 Luminescence enhancement factors of different emission peaks and overall in NaYF,: Yb*, Tm*/Ag film

(30 pmol - L™ NaYF,:Yb*, Tm*) with different Ag nano-rices concentrations

Concentration of Ag nano-rices / (umol - L")

Luminous position / nm

50 100 150 200

450 39 75 55 50
474 29 74 55 37
645 17 47 37 20
Overall 30 67 49 38

®2 7FNaYF, Yb*, Tm*REERI NaYF,: Yb¥, Tm*/Ag BHE(100 ol - L Agsk)RI7R 1% 51 £ B B Sk 22 S48 5540

Table 2 Luminescence enhancement factors of different emission peaks and overall in NaYF,: Yb*, Tm*/Ag film

(100 pmol- L™ Ag nano-rices) with different NaYF,: Yb*, Tm* concentrations

Concentration of NaYF,: Yb**, Tm* / (umol - L)

Luminous position / nm

20 30 40 50 60

450 37 75 109 79 56
474 41 74 97 77 57
645 19 47 47 61 51
Overall 33 67 89 75 56
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