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LSPR-enhanced upconversion luminescence of NaYF4:Yb,Er

nanoparticles and its application
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Abstract: Localized surface plasmon resonance (LSPR) supported by metal nanoparticles or connected
nanostructures was demonstrated as a powerful scheme to enhance the upconversion luminescence sig-
nals of upconversion nanoparticles (UCNPs). Three modulation mechanisms of LSPR and four types of
UCNP/metallic nanostructures were introduced. The UCNP/metallic nanostructures which remarkably
enhance upconversion luminescence are: Rare-earth-doped substrate doped by Ag and Au nanoparticles,
core/shell structure, gap structure formed of small distance between rare-earth-doped NaYF4 and metal
nanowires, periodic structure of metal arrays. At last, recent advances were reviewed in applications of

these UCNP /metallic structures in biomedical and optoelectronic devices.
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Fig.2 (a) NaYF4:Yb, Er@SiO2@Au model structure (b) SEM image of NaYF4:Yb, Er@SiO>@Au NP.

(c) Enhancement factors of radiative and nonradiative decay rates for a NaYF4 nanoparticle with a 20 nm thick
Au shell obtained by dividing the data in panels a and b by those of a NaYF4 nanoparticle with a SiO2 shell
and without a Au shell. (d) Calculated square of the electric field inside a NaYF4 nanoparticle core as a
function of a Au shell thickness obtained by a quasi-static approximation. (e) and (f) Calculated absorption and

scattering cross-sections of a NaYF, nanoparticle with a different thickness Au shell(®!
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Fig.3 (a) The 60 nm gold nanosphere is attached to the NC with the help of the AFM tip, (b) FDTD simulated
intensity enhancement of the excitation light around a 60 nm gold sphere, (c) UC spectra of the NC without
(higher peak curve) and with (relatively lower peak curve) the gold nanosphere in close vicinity. The emission is
strongly enhanced, the green part of the emission by a factor of 4.8, the red part by a factor of 2.7, (d) Rise and

decay times of the green and red UC emission2’]
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Fig.4 (a) Scheme of the 3D nanoantenna arrays structure, (b) SEM images of 3D nanoantenna arrays structure
as with 50 nm pillar heights, (c¢) UCL intensity versus pillar height for the luminescence peaks, (d) Measured

reflection spectra of 3D nanoantenna arrays structure substrates with different pillar heights(??]
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Fig.5 (a) Upconversion luminescence image of live BI6F0 cells after incubation with DNA-modified NaYF4:Yb,
Er@SiO; (10 nm) @Ag (15 nm) nanocomposites, (b) and (c) Fluorescence images of the cells counterstained
with DAPI and concanavalin to show the nucleus and cell membranes, respectively. The merged images are

shown in (d), (e) Viability of cells incubated with NaYF4:Yb, Er@SiO;@Ag nanocomposites before (gray) and
after (black) modification with DNA[2?!
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¥, EEE ARG EEST, #15 NaYF,:Yb, Er@SiO.@Au FUk AU AT Lh#EAT 8 #3% 6 i 4500 7T LA
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B A A0OREURL I AR R B EFE R GBI, AN, AR 2H11/2 —)4115/2 il 483/2 —)4115/2
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6] & A G B S N FF LA AR R, (R (8RBt A\ 3 B0R B Au 4RIk b, ZE— @ WREER (3 ~ 67 pg/mL) b
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3.4 XPH#EERM

Tl 249 B 45 DK FH B FEL T BE B e B R — A BRI &2 Shockley-Queisser A FR, {#45 — 4 BAR Y BT
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Wik, SLRAGRH TN LB S E R CERARAE B,

Ashwinl*] 48 H —Plig e G5 H fE A RPHRE B T (AN 6(a)) Ay L3602, X Pl i L3k kR
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Fig.6 (a) Schematic diagram of the solar cell-upconverter system, (b) The upconverter consists of
metal-dielectric core-shell nanocrescents, (c) Efficiency of an ideal single-junction solar cell

with and without upconverter, respectively[34]
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SHRBREABURE, HREEREFEFRBBCT 586K EME, HE0tRAERK, M4ERMY PH
B 5 B, SaRBe H AU R RTS8 TARRBCHFLAR, Sa0ES, WaOtRERK. XE, 8
ARG pH A, ek BRERERNERERNT RS 4RSS, WS HRRETSET
PRI O F 0B SR R WL BRSO HEAT IR K, IR BT S8R

4 RgH5EY
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