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Fig. 1. (a) Construction scheme of the preparation process of GVA@SiO,@NaYF:Yb*"/Er®*; (b) the typical SEM images of the
large-scale and corresponding small-scale GVA; (c¢) the SEM images of the GVA@SiO, (8 nm), and the cross-sectional view of the
spin-coated NaYF,:Yb*"/Er®" nanocrystals; (d) the ultraviolet-visible absorption spectrum of GNRs; TEM images of (e) NaYF:
20%Yb* /2%Er3t and (f) NaYF,: 40%Yb*'/2%Er®* nanocrystals; (g) XRD patterns of NaYF;:20%Yb3"/2%Er** and NaYF:

40%Yb* /2%Er3" nanocrystals.
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Fig. 2. Schematic explanation of confocal microscopy setup.
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(0, 4, 8 nm)@NaYF :20%Yb**+ /2% Er* & & 1k &
SERIXF LGSR I 1 5 T Ak,
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Fig. 3. (a) and (b) Upconversion emission spectra and enhancement factor of different systems under 980 nm excitation; (c¢) and
(d) the peak area of the green and red emission intensity and corresponding R/G ratio of the NaYF,;:20%Yb** /2% Er* with wafer
and different thicknesses of isolation layer about from 0 to 8 nm (RE1: NaYF,: 20%Yb?**/2%Er*; M-RE1, M-RE14 and M-RE18:

GVA@SIO, (0, 4, 8 nm)@NaYF,: 20%Yb* /2%Er").
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Fig. 4. (a) and (b) Upconversion emission spectra and enhancement factor of different systems under 980 nm excitation; (c¢) and
(d) the peak area of the green and red emission intensity and corresponding R/G ratio of the NaYF;:40%Yb?* /2%Er*" with wafer
and different thicknesses of isolation layer about from 0 to 8 nm (RE2: NaYF;:40%Yb*t/2%Er3t; M-RE2, M-RE24, and M-RE28:

GVA@SIO, (0, 4, 8 nm)@NaYF :40%Yb* /2%Er*).
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Fig. 5. Energy level transition diagram and enhancement
mechanism of LSPR.
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Fig. 6. (a) Upconversion emission spectra of GVA@SiO, (8 nm)@NaYF ;:40%Yb3*/2%Er?** nanocrystals; (b) and (c) are graphs cor-
responding to the emission intensity and the red-green ratio as a function of the 980 nm laser excitation power from 40 mW to

160 mW.
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#1980 nm JKEEICHA T GVA@SIO,@NaYF :20%Yb* /2%Er* & &K R th Erd+ 5191, ), RESUER I F i
Table 1.  Luminescence lifetimes of Sy, energy level (540 nm) in GVA@SiO,@NaYF,;: 20%Yb** /2%Er*" composite sys-

tem under 980 nm pulse laser excitation.

Sample

Lifetime/ps (540 nm)

a: NaYF,;:20%Yb*t /2%Er3+
b: AuNRs Array/NaYF,:20%Yb** /2% Er?

c: AuNRs array/4 nm SiO,/NaYF:20%Yb%t/2%Er?+
d: AuNRs array/8 nm SiO,/NaYF:20%Yb3*/2%Er+

361.945 + 1.681
358.005 4 1.679
342.060 + 1.571
212.075 + 0.892

i, BI1Sy o REGLEN L5 o RRLIVARSS o, WP 7
JIr7. et SRS AR U R A G PO:

I(t) = Aexp(—t/T). (3)
#1 NNaYF:220%Yb3 /2%Er*t HIGVA@ SiO, (0,
4, 8 nm)@NaYF ;:20%Yb** /2% Er* 14 1S, RE 4
BS54, B 7 AT, GVA #HERIMA T3 Erdteg
THY 4S5 o TE LR 10 45 ) 08 RIS 1) 52 B/ i RE R AT
RIS, o RESUAR S 5 i B3 B 1Y T g T FAAIR.
i FARSCR A GNRs f74F 520 nm A1 680 nm
AR, B GVA BIIMA, 78 Ex®+ 371 FERT
i FEH, GNRs BRI 5 4S5 0115 0 KA
PERESRR G, B BB 1 OSBRI R
PR T B TR ER, M4 T NaYF:20%
Yb3t /2% Er* 4K i At Brd 8 11 48, REGUER
S, AR AOR BEEAS B — D4R T BT [
I, MR SRR BE L (A AR b B & 675 AR AL T Ik
SR SRR A R A — e, RS
H A R4 58 N 53 A ] B 38 e 3 5 5 % S 14
s IL[RIVE FH, (EOR 5 3 3 S 7 B,

— NaYFy: 20%Yb3* /2%Er3+
—— GVAG@SiO4(4 nm)@NaYF;:20%Yb3+ /2% Ers+

Aex = 980 nm
=540 nm

Intensity/arb. units

0 500 1000 1500 2000 2500 3000 3500 4000
Time/ps

Bl 7 7F 980 nm & &K T, NaYF:20%Yb?t /2% Er+
5 QVA@Si0, (4 nm)@NaYF,:20%Yb3" /2%Ers+4% 3¢ % 4t
(1830 REZR) Wit P 125 )2 5 2 726 10 1) 4 5 5 i S Dl iy 2k &

Fig. 7. Life decay of green (*Syj, level) upconversion emis-
sion of NaYF;:220%Yb*t /2%Er3" nanocrystal with the thick-
ness of the isolation layer under 980 nm excitation.
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Yy A, R A FROTIE 57 e/ N BRIC o N I E Y
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Fig. 8. Local electromagnetic field distribution of the smal-
lest unit of the GVA@SiO, system is simulated under
980 nm excitation: (a) The local electromagnetic field distri-
bution map of the a~y plane; (b) the GVA@SiO, (2 nm) of
1~z cross-section local electromagnetic field distribution dia-
gram was illustrated; (c) the intensity of the localized elec-
tromagnetic field hot spot produced by the LSPR with the
SiO, thickness changed.
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Building vertical gold nanorod arrays to enhance
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Abstract

The plasmon resonance effect is one of the effective ways to enhance the upconversion (UC) luminescence,
which is realized by enhancing the electromagnetic field from incident light interacting with free electrons of
AuNRs surface. In this work, a series of GVA@SiOy@NaYF ;:Yb3*/Er3* composite structures with different
thickness values of SiO, isolation layer is successfully built from self-assembled gold nanorods, steamed SiO,,
and spin-coating rare-earth nanocrystals. The results of the SEM indicate that the size of gold-nanorods is
approximately 22 nm in diameter and 65 nm in length. The X-ray diffraction and transmission electron
microscope results demonstrate that the NaYF:Yb3* /Er3* nanocrystals possess hexagonal-phase structure with
a size of about 20 nm. Under 980 nm near-infrared (NIR) excitation, the UC emission characteristics of
GVA@SiO,@NaYF ;- Yb*" /Er*t composite structure are studied by using a confocal microscope spectroscopic
test system, and regulated by changing the thickness of SiO, isolation layer. The results indicate that the UC
emission intensity of NaYF;:20%YDb3"/2%Er*" nanocrystals is enhanced by about 8.8 times, and the
enhancement factor of red UC emission intensity is about 16.2. In order to further prove the enhancement effect
of the red UC emission, the GVA@SiO,@NaYF;:40%YDb?* /20%Er3" composite structure with red UC emission
is constructed in the same way. It can be found that the UC emission intensity of NaYF,:40%Yb*t/20%Er?*
nanocrystals is enhanced by 8.7 times and the red UC emission intensity is raised by about 9.7 times under the
980 nm NIR excitation. The corresponding excitation enhancement mechanism is simulated according to the
power excitation dependence. And it is found that the rate of UC emission decreases and the R/G ratio also
decreases with the excitation pump power increasing. The analysis of the above results shows that the
excitation enhancement plays a leading role and is accompanied by emission enhancement. Meanwhile, the
study of Er** ion dynamic process indicates that the Er** ion transition rate is accelerated due to the coupling
from UC emission peaks and gold nanorod absorption peaks in GVA@SiO,@NaYF :40%Yb*t/20%Er3*
composite structure. The enhancement mechanism of UC emission is also simulated, which further proves that
the excitation enhancement is dominant. This kind of composite structure can not only help us to further
understand the physics mechanism of the plasmon-enhanced UC luminescence but also promote the applications
of rare-earth materials in medical imaging and fingerprint recognition.

Keywords: upconversion emission, gold-nanorods vertical array, NaYF ;:Yb3* /Er3* nanocrystals, plasmon
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