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Abstract

symmetric nanoparticles with different structural parameters is calculated based on the three-dimensional finite-

The localized surface plasmon resonance (LLSPR) response of single core-capped non-spherically-

difference time-domain method. The SiO, @ Au core-capped nanoparticles are prepared by the template method and
the vacuum evaporation technique. The surface morphologies and optical properties are measured and analyzed by
the transmission electron microscopy and the UV-visible near-infrared spectrophotometer. The effects of structural
parameters such as metal shell thickness, core-shell ratio, core diameter and metal surface coverage on the LSPR
peak absorption wavelength and absorption cross section are obtained. The results indicate that a small change of the

structural parameters of core-capped nanoparticles results in a broadband red shift of the LSPR peak in the visible to
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near infrared spectral range.
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Fig. 1 Preparation process of SiO, @ Au core-capped nanoparticles
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Fig. 2 Relationship between incident light polarization direction and different SiO, @ Au nanoparticles.
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Fig. 3 Calculation results related to optical properties. (a) Core-capped structure, polarization direction parallel to

symmetry axis; (b) core-capped structure, polarization direction perpendicular to symmetry axis;

(c¢) core-shell structure, polarization direction parallel to symmetry axis;

(d) core-shell structure, polarization direction perpendicular to symmetry axis
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Fig. 5 Electric field distributions. (a) x-y cross section, polarization direction parallel to symmetry axis of core-capped

nanoparticles; (b) x-y cross section, polarization direction perpendicular to symmetry axis of core-capped nanoparticles;

(c) y-z cross section, polarization direction parallel to symmetry axis of core-shell nanoparticles;

(d) x-y cross section, polarization direction perpendicular to symmetry axis of core-shell nanoparticles

0524001-4



ot 2 i i
4() - P HL AR O B X — R PR AR DG AR
a nm
—7m 7ok v B AT BT L
_ 3t 9 nm 25
E @ —
I L — -4
= 2+t <4 —_— =10
; P
8 S 15
< n
Lr S
» 1.0
&}
0 1 1 <
500 600 700 800 900 0.5
Wavelength /nm
2.5 0 :
6 nm 500 600 700 800 900
7nm Wavelength /nm
2.0 8 nm
_ 9 nm 15
- b 6=1
;rE 15 ®) — 2:2
: —_— =4
% _ — =10
é 1.0 :5
= <
0.5 c
X
192}
QO
0 1 1 I <
500 600 700 800 900
Wavelength /nm

Pl 6 2 oK AL IR 0 O 18 B 4 5 55 13 1) A 1k
(a) 2 SiO, @ A 55 I8 4 K 45 44
(b SO, @ Au 5548 K 25 1y
Fig. 6 Variance of absorption spectra of nanoparticles with
gold shell thickness (a) Single SiO, @ Au core-capped
structure; (b) single SiO, @ Au core-shell structure
W W g e 57 A 590 nm ZLA # 641 nm., 3 9 B 45 14
Xof 4 7 1Y) JE B AR AR UG W/ 5 I R B R 2 m ] R
PN OIS ERT AN
3.1.3 Y re
WA R r G SRR b W58 e SO
0 =2r/h, 4)
& 52 20 K R Y B B AR (2r +2R) 8 60 nm, 3T
SRLSEN IR SR 5 4N DK JIURE 1 R s T B 0 P AR B G R
SERANE 7 Fron. 7 RIS BB K S B0
KOGEI R, %R 5K 6 Frngsit—a. Bl
[ FE X N F 3R B . 55T 45 4 AH B i 2
Fa AT DA R B R K Ak i I e, S Ah . o =1,
R4 56 JE 0 A 2 30 T e R TR A g A 37 5 520
A BRI WS e 0 57 AR B . B A 4 58 TR B 08D TR
WA T B R R RO A GG 4 JE ORI A
AFEREF 554 R RN B F &4 H B4k
FH T A VR — i 5 4 s 2% 1w i 40 H % DA
Koo YRR Y SR AR A (] B 5 A A B A
P i A1 J2 4 2 i BRURE [] L S0 52 He K, B 4 2 SRR
BN LN R 4 RS STO, 3 fi 1w Kk L W) 1 4x 19

0
500 600 700 800 900
Wavelength /nm

P74 K SR ) W MO 5 S 5 L A 1k
() ¥ SO, @ Au R 8K 251 5
(b) B S0, @ Au 5548 K 25 1y
Fig. 7 Variance of absorption spectra of nanoparticles with
core-shell ratio. (a) Single SiO, @ Au core-capped structure;
(b) single SiO, @ Au core-shell structure

3.1.4 e Hn

&l 8(a) it s N A TR SiO, 42 F i K 5 W ik
MR ML, THHE P EE ST WERE R 6 nm,
SiO, 54273 B B N 35,50,65,80 nm . A R (1 5 K
W i g 6 37 43 391 Ry 660, 710,769,826 nm, [l i} it
SR L 0N 5T 4 R B W St L 45 R N B 8 (b BT
N T i B S R EAT L LS Y R AT DRG]
AR K LR . A ECT L S 5 A8 Y f K TR
WA U Ab T B R A I A A7
3.1.5 &t XA e#a

4R 5 4 St e OGS T B AR AR A
Wk I 22 A o 4 B 5 T ARG R /N R O 1% R b —
FERRE, &E SiO B R 60 nm, &5 RN
8 nm, 4 5% B 55 K 4l 19%, 27 %, 33 %6 Al
50% . WRWOGIE It R AE 9 BTN, A ST
B HG T T BB M U I LL RS . A ST R
B RN 19 VB8 K F 50 Y0 F5e KM e I K ) 4
KT #)56 nm, 5ULRIBF, BB KT 3.5 5.

0524001-5



ot Es Es 1
4 — 50%
—_— 33%
—_—2T%
PN 3l 19%
= %
S 3
< g 2t
n <
&) n
< Q
<
1+
: V.
500 600 700 800 900 0 i :
Wavelength /nm 500 600 700 800 900
Wavelength /nm
6 >4
®) S0 m N .
5L SR PR 9 IR I G4 oK AR A R SO T8 B 4 5 B T R A A2 AL

80 nm

ACS /(10-1 m2)

0
500 600 700 800 900

Wavelength /nm
P8 4 A UKL (¥ W I G 33 B S AR 1 A A
() B Si0, @ Au A5 HE 94 K 254 5
(b) ¥ Si0, @ Au it Fe 98 K 850
Fig. 8 Variance of absorption spectra of nanoparticles with
core diameter. (a) Single SiO, @ Au core-capped structure;

(b) single SiO, @ Au core-shell structure

TR A R e W e A R R 4 ok R Y 4
B RS B 2 80, vT DL RIS MR R 4 oK Bk B9 O 2
PEJT
3.2 BRI

il £ 1 S10, @ Au S8 I8 40K ik 9 TEM K4
M4seBE A mE 10 fra, WE 10 P 1 AT
TN RG2S ML TURBUE SIO, RIETE L T — )2
Bi)2 . mF TEM B 50 il £ oo F 208 B 7 78 K
VA TR HP 1R SN I 4 K SR 3 TEM e v 2 1 8 L
(b)

Fig. 9 Variance of absorption spectra of core-capped

nanoparticles with gold shell surface coverage

SR it AL b B 7 A% L, DR L SR BE A B AR
G, B 10 Cad Hr 2.3 o B AL B8 4 K UKL AN R
A T B MTR N . 2 B IR SR
PR, AF 76 DXt i i b 9 1 — B g oK /N B, H A
LOCh) I R G i a] DL Y, 3k 28 5 1 i K H
F/NT 20 nm. AR R AT T A 53 HT AR, 388 S0 /N
5 A9 LSPR W& 76 514 nm BT A BE 45050 19 5 4
N By TR A AL 25 K A= Jmy 38 25 T4 8 1 R S i, AT
SHEREE KL JEE R 530~600 nm,
M2 B R L SiO, 58 60 nm, K/ —;
4 W A JBE B 3 1M A B 7 ] — A4S Si0, BR |
Foifl LA SRR E MR R, ST
JE R A Ak 1 32 B DR A T 25 R TR 2 LA TR] 1Y A B )
INFEAR R . Goit D it 45 R 3R W, 450 )& B iy A8
BB EE 6~9 nm, &5 YRR 8 nm, 4
FEIREE MG A K 10 (o) iR . 53 4b,
M TEM El & a] LLFE . 452 19 3R 11 5 88
20%~50%,
FE 25 L B T, Ry T AR AT B R U A R i,
ok SR (1) 4 T A T 5 STO, 7K T T8 M5 o B
50

40

30

20

10

Fraction of coverage /%

0

6 7 8 9
Gold shell thickness /nm

B 10 SiO, @Au S IE 9K BORL ) TEM B 7 P& 72 BB A A . () &5 2B 50 5 (b) B R By BRAN UK 5 (o) 42 7 J8 3 43 A1 1 7 I
Fig. 10 TEM images of SiO, @ Au core-capped nanoparticles and distribution of gold shell thickness.

(a) Various morphologies; (b) enlargement of single particle; (c) distribution histogram of gold shell thickness

0524001-6



»,

2

i

Frf i AR B A E AR AT ], 2 4 DU 3 Bt 5
F L Ja A S8 A R UL 43 1 B 0 o B 3 5
SiO, @ Au ¥ E 4K BURL A OIS . N T KR4
A B W WS 5 0 RS R PR B RN S %
AT 35 A5 S0 I 494 DK 0L Fry W g A . 0 2 AR A
K11 fr s, FEm i 0 i 437 B4 650 nm &b, AH %)
T 60 nm B0 G EK, H I LLFE T 29120 nm,
5P T 25 A Bl S 0 2 SR il R R B
T2 T 1 2V T i 31 285 0 45 ) 2 B50H1 AR SRR
FE S v, 32 AN YRS R BRI A S S AR L) IE
A FE A AT A G A i 41 A 35 B AR T
U M 4 DK URE 1) T R Al o 50 O e 28 T R A 06 e
I AR K, 5T TEM EIMG 5387 ol AL, 4589 2 50
(8 43 TOPE B K, 0 02 4 e 1Y) JRE R R 4 7 3R 1D A
BRI — ] T B P Y B AR A 5 (R
f2F 650 nm Ak, 3R B il 45 UKL 1Y) 3% 18 4 70 B 55 R
FEHR 30% . A, FERZEPE R R B AL T
Ak 5¢ DX B H A0 oK B 77 A= 11 3% 1A B T A R R K ph 4
oK By 77 A 1 2% T4 S R LR 5 i AR Aok B R
F1h) 2% TH] 5 5 T A L iR 22 18] ) BB A X R o] 200
R PR R AR W T R B R R R
Ji 5 T AT v il B0 — 25 i ) 8 2 R AR

0.09

Absorptivity
(=]
o
(=2}

<
=]
&

0 1 1 1
500 600 700 800
Wavelength /nm

B 11 SiO, @ A its e 49 K JURE 19 58 20— 01 UL OG5
Fig. 11 UV-visible absorption spectra of SiO, @ Au

core-capped nanoparticles

4 2 g7

WEFE T AEBR XS FRE5 44 1 B S10, @ Au S5 TE 409 K
SR 2 M I . U T A K ORI A K
AR KR % L % 4 B X A B 6 e iR 5 i 2
Ao FIEREVE . 5N Tz R 5E A5 A A E L
R AR ORI PRt T Z AT N TR E RS S
B, AR AR U 5T L L 4 5T TR R RN 3R T 7
RAZ R, AT LSS I LSPR G i iy R 70 B, A

o
A 4

I HL

(1]

(2]

(3]

[4]

[5]

(6.

(7.

(8.

(9.

[10]

[11]

[12]

0524001-7

Ha) 8 R R A S 4 T 49 K AR B A AR ) B T 4
A TER BN E

& % X #
Cui Y X, He S L. Enhancing extraordinary transmission
of light through a metallicnanoslit with a nanocavity
antennalJ]. Optics Letters, 2009, 34(1): 16-18.
Petryayeva E, Krull U J. Localized surface plasmon
resonance: Nanostructures[J]. Analytica Chimica Acta,
2011, 706(1): 8-24.
Chen G Y, Qiu H L, Prasad P N, et al. Upconversion
nanoparticles: Design, nanochemistry, and applications
in theranostics[J]. Chemical Reviews, 2014, 114(10):
5161-5214.
Mayer K M, Hafner ] H. Localized surface plasmon
sensors[J]. Chemical Reviews, 2011,
111(6): 3828-3857.
Wu X Y, Xiong Z Y, Wu L Y, et al. Enhancing
perovskite
nanoparticles[J]. Acta Optica Sinica, 2017, 37(9):
0924001.
RONEE, RERPH, RV, 5. 490K KT R4S Bk
WG R S ], JeEaE ik, 2017, 37(9): 0924001.
Sorger V ], Zhang X. Spotlight on plasmon lasers[J] .
Science, 2011, 333(6043): 709-710.
Xu X, Stevens M, Cortie M B. In situ precipitation

resonance

fluorescence emission by gold

of gold nanoparticles onto glass for potential architectural
applications[J]. Chemistry of Materials, 2004, 16(11):
2259-2266.

S M, M B.
Therapeutic possibilities of plasmonically heated gold

2006,

Pissuwan D, Valenzuela Cortie
nanoparticles[J]. Trends in Biotechnology,
24(2): 62-67.

Wang C, Cheng L, Liu Z. Drug delivery with
upconversion nanoparticles for multi-functional targeted
cancer cell imaging and therapy[J]. Biomaterials, 2011,
32(4): 1110-1120.

Halas N. Playing withplasmons: Tuning the optical
resonant properties of metallic nanoshells[J]. MRS
Bulletin, 2005, 30(5): 362-367.

Zhang X Y, Zhang T, Hu A, et al. Controllable
plasmonic antennas with ultra narrow bandwidth based
on silver nano-flags[J]. Applied Physics Letters, 2012,
101(¢15): 153118.

Xue Y X, Rong Y'Y, Ma Q, et al. Surface-plasmon
resonance-enhanced upconversion luminescence of
single nanocrystal based on single gold nanorod[J].
Acta Optica Sinica, 2017, 37(7): 0724002.

B, A, TR, . BT RASARBENR
AT 45 9 A L Al 9 i B A K A R O6 [T] . O



e ES

2
¥

i

[13]

[14]

SEd, 2017, 37(7): 0724002,

Takei H. Surface-adsorbed polystyrene spheres as a

template fornanosized metal particle formation:
Optical properties of nanosized Au particle[J].
Journal of Vacuum Science & Technology B:

Microelectronics and Nanometer Structures, 1999,
17(1999): 1906.

Hong X, DuD D, Qiu Z R, et al. Localized surface
plasmon resonance of half-shell gold film[J]. Acta
Physica Sinica, 2007, 56(12): 7219-7223.

HBEWT, REPHSR, BAHLIZE, S RS S KN
AR AF B P R L IR RN [] . W B, 2007,
56(12): 7219-7223.

[15]

[16]

[17]

(18]

0524001-8

Mie G. Beitraege zur optik triiber medien, speziell
colloidaler metallosungen (in German)[J]. Annalen
Der Physik, 1908, 25(3): 377-445.

StefanKooij E, Poelsema B, Kooij E S, et al. Shape
and size effects in the optical properties of metallic
nanorods[J]. Physical Chemistry Chemical Physics,
2006, 8(28): 3349-3357.

Foreman M R, Térok P. Computational methods in
vectorial imaging[J]. Journal of Modern Optics,
2011, 58(5/6): 339-364.

Prodan E, Nordlander P. Plasmon hybridization in
spherical nanoparticles[J]. Journal of Chemical Physics,
2004, 120(11): 5444-5454.



