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Tunable Localized Surface Plasmon Resonance of Gold
Nanoshell Particle
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(Anhui Provincial Key Laboratory of Photonics Devices and Materials, Anhui Institute of Optics and
Fine Mechanics , Chinese Academy of Sciences, Hefei, Anhui 230031, China)

Abstract Tunable characteristics of the localized surface plasmon resonance (LSPR) peak of gold nanoshells are
investigated numerically with Mie theory. The results show that, for a nanoshell with fixed inner radius, the LSPR
peak of gold nanoshell may be controlled by changing the thickness of the shell to adjust the strength of the
hybridization effect which makes the LSPR peak red-shift. As the ratio of the nanoshell thickness to the nanoshell
inner radius decreases, the absorption component in whole extinction spectra for nanoshells with different inner radii
all increases. In addition, when the hybridization effect is used to adjust the LSPR dipole peak position, the available
maximum wavelength scope is determined by the nanoshell inner radius. The larger the inner radius is, the wider the
available maximum wavelength scope is.
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Fig. 1 Geometrical structure of gold nanoshell particle

a. = 907.()/) [50:1(7'”23})7A71X/n(7n2y)]7 771290/71(.)/) I:SDn(mzy) 7A71X71(7n2y)] (28)
! & (y) [gof,(mgy) — A”X:I (myy) J—my&,(y) Lon(myy) — Ay, Gmyy) ] ’
om0 [, Gnyy) — Byl Gmyy) 1— 9, () [ (ma y) — By, Gmy ) ] (2b)

my&,(3) L@, (m2y) — B,y (mzy) 1= €,(3) [ ¢, (m2y) — By, (m23) ]’

K @,y M & & Riccati-Bessel %A, . B, 435 0
A, =

7’}‘1290:,(77711')@”(7’)’121') — 7n1¢,l(m11)¢:,(7n21')

sz,,(fnzf)gof,(?nlf) — mle, (my ) @, (my )’
(3a)
B, =

my @, (myx) @, (mya) —m @, (my2) @, (my x)

my ', (my ) @, (myx) — myy, (my2) @, (myx)

(3b)
A A, By BEAN 3R J7 #E ) LA A 94 K Bk
FEWURLIY G R 8 A, B, & WAL 0 A 52
O BROBURL I G2 R S o = koo DR RURL A
Beomy = Ve /eosmy = Vex/eo 535K N A BRI
e J= B 5 T R R AR AT R e e Tl e 2
T A A% 2 S R R B ] R B S5 B 9 R R > DR
(7 2 BB S R I A B B e WA BOEBIR
FIBURL R i e 5, Fe ik X0

2
w
& = Eep (@) +——F< —

ww + i}’o)

2

Wp
ot i AT @

T ey () 52 50 I A5 14 B AR 5 T8 4L A FL bR
oo, &R RSB TR,y PR ETR T A
HHL - B Al R AR L v (@) = ve/a FRos BT HUSVE F
F1E H B BEIE sor g 28 K3, a OB R X T
BRoeRR Lo TSR IR d = r, — r [UFFLA
Fern 5 BB RSF AR ARA K R 2L

F (1) ~ (4) 2, AT AR AT 3 ROSE Y 40 K 35k
FCHURL I G2 BT . LT SR I UKL 1 5¢ 2 A1 R
HUR 4 HoAr W BRI e, (o) HOA TR 17 ] 9 A% 44
] L R B A A L RO O 1, R S E0Ur
A w,=1. 37X 10" rad/s,v;=1. 4 X 10° ecm/s,
7, =33.3X10"% s ,A=1,

3 #R51He

G BUEB T 45 52 Bkt AR I L 5 J2 5 i AR
fXT 4 g K ERFE W e EIE R s . S TR T E
A5 o X A VT 114 4 40 K 520 BR UKL A T4 O O 1% E AT
TitE. B 2 f(b) Bl gt T ERE N
100 nm AR5 J2 5 BE 1 43 40 K 25 .0 BR 5% FAH [R) 41
RILDERIIE G . i B AT DL 5 A A2 A 7 ZE IR

0910001-2



[ 230

B 20 K BRTE A5 K SRy SR T A B TR L IR IR R

S ] 1) A () A 520 Bk 1) 6 3 A EL L 3R 5T 1 T OOk
T R A AR 22 W A5 R HLIE 5 52 )2 V5 B R M i
W B, 72 B H 100 nm J/hF] 20 nm
A B rp L BRI 2 A RION B 55 L T 6O I b i A
A7 R RN PR 5 DA LV A6 AT O 5 S8 BR L —
. (B ARSI NGE 2 R B L A0 1 5 L R %
ARALNE 5| S 14 W 437 2T e 388 K KT 1 Hh AR 7 AE
IRALN T BRI OGS WAL Y E S B LA AN K

Extinction (a.u.)

400 600 800 1000 1200 1400 1600 1800
Wavelength /nm

BRTEIYIHE i W 7 Bl 7 J2 5 BE ) 0/ 208 » HLAE
LIRS AT R AR I BT AT 2 3R WTA L 2k
O S S5 R 1E AR g AR U AR e I e J= T R DK /0N T 41
R 1R BE AN TR] o H. 24 7 J2 T3 B AR I s AN AR S0 Bk
TS 3 R U R DU A e 5 4 5 o I R X R AR AR B0
{3 BRI 45 b AT 3 o A R 8 9 B LSPR e A 1Y
P I DR AR Y3 B e MR T S0 BRE o AR
RS 528 LSPR W07 34 Bt S B e 1 o 8 19 ke i

Extinction (a.u.)

0 L L I n
400 600 800 10001200 1400 1600 1800
Wavelength /nm

B2 GgORBURLRY I L6 TS . (0 BRFEE5H . IN2F42 0 100 nm; (b) 520 3K

Fig. 2 Extinction spectra of gold nanoparticle. (a) Gold nanoshell with inner radius of 100 nm; (b) gold nanosphere
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Fig. 3 Absorption and scattering spectra as a function of the shell thickness of gold nanoshell particle with

inner radius of 100 nm. (a) Absorption spectra; (b) scattering spectra
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Fig. 4 Extinction spectra of gold nanoshell particle for different inner radii with P=0. 05 (solid line) and
P=0.1 (dashed line). (a)~ (f) Inner radius: 100, 90, 80, 70, 60 and 50 nm, respectively
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Fig. 5 Absorption spectra of gold nanoshell particle for different inner radii with P=0. 05 (solid line) and

P=0.1 (dashed line). (a)~ () Inner radius: 100, 90, 80, 70, 60 and 50 nm, respectively
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Fig. 6 Dipole peak positions of gold nanoshell particle as a

function of the shell thickness for different inner radii
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