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Fig. 1. Schematic diagram of the structure of the single/
double metal nanosphere system and the incident light
wave vector and its polarization direction: (a) Single gold
nanosphere; (b) double gold nanosphere.
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Fig. 2. Extinction spectrum, resonance wavelength and electric field distribution of the single metal nanosphere system: (a) Extinc-

tion spectrum for different n; (b) relation between resonance wavelength and n; (c) electric field for n = 1.0; (d) electric field for

n=1.3.
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Fig. 3. Extinction spectrum of the bimetallic nanosphere system with different spacing under different n: (a) w = 2 nm; (b) w =

5 nm; (¢) w = 10 nm; (d) w = 20 nm.

SR 0= 1.0 B KF) n = 1.3 0, HARPK M, =
617 nmZLF5 2 \, = 733 nm, ZLFS 5 AN, = 116 nm.
[REBIR Y iSRS N Prsis iy N= 7
M SR M 0= 1.0 KF n = 1.15 B, 1%
RBMN Qe = 12BWIHEKE Qoxe = 11.7; 75 5¢
Prid RS K E 0 = 130, ML REEVNE
Qex = 11.5. 5 EYUKRER RGEA R I, W40
SKER R GE AT LA i el 28 XSGR 18] B A 8 7 S 24 i
&l 3(b) 25t T BGKIE B A 5 nm X4 GHK R 5
SAEARRE TR T REGE. vTUER], 4
SR 1.0 K E 1.3 A, HHRIEK M 634 nm
% E 763 nm, L Hm K TFHEIEH 2 nm 4
YKER RS, 53] 129 nm. TE 6 R BUR L SEH
JE s, A 12.8 (n=1.0) A ZE 13.0 (n=1.1) J5
WNE] 12.7 (n=1.3), HEKFEEREUNE &S T
[ B 2 nm (R A KR ER R G0, 4k K4
YK BRAIAIBR 2 10 nm, 250 40E 3(c) Fias, IR
PR M 593 nm 51 F) 701 nm, LR N AN, =
108 nm , JHEREIESEMN 10.5 (n=1.0) Hfnz)
10.9 (n=1.1), MFEW/NE 10.8 (n=1.3); %

T w = 5 nm FXCEKRIRRSE, HIRIGELTRS &
5O RO W R /N R — 2D T ] B
20 nm, FEHRPEK M 571 nm £ % 663 nm, LLF5
AN, =92 nm, JHEALAR WM 8.5 — EHGINF] 9.5,
WP 3(d) Fron, et IEARIG 2T A 4 S OLAR Y
T ETBEN 10 nm 5L,

AT RLE B, 75 PUFRAS [ 18] B 0 X 4K BR R ¢
B ST R SRR R AR, (1
AR 2SI I CNE SN B DN R M D e =
#FPIAN, = 116 nm (w=2 nm), AX\,= 129 nm (w=
5nm), A\, =108 nm (w = 10 nm), AX, =92 nm
(w =20 nm). {EF—HHFEFT, KA
il A3 LRI P ST R FRE AL, i, 5 AT AT
FHN 1.0, Ay =617nm (w=2 nm), A\, =634 nm
(w=>5 nm), \p =593 nm (w=10 nm), A, = 571 nm
(w =20 nm). ST LIEF], w = 5 nm B ART
SR B0 BOTFOE R BV i T AL = AL, X
HREASDE S BEAOKRER R G T 5 A
HAER, 5 B4 9K 5K 8] & A iR ZU AR i Sy,
B R B ERR.

097301-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y B ¥ R Acta Phys. Sin.

Vol. 70, No. 9 (2021) 097301

216
£ 5]
i 108 =
R R
0
—20 —10 0 10 20
y/nm
80
=)
R
40 <
B

—30 —15 0 15 30

y/nm

B4 28 S R A K BRR B 1 AR AT AR AL Y 3 3 00 A
10 nm (A, = 594 nm); (d) w = 20 nm (A, = 571 nm)

80

S
o
|E|/|Eo|

s
o
| E|/|Eo|

(a) w=2nm (A, = 616 nm); (b) w = 5 nm (A, = 634 nm); (c) w =

Fig. 4. Near-field distribution of the bimetallic nanosphere system in the air at the resonance frequency: (a) w = 2nm (A, =
616 nm); (b) w =5 nm (A, = 634 nm); (c) w = 10 nm (A, = 594 nm); (d) w = 20 nm (A, = 571 nm).

B TE R 4 thgs i T8 ST iR 1.0 B
AN [ () B 49 XL 4 0 DK BR 2R 0 e AL PR AR Ak 1 3
3. ATAER R, 24 w = 2 nm I, X4 K BRI B
HLC IR AEFE — A “TR IS Rl 3G s Ry
216, EIE KT 1(c) RS GUKBR RS a3,
BRI T (0 6.5). Rk, ASHERR T 0l LIAE
Bk R T R LSPR B L Az R a7 1 5
AN, A HRER S BRZ [0] 1) JRy bl g A A B S 1) i A
W 2 P A R, (A R s e i — 2 R 20 1
. R, 4E B 5 nm B, T4 9K ER
(1) 3 T Jrg 337 (R B AR Pk 557, ol Jmy Sl 734 i A
/N E 80.

FANE B, BEARIAIBR 2 nm B X4 9K ER R
G5 1Y Je del b 3 i DX B e K TR B A 5 nm Y
WA K ER 2 GE 0 e sk 73 i 9, (HaE ] 3 m]
LR B OE R (Qexe = 11.2) HI/N T B N
5 nm ARG IKIK R BETHEREL (Qeu = 12.8).
X —ZEREH], AFTHREDPKKRRG, TR
KERR G P H RS R N 7 IR AR 2

T

EAHSESEER. R 2 nm B4R RSP YT
R B 1R R 4l A7 1 5 R A IR DO R BN R
P, AR I R R B Tz )
TEXLE RO IR B) Bt b A BRL %) DX P v B Rl Ake,
T ARE TR R R, (HAZ FRF R I R Y
PRF, FOE Y RBOA G R I 2K, T 32 3]
T RBRERMME, IZET/NFHEBN 5 nm AR
SYURIR R GE. Ak IE KB4 94 KK R 50 1 1] it
£ 10 nm, JAIGIER A TR0/ 39.3, B R
H—HIRKZE 20 nm, JRIRIZHE 8 TR 2 20.7.
X R AR A L B 2 2 1 UL 4 4 oK R R B 23 S 300
A YRR IKA] Rt R G AR TS, (1R REEMY
SR A FH G R

Ry i — 25 I FEAS [ ) B 0 B4 40 K BR 2R v
HARIEPAC N, 5 FITHR n, SRR K N\, 5
THIEFREL Qo ZIIC R, FEHLUT & 3 HASIR] [ R
TR 5 HAIEOEIE, WA 5(a) F 5(b)
R ATLVE B, FE R —3 ST R, RO 4
UK ERIE PR, LRGSR BRI B HE RS ;

097301-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y B ¥ R Acta Phys. Sin.

Vol. 70, No. 9 (2021) 097301

(a) —a— w =1 nm
800 - —— w =2 nm
—— w =5 nm
—— w = 10 nm
—+— w = 20 nm
740
g
s
=
< 680
620
560 1 1 1 1
1.0 1.1 1.2 1.3
n
500
(C).—/
400
300
e '—.’—*_‘"_'.——4
200
100 F 5 P o
0 1 i L L L

(b) — w =1 nm

400 600 800 1000
Wavelength/nm

13 -((i)_’b-—-‘-——s_._‘___.\‘

1.0 1.1 1.2 1.3

n

5 AFEBFDEARERRELE  (a) LSPRIRER A\, SHEITH R n B9 FH; (b) I (o) SLIRUGEALE Y fi o 7158 1

7; (d) ARG A BT 6 R %L

Fig. 5. Bimetallic gold nanosphere system with different w: (a) Relationship between A, and background index n; (b) extinction

spectrum; (c) maximum field enhancement for resonance peak; (d) extinction for resonance peak.
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Correlation of optical sensing with extinction coefficient and
local field enhancement in gold nanosphere dimer®
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(School of Physics and Optoelectronics, South China University of Technology, Guangzhou 510641, China)
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Abstract

In this paper we systematically study the optical extinction, local field enhancement, and resonance peak
shift of basic single/double gold nanosphere system. We find that in the double gold nanosphere system, the
incident light can excite the coupled resonance modes when the two gold nanospheres are approaching to each
other, leading the local field to be enhanced greatly. Interestingly, limited by the scant volume of local field, the
extinction coefficient of the double gold nanosphere system of 2 nm gap with a high local field enhancement
factor is greatly reduced, so that its optical sensing sensitivity and extinction coefficient are smaller than the
5 nm gap system’s. Studies show that the optical sensing sensitivity of the double gold nanosphere system is not
directly determined by the local field enhancement amplitude, but has a similar change behavior to the
extinction coefficient of the system. These results can offer us a useful route and hint for designing the gold

nanoparticle systems used in the surface Raman scattering enhancement and high performance optical sensing.

Keywords: gold nanospheres, localized surface plasmon resonance, optical sensing, physical mechanism
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