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Theoretical simulation of enhancement of local electric field by rice—
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Abstract: Raman scattering and surface—enhanced Raman scattering (SERS) have attracted the attention
of researchers due to the great potential applications in various research fields, including biomolecular
sensing, analytical chemistry, surface science and material science. In order to improve the enhancement
effect of the SERS substrate, the electric field enhancement of rice —shaped silver monomer, dimer, and
trimer nanoparticles was simulated by the finite difference time domain method under different polarzation
directions. The influence of the shape and spacing of the nanoparticles on local elecric field intensity
were also studied and analyzed. On the above basis, the causes of electirc field enhancement were
discussed in detail. The result shows that the electric field distributions of rice—shaped silver nanoparticles
are different by changing the shape and spacing of the nanoparticles, as well as the polarization direction.
The tip of the rice—shaped silver nanoparticle with long axis 300 nm, minor axis 36 nm and spacing 2 nm
can produce maximum electric field enhancement when the incident polarization direction is parallel to the

long axis. Moreover, due to the strong coupling between the nanoparticles, there is an obvious
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enhancement effect in the case of top to top configuration, and the obtained SERS enhancement factor

(EF) is up to 2.4x10". The conclusion provides theoretical basis for the preparation of silver nanoparticles

in the SERS experiments.

Key words: surface enhanced Raman scattering;

surface plasmon

0 5| 5

2% T M 0 B 2 B ST (surface —enhanced Raman
scattering , SERS) 45 A S2 K 7 = 15 i FH A 2% 181 A DU
B2 e 5 By — Fh A R 1 Jm) SR A7 1 0 B,
UT4EK  SERS £ N VS + 0 iz, FEW K
B S AT ORI AR W B 2= Al PR I2 Wr
SFEAZ A 2 I FH SERS itk R TR I ) i AR
SRR AR TE T T3 A4 10 185 588 2 1 A4t AR A B
A RST B SR, 5% 4 MORHCER L4 H AR 45, 2o
T T o B BRI, 55 ) | L R B AR AR SR
FHNIO H1 TiO,) AR B TE AR AL ML IE A AL I3 1
/N R A SERS RO W, [E NN B IFFEREI Y,
St AR R WA B B o 5 ASOCR RS 1R
PR I 2R THD 45 2 R SR IR 00 J2 5 S H: SERS 35
M E B 2R 22—, HAT, X2 80 51 i Js 3 i
B 5 ) BRI vk A . B AR A LAk
(Discrete Dipole Approximation, DDA), 1 % o 7%
(Boundary Element Method, BEM). £ R JC ¥ (Finite
Element Method, FEM) F1H} 1A BR 22 4355 7% (Finite
Difference Time Domain Method ,FDTD)“*®! Yurkin 4§
NSRRI () R T SRR HEA T 1 0 AU
5, GEARWIBRIRRLT Z 4] (4 ] B AL S A7 A0 W]
) FL I 5 R FREE S AR T B e Rl 1 44
B S AYKERGUKEEH, A FDTD BE7E3E E
IR T ARG G MK E RGO, AR R
HI RN 58 TS50 ) S KRN 25 O R SR G 4
72, Guo 45 A FDTD LT 1 AR AR R 25
YRR G A BRI L7 G 5 A4OR . 15 SERS 5246
AN R AR RSO R A AT B R A KR
il £ AR R 5 & 2 | Liang %5 A AE 352 56 % b il 4%
BT IR IR BRI 0] F AR 2 DK AORE ) 5 LS S0
P REIE T TN AR TR RS A (1
SR ACIR R FRL 373 5 1) FLRG PR A SR AR X D
AT E# T R GRS T A L

nano —pariticles;

finite difference time domain;

SCHUE SE X FDTD 83k (9 S AR JE B U A7 T 4
T, RIGTEHLE XA RMR IR AL 7 18] T RARER 40K
SORE ) FL S 3 AT TR AT, WFSE T R4S
(1) ZR AR TR = B AAR G K JUAE 1) T2 bR R B 5 ) Sy 3 P
Gt sgma , VRS BT T S BRI R IR 2518
XFF SERS S 56 H AR 44 2K 0K %) il £ R B AT — 2
OEERS S (N

1 FDTD WEEF &

P 1 kg o T 5 DX Sse A J5 4 2 1 R B S 07 1R
%1, Bl Yee Jula!™, DU LY E S0 R ISR —
G H oy, TR HURE S R A HL 3 MG 204
A 2 (] 55 I [ | AR S B A i B O 2K, (]
RS T B RSN 59 - Rl 75 31 0
&) Bl R 3 5 A 5 0, AT ZREAS: FEL R D5 U A P o

E -
______ . ZJ[:[:_______ :E
VE, |
i L 1E
! |
: I
E. ! E 'H,
AT |
H 1
! |
1 I
i |
1 E £

K1 Yee JCiE R E
Fig.1 Schematic diagram of Yee cellular
Maxwell J5 #2410 I R
0B

VXE:_W—J”I
_aD.
VxH= v +J 1)
V-D=0
V-:-B=0
D=e¢E,B=pH,J=0E,J,=0,H (2)

XKD EBHJ, T35 i8S K
YSRGSV SR R R WA A A
WA SIS, R o o e AR AL
WG A R RO 2R T4

0216001-2



9Nk TAE

5 2 M

www.irla.cn

% 46 %

- = * +0oFE .
dy 0z ot *
oH_ oH. oE
—-—= * +oF
dz 0x :

(3)

oE.  OE, 0H
et T s T
ay a7 ot "
oE. OE oH
o y———g H
0z ox ot me
oE. OE oH

-———=—p—-0, H,
0x ay ot "eoE

SRR B Sy o0 FR E 8 H e bR T
(TR A I ELJH n A8 T £ 50 1
K,

fx,y,2.0)=f(iAxjAy, KAz, nAD=f" (k) (4)

VS UV I
foxyd) | zf(H2J,k)f(l o 9K)
ax x=iAx A}C
S NPT
a (.X, V,Z,t) | zf‘ (lJ+?,k) f (lz] 2 ’k)
QL% J=jy :
ay 7 n 1 A) n 1 (5)
af(x, ,Z,t) | zf‘ (lJ’k+?)_f (lz]’k_?)
az z=kAz AZ
L n-L
2., 2.,
foyzt) | f CGRK=f (k)
at t=nAt At
n+l 1 . n+l | 1 .
ntoe 1. f (l+?J’k)+f (l+?’J’k)
f 0+E?1Lk)— 3 (6)
R S A 15
ET%H%¢@4MWWE&H%¢QHBMQ
o1l o1l
2 . . 2, .
Hx (l+?,]+?,k)_H_ (l+?,]_?,k) ~
Ay
1 ) 1 (7)
n+? . 1 . 1 B n+? . L . _L
H, (1+2—,],k+2—) H, (l+2 sk 2 )
Az
>~ I:F‘ Py
g(m) _ a(m) 1— a(m)At
__ At 2 _ 2&(m)
CAlm)= e(m) + o(m) 1+ a(m)At
At 2 2e(m) @)
At
_ 1 ___&m)
CBm)= e(m) + o(m) ~ 1+ a(m)Ar
At 2 2¢e(m)

Lﬁ¢mﬁ%m4w§¢m

[ B ] DUTFRE A 2 3) A A B RV i
FAFAE— 8B E, HABE AL E R 211
PG 7 500 A T AR sk LM AT B 2% A T L
i PML i1 B AFA 2 D0 Fi 37 73 vl DA .

n+l

DX | 1 :C] .Dx +C2
i+?,j.k

9

Wl a0

/ n+l

C4-(C5'Dx \ i+_‘7J,k_C6'Dx \

L B8 € -C i DU U7 AR R IR
_2ek,—0 At
" 2exk,+0, At

__ 2&At
2 2ek 40 At

1

_2ex,—0, At
3_28K2+0'ZAI (11)

_ 1
' (2ek+0 At)e

C,=2¢ek +0 At

C,=2¢ek —0 At

B T30 IR A R AR 40 K UKL U T (o i
FARE, T LA H 2R 500 B A8 1) 728 A i K A A
AR As , Jf B4 Jm BB R PR Z0UE 3 42 1E /Y Drude
PR XS B, AT AR N

e —&, .
s Ze 4 O —g tie, (12)
I+ioT  iweg,

e(w)=¢g,+

e —€,

g=e,+—— (13)
l+w 7
q=_(Q_QQ?T+ o (14)
l+w T weE,

e, e, M m 200 9 S FIIC S5 AT AR X
I HL R B B st (]

2 N[ROSR 40 K B 45 44 oy 43 R 37 3 5
HIIR BRI

MR Liang 55 (] 22 JORs I8 J 5 1 B AROIR AR 4 K

0216001-3



BRECY & k4

5 2 M

www.irla.cn

% 46 %

R0 S T H B A S A5 B LR B2 2k 300 nm, 1 rh
6] G BE P SAR K, 290 30~70 nm, A T 43T A ) ok
F7A ) SERS BN, ASIERIERE T I K FR i
T EFoR, ASHEHRIEEK S 632.8nm, Ag #4555
SRS Gai X T & JEAUOKIR & TE Y Drude FE7Y
TP BRI N, NS R 1 Vim,
2.1 BASKRER MK BRI SR S 47

ek K% 300 nm i i ok AR 48 i x
(30~70 nm) 75 EI AH I 1) HL 37 58 &, B B0 9 A4 1
WE 2 s, T 00RE B 3 A8 i L 55 5 2 3
(S G B 7 1] (E 08 77 1)) G PRI 0 P 155 150
R A SR IR 7 1] 5 0007 (4 1 A o 1] AT A
SR 7 1) 55 SR B S 1 AT B3 3R S
x BURTRMER, 5 2 %1 A9 fe K H 358 A E 78
b INEI AT U Y S A B 1) XoF 40 K o J
Pl L B A S M AR, G R A UK 1) R Bt 37
B A K 3(a) Y w7 10 AT R Bl e 15
F x 24 36 nm B H = A 1) JR SR S R B R R, R
119.632 V/m; [& 3(b) A Y fis 48 J5 ] ~F- 47 FURE 5 5l

. -

300 nm

Pl 2 SKOBR R 490 K AR 4 45 44 ]

Fig.2 Structure diagram of rice—shaped silver nanoparticle
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