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Abstract

Plasma silver nanocavities in ultrathin gold shells are simulated and analyzed by a time-domain
finite-difference method. The field enhancement of silver nanoparticles with gold shells is found
to be higher than that of pure silver nanoparticles, and the ultrathin gold shells can also theoreti-
cally protect the silver nanoparticles from oxidation. The field enhancement was found to be even
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more pronounced by combining it with a gold film to form a cavity structure. This structure is an ex-
perimentally realizable and simple structure. This work paves the way for the development of plas-
ma-metal nanocavity structures with a broad spectrum of enhanced electromagnetic fields. In addi-
tion, this research provides an effective SERS substrate for imaging and detection in the life sciences.
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1. 5|8

Bt B YRR MR 5 A R T 45 B TR LR (LSPRYSUNY. o X —REPETES G Armic . ARG
W EAERIRI R T 1Y 55 4y 2 U (SERS) S 2 AU ) V2 BV TER A 1] [2] [3] [4]. LSPR ILGE T
N5 SRR T A Bl S 7 2 A EAEF[S]. BTREES FEUCER LR, S4B
KGR R H I 2 P2 B AR SR K R B B G371 6] E SERS H,  FLIEIZ) (30 58 2 5 S0 A it e o 38 25 189
AT, BI8A R 2 70 7(FDTD)AIA FR 7GiE(FEM)#S AT LAX L d-AT BT [ 7], B 1966 4 Yee $2H
LAk, FDTD Jj it i 2 i e 2 v iz A BB S, )7 %2 —[8]. FDTD 5k R w7
FEAAE I A R B AL, P A PR 22 43 (0K 5 R S I P 32 RO R P e o R R AR R o 3 48 ) I 3 P
W7 RR BB B B 22 3 7 AR, AN R TN LA TIEAK AR, 19 B i (I B R E A AR L [9].
UEAh, LSPR RN SZ B GUK AR . RF S Ri7 e BE B A0 A BRI B 5. Bl LA s
REAF T A NEFENHED, AT DL Rt b3 A & AR T AR AN S5 5] RST I 9K 45 H9[10]. D T ki g
TEARBATHOA, 8 LSPR RN KAk, AMTHEAT 7RSSR S8 @YK E I I 43 CE i 2 — Mk
TR AR B AN G B ) A B TSR AR A1

L HAMRF AR E A S LSPR S . MYk A 5 56 (1 F 0 5 A ) A0 o e 45
TRUER[12]. 780 FIHIX P Fh 48 AL 5t T3 5 SERS PEREZE L E I, FATMIFCIME AT 72 A0 1 2261l
M AR EBUR I, Wit 7 —F Rk SERS IREME M . X Flcki 7RIt ko “uEsR” #kb, 3
R U DUARGURRL T A0, BAY 2 9RIEBE &7, DRSS IR . a7 A MY
RefE it S5AEM TN G, IR ST ERAZ AN SZ A TR 520, DT 1Y S UL (1 2R AR 25 P AL 2 R e
PE. 76 Ag@Au NPs FI2EAl -, BATRIZZVEE A F R MHEE SR LHIE T TR, &R
TOUR Y7 FIEE 209 2K 2% i (MPOFN)) K] 41 (14 1) B 1 s — R AR AT S R LA TR o B FRATT R, H AT I
SERS JLJeS (1 B2 HH A il 325 1 42 578U

2. HEER

BAEH FDTD X A FRAS Ag@Au NPs P MPoFN BHTHEI 5. K K YE A 300~800 nm
MRS B S HbRMAR &1, DOHEAR RV RIE OIS s g /A . FE1A KN E
M 0.5x0.5x0.5pum’s 7E x+ y Al z RN T 58 VRS Z 1D A4, DURE Gy L0 S 1) BOR 3508 o XA
JGFREN 1 nme BT ZER 1. Au Fl Ag BN HEEELE CRC M Palik (0~2 pm)#dE £ . Fivki
ST EAZN 20 nm £ 80 nm. Ag@Au NPs FLFER 1) 2 nm 5%, PEBHT Ag NPs. B3 [B] B R 2,
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5 Ag@Au NPs EL{2A 46 nm. MPoFN £85I 42 BN 100 nm, _EREHN 0.4 x 0.4 pm*.
3. ZERMVHE

O RS B LA T H 1R 4 AT A2 52 00 B 465 B8 A K DR 55 55 AR I P B X IR 3 . 7B T ARy, AT
FIH Mie # i@t FDTD T T A F QRIS Ag AR IBURL I HUR R SCREPE o R A o ik
BN 1.0, AgNPs [(JEAATEE % E N 20 nm~80 nm. 1515 FIH eI 5K 2 5 R WA 1 Firs.
WK o, =0, +0, AlH. BATTLUEREMAIL, BEE AgNPs ST AI3G N DL % i 55 B 1 LR
(SPRYBEK G IN, S RTHGIEI B R AR T 48 . BRHARGURER LA BRI B IR, s H B 5
IRERS T TE, IXAEHR BT DU#RE . RLE0K, S RG BB E 2L, OGS T RR A 4 Kk 3
SRt BRL,  gERL 1 R B IR AR 2 B R T A5 B TR R A m . X e S ALK A
BANKFIEE, K, S8 PR REE AR RN . ASFRSFH AgNPs (20 nm~80 nm)5i v /8 [H]
f) SPR % £:(360 nm~385 nm).
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Figure 1. Extinction spectra of Ag NPs with different diameters simulated by FDTD
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Figure 2. Extinction spectra of Ag@Au NPs with different diameters simulated by FDTD
B 2. FDTD RIK N E E A Ag@Au NPs JHIEATE
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mR, X

RN B BLEH T 5256 . BT LA T FF A S2 8 = M1 5 MUK AR R NP SREMSZIRILS, 341
P T AN TE) B SRR Ag@Au NPs FOTH Y66, Wl 3 fin. Ag@Au NPs B2 4 46 nm, Au 7¢/EEH
2nm, FARAEIFEM 10 nm ZFH AR 2 nm. 584 Ag@Au NPs HERE L, UKL T 400 nm /2
A R BR A5 B TR LR UE AT 500 nm Ao A5 (1) 4 70 55 B TR SRR IG, e AT 1BE A1 BRI/ 2042, I H. 500 nm
W Py i B2 A7 AE B SR 8 K. &1 4 NIAJEE 2 nm f Ag@Au NPs BRI /045, R Kl 508 nm. AHAESH
KRURL FF) JRi 4 THT 45 B8 7 A ELAE F AR 1 P b3z i Bl 23 . DS 5 ml DAZEAH AR GRKRL - 2 TA] (1 28 57
TR, KPP GAERR A “Hal” o IR/, [RIBRIAI ML B . AR PR SR LR, AR 5

SRRV CE N
E [IE I’
EFEM— out 40ut
|E,|
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Figure 3. Extinction spectra of dimers with different spacings of Ag@Au NPs simulated by FDTD
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Figure 4. 508 nm photoexcitation of 2 nm spaced Ag@Au NPs dimer electric field distribution
B 4. 508 nm J# % 2 nm (B8 Ag@Au NPs —RIFRIASTH
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Figure 5. MPoFN extinction spectra of individual Ag@Au NPs with different spacings simulated by FDTD
[# 5. FDTD #& AR EE B 24 Ag@Au NPsMPoFN jHE itk

Bk Ag@Au NPs —SRARTHAESNE b, [ E SRR BN 2 nm, SO RORLRT 42 (R] 2, Y o
s 6 fros. WelrAE 5 AHEE TG IR, [RIREBE TR BRI N R AR L08% o (H SRR S5 R T Ol e 1) 56 B2 B i
KPR EKNE, EF,, =86.79" ~5.7x107 . FrU A TAI G, X T 2 BI85 T

4.00E-14

3.50E-14 4

3.00E-14 4

2.50E-14 4

2.00E-14 -~

1.50E-14

Extinction / a.u.

1.00E-14

5.00E-15 4

0.00E+00 -

T T T T T T
300 400 500 600 700 800

Wavelength / nm
Figure 6. MPoFN extinction spectra of two Ag@Au NPs with different spacings simulated by FDTD
[ 6. FDTD = AIAFE BB Ag@Au NPsMPoFN B AL
4. g

AR, BAT S I 7o b A TARGPR 2 IR TT, 8L FDTD JiiEE T Ag@Au
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