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Abstract

Gold nanostars, with their multi-branched anisotropic structure and prominentlocalized electric field
enhancement effect at the tips, are one of the core plasmonic structures for Surface-Enhanced Raman
Scattering (SERS) substrates. In this work, we systematically constructed three-dimensional simula-
tion models of gold nanostars (AuNSs) and gold-core silver-shell nanostars (Au@AgNSs) via the Finite-
Difference Time-Domain (FDTD) method, and investigated the regulation rules of branch number and
silver shell thickness on the Localized Surface Plasmon Resonance (LSPR) characteristics, near-field
electric field distribution and SERS enhancement performance of the nanostructures. The results
demonstrate that the 8-branched AuNSs possess optimal LSPR properties, whose resonance peak po-
sition is highly matched with the 785 nm commercial excitation light, with a maximum SERS electro-
magnetic enhancement factor up to 3.2 x 10”. On this basis, the Au@AgNSs structure with a silver shell
thickness of 5 nm was fabricated, which can further lift the enhancement factor to 3.5 x 102, an order
of magnitude higher than that of pure gold nanostars. The findings in this paper provide systematic
theoretical support for the structural design and parameter optimization of high-performance SERS
substrates, and offer a novel structural scheme for SERS applications in fields including biosensing
and pesticide residue detection.
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TAIHR(LSPR)ZN,  H AT ARG RUSE ™ AR 5 ) SR 33 PRI 3 5 (IR B AR S5 R R T PR 201 1 2 5 55 32T
B BEH[A]. SHUKRIF— P02 73 305 P RS B AR AR ), FLOPSTRIRIN N HELRF AN,
AP AEAR R A 0, RN 2 ) SEEE R TR R B K SERS “HAL” , METAR SN EAKER . &
GRBEL R, BATEALRE SERS HYPRIERE[S] [6]. 9KE K LSPR Rpt 5 SERS My e i B Mol T4
JURISE, oSO8 Jm iR G5 RTS8 B AL R 2 S Fa s s R R AR R 7] . [
i, A SRS BT, WA S S ERENE SRR TR E . m IR, B
APRTHE5HII) SERS TERE[S]. EBIEICBIURIRSESR T, MBI SS . R NS HE EER I R 4t
PEHERE ST, KRS iR R IE B L, IR RERE R RIS, DU S 8 T AR & IV B i
PEEMT I ELIS ST . NI IR 72 7005 (FDTD)E At 2 sk die i BB 0 50753, Wl IERd SR 22 s 7
B, RHEE RS T ARPUK G LSPR #5770 4, 9 SERS ZEJRMIBITHE LA S 3
WHAEO] [10]. HAT, #XTE&gUK BT T2 RET B —SHIIRE, X sC8oe SRR N bR
MAHT TR — 2P 583 . AIHET FDTD Jivk, RGWHTT T &K SCHEXT LSPR IO 5 Hib)
BESRRFIERO RN, T B IL ) S AE M AEULIERE b, 0 W 1RSSR EON A R S g K R A R
WAL, B TR IUZ TS S, DumiTERE SERS SR ASEIRHI SR It T RAMEILIE T

DOI: 10.12677/app.2026.166055 608 N e


https://doi.org/10.12677/app.2026.166055
http://creativecommons.org/licenses/by/4.0/

FMIEIL

2. iTEER

ARSI S5 B T AR 28T FDTD TS i, BN 2 v #4577 R EAT v 2200 1, K
Bl=4E= R N L 1 e R AR . (i E M HCR 2RI TT%, Xy z =405
[ RS 2D K BN Tom, SRR SR L) 6400 4, SARBILOT RS STF R, A5 R ERM 12 )2
1 S5 R ILAL R (PML), SRASR RTINS, A s R/ME R E Y 1 x 1078, J5 A B 3T 4 34k
SEKIIYTRT R 1.33, BUAOR S EBAH IS P I SEBR R 757 . A SO 1 e AR B R 2
IySCEEH, EEARN 120 nm,  H12E4R 30 nm (L EIE SRS 2 AR AT I BHER 70 SCALG e S
29 30 nm, Jr Al T o SCHCR 4y 6. 8. 10 MUK BRI, T 2 SO L AL BR TN FRE 2] 2
A, VHERAEXT ARG LSPR RFVE AN SRR ERA L 8 72X &K E NN, RABUER
B MEIRGER, IR E e AR E R O S A 3R, JBEREN 1 nm. 3 nm. 5 nm,
7nm. 9nm. 11nm 3t 6 M. fiET, G(Au)SHRAQ KN BFEEIIE Palik (0~2 pm)#E A, A
SGUER A U S (TRISF) 73 85 (0 P T OGNS 1A y B T5 190, R 180 z il el
BLE N 400~1000 nm, 7 i W] WG EIT AN BE 7 HOBE ISR ILAS . 0 RER LI IIL S 5
FiE, —IGRIE I AL &, BEE AN RS 4RI ALER , 2 BN G5k L ) x-y P Ifi(z = 0).
x-z “Fiii(y =0)5 y-z “Fii(x=0), WMHHRSIHEEE—E, HT REIIREALA 3T H 37 55 L 50 A
TR RIS G SRR 15 5 SRR LS, W E AT AL RS, LT O I X O R
ANPAREER, TSRS R B SR, SRS PRI OEE B

3. GERFiTie

2.50E-14

2.00E-14

1.50E-14 -

1.00E—-14 4

Absorbance (a.u.)

5.00E-15

0.00E+00 T T T T T T T
400 500 600 700 800 900 1000

Wavelength (nm)

Figure 1. FDTD simulated extinction spectra of AuNS with varying branch numbers
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Figure 2. Electric field distributions of AuNS with 4 (a); 6 (b); 8 (c) and 10 (d) tips
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Figure 3. Absorption spectra of Au@AgNS with varying Ag shell thicknesses
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Figure 4. Electric field intensity distributions of AuU@AgNS with Ag shell thicknesses of 1 nm (a); 3 nm (b); 5 nm (c); 7 nm
(d); 9 nm (e) and 11 nm (f)
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