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Abstract

The complex shape of nanostars has been a major obstacle to understanding plasma phenomena. In
this paper, the finite difference Time domain (FDTD) method is used to simulate and analyze the
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nanostar structure. Numerical studies of spectral responses under different geometric parameters
such as particle diameter, the thickness of Venusian branches, and the number of Venusian branches
are carried out to clarify the relationship between the optical properties of nanostars and their geo-
metric structure. In addition, silver is coupled to the gold nanostars, and it is found that the extinction
peak of the nanostars can be tuned by adjusting the different content of silver, and the electric field
enhancement of the nanoparticles can be improved. Our results provide theoretical guidance for de-
termining the geometry of nanostars in SERS applications where different excitation wavelengths are
selected. This work paves the way for the development of plasma metallic structures with a wide ab-
sorption spectrum enhanced electromagnetic field. In addition, this study provides an effective SERS
substrate for medical imaging and pesticide residue detection.
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1. 5|8

EYUKE DA AR IR T BT OB GK S5, Uil 1 R 5z 2 6 1 (SERS)#EAT B
PRICAL AR e PR R RS WD RIRTT[1]-(5]. R, 99KEME N —MA RTE 5%
B TARGUREN, T AR MK Z 2RI 1 25 BT () K L RECEM) 3 08 FO MR R AR TR 46 52 503, X2
RO FII I [6] 2 8] 156 B TR IMOC A AC 51 S . £ SERS 1, HLHI7 X 14 5 2 3 BUBUR F8 5 58 2 2 35 184
e BT, WA R 53 2:(FDTD)FIA BR 70 (FEM) &R AT X i i AT BT 5[ 7] H 1966 4F Yee 42
HEAK, FDTD 772 RS R e 2 o 2 A R BUBE R T 22— (8] FDTD J5ik#d e & i i
TIREAAE T A B L, M A PR 2220 RO PR S PR 2 O RS R A o HL R A DB R g T S P I Bk
R 5 R T A RS PR 22 23 5 R » AR i TS LEAT IR AR A, 75 3] Fa g £ I 3B B AL 1 DL 9]
BEAh, R IR T A B T LR (LSPR) BN 52 SIAN AR G5 F (TAR . RS WL [ M Je] B PA B3 1 2 2
SN o JLEESR, AT BANRE AT T REMBITE, feth TERIE. BRk. SLTPIR. X s DAL & Fh
M EPKER, B TR “Hoi” i BARn 7R 86 52 SRR SR 2R B
AR 94 2 U (SERS)AT R BAEM B . BIRMESBA V2 REN R 4NN AL, 1
A LB e T ARG AR p o SRS 25 1 PRI, oK B T DAAE S SOR B ) AR s B ™ A2 R
K. BT, AL E RERIUS T NS REED, 7T DL ROt G B & A TR A5
FOT IR EER[10]. O 7 RIZ TR BT 30 , { LSPR ZBi i RAL, AATEET 7 RE =K. Stemal
AKEGHA ) 212 AR 2 — b R S5 B R A SR B P S5 T A SRR BT TR 11

2. THEARR

AR FDTD WA JUA S EL (R F BEAR . 400 SCOA IR AN RN 4 2 43 SRR 1) 4 R R In4R
WA M &R AT . B EREA 300 nm~900 nm Y6 R S BIE & B bk &1, DU EAH
YRR OGS IR EREI A . AR R/ INEEN 0.5%0.5% 0.5 um?s 7E x. y Ml z TN 15835k
VLHC 2 55, LABE G S S Il B RN o WA RO I B N 1 nme FREEIHTSS %08 1. Au Fl Ag 4
F A CRC Al Palik (0~2 pm)¥RPE . S90KE R A RISCE MR E R, BANE B R R
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940 nm £ 120 nm. fE4EAZ O EANEREAR(27 nm, 32 nm, 37 nm, 42 nm) FERG KR T RIEAT R A .
3. R MITiR

TORE ST B FCAE T 00 7 AT 2 5 1 5% 4 Ja AR oK UKL 56 55 T AR I PR R B2 N 35 . FEIX T AR, AT
FIH Mie B 2383 FDTD J5 &R 7T 1 A RGN FIURL U SE (0 90 K 2 R ) S AR SR 1 o A BB o 9
REEN 1.00 DUEANMEARM BRI 499K 2 (Au NS) B % BN 40 nm~120 nm. 11595 5 13 e #l i
HEKZ MK RWE 1R, WEEH o, =0, +0,, %H. ATTLUERMAI, B#E Au NS R
PRSI, BORTE I B R A T AR . BRI VKR B BB A, I EoR T SR
THHTE, XAEHIR AT DR . R ROK, SR AR E 2, RO EAS B AR 9 oK TR 3 S A
BRI, % TR LRG3 R B3R 08 42 B BUR T A5 B TSR R A s« X 28 i e B IR B AL A 2
VAR, PR, S5 EFRA BEE AR I 2L . ASRRSE ) Au NS (40 nm~120 nm)%f 32T AN ) SPR
(FTH 55 T PR HE4R) I K (590 nm~750 nm).
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Figure 1. Extinction spectra of Au NS with different extinction spectrum by FDTD
1. FDTD R M AR EZH Au NS JHHIE

E SEBR S50 R FRATVE FH A 8 77 7248 H B 9K B 4y SCRE BRI AR BRE FE R AN —FE), N TIRTCYIKE 1)
I3 SCRHABFI AR BIRE X LSPR RS2 32 N R FRATT LA T ANHEAA RS B B 120 nm ) Au NS 4,
A AT R AR RN 2 nm~7 nm)REGEE Au NS 7332 R AI AN 2R AR B FE B o AN [A) R i 242 11
SRR OGN 2 Bros, AT DLW 3 BEAE a8 oK B 73 SR ARk BORH , LSPR UEEZEAN KT A 830 nm
W% 3 660 nm, I H AR LSPR WA EEHIR/D, X2 H T &R0 3R, eyt
AW IS . 42N 2 nm IR TE 580 nm. 780 nm. 825 nm. 850 nm 45 LSPR g, XXM &
PIKEIEAREA, EiBlT, SYPKE R =0 m TR B BRI, KPPk
oA, FEAVUNH . T RS E 9K B A R BT A R H e 20 A X3k, SER aAEinE
o RGHAEH 3 nm KR TE 560 nm Al 760 nm AL AL T LSPR W, X ULEA T SR EIRESS . A
R AR AR EE M 4 nm SEINE] 7 nm, LSPR AR 5 Ho 58 LB, X 2 40K 2 s ks =,
EEREEATN, S9PKERIB T 2ERER T RERS, Bl DNRUTBRER 05 m. /I
T EAK B —Im B4R, 10 55— b I R 0 I W Aer ARG & R BB L, A= AR —AMEARE . 5501
FEEREYOKE P, EPKE B A BR i RS i .

DOI: 10.12677/nat.2025.152003 17 PERFEAR


https://doi.org/10.12677/nat.2025.152003

ARG

5. 00E-14

4. 00E-14

u.

3. 00E-14

2.00E-14 1

Extinction/a

1. 00E-14

0. 00E+00 T T T T T
300 400 500 600 700 800 900

Wavelength/nm

Figure 2. Extinction spectra of Au NS with different extinction spectrum by FDTD
[& 2. FDTD BN ERimH12H) Au NS JHA K

E S BR S50 T ATV FH AN 8 77 9248 9K B 43 SO R = AN R AT 1K, A TR ALK B 1R 73 3
X% LSPR WM, 452 FRIBATUAA FHCE I HEAR (A8 5+ 64 7+ 8 9 MNRM B E A 120 nm
) Au NS, I8 5 A R A I BE R L Au NS 70 A E . X — &% Au NS BV GIS WA 3 fros.
A LUE H 4R BTE G BE S 4> OB N 5 SR F 7 B LSPR W& AL B AE 750 nm 247 B0 K KHIARAE, 24
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Figure 3. Extinction spectra of Au NS with different branch numbers simulated by FDTD
3. FDTD &K R E 57 B ER) Au NS JHHLIE

NT TN T SR TR E(Au@Ag NS), AL EAN R FA42 R 3 nm FIHER R B RIE A
120 nm ] AuNS, TEHZOALERIAFEZ 58 27 nmy 32 nm. 37 nm. 42 nm) PRk . W
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Figure 4. Au@Ag NS extinction spectra of silver nanoparticles with different radii simulated by FDTD
4. FDTD AR IN A EIE R HRAK BRI Au@Ag NS JHFEHIE
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Figure 5. Electric field distribution of (a) Au NS and (b) Au@Ag NS with excitation spacing of 2 nm at 785 nm
5.785 nm & EIIER 2 nm B9 (a) AuNS F (b) Au@Ag NS BIRIA 5 [E
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JUSE R AR, o S8R LRSS R B e G ik T F 7 sk e . EALR I, Au@Ag NS [
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