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Simulation and Analysis of Extinction Properties of Rh Nanostructures
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Liu Guanzhou, Huang Zhiwei’

College of Physics and Information Engineering, Minnan Normal University, Zhangzhou 363000, Fujian, China

Abstract Recently, Rh nanostructures have attracted significant research attention because of their strong localized
surface plasmon resonance (LSPR) at ultraviolet wavelengths and stable physical and chemical properties. In this study,
the extinction properties and electric field intensity distribution of cylindrical Rh nanostructures in 200-400 nm wavebands
are systematically simulated and analyzed using the finite-difference time-domain method to examine the LSPR of Rh
nanostructures. The results show that the LSPR properties of Rh nanostructures are significantly correlated with the
diameter, height, spacing, and peripheral refractive index. The LSPR resonance wavebands of Rh nanostructures can be
effectively modulated by varying the structural parameters. This study provides a reference for applying the LSPR of Rh
nanostructures in areas such as ultraviolet absorption and optical detectors.

Key words optoelectronics; localized surface plasmon resonance; Rh nanostructure; finite-difference time-domain

method; extinction spectrum

1 A . ALUL G RN L0 A0 O U B, AN O U B & B AN oK S5 W
= LSPR &N B BF 58475 A Pk . b 528048 4P LSPR 4%

4 B G K G R AE — 8 ST R SR, A ST Y RE, AT LLSR ALY 8k Rh 4 8 0ok 2540, (5 ALTE 25 X,

HL il 2 B B R R R T A T R AR A TR G oS S o A AE, H N Z BB . Rh (%8 48 LSPR
B K, X R B 4 9 Bk Oy Ry Bl AR T A R oo R IR TR B S ek R I, TR A R A U B BRI
(LSPR)., — B3k, LSPR By M AR HT 45 & 90 ok 45 LSPR & h; H A k) ) 1AL 27 4 fig A 1 51 2 AT
Fa R /0N (TR IE DL R L] B A B oA 355, AL Otk 4 o] 4 )i 4 M) )3z RS . H R O& T Rh 40 K 25 1 58 40 Ik Bt
7|< 56 T IR s ] BBl A S0 P 2 7 A e B T A LSPR 5 E B A7 SCHA R I8 , Watson %5738 i 1k 2% 52 56
AR a2 iy A B R — AT = AR T Rh g K URE R S R A R T
BHUJﬂ‘LSPR%@E’JﬁﬁﬁEE*FﬁAu\Ag“'” P Rh W SE 1, & 30 LSPR £ 57 21| kL & B
ER AR 0 Au Ag 9K S5 H LSPR %00 38 # 1% FH T A RS PR B A B2 0, IR B8 IE T Rh 76 & M 0% B LA 1R

B 2022-05-18; fEE HHE: 2022-06-19; RABH. 2022-06-24; MEHEZBH: 2022-07-04
HEEWH.: BHEARPHEE4(62004087) Awi4A A AR5 4 (2020J01815) | i) 1 Ui 313 27 A% 4 3k 4 (KJ2020006)
BIS1E#E . zwhuang@mnnu.edu.cn

1925001-1


https://dx.doi.org/10.3788/LOP221634
mailto:E-mail:zwhuang@mnnu.edu.cn
mailto:E-mail:zwhuang@mnnu.edu.cn

E605%E 19H1/2023 F£ 10 B/ 5B FFHE

BB FARAT R Yael 25 R B A BR G 16 455 401 57
D7 1R B8 1 DU TR Rhog ok J0kE |, 5 3 1 8 o) 0k 2
Y PRI I g o G S 7 R M RO b o AT 1 O AT
Z G0 1 BUME B 9% 5 Wakita 220 F) T R B2 (06 3
XF = AR R S7 7 M R IE DY I AR AR P B9 Rho4h ok 45
M RE SR M AT T RIFSY , T M AR SR A0 X 2
M Jif o

B TR LR 25 44 A1, 38 7T LR IR AR 2 Rh 40k
S5 K6) [ 3 4 K 58 A LSPR AU, 43 0l 4075 IS T LA A
1 B A B I HE 5% RSE % LSPR R i 52w, {0
% F R A T Rh 9 K 45 #) LSPR &0 A5 B = 2 45 i #F
7%, HIE, b T — 20 5% Rh (4540 LSPR 714, 18
it B AT BR 220 (FDTD) 36" & 48 s i 5 50 17 15 A T2
Rh 44K 45 ¥ 1 B A% L B L Tl BE DA & ) Bl 4 5 R A8 b
X LSPR ¢ M 19 52 Wi, 3% %5 52 B Rh 44 2K 45 14 LSPR 2L
N FE 5 A W I I A4S R S AR N ] LA S

2 SEARE RN T

I BRAE & R G oK ok e T R WA R T
KA AR P A AR T, X R B T TR E R 3 1 A
Pl A 2R FLZE 5 i I T 7 A AR R ) W AR
PO, B P A  A ATE O  TT LSPR A 3k 2 78 T Ot &
B e KR A AR IR AT D3 S A A 4 K R Y
14 0% 6 1% VE T 2 #r LSPR B 254k . % FDTD J5
5 Rh g oK J0RE 14 18 06 2R B AT 5 IR 4
ARt R F 5 IR Rh 999 K J00RL () ELAS = B L) HE LA
o J) BT 56 238 00 8 Ak 55 0 O 8 7 1 G &R, DT F 5
LSPR 4R 51y 25 1k .

3 F FDTD # 57 B A Rh 4 >k 25 4 (4 5] A5 A
HXZWERE  WE iR, (hEEEX T .Y T
] Sy S B i AL o Z U7 ok 58 36 DR L 2 i Bt
(PML) ; % 5 44 JE R S1O, 848 5 Horp | Z 05 1] i 5480 IX
W B Ry i) e R SIO, IR R A T

300 nm i &, Ph S Si0, 4 Ji$ 2 1 7 I 500 nm v & , Z
J7 1 PML i1 5 Rh 48K 45 44 /) 5 5 68 0% 6 2 1 &
ZAF . TR E M S04 5 350 nm £ R FEGFAY
TG, A SR 07, B K A 200~400 nm, & 1 H, 06
U8 Z J5 18] e 56 09 A5 5 1), X O 1) 28R 06 1 Ik O
] o BEAE 21 2y 28 W A2 0 0l A 00 i S99 R s 4

Horp J g 58 0 L 4% B 7E DG IR B 50 nm B ORI
B G R S OG  3 BE A E ES 2 FE SO, RIS T TH
100 nm 4b o &% XY J5Ia] (Z=0) i 37 W 0 8 K Rh
90 K J0R JE B L 3 AR Ak

=
=

Si0,

&

+reflecting plane

» plane source

+electric field plane

rtransmission plane

BT Rh 4K 25 b A0 A 1T (X 2) B
Fig. 1 Cross-sectional (XZ) view of Rh nanostructure model

15 B Rh 44 K 45 # LSPR Z 7 , Rh 45 J& 1 B i 4
HLH RO — AR E S, 48 WA i RS A S
R RTITF

e'=n"— F*

"= 2nk (1)
BN N o L b e 8V i 1 TN & 21
Pr 5 BN o A5 A SCER IR TE )RR AU
Ag'""HE 200~400 nm % K 5 Bl R AP 5 R 00 1A
B AR P T Rh,Au, Ag B4 w2, @05 2(a) |
E 2(b) T o 2 120, Rh A o3 505 30 78 U K
[l 200~400 nm P34 (8, H Rh A H 05056 46 %t
{8 78 I K 75 Fl 200~400 nm N KT Au. Ag# 8, Rh 4
PR 50 0 B 10 3 R S B KB

16}

0F

200 250 300 350 400 20 250
Wavelength /nm

K2 AREPAT RhAu Ag i LSPR P RE L4 . (a)

Wavelength /nm

300 350 400 200 250 300 350 400
Wavelength /nm

A HL R FCSER 5 (b) A H S BOR S 5 () LSPR & it K+

Fig. 2 Comparison of LSPR properties of Rh, Au and Ag at different wavelengths. (a) Real part of the permittivity; (b) imaginary part

of the permittivity; (¢) quality factors for LSPR
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oy A

Simulation results of LSPR effect of Rh nanoparticles with different diameters. (a) Extinction spectra; (b) variation trend of

formant under the longitudinal mode; (¢) variation trend of formant under the transverse mode; (d) electric field distribution in the

XY plane with a diameter of 100 nm under the transverse mode; (e) electric field distribution in the XY plane with a diameter of

100 nm under the longitudinal mode; (f) electric field distribution in the XY plane with a diameter of 140 nm under the

longitudinal mode
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Fig. 4 Simulation results of LSPR effect of Rh nanoparticles at different heights. (a) Extinction spectra; (b) variation trend of formant

under the longitudinal mode; (c) variation trend of formant under the the transverse mode; (d) electric field distribution in the XY

plane with a height of 90 nm under the transverse mode; (e) electric field distribution in the XY plane with a height of 90 nm

under the longitudinal mode; (f) electric field distribution in the XY plane with a height of 120 nm under the longitudinal mode
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Fig. 5 Simulation results of LSPR effect of Rh nanoparticles at different spacing. (a) Extinction spectra; (b) variation trend of formant
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