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Fig. 1. (color online) Schematic of interaction between

incident light and Ag nanowires, where LR is the lon-

gitudinal resonance, TR for transverse resonance.
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Fig. 2. (a) SEM image for Ag nanowires; (b) the radius distribution histogram of Ag nanowires; (c) TEM
image for single Ag nanowire, the inset is the structure sketch of Ag nanowire; (d) the pentagonal section

and its radius diagram for Ag nanowire.
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Fig. 3. Extinction spectra of Ag nanowires: FDTD
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’ tribution for Ag nanowire excited by incident light
* Ag 23K L 1 AT A 11 ¥ 3 A R R A7 9y Z!ﬁ’ with different Wgavelength: (a) 340 ni’n; (b) 375 fm;
wmE 4T~ HEA4 (a) FE 4 (C) J %ﬂ, TEWHK A (c) and (d) are the corresponding calculated charge
340 nm %%/)%E—F, Ag K 2k = I 2 B A SRR distributions and resonance modes.
FURFAE, X AR I IRAAE T oI A Y P4~
A2 (8], AL 375 nm KLU R, Ag @R 3t Ag KL IR 1A 1 B LR AT DU AR SR AN

PRAEAF A NUILIRN T, FRAAAET LR A WA PR R, &5 Ag AR LI AR R
T k. I AN R e O 7 AR A IR AR S K. 5 (a) 5 T TULTE A 1) Ag ZR I OL I
FEANF . BRI FDTD B R, W A Y, ikt

245201-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 24 (2015) 245201

AN DY B LR 51D (09 56 RO [R] IR A A T 25 Tl 2
) Ag kg rb. BEE ARG R, DUMHRILIR 5]
L FRD VR D' 28 S T S A T, G I K H B
MIZEAZ B, i Eh A AR L3R 51 D ¥ S e 3 1
LRI, IXPIRR LR (K 6 08 B Bl AR
BAEH CAER P &Rl 535k, WES (a) AT
LA, T AT ) Ag 48K £k ) 8 A 3L IR £6 4
BAKE, T DU SEIRAEAR B AL, X5 1% G B
BRI Ag QK LA BIERTE Ag 41N 1 (15 L 2 AN

20

40

60

242 /nm

80

K /nm

20

40

242 /nm

60

80

300
K /nm

F 200
100
340 360 380 400

=
B
y k
350 400

A fy BT Sy 7 fE T L, P15 (o) gh i T R B
I Ag R ZE I Ve 5 PR K FDTD U4
RO ATUAE H, BB Ag 49Kk b, M ILIRE
KPACAE, 1 DY I IRAE G P A A, X U] Ag 4h
KL AR FEIRAE 2RI AR P A BA g AT
HI. T HL, A5 (b) FHELS () B #8390 4 R,
T Ag BUAK LR 8 5 v 7 B3 A T DY A TR
AL 26 XI5, T BT Ag 40K £ 0 18 o L 37 3 200
A -l .

600
500
| | 400

o 300

700
600
500
. 400
- 300

200

100

5 (MFIEA) ARBIHK Ag K&l B2 FDTD £ (a) TUATARI; (c) BITRAEI; (b) M

(d) JARREF B oy A 1 Herh DOMEIRILR, Q ANURIHR

Fig. 5. (color online) FDTD simulated extinction spectra as a function of radius for Ag nanowires with

different cross sections: (a) Pentagonal section; (c) circular section; (b) and (d) are the corresponding

calculated electric field distributions. Where D is dipole resonance, Q for quadrupole resonance.
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Fig. 6. (color online) (a) The pentagonal section diagram of Ag nanowire with six selected points, where the

wave vector (k) and the electric vector (E) are plotted in it; (b) the dependence of electric field enhancement

factor on wavelength of incident light for the selected points of Ag nanowire.
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nanowires with pentagonal cross sections”

Xu Tian-Ning"?" Li Xiang! Jia Wen-Wang? Sui Cheng-Hua' Wu Hui-Zhen?

1) (Zhijiang College of Zhejiang University of Technology, Hangzhou 310024, China)
2) (State Key Laboratory of Silicon Materials, Department of Physics, Zhejiang University, Hangzhou 310027, China)

( Received 31 May 2015; revised manuscript received 17 August 2015 )

Abstract

Ag nanowires have attracted much attention due to their potential applications in spontaneous emission amplifiers,
logic gates, single photon sources, and biomolecule detection. Single crystal Ag nanowires are prepared by chemical
method. The Ag nanowires exhibit pentagonal cross sections with an average radius of 80 nm. Two enhanced emission
peaks (345 and 383 nm) are observed in ZnO quantum dots when mixing with Ag nanowires. To explore the origination
of the enhancement, the localized surface plasmon resonance modes of Ag nanowires are investigated theoretically by the
finite difference time domain method. The extinction spectrum, electric field distribution and electric field enhancement
factor versus excitation wavelength of Ag nanowires are simulated. The results show that the Ag nanowires have two
extinction peaks in the ultraviolet region: the 340 nm peak originating from the transverse dipole resonance (DR) and
the 375 nm peak belonging to the transverse quadrupole resonance (QR). The same extinction peaks are also observed
in the experimental measurement, which are consistent with the emission enhancement peaks of ZnO quantum dots.
Compared with that of the DR peak, the red shift of the QR peak becomes more obvious with the increase of Ag
nanowire radius. The resonance mode of the extinction peak depends on the cross sectional shape of the Ag nanowire.
In the case of the traditional Ag nanowire with circular cross section, DR is excited by long wavelength light while
QR is excited by short wavelength light. According to the curves of electric field enhancement factor vs excitation
wavelength, the maximum enhanced electric field is observed at the apex of the pentagonal section of Ag nanowire,
and the enhancement factor reaches 180 times for excitation wavelength of 377 nm. However, the electric field at the
pentagon edge is enhanced only by several times. The simulation results give a reasonable explanation to the emission
enhancement in Ag nanowire/ZnO quantum dot system, and indicate that Ag nanowires can be applied to improving

the luminescent efficiency of semiconductor materials, biological detection, etc.

Keywords: Ag nanowire, localized surface plasmon, finite difference time domain method
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