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Abstract A new method of synthesis Au/Ag core/shell nanostructure with KrF excimer laser is studied. It is found
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that the Au/Ag core/shell nanostructures with spherical shell can be prepared by KrF excimer laser which is obviously
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confirmed by high resolution transmission electron microscopy (HRTEM). The surface plasma resonance (SPR) of
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this nanostructure can be tuned by controlling thickness of the Ag shell. Simulation based on Mie theory is in
to high sensitive trace detection in the future.
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agreement with the result of the experiments. Moreover, it is indicated that the Au/Ag core/shell nanostructure has
excellent activity in surface-enhanced Raman scattering (SERS). This Au/Ag core/shell nanostructure may be applied

materials; core-shell nanostructure; laser ablation in liquid; surface plasmon resonance
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Fig.1 (a, b, ¢) High resolution transmission electron microscopy (HRTEM) images of nanostructure;

(d) energy dispersive spectroscopy (EDS) of the nanostructure
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Fig. 2 (a) Absorption spectrum of sample (I-VI); (b) simulation result of surface plasma resonance absorption of the
core/shell model; (¢) curve peak center versus ablation time in experiment; (d) curve peak center versus thickness of
the Ag shell in simulation based on Mie theory
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Fig. 3 Mechanism of the synthesis of the Au/Ag core/shell nanostructure

D) SO S S A R A B Ak T 2 oKk 4
LR AT s BRIk DX I M T SO 1 RE L T
Wb A LA IR A G 1 A R A5 A B T IR R S R
REREIF ARSI s S HOCIK b 25 R/ LU . & 5 5 1
PRTEIK TV v 40 23 BIOB /IS 9 <8 9 /0N RERG 5 3k 28
<5 /N RCT A W SR IE I T B 4 1) 4 A R FBURY

2) FARHCE T8 — 2 B A w5 4 0 G 4R
2 O S A R R i A A SR A A T

T WO K 25 R 5 R 5 B R 2 R RE 43 HIOBL /N TR
T s BT AR Y b A 4 R A (R L A% IR R IR
CER 1 5 48 3 B 4.0862 AL 4 I & 1% 4 S N
4,0783 A) i /Nl i 4 A R TE B 208 1IN 4 48
KAWORE_E DT A 52 A K B 4

SIS S i I S R s R I NE- R (D
10~ mol/ L&5 &y B M I i 2 g s ROR - LKL 4 ()
AT VR TR AR B B TR Ak, L

0706001-4



AU

RGBT ot 15 ] 6 < A R 7 A K B A R RE BT 5

PSS SRR AL R S . FEMA T H0E
Bel ik ] 4 ) B A AR )5 4 SR B
5T A IR R sR L 4(b) ], X Ul B O e il vk i &
(19 < A% B e A O 28 g LA AR 114 26 T 004 56 7 2 15 1
ke T R FH T 5 Sy R A

—10°mol /L CV
—— Au@Ag|NPs for CV

Intensity (a.u)

600 800 1000 1200 1400 1600 1800
Raman shift /cm™!

P4 A AR 7 20 DK 25 0 X 4 4R T TR 1Y) 3% T G R L
Hh£k. (&) 10" mol/L %4 & %8 MY i & 15 5 (bR
RS ARF KB3R5 19 107" mol/L 45 i %

SBE0A=RERe
Fig. 4 Raman of (a) crystal violet at a concentration of
107 mol/L  and surface-enharced Raman
scattering ( SERS ) of crystal violet at a
concentration of 107 ° mol/L. with (b) Au/Ag

core/shell colloid

4 4k ®

FJH 248 nm 1Y KrF Y5> F306 5l 45 7 4
AR ST 9K 454 . HRTEM R W% R SF Ry 20~
40 nm, AhSEREEEL 3 nm. R AR AN AT L 4 6 6
TERAE T il #5 2 A2 v A% 52 45 40 55 B9 3 iR 0 110 7
16, H 5 Mie BB BLL 45 R — 2R W] 1 585
il A K 25 F 2 S A A TR 2R A 4
SEH, HL P AR 5 JEE A 06 R 1Y 12 N oK 45 M A R T
LRILPRIENT . 454 LR 5 IS 0T T o6 be ik
il 5 4 7S AR 7E N K 25 K4 1 T8 AL o It i 5
0 25 S B ME 4 T O Be ik 2k ) A5 1 & AR T AN K
SE R LA ARSI 22w SR L 2O RS TR M AT T
o P 5 ARG ) 4935

& £ X #t

1G C Rajib, P Santanu. Core/shell nanoparticles: classes.,
properties,  synthesis mechanisms., characterization, and
applications[ J]. Chem Rev, 2012, 112(4): 2373—2433.

2 Long Jiangyou, Huang Ting, Ye Xiaohui, et al.. Effects of low
power CO; laser irradiation on structure of multilayer graphene
[J]. Chinese J Lasers, 2012, 39(12): 1206001.

e VLI, B W, WREER, L R CO, BWOLR IR 22 A &
Ktz ], S EEOE. 2012, 39(12): 1206001,

3 Li Bo. Impact of pulse energy density and irradiation time on
organic dye nanoparticles preparation by laser ablation [ J].
Chinese J Lasers, 2012, 39(2). 0206001.

B N QUL B NN DO R N R R R
KAORLRYFZ ML),  EHOE . 2012, 39(2) : 0206001,

4 Song Jing, Geng Yongyou. Preparation of polyvinyl alcohol
(PVA)/siver ( Ag) nanocomposite film applied in laser direct
writing of blue ray (405 nm)[J]. Acta Optica Sinica, 2012, 32
(9): 0931003.

KoEhs WOk A, T L 05 nm) EOEE S R B/
KA MRHERE R H 5[], Jeé%4, 2012, 32(9): 0931003.

5 Zeng H B, Du X W, Singh S C, e al.. Nanomaterials via laser
ablation/Irradiation in liquid: a review[]J]. Adv Funct Mater,
2012, 22(7): 1333—1353.

6 Henglein A, Holzwarth A, Janata E. Chemistry of colloidal
silver-reactions of lead atoms and small lead aggregates with AG-
N[J]. Ber Bunsenges Phys Chem, 1993, 97(11);: 1429—1434.

7 Fojtik A, Giersig M, Henglein A. Formation of nanometer-size
silicon particles in a laser-induced plasma in SIH4 [ J]. Ber
Bunsenges Phys Chem, 1993, 97(11): 1493—1496.

8 Mafune F, Kohno J. Takeda Y, e al.. Formation and size
control of sliver nanoparticles by laser ablation in aqueous solution
[JJ. J Phys Chem B, 2000, 104(39): 9111—9117.

9Yeh M S, Yang Y S, Lee Y P, e al.. Formation and
characteristics of Cu colloids from CuO powder by laser irradiation
in 2-propanol[J]. J Phys Chem B, 1999, 103(33): 6851 —6857.

10 Jeon J S, Yeh C S. Studies of silver nanoparticles by laser
ablation method[ J]. J Chin Chem Soc Taip, 1998, 45(6); 721—
726.

11 Prochazka M, Mojzes P, Stepanek J, e al.. Probing applications
of laser ablated Ag colloids in SERS spectroscopy: improvement
of ablation procedure and SERS spectral testing[ J]. Anal Chem,
1997, 69(24): 5103—5108.

12 Neddersen J, Chumanov G, Cotton T M. Laser-ablatoin of
metals-a new method for preparing sers active colloids[ J]. Appl
Spectrosc, 1993, 47(12): 1959—1964.

13 Lee I, Han S W, Kim K. Production of Au-Ag alloy
nanoparticles by laser ablation of bulk alloys[J]. Chem Commun,
2001, (18). 1782—1783.

14 Zeng H B, Cai W P, Li Y, e al.. Composition/structural
evolution and optical properties of ZnO/Zn nanoparticles by laser
ablation in liquid media[J]. J Phys Chem B, 2005, 109(39):
18260—18266.

15 Niu K'Y, Yang J, Kulinich S A, e al.. Morphology control of
nanostructures via surface reaction of metal nanodroplets[J]. J
Am Chem Soc, 2010, 132(28): 9814—9819.

16 Han H F, Fang Y, Li Z P, e al.. Tunable surface plasma
resonance frequency in Ag core/Au shell nanoparticles system
prepared by laser ablation[ J]. Appl Phys Lett, 2008, 92(2):
0231162.

17 Chen Y R, Wu H H, Li Z P, et al.. The study of surface
plasmon in Au/Ag core/shell compound nanoparticles [ J .
Plasmonics, 2012, 7(3): 509—513.

18 Zamiri R, Zakaria A, Jorfi R, et al.. Laser assisted fabrication of
Zn0O/Ag and ZnO/Au core/shell nanocomposites[]J]. Appl Phys
A Mater, 2013, 111(2) . 487—493.

19 Nichols W T, Sasaki T, Koshizaki N. Laser ablation of a
platinum target in water. 1. Ablation mechanisms[J]. J Appl
Phys, 2006, 100(11): 114911.

20 Nichols W T, Sasaki T, Koshizaki N. Laser ablation of a
platinum target in water. II. Ablation rate and nanoparticle size
distributions[J]. J Appl Phys. 2006, 100(11). 114912.

21 Nichols W T, Sasaki T,
platinum target in water. III. Laser-induced reactions[J]. J Appl
Phys, 2006, 100(11): 114913.

22 Mie G. Articles on the optical characteristics of turbid tubes,

Koshizaki N. Laser ablation of a

especially colloidal metal solutions[J]. Ann Phys-Berlin, 1908,
25(3): 377—445.

23 Li]J F, Huang Y F, Ding Y, e al.. Shell-isolated nanoparticle-
enhanced Raman spectroscopy[ J]. Nature, 2010, 464 (7287):
392—395.

REEGE RS

0706001-5



