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A method for preparation of Ag core/Au shell nanoparticles with tunable surface plasma resonance
�SPR� band was presented and studied. It was found that the tunable SPR band could be significantly
conducted and achieved by laser ablation to Au plate in Ag colloidal solution, leading to the
formation of Ag core/Au shell structure by the deposition of Au atoms on the surface of Ag
nanoparticles. Dependence of the tunable shift of SPR bands on Ag core/Au shell structure was
further illustrated by simulation of absorption spectra based on Mie theory, and consistent with the
experimental results. © 2008 American Institute of Physics. �DOI: 10.1063/1.2829588�

The application potential of composite noble metallic
nanoparticles due to the unique optical properties has cur-
rently aroused the great interest. Study to the preparation of
such nanoparticles has become a significant subject.1–4 There
are several methods of preparing Ag /Au composite nanopar-
ticles reported.4–8 Recently, the technique of ablating the
metal plates with pulsed laser in different excitation wave-
lengths has been employed to prepare the metal nanopar-
ticles in different sizes and shapes in various solvents.9 The
dynamic mechanism of forming the metal nanoparticles was
studied,9,10 and Ag /Au alloy nanoparticles have been ob-
tained by laser ablating Ag /Au bulk alloys in solution.11

Moreover, compared with the chemical methods,2 laser abla-
tion can produce alloy nanoparticles with advantages as fol-
lows: �1� the preparation is relatively simple and convenient.
�2� The obtained nanoparticles have regular spherical shape.
�3� The nanoparticles system is pure without other remnants
from the chemical reactions.

In this paper, we prepared Ag core/Au shell nanopar-
ticles by ablating golden plate in silver nanoparticle colloid
with a neodymium-doped yttrium aluminum garnet
�Nd:YAG� pulsed laser at 1064 nm wavelength. It was found
that the surface plasma resonance �SPR� frequency of this Ag
core/Au shell colloid system could be dramatically and con-
tinuously tuned depending on the thickness of Au coverage
layer shell induced by laser ablation. Calculation based on
Mie theory was consistent well with the experimental results.

A pured Ag plate �99.99%� was placed at the bottom of
quartz cell with 10 ml redistilled de-ionized water. A
Nd:YAG pulsed laser �Quanta Ray QBY-200� with the exci-
tation wavelength at 1064 nm �the repetition of 5 Hz, pulse
duration between 6 and 9 ns, and pulse energy of 300 mJ�,
was focused on the Ag plate at 90 incidence angle for abla-
tion. Ag nanoparticles were obtained �product I� 30 min, and
then Ag plate was replaced by Au plate in the quartz cell.
Finally, the products II, III, IV, V, and VI were obtained by

ablating Au plate in product I for 30, 60, 90, 120, and
150 min respectively. The absorption spectra were
performed with a UV-visible spectrophotometer �Shimadzu
UV-2401PC�. The patterns of all the above products were
measured and investigated by transmission electron micro-
scope �TEM� �JEOL JEM-2010� and scanning electron mi-
croscope �SEM� �HITACHI S-4800�.

Figure 1 shows the UV-visible absorption spectra of
products I–VI. Curve I describes the surface plasma reso-
nance �SPR� absorption spectrum of pure Ag colloid ob-
tained by ablating Ag plate for 30 min �product I�. The SPR
band is centered at 388 nm. After then, Ag plate was re-
placed by Au plate in quartz cell. The products II, III, IV, V,
and VI were obtained by ablating Au plate in product I for
30, 60, 90, 120, and 150 min, respectively. Curves I–VI de-
scribe the corresponding absorption spectra, indicating that
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FIG. 1. �Color online� Absorption spectra of colloidal nanoparticles. Curve
I shows the Ag colloid formed after laser ablation of the Ag plate for
30 min. Curves II–VI, the laser ablation to the Au plates in product I for 30,
60, 90, 120, and 150 min, respectively.
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the SPR band gradually redshifts from 388 to 513 nm with
the ablation duration extending. When the ablation duration
to the Au is longer than 120 min, there is no further redshift
observed. The fact that the SPR band could redshift continu-
ously in the wavelength region from 388 to 513 nm, implies
that tunable SPR band could be significantly conducted and
achieved under the control of ablation duration.

The pattern of Ag /Au colloidal nanoparticles was ob-
served and investigated by TEM. Figure 2 shows the TEM
images of nanoparticles in product III. The sizes of the nano-
particles range from 15 to 50 nm in diameter �Fig. 2�a��. The
Ag core/Au shell nanostructures can be clearly observed in
Figs. 2�b� and 2�c�. Statistically, the thickness of Au shell
was about 5 nm. For further study of the Ag core/Au shell
structure, electron energy spectrum of the nanoparticles was
also measured �Fig. 3�. For area i in the SEM image of Fig.
3�a�, the ratio of gold and silver atoms calculated from the
electron energy spectrum in Fig. 3�b� is 32:1. The electron
beam size is about 1 �m. For areas ii and iii, the ratios are
30:1 and 25:1, respectively. Usually the penetration depth of
the electron beam to the Ag core/Au shell particle surface is
less than 6 nm, the ratios mainly reflect the atoms distribu-
tion on the Ag particle interface, indicating that the coverage
layer on the surface of Ag nanoparticles mainly consists of
gold atoms. It is evident that Au shells are formed on the Ag
nanoparticles by ablating Au plate in Ag colloidal solution,
i.e., Au atoms were deposited on the surface of Ag nanopar-
ticles by laser ablation in water.

We believe that the tunable characteristics of SPR band
results from the formation of the Ag core/Au shell structure.
As an evidence, the pure Ag colloid and Au colloid were
prepared by laser ablation, respectively, and then both col-
loids were mixed with concentration ratio 1:1. Figure 4�a�
shows absorption spectrum of the mixed colloid. Two dis-
tinct SPR bands separately appeared at 406 and 518 nm
corresponding to the SPR bands of conventional Ag nanopar-
ticles �at 400 nm�12 and Au nanoparticles �at 520 nm�,13 re-
spectively, because Ag and Au nanoparticles were indepen-
dently suspended in this mixed colloid. Furthermore, there is

no observable shift in both bands with the time. This indi-
cated that the SPR bands of this Ag /Au mixed colloid were
not tunable due to the lack of the shell structure, compared
with the case in products II–VI �Fig. 1�. It is also notable that
SPR band of pure Ag colloid �product I� is not redshifted
with the ablation duration �Figs. 4�c� and 4�d�� if no Au
atoms were ablated to deposit on the Ag nanoparticles sur-
face. This demonstrated that continuous laser irradiation to
Ag colloid could not move the SPR band to the red, same as
the case of pure Au colloid produced by laser ablation.

Dependence of the tunable effect of SPR bands on Ag
core/Au shell structure and the shift of SPR bands on the
thickness of Au shell, were further illustrated by simulation
of absorption spectra based on Mie theory.14 Figure 5 shows
the calculated absorption spectra of the Ag core/Au shell
nanoparticles with different thickness of the Au shell. The
diameter of Ag core �bare Ag particle� is fixed at 40 nm.
When the thickness of Au shell is in the region of 1–2 nm,
the SPR band of Ag bare particles is significantly affected by
the Au shell. When the thickness is more than 10 nm, the
SPR band of Ag core/Au shell nanoparticles further shifts to
the red and becomes strong in intensity with increase in the
thickness of Au shell. The calculated results are well consis-
tent with the experimental spectra in Fig. 1. This indicates
that the SPR band of Ag core/Au shell colloid is dependent
on the formation of Au shell. The SPR band can be continu-
ously moved to the red when the thickness of Au shell is
increased, which could be controlled by laser power and ab-
lation time.

The formation of the Ag core/Au shell particles could be
understood as follows: when the Au plate is ablated in Ag
colloidal solution, the Au plate absorbs most of the laser
energy. As a result, Au atoms escaping from the Au surface
can be deposited on the spherical surface of Ag particles to
form an Au shell in such a rich-Au-atoms environment. With
the ablation time increased, the Au shell could be formed due

FIG. 2. Ultrahigh-resolution TEM im-
ages of colloid III.

FIG. 3. �Color online� �a� SEM im-
ages of the nanoparticles in the prod-
uct III. �b� Electron energy spectrum
for the area i in �a�.
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to the rich-Au-atoms environment and the thickness of Au
shell increases gradually as well.

As a summary, the Ag core/Au shell colloid was pre-
pared and studied. The tunable SPR band could be signifi-
cantly conducted and achieved under the control of ablation
duration. It was further demonstrated that Au shells are
formed on the Ag nanoparticles by ablating Au plate in Ag
colloidal solution, i.e., Au atoms were deposited on the sur-
face of Ag nanoparticles by laser ablation in water. Depen-
dence of the tunable effect of SPR bands on Ag core/Au shell
structure and the shift of SPR bands on the thickness of Au
shell were further illustrated by simulation of absorption
spectra based on Mie theory, and are consistent with the
experimental results. This method could also be extended to
produce other core/shell nanoparticles, such as transition
metals that is a subject of future studies. This implies a sig-
nificant method of preparing nanoparticle materials.

Y. Fang thanks the support from the National Natural
Science Foundation of China �No. 20275024� and the Natu-
ral Science Foundation of Beijing. Ulf Hakanson is acknowl-
edged for the interesting discussions. H. Xu thanks the

supports from NSFC under Grant No. 10625418, MOST
with the number: 2006DFB02020, and “Bairen” projects of
CAS.

1E. Prodan, C. Radloff, N. J. Halas, and P. Nordlander, Science 302, 419
�2003�.

2M. Moskovits, I. Srnova-Sloufova, and B. Vlckova, J. Chem. Phys. 116,
10435 �2002�.

3U. Kreibig and M. Vollmer, Optical Properties of Metal Clusters
�Springer, New York, 1995�.

4D. P. O’Neal, L. R. Hirsch, N. J. Halas, J. D. Payne, and J. L. West, Cancer
Lett. 209, 171 �2004�.

5I. Srnova-Sloufova, F. Lednicky, A. Gemperle, and J. Gemperlova,
Langmuir 16, 9928 �2000�.

6K. Mallik, M. Mandal, N. Pradhan, and T. Pal, Nano Lett. 1, 319 �2001�.
7L. H. Lu, H. S. Wang, Y. H. Zhou, S. Q. Xi, H. J. Zhang, and B. Zhao,
Indian Chem. Eng. 2002, 144.

8M. Tsuji, N. Miyamae, S. Lim, K. Kimura, X. Zhang, S. Hikino, and M.
Nishio, Cryst. Growth Des. 6, 1801 �2006�.

9J. B. Zhang and Y. Fang, Colloids Surf., A 266, 38 �2005�.
10M. Rashidi-Huyeh and B. Palpant, J. Appl. Phys. 75, 3075 �1994�.
11I. Lee, S. W. Han and K. Kim, Indian Chem. Eng. 2002, 1782.
12J. A. Creighton, C. G. Blatchford, and M. G. Albrecht, J. Chem. Soc.,

Faraday Trans. 2 75, 790 �1979�.
13C. G. Blatchford, J. R. Campbell, and J. A. Creighton, Surf. Sci. 120, 435

�1982�.
14H. X. Xu, Phys. Rev. B 72, 073405 �2005�.

FIG. 5. �Color online� Absorption spectra of Ag core/Au shell nanoparticles
calculated by computer simulation based on Mie theory. The diameter of Ag
core is 40 nm. The thicknesses of the Au shell are 1, 2, 6, 10, 25, and 40 nm,
respectively.

FIG. 4. �Color online� Absorption spectra of nanoparticle colloids of �a� the
mixed Ag and Au colloid; �b� the Ag colloid the same as I in Fig. 1; �c�
further laser irradiated for 30 min and �d� for 60 min.
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