
NANO EXPRESS Open Access

Enhanced plasmonic behavior of bimetallic
(Ag-Au) multilayered spheres
Ovidio Peña-Rodríguez1*† and Umapada Pal2†

Abstract

In this article we study the plasmonic behavior of some stable, highly biocompatible bimetallic metal-dielectric-
metal (MDM) and double concentric nanoshell (DCN) structures. By simply switching the material of the inner
structure from Au to Ag, the intensity of their surface plasmon resonance could be increased in the optical
transparency region of the human tissues up to 20 and 60 percent for the MDM and DCN, respectively, while the
biocompatibility is retained. The obtained results indicate that these novel structures could be highly suitable for
surface enhanced Raman scattering and photothermal cancer therapy.

Background
Surface plasmon resonance (SPR), which comes from
the collective oscillation of conduction electrons, domi-
nates the optical spectra of metallic nanoparticles (NPs),
making them attractive for many potential applications.
For example, the dependence of their SPR frequency on
the dielectric constant of embedding medium [1] can be
used for cancer treatments [2,3], and biological or che-
mical sensing [4-6]. Moreover, the intense electromag-
netic fields produced by the SPR in the surroundings of
the nanoparticle are essential in surface-enhanced
Raman scattering (SERS) [7], which in turn has impor-
tant applications in areas such as medical diagnostics [8]
and immunoassay [9,10].
Traditionally, gold and silver have been the preferred

materials for the synthesis of nanoparticles [11-14], and
both of them have some advantages and disadvantages.
Gold NPs are easier to synthesize, have better biocompat-
ibility and long-term stability but silver NPs have a more
intense SPR, which is of great advantage for SERS and
sensing applications. On the other hand, it can be attrac-
tive [15] to use bimetallic NPs, where the advantages of
both materials can be combined to obtain structures with
improved optical response. Nevertheless, while it has
been demonstrated [15] that three-layered nanoshells of
SiO2-Au-Ag can theoretically improve their optical

response, those structures present some practical pro-
blems related to the difficulty of maintaining separate
gold and silver layers, as they tend to form alloys [16-18].
Multilayered nanoshells or nanomatryushkas are a

new kind of particles which have been synthesized
recently [19-21], and studied theoretically [22-25]. In
addition to their better SPR tunability, there appears no
problem of alloying in such nanostructures as the metal-
lic layers are separated by dielectric ones. In spite of this
potential advantage, there exists no systematic study in
literature on the advantages of replacing monometallic
multilayered structures with bimetallic ones.
In this work, we have used classical Mie calculations

[26-28] to study two different kinds of bimetallic multi-
layered nanoshells: metal-dielectric-metal (MDM) struc-
tures and double concentric nanoshells (DCNs). The bulk
values of Ag and Au dielectric functions reported by
Johnson and Christy [29] were used to calculate their opti-
cal responses after applying the usual size correction [30].
It has been observed that the configurations containing sil-
ver at the inner layer and gold at the outer are particularly
advantageous as the SPR intensity can be increased without
compromising biocompatibility and stability of the nano-
particles. Obtained results have been explained in terms of
the theory of plasmon hybridization. These bimetallic struc-
tures could be used as excellent replacements for monome-
tallic ones in most sensing and SERS-based applications.

Procedure
In the present article, we have studied bimetallic MDM
structures and DCNs with geometries as shown in
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Figure 1a, where ri and ti (i = 0, ..., 3) are the radii and
thicknesses of the ith layer (for the MDM structure r0 =
t0 = 0). The extinction efficiencies for the different con-
figurations were calculated by means of Scattnlay [28], a
computer implementation of the algorithm developed by
Yang [31] for the calculation of the scattering of EM
radiation by a multilayered sphere. Moreover, in order
to explain the observed shifts of the SPR, we have used
a complementary, mainly qualitative method which has
been developed recently: the theory of plasmon hybridi-
zation [20]. In this approach the characteristics of the
SPR are explained in terms of the interactions between

the plasmons of metallic nanostructures with simpler
shapes. For instance, the SPR of metallic nanoshells can
be understood from the coupling between the plasmons
modes of a sphere (|ωs〉) and a cavity (|ωc〉), where two
new plasmon oscillation modes are created: a higher
energy (antibonding) mode (|ω+〉) and a lower energy
(bonding) mode (|ω-〉), corresponding to the antisym-
metric and symmetric interactions between the |ωs〉 and
|ωc〉 modes, respectively.
The energy level diagram for plasmon hybridization in

the studied MDM (red) and DCN (blue) structures is
depicted in Figure 1b. The plasmon resonance in a
MDM [DCN] structure can be viewed as the interaction
between the plasmon responses of the inner sphere
[nanoshell] (|ωs〉 [

∣
∣ω2

−
〉
and

∣
∣ω2

+

〉
]) and the outer (

∣
∣ωo

−
〉
and

∣
∣ωo

+

〉
) nanoshell. Three hybridized modes are obtained

for the MDM, the energy mode
∣
∣ω−

−
〉
corresponds to the

antisymmetric coupling between the symmetric plasmon
resonance modes of the outer (

∣
∣ωo

−
〉
) nanoshell and the

sphere plasmon. The coupling between the higher-
energy antibonding mode of the outer nanoshell and the
nanosphere plasmon modes is very weak and only one
hybridized mode is produced in this case (

∣
∣ω+

+

〉
). In con-

trast, four hybridized modes are produced in the DCN
structure because its inner nanoshell has two energy
modes. The energy mode
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) corresponds to the

antisymmetric (symmetric) coupling between the sym-
metric plasmon resonance modes of the inner (
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∣ωi

−
〉
) and

outer (
∣
∣ωo

−
〉
) nanoshells. On the other hand, the energy

mode
∣
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(
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) corresponds to the symmetric (anti-

symmetric) coupling between the antisymmetric plas-
mon resonance modes of the inner (

∣
∣ωi

−
〉
) and outer

(
∣
∣ωo

+

〉
) nanoshells (Figure 1c). Although, in principle,

there exists also a coupling between the antisymmetric
and symmetric plasmons of the separate nanoshells, it
has only a small influence on the hybridized modes, due
to the large energy separation between those two modes
[20].
The characteristics of the surface plasmon resonance

obtained for the multilayer structures studied in this
work primarily depend on the properties of the SPR of
the two constituents metal layers (their composition and
thickness) and the strength of the coupling between
them (defined by the thickness of the dielectric layer
that separates them). Since the dependence of the opti-
cal response in terms of geometrical parameters has
been previously studied in detail for both structures
[22,23], we focus only on the influence of the composi-
tion. For this, we have selected a configuration where
both the dielectric layer thickness and the total size of
the particles are constant, while the thickness of the
metal layers is simultaneously varied (inversely), in order

Figure 1 Schematic representation of the MDM and DCN
structures. (a) Schematic representation of the studied MDM and
DCN structures (for the MDM r0 = t0 = 0) and (b) their
corresponding energy diagrams, representing plasmon hybridization.
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to obtain an opposite behavior between the inner and
outer energy modes (one red-shifts when the other does
the contrary). For this configuration, the optical
response of the bimetallic nanostructures can be tuned
to find an optimum relation between t1 and t3 yielding
the maximum gain in intensity for a given red-shift.
Moreover, the optical response can be analyzed across
the full range where it can vary in a single simulation.
Calculated values were compared with those obtained
for the equivalent Au-only structures in both cases.

Results and discussion
The wavelength variations of extinction efficiency (Qext)
for MDM and DCN structures of different compositions
with a fixed thickness of 5 nm for all of its layers and
embedded in water (n = 1.33) are shown in Figure 2. It
can be seen that, with respect to the equivalent Au-only
structures, the Au-Ag and Ag-only configurations have
a more intense

∣
∣ω+

−
〉
energy mode, but the

∣
∣ω−

−
〉
mode is

considerably less intense and blue-shifted. Additionally,
the last two configurations are not advantageous for

practical applications, due to the poor stability and bio-
compatibility of silver. On the other hand, the Ag-Au
configuration with a more intense

∣
∣ω−

−
〉
energy mode

retains the advantages of Au structures, due to outer Au
layer. The only drawback of the latter structures is a
slight blue-shift of

∣
∣ω−

−
〉
energy mode, which could easily

be corrected by adjusting their geometrical parameters
[22,23]. Considering these findings, we restrict our
further studies only to the gains obtained by using the
configurations containing Ag and Au at the inner and
outer metallic shell, respectively, instead of their Au-
only counterparts.
The theoretical extinction efficiencies, calculated for

fixed dielectric layers (5 nm) and the simultaneous
inverse variations of t1 and t3 (t1 = 2, ..., 14 nm; t3 = 16
nm - t1) are shown in Figures 3 and 4 for the MDM
and DCN structures, respectively. The spectra obtained
as a function of t3 can be roughly divided into three
regions. The first one corresponds to a very thin outer
layer (below 5 nm); for which the

∣
∣ωi

−
〉
and

∣
∣ωo

−
〉
modes

are widely separated. In this case, the position of the
bonding (antibonding) mode of the composite structures

Figure 2 Simulated extinction efficiency for MDM and DCN
structures of various compositions. Simulated extinction
efficiency as a function of the wavelength for (a) MDM and (b) DCN
structures with a fixed thickness of 5 nm in all of its layers (for the
MDM r0 = t0 = 0). Black, red, blue, and green lines correspond to the
Au-Au, Ag-Au, Au-Ag, and Ag-Ag compositions, respectively.

Figure 3 Simulated extinction efficiency for Au-Au and Ag-Au
MDM structures. Simulated extinction efficiency as a function of
the wavelength for (a) Au-Au and (b) Ag-Au MDM structures,
having t2 = 5 nm, while t1 and t3 are varied simultaneously (t1 = 2,
..., 14 nm; t3 = 16 nm - t1).
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is almost entirely controlled by the
∣
∣ωo

−
〉
(
∣
∣ωi

−
〉
) mode. For

this reason the bonding mode (the one we are interested
in) is virtually identical for both compositions and the
gain obtained in this case is quite small.
The intermediate region, which includes thicknesses of

the outer layer ranging from 5 to 10 nm, is the most
interesting because appreciable increases in the intensity
of the

∣
∣ω−

−
〉
mode are obtained for the bimetallic parti-

cles, at the expense of a small blue-shift. When both
effects are weighted, a net gain of intensity is obtained,
revealing the advantage of using bimetallic structures.
The improvement in intensity can be explained by con-
sidering the characteristics of the geometry as well as
the differences between the SPRs of silver and gold.
Firstly, in this configuration the internal and external
energy modes are closer to each other, resulting in a
greater coupling between them, and consequently, both
have some influence over the two hybridized modes.
Moreover, the SPR of silver is considerably more intense
than that of gold, and appears at higher energy (lower
wavelength). Thus, the changes in the

∣
∣ω−

−
〉
mode are

driven by the increased influence of the inner metallic

layer. Fortunately, the increase in intensity dominates
over the red-shift, improving the optical response. On
reducing the value of t3, the

∣
∣ωo

−
〉
mode red-shifts, get-

ting away from the
∣
∣ωi

−
〉
mode and reducing their cross-

influence over the hybridized modes, and then the
differences in the

∣
∣ω−

−
〉
mode between the Au-Au and

Ag-Au configurations are erased (first region).
For the third region (t3 > 10 nm), again there are few

differences between the two compositions; here the
bonding hybridized mode keeps blue-shifting until it
almost disappears, “absorbed” by the antibonding one.
This effect is produced by the shielding caused by the
thick outer layer, through which the light does not “see”
the inner region and, therefore, the particle behaves
almost like a single Au nanoshell.
Finally, in Figure 5, the variations of the extinction effi-

ciency at the SPR maximum (QSPR
ext ) as a function of its

wavelength (lSPR), for the considered bimetallic structures
are summarized. The region of transparency of the human
tissues (700-1300 nm) is marked with vertical dashed lines.
As can be seen, in spite of the differences in the intensity
and red-shifts, the dependence of the

∣
∣ω−

−
〉
energy mode on

the geometrical parameters is essentially the same for both
the MDM and DCN structures. Moreover, the intensity of
their SPR bands is greater than the same for monometallic
(Au-Au) structures in the 700-1300 nm spectral range.
The gain in SPR intensity is particularly important in the
region between 700 and 900 nm, which is up to 20 and
60 percent for the MDM and DCN, respectively. There-
fore, these bimetallic nanoshell structures could be excel-
lent replacements for the Au-only ones for bio-medical
applications such as biosensors and cancer treatments [3].

Figure 4 Simulated extinction efficiency for Au-Au and Ag-Au
DCN structures. Simulated extinction efficiency as a function of the
wavelength for (a) Au-Au and (b) Ag-Au DCN structures, having
t0 = t2 = 5 nm, while t1 and t3 are varied simultaneously (t1 = 2, ...,
14 nm; t3 = 16 nm - t1).

Figure 5 Summary of the variations of QSPR
ext as a function of

lSPR. Summary of the variations of the extinction efficiency at the
SPR maximum (QSPR

ext ) as a function of its wavelength (lSPR), for the
studied MDM and DCN structures. The region of transparency of the
human tissues (700-1300 nm) is marked with vertical dashed lines.
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Conclusions
By manipulating structural parameters of bimetallic
MDM (DCN) structures, a gain in intensity of

∣
∣ω−

−
〉

mode up to 20 (60) percent can be achieved over their
Au-only counterparts in the region of transparency of
human tissues. The condition for such gains is that the
outer metal layer has a thickness in the range of 5 to
10 nm; in this configuration the internal and external
energy modes are closer, so that the interaction between
them is greater and, consequently, both have some
cross-influence over the hybridized modes. Thus, the∣
∣ω−

−
〉
energy mode “inherits” the spectral position of the

energy mode of the outer metallic layer and the inten-
sity of the inner one. Our designed bimetallic nanos-
tructures could be more suitable than the conventional
mono metallic nanoparticles and nanoshell structures
for SERS and cancer therapy applications.
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DCN: double concentric nanoshell; MDM: metal-dielectric-metal; NPs:
nanoparticles; SERS: surface enhanced Raman scattering; SPR: surface
plasmon resonance.

Acknowledgements
O. Peña-Rodríguez thanks DGAPA-UNAM and ICMAB-CSIC for extending a
postdoctoral fellowship through the UNAM-CSIC agreement.

Author details
1Institut de Ciència de Materials de Barcelona (ICMAB-CSIC), Campus UAB,
Bellaterra, Barcelona, 08193, Spain 2Instituto de Física, Benemérita
Universidad Autónoma de Puebla, Apartado Postal J-48, Puebla, Puebla
72570, México

Authors’ contributions
OPR conceived the study, performed the calculations and participated in the
analysis of the results and writing the manuscript. UP supervised the study
and participated in the analysis of the results and writing the manuscript. All
authors read and approved the manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 6 December 2010 Accepted: 4 April 2011
Published: 4 April 2011

References
1. Kelly KL, Coronado E, Zhao LL, Schatz GC: The optical properties of metal

nanoparticles: the influence of size, shape, and dielectric environment.
J Phys Chem B 2003, 107:668-677.

2. Hirsch LR, Stafford RJ, Bankson JA, Sershen SR, Rivera B, Price RE, Hazle JD,
Halas NJ, West JL: Nanoshell-mediated near-infrared thermal therapy of
tumors under magnetic resonance guidance. Proc Natl Acad Sci USA 2003,
100:13549-13554.

3. Zhang JZ: Biomedical applications of shape-controlled plasmonic
nanostructures: a case study of hollow gold nanospheres for
photothermal ablation therapy of cancer. J Phys Chem Lett 2010,
1:686-695.

4. Sun Y, Xia Y: Increased sensitivity of surface plasmon resonance of gold
nanoshells compared to that of gold solid colloids in response to
environmental changes. Anal Chem 2002, 74:5297-5305.

5. Cao M, Wang M, Gu N: Optimized surface plasmon resonance sensitivity
of gold nanoboxes for sensing applications. J Phys Chem C 2009,
113:1217-1221.

6. Alivisatos P: The use of nanocrystals in biological detection. Nat
Biotechnol 2004, 22:47-52.

7. Jackson JB, Halas NJ: Surface-enhanced Raman scattering on tunable
plasmonic nanoparticle substrates. Proc Natl Acad Sci USA 2004,
101:17930-17935.

8. Allain LR, Vo-Dinh T: Surface-enhanced Raman scattering detection of the
breast cancer susceptibility gene BRCA1 using a silver-coated microarray
platform. Anal Chim Acta 2002, 469:149-154.

9. Hirsch LR, Jackson JB, Lee A, Halas NJ, West JL: A whole blood
immunoassay using Gold nanoshells. Anal Chem 2003, 75:2377-2381.

10. Cui Y, Ren B, Yao J, Gu R, Tian Z: Synthesis of Agcore-Aushell bimetallic
nanoparticles for immunoassay based on surface-enhanced Raman
spectroscopy. J Phys Chem B 2006, 110:4002-4006.

11. Sönnichsen C, Alivisatos AP: Gold nanorods as novel nonbleaching
plasmon-based orientation sensors for polarized single-particle
microscopy. Nano Lett 2005, 5:301-304.

12. Raschke G, Brogl S, Susha AS, Rogach AL, Klar TA, Feldmann J, Fieres B,
Petkov N, Bein T, Nichtl A, Kurzinger K: Gold nanoshells improve single
nanoparticle molecular sensors. Nano Lett 2004, 4:1853-1857.

13. McFarland AD, Van Duyne RP: Single silver nanoparticles as real-time
optical sensors with zeptomole sensitivity. Nano Lett 2003, 3:1057-1062.

14. Xu H, Käll M: Surface-plasmon-enhanced optical forces in Silver
nanoaggregates. Phys Rev Lett 2002, 89:246802.

15. Wu D, Xu X, Liu X: Tunable near-infrared optical properties of three-
layered metal nanoshells. J Chem Phys 2008, 129:074711.

16. Link S, Wang ZL, El-Sayed MA: Alloy formation of gold-silver nanoparticles
and the dependence of the plasmon absorption on their composition. J
Phys Chem B 1999, 103:3529-3533.

17. Moskovits M, Srnova-Sloufova I, Vlckova B: Bimetallic Ag-Au nanoparticles:
extracting meaningful optical constants from the surface-plasmon
extinction spectrum. J Chem Phys 2002, 116:10435-10446.

18. Fukutani H: Optical constants of silver-gold alloys. J Phys Soc Jpn 1971,
30:399-403.

19. Radloff C, Halas NJ: Plasmonic properties of concentric nanoshells. Nano
Lett 2004, 4:1323-1327.

20. Prodan E, Radloff C, Halas NJ, Nordlander P: A hybridization model for the
plasmon response of complex nanostructures. Science 2003, 302:419-422.

21. Xia X, Liu Y, Backman V, Ameer GA: Engineering sub-100 nm multi-layer
nanoshells. Nanotechnology 2006, 17:5435-5440.

22. Wu D, Liu X: Tunable near-infrared optical properties of three-layered
gold-silica-gold nanoparticles. Appl Phys B 2009, 97:193-197.

23. Peña-Rodríguez O, Pal U: Geometrical tunability of linear optical response
of silica-gold double concentric nanoshells. J Phys Chem C 2010,
114:4414-4417.

24. Hasegawa K, Rohde C, Deutsch M: Enhanced surface-plasmon resonance
absorption in metal-dielectric-metal layered microspheres. Opt Lett 2006,
31:1136-1138.

25. Khosravi H, Daneshfar N, Bahari A: Theoretical study of the light scattering
from two alternating concentric double silica-gold nanoshell. Phys
Plasmas 2010, 17:053302.

26. Mie G: Beiträge zur optik trüber medien, speziell kolloidaler
metallösungen. Ann Phys 1908, 330:377-445.

27. Bohren CF, Huffman DR: Absorption and Scattering of Light by Small Particles
New York: Wiley-Interscience; 1998.

28. Peña O, Pal U: Scattering of electromagnetic radiation by a multilayered
sphere. Comput Phys Commun 2009, 180:2348-2354.

29. Johnson PB, Christy RW: Optical constants of the noble metals. Phys Rev B
1972, 6:4370.

30. Peña O, Pal U, Rodríguez-Fernández L, Crespo-Sosa A: Linear optical
response of metallic nanoshells in different dielectric media. J Opt Soc
Am B 2008, 25:1371-1379.

31. Yang W: Improved recursive algorithm for light scattering by a
multilayered sphere. Appl Opt 2003, 42:1710-1720.

doi:10.1186/1556-276X-6-279
Cite this article as: Peña-Rodríguez and Pal: Enhanced plasmonic
behavior of bimetallic (Ag-Au) multilayered spheres. Nanoscale Research
Letters 2011 6:279.

Peña-Rodríguez and Pal Nanoscale Research Letters 2011, 6:279
http://www.nanoscalereslett.com/content/6/1/279

Page 5 of 5


	Abstract
	Background
	Procedure
	Results and discussion
	Conclusions
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


