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The discrete dipole approximation method is used to simulate the optical response of ultrafine Au nanopar-
ticles �NPs� with a diameter of 5 nm assembled in a planar hexagonal array. Similar calculations performed for
Ag NPs arrays are also presented for comparison. For both cases, the absorption spectra are calculated for
various incidence angles and interparticle distances to reveal the optical anisotropy related to the geometry of
the system through the splitting of the surface-plasmon resonance �SPR� into the transverse and longitudinal
modes. This effect usually results in the emergence of two SPR bands in the absorption spectrum as observed
for Ag NPs arrays when the border-to-border interparticle distance becomes smaller than around one particle
radius. Conversely, such a splitting is shown to be undistinguishable for Au NPs arrays whatever the interpar-
ticle distance and the incidence angle are. The different behaviors pointed out between Au and Ag NPs arrays
are ascribed to the intrinsic dielectric properties of these two metals.
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I. INTRODUCTION

The interest in the optical properties of noble metals has a
long history since the early study of the behavior of gold
�and other metals� on exposure to light in 1857.1 Given the
recent development of nanoscience and nanotechnology, the
noble-metal nanoparticles �NPs� have attracted great interest
for their potential applications in a wide variety of domains
such as optics,2–6 chemical sensoring,6–8 and medical
diagnostics,6,9,10 etc. This is in relation with their special op-
tical feature, which is the so-called surface-plasmon reso-
nance �SPR�. It is well established that the SPR spectra of
noble-metal NPs depend on their size, shape, and external
dielectric environment.11,12 Controlling some of these param-
eters enables artificially manipulating the NPs optical prop-
erties in order to fit specific applications. In particular, devel-
oping new synthesis routes for the production of NPs with
controlled sizes remained, until the recent past, a challenging
issue in the roadmap of nanotechnology.

In the last few years, several methods have been success-
fully developed to synthesize NPs with a narrow size distri-
bution, making it possible to use them as building blocks for
the production of two-dimensional �2D� or three-dimensional
superlattices. These close-packed NP self-assemblies have
been already demonstrated to exhibit collective physical
properties differing from both those of individual NPs and
bulk materials.13,14 Interestingly, such collective properties
can be tailored by tuning the dipolar interactions between
NPs through the change in the interparticle spacing in the
array.15,16 In this attempt, various experimental and theoreti-
cal studies have focused on the optical characterization of
both the individual and collective plasmon resonances in Au
NPs assemblies.17–25 In particular, several groups reported
the fabrication and characterization of Au NPs assemblies in
solution by using NPs with a diameter ranging from 13 to
16.6 nm and coated with different surfactants.21–23 The
ultraviolet-visible �UV-Vis� extinction spectra of these solu-
tions were found to exhibit two SPR bands interpreted, in

decreasing order of energy, as the usual individual SPR of
Au NPs and the contribution of Au NPs aggregates, respec-
tively. Similar features were observed from extinction mea-
surements performed on films containing 13 nm Au NPs and
polyelectrolyte multilayer structures deposited on silicon
wafers24 for various interparticle and interlayer spacings.
Surprisingly, another study of DNA-linked Au NPs aggre-
gates containing oligonucleotide linkers of varying length
showed that the UV-Vis extinction spectra of these aggre-
gates only exhibited one single SPR band whose changes in
characteristics �energy and bandwidth� were found to in-
versely depend on the linker length, ranging from 8 to 24
nm. Hence, from these results, which appear to be somewhat
confusing, the actual ability to observe both the SPR of in-
dividual NPs and the collective plasmon resonance arising
from the dipolar interactions between NPs in such an assem-
bly is still greatly debated.

In this paper, the optical properties of ultrafine Au NPs
ordered in hexagonal planar arrays are emphasized using the
discrete dipole approximation �DDA� method and compared
to those of similarly shaped Ag NPs arrays. The optical an-
isotropy arising from the 2D symmetry of these systems is
examined through the dependence of the SPR spectrum on
both the incidence and interparticle spacing. Here, it is found
that no splitting of the SPR band into the transverse and
longitudinal modes can be distinguished in the absorption
spectrum calculated for an Au NPs array whereas such a
feature is clearly observed for an Ag NPs array. The discrep-
ancy between these two systems will be analyzed on the
basis of a comparative study of their optical responses.

II. DISCRETE DIPOLE APPROXIMATION

The absorption spectra of metal NPs assembled in 2D
hexagonal arrays are simulated using the DDA method. The
detailed description of this method can be found
elsewhere26–29 as well as various arguments in favor of its
applicability to simulate the optical properties of NPs.29–31
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Briefly, the basic principle of the DDA was first applied by
DeVoe in 1964 to calculate the optical properties of the
molecular aggregates without considering the retardation
effects.26,27 In 1973, Purcell and Pennypacker considered the
retardation effect to treat the interstellar dust grains.28 Then,
the theory has benefited from further improvements enabling
to use the DDA method for calculating the absorption, ex-
tinction, and scattering cross sections of either individual or
multiple objects with any size and shape.29,32 Here, the free
software DDSCAT 7.0 written by Draine and Flatau33 is used
to perform the DDA calculations.

A. Calculation of the absorption, extinction, and scattering
cross sections

In the DDA approach, the system to be simulated, i.e., the
target, is modeled as a periodic and finite �cubic� array of
polarizable points whose spatial extension is fixed in such a
way to mimic the shape of the object under investigation.29

When such an array is placed under light exposure, each
point �j=1,2 , . . . ,M� acquires a dipole moment in response
to the incident electric field, Einc,j. Let � j stand for the po-
larizability of the jth dipole located at the position r j, there-
fore the polarization at this point is given by P j =� jE j with
the local electric field, E j being expressed as

E j = Einc,j − �
k�j

A jkPk, �1�

where −A jkPk corresponds to the electric field at the position
r j created by the dipole Pk at rk. Here, A jk represents a �3
�3� matrix whose elements are determined using the ana-
lytical expression

A jk =
exp�ikrjk�

rjk
�k2�r̂ jkr̂jk − 13�

+
ikrjk − 1

rjk
2 �3r̂ jkr̂jk − 13��, j � k , �2�

where k�� /c, rjk��r j −rk�, r̂ jk��r j −rk� /rjk, and 13 is the
�3�3� identity matrix. Defining A j j �� j

−1, Eq. �1� can also
be written as the following system of linear complex equa-
tions:

�
k=1

M

A jkPk = Einc,j . �3�

After solving Eq. �3� for the unknown polarization P j, the
extinction and absorption cross sections, Cext and Cabs, are
calculated by setting, respectively:

Cext =
4�k

�E0�2�j=1

M

Im�Einc,j
� · P j� , �4�

Cabs =
4�k

�E0�2�j=1

M �Im	P j · �� j
−1��P j

�
 −
2

3
k3�P j�2� . �5�

The scattering cross section may also be determined by using
Csca=Cext−Cabs.

B. Design of the target

The 2D assembly of metal NPs is represented by a planar
hexagonal array of N=91 monosized spheres regularly
spaced �target 1�, as shown in Fig. 1. The interparticle spac-
ing, d, denotes the border-to-border distance between two
nearest-neighbor particles, while 2R is the particle diameter.
In the following, the relative interparticle spacing is defined
as the ratio of the interparticle spacing to the sphere diam-
eter, that is, d / �2R�. Since the number of dipoles in the target
conditions the calculation time, a compromise was required
in order to ensure the accuracy of the calculations by choos-
ing a fine meshing of the target without using too many
dipoles. As seen from the modeling parameters listed in
Table I, using a total number of around 2�105 dipoles in
order to design target 1 enables us to reach an average num-
ber of 2000 dipoles per sphere while setting the interdipole
spacing to values as small as 0.3 nm. Such a tiny value of the
interdipole spacing ensures that it is much smaller than any
characteristic structural feature of the system, thus making it
possible to satisfactorily describe the NPs array. In addition,
a previous study,30 using simulation parameters similar to
those given above, was found to enable the reasonable con-
vergence of the DDA calculations. For this reason, the same
meshing and limited number of particles in the array have
been used for all the calculations presented in this work,
whatever the interparticle spacing. In reference to the Au and
Ag NPs coated by dodecanethiol that are experimentally syn-
thesized in our group34–36 using a chemical route, the refrac-
tive index of the medium surrounding the metal spheres is
fixed at next=1.46 for all the calculations.

FIG. 1. �Color online� Schematic representation of the DDA
target: two-dimensional hexagonal array composed of N=91
spheres �target 1� arranged in a hexagonal shape with a nearest-
neighbor distance, d. The refractive index of the surrounding me-
dium is set to that of dodecanethiol �next=1.46�.

TABLE I. Modeling parameters used for two different targets
composed of M dipoles to form a hexagonal array of N spheres with
an interparticle spacing given by d /2R=0.2. The number of periph-
eral spheres, NP, and their relative proportion �%� are indicated, as
well as the average number of dipoles per sphere, M /N.

Target M N M /N NP �%�

1 234743 91 2580 30 �33�
2 1001839 469 2136 72 �15�
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C. Size-corrected dielectric function

The dielectric function ���� of the target material needs
also to be defined for the DDA calculation.33 Generally, the
dielectric function of real metals includes both the contribu-
tions of the bound and free electrons. Following the Drude
model of a free-electron metal,37,38 the dielectric function is
given by

�Drude��� = 1 −
�p

2

�2 + i��0
, �6�

where the plasma angular frequency �p=ne2 /�0mef f depends
on both the electron density n, the effective mass mef f, and a
damping factor �0, which accounts for the scattering of elec-
trons by phonons, electrons, lattice defects, or impurities. In
nanometer-sized particles, an additional damping factor has
to be introduced for the conduction electrons because of their
scattering from the particle surface. As a consequence, the
effective mean free path of the electrons, Lef f, is reduced as
compared to the one in bulk metal. The resulting damping
constant � is therefore size dependent �via the introduction of
Lef f� and can be expressed as

��Lef f� = �0 + A�F/Lef f , �7�

where A is a dimensionless factor whose value is determined
by details of the scattering process and �F is the Fermi ve-
locity. In order to account for such a surface dispersion ef-
fect, the dielectric function used for calculating the absorp-
tion spectra of metal nanoparticles is corrected by using the
following relationship:39

���,Lef f� = �bulk��� − �Drude���

+ �1 −
�p

2

�2 + i���0 + A�F/Lef f�
� , �8�

where �bulk��� is the bulk metal dielectric function. Here, the
Au and Ag bulk dielectric functions are taken from Palik’s
handbook,40 and the experimental values used for the Fermi
velocity, the plasma energy, and the damping factor of each
metal are from Ref. 41: �i� �F=1.40�106 m /s, 	�p
=9.03 eV, and �0=0.024 eV for Au; �ii� �F=1.39
�106 m /s, 	�p=8.98 eV, and �0=0.018 eV for Ag. Fol-
lowing a geometrical probability approach,38 the effective
electron mean free path of the conduction electrons inside a
spherical particle of radius R is simply stated as Lef f =4R /3.
As usually assumed, the constant A has been set to unity
when using Eq. �8� for the calculation of the size-corrected
dielectric functions involved in this work.

To illustrate the size dependence of the dielectric function,
the real ��1� and imaginary ��2� parts of the size-corrected
complex dielectric functions calculated for Au and Ag 5 nm
spherical NPs are compared in Figs. 2�a� and 2�b� with those
of bulk metals. While the real part of the dielectric function
exhibits very low size dependence, the imaginary part is sen-
sitively affected in the range below 4 eV by the size correc-
tion given by Eq. �8�. Due to the surface dispersion effect
just mentioned above, the SPRs of both Au and Ag spherical
NPs, which emerge in the visible range, are likely to depend
on their size. The optical absorption spectra calculated by
using either the size corrected or the bulk dielectric function

FIG. 2. �Color online� Real ��1� and imaginary ��2� components of the complex dielectric function of 5 nm �a� Au and �b� Ag NPs
�dashed line� compared with those of bulk materials �solid line� from Ref. 40. Absorption spectra of individual �c� Au and �d� Ag spherical
NPs, calculated by using either the size-corrected �dashed line� or the bulk dielectric function �solid line�. The target used to simulate the
particle is composed of 14 328 dipoles and the refractive index of the surrounding medium is fixed to next=1.46.

ABILITY TO DISCERN THE SPLITTING BETWEEN… PHYSICAL REVIEW B 81, 205405 �2010�

205405-3



of individual Au and Ag NPs are compared in Figs. 2�c� and
2�d�. Here, the particles are considered to be surrounded by a
medium with the same refractive index as the one of dode-
canethiol �next=1.46�. For both metals, the position of the
SPR remains almost unchanged whatever the dielectric func-
tion used. The unique SPR band of individual Au NPs
emerging in the spectra of Fig. 2�c� is peaked at 2.37 eV, and
that of Ag NPs appears around 3.0 eV in Fig. 2�d�. In con-
trast with the invariance of the SPR position, both its ampli-
tude and width exhibit dramatic change when taking into
account the size dependence of the dielectric function in the
DDA calculation. As a matter of fact, a slight broadening of
the SPR is observed as well as a strong decrease in its am-
plitude. Such a damping of the SPR of metal particles ob-
served for decreasing size qualitatively agrees with experi-
mental measurements performed on noble-metal NPs with a
few nanometers in diameter42 and makes sense for using the
size-corrected dielectric function in the simulation presented
in this work.

III. RESULTS AND DISCUSSION

The absorption spectra calculated for a 2D self-
organization of NPs composed of N=91 spheres uniformly
sized and assembled in a regular planar hexagonal array are
now considered. The incident light propagates along the x
axis with the electric field vector being oriented in the y-axis
direction �see Fig. 1�. When the incident angle, 
, is fixed at
0°, i.e., at normal incidence, the hexagonal array stands par-
allel to the �yz� plane with the electric field being also par-
allel to the latter, which corresponds to the so-called in-plane
configuration. In order to simulate a change in the incident
angle, the hexagonal array is simply rotated around the z

axis. In this way, the out-of-plane configuration is therefore
obtained by considering the light propagation at grazing in-
cidence, that is, by setting the angle of incidence at 90°. In
such a configuration, the incident light propagates parallel to
the hexagonal array. The interparticle spacing, d, is defined
as the border-to-border distance between two nearest-
neighbor particles, and 2R is the particle diameter.

Figures 3�a�–3�c� show the absorption spectra of 5 nm Au
NPs organized in a hexagonal array. Only one single SPR
band is observed for any the incidence angle and interparticle
spacing. At normal incidence �
=0°�, the electric field of the
light is parallel to the plane of the NPs array �in-plane con-
figuration�. Hence, the absorption band is ascribed to the
longitudinal plasmon resonance in the NPs array. On increas-
ing the incidence angle, the SPR band slightly shifts toward
higher energies. Note that the blue shift of the SPR band is
mainly appreciable when looking at large incidence angles
�65° �
�90°�. Furthermore, the profile of the SPR band is
observed to depend on the incidence angle, especially for the
more compact array characterized by an interparticle spacing
of d / �2R�=0.2, as illustrated in Fig. 3�c�. This change in the
SPR band profile can be attributed to the increasing contri-
bution of the absorption related to the transverse plasmon
resonance when progressively rotating the planar array from
an in-plane to out-of-plane configuration. Concerning the de-
pendence of the absorption spectrum on the interparticle
spacing, it is surprising to observe no splitting of the SPR
band when decreasing the interparticle spacing in the Au NPs
array, in contrast with previous studies of the optical re-
sponse of Ag NPs organized in 2D planar arrays.30,43,44 In-
deed, it is common knowledge that the strength of the dipolar
interaction between the NPs in the array is primarily gov-
erned by the interparticle spacing so that the greater the in-

FIG. 3. �Color online� Dependence on the incident angle of the absorption spectra of �a�–�c� Au and �d�–�f� Ag spheres of 5 nm diameter
assembled in 2D arrays for three different relative interparticle spacings: �a� and �d� d / �2R�=1, �b� and �e� d / �2R�=0.5, and �c� and �f�
d / �2R�=0.2. For each case, the following incidence angles are considered: 0° �pink�, 30° �orange�, 45° �black�, 55° �green�, 60° �cyan�, 65°
�blue�, 70° �olive�, 75° �magenta�, and 90° �violet�. The arrows are oriented in the sense of increasing incidence angle.
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terparticle spacing, the weaker the dipolar interactions be-
tween the neighboring NPs. Conversely, decreasing the
interparticle spacing leads to strengthening the interactions
between NPs and, consequently, favors the emergence of col-
lective optical properties. From this fact, it is expected that
both the energies of the two plasmon resonances and their
respective amplitudes would exhibit dependence on the in-
terparticle spacing.

In order to illustrate and ascertain the arguments men-
tioned above concerning the dependence of the SPR spec-
trum of Au NPs array on both the incidence angle and inter-
particle spacing, let us compare the results shown before
with those obtained for Ag NPs organized in similar arrays.
The corresponding absorption spectra are shown in Figs.
3�d�–3�f�. Comparing first Figs. 3�a� and 3�d�, it appears that
the SPR spectra of Au and Ag NPs arrays with an interpar-
ticle spacing of d / �2R�=1 exhibit the same dependence on
the incidence angle since, for both cases, one observes one
single SPR band which is blueshifted for increasing inci-
dence. However, a further comparison of these two systems
for shorter interparticle spacings reveals several discrepan-
cies between their optical responses. As shown in Fig. 3�f�
for d / �2R�=0.2 and to a lesser extent in Fig. 3�e� for
d / �2R�=0.5, two bands emerge in the SPR spectra of Ag
NPs array for incidences ranging from 30° to 75°. Indeed, in
addition to the lower energy band related to the longitudinal
plasmon resonance, which is centered around 2.5 eV, a sec-
ond band distinctly emerges at higher energy ��3.5 eV� and
progressively grows on increasing the incidence angle. This
band is attributed to the transverse plasmon resonance of the
Ag NPs array. Both the longitudinal and transverse plasmon
resonances are therefore well distinguished in the spectra of
Ag NPs array with an interparticle spacing not exceeding one
particle radius, in contrast with similar arrays of Au NPs
whose spectra are displayed in Figs. 3�b� and 3�c�. As a
matter of fact, the energy difference, �E, between the trans-
verse �E�� and longitudinal �E� plasmon energies of the Ag
NPs array is large enough to allow clear observation of an
isosbestic point in Figs. 3�d�–3�f� whereas no such feature is
observed for the Au NPs array for any interparticle spacing,
due to the weaker splitting between the two plasmon modes
in the latter system. At this point, it should be noted that,
unlike the case of Ag, both the transverse and longitudinal
plasmon resonances of the Au NPs array emerge above the
threshold of the interband electronic transitions �1.84 eV�.
Hence, the two plasmon resonance bands are superimposed
on the tail of the interband transitions absorption inducing
the subsequent broadening of the two plasmon bands and
making therefore their splitting even more difficult to ob-
serve with Au as compared to Ag NPs arrays.

Although the bands related to the longitudinal and trans-
verse plasmon resonances are not discernible for the Au NPs
array, their respective amplitudes are expected to vary with
the interparticle spacing, as was previously shown for their
energies. This variation in the two plasmon resonances am-
plitudes could be estimated from the evolution of the spectra
profile depicted in Figs. 3�a�–3�c�. Nevertheless, in order to
better illustrate the dependence of both the amplitudes and
splitting of the two plasmon resonances on the interparticle
distance, Fig. 4 shows how the “strict” longitudinal and

transverse plasmon resonances evolve for both Au and Ag
NPs arrays. Actually, plotting the absorption spectra calcu-
lated for different d / �2R� values and for an incidence angle
of either 0° or 90° enables independently following the lon-
gitudinal and transverse plasmon resonances dependence on
the compactness of the array. As shown in Figs. 4�a� and
4�c�, at normal incidence, the longitudinal resonance is
shifted toward lower energies and is also amplified for de-
creasing interparticle spacing. Conversely, at parallel inci-
dence, Figs. 4�b� and 4�d� clearly exhibit a blue shift of the
transverse plasmon resonance accompanied by a significant
decrease in its amplitude when the interparticle spacing de-
creases. On comparing the evolution of the spectra of the Au
NPs array in Figs. 4�a� and 4�b� to those of the Ag NPs array
in Figs. 4�c� and 4�d�, it is seen that the variation in the

FIG. 4. �Color online� Calculated absorption spectra of 5 nm �a�
and �b� Au and �c� and �d� Ag NPs ordered in 2D arrays of 91 NPs
for �a� and �c� normal and �b� and �d� parallel incidences for various
relative interparticle spacings d / �2R�: 0.2 �orange�, 0.25 �black�,
0.375 �green�, 0.5 �blue�, 0.75 �red�, and 1 �olive�. The arrows are
oriented in the sense of decreasing d / �2R�. �e� Plot of both the
longitudinal �solid lines� and transverse �dashed lines� SPR versus
d / �2R� for Au �red� and Ag �black� NPs arrays. The dotted horizon-
tal lines indicate the SPR energy of an individual 5 nm spherical
NP.
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interparticle spacing of the two resonances energy is more
sensitive for Ag NPs arrays. Conversely, the amplitude is
found to vary much more sensitively for the Au compared to
the Ag NPs array.

Plotting the data listed in Table II enables us to follow the
respective evolution of the longitudinal and transverse plas-
mon resonance energies with the relative interparticle spac-
ing, as presented in Fig. 4�e�. The curves plotted in this graph
clearly illustrate the variation in the energy difference �E
characterizing the splitting between the two resonances for
both systems. From the comparison given in Fig. 4�e�, the
splitting is well demonstrated to significantly depend on the
compactness of the 2D NPs array for both Ag and Au metals.
Furthermore, these data also point out the larger splitting
measured for an Ag compared to an Au NPs array, confirm-
ing the different optical behaviors of the two metals.

To improve the accuracy of the calculations presented
above in view to support their validity for simulating the
optical absorption spectra of metal NPs close packed in pla-
nar arrays, additional calculations have been carried out by
using a more extended target, namely, target 2, which con-
sists in an hexagonal array of N=469 NPs, as shown in Fig.
5�a�. The modeling parameters characterizing this second tar-
get are compared to those of target 1 in Table I. Note that a
total number of around 106 dipoles was used to design target
2, making therefore the average number of dipoles per
sphere comparable to that of target 1 �M /N
2000 dipoles /sphere�. This precaution aims to avoid any
spurious effect that might originate from a rough meshing of
the target and allows directly comparing the spectra calcu-
lated using these two targets in order to examine their depen-
dence on the modeling parameters. Figures 5�b� and 5�c�
present a comparison of the spectra calculated using these
two targets for Au and Ag, respectively. From this compari-
son, one remarks in both cases a slight evolution of the SPR
profile when increasing the number of particles in the target
from N=91 up to 469 NPs. In particular, the width of the
SPR bands appears a bit broader for target 2. In contrast, it is
also important to note, especially from the comparison
shown in Fig. 5�c�, that both the energies and relative inten-
sities of the transverse and longitudinal plasmon resonances
are quasi unchanged. Consequently, these last results reveal
that the splitting of the SPR does not depend on the relative
proportion of peripheral NPs in the target. Thus, under the

requirement that a reasonably high number of particles
should be used to model the target, the finite extension of this
latter does not affect the capability of the DDA method for

TABLE II. Energies of the longitudinal �E� and transverse �E�� plasmon resonances and energy differ-
ences ��E=E�−E� determined graphically from the absorption spectra of Au and Ag NPs arrays shown in
Fig. 4.

d / �2R�

0.2 0.25 0.375 0.5 0.75 1

Ag E� 3.54 3.50 3.43 3.38 3.24 3.16

E 2.54 2.61 2.73 2.81 2.89 2.93

�E�Ag� 1.00 0.89 0.70 0.57 0.35 0.23

Au E� 2.46 2.45 2.43 2.41 2.40 2.39

E 2.20 2.24 2.28 2.30 2.33 2.34

�E�Au� 0.26 0.21 0.15 0.11 0.07 0.05

FIG. 5. �Color online� �a� Schematic view of target 2 consisting
of a hexagonal planar array of N=469 NPs of which 72 �black
ones� are located on the periphery. �b� Comparison of the absorption
spectra calculated for target 1 �red curve� and target 2 �black curve�
consisting in N=91 and 469 Au NPs, respectively. �c� Same as
previous for Ag NPs arrays. The dotted lines indicate the E� and E

SPR energies determined from the graphs plotted in Fig. 4.
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simulating the optical properties of metal NPs planar arrays.

IV. CONCLUSION

In summary, we have performed a comparative study, by
the DDA method, of the collective optical properties of 5 nm
Au and Ag NPs self-organized in hexagonal planar arrays.
The absorption spectra calculated for Au NPs arrays exhibit
one single SPR band for any interparticle spacing, whereas
those of Ag NPs arrays clearly reveal two bands correspond-
ing to the longitudinal and transverse plasmon resonances for
interparticle spacings not exceeding one particle radius. We
show that strengthening the dipolar NPs interactions by de-
creasing the interparticle spacing results in a weaker splitting
between the two resonance modes for Au NPs arrays as com-
pared to Ag ones, while the resonance amplitude is con-
versely found to be much more sensitive to the interparticle
spacing for the former. Consequently, it is expected that real
close-packed planar arrays of Au NPs with size limited to a

few nanometers will exhibit no splitting of the SPR band in
their absorption spectra, making it therefore difficult to de-
tect any effect related to their optical anisotropy through
classical absorption measurements. Beyond some limitations
for producing and properly characterizing real close-packed
arrays of Au and Ag nanoparticles deposited on a substrate, a
further experimental investigation is planned to compare
their optical responses with that predicted via the DDA simu-
lations.
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