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In this work we study the far field optical properties of heterodimers composed of a silver and a gold nanosphere
of the same size, by means of exact electrodynamics calculations based on the generalized multiparticle Mie
theory. We analyze the effect of the incident polarization, nanosphere separation, radius and dielectric media
on the optical response. The on resonance angular distribution of the scattered radiation is also analyzed. The
nonsymmetrical features of this system allow us to evaluate and perform a careful examination of the
contributions of absorption and scattering from each individual nanosphere to the total extinction of the system.
At variance with the homodimer system, the heterodimer exhibits a simultaneous shift of two plasmonic
resonances. This feature constitutes a very useful and accurate way to calibrate both interparticle distance
and size at the same time for a given dielectric environment. In this way, we provide a general and complete
description of the far field optical properties of this particular nanostructure, which may be valuable for the
design and development of plasmonic devices and optical tools and could serve as benchmark calculations
for future comparisons with experiments.

Introduction

Noble metal nanoparticles (NPs) are well-known because they
are able to sustain localized surface plasmon resonances (LSPR),
which are collective oscillations of the conduction electrons in
response to an incident electromagnetic field.1,2 The LSPR
frequency can be tuned in the UV-NIR spectral range by
changing the NP size, shape and surrounding media.3 As a result
of plasmon oscillation, substantial enhancements of the extinc-
tion cross section and of the electric field around the NP are
observed.4 These phenomena give rise to the application of NPs
in several fields such as chemical and biological sensing,5-7

photocatalysis,8,9 and solar energy conversion.10-12

In NP aggregates, the interparticle separation is a relevant
parameter that strongly modifies the optical response of nano-
structured materials. This issue has been extensively studied
both experimental and theoretically by several authors, particu-
larly for NPs pairs of the same metal (homodimers).13-31 In this
kind of nanostructures, the longitudinal dipole LSPR shows a
significant redshift as the interparticle separation decreases for
incident polarization parallel to the homodimer axis. This change
in the optical response of the system as a consequence of
plasmon coupling, is more pronounced for Ag than for Au
nanospheres pair.32 This behavior can be used as a plasmon ruler
if a proper calibration of the resonance wavelength shift (∆λres)
with NP separation is achieved. In this respect, we have recently
found an accurate resonance condition for Ag nanosphere pairs.33

These plasmonics devices have the advantage of being able to
measure distances in a wider range (5-100 nm) compared with
other techniques, such as FRET (1-10 nm).17 Furthermore,
larger enhancements of the electric field between the particles
are observed in comparison with isolated NPs, which have
important implications in surface enhanced spectroscopies.19

However, to the best of our knowledge, there are only a few
studies concerning the optical properties of NPs pairs given by
a Ag and a Au particle (heterodimer). In this respect, Pinchuk

et al. have modeled the optical properties of Ag and Au NPs
aggregated by electrostatic interactions into closely packed
clusters, and concluded that the optical response of mixtures of
oppositely charged aggregating NPs can not be accurately
described by linear combination of the components’ individual
spectra and require higher-level theoretical treatment.34 More
recently, Bachelier et al. have theoretically investigated the near-
field coupling between a Au and Ag nanospheres.35 They found
the presence of Fano profiles in the absorption cross section of
the Au NP due to the coupling between the spectrally LSPR
of the Ag NP and the continuum of interband transitions of the
Au NP. These Fano resonances are strongly enhanced while
decreasing the gap between the nanospheres until the Au NP is
fully included in the near field region of the Ag NP. In spite of
all of these efforts, a systematic study of the optical properties
of these heteronanostructures has not been comprehensively
addressed yet. In particular, the effects of symmetry breaking
on the optical properties in the transition from homo to
heterodimers are not completely understood and deserve to be
studied more deeply as it may give rise to interactions of
different nature with the possible observation of new optical
phenomena, which could be important from both scientific and
technological standpoints.

The goal of this work is to study, by means of exact
electrodynamics calculations, the far field optical properties of
heterodimers composed of Ag and Au nanospheres of the same
size. The effects of incident polarization, nanospheres diameter
D, center to center separation S, and dielectric environment on
the extinction cross section are analyzed, and also the absorption
and scattering contributions from each individual nanosphere
to the total extinction of the system are examined. The angular
distribution of the light scattered by the heterodimers at some
representative resonance frequencies, important for future ap-
plications in plasmon spectroscopy, is also characterized. In
addition, the optical response of these heterodimers is compared
with that of homodimers, and its possible application in
plasmonic rulers is discussed.* Corresponding author. E-mail: coronado@fcq.unc.edu.ar.
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Methodology

The optical response of Ag-Au nanospheres heterodimers
was computed using the Generalized Multiparticle Mie Theory
(GMM) formulation developed by Xu. This valuable method
is a suitable and rigorous formulation of the scattering problem
able to exactly solve the complex problem of interaction between
an electromagnetic field and an aggregate of spheres. The GMM
method has been described in detail in several places, so we
will only give a brief summary here.36,37 In the GMM method,
scattered fields from each L individual sphere are solved in terms
of the respective sphere-centered reference systems. In an
arbitrarily chosen primary jth coordinate system, the Cartesian
coordinates of the origins of these L displaced coordinate
systems (i.e., the sphere centers) are (Xj, Yj, Zj), j ) 1, 2, ..., L.
In order to solve multisphere-scattering through the Mie-type
multipole superposition approach, the incident plane wave is
expanded in terms of vector spherical wave functions in each
of the L sphere-centered coordinate system. Thus, the total
electromagnetic field incident upon each sphere in the aggregate
is obtained, which consist of two parts: (1) the initial incident
plane wave and (2) the scattered waves from all other spheres
in the aggregate. The next step, of vital importance to achieve
a complete multisphere light-scattering solution, is to construct
a single field representation for the total scattering field from
the aggregate as a whole by expanding it in vector spherical
wave functions. Finally, with the total scattered field at hand,
and based on the analytical expressions for amplitude scattering
matrix of an aggregate of spheres, it is possible to derive a
rigorous formula for other fundamental scattering properties such
as extinction, absorption, and scattering cross sections.36,37 An
important feature of the GMM formulation is that it allows us
to analyze the individual contributions coming from each sphere
of the NP pair, particularly relevant for heterostructures. For
instance, the extinction efficiency for a Ag-Au nanosphere pair
can be written as:

Analogous expressions can be also written for the absorption
and scattering extinction efficiencies. It should be pointed out
that the extinction efficiency has been calculated by dividing
the extinction cross section by the sum of the areas of the
geometrical cross sections of each sphere. In all the calculations
presented in this work, the direction of the incident wave-vector
k is perpendicular to the line that connects the spheres centers
(from now on, dimer axis), and the dielectric function tabulated
by Palik for Ag and Au was employed.38 For each dimer
analyzed, the separation parameter between the nanospheres σ,
defined equal to the ratio between S and D (see scheme in Figure
4 for a graphic illustration) is large enough (σ g 1.05) so that
nonlocal effects on the dielectric constant can be neglected.39

Results and Discussion

1. Influence of the Incident Polarization. Figure 1 shows
the extinction spectra of a D ) 30 nm heterodimer in vacuum
for two extreme cases: σ ) 3 and 1.05 under parallel (black
curve) and perpendicular (red curve) incident polarization with
respect to the dimer axis. These results clearly illustrate, as it
has been previously found, that the optical properties of noble
metal dimers are highly sensitive to the interparticle separation.
For relatively large interparticle separations (σ ) 3, Figure 1A),
the optical response of the heterodimer is indistinguishable from
the half-sum of the extinction efficiency of the individual

nanospheres, whatever the incident polarization, which indicates
that at such a distance there is almost no interaction between
the nanospheres. The spectra shows two peaks at λ ) 360 and
505 nm, which are associated to the dipole LSPR of the Ag
and Au nanosphere, respectively. In the opposite case, i.e. for
very small interparticle separations (σ ) 1.05, Figure 1B)
remarkable changes in the extinction spectra are observed for
incident polarization parallel to the dimer axis: both peaks are
red-shifted (the peak associated to the LSPR of the Ag
nanosphere is now at λ ) 380 nm, while that associated to the
Au NP is at λ ) 520 nm). Another important feature is that
both peaks broaden and increase their extinction efficiency.
For incident polarization perpendicular to the dimer axis, the
optical response is quite similar to that of the half-sum of the
isolated nanospheres, indicating that for this configuration there
is not significant interaction between the particles, in spite of
the fact that they are relatively close to each other. Thus,
hereafter we will focus our attention on the configuration
corresponding to incident polarization parallel to the dimer axis.
To address the origin of such spectral changes, we will now
analyze the individual contributions of absorption and scattering
to the total extinction of the system.

2. Influence of the Nanosphere Diameter and Its Partial
Contributions to Extinction. Figure 2 shows the variation of
the extinction spectra for Ag-Au heterodimers in vacuum
(D ) 10 nm), together with the partial contribution to absorption
and scattering from each metal, as the nanospheres are getting
closer, i.e., as σf 1. Specifically we show the spectra for some
representative values of σ ) 1.5, 1.3, and 1.05 in panels A-C,
respectively. For this small size, the scattering is negligible
whatever the interparticle separation, and the extinction is

Qext,pair ) Qext,Ag + Qext,Au

Figure 1. Effect of the incident polarization on the extinction efficiency
of a heterodimer in vacuum (D ) 30 nm) for σ ) 3 (A) and 1.05 (B).
The half-sum of the extinction efficiency of the isolated nanospheres
is also plot for comparison (green line). The inset in panel A
schematically shows the illumination configuration.
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completely due to absorption. Figure 2A (σ ) 1.5) clearly shows
that the extinction peaks at λ ) 355 and 504 nm are due to the
dipole LPSR of the Ag and Au nanospheres, respectively.
However, Qabs,Au also shows an additional peak at λ ) 365 nm,
which is identified as a Fano profile, in agreement with the
results recently reported by Bachelier et al.35 This Fano profile
is explained by the near field coupling between the interband
transitions continuum of the Au nanosphere and the discrete
LSPR of the Ag NP. Reducing σ to 1.3 does not produce any
qualitative change on the extinction spectrum as the respective
peaks are slightly red-shifted and become more intense, in
particular the one associated with the Fano profile. If the
separation is decreased to σ ) 1.05 important changes in the
optical response are observed. The extinction efficiency depicts
two peaks at λ ) 364 and 510 nm due to the remarkable red-
shift of the absorption peak associated with the partial contribu-

tion of the Ag LSPR, which becomes broader and less intense,
and to the contribution of the peaks associated to the dipole
LSPR and Fano profile of the Au particle, which are now of
greater intensity.

For heterodimers of spheres of larger diameter (D ) 50 nm,
Figure 3), the variation of the extinction spectra as σf1 follows
qualitatively the same trend than the small heterodimer (D )
10 nm), i.e. the extinction peaks are red-shifted and broader.
However, the magnitude of the shifts is higher in the present
case than for D ) 10 nm, which could be attributed in part to
retardation effects. In particular, the extinction peaks shifts from
λ ) 368 to 395 nm and from λ ) 506 to 521, as σ decreases
from 1.5 to 1.05. The broadening as well as the decrease in
intensity of the peak associated with Qabs,Ag as σ f 1 can be

Figure 2. Variation of the extinction spectra for Ag-Au heterodimers
in vacuum (D ) 10 nm), for incident polarization parallel to the dimer
axis, as the interparticle separation is decreased, together with the
contributions due to absorption and scattering from each nanosphere.
σ ) 1.5 (A), 1.3 (B), and 1.05 (C).

Figure 3. Variation of the extinction spectra for Ag-Au heterodimers
in vacuum (D ) 50 nm), for incident polarization parallel to the dimer
axis, as the interparticle separation is decreased, together with the
contributions due to absorption and scattering from each nanosphere.
σ ) 1.5 (A), 1.3 (B), and 1.05 (C). The inset on the top right side of
each panel is a zoom view of the spectra in the 450-550 nm wavelength
range.

16280 J. Phys. Chem. C, Vol. 114, No. 39, 2010 Encina and Coronado



attributed to a red-shifted of the dipole LSPR (378 nm) while
higher order LSPR remains almost unchanged (those at λ near
365 nm). This situation is analogous to the variation of the
extinction peaks of a single sphere as the diameter is increased:
the higher order resonances are less sensitive to changes in the
NP size remaining at higher energies in the spectra, while the
dipole mode considerably broadens and redshifts. The Fano
profile associated to the Au nanosphere also redshifts and
increase its intensity as σ decreases from 1.5 to 1.05, being the
main contribution to the extinction for σ ) 1.05 (Figure 3C).
Comparing both heterodimers, the most important qualitative
difference is that for D ) 50 nm Qsca has appreciable
contributions from both metals, particularly between 360 and
410 nm. The enhancement of Qsca,Ag in this spectral range is
due to the scattered radiation after the excitation of the dipole
LSPR. The nature of the process that produces the enhancement
of Qsca,Au can be attributed to a scattering induced by near field
coupling. In turn, the increments of Qsca,Au and Qsca,Ag around
λ ) 530 nm, which are low but significant, could be associated
to the scattered radiation by the dipole LSPR excited in the Au
nanosphere and to the near field coupling induced radiation
scattered by the Ag one, respectively. We have checked the
assumption that the scattered radiation by the off resonance
sphere is intimately related to a near field mechanism. This effect
can be explained by noting that the enhancements of Qsca,Au and
Qsca,Ag at λ ) 400 and 530 nm, respectively are absent in the
corresponding spectra of the isolated nanospheres. A basic
principle of optics states that previous to any scattering process
it is necessary an excitation one. Therefore, it is reasonable to
inquire about the nature of the excitation process in the off
resonance nanosphere. We propose that, in a similar fashion to
the near field coupling that originates the Fano profile, the on
resonance particle transfer the plasmon energy to the off
resonance one through a near field coupling of the respective
LSPR. This excitation energy is then converted into scattered
light. Additionally, the values of ∫350

450Qsca,Au dλ and ∫500
575Qsca,Ag

dλ, which can be interpreted as a measure of the mean amount
of radiation scattered, increase from 17.1 to 26.6 and from 4.5
to 12.7, respectively, as σ decreases from 1.5 to 1.05. This trend
suggests that these enhancements of Qsca are more important at
smaller interparticle distances, indicating that a near field
mechanism is involved. As far as we know, this kind of
plasmonic energy transfer has not been reported, and to give a
detailed description of the physical origin of the Au scattering
resonance in the blue, as well as the Ag scattering resonance in
the red, a further particular and exhaustive study of this
phenomenon is necessary. In order to achieve a deeper
understanding of this phenomenon we are currently performing
near field calculations, which will be the subject of future work.

To finalize this subsection it is worth to mention experimental
work on the optical properties of the Ag (D ) 30 nm)-Au
(D ) 40 nm) heterodimer recently published by Sheikholeslami
et al.40 Although the size of this heterodimer is different from
those studied here, we will perform a qualitative comparison.
In general, the simulated spectra presented here are in agreement
with the experimental spectra, as the latter also displays, for
longitudinal polarization, two scattering peaks both red-shifted
with respect to the isolated Ag and Au spheres. In addition,
these authors state that the plasmon hybridization model24 fails
to account for this behavior because it does not take into account
the coupling between the Ag LSPR and the Au interband
transitions. It is important to mention that their measurements
correspond to the scattering of the heterodimer as a whole, i.e.,
Qsca ) Qsca,Ag + Qsca,Au. The present work provides, by means

of GMM simulations, further insight on this system by analyzing
the individual contribution arising from each sphere.

3. Angular Scattering Properties. To further characterize
the far field optical properties of the heterodimers in this section
we will examine the angular distribution of the scattered
radiation at some representative wavelengths. Figure 4 shows
in a polar plot the scattering patterns for D ) 50 nm and σ )
1.05 heterodimer in the scattering plane xy (see scheme below
in Figure 4), for two incident wavelengths, λ ) 395 and 521
nm, where Qsca peaks. Note that the polar patterns correspond
to the radiation intensity scattered by the nanostructure as a
whole. Whatever the excitation wavelength, both scattering
patterns are symmetrical around the x axes and depict two
lobules of equal intensity in the forward and backward direc-
tions, i.e., 0° and 180°, respectively. In addition, at both
wavelengths there is no radiation scattered in the direction of
the incident electric field. Both patterns resemble the one
corresponding to a point emitting dipole, which support our
previous assignment of the LSPR multipole order excited at
each wavelength. In addition, the amount of scattered light
at λ ) 395 nm (red curve) is almost 5 times more intense than
at λ ) 521 nm (blue curve), in agreement with the respective
values of Qsca. This observation indicates that it could be possible
to change between switch off/on scattering regimes but keeping
substantial absorption efficiencies by controlling the incident
wavelength, an interesting feature for active plasmonic devices.
Moreover, it should be also mentioned that, as expected, the
amount of light scattered is directly proportional to D, as can

Figure 4. Polar plot of the scattered radiation in the xy plane generated
by a D ) 50 nm and σ ) 1.05 heterodimer in vacuum, when the
incident polarization is parallel to the dimer axis. The illumination
configuration is schematically shown at the bottom. Red curve (blue
curve) corresponds to incident wavelength of λ ) 395 nm (λ ) 521
nm).
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be appreciated from the values of Qsca in Figures 2C and 3C.
In fact, the intensity scattered by the D ) 10 nm heterodimer
is completely negligible.

4. Comparison between Homo and Heterodimers and
Their Potential Use as Plasmonic Nanorulers. The depen-
dence of the spectral position of the extinction peaks, i.e., λres,Ag

and λres,Au, on σ is summarized in Figure 5A for the size range
studied here. In general, this dependence is nearly exponential
for both λres,Ag and λres,Au. Moreover, it is also clear that, for a
given σ value, the magnitude of the red shift increases with the
nanostructure size, and that the spectral position of the extinction
peaks does not significantly change for σ g 1.5. Note that the
respective λres values are the result of the different contributions
to extinction described in section 2 above. For comparison, in
Figure 5B we show the dependence of the longitudinal dipole
LSPR spectral position on σ for Ag and Au homodimers in the
same size range. At first glance it is observed that for given σ
and D values, the magnitude of the shift is higher for the homo
than for the heterodimer, which is more pronounced for σ e
1.5. These trends are reasonable because in the homodimer there
are two main factors that contribute to the redshift: retardation
effects and plasmon coupling. Instead, in the heterodimer,
retardation effects are the main contribution to the plasmon
shifts, as plasmon coupling is less important due to the mismatch
in the respective plasmon energies introduced by the broken
symmetry. Besides these quantitative differences, it is worth to
remark that the extinction spectra of heterodimers depicts two
plasmonic shifts, instead of one as occurs in homodimers, a
property that could be used for the design of more accurate
plasmonic rulers by making use of the dependence of both λres

on σ, with potential applications in biological systems, for
example. In order to work properly these devices require an
accurate calibration of the dependence of λres on σ. As a
consequence of the two plasmonic shifts in the heterodimers, it
is possible to build simultaneously two calibration curves, i.e.,
the dependence of λres,Ag and λres, Au on σ for each diameter. To
illustrate the potential use of these heterodimers as a nanoruler,
we give in Figure 6 a hypothetical example where it is shown
that the two calibration curves can be used simultaneously to
determine both the size and interparticle separation. Suppose
that the extinction spectrum of a given heterodimer in vacuum
peaks at 518 and 389 nm, respectively (green lines). These λres

values just completely match with the values corresponding to
the D ) 50 nm and σ ) 1.075 heterodimer. Note that the D )
40 nm and σ ) 1.05 heterodimer also shows an extinction peak
at 518 nm, but the resonance associated with the Ag sphere
peaks at 382 nm, which is 7 nm bellow the resonance value of

389 nm. Another example is shown in blue lines which
correspond to λres values of 511 and 373 nm, respectively. Note
that in this case there are several heterodimers that display
resonance values at 511 nm as well as 373 nm, but there is
only one (D ) 40 nm and σ ) 1.1) that completely match both
λres values. Therefore, by knowing the respective λres values it
is possible to determine unambiguously both the size and
interparticle separation of a given heterodimer by means of the
two calibration curves. However, it is important to mention that
in spite of the improved capabilities of these heterodimers for
nanometrological measurements, distances and sizes could be
determined in a simultaneous and accurate way for the range
1.05 e σ e 1.3. This is so because for both plasmonic
resonances the variation of λres on σ, for σ g 1.3, is not very
important as shown in Figure 5A. Considering that, depending
on the NP size, the extinction spectra could be dominated by
Qabs, conventional spectroscopic techniques to perform single
particle measurements, such as darkfield or TIR, could not be
suitable. In these cases, the use of nonconventional spectroscopic
techniques using lock-in detection methods, such as the recently
developed spatial-modulation far-field optical technique com-
bined with a frequency tunable light source,41-43 should be more
appropriate for a practical implementation of the proposed
plasmonic ruler. The relative magnitudes of the spectral shifts

Figure 5. (A) Dependence of the spectral position of the extinction peaks of heterodimers in vacuum, i.e., λres,Ag and λres,Au, on σ for the size range
studied, when the incident polarization is parallel to the dimer axes. (B) Dependence of the longitudinal dipole LSPR spectral position of Ag and
Au homodimers in vacuum on σ for the same size range than in A.

Figure 6. Dependence of the spectral position of the extinction peaks
of heterodimers in vacuum, i.e. λres,Ag and λres,Au, on σ when the incident
polarization is parallel to the dimer axes. This figure exemplifies how
it is possible to determine simultaneous and unambiguously both the
size and interparticle separation of a given heterodimer by means of
the calibration curves and by knowing the values of λres,Ag and λres,Au

for two heterodimers. The respective blue and red circles indicate the
heterodimers that match the given λres,Ag and λres,Au values.
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seem to be much smaller than for Au-Au or especially Ag-Ag
pairs. This seems to be a significant disadvantage for the
sensitivity of the proposed rulers. However, the heterodimer
exhibit two simultaneous plasmon shifts. Therefore this disad-
vantage is only apparent because a given set of plasmon shifts
would only fit with only one interparticle separation, even if
the magnitude of both shifts is relatively smaller compared to
the homodimer.

5. Influence of Dielectric Environment on the LSPR Shift.
In the analysis performed above, we have been dealing with
heterodimers in vacuum, an ideal situation convenient to
conceptually study the interactions involved and to describe
quantitatively the optical response of real nanostructures in air.
However, for the majority of applications in chemistry and
biology, the nanostructures are in a dielectric environment
different from air. Therefore, in this last section, we will analyze
the effects of the dielectric environment on the optical response.
In general, the effect of increasing the dielectric constant of
the media, εm, produces a redshift of both λres,Ag and λres,Au.
Nonetheless, to gain a deeper insight into the effects of
increasing εm on the optical response, we show in Figure 7 the
extinction spectrum of the D ) 50 nm and σ ) 1.05 heterodimer
in water along with the respective absorption and scattering
contributions from each sphere. To better appreciate the changes
in the spectra it is worthwhile to make a comparison with the
corresponding nanostructure in vacuum (Figure 3C). As men-
tioned above, the redshifts of λres,Ag and λres,Au are due to the
changes in the absorption and scattering efficiency. In the
spectral region between 350 and 450 nm, the different contribu-
tions peak at different wavelengths and each resonance depicts
a much greater spectra broadening. The Fano profile appears
in water as shoulder at λ ) 425 nm, rather than a well-defined
peak. Increasing εm also produces a red shift of the silver dipole
LSPR respect to the higher order modes (which are at almost
the same wavelengths in vacuum). This feature is revealed by
the broadening and decreasing intensity of Qabs,Ag. In this spectral
range the enhancement of Qsca,Ag and Qsca,Au at 400 and 415
nm, respectively, are also important. On the spectral range
between 500 and 600 nm, Qabs,Au has the main contribution to
the extinction maximum at λ ) 534 nm. However, the
increments of Qsca,Au and Qsca,Ag at λ around 545 nm produced
by changing the dielectric environment are very significant.
Moreover, Qabs,Ag also shows a moderate but appreciable
increment at 540 nm. This analysis indicates that, for this

heteronanostructure, changing εm modifies the relationship
between Qsca and Qabs in a complex manner.

We will now analyze the peak values of Qext, i.e., the λres,Ag

and λres,Au data as a function of εm for D ) 50 nm at several σ
values. The results depicted in Figure 8 show that at a fixed
diameter of the NP pair, the spectral position of the extinction
peak associated to the Ag nanosphere redshifts almost linearly
as εm increases, whatever the separation between the spheres
(blue points). Moreover, the enhancement of the sensitivity of
λres,Ag with εm as the interparticle distance decreases is very
remarkable. The dependence of λres,Au on εm follows qualitatively
the same trend of that of λres,Ag; however, for this extinction
peak, the magnitude of the redshift is smaller at the same σ
values. Note that this behavior is the result of all of the
contributions described above. The same qualitative behavior
was found for all the heterodimer of different sizes studied here,
being the slope of the dependence of λres on εm proportional to
D. This fact means that the sensitivity of the spectral position
of the respective extinction peaks to a change in εm, at constant
σ, is greater as D is increased, a relevant issue to be considered,
for instance, in the design and development of plasmonic
(bio)sensors.

Conclusions

In this work we have performed a systematic study of the
far field optical properties of heterodimers composed of Ag and
Au nanospheres both of the same diameter, in the range between
10 and 50 nm, using exact GMM electrodynamics calculations.
In particular, we have analyzed the effect of the incident
polarization, nanosphere separation, radius, and dielectric media
on the optical response, as well as we have characterized the
angular distribution of the scattered radiation on resonance with
the extinction peaks of the heterodimers. The most attractive
optical features are found for incident polarization parallel to
the heterodimer axis. In this case, the extinction spectrum is
characterized by two peaks associated to the dipole LSPR of
the Ag and Au nanosphere, respectively. In turn, these two
extinction peaks are significantly red-shifted as the interparticle
distance is decreased, as their size is increased and as the
dielectric constant of the environment is increased. The presence
of these two plasmonic shifts in the extinction spectra, instead
of only one as observed for homodimers, constitutes a novel
characteristic feature which makes them different with respect
to the widely studied homodimers. We propose that by knowing
the respective λres values it could be possible to determine
simultaneous and unambiguously both the size and interparticle

Figure 7. Extinction spectrum of a D ) 50 nm and σ ) 1.05
heterodimer in water along with its respective partial contributions of
absorption and scattering from each individual nanosphere, when the
incident polarization is parallel to the dimer axes.

Figure 8. Dependence of λres,Ag and λres,Au on the environment dielectric
constant εm, for D ) 50 nm heterodimers at several σ values. Dashed
lines are plotted to guide the eye.
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separation of a given heterodimer by means of two calibration
curves. The on resonance scattered radiation of the heterodimer
indicates that both plasmonic modes have a dipole character.
As a consequence of the broken symmetry of the system we
were able to analyze the contributions to extinction from each
individual nanosphere, and verified the presence of Fano profiles
coming from the relative contribution of absorption of the Au
nanosphere, as it has been previously reported. Another novel
and interesting finding in the present work is the observation,
for the heterodimers with larger D, of quite unexpected
increments in Qsca in the off resonance particle, which could be
interpreted as a process induced by near field coupling with
the on resonance particle. Further studies on this near field
energy transfer mechanism are in progress. We believe that the
results presented in this work could be a useful guide for future
experimental and theoretical studies of broken symmetry
plasmonic systems.
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