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Using pyridine as a probe molecule, we performed surface enhanced Raman spectroscopy (SERS) studies on
platinum and gold nanodisk arrays at both plasmon resonant and off-plasmon resonant excitation wavelengths.
A large Raman cross-section enhancement factor (EF) of ∼106 was obtained with plasmon resonant excitation
on the Au array, and the EF decreases with off-resonant excitations. However, for Pt nanodisks the experimental
EF is much smaller (∼102) and not sensitive to excitation wavelength. Electric field intensities calculated in
Au and Pt nanoparticles using the discrete dipole approximation (DDA) with a dielectric function including
or excluding interband transitions allowed us to explain the SERS EF differences at different excitation
wavelengths. The observed SERS insensitivity to excitation wavelength in Pt was explained using Fano
interference between the free plasmon electrons and continuum interband transitions. The importance of Fano
interference was explored analytically in the electrostatic limit by varying the contribution from the interband
transitions.

1. Introduction

When subjected to electromagnetic radiation, metal nano-
structures support coherent free-electron oscillations. These
localized surface plasmon resonances (LSPRs) have been
intensively investigated over the last two decades. LSPR allows
one to couple electromagnetic energy into nanoscale dimensions
with strong field confinement and enhancement.3 The LSPRs
and, consequently, the local electromagnetic field can be tuned
by controlling the geometry, composition, and surrounding
dielectric of the metal nanostructures.4-9 This enhanced local
field can then be used to amplify emissive processes, for
example, to increase the molecular optical cross-section in
surface-enhanced Raman spectroscopy (SERS)10-12 or to en-
hance nonlinear light generation as in high-order harmonic
generation.13,14 In addition, LSPR enables sensing applications
due to its sensitivity to the dielectric properties of the surround-
ings and optoelectronic applications due to its ability to
propagate information by particle-particle coupling.15-20

The parallel development of advanced analytical techniques
and electrodynamics simulations has enabled a better under-
standing of LSPR and its effects.21-25 However, most experi-
mental and theoretical studies have been performed on noble
metals, like Au and Ag.8,26-32 In contrast, applications of LSPR
to Pt nanoparticles remain relatively unexplored.33-37 The
location of the Pt nanoparticle’s LSPR in the UV makes them
much more difficult to probe because of the strong absorption
of light by silica and most solvents in this wavelength range.38

Some initial studies on Pt and Pt-Ag nanoparticles show that
their LSPR can be tuned across a large range, from ultraviolet

to infrared wavelengths,39-41 and they are potentially SERS
active in this wide range of the electromagnetic spectrum.33,36,37,42

However, SERS studies on electrochemically roughened Pt
electrodes show that the SERS enhancement factor (EF) for Pt
is very weak and much lower than those for Au and Ag; the
weakness in SERS EF for Pt deserves a better understanding.34,36

Fano interferences43scharacterized by an asymmetric line
shape arising from the interaction of a discrete state with a
continuumsare commonly found in atomic and solid state
structures,44,45 but there are few examples of the phenomena in
plasmonic systems.46-49 Fano interference has been recently
reported in a symmetry-breaking metallic nanostructure.46

Besides this extrinsic Fano interference, intrinsic Fano interfer-
ence involving the free and bound electron response of the metal
has been shown to play a crucial role in determine the spectral
shape of LSPR in Pd particles.49

In this work we will show that the Fano interferences in Pt
metal nanoparticles not only modify the LSPR line shape but
also reduce the enhanced electric field outside the nanoparticles
and weaken the surface enhanced spectroscopy performance.
Here we present a systematic comparison of the SERS response
of Au and Pt with resonant and off-resonant excitations on a
long-range ordered array of nanodisks. The observed differences
in the SERS EF with excitation wavelength are explained on
the basis of the extinction cross sections of the sample and
originate from the Fano interference between plasmon electrons
and interband transitions in Au and Pt. Both a pure Drude
dielectric function and an experimental dielectric function were
used in the discrete dipole approximation (DDA) to calculate
the LSPR and the confined local electric fields and therefore
allow us to indentify the effects of Fano interference. To
understand further the importance of Fano interference, we
analytically explored the extinction and electric field enhance-
ments in the electrostatic limit.
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2. Experimental Details

Nanodisk arrays were fabricated using e-beam lithography
(EBL) on quartz slides. Slides were first cleaned chemically in
standard “piranha” solution (1:3 30% H2O2: H2SO4) at 80 °C
for 30 min, followed by ultrapure (18.00 MΩ cm) water rinse.
[Caution! Piranha solution is Very dangerous, with the majority
of its components acidic and highly corrosiVe. It must be
handled extremely carefully.] Slides were later sonicated in 5:1:1
H2O/NH4OH/30% H2O2 for 30 min, followed by rinsing with
large amounts of ultrapure water. Following standard procedures
for e-beam lithography,50 120 nm e-beam resist ZEP 520A
(ZEON Corp. Japan) was spun onto freshly prepared slides and
10 nm of Au, as an electron conductive layer, was vacuum
deposited prior to exposure in the EBL system. After exposure,
the Au film was removed in Au Etchant TFA (Transene) for
30 s; the patterns were obtained by developing the sample in
n-amyl acetate (Sigma Aldrich) at 20 °C for 3 min, followed
by immersion into methyl isobutyl ketone (MIBK)/2-propanol
(IPA) ) 8:1 solvent for 30 s and rinsing in IPA for 30 s. After
descum in an O2 plasma etch (PLASMATHERM 720 RIE), Au
and Pt were deposited using e-beam evaporation (K. J. Lesker
PVD 75) over the pattern. A thin Cr layer was added to improve
adhesion for Au nanodisks. Finally, highly order Au and Pt
nanodisk arrays (Figure 1b) with diameter ∼120 nm, height ∼30
nm, and period ∼300 nm (dimensions obtained from the SEM
and AFM measurements) were obtained by lifting off the resist
in N,N-dimethylacetamide (Sigma Aldrich) solution at 60 °C.

Extinction spectra of nanodisk arrays or a SERS substrate
were measured using a UV-vis-NIR double beam spectrometer
(Perkin-Elmer Lambda 950). The beams at both the sample and
reference positions were ∼2 mm in diameter; spectra were
collected at normal incidence with unpolarized light. The SERS

substrate with a particle area of 4 mm × 4 mm and a clean
quartz substrate were placed, respectively, in the sample and
reference beams, so the absorption from the quartz substrate
was excluded in the measured spectra.

The experimental SERS EF was collected using an optical
cell containing the SERS substrate (Figure 1a) covered with
0.01 M pyridine (EMD) in 0.1 M KCl solution (EMD). The
SERS substrate was preincubated in pure pyridine solution for
one day before transferring into the chemical cell to ensure
monolayer coverage. A microscope coverslip was added over
the top as a thin window in such a way that the cell was
completely filled with pyridine solution. Raman spectra (back-
scattering geometry) were taken using a Renishaw Invia
MicroRaman spectrometer with a computer-controlled micro-
scope stage, a cooled CCD detector, and an argon ion laser.
The laser radiation was focused onto the plane of the substrate
using a 50× objective; the laser spot was about 1 µm in
diameter. To obtain the EF for pyridine on Au and Pt arrays,
the Raman spectra of pyridine were collected from two focal
positions on the substrate, as shown in Figure 1a. The beam
positions were reached by a simple horizontal translation of the
microscope stage between the portion of the substrate with the
SERS active array, where the backscattered Raman intensity is
I1 ) ISERS + Isolution, to a second nearby location on the glass
substrate, where no array is present and where the intensity is
I2 ) Isolution. The contribution to I1 contains a SERS spectrum
(ISERS) and a contribution from pyridine in solution in the
objective depth of field h above the substrate (Isolution). The SERS
signal (ISERS) stems from molecules in close proximity to the
metal particle surface, primarily from those molecules bound
to the metal particle surface. This was obtained by computing
the Raman intensity difference ISERS ) ∆I ) I1 - I2. To establish

Figure 1. (a) Schematic showing the SERS measurement system. (b) Representative SEM image of Pt and Au nanodisk arrays fabricated using
electron beam lithography. Scale bar represents 600 nm. Raman spectra of pyridine on (c) Au substrate with 647 nm excitation and (d) Pt substrate
with 488 nm excitation, focused on position 2 (dashed lines) and position 1 (solid lines). The Raman spectrum of pyridine on Au substrate focused
on position 2 is magnified by 50×.
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the EF, another measurement was done in pure pyridine liquid
using a glass substrate with no nanoparticles and the same
spectrometer parameters, giving Iliquid, the Raman intensity of
pure pyridine liquid. To conservatively estimate the SERS EF,
the volume of pure pyridine is approximated by a cylinder whose
diameter d (∼1 um) is related to the focused spot size of the
laser on the substrate surface and whose height h (∼45 µm) is
the depth of field of the objective and was measured by
translating the substrate a distance h away from the objective
until the Raman signal from pyridine liquid reaches a maximum.
The estimate for the pyridine volume is V ∼ π(d/2)2h. The
number of molecules contributed to Iliquid is then Nliquid ∼ FVA/
M, where F is the density of the liquid (0.9819 g/cm3), M is the
molecular weight (79.1 g mol-1), and A is Avogadro’s constant.
The number of molecules contributed to ISERS was estimated
from NSERS ) NcylS/σ, where Ncyl is the number of Au or Pt
nanodisks in the focal spot, which can be obtained from the
laser focus spot size, d, and the particle density, S is the top
and side surface area of one nanodisk (S ∼ 22 619 nm2) and σ
is the average surface area occupied by a pyridine molecule, σ
) 0.254 nm2. This value is the average of experimentally
determined ocupation areas of pyridine adsorbed at a smooth
Pt electrode (0.243 nm2),51 an Hg electrode (0.25 nm2),52 and a
Au electrode (0.27 nm2),53 respectively.

3. Results and Discussion

The SERS EF can be written as,

where ISERS ) I1 - I2
35 (cf. Figure 1a). For high concentration,

pyridine prefers vertically oriented adsorption, bonded to the
nanodisk surface through the electron lone pair on the nitrogen
atom.54 We assume that a monolayer of pyridine is formed on
the nanodisk surface after incubation. The enhanced electro-
magnetic fields surrounding a nanoparticle drops off quickly
as one moves away from the particle surface,24 covering about
only one monolayer of vertically oriented pyridine molecules.
Raman spectra of pyridine collected by a small translation of
the microscope stage between position 1 and 2 are shown in
Figure 1, with 647 nm excitation for Au (c) and with 488 nm
excitation for Pt (d). The scattering background from the metal
arrays and quartz substrate and signals from the water solution
were subtracted from the displayed spectra. A typical Raman
spectrum of pyridine on an Au nanoparticle substrate is available
in the Supporting Information. The SERS spectrum of pyridine
exhibits two strong peaks, the ring breathing mode at about 1009
cm-1, and the symmetric ring deformation mode at about 1035
cm-1, compared to 991 and 1030 cm-1 for liquid pyridine,
respectively. The changes in peak positions are attributed to
the water environment and interaction with metal particles.12

SERS EF results for Au and Pt at three excitation wavelengths,
488 nm (2.55 eV), 514 nm (2.42 eV), and 647 nm (1.91 eV)
calculated according to eq 1 based on the strongest peak at 1009
cm-1 are tabulated in Table 1.

It is well established that the SERS EF for Ag and Au
nanoparticlescloselyfollowstheplasmonicextinctionresonance.55,56

We therefore examined the extinction spectra (extinction )
absorption + scattering) of the Au and Pt nanodisk arrays. For
the very small particles studied here, absorption accounts for
the major part of extinction. In Figure 2, we display the
experimentally measured extinction QA/ω vs photon energies
for the SERS substrates, where QA ) log10(1/T) and T is the
transmittance. The reason we plot QA/ω is that it is linearly
proportional to the imaginary part of the dipole polarizability,
that is, QA/ω ∝ Im[R(ω)]. The peak in the QA/ω is identified
as the LSPR, and its position is found around 2.0 and 2.7 eV
for Au and Pt, respectively, which is consistent with values
reported in the literature.40 The displayed curves were normal-
ized to the extinction of Au. For the same particle size and
density, the experimental measured extinction cross-section of
Pt is about half that of Au.

By locating the excitation laser wavelength on the extinction
spectra, we found that SERS EF for Au follows the extinction
spectrum and has a maximum measured EF at 1.91 eV
excitation, which closely aligns to the Au LSPR (cf. Figure 2).
For off-resonant excitations at 2.42 and 2.55 eV, the EF drops
by about 3 orders of magnitude. In contrast, the SERS EF for
Pt is largely unaffected by changes in the excitation wavelength
and thus do not follow the plasmon extinction spectrum.
Moreover, EF for Pt is significantly smaller than for Au. For
Au the EF on resonance is about 106, consistent with other
work.10 The EFs for Pt at different excitation wavelengths all
have similar magnitudes, ∼102, in agreement with that obtained
for Au@Pt core-shell particles.34 It is well-known that the EF
is determined by not only the LSPR peak but also its line
width.57 Therefore, to understand the different EF behaviors
between Au and Pt, we further examined the line shape of the
extinction spectra. The line width of Pt, 0.6 eV, is about 3 times
that of Au, 0.2 eV. Moreover, the extinction spectrum for Pt is
more asymmetric than that of Au. Similar asymmetric and broad
extinction spectra have been reported for Pd, which was
attributed to Fano interference between the free plasmon
electrons and the extended interband continuum arising from
transitions between sp, d, and hybridized bands around the Fermi
energy.49 To understand if the difference in the SERS EF on
Au and Pt is caused by Fano interference,43 we characterized
the extinction spectra using the Fano line-shape function given
by:

Here, ω0 and Γ are the effective resonant position and line width,
respectively, A is a constant, and q is inversely proportional to
the degree of line-shape asymmetry, and thus we quantify the
strength of the Fano interference by 1/q. Equation 2 is the full
response function of a discrete resonance coupled to a continuum
and is composed of three constituents: a symmetric Lorentzian
term due to discrete resonance of free electrons, a constant term
due to the continuum of interband transitions, and an interference
term between the discrete resonance and the continuum. Our
experimental data is well described by a Fano line shape, as

TABLE 1: SERS Enhancement Factor for Au and Pt

excitation
wavelength (nm)

Au enhancement
factor

Pt enhancement
factor

488 (2.55 eV) 2 × 103 2 × 102

514 (2.42 eV) 3 × 103 2 × 102

647 (1.91 eV) 1 × 106 4 × 102

EF ) (ISERS/NSERS)/(Iliquid/Nliquid), (1)

F(ω) ) A
[q +

ω - ω0

Γ ]2

[1 + (ω - ω0

Γ )2]
) A[ (q2 - 1)Γ2

(ω - ω0)
2 + Γ2

+

1 +
2qΓ(ω - ω0)

(ω - ω0)
2 + Γ2] (2)
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seen in Figure 2. From the fit we find that the asymmetry
parameter for Pt is 1/q ) 0.33, and that of Au is 1/q ) 0.13.
The value of q for Pt is comparable with that for Pd,49 which is
expected since the two metals are similar. The larger asymmetry
of the Pt extinction spectrum compared with that for Au
indicates that interference between plasmon and interband
transitions in Pt plays an important role.

To understand the effect of the Fano interference on the
SERS, we need to consider the EF in more detail. The SERS
enhancement mechanism can roughly be understood in terms
of three mechanisms:58-60 (a) an electromagnetic mechanism
(EM) due to resonance of the incident beam with the plasmon
of the metal surface, (b) a charge transfer (CT) mechanism due
to resonance of the incident beam with an excitation from the
metal to the adsorbate, and (c) an enhancement due to
nonresonant interactions between the surface and the adsorbate
(CHEM). Mechanisms (b) and (c) are generally combined as a
chemical mechanism.

These three mechanisms act in concert to give the total
enhancement in SERS. The strongest enhancement is the EM
due to the strong local field near the metal surface when the
plasmons are excited. The SERS intensities scale roughly with
the local field as |Eloc/Einc|4, where Eloc is the electric field at the
surface and Einc is the incident electric field,23 and thus is highly
sensitive to the local field. The CT and CHEM mechanisms
are typically weaker, on the order of 10-1000×. The CHEM
mechanism is largely independent of the incident light. In the
CT mechanism the enhancement scales as 1/Γ4, where Γ is the
half-width of the electronic transition. For metal-molecule CT
transitions relevant for SERS, Γ can easily be on the order of
0.5-1 eV. Furthermore, due to the broader line shape width in
the extinction spectra of Pt compared to Au we expect the CT
mechanism to be less important for Pt. Therefore, we focus on
understanding how Fano interference influences the EM.

To do this, we simulated the extinction efficiency and electric
field (E-field) intensity outside a single Au or Pt nanodisk for
various excitation wavelengths using the discrete dipole ap-
proximation (DDA). We used the DDSCAT program (version
6.1) by Draine and Flatau.61 In the simulations the nanoparticle
was represented by a nanodisk with a diameter of 120 nm and
a height of 30 nm. The total number of dipoles in the simulations
was 12 640. A linear polarized plane wave provided the
excitation. For the dielectric constant needed in the DDA
simulations we used the experimentally determined dielectric
constant1,2 or a Drude-Lorentz model. The complex dielectric

function ε(ω) can be expressed as62,63 ε(ω) ) εF(ω) + εI(ω),
which separates intraband effects (free electrons) from interband
effects (so-called bound electrons). The intraband part εF(ω) of
the dielectric function can be described by the well-known
Drude model:64,65

where ωp is the plasma frequency associated with intraband
transitions with oscillator strength f0 and damping constant Γ0.
The interband part of the dielectric function εI(ω) can be
approximated by a simple semiquantum model resembling the
Lorentz model for insulators:

where k is the number of oscillators, each with frequency ωj,
strength fj, and lifetime 1/Γj. The parameters for the combined
Drude-Lorentz model were taken from ref 57 and provide a
good fit to the experimental data,66 as shown in Figure 3. For
Au, the interband transition threshold is about 2.4 eV and thus
above the plasmon resonance,67 while Pt shows a large
continuum of interband transitions extending far below the
visible wavelengths, which gives rise to the large Fano interfer-
ence with the free electrons.

The calculated extinction spectra using the experimental
dielectric constant (Figure 4a,b) matches the experimentally
measured ones (cf. Figure 2). The total E-field intensity on the
particle for various excitation wavelengths (normalized to the
maximum E-field on the particle for resonant excitation) was
used to represent the average E-field enhancement by the
particle. Since strong E-field enhancement only occurs close to
the particle surface, the total E-field on the particle reflects the
averaged strength of E-field contribution to EM enhancement.
Figure 4d illustrates the typical E-field intensity distribution,
|Eloc|2, near the surface of an Au nanodisk calculated at a resonant
excitation of 615 nm. The average E-field enhancement for
different excitation wavelength is shown in Figure 4a,b for Au
and Pt nanodisks, respectively. We see that the E-field enhance-
ment for Au follows closely the LSPR with a maximum

Figure 2. Decomposition of the experimentally measured extinction QA/ω of Au (a) and Pt (b) (bold lines) nanodisks into a Fano line shape. The
components of the Fano line shape include a Lorentzian term (dashed lines), non-Lorentzian term (dotted lines), and a constant background term
(dash-dotted lines) for both Au and Pt.

εF(ω) ) 1 -
f0ωp

2

ω(ω - iΓ0)
(3)

εI(ω) ) ∑
j)1

k fjωp
2

(ωj
2 - ω2) + iωΓj

(4)
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enhancement in E-field of ∼240 at resonance, which corresponds
to an EM enhancement of ∼105. In contrast, the E-field
enhancement for Pt is small and relatively uniform over a wide
wavelength range with a maximum of ∼36, which would yield
an EM enhancement of ∼103. Thus, the EM enhancement
estimated from the DDA simulation agrees reasonably with the
measured values (Table 1), given the complexity in the SERS
enhancement mechanism and the approximations used in the
simulation.

To understand the influence of interband transitions, we
repeated the calculation for Pt without interband contributions
by using a purely Drude model for the dielectric constant when
the extinction efficiency and the E-field enhancement or |Eloc|2

were calculated for Pt. In the absence of the continuum interband
transitions, |Eloc|2 is extremely large and shows the same
wavelength dependence as the plasmon resonance, as shown in
Figure 4c. Thus we conclude that Fano interference between
plasmon electrons and interband transition modulates the

Figure 3. Drude-Lorentz model (solid line) fits to experimentally measured dielectric function (dots) of Pt1 and Au.2 The Drude component is
shown as a dashed line. In stark contrast to Au, Pt exhibits a large continuum of interband transitions.

Figure 4. DDA simulation of electric field enhancement and extinction efficiency for Au (a) and Pt (b) using the experimentally determined
dielectric constant. (c) DDA simulation of electric field enhancement and extinction efficiency for Pt using only a Drude model for the dielectric
constant. (d) Typical electric field intensity distribution |Eloc|2 near the top of an Au nanodisk at 615 nm wavelength.
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electromagnetic response of Pt, producing a very large damping,
thereby lowering the enhancement in the E-field and altering
the wavelength dependence of the E-field enhancement so that
it does not follow the LSPR.

The origin of the Fano interference on the EM enhancement
can be understood by considering a molecule adsorbed on an
oblate ellipsoid under an external laser field EL of frequency
ωL. If the dimension of the ellipsoid is much smaller than the
wavelength, the problem can be solved in an electrostatic
approximation. We replace the ellipsoid by an effective point
dipole of magnitude µ ) REEL

68 where

Equation 5 describes the polarizability components along the
long axis of the ellipsoid. At resonance, the induced dipolar
field of the ellipsoid is very large and produces a large molecular
dipole moment µM oscillating at the Stokes frequency ωS:
µM(ωS) ) 2RRRE(ωL)EL/r3.56 Here RR is the Raman polarizability
and r is the distance from the center of the ellipsoid to the
molecule. The field of the molecular dipole in turn polarizes
the ellipsoid to produce an ellipsoid dipole at the Stokes
frequency, µE ) 2RE(ωS) µM(ωS)EL/r3, which is larger than the
usual Raman molecular dipole by the factor f ) (4/(r3)2)RE(ωL)
RE(ωS) ≈ (4/(r3)2)RE(ωL)2 since the Stokes frequency is usually
very close to the laser frequency.

The enhancement in the electric field intensity, F, at the
surface of the ellipsoid is F ) |f| ) (4/(r3)2)|RE(ωL)|2, and the

net enhancement of the Raman intensity is F2 ) (16/
(r3)4)|RE(ωL)|4. By simply investigating the effects of interband
transitions on the polarizability RE(ω), we can understand the
differences in the wavelength-dependent electric field enhance-
ment behavior in Au and Pt. The polarizability of an ellipsoid
(eq 5) can be rearranged to yield49 RE(ω) ) (V/3L)[RF(ω) +
RI(ω) - RF(ω) RI(ω)] where RF(ω) is the free electron response
and RI(ω) is the pure interband response. The free electron
response is RF(ω) ) ωLSP

2/(ωLSP
2 - ω2 - iγω), where ωLSP

2 )
ωp

2/B and the pure interband response is RI(ω) ) (εI - εm)/B
where εI is the complex interband contribution to the dielectric
function, εm is the dielectric constant of the medium and B )
(1/L - 1)εm - εI. The electric field enhancement is therefore F
) |f| ) |fF + fI + fFfI + 2RF · RI(1 - RF - RI)|, where fF is the
enhancement in the electric field due to the free electron
response, fI is the enhancement in the electric field due to the
pure interband response, and the remainder are interference
terms. To understand the role of interband transitions in the
extinction and the electric field enhancement for Pt, we changed
the weight fraction (w) of the Lorentz part in the Drude-Lorentz
model as ε(ω) ) εF(ω) + w × εI(ω). Figure 5a shows the
extinction efficiencies for various weighting factions and the
corresponding fitting parameter q in the Fano line-shape
function. A larger contribution from interband transitions gives
a smaller q, a stronger Fano interference (1/q), and therefore a
much more asymmetric spectrum. The calculated E-field
enhancement is shown in Figure 5b with different weight
fractions. As Fano interference becomes stronger, the separation
between E-field enhancement peaks and extinction resonance
peaks becomes larger. E-field enhancement no longer follows

Figure 5. Plot of extinction efficiency (a) and electric field enhancement (b) for Pt calculated analytically in the electrostatic limit. The contribution
of interband transition to the Drude-Lorentz dielectric determines the Fano interference strength, 1/q. (c) Peak positions of extinction efficiency
(black squares) and electric field enhancement (red dots) for different Fano interference strengths. (d) Peak intensity of extinction efficiency (black
squares) and electric field enhancement (red dots) for different Fano interference strengths.

RE(ω) ) V
ε - εm

3εm + 3L(ε - εm)
(5)
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the extinction spectrum (Figure 5c). As a result, we observe
that the SERS EF for Pt is insensitive to the extinction spectrum.
Moreover, stronger Fano interference also results in much a
weaker extinction and E-field enhancement (Figure 5d), and
consequently there is much weak SERS EF (∼102) in Pt. The
analytical model qualitatively explains the experimentally
measured SERS EF in Pt.

4. Conclusions

The different plasmonic behaviors of Au and Pt nanodisks
and consequently their different SERS EF as a function of
excitation wavelength were explained by Fano interference
between free plasmon electrons and interband transitions.
Compared to that of Au, the extinction spectrum of Pt is broader
and more asymmetric. A large experimental Raman cross-
section enhancement factor (EF) of ∼106 was obtained with
647 nm resonant excitation on the Au array with the EF
decreasing significantly off-resonance. In contrast, the SERS
EF for Pt array is much smaller, ∼102, and not particularly
sensitive to the excitation wavelength. Discrete dipole ap-
proximation simulations with a Drude dielectric constant or an
experimental dielectric constant attribute the low EF and
insensitivity to excitation wavelength in Pt to Fano interference
between free electrons and continuum interband transitions. An
analytical model reveals that increasing the Fano interference
leads to a significantly weaker E-field enhancement and different
wavelength dependence from that found for the extinction
spectrum.
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