
Developing Plasmonics Under the Infrared Microscope: From Ni
Nanoparticle Arrays to Infrared Micromesh
Marvin A. Malone, Antriksh Luthra, David Lioi, and James V. Coe*

Department of Chemistry, The Ohio State University, 100 West 18th Avenue, Columbus, Ohio 43210-1173, United States

ABSTRACT: Microscopes typically collect light over large ranges
of angles dispersing plasmonic resonances. While this is an advantage
for recording spectra of microscopic particles, it is a disadvantage for
sensing by resonance shifts. Adaptations are described herein which
enable one to identify, manipulate, and examine narrow plasmonic
resonances under a microscope. Noting more general familiarity with
metal nanoparticle arrays, a useful perspective is offered by relating the
optical transmission of small Ni nanoparticle arrays to that of Ni metal films with microhole arrays, i.e., infrared-active mesh. This
perspective also includes the connection to traditional dispersion studies, a new microscope method to measure the propagation length
of surface-plasmon-polariton-mediated resonances, and the shifting of resonance positions by latex microspheres in the holes of mesh.

The large range of angles typically collected by microscopes
can be a severe shortcoming when working with plasmonic

resonances. The large angle range results in resonance dispersion
(spreading out of resonance position) and diminished
intensity.In the future, the following line of work may lead to
an IR microscope designed for plasmonics. This would be an IR
microscope better able to study subwavelength size particles.
Simple modifications are described herein that enable one to
identify, manipulate, and examine narrow plasmonic resonances
under a microscope.
Plasmonics in the infrared (IR) using Ni films with arrays of

microholes (mesh) is generally less familiar than the localized
surface plasmon resonances of isolated metal nanoparticles, so
this Perspective starts by establishing a relationship between the
plasmonic transmission of an array of Ni nanoparticles and that
of a Ni micromesh. While Ni is not considered a good plasmonic
metal in the visible region, the plasmonic nature of the
transmission spectrum of a Ni nanoparticle array can be
illustrated as the part that changes when the nanoparticle
width is increased relative to the lattice parameter - other parts
arise simply from the bulk Ni dielectric function. By increasing
the nanoparticle width until the nanoparticles touch, the
nanoarray becomes a mesh, i.e., a metal film with an array of
holes. One might say that the mesh is a highly coupled array of
metal particles. This sequence involves the transformation of a
capacitive grid of metal particles into an inductive grid (hole array
in a metal film). Therefore the process might also be viewed in
terms of Babinet’s principle,1−3 i.e., the resulting mesh has a
conjugate structure that is an array of metal particles (change

holes into metal and metal into space), and one expects a
relationship between the reflection and transmission of conjugate
pairs. Then, the whole process is moved into the IR region by
increasing the lattice parameter and changing the shape of the
particle. Cross-like Ni particles grow directly into our IR mesh (a
square microlattice with square holes) that has been used in
many studies.4−7 Dispersion measurements and momentum
matching equations are presented that characterize the IR
plasmonic nature of the Ni microarrays as adapted to
measurement with an imaging IR microscope. Finally, examples
of resonance characterization and particle sensing are presented
using mesh under the IR microscope.
Ni Nanoparticle Arrays. The plasmonics of a single spherical

metal nanoparticle is well understood in terms of a localized
surface plasmon.8−11 The extinction resonance is most simply
modeled with Mie theory9,11,12 for spherical particles and arises
at the wavelength in which the real part of the metal’s dielectric
function (ε′m) equals−2 (when the imaginary component, ε″m, is
negligible). Unlike Au, Ag, and Cu, which are considered good
plasmonic materials in the visible, Ni is not considered good13

because |ε′m| < ε″m in the visible, as based on smooth metal
considerations.14 An array of very small Ni nanoparticles can be
expected to have an extinction spectrum related to the bulk
absorption spectrum. Experimental studies by Amekura and co-
workers15,16 observed Ni nanoparticle spectra with absorptions
similar to bulk, and they provide an interesting discussion of the
plasmonic nature of these transitions. Alternatively, as a
nanoparticle is incorporated into an ordered nanoarray,
interactions between particles can be observed. Schatz and co-
workers have predicted distortions of extinction spectra due to
coupling between adjacent metal nanoparticles17 in two-
dimensional ordered arrays. One notable difference of these
transitions from bulk concerns a shifting with particle radius.
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The transmission spectra of Ni nanoparticles of various radii on a
5 nm square lattice array have been computed by us with a three-
dimensional, finite difference time domain (3D-FDTD)
simulation using Lumerical’s software (5 nm × 5 nm × 80 nm
cell, 0.00038 fs step, nonuniform gridding, Palik’s Ni dielectric
function, periodic boundary conditions along the mesh, and
absorbing PML settings for incident direction, k = 0, which is
perpendicular incidence).18 The results are shown in Figure 1,
where the particle radius has values of 0.6, 1.2, 1.8, 2.2, and
2.5 nm, the last being the size at which the nanoparticles touch
becoming a mesh. Each spectrum shows a downward peak at
∼200 nm (∼6.2 eV) with extinction roughly linear to particle
volume, which is like the bulk absorption spectrum. However, as
the particles become larger, or the gap between the particles
becomes smaller, the plasmonic coupling increases, and there is a
second peak that tunes to longer wavelength with stronger
coupling. Conversely, since this peak is changing, it cannot be
directly or fully due to the bulk absorption. A red shift with
stronger coupling is taken as an indication of the plasmonic
nature of this extinction resonance as characterized in the work of
Schatz and co-workers.17 This coupling behavior has been
observed experimentally by Murray et al,19 using metal
nanoparticle arrays with a lattice parameter in the visible.

Ni Micromesh. The same strategy of particles growing on a
fixed lattice is employed to obtain our standard IR mesh with
which many experiments4−7 have been performed. The lattice
parameter is increased to 12.7 μm (from 0.005 μm), and the
shape of the Ni particles is changed to a cross of two overlapping
and identical rectangles, each with a length that is 1.649 times the

width (a), and having a constant thickness of 2 μm (see insets in
Figure 2). Such a sequence grows into a mesh with 5.0 μm square
holes when the gap is zero. The IR transmission spectra were
again computed with 3D-FDTD simulations (12.7 μm × 12.7
μm × 100 μm cell, 0.19 fs step, nonuniform gridding, Palik’s Ni
dielectric function, periodic boundary conditions along the mesh
and absorbing PML settings for incident direction, k = 0, which is
perpendicular incidence)18 and are presented in Figure 2, where
the width (a) of the cross was 1.2, 1.8, 3.0, 4.25, 5.5, 6.7, and
7.7 μm producing a gap of 10.7, 9.7, 7.8, 5.7, 3.6, 1.2, and 0.0 μm,
respectively. At the smaller particle or large gap sizes, there is a
single, down-going peak at about 12.7 μm which is due to
destructive interference (as first noted by Lord Rayleigh on
gratings).20,21 Unlike a metal nanoparticle array, which has an
extinction resonance near the wavelength when ε′m = −2
(allowing for coupling), this extinction of the microarray is
governed by the lattice parameter. Notice that at intermediate
gap sizes, there are extra, broad peaks at longer wavelengths.
These peaks shift with changing gap size and are due to
plasmonic coupling − just as seen with the nanoparticle
sequence. However, something dramatically different occurs as
the gap closes. While all features to this point have been
extinctions (losses of transmission), there is the beginning of an
up-going feature at the next-to-smallest gap. Finally, when the
gap is zero (our standard IR mesh), there is a strong and narrow
up-going resonance of 72% transmission at 13.1 μm.
In fact, there are resonances like this for each of the diffraction

spots that are transmitted by mesh at shorter wavelengths.5,22 At
increasingly longer wavelengths, these spots are bent to larger
angles. When the light (that would produce spots at shorter
wavelengths) is bent parallel to the surface, then the light is no
longer transmitted normally, and it interacts with the conducting
electrons of the metal creating surface plasmon polaritons that
mediate and label observed transmission resonances. Further
coupling with the modes of the holes produces transmission
without scattering from the incident beam, i.e. Ebbesen’s
extraordinary transmission23 effect pushed into the IR. In fact,
this effect may have first been observed in the far-infrared region

Figure 1. 3D-FDTD calculations of the transmittance of an array of spherical Ni nanoparticles on a 5 nm, square lattice as the radius of the particles
increases. The drawings show how the spherical nanoparticles grow until, at a radius of 2.5 nm, they touch making a mesh. The extinction peak in the
400−500 nm range redshifts and broadens with stronger coupling.

A useful perspective is offered by
relating the optical transmission
of small Ni nanoparticle arrays to

that of Ni metal films with
microhole arrays, i.e., infrared-

active mesh.
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by Ulrich.1 There is a body of work on grids3,24,25 and work in the
IR on mesh is done by an increasing number of groups.26−34

Applications in Chemistry. The Coe Group develops
applications for plasmonic micromesh in chemistry. Due to the
unusual IR transmission, metal mesh can function as a new
window substrate5,6,13 and has been used to study coatings,35−37

catalytic reactions in thin films,38 fundamentals of the
resonances,39−42 and mesh doublestacks.43 Noting that metal
micromesh can collect IR light from a larger area, which is then
funneled through a subwavelength hole, it becomes possible,
using standard IR imaging microscopes, to take spectra of objects
in mesh holes that are smaller than the minimally useful window
of ordinary operation. Scatter-free IR absorption spectra of
single, subwavelength particles including single live yeast cells,44

latex spheres,45 and airborne dust particles46,47 have been
reported. Globular particles of ∼4 μm width are among the
largest that are breathed into people’s lungs, so there is much
interest in the chemical identity of such particles.

Plasmonic Resonances under the Microscope. A microscope
investigates a much smaller region of space with a large range of
incident angles in comparison to a benchtop spectrometer.
These optical features produce mesh resonances that may
be dispersed and broadened beyond utility. Furthermore, sens-
ing by resonance position may be distorted or untenable when
the propagation distance of surface-plasmon-mediated reso-
nances becomes comparable to the spatial extent of the region
investigated under the microscope. So, it was not at all clear
that sensing experiments with narrow propagating resonances
were possible under a microscope. In this section, it is shown

that resonances can be obtained under the microscope that are
sufficiently narrow for identification and dispersion studies.
Later, the sensing of subwavelength particles is demonstrated.
Our techniques to enable plasmonic sensing studies with an IR

microscope48 start with plasmonic mesh. A typical piece of our IR
plasmonic Ni mesh (5 μm wide square holes, 12.7 μm square
lattice parameter, 2 μm thick, from Precision Eforming LLC) is
shown with a scanning electron microscope image in Figure 3a.

Transmission spectra of such a piece of mesh are shown in
Figure 3b using a benchtop FTIR (where the incident light is
perpendicular using a small range of angles, green trace) and in
an IR imaging microscope (Perkin-Elmer Spotlight 300), where
a ring of light in a range from 17° to 37° off of the optical axis

Figure 3. (a) Front, back, and side scanning electron microscope images
of a typical Ni mesh. (b) Transmission spectra of the same piece of Ni
mesh in a benchtop FTIR at perpendicular incidence and in an FTIR
microscope with Cassegrain optics. A schematic of the microscope
optics is inset showing the large range of incident angles.

Figure 2. 3D-FDTD calculations of the transmittance of an array of cross-like Ni microparticles on a 12.7 μm square lattice as the particle size increases
and the gap decreases. The ratio of the width-to-length of the rectangles comprising the crosses has been set such that our experimental infrared mesh
geometry is obtained when the gap is zero. Coupling effects (red-shifted and broadened extinction peaks) get stronger as the crosses get bigger. The end
of the sequence (zero gap or mesh) shows a narrow, up-going, transmission resonance in contrast to the down-going extinctions of the microparticle
arrays.

In the future, the following line of
work may lead to an IR micro-
scope designed for plasmonics.
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is collected due to a system of Cassegrain reflective optics
(blue trace, with an inset of the microscope optics). Plasmonic
resonances disperse with angle39,40 which, with the microscope,
averages away sharp plasmonic features and produces a better
background for spectroscopy. If a 3.2 mm diameter aperture is
used 12 mm off-axis and 25 mm below the microscope focal
plane48 (see the right side of Figure 4), then much sharper

transmission resonances are observed with the microscope
(right side of Figure 4) − ones that disperse in predictable
ways. Using the coordinate system defined by the aperture
on the left side of Figure 4, rotations about the x, y,
and z-axes are taken as the angles γ, θ, and φ, respectively.
A useful dispersion coordinate for mesh in the focal plane of a
microscope is defined by rotation of the mesh in the focal
plane about the microscope optical axis (by the angle φ) as γ
and θ are held constant at 0° and ∼28°, respectively. Note
how significantly the transmission changes as the mesh is
rotated by φ = 45° in the microscope with an aperture (Figure 4,
right). Many transmission spectra were recorded with
successive values of φ and detected with two different orien-
tations of a polarizer (0 and 90°), as shown in Figure 5. Note
that previous work was unpolarized. The spectra of Figure 5
were smoothed, and peak maxima were extracted to produce
the experimental portion (symbols) of the dispersion diagram
of Figure 6.
Modeling the Microscope Dispersion Data. The momentum of

light in the space of themesh as an effective medium (2πν̃nef f) can
be equated to the momentum components of light (kx and ky) and
grating contributions (2πi/L and 2πj/L) at the mesh by the
following momentum matching relation:
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where kx = 2πν̃ sin θ cos φ and ky = 2πν̃ sin θ sin φ are
components of light at the mesh surface, i and j are steps along
the reciprocal lattice (indices of diffraction spots that have
become resonances), L is the lattice parameter, and neff is the
effective index of refraction that varies with wavenumber as
neff(ν̃) = α0 + (α1/ν̃). In the present case of rotation of mesh
about the microscope’s optical axis (with an off axis aperture),
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This equation was used to obtain the lines in Figure 6 with
simulation parameters of L = 12.55 μm, θ0 = 28.5°, α0 = 1.134, α1=
−59.941, and an offset of +2.0 inφ for the experimental data. One of
the most striking features of this dispersion plot is that eight different
i,j curves nearly cross at φ = 45° and ∼1180 cm−1. While the
strongest transmission resonances of a square lattice mesh at
perpendicular incidence involve the contributions of only 4
diffraction spots, this geometry (see the left side of Figure 4, i.e.,
rotated about the y-axis by∼28° and the optical axis by 45°) amounts
to a shift in reciprocal space of half a Brillouin zone in both the x and y
directions. This places eight diffraction spots symmetrically about the
origin. This prominent feature was called the “monster plasmon”
because eight degenerate resonances are likely to give rise to high
electromagnetic intensity and strong plasmonic effects, however in
practice, themixture of different states has rendered it less useful than
single transitions for sensing applications. Perhaps others will find
applications for the monster plasmon.
Polarization effects arise in mesh because it is a bigrating with

both horizontal and vertical structure. With smooth metal

Figure 4. A graphic (left) showing the FTIR microscope-aperture
system and definition of a coordinate system at the mesh sample relative
to the off-axis aperture. Transmission spectra of Ni mesh are shown (at
right) with no aperture (black, dotted trace), with the mesh aligned with
the aperture (φ = 0°, pink solid trace), and rotated by φ = 45° about the
microscope axis (green solid trace). The resonances are much narrower
with the aperture, and the resonances shift significantly with different
values of φ, showing that this is a useful coordinate for dispersion
studies.

Figure 5. Transmission spectra (top) of mesh with the imaging IR
microscope in steps of φ (rotation of the mesh relative to the aperture
about themicroscope optical axis) from 0° to∼90°with a polarizer at 0°.
Bottom is the same except the polarizer is set at 90°. Many resonance
dispersion trends are apparent.
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surfaces, propagation directions of surface plasmon polaritons
will follow the incident polarization, but mesh holes can point
surface plasmon polaritons in various directions. The most
marked differences due to polarization were evident in the lowest
energy resonances at φ = 45°, as shown in Figure 7. These effects
went unobserved in our earlier, unpolarized work.48 Unpolarized
work shows two low energy resonances (610 and 735 cm−1 at
φ = 45°); however, a polarizer can select one or the other
resonance as shown in Figure 7a. The peak heights of these two
transmission resonances were measured as a function of
polarization as shown in Figure 7b. These two resonances are
90° out of phase with each other. Each disappears while the other
is maximized. Nonlinear least-squares fits with sin2 and cos2

functions are given in Figure 7b as traces.
It is often useful to display dispersionmeasurements as a function

of momentum in k-space, i.e., a formal connection with other
dispersion work is provided. Our microscope-with-aperture
geometry involves varying both kx and ky; however, their sum is
constrained by φ, rotation about the microscope axis, as

πν θ ϕ ϕ+ = ̃ +k k 2 sin (cos sin )x y 0 (3)

where θ0 is the fixed tilt about the y-axis. The same data that are
presented in Figure 6 are presented in k-space in Figure 8 with filled
symbols. The solid green lines representmesh rotation atφ= 0° and
φ = 45°. The data recorded betweenφ = 45° and 90°, fold back into
the space between the green lines with φ = 90° being the same as
φ= 0°. The open symbols are the experimental data projected to the
φ = 90−180° region. The solid black curves are the same momen-
tum matching curves as shown in Figure 6. The dashed lines repre-
sent the light line folded into this wave vector space. Note the
crossing of four sets of lines near φ = 0° and 850 cm−1, and the
crossing of eight sets of lines near φ = 45° and 1180 cm−1. The
experimental data, which involve light interacting with the metal
surface, exhibit avoided crossings and significant shifts from
the light line in contrast to light, by itself. When light interacts
with the conducting electrons of the metal, the resulting mixed state
(or polariton) takes on some fermionic character, and the resonances
interact to some extent like molecules, rather than light.49

Resonance Propagation Lengths by Microscope Window. The
infrared microscope’s variable aperture, which selects the

Figure 7. (a) IRmicroscope transmission spectra of mesh rotated byφ =
45° in the low energy region comparing polarization at 0° and 90°.
These resonances are very responsive to polarization. (b) Plot
(symbols) and fit (solid traces) of the transmission peak maximum
(%T) as a function of polarization angle for the same low energy
resonances seen above in part (a). The two peaks are 90° out of phase
and follow simple trigometric cos2 or sin2 functions.

Figure 8. Resonance peak position is plotted versus the sum of the kx
and ky wavevectors, which can be given in terms of the single variable φ.
This produces a momentum dispersion plot in k-space. The space
between the solid green lines corresponds to data collected from φ = 0°
to 90°, but the data from 45−90° folds back into the 0−45° region. All
experimental data has an offset of +2.0 in φ as determined by folding the
data. The filled blue circles are 0° polarization and the filled red triangles
are 90° polarization. The open symbols are a projection of the
experimental data into the region of φ = 90−180°. The solid lines are
momentum matching curves calculated using eq 2 and L = 12.55 μm,
θ0 = 28.5°, α0 = 1.134, and α1= −59.941. The dashed lines are the light
line (neff = 1.000) folded into momentum space.

Figure 6. The positions of transmission resonance maxima in Figure 5
are plotted against φ (rotation about the microscope axis relative to the
off-axis aperture) producing a φ dispersion plot. The filled circles are 0°
polarization and the open circles are 90° polarization. A correction offset
of +2.0 in φwas added as determined by folding the data at φ = 45°. The
lines that simulate the data were calculated using the momentum
matching relations of eq 2 and the parameters: L = 12.55 μm, θ0 = 28.5°,
α0 = 1.134, and α1=−59.941. The near overlap of eight different pairs of
lines at φ = 45° and ν̃ = 1180 cm−1 produces a resonance that we call the
“monster plasmon”. The positions of these resonances are well-
predicted by momentum matching.
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sampled area or window, can be made comparable in size to the
propagation distance of some plasmonic transmission reso-
nances. Since this affects the resonance transmission intensity, a
study of resonance transmission versus window size can be used
to characterize the resonance propagation distance along the
mesh. However, the variable aperture works against an effective
fixed aperture of 100 × 100 μm2 in our instrument, so there is a
practical upper constraint of ∼100 μm in this method.
The main resonance at φ = 0° and 830 cm−1, was investigated

using a wire grid polarizer at 90° and variable windows. One
dimension of the window was set at 100 μm, while the other was
varied as shown in the Figure 9 insets. The resonance transmission

(I, in units of % transmission) is plotted in Figure 9 as a function of
the variable window width or length. The data was fit with a
nonlinear least-squares routine to the following form:

β= − β−I (1 e )W
0

/ 1 (4)

where W is the variable length of the window (either X or Y, for
horizontal or vertical variations, respectively), β0 is the large
window intensity, and β1 is the 1/e propagation distance. The
propagation length is 23.5 ± 0.9 μm for the vertical, Y, direction
and 16.9 ± 0.3 μm for the horizontal, X, direction with the
polarizer commonly fixed. These distances are a factor of 1.85 and
1.33 of the lattice parameter (12.7 μm), respectively. These results
are in rough agreement with our previous results41 yielding a
1/e propagation length (by absorption from a ring of latex
spheres) of 17.8 ± 2.9 μm. While surface plasmon polaritons may
run much larger distances on smooth metal surfaces,14 damping at
the next hole is a defining mechanism of the plasmonic resonances
on infrared-active mesh. This type of damping is not a loss; rather
the light largely rejoins the incident beam and is useful in
transmission studies.

Particle Sensing.The transmission resonance can be sensitive to
the surrounding environment. In the simplest case, a change in
the effective refractive index should result in red-shifted
resonances. A complete submersion of the mesh in a dielectric
material maximally shifts the resonance by a factor of 1/neff.
However, particles will cause shifts dependent on the amount
and position of the material, as can be observed under the IR
microscope. The (−1,−1) resonance was chosen to sense the
presence of polystyrene microspheres in the holes of mesh
because this resonance is narrow (inherently <25 cm−1) and
appears in some parts of momentum space as a single resonance
(near φ = 45°). The polystyrene microspheres, obtained from
SPI Supplies, are 5.0 ± 0.4 μm in diameter with a 1.58 refractive
index (at 540 nm). The (−1,−1) resonance in air is peaked at
735 cm−1 and theoretically should shift to 465 cm−1 if fully sub-
mersed in polystyrene. A 3D-FDTD calculation18 at perpendic-
ular incidence with all holes filled with microspheres showed that
the main resonance shifts ∼100 cm−1, so shifts were measured in
the IRmicroscope with variable fractions of holes filled with latex
microspheres as shown in Figure 10. The effective fixed aperture

of 100× 100 μm2 sampled 61 mesh holes, so the fractions are out
of 61. To reduce the interaction with the resonance at 610 cm−1,
the mesh was rotated to φ = 45°, and a polarizer was used to
obtain the largest intensity (15°). A maximum shift of about
50 cm−1 was observed when all 61 holes are filled with poly-
styrene microspheres. This is only half of the shift expected at
perpendicular incidence. Perhaps the difference is due to the
sampling angle of the aperture/microscope system. A nonlinear
least-squares routine was used to fit the data to a logistic sigmoid
function of the form

ν
ν ν

ν̃ =
̃ − ̃

+
+ ̃

( )
f( )

1 f
b

Pp
empty filled

filled

(5)

Figure 9. Peak maximum transmission for a resonance (830 cm−1, φ = 0°,
polarizer at 90°) with empty mesh under the IR microscope versus
variable microscope window size (X or Y). (a) Plot of resonance
maximum transmission versus the vertical dimension of the microscope
window (Y). (b) Plot of resonance maximum transmission for a variable
change in the horizontal dimension of the microscope window (Y) with
the same polarization as in panel a.

Figure 10. Position (filled symbols) of the (−1,−1) resonance at φ = 45°
with a polarizer at 15° as a function of the fraction of mesh holes filled by
5 μm diameter latex microspheres within a 100 μm × 100 μm window.
There are 61 holes to be filled in this window. The inset drawings show
all empty holes, 15 holes filled, and all holes filled. Although the holes
have been filled randomly for this experiment, clearly the resonance
shifts to lower wavenumber as holes are filled. The solid trace is fit to
a logistic sigmoid functional form, ignoring the large scatter due to
coupling between spheres in adjacent holes.
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where ν̃empty =740.2 ± 2.3 μm and ν̃filled = 694.0 μm (fixed) are
the wavenumbers for the empty and filled mesh conditions, f is
the fraction of the 61 holes filled, b = 0.49 ± 0.04 is the point of
inflection, and P = 2.9 ± 0.5 determines the sharpness of the
transition. There is a large scatter in this result because the
fractions investigated were randomly arranged, which does not
control for coupling between nearby particles. The result shows
that shifts are observable, and it will be worthwhile to pursue
more controlled arrangements in the future.
Conclusions and Future Work. It is our hope that this work may

lead to an IR microscope designed for plasmonic studies and
plasmonic imaging, i.e., imaging based on the magnitude of the
shift of plasmonic resonances. With the present system,
observation of plasmonic resonances involves eliminating a
large fraction (∼90%) of a normal microscope’s incident light by
means of an aperture. It would seem possible to design an optical
system in which a comparable intensity is confined to a small
range of k-values about a single, nonzero value of k. This would
be an IR microscope better able to study subwavelength size
particles. Ultimately with imaging IR microscopes, it might be
possible to develop IR analogues to optical surface plasmon
resonance (SPR) sensor arrays.
In conclusion, infrared-active micromesh behaves in several

ways like a highly coupled array of metal particles, namely, it
shows characteristic shifting of resonances as a function of
coupling between adjacent holes or particles. Such coupling
amounts to propagation of light along the surface of the mesh;
however, the propagation is strongly damped by the presences of
holes (the propagation distance is between one and two holes).
However, the important aspect is that the damped radiation is
not lost. Rather, it emerges from the mesh with little scattering,
differing little from the incident beam − at least for the purposes
of Fourier transform infrared spectroscopy.A piece of metal
micromesh in an IR imaging microscope can be used to record
the scatter-free spectrum of a single isolated, subwavelength
particle or to sense such particles by the shift of plasmonic
resonances. The new microscopic capabilities for plasmonics in
the infrared invite comparison to our macroscopic understanding
of such phenomena.
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