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O
ver the past decade the opti-
cal properties of metal nanoparti-
cles1,2 have been the subject of

increasing research efforts that are moti-
vated by potential applications in many
areas, including chemical/biological sens-
ing,3�6 energy harvesting,7 light genera-
tion,8 data storage,9 near-field imaging,10,11

and nanoscale photochemistry.12 This area
of research, generally denoted as “plasmon-
ics”, has derived clear benefits from inten-
sive improvements in electromagnetic mod-
eling,13 characterization methods,14�19

and nanofabrication.20 Regarding this last
point, various bottom-up21�23 and top-
down24�32 approaches of fabrication have
enabled the study of metal nanostructures
of complex geometries. Among them,metal
nanocubes have been of recent interest.
Studies on the optical properties of nano-
cubes have so far dealt with local light
enhancement for the purpose, for ex-
ample, of maximizing signal from analytes
using surface-enhanced raman scattering
(SERS),33 cell imaging, and photothermal
therapy of human liver cancer cells34 and
enhancing fluorescence and photovoltaic
yield.35 Other recent studies on single silver
nanocubes, in interaction with a nearby
dielectric substrate, show that this type of
nanostructuremayplay an important role as
a localized surface plasmon resonance sen-
sor with high performance sensitivity.36,37

Nanocubes have particularly interesting
plasmonic properties. In particular, a given
cube presents 12 sharp ridges and 8 cor-
ners, leading to a complex multipolar reso-
nance structure. Silver cubes are very sensi-
tive to corner and edge rounding.36�38 Gold
Nanocubes show less significant resonance
structure than silver cubes due to quench-
ing of the higher multipole resonances by

interband transitions.39 However, even for
rounded cubes made using wet chemistry
methods, there can be strong contrast in
light confinement for small changes inwave-
length which can be of great interest for
plasmonics.
In this letter, for the first time to our

knowledge, we investigate optical near-
field confinement near single gold nano-
cubes through a unique and recently
introduced approach of photochemical near-
field imaging, where photoinduced molec-
ular displacements are analyzed as a vector-
ial signature of the optical near-field.40,41

We also introduce a point of view that is
complementary to those considered so far:
we monitor the confinement of both the
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ABSTRACT

We report a near-field imaging study of colloidal gold nanocubes. This is accomplished through

a photochemical imaging method in which molecular displacements are vectorial in nature,

enabling sensitivity to the polarization of the optical near-field of the nanocubes. We analyze

the confinement of both electromagnetic hot and “cold” spots with a resolution of λ/35 and

emphasize the particularly high spatial confinement of cold spots. The concept of a cold spot

complements the well-known electromagnetic hot spot but can have significant advantages.

The application of the ultraconfined cold spots to high resolution imaging and spectroscopy is

discussed.

KEYWORDS: plasmon . gold . nanocubes . photoisomerization .
near-field photochemical imaging . near-field depolarization . azobenzene .
electromagnetic hot spot . electromagnetic cold spots
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enhanced light and the absence of light. We call a
region of confined absence of light a “cold spot”, which
is in contrast to the well-known “hot spot” concept.42

While strictly not an application of the Babinet principle43

[see Supporting Information (SI)], the idea of comple-
mentary cold spots to hot spots is in the spirit of this
principle.Wepresent an experimental description of field
localizationon thenanocube surface at a sub-15nmscale
and show that cold spots can be more spatially confined
than hot spots on the cube surface.

PHOTOCHEMICAL APPROACH

Gold nanocubes (GNCs) were prepared by colloidal
chemistry following a two-step “seed-mediated” ap-
proach (see Methods for details).44 In the past few
years, this approach has been used to synthesize a
spectacular variety of shapes such as spheres, rods,
wires, cubes, triangular nanoprisms, bipyramids, and
stars.45 Figure 1 displays the resulting nanocubes, as
well as the photochemical approach. Figure 1a and
Figure 1b show, respectively, a TEM image of the
synthesized 60((3)-nm-side GNCs and corresponding
absorption spectrum in water, as measured by extinc-
tion spectroscopy. Figure 1b shows a clear dipolar
plasmon resonance at λ = 560 nm. It is believed to
correspond to the average contribution of the 12
identical ridges excited by randomly polarized white
light. The different zones of interest, localized at the

GNC surface, are represented in Figure 1c. We will
come back to this figure in the following.
The ``photochemical imaging'' of optical near-fields

of the GNCs is based on the use of azobenzene-
containing photosensitive polymers.40,46�48 GNCs are
coated with a thin layer of this photopolymer and
subsequently laser-illuminated (see Figure 1d). The
azo molecules act as tiny optical probes undergoing
under optical excitation, cycles of isomerization, and
subsequent nanodisplacements (see Figure 1e) indu-
cing topographical changes that are characterized by
atomic force microscopy.
The origin of this topography has been extensively

discussed elsewhere.40,41,46�49 Important aspects will

be reiterated here in the context of the present study.

The incident polarization state is linear and parallel

to the Y-axis and is kept constant. Any studied single

cube is characterized by θ, which is the in-plane angle

between the incident field direction and the cube left

side relative to the center of the cube top face when

viewed along the Y-direction (see Figure 1c). For any

specific location at the top of the cube, the local excited

polarization charge density strongly depends on θ in

terms of the component of the incident field along

local normal unit vectors nB represented in Figure 1c. In

nanocubes, the spatial distribution of induced charge

can change dramatically fromone cube to the next due

Figure 1. The gold nanocube sample and principle of the near-field photochemical imaging method are illustrated. (a) TEM
image of 60 nm gold nanocubes (GNCs); (b) extinction spectrum of the GNCs in water; (c) representation of GNC geometry,
points of interest and incident polarization; (d) principle of the experiment (see text for details); (e) illustration of a cycle of
photoisomerization (transfcisftrans) and the resulting molecular displacement.
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to the specific geometry of each cube. In particular, the
charge can go to zero at very confined localizations.

RESULTS AND DISCUSSION

To introduce the analysis, a first set of results is
shown in Figure 2. Figures 2a1 and 2a2 show AFM
images of a single GNC taken, respectively, before and
after exposure in the θ = 0� case. The orientation of the
GNC is represented by the TEM image in Figure 2a1. In
general, to make sure that the evaluated value of
θ is correct, extra AFM analyses were performed. They

include phase imaging and use of very sharp tips (tip
radius of curvature < 10 nm). More detailed informa-
tion about this point can be found in the Supporting
Information (Figure S1). Figure 2a3 is the differential
image obtained by subtracting image 2a1 from image
2a2. It highlights the optically induced molecular
displacement regardless of the initial topography.
Figure 2a3 show a clear contact along the ridge
[C1A1C2] that is represented in Figure 1c, while the
ridge [C1A2C2] remains dark. The interpretation of the
observed contrast relies on both our knowledge of

Figure 2. Photochemical imaging of the optical near-field of a single GNC illuminated by a Z propagating plane wave linearly
polarized alongY (λ=530nm). (a1, b1, c1) AFM images of PMMA-DR1 coveredGNCswith different orientations relative to the Y
direction: θ = 0�, 45�,�20�, respectively. θ is determined through phase imaging (see Supporting Information). These images
were recorded after polymer deposition, before optical exposure. Corresponding TEM images are also shown in insets. (a2,b2,
c2) AFM images of the same GNCs as for images a1, b1, and c1 taken after a 5-min exposure. (a3,b3,c3) Differential AFM images
(column 2 � column 1), highlighting the optically induced topography in the vicinity of the GNCs. Color code: bright
corresponds tomatter accumulation and black indicates no surface deformations. (d) FDTD calculation of the intensity of the
different field components X, Y, Z and total (140� 140 nm2maps). Rounded cubes (radius of curvature = 8 nm) deposited on
ITO substrate are considered, and edge length is 63 nm. The plane of observation is 10 nm distant from the cube top surface.
In general the apparent cube size and shape in images a1, b1, and c1 result fromboth AFM resolution and thickness/geometry
of the polymer deposited onto the cubes (see Supporting Information, Figure S2 as an illustration).
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PMMA-DR1 and the electromagnetic calculations
shown in Figure 2d. The calculations are based on
the finite-difference time-domain (FDTD) method
which is widely utilized to numerically simulate the
propagation and localization of electromagneticwaves
(see SI for details).13 All of the experimental parameters
have been taken into account in the FDTD calculations:
the presence of the substrate, incident wavelength,
thickness of the polymer, roundness of cube corners,
etc. Figure 2d shows the intensity map of different field
components at a 10 nm distance from the top surface
of a GNC that is illuminated with a Y polarized plane
wave, in the θ = 0� case. Themost intense regions near
the corners are due to the lightening rod effect and
there are interesting depolarization effects that we will
return to later. Furthermore, rounding effects due to
the lossy character of gold, are not especially strong. It
is thus expected that this effect has a secondary role in
the photoinduced topography, though it is not null.
From Figure 2d, it is apparent that the light undergoes
strong depolarization in the close vicinity of the cube:
the YfZ polarization transition is strong and the
resulting intensity is about 3 times higher than the
intensity of the local field component along the in-
cident Y polarization direction. The YfX transition (left
image) is present also, although weaker than YfZ. The
two right images of Figure 2d show that the total
intensity is dominated by the Z polarized field.
We argue that this longitudinal Z component is at

the origin of the observed contrast in Figure 2a3. This
hypothesis is based on what has been learned about
the local optical response of PMMA-DR1 over the past
few years. In particular, it has been shown that the
optically induced topography process is very sensitive
to longitudinal fields: even weak fields oriented per-
pendicular to the polymer surface lead to high
(positive) topography while lateral fields are much less
efficient in making matter move from bright zones to
dark zones, leading to a negative topography contrast
corresponding roughly to the inverse of the intensity of
the lateral field component.40,41,46�49 As a result, in the
presence of any (even weak) longitudinal field, the
topography is expected to represent the positive
photography of the Z intensity, explaining what is
observed in Figure 2a3: two high-topography wings
along the cube edges that are perpendicular to the
incident polarization, comparable to the Iz image of
Figure 2d.
However, some differences between Figure 2a3 and

the calculated Iz map (Figure 2d) are noticeable. The
calculated Izmap shows four zones where the intensity
looks higher, corresponding to a weak lightning rod
effect at the rounded corners. In Figure 2a3 these 4
zones of extra-intensity are not visible. This difference
is believed to result from the effective distance of
observation that lowers the resolution. Figure 2d
shows Intensity maps at a 10 nm distance from the

cube top surface. We choose this distance because it
corresponds to the polymer thickness. At this distance,
the 4 hot spots are poorly contrasted and the calcu-
lated image appears very similar to the experimental
image. In particular, at this 10-nmdistance, the contrast
between corner intensity and edge intensity is about
20% (0.18 vs 0.14). Additionally, the precision we have
on the polymer thickness is about (3 nm. That means
that this effective experimental distance can reach
13 nm, leading to an additional smoothing in the
recorded Iz map. Finally, the difference between
Figure 2a3 and Figure 2d can be explained by an
anomaly in polymer response. This anomaly will be
introduced and discussed in detail later.
The spatial distribution of the local intensity can be

understood on the basis of efficiency of surface charge
excitation. We propose that the local molecular dis-
placement is driven by the local optical field resulting
from excited surface charges. These charges are re-
lated to the electric field discontinuity at the metal-
dielectric interface following the usual boundary con-
ditions:

E1n � E2n ¼ Fs, pol=εo ¼ χnB 3 EB0 (1)

where E1n and E2n are the normal components of the
electric field inside and outside of the GNC, respec-
tively, E0 is the incident electric field, Fs,pol is the surface
density of polarization charges (no external charges are
considered), and χ is themetal electric susceptibility. In
turn, the excited surface charges create their own
electric field whose Z component is responsible for
subsequentmass transport in PMMA-DR1. In particular,
in Figure 2a3, high topography is observed along the
cube ridges where nB is parallel to E0 while dark (cold)
zones correspond to cube ridges where nB is perpendi-
cular to E0. Along such an edge, no charge density is
excited and nomolecular motion is triggered. In the case
of θ = 0�, the dark zone is as large as the bright zone. The
situation is different for θ = 45� (Figure 2b1, 2b2, 2b3).

Figure 3. Typical differential AFM profiles along the differ-
ent directions depicted in the inset (which is a top view of
Figure 1c for θ = 45�).
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In this case, the zone where nB is perpendicular to E0 is
extremely localized to points near C1 (see Figure 3)
leading to a cold spot whose apparent size is less than
10 nm as measured by atomic force microscopy
(Figure 2b3). On the other hand, at any localization
other than C1, E0 has a nonzero component along nB
and charges are induced with a maximum at C2 where
nB )E0. This point is of importance and, as far as we
know, addressed here for the first time: corners of
metal nanocubes can support highly localized cold
spots where the local electromagnetic activity is null.
Obviously, the total field experienced by the nano-
structure is the vectorial sum of incident field (E0) and
local field (Eloc). Thus, even at a cold-spot, the E-field
intensity is not null. However, Eloc > E0 far from cold-
spots.
In principle, unlike hot spots, cold spots could have

point-like features (a “dark dipole”). Compared to a
dipole, a “dark dipole” can be defined as a very con-
fined area around a metal nanostructure characterized
by a local field equal to zero (and thus no polarization
charge excitation and no extra-light radiation). In
Figure 2b3, the apparent spatial extension is due to
the corner geometry, AFM resolution, polymer thick-
ness, and spatial resolution of the photopolymer. In the
case of intermediate values of θ (e.g., �20�, see
Figure 2c1, 2c2, 2c3), the cold spots are less confined.
In Figures 3 and 4 we go deeper into the analysis.

Figure 3 shows differential typical profiles, taken from
one GNC characterized by θ = 45�, along four impor-
tant directions (illustrated in Figure 1c) at the top
surface of the GNC: two perpendicular bisectors
([A2A2], [A1A1]) and two diagonals ([C1C1] and
[C2C2]). For clarity, in the centered inset, a top view
of the cube is shown for the θ = 45� case.
These profiles indicate that the electromagnetic

intensity (observed through mass transport) is charac-
terized with a resolution of about 15 nm (∼λ/35) and is
localized very close to the 60 nm size cube. In other
words, an optical near-field contrast is here observed.
We believe that the thickness of the deposited polymer
(∼10 nm) is a crucial parameter: the far field back-
ground is filtered out and only the very-near field was
selected. Figure 3 shows that the only inactive (in the
electromagnetic sense) direction is [C1C1] which is
perpendicular to the incident polarization. All other
directions are excited and show a nonzero electro-
magnetic near-field. The cases [A1A1] and [A2A2] are
similar to each other because they are symmetrical
with regards to E0. They present two peaks that are
symmetrically displaced relative to the ∼60 nm scan
point. These peaks occur when the AFM tip is near
edges. The width of the peaks is a signature of the
spatial extension of the electromagnetic effect. The
spatial extension here is small (fwhm≈ 10 nm) because
the electromagnetic edge effect is very confined and
spatially selective along the perpendicular bisectors.

Along the [C2C2] diagonal, two peaks separated by
∼100 nm are observed. Their fwhm is significantly
bigger than for [A1A1] and [A2A2]. This is likely to
result from a weak lightning rod effect that occurred at
the corner, increasing the effective depth of the locally
enhanced field. However, the height was expected to
be higher for the polarization aligned with the direc-
tion [C2C2] where the lighting rod effect can be excited
at the corner. This expectation is supported by numer-
ical profiles, calculated for θ = 45�, and illustrated in
Figure 4, where both the fwhm and height are at a
maximum at C2. Surprisingly, compared to [A1A1] and
[A2A2] the apparent measured height at [C2C2] is
comparable, or even weaker in Figure 3. This phenom-
enon is supposed to result from the specific material
response, especially its time evolution. To make clear
this point, we carried out a study of the time evolution
of the measured height. This study is presented in
figure 5 which shows the topography at C2 and A1 for
the 20 first seconds of exposure. At each time, the
exposure was stopped and AFM measurements were
performed. Figure 5 shows that, at short times, the
topography at C2 quickly reaches a maximumwhich is
much higher than the topography at A1, as expected
fromFigure 4. Afterward, the C2 topography decreases.
This phenomenon is typical to local high intensity hot
spots; it results from polymer growth saturation and

Figure 4. Calculated Izprofiles along thedifferent directions
depicted in the inset of Figure 3, for θ = 45�.

Figure 5. Time evolution of height topography at corner C2
(red squares) and edge A1 (blue circles) for the 20 first
seconds of exposure (θ = 45�).
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time polymer relaxation as reported in ref 47. On the
other hand, the time evolution of the topography at A1
is smoother: it slowly increases because the associated
intensity is weaker.
As a result, polymer heights measured after 5 min

(Figures 2 and 3) are believed to correspond to
postsaturation values and are not ideally proportional
to local field intensities. This anomaly, for the moment,
limits precise quantification of the electromagnetic
enhancement. Further experiments will be performed
in the near future. In particular systematic time evolu-
tion studies will be carried out at different GNP posi-
tions, time scales, and intensity ranges, with the goal of
quantifying material response and involved intensities
at the nanoscale. Despite this anomaly, as it will be
shown in the following, under the current experimen-
tal conditions, we were able to define electromagnetic
activity at specific areas of the GNC surface.
Figure 3 therefore highlights the fact that local

optical fields and sources can be either activated or
turned off, on demand, at the surface of a metal nano-
cube, by controlling the incident polarization relative
to the spatial orientation of the cube.
Figure 6 shows polar diagrams that were generated

to provide a complete analysis. For eachmajor position
at the top cube surface, the width and height of bright
contrast (hot spots) have been measured, from AFM
differential profiles, as a function of θ. Again, for read-
ability, a top-view of Figure 1c is shown in Figure 6.
Fourteen differently oriented GNCs were analyzed. As
explained earlier, the “width” is defined as the fwhm of

the peaks of the differential AFM profiles along axes
linking the center of the C2C1C2C1 square and the
points of interest. This width is the signature of the
spatial field confinement in a direction which is radial
to the cube (in a planar direction that passes through
the center of the cube), while “height” reflects the
relative level of the intensity of the relevant Z field
component.
The C1 case is generally characterized by an envel-

ope centered at θ =�45� (or 315�), in accordance with
the fact that this tip corner is efficiently excited when
parallel to the incident field. On the other hand, around
θ =þ45�, the envelope tends to sink down: a cold spot
is progressively replacing a hot spot. As expected, the
C2 case is symmetrical to the C1 case: the excitation of
this corner is maximized around θ =þ45� and tends to
vanish when θ converges to �90� (270�) where the
incident field is perpendicular to the local normal unit
vector at C2. As far as A1 is concerned, the electro-
magnetic excitation is maximum around 0� for which
the incident field efficiently induces charge density at
the [C1A1C2] edge. By contrast, a minimum is ob-
served, at this angle, along the [C1A2C2] edge, because
the incident field is tangential to the [C1A2C2] edge
and no charge is induced. The A2 case is indeed
complementary to the A1 case: excitation of the edge
is efficient around θ = (90� for which the component
of incident field along the normal unit vector is large.
Interestingly, in all diagrams, it is noticed that the

angles for which the “width” presents amaximumdoes
not necessarily correspond to a maximum in the

Figure 6. Polar diagrams showing height and width (see text for definition of these terms) of the optically induced
topography, at different points on the GNC top surface, as a function of θ (the nanocube orientation). The location of these
points is represented in the centered figurewhich is a top view of Figure 1c. Dot diameter represents experimental error bars.
The black arrows in the diagrams point out “active” angles (middle of the envelopes).
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“height”diagram. This is likely to bedue to the anomaly
(commented in detail with Figure 3) in longitudinal
polymer response for the highest intensities. Figure 6
constitutes a valuable mapping of the local optical
near-field at the top side of the GNC even though, as
explained in earlier sections, ideal quantitative analysis
is for the moment not possible due to this anomaly in
polymer response. As a result, some pattern changes
look abrupt in Figure 6. These changes do not reflect
the exact level of the local intensity. The most im-
portant point emphasized in Figure 6 is that we are
able to define envelopes, centered at specific posi-
tions. These envelopes allow us, for the first time to
our knowledge, to localize near-field electromagnetic
activity as a function of the cube orientation. This
capability is supported by Figure 7 which shows
comparisons between experimental and numerical
polar diagrams at C1 and C2 GNC localization. The
agreement between the two diagrams is pretty good
in the sense that the general envelopes fit well,
despite the anomaly clearly visible at θ = þ45� for
C2 and �45� for C1, that is, where light is strongly
enhanced through the lightning rod effect excited at
the corners.
As pointed out before and illustrated in Figure 3,

along the cube edges, hot spot confinement is limited
by the fact that the parts of the edges where the

incident field has a nonzero component along the
local normal are widespread and not isolated. On the
contrary, a cold spot can be much more confined
because isolated points where the scalar product in
eq 1 goes to zero can be found. (Another reason for the
greater confined character of a cold spot is that it can
be associated with lower dimensional nodes in the
electromagnetic field components.)
This point of view is clearly illustrated by Figure 8,

which shows the variation of the cold zone lateral size
as a function of θ. This size is defined as the length of
uninterrupted black zone (null signal in the differential
AFM image) along the [C1A2C2A1C1] half perimeter at
the GNC top surface. The cold spot width dramatically
drops from 50 to 10 nm as θ varied from 0 to 45�. This
shows that manipulating the cube orientation, with
respect to the incident polarization direction, allows us
to control the spatial dimension of the cold spot.
Hence, we can obtain confined cold zones (as that
illustrated in FDTD map shown at the top right of
Figure 8) in well-defined locations and with well-
defined dimensions.
We suggest that such cold spots could be exploited

in nanoscale fluorescence. A cold spot, in contact with
a fluorescent particle to be studied, would be alterna-
tively activated with a time varying polarization direc-
tion. The resulting fluorescence would be detected by
lock-in detection at the frequency of polarization
modulation. The approach proposed here is reminis-
cent of the first ideas of “apertureless” scanning near-
field optical microscopy where a metal tip was found
to locally turn off a diffraction spot.50 This method
could minimize bleaching effects and optimize spatial
resolution which would be associated with cold spot
confinement.

CONCLUSION

The optical field at the top surface of gold nano-
cubes was analyzed with a λ/35 resolution through
an imaging approach based on the use of azoic mole-
cular probes. It is shown that our approach enables
experimental determination of local electromagnetic
activity at different cube areas as a function of cube
orientation.
The concept of plasmonic “cold spot” was intro-

duced as well. It corresponds to a localized absence of

Figure 7. Polar diagrams showing experimental height of the optically induced topography (rounded dots) and calculated Iz
(triangles) as a function of θ. Data are taken at two points on the GNC top surface: C1 (left) and C2 (right). Anomalies at(45�
are clearly visible. They are pointed out by thick black arrows.

Figure 8. Lateral size, asmeasured though our approach, of
the cold spots along the GNC edges as a function of cube
orientation θ. Differential AFM images are shown for the
two extreme cases: θ = 0� and θ = 45�. Top right: FDTD
calculation illustrating a cold spot in the case of 45� incident
polarization (Iz map at 3 nm height above the cube).
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charge excitation at the surface of the metal nano-
structures. Cold spots were detected via an absence of
molecular photodisplacement. Both hot spots and
cold spots were investigated as a function of nano-
cube orientation relative to the incident field

direction. We find that cold spots are more confined
than are hot spots along the nanocube edges.
This feature could be exploited for improving spatial
resolution in near-field optical microscopy and
spectroscopy.

METHODS
Gold Nanocubes Synthesis. Nanocubes of edge length 60( 3 nm

were prepared following a recently published procedure51

based on the earlier experiments of Sau andMurphy52 according
to a two-step approach composed of a seeding process and a
growth process. The seed solution was prepared by adding an
ice-cold NaBH4 solution (0.42 mL, 10 mM) into an aqueous
solution composed of a mixture of HAuCl4 (92 μL, 10 mM) and
CTAB (7mL, 100mM). This seed solutionwas kept at 25 �C for 2 h
to decompose excess borohydride before use. The growth
solution was prepared by the successive addition of three
aqueous solutions: CTAB (9 mL, 22 mM), HAuCl4 (0.250 mL,
10 mM) and ascorbic acid (3 mL, 38 mM). Next, 20 μL of a water-
diluted seed solution (1:50) was injected into the growth solu-
tion. The resultant solutionwas allowed to sit overnight at 25 �C.
Concentrated solutions of nanocubes were obtained by centri-
fugation at 4500 rpm for 15 min, twice, and redispersion in a
suitable amount of water. A few microliters of these concen-
trated solutions were dropcast on carbon-coated copper grids
and indium tin oxide substrates for TEM and SEM measure-
ments, respectively.

Chemicals. Cetyltrimethylammonium bromide (CTAB g
98%), chloroauric acid (HAuCl4 3 3H2O), sodium borohydride
(NaBH4, 99%), and ascorbic acid (99%) were purchased from
Sigma and used as received. Deionized water was used for all
experiments and dilutions.

Instrumentation. UV–Visible extinction spectra in solution were
recorded with a 1 cm cell on a Jasco V-570 spectrophotometer.
Transmission electron microscopy (TEM) observations were made
using a Philips CM12 microscope operating at 120 kV.

Experimental Procedure. The azo dye molecule-containing
polymer consists of pseudostilbene molecules, disperse red 1
(DR1), grafted as a side chain to polymethylmethacrylate
(PMMA) in a 30% molar ratio (PMMA-DR1). PMMA-DR1 is
dissolved in 1,1,2-trichloroethane and spin-coated onto the
GNCs immobilized with electrostatic forces on an indium tin
oxide (ITO) substrate.

AFMmeasurements showed that the polymer film is 40 nm
thick on the substrate and about 10 nm thick above the cubes,
allowing for characterization of the extremely confined near-
field at the GNC surface. This point enables additional, novel
imaging capabilities over previous (e.g., ref 46) studies.
Furthermore, the first use of a differential AFM imaging system
with the photochemical imaging method allows one to get
high contrast near-field optical images in the absence of any
far-field background. The surface topology of the PMMA-DR1
polymer film can distort in the presence of light with a
wavelength coinciding with the absorption maximum of the
azobenzene chromophores.

Irradiation of the sample was performed at normal
incidence for about 5 min with a Z propagating plane wave
(λ = 530 nm) at a power density of 80 mW/cm2 (Figure 1d). On
the basis of Figure 1b, the electromagnetic excitation of the
GNCs is somewhat to the blue of the dipolar resonance. The
incident polarization state is linear and parallel to the Y axis
and is kept constant. As illustrated in Figure 1a, the cubes have
random in-plane orientation on the substrate, which enables a
complete polarization study by considering several isolated
GNCs that are oriented differently relative to the incident
polarization. After exposure, the optically induced topography
is analyzed by AFM.
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