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Nanoparticles of Ag and Au are of interest because they exhibit a surface plasmon resonance at
visible frequencies, with the wavelength of the plasmon being variable as a function of particle
size.(/) However the range of frequencies over which the plasmon can be tuned is relatively small. If
however the metal is in the form of a shell surrounding a dielectric core, the resonant condition is
determined by the ratio of the core diameter to the shell thickness, giving a much greater flexibility
in tuning the resonant frequency across the visible spectrum.(2) The most widely used technique to
detect surface plasmon resonances is ultraviolet-visible (UV-Vis) spectroscopy however this can
only look at the signal averaged over a large number of particles (of the order of 1 x 10'%).

We have used electron energy loss spectroscopy (EELS) to record the surface plasmon peak from
single silica-Ag core-shell nanoparticles and energy-filtered TEM (EFTEM) to visualize the spatial
extent of the surface plasmon. 100 nm diameter silica spheres were produced using the aqueous
chemistry Stober process.(3) The surface of the cores was seeded with Au nanoparticles and a silver
shell was attached to each core by dispersing the cores in ammoniacal silver nitrate solution and
reducing using formaldehyde. The shell thickness could be varied by altering the volume of silver
nitrate solution. The EELS and EFTEM data were recorded using a JEOL 3000F FEGTEM fitted
with a Gatan imaging filter (GIF).

The low-loss region of an EELS spectrum recorded from a single core-shell particle with a 22 nm
thick Ag shell is shown in Fig. 1. The spectrum was recorded with a selected area aperture inserted,
and the zero loss peak has been subtracted. There is a large peak at an energy loss of 2.6 eV,
Extending from energy loss peak at 2.6 eV is a shoulder at an energy of approximately 7-8 eV and
finally a broad bulk plasmon extending from 12 eV to over 30 eV. An energy loss of 2.6 eV
corresponds well to a wavelength of 540 nm, at which a surface plasmon resonance peak was
observed in UV-Vis spectra recorded from larger volumes of the same particles. Figure 2 includes a
series of EFTEM images recorded at energy losses of (a) 0 eV, (b) 3 eV, (c) 7eV, and (d) 14 eV.
The images were recorded using a slit width of 2 eV. The dark Ag shell is clearly visible in Fig. 2(a),
surrounding a lighter silica shell. The Ag shell is not single crystal but is composed of many
crystallites that have coalesced to form a continuous shell. The 3 eV energy loss image (Fig. 2(b))
shows a bright halo surrounding the Ag shell and extending out from the particle surface, confirming
that the peak at 2.6 eV does correspond to the surface plasmon resonance of the Ag shell. As the
energy loss is increased to 7 eV (Fig 2(c)) so the halo becomes confined to the shell surface and for
an energy loss of 14 eV (Fig. 2(d)) the contrast in the entire image is brighter, in addition to the
surface halo, indicating that the high energy-loss peak results from a bulk plasmon with
contributions from the core, shell and substrate.
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Figure 1. EELS absorption spectrum from a 100 nm silica core coated with a 22 nm silver

shell, after removal of the zero-loss peak.

Figure 2. EFTEM images of a silver-silica core-shell nanoparticle. Imaged at energy
losses of a) 0 eV, b) 3 ev, ¢) 7eV and d) 14 eV. EFTEM images were taken with a slit
width of 2 eV centred on the specific energy loss. Scale bar is common for all images.
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