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Plasmonics
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Surface plasmons in nanopartic
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Figure 1
faraday’s colloidal ruby gold. Reproduced by Courtesy of the Royal
Institution of Great Britain

Michael Faraday’s

Recognition of
Ruby Gold: the
Birth of Modern
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His 1857 Lecture to the Royal
Society in London
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From the paper in Philosophical Transactions entitled
‘Experimental relations of gold (and other metals) to light” (1),
based on his Bakerian lecture to the Royal Society in London on
5 February 1857, it is clear that Michael Faraday was fascinated
by the ruby colour of colloidal gold. The objective of his
investigations was to examine the interaction of light with
metal particles, but much of this paper focused on various
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solution such as phosphorus in carbon disulfide in a two phase
system. The yellow colour of sodium chloroaurate (NaAuCl,)
changes within minutes to the deep ruby colour of colloidal
gold. Faraday concluded that the ruby fluid was gold dispersed
in the liquid in a very finely divided metallic form not visible in
any of the microscopes available in his day. Nearly 100 years
later Turkevich et al (2, 4) used electron microscopic




Gold-Doped Glass: A Maxwell-Garnett Composite

Red Glass Caraffe
Nurenberg, ca. 1700

Huelsmann Museum, Bielefeld
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Developmental Glass, Corning Inc.

gold volume fraction approximately 10
gold particles approximately 10 nm diameter

. Composite materials can possess properties very different
from those of their constituents.

. Red color is because the material absorbs very strong in the

blue, at the surface plasmon frequencv
Boyd , Swieca School 20t



Surface Plasmon Resonance
collective excitation of the conduction electrons

E-field Metal
sphere
Nuclear framework q \
of particle L

T

Charge cloud of 7
conduction electrons

Plasmon excitation influences the absorption and
scattering of light from the surfaces of metals.
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Surface plasmon frequency

(depend on shape, size and material)
<« applied electric field

nanosphere

host dielectric function

Drude dielectric function
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SP frequency Is therefore: &
J1+2e,

(This assumes patrticle is small compared to wavelength.)



Extinction coefficient
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Mie theory 1908 (dipole aproximation)
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