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Metallic nano-structures display unusual optical properties due to the abundance of free
electrons that can oscillate and propagate as plasmon waves. For example, 20 nm
diameter particles of gold will appear red. The rapidly emerging fields of “plasmonics” and
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“nano-photonics” are leading to significant new discoveries and numerous technical
applications. In particular, Surface Plasmon Resonance (SPR) gives rise to extremely
intense and localized optical fields. These can be exploited for surface-enhanced
spectroscopy and biosensing.

Figure 1: Schematic of the Surface Plasmon Resonance (SPR) apparatus

In this immersion participants will learn: (1) the fundamental physics of plasmonics; (2) how
to fabricate metallic nanostructures; (3) how to characterize these nanostructures with an
SPR apparatus and an optical microscope built during the immersion; and (4) how to use
their plasmonic devices for “surface enhanced Raman spectroscopy” (SERS).

First, the optical properties of metals will be explored with concepts and problems suitable
for an upper-level “Electricity and Magnetism” course. Second, participants will learn about
simple, low-cost nano-fabrication techniques to create plasmonic nano-structures. Third,
participants will then explore various optical characterization techniques of nano-films,
nano-particles, and nano-holes by building a customized optical microscope with off-the-
shelf components. Finally, by coating these metallic nano-structures with molecular
monolayers, participants will explore the generation and exploitation of plasmons for SERS,
a powerful biosensing technique that provides unique molecular “fingerprints” of any
proximate molecules.

Participants should bring a lab notebook. Safety concerns: using lasers in a microscopy
setup. Components for the homemade microscope and SPR apparatus typically cost from
$1000 - $1500.
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Figure 2: Schematic of the microscope apparatus

Please note that the Jonathan F. Reichert Foundation has established a grant program
(ALPhA webpage; Foundation website) to help purchase apparatus used in Laboratory
Immersions. Limitations and exlusions apply, but generally speaking the foundation may
support up to 40% of the cost of the required equipment.
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