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Figure 5 Measurement Figure 6 Example of completed Lab sheet with measurements

of the light trace length obtained in oscillating mode at the same sample as used in the

on the wall. contact mode measurements. The vertical coordinates of the
points (given in arbitrary units) correspond to the amplitudes of
the oscillating light spot on the wall and were all subtracted
from the largest measured value.
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APPENDIX B: “PHANTASTIC PHOTON” HANDS-ON WORKSHOP BY
MONICA PLISCH?9

“The Phantastic Photon” laboratory exercise was designed to give students hands-
on experience with the particle nature of light (photons) as well as interactions
between photons and matter. Such quantum interactions play a major role in
determining the optical properties of nanoscale materials, for example quantum
dots. While students are often taught about the particle nature of light, few
experiments are designed to give them hands-on experience with this
phenomenon. Furthermore, the opportunity to connect this topic to nanoscience is
frequently overlooked.

In the first activity, participants used superbright light emitting diodes (LEDs)
to excite phosphorescent (“glow-in-the-dark”) tape. Each LED was held close to
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the phosphorescent tape so that it was exposed to intense light for several seconds.
After the LED was quickly removed, if the tape was emitting light (“glowing”)
then it had been excited. Each kit had eight LEDs of different colour, ranging from
infrared to near ultraviolet. The peak emission wavelength of each LED was
determined using a simple spectrometer with a diffraction grating. In addition, the
peak emission wavelength of the tape was measured. The main conclusion was
that the tape could only be excited if the wavelength of the LED was shorter than
the wavelength emitted by the tape. The wavelength dependence demonstrated a
fundamental property of photons, i.e. the energy of a photon varies inversely with
its wavelength.

For the next activity, participants varied the intensity of the light from the
LEDs by changing the distance between the LEDs and the phosphorescent tape.
The goal was to determine the effect of intensity on exciting the phosphorescent
tape. Participants observed that even low intensity light could excite the
phosphorescent tape if it had the correct wavelength (e.g. blue light). In contrast,
light with a wavelength that was too long (e.g. red light) could not excite the tape,
even at high intensities. The intensity independence demonstrated the discrete
nature of photons, that light is composed of packets of energy that can only be
absorbed if the energy of an individual packet is great enough.

To gain further experience, participants experimented with exciting various
fluorescent paints using the different wavelength LEDs. Fluorescent materials
behave similarly to phosphorescent materials, with the exception that absorbed
energy is emitted much more rapidly (nanoseconds rather than seconds for the
materials used in this lab). In each case, participants observed that a particular
colour of florescent paint could only be excited if the wavelength of the LED was
shorter than the wavelength emitted by the paint.

Finally, participants explored the behaviour of four different samples of
quantum dots. Each quantum dot sample contained CdSe particles of nearly the
same diameter (a few nanometers) suspended in a solvent, and the different
samples contained quantum dots of different diameters. When excited, these
nanoparticles emit light with a peak wavelength that depends on their diameter.
The size dependence is due to quantum confinement, which increases the energy
gap between allowed electronic states of the particle. This causes smaller diameter
particles to emit higher energy photons. Participants ordered the quantum dot
samples according to size based on the colour of the light emitted.

The Phantastic Photon lab was developed by Cornell scientists working
together with high school physics teachers as an outreach effort of the Center for
Nanoscale = Systems.  Additional information can be accessed at
www.cns.cornell.edu/cipt/labs/PhantasticPhoton.html, including the complete
lab manual. Equipment for this lab is available from West Hill Biological
Resources (catalog number CNS-401; website at www.westhillbio.com) and
quantum dots are available from Sargent Welch (catalog number WLS1751-18
“Quantum Particle in a Box”; website at www.sargentwelch.com).
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APPENDIX C: “WAYS TO APPROACH THE NANOWORLD”, SHORT
LECTURE BY MANFRED EULERY)

By addressing early and advanced approaches the overview lecture presented two
strands of integrating nanoscience into existing curricula that have been tested in
some parts during regular teaching in the framework of the piko-project (Physik
im Kontext - physics in context [1]). Conceptually, both strands approach the
nanoworld from two different points of view: top down and bottom up. Starting
form the world of our everyday experience, the early approaches focus on the top
down direction: How can we gain knowledge and create models of the invisible
nanoworld? In the opposite direction (bottom up), the question how our everyday
world emerges form the nanoworld of particles and their interactions was used as
a guiding line for the advanced approaches.

The early approaches to modelling the nanoworld aimed at integrating
aspects of nanoscience into an existing curriculum on teaching particle models.
Imaging methods of nanoscience are introduced by a hands-on approach, using
black boxes and macroscopic models of scanning probe technologies of various
kinds. The method was tested and evaluated with 8th grade students. For details
cf. [2]. Additionally, another approach was presented that develops the idea of
scaling starting from a literary context (Gulliver’s travels, cf. [3]). The scaling of
various concepts (e.g. frequency, force, energy) is used to explore the differences
between our everyday world and the nanoworld.

Advanced approaches to nanoscience were presented that focus on the
concepts of collective properties, self-organization and emergence. Such a bottom
up view is important for linking the nanoscale of atoms and molecules with the
macro-domain of our everyday experience. One strand of hands-on experiments
was discussed in detail that addresses the application of atomic force microscopy
in biological contexts. It demonstrates how the method of atomic force
spectroscopy can be conveyed to students by investigating macroscopic models.
The model experiments open up intriguing possibilities to stimulate insight into
entropy driven self-organization of soft biological matter at the nanometer-scale
and into protein folding by hands-on experience and analogical transfer. The
interplay of physical and biological methods at the nanoscale provides intriguing
insight into the mechanics of biomolecules that play an important role of life’s
complex machinery. The idea of a creative nanocosmos becomes literally tangible
via hands-on experiments (for more details cf. [4, 5]).
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