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Reminiscent of formal Japanese rock
gardens, here we see ripples surrounding
features on the copper (111) surface. The
artists' fortunes took a major turn upward
when they determined that the ripples
were due to "surface state electrons.”
These electrons are free to roam about the
surface but not to penetrate into the solid.
When one of these electrons encounters an
obstacle like a step edge, it is partially
reflected. The ripples extending away from
the step edges and the various defects in
the crystal surface are just the standing
waves that are created whenever a wave
scatters off of something. The standing
waves are about 15 Angstroms (roughly
10 atomic diameters) from crest to crest.
The amplitude is largest adjacent to the
step edge where it is about 0.04
Angstroms from crest to trough.




Sometimes Nature is the best artist and all we need to do is catch it in the act. Here we see the result of
imperfect sample preparation: two point defects adorning the copper (111) surface. The point defects
(possibly impurity atoms) scatter the surface state electrons resulting in circular standing wave patterns.
[Crommie,Lutz & Eigler]
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The artists were known to supplement

their income with daytime jobs as
scientists and here we see their touch
being applied to just such a daytime
endeavor. The issue was 'Where does
xenon bind on a metal surface?' (a
burning issue if ever there was one).
Here we see not one, but two images

N overlayed directly on top of one
another. The rectangular array of the
little magenta bumps are the tops of
nickel atoms from one image poking up
through the other image (you can do
that with the computer). The images
are of the same area of the nickel
surface, just with and without the
xenon atom (the big light blue bump in
the center). Defects in the nickel
surface are used to get precise
registration information so the two
images can be correctly overlayed. The
computer was used to chop off the top
of the xenon atom in order to peer
through to the image of the surface
without the xenon. When you look
through the hole in the xenon atom yo
see a nickel atom located directly
beneath. Evidently, xenon binds to the

on-top site.



Here we see the artists' first use of color mapping. Color is assigned to the surface not only by lights but
by local curvature of the surface. This helps to delineate the shape of the object (which, for the curious, is
a molecule that they assembled from_ 8 cesium and 8 iodine atoms).




The big glob is actually a well ordered crystal of 12 sodium and 16 iodine atoms that was assembled by Hopkinson in
an attempt to build extended two dimensional structures. To his surprise and delight, the atoms had a mind of their
own and spontaneously deformed into a three dimensional crystal. Hopkinson was pleased to discover that this had to
do with the absence of commensurability between his crystal and the underlying copper lattice. Sliding the crystal
over the surface caused different pairs of sodium atoms to sequentially pop up to the second layer and then pop
down to the first layer -- a sort of teeter-totter effect.




The upper image is a
constant current topograph
of three gadolinium atoms
on a niobium (110) surface.
The gadolinium atoms are
used in this experiment as a
magnetic impurity on top of
the superconducting
niboium sample. The lower
image is a simultaneously
acquired map of the
conductance ( di/dV)
measured at a D.C. bias just
above the gap voltage of
the niobium. The lower
iImage shows the spatial
extent of the bound state
excitation in the
superconductor. This
excitation was found to fall
off on a length scale that is
much shorter than the
superconductor's
coherence length. It shows
that the response of a
superconductor to a
magnetic impurity is
dominated by this short
range effect.
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Late in his "blue period" t
noise, and the gentle play o
epitome of his "blue period."

tist became entranced by three-fo mmetries, the textures created by i
t and shadow at bridge sites. Here we see what undoubtedly must
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The Kanji characters for "atom." The literal

translation is something like "original child."
[Lutz & Eigler]




The artist, Zeppenfeld, was known to go
through playful moods, leaving behind a

series of images in the lab notebooks,
none of which were serious in nature.
[Zeppenfeld & Eigler]




Artists have almost always needed the support of patrons (scientists too!). Here, the artist, shortly after
discovering how to move atoms with the STM, found a way to give something back to the corporation which
gave him a job when he needed one and provided him with the tools he needed in order to be successful.
[Eigler]
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Scientists discovered a new method for confining electrons to artificial structures at the nanometer lengthscale.
Surface state electrons on Cu(111) were confined to closed structures (corrals) defined by barriers built from Fe
adatoms. The barriers were assembled by individually positioning Fe adatoms using the tip of a low temperature
scanning tunneling microscope (STM). A circular corral of radius 71.3 Angstrom was constructed in this way out
of 48 Fe adatomes.

This STM image shows the direct observation of standing-wave patterns in the local density of states of the
Cu(111) surface. These spatial oscillations are quantum-mechanical interference patterns caused by scattering
of the two-dimensional electron gas off the Fe adatoms and point defects.




The discovery of the STM's ability to image variations in the density distribution of surface state electrons created in the artists a
compulsion to have complete control of not only the atomic landscape, but the electronic landscape also. Here they have positioned
48 iron atoms into a circular ring in order to "corral" some surface state electrons and force them into "quantum" states of the
circular structure. The ripples in the ring of atoms are the density distribution of a particular set of quantum states of the corral. The

artists were delighted to discover that they could predict what goes on in the corral by solving the classic eigenvalue problem in
quantum mechanics -- a particle in a hard-wall box.,

MM 44
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Similar to the circular quantum corral.




rigued with the poss
"in the hopes of observing so-Ce pution of the surfa
scarring was observed. The reason is that the electrons don't bounce aroungl
beyond it borders. The corrals are leaky.

observing "Quantum Chaos", the

electron.e



Various stages during
the construction of the

circular corral.




We see from this collection of different shaped corrals (including one with a double wall) some evidence that
the artists went through a period of infatuation with their creations. Despite having achieved structures of

considerably greater complexity, it can be argued that they never surpassed the beauty of the original 48
atom circular shaped corral.
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Subsurface Impurities in Pd(111) Studied by STM
M. K. Rose, T. Mitsui, A. Borg, D. F. Ogletree, and Miquel Salmeron
Journal of Chemical Physics 115 (2001) 10927.

http://stm.lbl.gov/movie/subsurface/
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clustering and thermal diffusion at 60K
(~0.04 ML coverage)
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