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A controlled growth of carbon nanotubes with particular structural
and electronic properties at predefined positions on solid substrates
is a prerequisite to utilize them in electronic or nanooptical devices.
We grow single-wall nanotubes by thermal chemical vapour deposition
(CVD) on various substrates like silicon, fused silica and sapphire as
well as on silicon carbide. Metal films are vacuum-evaporated to cat-
alyze the growth of high-purity single-wall nanotubes by CVD using
methane as precursor gas. The quality of nanotubes is tested by raman
and x-ray spectroscopy: residual catalyst amount and contamination
is in general lower than the detection limits of these techniques. The
morphology and orientation of the nanotubes is characterized by scan-
ning electron and atomic force microscopy. A preferred orientation is
observed on the (single-crystalline) surface of sapphire.
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Supramolecular networks stabilized by metal–organic coordination can
be designed to self-organize in regular, two-dimensional lattices at sur-
faces, whose dimensions and properties can be controlled by selection
of the organic ligand components. This approach offers a natural and
highly efficient alternative to current nano-fabrication methods and
provides a model system for (bio-)molecular assembly. With high-
resolution scanning tunneling microscopy of such networks, we demon-
strate structural error correction during assembly achieved by active
molecular self-selection. Experiments were made by deposition of Fe
atoms and organic ligands at the Cu(100) surface. Binary mixtures
of complementary ligands allow for constructions of highly-ordered 2D
arrays of compartments, whose shape and size can be predictably pro-
grammed by modular ligand replacement. Redundant mixtures of lig-
ands of different sizes demonstrate the ability of the system to correct
structural errors and achieve a high degree of order by sorting them-
selves into rows according to molecule size. We contrast this with a
ligand mixture where the energy landscape of the intermolecular in-
teractions does not activate an error correction mechanism, but rather
provides a route for structural error tolerance.
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Coherently strained and highly ordered silicon-germanium nanoscale
pyramids on silicon, grown by liquid phase epitaxy (LPE) via the
Stranski*Krastanov growth mechanism are very interesting objects to
reduce the size of semiconductor devices. Generally, LPE is very well
appropriate to study fundamental atomistic processes at the liquid-
solid interface because it operates very close to thermodynamical phase
equilibrium.

A patternlike array of SiGe nanostructures has been realised on pre-
structured silicon substrates. Si (100) substrates have been patterned
by squarelike oxide stripes using local oxidation nanolithography in an
atomic force microscope (AFM). The width of the stripes is precisely
controlled by progress of the lateral oxidation. Subsequently, LPE was
employed to grow SiGe nanoislands on the prepatterned substrates.
The truncated pyramids are arranged within the oxide-free cavities di-
rectly along the stripes. The final island size significantly probes an
effectively lowered lattice mismatch, i.e. a locally expanded crystal
lattice in noncovered areas of the silicon substrate.
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Molecules that are achiral in the gas phase may acquire a chiral char-
acter through the loss of symmetry elements, which has a strong influ-
ence on their arrangement in long-range ordered structures. We have

studied stilbene and its derivates, using STM, LEED and photoemis-
sion with the aim of identifying such ordering processes. Dicarboxy-
stilbene (DCSB) loses its carboxyl hydrogen atom when adsorbed on
Cu(110), and acquires a handedness on the surfaces which is readily
seen in STM images. The two enantiomers then arrange in different
long-range ordered structures (”herringbone” and ”parquet” patterns),
which themselves possess a handedness, i.e. they exist in a dextro- and
laevo- form. Using STM images in which both the substrate and the
adsorbate are imaged with atomic resolution, we were able to iden-
tify two distinct types of adsorption sites as basic building blocks of
the long-range structures. One of these (the ”parquet” pattern) is
enantiomerically pure, while the other (”herringbone”) is a racemic
structure. The fact that the latter is the thermodynamically stable
one can be understood from general thermodynamic principles.
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Depostition of BTP molecules on HOPG by evaporation in UHV or
from solution leads to large domains of highly ordered structures, which
are stabilized by C-H···N type hydrogen bonds [1-3]. The energeti-
cally most favorable molecule-molecule configuration can be modified
by varying the position of the N-atoms within the BTP molecules.
Furthermore, depending on the deposited amount and the deposition
conditions (solvent and concentration), a large variety of ordered struc-
tures is obtained. The possibility to describe these structures as a sum
of localized molecule-molecule and molecule-substrate interactions is
discussed. In addition, the role of dynamic effects like molecule mobil-
ity and rotation for the stability of the different phases is considered.

1. H. E. Hoster et al., Langmuir 23, 11570 (2007).
2. A. Breitruck et al., Surf Sci 601, 4200 (2007).
3. C. Meier et al., J Phys Chem B 109, 21015 (2005).
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Surface enhanced Raman scattering (SERS) refers to a technique to
enhance the Raman scattering cross section of few molecules adsorbed
on metallic surfaces, in order to achieve high enhanced spectra. Despite
its success as a chemical identification technique at very low molecu-
lar concentrations, its main drawbacks are the extreme sensitivity to
the electromagnetic enhancements of the metallic structures, the poor
reproducibility, and the fabrication of structures with defined strong
field enhancements at specific wavelengths.

Single-molecule SERS requires very high field enhancements, of the
order of 1014. The Raman spectra of very few, or single molecules
present a blinking behaviour. It is commonly accepted that the blink-
ing is characteristic of the Raman spectra of single molecules, adsorbed
at metallic clusters or structures with extreme enhancements.

We have fabricated metallo-dielectric structures suitable for SERS
using colloidal crystals as templates. The fabrication of the structures
is reproducible. FEM and FDTD calculations indicate that very high
field enhancements can be expected. Experiments using a confocal Ra-
man microscope find blinking SERS at the predicted locations. This
is an indication of a low number of molecules in the detection volume.
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Direct laser interference patterning by ns-laser pulses allows producing
periodic surface structures in a single illumination step. For that pur-
pose thin metallic films (Au, Ta) or Si wafers are irradiated by two or
more interfering laser beams. The local intensity variations achieved
in this way induce lateral flow of material. We show that this enables
achieving structures with a periodicity down to 150nm, if the fourth
harmonic of a ns-Nd:YAG-laser is used. Upon moving the substrate
laterally between the first and subsequent illumination steps, structure
periods below λ/2 can be realized.

doerge
Hervorheben


