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Exotic electronic structures of self-assembled
atomic wires on the Si surfaces
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I studied exotic phenomena of self-assembled atomic
wires on Si surfaces using photoemission spectroscopy and
scanning tr.rnneling microscopy. Two representative atomic
wires, In atomic wires on the Si(I11) surface and Au and
Si atomic wires on the Si(557) and Si(553) surfaces, will be
introduced. The In atomic wires show a Peierls-type metal-
insulator transition with an inter-band interaction, while Si
atomic wires show a Peierls-type metal-insulator transition
without an inter-band interaction. A detailed relation be-
tween electronic structures and metal-insulator transitions
will be discussed.

One-dimensional (1D) electronic systems have attracted
considerable interest on account of exotic phenomena such
as Peierls instability and Tomonaga-Luttinger liquid.Il-3]
In order to investigate such lD phenomena in a real system,
electrons need to be delocalized along only a specific direc-
tion. This is observed as highly-dispersive lD energy bands
in angle-resolved photoemission spectroscopy. There have
been few lD structures with highly-dispersive lD bands
because it is not guaranteed that all lD structures have suf-
ficient electron delocalization.

Recently few 1D structures with highly-dispersive bands
were observed on Si surfaces: the In/Si(1 1 1)-4xl

SurfaceIl-3] and the Au/Si(111)-5x2 surface. The three
1D metallic bands of the In/Si(111)-4x1 surface[1] are relat-
ed to interesting phenomena such as lD charge density wave
(CDW) formation, interband interactions within multiple
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metallic bands, and the coexistence of metallic and CDW
phases. The Au/Si(111)-5x2 surface with lD bands was re-
ported to show a continuous transition in dimensionality as
well as a novel local electronic structure of a disordered lD
metallic system. More recently, stepped Si surfaces have been
used to provide various 1D structures. The Au adsorption on
stepped Si surfaces, Si(557)-Au and Si(553)-Au, were found
to produce multiple 1D metallic bands, where the number
and band fillings of the lD bands depend on the substrates.

[2-3] These systems have exhibited interesting phenomena
such as the Peierls instability on the Si(557)-Au surface,[2]
the coexistence of x2 and x3 Peierls distortions within a
single unit wire on the Si(553)-Au surface,[3] and spin-orbit-
split lD metallic bands.

In this presentation,I will focus on the detailed lD elec-
tronic structures of In atomic wires on the In/Si( I I 1) surface
and Au and Si atomic wires on the Au/Si(553) and Au/Si(557)
surfaces. The mechanisms of the metal-insulator transitions
of the atomic wires will be also discussed. In addition, I will
introduce new atomic wires grown on the Si(557) surface.
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Peptide formation on an amine-terminated Si(100) surface
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We investigated a peptide formation on an amine-ter-
minated Si(100) surface with glycine using synchrotron ra-
diation photoelectron spectroscopy (SRPES). C 1s and N ls
spectra clearly show that the carboxyl group ofglycine reacts
with nitrogen on the surface resulting in the formation of a
peptide bond after annealing at 350 K. The reaction leaves
the amine group of glycine for an additional amide linkage.
Thus, the amine-terminated Si(100) surface can be used as a
template in producing a peptide-terminated Si (100) surface
through the sequent formation of peptide bonds.

lnterest of self-assembled biomaterials on a surface
has increased because of their applications such as a bio-
chip1. Especially, it has been challenging to synthesize self-
assenrbled biomaterials on a Si surface and functionalize
the surface. One of essential biomaterials is protein which is
synthesized through sequent peptide bonds between amino
acic'ls. In this study, we used the amine-terminated Si(100)
surface to produce a self-assembled peptide on a Si surface,
where the amine-terminated surface was prepared by the
adsorption of NH3. N 1s and C 1s core-level spectra were
measured atTBl beamline in Pohang Accelerator Laboratory
(PAl.) in Korea.

Figure l. Schemetic of a peptide formation on an amine-terminated
Si(100) surface.

Alier the adsorption of glycine (GLY) on the NHYSi(100)
surlace at RT, the N 1s core-level spectrum has a single com-
ponerlt (B.E=401.7 eV) and the C 1s core-level spectrum has
t\\'o components (B.E=288.8 and 286.8 eV). According to
previous reportsz, the S, component with a higher B.E. origi-
natcs fiom the carboxyl group and the S, component with
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lower B.E. is due to the o.-carbon. After annealing for 30 sec
and 5 min at 350K, both the spectra were changed, as shown
in Fig. 2. The N ls core-level spectrum was shifted toward
the lower B.E. side by 0.8 and 1.7 eV, repectively. In addi-
tion, the S, component of the C ls core-level spectrum de-
creases while the S, component slightly increases without the
change of the total intensity. This indicates that the carboryl
groups react with amine groups on the Si surface resulting in
peptide bonds. In comparison with the C ls and N 1s core-
level spectra, Si 2p core-level spectra were not changed by
the annealing process. This implies that glycine reacts with
nitrogen on the NH./Si(100) surface without destructing the
NHr-Si structure.

It was successful to form a peptide bond on the NH,/
Si(100) surface using an amino acid. More interestingly, this
leaves the amine groups for a successive formation of a pep-
tide bond. Therefore, the amine-terminated Si(100) surface
can be a good template for the growth of a self-assembled
protein or peptide on a Si surface, which can be applied to a
biosensor or a bio-device.
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Figure 2. Changes ofN ls and C 1s core-level spectra by annealing

the GLY/NH./Si( I 00) surface.
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