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The Sis111d532-Au surface exhibits a chain structure with additional Si atoms on top of the chains. They
dope the chains to achieve the optimum band filling, according to recent local density calculations. Surpris-
ingly, the Si atoms form a half-filled, disordered 534 lattice fluid, not an ordered 538 lattice. From their
autocorrelation function an interatomic potential with 534 periodicity was deduced. An explanation for the
534 periodicity is provided by establishing a connection to the electronic structure near the Fermi levelEF,
which is mapped by angle-resolved photoemission. The constant energy surfaces nearEF consist of one-
dimensional lines at the boundaries of a 534 Brillouin zone. Such nested features of high density of states are
capable of triggering a 534 superlattice interaction. The measurements establish a two-way connection be-
tween electronic structure and interatomic potentials: A one-dimensional Fermi surface instability triggers a
superlattice of extra atoms, and the atoms provide the correct number of electrons for such an instability to
occur. The band structure is discussed in view of the recently observed phase-separation into nanometer-sized
segments of metallic and semiconducting character.
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I. INTRODUCTION

The electronic and structural properties of one-
dimensional solids are predicted to be fundamentally differ-
ent from those in higher dimensions.1–3 Single particle exci-
tations are replaced by collective excitations, since the wave
functions of electrons moving along a line are forced to over-
lap strongly and thus to become highly correlated. Examples
are charge and spin density waves and pairing in supercon-
ductors. Long-range order collapses in one dimension unless
there are long-range interaction potentials stabilizing it. As a
consequence, one-dimensional structures are prone to a vari-
ety of structural and electronic instabilities.3 The Peierls dis-
tortion, for example, combines a doubling of the unit cell
with a metal-insulator transition.

In the following, we explore the origin of structural insta-
bilities occurring in one-dimensional chain structures at sili-
con surfaces,4 triggered by extra atoms on top of the chains.
The Sis111d532-Au surface is used as a prototype for a
whole class of similar chain structures that are induced by
metals on vicinal Si(111). The additional atoms interact with
the underlying chains by doping them, and the chains in
return provide a periodic holding potential for the adatoms.
For various chain structures we have observed superlattices
with a doubled, tripled, and quadrupled period. The
Sis111d532 surface forms a 534 superlattice, but only half
of the lattice sites are occupied by extra Si atoms. The origin
of this superlattice is still unclear. It is the goal of this work
to find a possible connection to the electronic structure of the
chains, thus connecting a structural with an electronic insta-
bility. Extrapolating the Peierls model one might expect that
atom-atom interactions are driven by the energetics estab-
lished by the electrons near the Fermi level, but such a con-
nection has been difficult to establish experimentally.

Silicon is a convenient substrate for the formation of one-
dimensional chain structures for several reasons. The band
gap of silicon prevents metallic chain states near the Fermi
surface from coupling to the substrate. Already the flat
Si(111) surface breaks its threefold symmetry with a sub-
monolayer coverage of metal atoms and forms three domains
of anisotropicn31 structures for many metals.4 With gold
atoms it is possible to achieve metallic chain structures at
many vicinal Si(111) surfaces.5–26 They can drive atomic re-
arrangements via instabilities of the high energy electrons at
the Fermi surface, such as a Peierls distortion.20

Here we focus on the Sis111d532-Au structure, which is
one of the best-known chain structures on Si.5–16 First prin-
ciples calculations of the electronic structure are becoming
available24,25and a structural model has been proposed based
on total energy minimization.25 The latter is not only consis-
tent with the chain structure seen by scanning tunneling mi-
croscopy(STM) but also with the strongest electron energy
band observed in angle-resolved photoemission. Even finer
details, such as a gradual transition from one-dimensional
behavior near the top of this band to two-dimensional near
the bottom10 are accounted for in this model.25 While the
strongest band is well established, its contribution to struc-
tural instabilities of the surface atoms is probably small, be-
cause the band maximum lies well below the Fermi levelEF
(at −0.3 eV). Weaker bands exist closer toEF, but their char-
acteristics have not been pinpointed. It is not even clear
whether they make the surface metallic6,8,9,13 or
semiconducting.15 Recent scanning tunneling spectroscopy
results16 offer a resolution of this puzzle by observing that
the chain structure converts from metallic to semiconducting
when extra Si atoms are located on top of the chain in a 5
34 superlattice. Thus, one may have to explain the observed
band structure in terms of two sets of bands, one for sections
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without Si adatoms, the other for sections with a 534 ada-
tom lattice.

The tendency of the Sis111d532-Au surface to separate
into these two phases is also visible in STM studies that
investigate the use of this surface as storage medium for an
atomic scale memory.27–29The limit of the storage density is
determined by residual correlations between the Si adatoms
that store the bits. From those correlations the potential act-
ing between the Si adatoms can be obtained.29 It contains a
1.2 meV term with 534 periodicity that is connected with
the tendency to form short 534 adatom chains. In order to
obtain the equilibrium coverage of 50% for the 534 lattice,
there have to be empty segments between the 534 adatom
chains. Without such a phase separation one would need a
538 lattice to accommodate the equilibrium coverage, but
that is not observed. A fully occupied 534 structure can
actually be prepared by depositing the missing 1/40 of a
monolayer of Si atoms, but it is only metastable and reverts
to 50% filling at temperatures above 300 °C.28

In the following we will use detailed maps of the energy
bands near the Fermi level to reveal two bands that are rel-
evant to the energetics of the surface reconstruction. Both
come closest toEF at the boundaries of a 534 Brillouin
zone, which makes them prime candidates for triggering a
534 superlattice by forming minigaps atEF. One of them is
semiconducting with a gap ofù0.04 eV belowEF. The other
is metallic within the limits of the absolute energy calibra-
tion. It exhibits a fairly high Fermi velocity of 0.74
3106 m/s. Possible assignments of the observed bands in
view of the recently reported two-phase model are discussed,
where sections with 534 adatom chains were found to be
semiconducting and adatom-free sections metallic.16

II. EXPERIMENT

The deposition of gold on Sis111d737 at temperatures
above 600 °C leads to the 532 chain reconstruction, which
breaks the threefold symmetry of Si(111).5–16After preparing
the stepped Si(111) template30 we deposit the precise gold
coverage5 of 0.4 ML [in units of Si(111) surface layers],
which corresponds to two Au chains per unit cell. After Au
deposition at 650 °C the surface is annealed to 850 °C for a
few seconds, followed by slow cooling over several minutes.
The details of the annealing sequence have been reported
previously.10,12,30

For flat Si(111) substrates the length of the chains is lim-
ited by the domain structure of the three equivalent chain

directionsf11̄0g, f011̄g, f1̄01g. Slightly stepped silicon sur-
faces break the threefold symmetry of the substrate and favor
a single domain if the step edge is chosen along one of the
three equivalent chain directions. We use a tilt of the surface

normal by 1° towards thef1̄1̄2g azimuth. On these substrates
we are able to prepare very pure single-domain Sis111d5
32-Au surfaces, as long as the crystal is kept stress-free
during heating and the heating current runs parallel to the
steps. Figure 1 shows a low-energy electron diffraction
(LEED) pattern of such a structure, where not even a trace of
a second domain can be made out. This is particularly im-

portant for mapping the electronic states near the Fermi sur-
face, which exhibit large intensity variations through differ-
ent Brillouin zones. A strongly emitting band from a weak
second domain can easily produce a photoemission intensity
comparable to that of a weak band from the primary domain.

Band dispersions and Fermi surfaces were obtained using
a Scienta 200 spectrometer withE,q multidetection and an
energy resolution of 20 meV for electrons and 7 meV for
photons (see Ref. 31 about details on the acquisition of
Fermi surfaces). We usedp-polarized synchrotron radiation
at a photon energyhn=34 eV, where the cross section of
silicon surface states has a maximum relative to the bulk
states.12,32 Figure 2 displays the band dispersionEskxd along
the chain direction. The photoemission intensity is plotted in
a gray scale with high intensity shown dark. A shallow high-
pass filter eliminates slow intensity variations and makes the
Eskxd relation better visible. The Fermi surface is plotted in
Fig. 3 together with a deeper energy surface near the top of
the strongest band. The data are for a sample temperature of
,100 K. The band dispersions in Fig. 1 are given with re-
spect to the Fermi levelEF. The position of the valence band
maximum(VBM ) of Si ranges from 0.1 to 0.3 eV belowEF
according to several previous measurements.7,14,15 At low
temperatures we find a substantial photovoltage(−0.93 eV
for n-type and +0.06 eV forp-type samples). Since the ab-
solute value of the photovoltage is a lower bound for the
Schottky barrier(EF —VBM for p-type, conduction band
minimum—EF for n-type) we obtain the constraint
0.06 eV,EF —VBM ,0.22 eV. In order to keep the
sample potential well defined we saturated the photovoltage
by illumination with an extra spotlight. Thereby, residual
variations in the sample potential with angle were kept to
about 0.08 eV, which is taken as overall uncertainty of the
band energies.

FIG. 1. LEED pattern of a single domain Sis111d532-Au sur-

face, obtained from a vicinal surface tilted by 1° towards thef1̄1̄2g
azimuth at 87 eV. Between the rows of 1/5-order spots there are
weak 1/2-order streaks that indicate long 532 domains along the
chains but little correlation perpendicular to the chains.
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III. BAND DISPERSIONS AND FERMI SURFACE

A quick glance at the constant energy surfaces in Fig. 3
reveals that the band structure is highly one-dimensional
near the Fermi level. The energy surfaces consist of straight
lines perpendicular to the chains(alongky), as expected for a
one-dimensional structure. There is a significant intensity
modulation due to dipole selection rules, but very little cur-
vature from two-dimensional coupling(compare other chain
structures where residual two-dimensional coupling intro-
duces an undulation of the Fermi lines21,22). Farther down in
energy the band dispersion becomes gradually more two-
dimensional, as found by both experiment10 and theory.25

PreciseEskxd band dispersions are obtained by fitting the
peaks of individual momentum distribution curves(MDCs)
and energy distribution curves(EDCs). These correspond to
horizontal and vertical cuts through Fig. 2 top, respectively
(samples of MDCs and EDCs are given in Figs. 4 and 5). For
steep bands the MDCs are more accurate because they pro-
duce sharp peaks(open circles in Fig. 2 bottom). For flat
bands, on the other hand, the EDCs exhibit sharp peaks and
thus provide clearer information(open squares). The consis-
tency between MDCs and EDCs is tested in the transition
region between steep and flat sections of a band. For the
lower band we add results from our previous work10,12 for
completeness(open triangles).

The fairly complex set of features can be reduced to three
bands18 ,19 ,2 by utilizing our highly-redundant data which

cover several Brillouin zones(Fig. 2). The labels18 ,19 ,2 are
used by analogy to bands with comparable dispersion at
stepped Si(111) surfaces.22 Band 2 extends from21.25 to
20.3 eV, band19 from −0.17 to −0.04 eV, and band18
from −0.6 eV to EF, with a Fermi velocity vF=0.74
3106 m/s and a Fermi wave vectorkF=0.23 Å−1 (slightly
larger than the zone boundaryA4 at 0.205 Å−1). These num-
bers are obtained by fitting analytic curves to the data points
in Fig. 2 bottom. Bands18 and2 are approximated by a tight
binding model,21,22 with band2 truncated at its maximum of
−0.3 eV. A cosine curve is used for band19. The branch of
band19 at negativekx is used, because the branch at positive
kx is shifted down by 0.08 eV due to insufficient saturation
of the photovoltage.

The most intense band by far is band2, which exhibits a
531 periodicity (full lines in Fig. 2). The actual 532 re-
construction would introduce backfolded replicas of band2
(dashed lines in Fig. 2), which are too weak to be observed.
That is consistent with the weak half-order streaks in the
LEED pattern (Fig. 1). In contrast to stepped surfaces,22

there is no evidence of a band splitting for band2. Further-
more, the Fermi level lies about 0.3 eV higher relative to
band2 for Sis111d532-Au than for the other Au chain struc-
tures, except Si(775)-Au. This significantly higher band fill-
ing is probably related to the fact that Sis111d532-Au and
Si(775)-Au have two Au chains per unit cell, while the other
chain structures have only one.22

The bands18 and19 both approachEF near the 534 zone
boundaryA4, although only band18 actually crosses the

FIG. 2. Band dispersions of Sis111d532-Au
along the chain directionkx (with ky=0). The
photoemission intensity is represented as gray
scale image(high intensity shown dark). The data
can be modeled by three bands18 ,19 and 2.
Bands18 ,19 approach the Fermi levelEF at the
boundariesA4 of the 534 Brillouin zone. The
top of band2 lies 0.3 eV belowEF at the bound-
ary A2 of the 532 zone. TheA2 points lie atkx

= ±0.41, ±1.23 Å−1.

FIG. 3. Constant energy surfaces for
Sis111d532-Au at the Fermi level and at the top
of band2. The Fermi surface consists of straight,
one-dimensional sections with strong intensity
modulations alongky. These are all located near
the 534 zone boundariesA4, as long as the back-
ground from the high energy tail of band2 at the
A2 points is subtracted. Horizontal cuts through
the energy surfaces are given in Fig. 4.
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Fermi level within our photovoltage uncertainty of 0.08 eV.
Band19 begins 0.04 eV below the top of band18. Band18 is
very similar to the metallic, 1

4-filled band found on
Sis553d-Au.21,22 In both cases one observes a free-electron-
like band dispersing straight throughEF. Band 19, on the
other hand, curves back when approachingEF. It can be
extended to the other half of the 532 Brillouin zone by a
cosine function with 534 periodicity. Band19 may be

viewed as a continuation of band2 beyond the point of half
filling when using the 531 unit cell.

As refinement we introduce the 532 Brillouin zone,
which corresponds to the 532 reconstruction of the under-
lying chains. It is responsible for the mini-gap of 0.13 eV
between band2 and band19, as well as the symmetry of
band 19 about the 532 zone boundaryA2. In the 532
model the interpretation of the bands is a bit different. Band
2 is now completely filled inside the smaller 532 zone, and
its continuation aboveEF—0.3 eV is now a separate band
19. The minigap of 0.13 eV between bands2 and19 can be
seen directly in the EDCs of Fig. 5(left). The 532 interac-
tion potential V532 is half of the minigap, i.e.,V532
<0.065 eV.

IV. THE 5 Ã4 SUPERLATTICE BANDS NEAR EF

The 534 lattice formed by the extra Si atoms on top of
the chains doubles the unit cell once more. It is interesting to
see that bands18 and19 both come closest to the Fermi level
at the zone boundariesA4 of the 534 unit cell (Figs. 2–4).
Figure 3 shows that the bands form straight, one-dimensional
lines. These are able to nest perfectly and thereby give rise to
the strong instabilities that are characteristic of one-
dimensional systems. In particular, they are able to trigger a
534 superlattice, such as that formed by the extra Si atoms
on top of the chains.

For investigating the situation near the Fermi level more
closely we plot constant energy surfaces in Fig. 3, i.e., the
photoemission intensity versuskx andky, wherekx runs along
the chains andky perpendicular to them. The upper panel is
taken at the Fermi level and the lower at −0.3 eV, the top of
band2. The intensity of band2 at the zone boundaryA2 is so
high that its tail still contributes significantly to emission at
the Fermi level. After discounting the intensity at theA2
points in the upper panel of Fig. 3 we observe that all the
other Fermi surface points lie along one-dimensional lines
close to the 534 zone boundariesA4. While there is a sig-
nificant intensity modulation alongky, the band does not dis-
perse along that direction.

The Fermi level crossings are quantified in Fig. 4(top
panel), where MDCs along the chain directionkx are plotted.

FIG. 4. MDCs across the constant energy sur-
faces in Fig. 3 at variousky (full lines and circles
at ky=0, dashed lines atky= +0.32 Å−1, dot-
dashed lines atky=−0.16 Å−1). The density of
states near the Fermi level exhibits peaks near the
534 zone boundariesA4. These are able to sta-
bilize a 534 lattice via the opening of a small
gap atEF. Such a periodic 534 interaction has
been found between extra Si atoms on top of the
532 chains.29

FIG. 5. EDCs for states near the 532 zone boundariesA2,
showing bands19 and 2 with a small gap of 0.13 eV in between
(left). The EDCs are dominated by the flat bandss19d, while the
MDCs in Fig. 4 are dominated by steep bandss18d. The gray scale
image in Fig. 2 shows both.
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Because of the intensity variation withky we plot MDCs for
threeky values(ky=0, +0.32, −0.16 Å−1, with the Brillouin
zone boundary atky= ±0.19 Å−1). Most of the peaks from
bands18, 19 lie again close toA4 points. Only two additional
peaks are seen atA2 points. They become much more pro-
nounced when going down in energy fromEF to
EF—0.3 eV, where the top of the intense band2 is located
(bottom panel of Fig. 4). Therefore, they are assigned to the
high energy tail of band2 and not to a true Fermi surface
feature.

V. DOPING OF THE CHAINS AND NANOSCALE
PHASE SEPARATION

Recent local density calculations25 have shown that the
extra Si atoms provide extra electrons that dope the chains.
The doping reduces the total energy of the structure, which
reaches a minimum at a doping level of1

2 electron per 5
32 unit cell. According to the calculation, an extra Si atom
is only able to use two of its four valence electrons for dop-
ing the chains. The other two valence electrons of Si are used
up in backbonds, which correspond to bands many electron-
volts belowEF. Thus, the optimum doping requires one Si
adatom per 538 cell, and one would expect the formation of
a 538 adatom lattice. Instead, the surface reconstructs into a
half-filled 534 lattice fluid of Si adatoms.29 The adatoms
have a tendency to phase-separate into short 534 rows with
empty 532 sections in between, each typically 5–10 nm
long. Recent scanning tunneling spectroscopy(STS) work16

shows that the empty 532 sections are metallic, and the 5
34 adatom sections semiconducting. The gap is about
0.6 eV but lies mostly aboveEF. The 534 periodicity of the
Fermi surface that we observe provides an elegant way to
explain this tendency of nanoscale phase separation into 5
34 sections, instead of a homogeneous 538 lattice. Al-
though favored by the electronic structure, the 534 sections
filled with adatoms have twice the optimum doping and be-
come unstable when too long. They get rid of their excess
electrons by donating them to adjacent empty sections,
which are underdoped. Such a charge transfer was suggested
from the STS data.16

In view of these observations one should discuss the band
structure observed in photoemission by two sets of bands,
one for occupied, the other for empty sections. There are
several ways to group the three observed bands into pairs.
The most natural grouping assumes that bands18 and2 form
a pair. The third bands19d either has a partner aboveEF, or it
is identical in both segments. This pairing fits well with our
observation that bands18 and 2 have their minima both at
the A1 point, and their band dispersions(effective masses)
are comparable(see Fig. 2). (The third band, on the other
hand, has its minimum atA2 and exhibits a significantly
higher effective mass.) Since band18 is found to be metallic
in photoemission it has to belong to the chain segments with-
out extra Si atoms according to the STS data.16 Conse-
quently, band2 represents the semiconducting sections with
extra Si atoms. Band2 lies deeper than its metallic partner18
and therefore has higher band filling. That is consistent with
the prediction from total energy calculations that the extra Si

atoms dope the surface with electrons.25 The extra band fill-
ing in the doped segments is 1 electron per 532 Brillouin
zone, with band2 completely filled(2 electrons) and band18
half-filled (1 electron). Since the doped segments cover only
half of the surface, the average doping becomes1

2 electron
per 532 cell, exactly the optimum doping predicted by
theory.25

The STS features can be identified to some degree with
photoemission bands, although it is difficult to tell which
part ofk space is sampled in STS. Without going into details
we note that the energy splitting between the metallic and
semiconducting bands18 and 2 is about 0.7 eV, which is
significantly larger than the splitting of about 0.2 eV between
the features in STS. One would have to pair upA with C8 in
order to obtain a splitting comparable to that in photoemis-
sion. An additional question with this assignment is the role
of band19. For the correct doping this band would have to be
common to both segments.

A second pairing of bands produces an absolute band
splitting closer to that from STS, but gets into difficulties
with explaining the order of the bands. In this case bands18
and19 are partners and the average splitting is only 0.2 eV
(0.4 eV at the bottom, 0.0 eV at the top). The metallic band
18 is again assigned to the empty, metallic chain segments.
Its large Fermi velocity gives rise to a low, featureless den-
sity of states that could explain the background featureB8
straddling the Fermi level in STS.16 The semiconducting
band19 matches featureB in the tunneling spectra, which
corresponds to the semiconducting 534 adatom structure,
including the close proximity of the valence band maximum
to EF. The fact that the minima of bands18 and19 occur at
differentk points(A1 vs A2) might be explainable by a strong
surface umklapp of band19 due to the 534 superlattice
(which connectsA1 and A2). However, the semiconducting
band19 now lies above the metallic band, which is opposite
to the STS observation that the peaks in the semiconducting
sections lie below their counterparts in the metallic sections.
Band 2 is more difficult to assign with this pairing. Since
there is no partner available for it, one must assume that it
actually consists of an unresolved pair of bands, one for me-
tallic and the other for semiconducting sections. That would
associate the STS featuresA, A8 both with band2. The cor-
rect doping could be explained by continuing the semicon-
ducting band19 throughout the 532 Brillouin zone as co-
sine function with 534 periodicity, which would give it a
filling of two electrons per 532 cell.

In summary, there are intriguing connections between the
observed bands and the STS features, but a firm assignment
requires additional confirmation, such as mapping the bands
of the metastable, completely filled 534 structure.28

VI. RELATED PHOTOEMISSION RESULTS

Our results for the bands nearEF can be compared with
previous photoemission data.6,7,9,15 Already in the early
work,6,7 the strongest intensity nearEF was observed in the
second Brillouin zone atkx<1.0 Å−1, which coincides with
strong emission nearEF in our data. Comparing with the
most recent Ref. 15, we can identify our band2 with S2 and
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the combined bands18, 19 with S1. However, we decompose
S1 into two bands, one metallic and the other semiconduct-
ing, while S1 is interpreted as a single, semiconducting band
in Ref. 15. The alternative between either semiconducting or
metallic character stressed in Ref. 15 becomes a moot issue
in view of the recent observation of a phase separation into
metallic and semiconducting segments by scanning tunneling
spectroscopy.16 We feel that the steeply dispersing band18 is
an excellent candidate for the metallic sections of the chains.
This band is clearly visible in the gray scale plot ofEskxd in
Fig. 2 (top) and in the MDCs of Fig. 4, but it tends to be
overlooked in EDCs, where steep bands become blurred into
broad peaks(Fig. 5). The results in Ref. 15 do not contain
MDCs, and theEskxd gray scale plots have ak resolution that
is too coarse to fully resolve a steeply dispersing band.

Among the other Au chain structures on vicinal Si(111)
there is one with a band structure particularly similar to that
of Sis111d532-Au. This is Sis775d-Au, which is also based
on two Au chains per unit cell, while the other structures
have only one Au chain.22 Both surfaces exhibit a strongly
dispersing band that ends 0.3 eV belowEF, and a set of extra
bands filling the region between band2 andEF. In the single
chain structures, on the other hand, the analog to band2 lies
0.3 eV higher and crossesEF close to half filling. Some dif-
ferences remain between Sis111d532-Au and Sis775d-Au,
which reflect the extra row of broken bonds at the Si(775)
step edge that changes the electron count. Band2 is a dou-
blet for Si(775) and a singlet for Sis111d532-Au. It exhibits
strong backfolding at theA2 zone boundary for Si(775) but
none for Sis111d532-Au.

VII. SUMMARY

In summary, we have mapped out the band structure of
Sis111d532-Au near the Fermi level in order to explore
possible connections between one-dimensional Fermi surface
instabilities and the surface reconstruction. The 534 lattice
fluid of extra Si atoms is connected with a high density of
one-dimensional states at the zone boundariesA4 of the 5
34 lattice. Coupling between these nested Fermi lines cre-
ates a weak 534 lattice instability. Such a mechanism pro-
vides an intriguing explanation for the 534 inter-atomic po-
tential of 1.2 meV that was derived from the correlation
between extra Si atoms.29 The observed minigap of about
400 meV is two orders of magnitude larger because only 1%
of the electrons in the band experience an energy shift, i.e.,

those near the Fermi lines(for a two-dimensional analog, see
Ref. 33). In order to pursue the connection between elec-
tronic structure and atomic potentials further it would be
desirable to extend first principles calculations of SiuAu
chain structures24–26 to 534 and 538 superlattices.

Our observations have further implications when com-
bined with first principles calculations predicting an opti-
mum doping of 0.5 electron per 532 cell.25 The mismatch
between the adatom concentrations required for optimum
doping and for a 534 superlattice explains the recently ob-
served phase separation into metallic 532 chains without
adatoms and semiconducting sections with a 534 superlat-
tice of adatoms.16 Without a 534 driving force from the
Fermi surface one would expect a homogeneous 538 lattice
of adatoms, instead of the observed 534 lattice covering
only half of the surface. Our observation of two bands18 and
19 nearEF fits into the two-phase model obtained by scan-
ning tunneling spectroscopy.16 Chain sections without ada-
toms can be assigned to the metallic band18 and sections
with 534 adatom chains to the semiconducting band19.
However, an experiment with different lattice filling is re-
quired to rule out another possible assignment.

While a connection between electronic states and inter-
atomic potentials has been made for many Peierls systems,
there are two special aspects of the system considered here:
(1) The interatomic potential is known experimentally, which
allows quantitative comparisons.(2) The 534 periodicity of
the Fermi surface competes with an ordered 538 superlat-
tice required by the optimum doping and thereby gives rise
to unusual phenomena, such as lattice fluid instead of an
ordered superlattice and nanoscale phase separation. The
electronic structure of such two-phase systems with nano-
meter phase separation will be an interesting avenue for the
future. They have received attention in the context of stripe
formation in two-dimensional systems of highly correlated
electrons, such as high temperature superconductors. Gold-
induced silicon chains represent an analog in one dimension.
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