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Theoretical study of Na adsorption on top of In chains on the Si„111… surface

Jun-Hyung Cho, Dong-Hwa Oh, and Leonard Kleinman
Department of Physics, University of Texas, Austin, Texas 78712-1081

~Received 22 April 2002; published 29 August 2002!

The adsorption of Na on In-adsorbed Si~111! surfaces is investigated by first-principles density-functional
calculations. Charge transfer from Na atoms to thepz orbitals of neighboring In atoms occurs, indicating ionic
bonding between Na atoms and In chains. Although a repulsive interaction between adsorbed Na atoms exists,
adsorption on every~two inequivalent! hollow site between In chains can be attained at saturation coverage.
Based on our results for the atomic and electronic structures of Na adsorbates on In/Si~111!, we discuss recent
low-energy electron diffraction, scanning tunneling microscopy, and electron energy loss spectroscopy data. In
particular, we find that the (432) Na chains observed at low coverage are slightly energetically unfavorable
and speculate that they are a consequence of growth kinetics.

DOI: 10.1103/PhysRevB.66.075423 PACS number~s!: 68.35.Bs, 68.35.Rh, 73.20.2r
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I. INTRODUCTION

Impurities in a crystal alter the local electronic distrib
tion; valence electrons screen charged impurities, produ
an attenuated charge density wave~CDW! or Friedel oscil-
lation near the impurity site.1 This local charge rearrange
ment will generate forces on the ion cores, conseque
breaking the local symmetry and possibly causing a cha
in the short-range ionic order. This scenario has been d
onstrated on the Sn/Ge~111! surface in which upon cooling a
phase transition from theA33A3 to 333 symmetry was
observed.2 Here Ge substitutional defects which act as lo
impurities nucleate the 333 superstructure for a few un
cells even above the transition temperature.3

Recently at room temperature, using low-energy-elect
diffraction ~LEED!, scanning tunneling microscopy~STM!,
and high-resolution electron-energy-loss spectrosc
~HREELS!, Lee et al.4 reported the observation of a loc
impurity-derived Peierls-like reconstruction on a quasi-o
dimensional~quasi-1D! system@i.e., the In/Si~111! surface#
from the 431 to the 432 structure. They used Na adso
bates as impurities. According to their LEED analysis,
disordered 432 structure domain begins to appear at arou
u50.2 ML and the 432 long-range order is best develope
at 0.4 ML. Since Leeet al. definedu51 to be that coverage
which causes the work function to be a minimum, it is n
clear whetheru51 means that one or both of the bondin
sites are supposedly occupied in the 431 unit cell. We sus-
pect they mean one is, and to avoid confusion, we will ad
that convention. We will find that this is consistent with o
calculated work functions foru50, 1/3, 0.5, 1, and 2 ML.
Even at a low coverage of less than 0.1 ML the filled-st
STM image showed local 432 short-range order wher
bright spots appear around Na adsorbates along the In c
direction. Since these bright spots are separated mostly
a 432 periodicity and resemble those of the low
temperature reconstruction of the clean In/Si(111)-(432)
surface, they interpreted the observed 432 STM image to be
caused by the Na-induced local charge density modula
along the In chain direction. Initially, the origin of the pha
transition from the 431 to the 432 structure at the In/
0163-1829/2002/66~7!/075423~6!/$20.00 66 0754
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Si~111! surface where it occurs below 100 K was sugges
to be a 1D CDW along the In chain.5 However, this is not
supported by subsequent x-ray diffraction experiments6 and
first-principles calculations.7 The HREELS data for the Na
induced 432 structure showed two loss peaks at energies
10568 meV and ;1100 meV.4 Lee et al. attributed the
lower loss energy to the interband transition between
split bands~generated by the CDW gap! at the Fermi energy,
but could not identify the bands associated with the ot
peak.

In this paper we study the adsorption of Na on In/Si~111!
surfaces using first-principles density-functional theory c
culations. The potential energy surface mapped out by
adsorption energies calculated at different positions on
In/Si~111! surface has minima along the 1D channel betwe
the two zigzag In chains. The activation barrier for diffusio
of a Na atom between these energy minima is only;0.1 eV,
resulting in easy formation of 1D Na wires. Here we pred
that the formation of a 432 structure is preferred over th
431 at low coverages because of repulsion between
sorbed Na atoms, in accordance with the LEED analysis.
calculated electronic structure of the 432 Na wire does not
support the metal-insulator transition claimed by the EE
data of Leeet al.,4 but shows gaps opening along theGX8
andM 8Y symmetry lines. Our simulated STM image for th
432 Na wire shows a single bright spot per Na atom, qua
tatively similar to the observed one. Our results of the pot
tial energy surface, surface-state energy bands, and simu
STM images lead us to believe that the 432 order observed
by the LEED and STM is not caused by a CDW around
Na adsorbate, but represents a 432 Na line which has a
finite length at low coverages.

The paper is organized as follows. In Sec. II the calcu
tional method is described. In Sec. III we present our res
of the structural and electronic properties of 1D Na wir
with various coverages and discuss recent experimental d
Finally, conclusions are given in Sec. IV.

II. CALCULATIONAL METHOD

We perform the total-energy and force calculations by
ing density-functional theory8 within the generalized-
©2002 The American Physical Society23-1
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JUN-HYUNG CHO, DONG-HWA OH, AND LEONARD KLEINMAN PHYSICAL REVIEW B66, 075423 ~2002!
gradient approximation.9 All atoms are described by
norm-conserving10 pseudopotentials in the separable form
Kleinman and Bylander.11 The surface is modeled by a per
odic slab geometry. Each slab contains six Si atomic lay
~not including the Si surface chain! plus adsorbed In and N
layers and the the bottom Si layer is passivated by on
atom per Si atom. The thickness of the vacuum region
tween these slabs is about 10 Å. The electronic wave fu
tions are expanded in a plane-wave basis set with a cu
energy of 15 Ry. Thek-space integrations are done wi
meshes of 48, 24, and 16k points in the (431), (432),
and (433) surface Brillouin zones, respectively. The po
tion of all atoms, except the innermost Si layer atoms, hel
their calculated bulk positions (a055.47 Å), are allowed to
relax along the calculated Hellmann-Feynman forces unti
the residual force components are less than 1 mRy/bohr

Because we use standard periodic boundary condit
and because the two surfaces of our film have different w
functions, we can only estimate the work function on eith
side. When the two sides of the film are identical, one mer
subtracts the Fermi energy from the planar average of
Coulomb potential at the midpoint between films to obta
the work function. The planar average of the Coulomb p
tential attains a constant value well before the midpoin12

When the two surfaces have different work functions, th
is a constant electric field between the films. When we s
tract off the Coulomb potential at the midpoint between
two outermost planes of atoms, we obtain an average of
two work functions. This average is not exact because
midpoint is not unique; e.g., the midpoint could have be
chosen between planes where the charge density fall
some fraction of its average interior value. The determinat
of the individual work functions requires determining th
potential difference between the two ill-defined points wh
the film potentials stop and the electric field begins. To mi
mize this error we obtained the hydrogenated surface w
function for the case with the smallest potential differen
~clean In surface! and used that to obtain the In/Na surfa
work functions. It is ironic that the seminal self-consiste
thin film calculations13 used infinite wall boundary condi
tions which avoid these problems altogether, but all calcu
tions of which we are aware since then~except those expand
ing in localized orbitals! have used periodic boundar
conditions.

III. RESULTS

To find plausible adsorption sites of Na on the In/Si~111!
surface, we calculated the adsorption energy defined as

Eads5~EInSi1nENa2ENa/InSi!/n, ~1!

whereEInSi and ENa/InSi are the total energies of slabs wi
clean and Na-adsorbed In/Si~001! surfaces, respectively.ENa
is the total energy of a spin-polarized free Na atom ann
denotes the number of adsorbed Na atoms. We conside
different adsorption sites in half of the 431 unit cell @see
Fig. 1~a!#. Here, we use the large 432 unit cell to make
negligible the interaction between adsorbed Na atoms
relax only the height of Na atoms while keeping In and
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atoms fixed at the positions of a relaxed In/Si(111)-(431)
surface. The relaxation effect of the In/Si~111! substrate will
be shown to be negligible for the relative energies of diff
ent adsorption sites at the same coverage~see Table I!. The
potential-energy surface obtained by the calculated ads
tion energies is displayed in Fig. 2. We find that the tw
hollow sites (H1 andH2 in Fig. 2! between the two In chains
are the most stable sites with adsorption energies of 1.
and 1.372 eV, respectively. In Fig. 2 we also see the zig
valley row along the Si zigzag chain. The hollow siteH3
(H4) in this row is less stable than theH1 site by an adsorp-
tion energy of about 0.20~0.25! eV. Note that there is an
energy barrier of about 0.35 eV for the diffusion path fro
H3 to H1. Using an Arrhenius-type activation process with
typical value14 (;1014 Hz) for the preexponential factor th
diffusion rate from H3 to H1 is estimated as;1.35
3108 s21 at room temperature. Thus, we expect that 1D
wires can be easily formed along the channel between
two zigzag In chains.

Next we determine the atomic structures of adsorbed
atoms at theH1 andH2 sites for various coverages, rangin
from u51/3 ML to 2 ML. Here we fully relax the positions
of both the adsorbed Na atoms and In/Si~111! substrate. The
calculated work functions foru50, 1/3, 0.5, 1, and 2 ML are
listed in Table II. One sees that they are consistent with
minimum work function occurring at or somewhat aboveu
51 ML.4 We estimate the accuracy of the work functions
be 0.2 eV but the relative accuracy among theu50.5, 1, and
2 cases to be 0.05 eV. The calculated adsorption energie
various coverages are given in Table I, together with
distances between the Na atom and the four neighborin
atoms@i.e.,d1 , d2, andd3 in Figs. 1~c! and 1~d!#. Note from
Figs. 1 and 2 that there are twod2 neighbors. We find that
the adsorption energy decreases with increasing cover
indicating a repulsive interaction between adsorbed Na

FIG. 1. Equilibrium structure of the In/Si~111!-(431) surface:
~a! the top view and~b! the side view. The~431! unit cell is indi-
cated by the dashed line in~a!. The two adsorption sites (H1 and
H2) of Na adsorbed on In/Si~111! are marked in a 431 unit cell in
~a!. The side views of theH1 andH2 adsorption structures are give
in ~c! and~d!, respectively. The distances between the Na atom
neighboring In atoms are denoted byd1 , d2, andd3. Note there are
two d2 neighbors. The large, medium, and small circles repres
Na, In, and Si atoms.
3-2
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TABLE I. Calculated adsorption energy~per adsorbed atom! of Na adsorbed on In/Si~111! surfaces with
various coverages. The values in parentheses represent the results obtained using the fixed substra
the positions of In and Si atoms are the same as those of a relaxed In/Si~111!-(431) surface. The distance
d1 , d2, andd3 between the adsorbed Na atom and the neighboring In atoms@see Figs. 1~c! and 1~d!# are also
given. For theH1 andH2 432 structure the values of the two differentd2 neighbors are given.

Site Unit cell u(ML) Eads ~eV! d1 (Å) d2 (Å) d3 (Å)

H1 431 1 1.177~1.167! 3.32 3.20 3.39
432 0.5 1.424~1.376! 3.23 3.23 3.43
433 1/3 1.452 3.22 3.24 3.44

H2 431 1 1.156~1.147! 3.29 3.21 3.35
432 0.5 1.420~1.372! 3.18 3.25 3.40
433 1/3 1.446 3.21 3.28 3.43

H1 & H2 431 2 1.115 3.86; 3.75 3.40; 3.39 3.31; 3.29
432 1 1.127 3.39; 3.32 3.09,3.37; 3.09,3.39 3.22;3.2
433 2/3 1.383 3.15; 3.17 3.18; 3.23 3.40; 3.42
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oms. For theH1 site the adsorption energy difference b
tween the 433 ~1/3 ML! and the 432 ~0.5 ML! structure is
only DEads50.028 eV, whereas the one between the 432
~0.5 ML! and the 431 (u51 ML) structure is DEads
50.247 eV. This trend is also shown for theH2 site at which
the adsorption energy is slightly smaller than that of theH1
site ~see Table I!. Considering that this energy difference
much smaller than the magnitude of the adsorption ene
one might expect that the 433, 432, and 431 structures
will be sequentially formed with increasing Na coverage.
a result, for 1/3 ML,u,0.5 ML (0.5 ML ,u,1 ML)
both the 433 and the 432 structure (432 and the 431)
should coexist. Note however that theH1 and H2 433
structure15 has a greater adsorption energy than 1/3 of
surface in theH1 431 structure and 2/3 in theH1 432
which also hasu52/3. This expectation is not in agreeme
with the LEED analysis4 where the LEED pattern originatin
from the 432 structure starts to grow quickly when the N
coverage exceeds 0.2 ML~rather than 0.33 ML! and it is best
developed at 0.4 ML. The explanation for the LEED patte
showing the indium 431 structure and isolated Na 432

FIG. 2. Potential-energy surface for Na overlayer~0.5 ML! on
the In/Si~111!-(431) surface. The contour spacings are 0.05
The local minima points are represented byH1 , H2 , H3, andH4.
The dark and gray circles represent In and Si atoms, respectiv
07542
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structures to the exclusion of Na 433 and isolated Na struc
tures could be growth kinetics. A sodium at anH1 (H2) site
strains the indium chain so that the neighboringH1 (H2)
sites become more attractive to other Na atoms. At a seco
neighbor end site this attractive interaction may actually
come larger than the Coulomb repulsion which is smalle
the end of the chain than in the interior; thus the ene
barrier for escape to a neighboringH site is raised, allowing
the formation of the 432 structure.16 Note that the 431
structure withu52 ML where Na atoms occupy both theH1
andH2 sites hasEads51.115 eV and therefore the saturatio
coverage of 2 ML is easily attained as the ground state
Na adsorbates on In/Si~111!.

Our previous calculations7 for the clean In/Si(111)-(4
32) surface found that the outer In atoms are displa
alternatively to form pairs, i.e., (In1 ,In2) and (In7 ,In8). For
the labeling of In atoms, see Fig. 3. The distances of
paired In atoms are reduced todIn1-In2

53.59 Å anddIn7-In8

53.60 Å, compared with the corresponding distance of 3
Å in the clean In/Si(111)-(431) surface. However, upon N
adsorption such a paring of the outer In atoms disappear
yield dIn1-In2

53.87 Å and dIn7-In8
53.84 Å. For the clean

In/Si(111)-(432) surface the In-In bond lengths of the lef
hand~right-hand! In chain are 3.01, 3.03, 3.05, and 3.09
along the positive~negative! x direction, but for the Na ad-
sorbed 432 surface those bond lengths show a large diff
ence between the left and right In chains~see Fig. 3!. This is

TABLE II. Average work function of the hydrogenated an
In-Na surfaces of the film and the estimated In-Na surface w
function for five Na coverages defined in the text. Foru51/3, 0.5,
1 ML the H1 adsorption site was chosen.

u Average In-Na

0 4.206 eV 3.89 eV
1/3 3.818 eV 3.12 eV
0.5 3.546 eV 2.57 eV
1 3.318 eV 2.12 eV
2 3.497 eV 2.47 eV

.

y.
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JUN-HYUNG CHO, DONG-HWA OH, AND LEONARD KLEINMAN PHYSICAL REVIEW B66, 075423 ~2002!
induced by the stretching of the In interchain bonds (dIn4-In6

anddIn3-In6
) around the Na atoms.

At a low coverage of less than 0.1 ML the filled-sta
STM images of Leeet al.4 showed the local 432 short-
range order around Na adsorbates, where the bright spot
well separated with a 432 periodicity along the In chain
direction. They claimed that the observed STM images ma
fest the Na-induced local charge modulation~i.e., a short-
range CDW!. They also reported that such a Na-induc
CDW was fully developed even at high coverages. We sim
late the STM images for 432 ~0.5 ML!, 431 ~1 ML!, and
431 ~2 ML!. The results are shown in Fig. 4. Here th
filled-state~empty-state! images mapping the electron de
sity integrated over an energy range between the Fermi
ergy EF andEF21 ~11! eV are taken at about 2.3 Å abov
the Na atom~1 V was the voltage at which the experimen
data4 were taken!. The filled-state@Fig. 4~a!# and empty-state
@Fig. 4~b!# images of 432 ~0.5 ML! show a single bright
spot per Na atom. The bright image in the filled-state cas
somewhat displaced toward three of the four neighboring
atoms. The pattern of our simulated filled-state STM ima

FIG. 3. The top view of the optimized structure of the cle
In/Si~111!-(432) surface and the Na-adsorbed 432 surface. Thex

and y directions are@ 1̄10# and @112̄#, respectively. The arrows
show pairing patterns of the outer indium atoms on the clean
face. The interatomic distances between In atoms are given in
07542
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for 432 ~0.5 ML! agrees well with that of the experiment
STM data, but the detailed shapes of the bright spots can
be compared to each other because of the low experime
resolution in Ref. 4. For the filled-state and empty-state
ages of 431 ~1 ML! and 431 ~2 ML! there is a superposi
tion of the bright spots, producing a 1D line pattern along
In chain direction@see Figs. 4~c! and 4~d! for 1 ML and Fig.
4~e! and 4~f! for 2 ML#.

In their HREELS spectra from the Na-adsorbed 432 sur-
face Leeet al.4 observed a significant decrease of the lin
width of the elastic peak which originates from the co
tinuum of interband transitions near the Fermi ener
causing them to conclude that a metal-insulator transit
was induced by Na adsorbates. They also found a loss p
(Sc) at a loss energy of 10568 meV with a linewidth of
73630 meV. This peak grows in intensity with increasin
Na coverage and becomes dominant nearu50.4 ML where
the 432 surface is best developed. Thus, they believed
the peakSc is related to the formation of the Na-induce
CDW gap. An additional loss peak (S2) was measured at a
loss energy of;1100 meV. It is notable that the peakS2 is
at a higher loss energy than theS1 peak ~at ;750 meV)
observed on the clean In/Si(001)-(431) surface.

In order to provide the theoretical basis for the interp
tation of the above-mentioned HREELS peaks, we calcu
the band structures for the Na-adsorbed 432 ~0.5 ML! and
431 ~1 ML! surfaces. For both surfaces theH1 adsorption
site was chosen. The calculated surface-state energy ban
432 and 431 are shown in Figs. 5~a! and 5~b!, respec-
tively. Here we find that the dispersions of the surface-st
bands are very similar to those of the corresponding cl

r-
.

FIG. 4. Simulated filled-state and empty-state STM images
Na-adsorbed In/Si~111! surfaces with respect to the Na coverag
The filled-state@empty-state# images for 0.5 ML, 1 ML, and 2 ML
are given in~a!, ~c!, and ~e! @~b!, ~d!, and ~f!#. The filled-state
~empty-state! image is obtained by integrating the charge fro
Fermi levelEF to EF21.0(11.0) eV. The images were obtained
2.3 Å above the Na atoms.
3-4
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THEORETICAL STUDY OF Na ADSORPTION ON TOP . . . PHYSICAL REVIEW B 66, 075423 ~2002!
In/Si(111)-(432) and In/Si(111)-(431) surfaces,7 except
that the Fermi energy rises by simply filling the In-deriv
surface bands. Therefore, the density of states~DOS! of the
Na-adsorbed 432 (431) surface shifts to a lower energ
relative to the Fermi energy@see Fig. 5~c!#. For the clean
In/Si(111)-(431) surface the high DOS peak denoted
P1 in Fig. 5~c! is located at 810 meV below the Fermi e
ergy, whereas for the Na-adsorbed 432 (431) surface the
corresponding peakP2 (P3) is at 1130~1410! meV. These
peaks originate from the flatband character of the In-deri
surface states@see Fig. 2~a! of Ref. 7 and Fig. 5~b!#. Since
the positions ofP1 and P2 as well as the energy differenc
between these two peaks are quite comparable to those o
loss peaksS1 andS2 in the HREELS data,4 it is likely that
the loss peakS1 (S2) stems from an interband transitio
contributed by the peakP1 (P2).

Figure 5~c! shows that near the Fermi energy the occup
DOS for the Na-adsorbed 432 surface decreases compar
with that of the clean In/Si(111)-(431) surface. This de-
crease contributes to diminishing transitions from just bel
to just above the Fermi energy, consistent with the HREE
data4 in which upon Na adsorption a wide Drude tail@with a
full width at half maximum~FWHM! of 33.6 meV# of the
elastic peak at the clean In/Si~111! surface is changed to th
one with the FWHM of 11.5 meV. However, our band stru
tures for the Na-adsorbed 432 surface@Fig. 5~a!# show no
evidence for the opening of a CDW gap and therefore do
support the metal-insulator transition claimed by Leeet al.4

It is interesting to note in Fig. 5~a! that the band gaps par
tially open along theGX8 and M 8Y symmetry lines by 162
and 156 meV, respectively.17 These pseudogaps may be r
lated to the loss peakSc in the HREELS data, which appea
to be most prominent at off-specular geometry (u i562° and
u f558°). Although the possibility of Sc being a phonon line
was dismissed because of its width,4 it could, because of the
disordered nature of the surface, represent a spread of
non frequencies.~Note the near equality of theH1 and H2
adsorption energies in both the 432 and 433 structures.!

Finally, we examine the bonding nature of Na atoms
In/Si~111!. Comparing Figs. 5~a! and 5~b! with the clean sur-

FIG. 5. Surface band structure of Na-adsorbed~a! 432 (u
50.5 ML) and~b! 431 (u51 ML) surfaces. The energy is give
relative to the Fermi energy. The two insets in~a! magnify the
calculated energy levels, and the inset in~b! shows the surface
Brilloin zone for the (431) and (432) unit cells with that for the
(131) unit cell as a reference. Shaded areas are the projected
band structure.~c! Density of states of the clean In/Si~111!-(4
31) ~dotted line!, Na-adsorbed 432 ~black solid line!, and Na-
adsorbed 431 ~gray solid line! surfaces.
07542
d

the

d

S

-

ot

o-

n

face energy bands in Fig. 2 of Ref. 7 one sees that, up
ML, Na adsorption simply fills the In-derived surface-sta
bands without the appearance of Na-derived states nea
Fermi energy. Thus, we expect that upon Na adsorption e
tron transfer occurs from adsorbed Na atoms into In ato
As expected, our calculated charge density difference defi
as

Dr5rNa/InSi2~r InSi1rNa-layer! ~2!

clearly shows that electron charge is transferred mainly fr
the region on top of the Na atoms into the region above
neighboring In atoms, corresponding to the position of thepz
orbitals of In atoms@see Fig. 6~c!#. Here the charge densit
of the Na-adsorbed In/Si~111!-(432) surface (rNa/InSi) and
the superposition of the charge densities of the separ
systems@clean In/Si~111!-(432) (r InSi) and isolated half
monolayer of Na atoms (rNa-layer)#, are shown in Figs. 6~a!

lk-

FIG. 6. Contour plots of the charge density in the@ 1̄10# plane
and through the Na atom for~a! the Na-adsorbed 432 surface,~b!
a superposition of the charge densities of the clean In/Si~111!-(4
32) surface and an isolated half monolayer of Na atoms. T
charge density difference between~a! and ~b! is given in ~c!. Two
kinds of contour spacings in~a! and~b! are used. The first thin line
is at 0.004e/bohr3 with spacings of 0.004e/bohr3. The first thick
line is at 0.02e/bohr3 with a spacing of 0.01 between thick lines. I
~c! the first solid ~dashed! line is at 0.0004e/bohr3

(20.0004e/bohr3) with spacings of60.0004e/bohr3.
3-5
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JUN-HYUNG CHO, DONG-HWA OH, AND LEONARD KLEINMAN PHYSICAL REVIEW B66, 075423 ~2002!
and 6~b!, respectively. Thus, adsorbed Na atoms become
fectively positive ions, giving rise to repulsion between N
atoms and decreasing the work function as manifested ab
from the calculated adsorption energies and work functi
for various Na coverages. This repulsion causes the ion aH1
(H2) in Fig. 2 to move to the left~right!. Both ions move
further off the surface to prevent the decrease ind3 ~Fig. 1!
from becomming too large. Thus we see in Table I that at
saturation coverage of 2 ML the interatomic distancesd1 and
d2 significantly increase whiled3 decreases relative to lowe
coverages.

IV. CONCLUSIONS

Our density-functional total-energy calculations for t
adsorption of Na on In/Si~111! surfaces predict the formatio
of 1D Na wires along the channel between the two zigzag
chains. Our results for the structural and electronic proper
of Na wires provide the theoretical basis for the interpre
tion of the recent LEED, STM, and HREELS data. O
band-structure calculations do not support a metal-insul
transition resulting from a CDW gap induced by the Na a
,
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sorbates, but can explain the most of the HREELS spe
which show a significant decrease of the linewidth of t
elastic peak and the shift of theS2 peak with Na adsorption
Our calculated potential-energy surface showed that Na
oms can easily diffuse along the channel between the tw
chains, forming a locally 1D Na wire even at low coverag
Thus, it is likely that a finite line of Na atoms in the 432
structure would be related to the 432 LEED pattern as well
as the local 432 short-range order observed in the fille
state STM image.
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