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We present an ab initio study of the electronic properties of styrene molecules adsorbed on the dimerized
Si�100� surface, ranging from the single molecule to the full monolayer �ML�. The adsorption mechanism
primarily involves the vinyl group via a �2+2� cycloaddition process that leads to the formation of covalent
SiuC bonds and a local surface derelaxation, while it leaves the phenyl group almost unperturbed. The
investigation of the functionalized surface as a function of the coverage �e.g., 0.5–1 ML� and of the substrate
reconstruction reveals two major effects. The first results from Si dimer-vinyl interaction and concerns the
controlled variation of the energy band gap of the interface. The second is associated to phenyl-phenyl
interactions, which give rise to a regular pattern of electronic wires at surface, stemming from the �-�
coupling. These findings suggest a rationale for tailoring the nanopatterning of the surface in a controlled way.
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I. INTRODUCTION

Nanopatterning of surfaces through organic molecules1

represents a viable route to handle the properties of conven-
tional materials, in view of their future technological �nano-
electronics, nonlinear optics, optoelectronics, etc.� and
bioengineering applications �sensor activity, molecular rec-
ognition, etc.�.2 In particular, the functionalization of semi-
conductor surfaces3 allows one to obtain nanostructured ma-
terials, whose properties may be tuned in controlled ways.
While molecular bonding on metals �e.g., thiol/Au� is typi-
cally non-site-specific,4 the localized and directional charac-
ter of semiconductor bonds at surfaces is able to impart an
ordered arrangement to the adsorbed molecules, making the
substrate an intrinsic template for the growth of the molecu-
lar layer.

The reconstructed �100� silicon surface seems particularly
suited to couple to the carbon atoms of the organic
molecules.3 Since the surface reactivity is essentially ruled
by the presence of dangling bonds at the surface, most ex-
periments were done using the hydrogen terminated Si sub-
strates, in order to prevent spurious oxidation processes.5–7

On the other hand, the clean Si�100� surface exhibits a
SivSi dimerlike motif, whose electronic properties are in
close analogy to those of the carbon-carbon double bond
�CvC� of alkenes. Recent experiments have demonstrated
that unsaturated hydrocarbons �e.g., ethylene,8,9 benzene,10

cyclopentene,11,12 etc.� may easily react with SivSi dimers,
forming stable organic/semiconductor interfaces. Moreover,
the direct measurement of the transport properties through
single molecules �e.g., styrene, cyclopentene, TEMPO12,13�
on dimerized Si�100� has recently shown the possibility of
realizing operational semiconductor-based molecular
devices.14,15

Despite the increasing interest in organic adsorption on
the Si�100� surface, only very recently more detailed theo-
retical studies been reported;16–25 most of the existing works
dealt with the adsorption geometries or the reaction path-
ways, and, in particular for styrene,16,17 the activated absorp-
tion on the monohydride �2�1� surface was studied both by
cluster and extended surface methods, but did not focus on
the electronic properties, while absorption on the clean sur-
face was only studied through a cluster model,25 which can-
not gauge the effects on the surface electronic states.

In this paper, we present a first-principles investigation of
the electronic properties of styrene adsorbed on the clean
Si�100� surface. This system is a representative model for
hybrid organic/surface interfaces,13,26,27 since styrene is con-
stituted of two building blocks �Fig. 1�a��, i.e., the phenyl
�uC6H5� and the vinyl �uCHuCH2� group, that are the
key-components of most conjugated molecular structures
and organic polymers. By means of a periodic solid-state
approach, we studied the structural and electronic properties
of the styrene/Si interface in the case of isolated molecule
absorption, as well as full- and half-monolayer coverage. Our
results indicate that the properties of the nanopatterned sur-
face can be selectively engineered by tuning the dosage con-
ditions for the adsorption.

II. METHODOLOGY

Our goal is to study a hybrid organic-semiconductor sys-
tem, at different regimes of organization: the limit of isolated
molecule absorbed on the clean surface, and dense absorbed
monolayers of the conjugated molecules. Density functional
theory �DFT� approaches describe well the bonding proper-
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ties at the interface, giving an accurate description of the
bonding lengths and angles for the isolated-molecule limit;
however, DFT completely neglects the so-called nonbonding
interactions �such as Van der Waals, dispersion, and London
forces�.28 On the other hand, nonbonded interactions rule the
structural arrangement of supramolecular �-aggregates,29

and, therefore, any kind of approach that does not include
such interactions cannot be fully predictive of the geometry
of a system with highly packed molecules such as those stud-
ied in the present paper.

Here, we chose to study the structural properties of the
system at different levels of formalism: For the monolayers,
at different organizations and coverages, the optimized geo-
metrical configuration was obtained through molecular me-
chanics using the well established polymer-consistent force
field �PCFF�,30 which includes nonbonding interactions. For
the structural optimization of the isolated molecule absorbed
on the clean Si�100� surface, we used both molecular me-
chanics and ab initio DFT calculations, and compared re-
sults, hereby establishing the reliability of the methodology.
The electronic structure of all systems was addressed by per-
forming full ab initio DFT calculations.

We performed state-of-the-art DFT calculations,31 using
the PW91 generalized gradient approximation for the
exchange-correlation functional,32 and ab initio ultrasoft
pseudopotentials.33 The single-particle electronic wave func-
tions were expanded in plane waves with a kinetic energy
cutoff of 20 Ry. The Si�100� surfaces were modeled by
means of repeated slab supercells containing six atomic lay-
ers and �16 Å of vacuum �see Fig. 1�. We simulated the

�2�1� reconstruction of Si�100� in cells with different lat-
eral periodicity, depending on the coverage: a large
c�16�16� cell was used in the case of single molecule ad-
sorption to isolate a molecule in neighbor cells; and the
p�2�2� cell was used in the case of monolayer configura-
tions. Styrene was adsorbed onto one surface of the slab,
while a monolayer of H atoms was used to saturate the dan-
gling bonds on the back side �Fig. 1�.

Following the clear evidence reported in Refs. 26 and 27,
we assumed, for the adsorption of a single styrene molecule
on the Si�100� surface, bonding through cyclo-addition-like
reaction leading to a four-atom ring �see Fig. 1 and Sec. III�.
Using total-energy and force minimization approaches, the
clean surface and the single molecule/Si interface were fully
relaxed, at the full ab initio DFT level, until forces on all
atoms were lower than 0.03 eV/Å. In this case, the nonbond-
ing lateral interactions are negligible and the DFT approach
can provide an accurate description of the total energy, elec-
tronic structure, and geometry of the surface-molecule inter-
face. As said above, we simulated the same system through
the PCFF molecular mechanics formalism, also relaxing all
atoms. Locally, at the bonding sites, the structural parameters
turn out to be very similar. In particular, the DFT results
point to local suppression of the dimer-buckling on absorp-
tion of the molecule.34 The maximum difference in bond
lengths amounts to 3.5% for the �former� vinylene carbon
atoms, and is less than 2% for the other bonds. The tilt angles
are also very similar �within 2.6%�.

Starting from the same four-atom ring bonding geometry,
we considered the sub- and full-monolayer configurations:
using PCFF simulations, we obtained the feasible arrange-
ments, and then, keeping fixed the atoms at the PCFF result-
ing positions, we calculated the corresponding electronic
structure at the DFT level. These geometries clearly do not
correspond to the ground state of a total energy DFT mini-
mization, however, assuming the overall correctness of the
PCFF geometries, the corresponding electronic structures are
well characterized by the DFT calculations. The identifica-
tion of the relative stability of different geometrical configu-
rations, as well as the reaction paths for the chemisorption
processes, go beyond the scope of the present manuscript:
we focused instead on the understanding of the rationale that
correlates the substrate reconstruction and the dosage with
the modifications of the band properties of the interface.

III. RESULTS AND DISCUSSION

Our simulation of the clean surface reproduces well the
existing experimental35 and theoretical36 results: the outer-
most atoms assemble in buckled dimers along the �011� di-
rection �Fig. 1�. The dimerization process can be understood
in terms of the formation of a full � and a weak � double
bond. The SivSi tilting imparts a polar character to the
dimer, associated to charge transfer from the “down” to the
“up” atom. Accordingly, the lowest unoccupied molecular
orbital �LUMO� and the highest occupied molecular orbital
�HOMO� are surface states, localized around the “down” and
the “up” atom, respectively.

The study of single molecule adsorption provides a great
deal of insight into the mechanisms that rule the bonding

FIG. 1. �Color online� Top �a� and side view �b� of a single
styrene molecule adsorbed on a Si�110�-�2�1� surface, simulated
in a c�16�16� cell �shaded area defines the primitive p�2�1� cell�.
Balls identify the atoms of the first layer. Si-dimer rows are aligned
along the �011� direction; adsorption site is highlighted in red. The
inset zooms into the locally unbuckled adsorption site. �c�
Schematic illustration of �2+2� cycloaddition of styrene on the
Si�100�-2�1 surface. The reaction, formally forbidden by symme-
try constraints, is instead facilitated by the asymmetry of the surface
reconstruction, with the consequent charge transfer ��� between Si
atoms.
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properties at the interface. Experimental STM images13,26

show that styrene is preferentially located along Si dimer
rows, and the analysis of infrared adsorption26 and thermal
desorption27 spectra suggests that the chemisorption of sty-
rene primarily involves the vinyl group. On the basis of the
experimental evidence, the starting configuration for the ab
initio relaxation was obtained by orienting the vinyl group of
styrene in proximity to a SivSi dimer �marked in dark red
in Fig. 1�. The adsorbed styrene results bridge-bonded to the
Si dimer, with the vinyl group only slightly misaligned with
respect to the dimer below. The surface does not exhibit
structural distortions, except for the adsorption site, where
the substrate strongly derelaxes, removing the buckling only
of the dimer involved in the bonding process �Fig. 1�b��. The
final product is formally equivalent to a �2+2� cycloaddition
reaction,37 in which the � orbitals of both the alkene CvC
and the SivSi dimer couple and create two covalent
SiuC � bonds in a four-membered SiuSiuCuC ring
�Fig. 1�c��. According to the Woodward-Hoffman selection
rules,3,37 �2+2� cycloaddition reactions between truly
double-bonded members �e.g., alkenes� should be symmetry-
forbidden. However, the solid-state effects, responsible for
the dimer buckling, break the orbital symmetry of the Si
double bond, allowing the reaction to occur. The formation
of SiuC bonds implies a uniform charge redistribution,
which removes the tilting relaxation of the clean dimer
�Fig. 1�b��. Since the binding mechanism involves the vinyl
group and a single dimer, the counter-relaxation occurs lo-
cally at the adsorption site only, leaving the rest of the sur-
face as well as the phenyl group almost unperturbed.

The electronic structure of the styrene/Si�100� interface
confirms the high selectivity of the adsorption process. In
Fig. 2�a�, we compare the total density of states �DOS� of the
Si�100�-2�1 surface with �thin black line� and without �dot-
ted orange line� the presence of the single styrene molecule.
The projection on the molecular states �red area� primarily
affects the low-energy range of the spectrum, adding new
peaks to the original Si-DOS �not shown�. The region near
the Fermi energy is dominated by the Si states: the HOMO
and the LUMO peaks maintain the features of the corre-
sponding states in the clean surface, i.e., localized on the
“up” �HOMO� and “down” �LUMO� atoms, respectively.
The unique exception is the bonding dimer, where a node of
the HOMO and LUMO wave functions is observed �Fig.
2�b��. To find out the electronic states involving the adsorp-
tion site, we have to move away from the Fermi energy
toward the continuum of states of the Si surface. The thick
black line in Fig. 2�a� represents the DOS projection onto the
C atoms of the former vinyl group of styrene and the under-
lying Si dimer. The peaks closest to the Fermi level are lo-
cated at −1.0 eV �labeled �2+2� in Fig. 2� and +1.8 eV �la-
beled �2+2�*�, and correspond to the bonding and
antibonding states resulting from the cycloaddition reaction,
as shown in Fig. 2�b�. The formation of the SiuC bonds—
energetically more stable than the SivSi double bond—is
responsible for the downward shift of the �2+2� peak. Since
the reaction involves only a single dimer �1 out of 16 in our
simulation�, the adsorption of a single molecule does not
significantly modify the electronic properties of the surface
around the Fermi energy.

The electronic structure at the edge of the valence band is
strongly represented in the simulated STM image �Fig. 3�a��,
which was obtained within the Tersoff-Hamman
approximation38 at −2.0 eV bias. We distinguish the uniform
pattern of spots related to the upper part of the Si dimers and
the bright protrusion centered on the styrene and on the
dimer beneath. It is worth noting that the phenyl group,
which does not participate in the adsorption process, main-
tains its original aromatic character.

FIG. 2. �Color online� Single molecule adsorption: �a� Total
DOS �thin black� and projection on styrene atoms �shaded red area�
from styrene/Si�100�-�2�1� interface. Dotted orange line is the
total DOS of the clean surface, thick black line is the projection on
atoms involved in cycloaddition reaction. Total DOS for clean and
adsorbed surfaces are scaled by a factor 0.45 in order to highlight
the component projections �shaded red area and thick black line�.
�b� Isosurface plots of selected single-particle charge densities
�side view�.

FIG. 3. �Color online� Calculated STM images for single sty-
rene adsorption on Si�100� �a� �2�1� and �b� �2�2� surfaces.
Atomic positions of the styrene molecule and of the two outermost
Si layers are superimposed for clarity. Insets schematize the differ-
ent dimer arrangements in the two surface reconstructions.
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The simulated STM image agrees well with the experi-
mental results.13,26 However, at low dosage conditions it has
been observed26 that molecules do not always have the same
orientation with respect to the dimer rows, the phenyl group
being found on both the right and left sides of a row. To
understand this finding, we considered an alternative recon-
struction of the Si�100� surface. It is known that Si�100� may
undergo different reconstructions depending on the experi-
mental conditions;35 here we simulated the Si�100�-�2�2�
surface, which is characterized by parallel rows of alternat-
ing buckled dimers along the �011� direction. Results for the
adsorption of a single styrene onto this surface are displayed
in Fig. 3�b�. The alternating spots in the STM image reflect
the alternating orientation of the SivSi dimers, and no sig-
nificant changes are observed close to the bonded molecule.
The adsorption mechanism is the same as for the �2�1�
case: since the �2+2� cycloaddition involves a single SivSi
site, the relative orientation of the dimers does not modify
the bonding properties at the interface, driving only the lat-
eral orientation of the phenyl group.

Increasing the dosage, styrene adsorbs on Si�100� at a
saturation coverage of 1 monolayer �ML�, which corre-
sponds to one styrene for every surface dimer.27 The self-
assembled overlayer is highly ordered and oriented along the
dimer rows, with an intermolecular distance of 3.8 Å along
the �011� direction, induced by the substrate periodicity.
Here, we considered the adsorption of styrene molecules at 1
ML coverage, on both the Si�100�-�2�1� and the -�2�2�
surfaces �Figs. 4�a� and 4�b��. We labeled the former system
�1 ML@�2�1�� and the latter �1 ML@�2�2��, where the
internal parentheses refer to the original substrate reconstruc-
tion.

In the two cases, the molecule/surface bonding is refer-
able to a �2+2� cycloaddition reaction, through the formation
of a four-membered ring for each adsorbed molecule. How-
ever, at full monolayer the different Si�100� reconstructions
may result in different steric couplings among the molecules.
The outermost characteristics of the surface impart a specific
order to the overlayer, acting as a programmable template for
the growth of the organic material. Thus the monotonic
buckling of �2�1� reconstruction leads to a parallel arrange-
ment of the phenyl groups, which align vertically along one
side of the dimer row �Fig. 4�a��. The �2�2� reconstruction
causes, instead, a zigzag alternation of the aromatic rings,
which arrange in a herringbone structure along the �011� di-
rection �Fig. 4�b��.

Despite the different spatial arrangement of the overlay-
ers, the two systems present interesting similarities in their
electronic structures: the analysis of the interface reveals two
major effects, related to Si dimer-vinyl and to phenyl-phenyl
interactions, respectively. The former concerns the bonding
properties at the Si/molecule interface. Since the styrene
chemisorption is site-specific and highly localized, the
monolayer configuration turns out to be a simple superposi-
tion of single adsorption events. Following the lines de-
scribed above, for each bonded molecule we observe the
breaking of Si-dimer double bonds and the formation of
bonding �labeled �2+2� in Fig. 5�b�� and antibonding SiuC
orbitals, lying in the region of continuum bulk states of the

surface �see Fig. 6�. In the limit of full coverage, where all
dimers are saturated, we notice the complete suppression of
the original HOMO and LUMO peaks of the clean surface,
which were representative of the SivSi double bonds. The
HOMO and LUMO peaks of the fully covered surface are
the result of the hybridization of Si-bulk and SiuC states, as
shown in Figs. 5�b� and 6 for the �1 ML@�2�1�� structure.
The overall effect of the overlayer formation is the opening
of the band gap.

To understand this, we compare �Fig. 5� the DOS of
clean -�2�1� �solid line� and -�2�2� �dashed line� recon-
structions �panel �a�� with the corresponding functionalized
surfaces �panel �b��. The two curves for the clean surfaces
�panel �a�� are quite similar �the slight discrepancies are due

FIG. 4. �Color online� Top panel: optimized atomic
geometries for styrene molecules adsorbed on Si�100�-�2�1� �a�
and �2�2� �b� reconstructions at 1 ML coverage, namely
�1 ML@�2�1���2�2� and �1 ML@�2�1���2�2� configurations, re-
spectively. Ball-stick rendering corresponds to styrene molecules
and to the two outermost Si layers, thin lines to planes beneath. Red
atoms mark the unbuckled Si dimers. Styrene molecules are alter-
nately colored �light vs dark gray� for clarity. Middle panel: calcu-
lated STM images for 1 ML coverage on �2�1� �c� and �2�2� �d�
surface reconstructions, corresponding to the structures �a� and �b�,
respectively. Bottom panel: 0.5 ML coverage configurations on
Si�100�-�2�1� substrate with �2�2� �e� and �4�1� �f� lateral pe-
riodicity. Atoms of unit cells are superimposed for clarity.
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to the specific relaxation mechanisms�: they are both charac-
terized by a small gap caused by the presence of surface
states in the original Si gap.39 In the monolayer configuration
�panel �b��, these states completely disappear, opening the
band gap. It is worth noting that the DOS’s of panel �b� are
almost identical, indicating that the band-gap variation de-
pends only on the Si-dimer saturation �i.e., the Si-vinyl in-
teraction� and not on the details of the starting surface recon-
struction or of the overlayer arrangement. To support this
hypothesis, we studied the case of ethylene �C2H4� and
monohydride adsorption on the Si�100�-�2�1� surface at 1
ML coverage. Figure 5�c� shows the same gap enlargement
as in the styrene case; the further features related to the spe-
cific adsorbate �e.g., the vinyl group in ethylene� affect the
DOS only in other energy regions. This confirms that the gap
opening is ruled only by the saturation process of the ex-
posed dimers, and not by other fragments �e.g., the phenyl
group of styrene�. Along these lines, we considered further intermediate

configurations, where only a part of the original Si
surface states are saturated. Two reconstructions for the sty-
rene adsorbed on Si�100�-�2�1� at 0.5 ML coverage are
considered. The first (�0.5 ML@�2�1���2�2�) is a �2�2�
structure, where each dimer row is constituted of the
alternation of buckled dimers and styrene molecules along
the �011� direction �see Fig. 7, left panel�. The second
(�0.5 ML@ �2�1���4�1�) has a �4�1� periodicity and con-

sists in the alternation along the �011̄� direction of an unper-
turbed Si-dimer row and a styrene-saturated row �see Fig. 7,
right panel�. In both cases, 50% of Si-dimers persist in the
clean surface configuration. Here we focused only on the
modification of the electronic properties owing to the differ-
ent arrangement of exposed dimers.40 The resulting DOS’s
are shown in Fig. 8. We focused on the modification of the
frontier orbitals with respect to the Si-dimer surface states of

FIG. 5. �Color online� Density of states near the band gaps
for �a� clean Si�100�-�2�1� and �2�2� reconstructions; �b� styrene
adsorption on �2�1� and �2�2� Si substrate at 1 ML coverage;
�c� ethylene �C2H4� molecule and H atom adsorption on
Si�100�-�2�1� at full monolayer coverage. In panel �b� the
shaded area is the projected-DOS on styrene atoms for the
�1 ML@�2�1�� configuration. All curves were aligned by the low-
est valence-band silicon states. Zero energy reference corresponds
to the Fermi level of the �2�1� clean surface.

FIG. 6. �Color online� Adsorption of styrene molecules on
Si�100�-�2�1� surface (�1 ML@�2�1�� in the text) at full cover-
age configuration. Isosurface plots of selected single-particle states
�side views�. Labels refer to Fig. 5�b�.

FIG. 7. �Color online� Styrene adsorption on Si�100�-�2�1�
surface at 0.5 ML for the �0.5 ML@�2�1���2�2� �left panel� and
�0.5 ML@�2�1���4�1� �right panel� configuration. Top view of iso-
surface plots of LUMO �middle panel� and LUMO+1 �bottom
panel�. Dark straight lines identify the �2�2� �left� and �4�1�
�right� lateral unit cells used in the simulations.
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the clean substrate �Fig. 8�a��. The vertical lines indicate the
large gap at saturation conditions �Figs. 5�b� and 5�c��.

The �0.5 ML@�2�1���4�1� structure presents common
features to both the clean and the fully saturated system: the
energy gap is similar to that of the clean surface. The HOMO
and LUMO peaks �vertical arrows� correspond to the unper-
turbed Si-dimers and have a halved intensity. The presence
of the styrene introduces spectral features about −1 eV, out-
side the full saturation gap �vertical lines�, as in the 1 ML
case. On the contrary, the on-row alternation in the
�0.5 ML@�2�1���2�2� system breaks the intrinsic coupling
among dimers, suppressing the HOMO peak but leaving
states in the region of the LUMO peak of the clean surface.
Indeed, the resulting band gap is larger than for the clean
surface but smaller than for the fully covered system. It is
worth noting that the HOMO peak is more sensitive to the
adsorption of the molecule, while the LUMO maintains its
original character in the two reconstructions �Figs. 8�b� and
8�c��. In both cases, the LUMO states are localized around
the unsatured dimers �Fig. 7, middle panel� and the
LUMO+1 are bulklike silicon states �Fig. 7, bottom panel�,
delocalized on the whole structure, except the molecule. On
the basis of these results, we suggest that the functionalized
surfaces at submonolayer coverage—even with less ordered
overlayers—may act as a 2D layer of electron acceptors, and
promote the charge transport through the silicon conduction
states. We conclude that it should be possible to tune the
band gap and the conduction properties of the interface by
controlling the coverage of the adsorbed molecules.

At 1 ML coverages, a broadening of the � peaks deriving
from the aromatic rings �Fig. 5�b�� reveals the presence of a
phenyl-phenyl interaction. This is a signature of the �-�
interaction between the assembled molecules that tends to
create delocalized orbitals at the surface: The closer the
packing, the higher is the superposition of the molecular or-
bitals. The formation of dispersive states �see Fig. 6, right
panel� may in principle enhance the in-plane transport prop-
erties of the organic overlayer.

The specific relative orientation among the aromatic rings
plays a crucial role in the expected efficiency for intermo-
lecular transport. Despite their similar band-structure
properties, the 1 ML coverages on the �2�1� and �2�2�
reconstructions give rise to cofacial and herringbone arrange-
ments, respectively �Figs. 4�a� and 4�b��, which lead to dif-
ferent in-plane transport efficiencies: the direct �-� organi-
zation typically results in electronic transfer integrals that are
one order of magnitude larger than in the herringbone
structure.41 Besides the �2�1� reconstruction for the 1 ML
coverage, we argue that also the �4�1� reconstructions for
the 0.5 ML coverage might originate satisfactory hole trans-
port performances along the styrene-saturated 1D rows.

The different arrangements of the overlayer may be dis-
tinguished through the analysis of the delocalized
�-channels, by means of STM experiments. In Figs.
4�c�–4�f�, we show the calculated STM images for the target
systems, in good agreement with the experimental ones.13,26

The current signal is stronger in the �1 ML@�2�1�� struc-
ture, which realizes the maximum �-� superposition. The
�-channels expand parallel to the dimer rows, while they are
almost localized in the perpendicular direction �Figs. 4�c�
and 4�f��. This implies that the directional Si-dimer motif of
the clean surface drives also the formation of an ordered
pattern of electronic wires on top of the surface, which may
be appealing for further nanoscale applications. It is worth
noting that these electronic features, given by the phenyl-
phenyl interaction, cannot be obtained with other adsorbates
such as hydrogen or ethylene.

IV. CONCLUSIONS

In conclusion, we studied the effects of styrene adsorption
on two reconstructed Si�100� surfaces, at different coverage
configurations. We focused on the electronic structure of the
system, highlighting the effects of the SiuC bond formation
on the overall properties at different submonolayer coverage
configurations. The localized and directional nature of the
Si-dimer rows governs both the atomic structure and the con-
duction properties of the overlayer. Our results show differ-
ent regimes as a function of substrate reconstruction and of
the dosage separately: the former is responsible for the final
arrangement of the molecular monolayer �e.g., cofacial ver-
sus herringbone�; the latter drives the conduction properties
and the electron distribution of the interface. While at high
coverage (e.g., �1 ML@�2�1��) the effective �-� coupling
may induce hole transport through the molecular layer, it is
interesting to note that at submonolayer regimes electron
transport along the surface-layer Si states is favored.
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FIG. 8. �Color online� Modification of Si-dimer HOMO �blue
arrows� and LUMO �red arrows� peaks of the clean �2�1� surface
�a� at 0.5 ML coverage, for the �4�1� �b� and �2�2� �c� recon-
structions. Vertical dashed lines correspond to the energy gap at
saturation �see Fig. 5�. All curves were aligned as in Fig. 5.
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