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Structural and electronic properties of the Te-Si(111) surface from first principles
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The structural and electronic properties of an atomically-flat Te-Si(111) surface have been investigated by
means of density-functional theory calculations. This system is interesting because it provides a template for the
epitaxial growth of inherently 2D materials. A structural model of the surface is devised that is both energetically
more favorable than the ideal on-top model proposed in the literature and dynamically stable. The model,
characterized by a staggered arrangement of Te-Te dimers in the passivation layer, is a semiconductor with a
narrow band gap resulting from the misalignment of the Te2 units. As for the on-top case, however, this structure
does not fully conforms to the available experimental observations. A finite-temperature model is hence prepared
by means of molecular dynamics simulations at 300 K. It turns out that such a model is characterized by a
disordered passivation layer consisting of randomly oriented Te2 units and Te chains, which makes it effectively
compliant with all the experimental structural data at hand. In addition, it is also a narrow-gap semiconductor
compatible with the electrical conductance measurements. These findings suggest that this model is a good
candidate for representing the Te-Si(111) surface.
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I. INTRODUCTION

In the last decade, two-dimensional (2D) materials have
attracted a renewed scientific attention due to their exceptional
properties that might potentially revolutionize the fields of
optoelectronics [1,2], thin film transistors [3], quantum infor-
mation [4,5], and low-power spintronic [6]. Beyond graphene
[7] (or its functionalized counterparts [8]) and boron-nitride
[9], excellent examples of such materials are mono-elemental
group IV and group V single-layered compounds [10,11].
Similarly, are the transition metal carbonitrides (MXenes)
[12]. Another vast class of inherently 2D materials, con-
sisting of weakly bonded blocks of a few atomic layers, is
constituted by chalcogenide compounds such as transition-
metal dichalcogenides [13], V2-VI3 chalcogenides including
topologically-nontrivial Bi2Te3, Sb2Te3, Bi2Se3 [14], and
(GeTe)n-(Sb2Te3)m (GST) alloys. The latter are of great rele-
vance for next-generation phase change memory applications
[15–17].

A well-established methodology for growing high-quality
single layer/block thin films, as well as heterostructures of
such 2D materials is van der Waals (vdW) epitaxy [18,19].
Within this framework, the Si(111) substrate is a common
practical choice that easily provides extended atomically flat
growing templates ideal for the integration of 2D materials
with Si microelectronics. This substrate is typically termi-
nated with a passivation layer of atomic thickness in order
to saturate the dangling bonds that would otherwise induce
surface reconstructions [20,21]. The choice of the passivating
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species, however, is known to affect the morphology and crys-
tallinity of the epitaxially grown samples [22]. The simplest
passivation is attained by means of hydrogen atoms, which in-
teract with the deposited 2D material essentially via weak van
der Waals forces. This chemical decoupling at the substrate-
material interface enables heteroepitaxial growth even in the
case of very large in-plane lattice mismatch between the
grown material and the substrate. On the other hand, however,
it can also be responsible for poor adhesion [23], inducing
the formation of randomly oriented rotational domains during
the growing process, which ultimately cause a polycrystalline
sample morphology [22]. To alleviate this issue, hydrogen
atoms are typically replaced by other atomic species that
exhibit a partial, not purely van der Waals, coupling with the
atoms of the deposited material.

Antimony, for example, has been successfully used for
growing high quality Sb2+xTe3 [22,24] and GST [25] films,
or GeTe-Sb2Te3 superlattices [26] by molecular beam epitaxy
(MBE).

The Te passivation has also been considered for the epi-
taxial growth of the aforementioned compounds and has been
actually used for growing topological insulator Bi2Te3 films
[27,28]. At variance with the Sb-Si(111) case [29,30], how-
ever, the structural and electronic properties of the Te-Si(111)
substrate have only recently been investigated [28]. The au-
thors of Ref. [28] showed through a combined analysis based
on scanning transmission electron microscopy (STEM), scan-
ning tunneling microscopy (STM), and low-energy electron
diffraction (LEED), that the Te passivation of an unrecon-
structed Si(111) substrate results in a stable Te-Si(111)-(1 ×
1) reconstruction, with an average out-of-plane distance of the
Te atoms from the underlying Si bilayer of 2.88 Å. In the same
paper, it is proposed to model such a reconstruction by means
of an ordered passivation layer model, here referred to as
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on-top model, where all Te atoms stay atop the exposed Si
atoms of the substrate (T1 site). Density-functional theory
(DFT) calculations showed in fact that the T1 positioning of
the ordered Te layer relative to the substrate is energetically
more favored as compared to other positions and that the
theoretical average distance between the Te layer and the
topmost Si(111) bilayer of the model is in excellent agreement
with experimental observations. Conversely, the electronic
structure of such a model, which is predicted as metallic,
is shown to be in stark contrast with the very low surface
conductance highlighted by in situ electrical transport mea-
surements, which is three orders of magnitude smaller than
the one typically associated to topological surface states. This
apparent contradiction was partially motivated by means of
the low Fermi velocity of the states, which contributes the
most to the calculated density of states (DOS) at the Fermi
level and eventually invoking a high surface roughness of the
prepared Si substrate.

In this paper, an alternative disordered model for the Te-
Si(111) substrate is proposed as an attempt to fully reconcile
theory and experimental observations of Ref. [28] without the
need to invoke surface roughness. The new model is devel-
oped through intermediate steps, starting from the ordered
on-top model proposed above, using DFT calculations and
physical intuition.

II. COMPUTATIONAL DETAILS

Density-functional theory simulations have been per-
formed by means of the Quantum Espresso suite of programs
[31], using norm-conserving Troullier-Martins pseudopoten-
tials [32] with the PBE xc-functional [33]. The semi-empirical
D2 correction by Grimme [34] is also used to account for van
der Waals interactions. The Kohn-Sham orbitals are expanded
in a plane wave basis set with an energy cutoff of 24 Ry,
while Brillouin zone integration for the different structures
is achieved using various Monkhorst-Pack [35] grids with a
maximal k point linear spacing of 0.15 (0.1) Å−1 along the
in-plane (out-of-plane) reciprocal cell vectors, along with a
Marzari-Vanderbilt smearing [36] of 0.08 Ry. Ab initio Born-
Oppenheimer molecular dynamics (MD) runs are carried out
within a constant-volume constant-temperature (NVT) en-
semble with a time step of 4 fs, controlling the temperature
by means of a Berendsen thermostat [37] with a character-
istic relaxation time equivalent to 10 time steps. A reduced
energy cutoff of 20 Ry has been used along with a special
(1/4,1/4,1/4) point sampling for computational efficiency.

The Si(111) substrate is modeled through a slab geometry
with periodic boundary conditions (PBC). Each slab, taken
parallel to the xy plane of the system of reference, consists
of five atomic double layers stacked along z, and is sep-
arated by its periodic images by 20 Å vacuum regions to
minimize spurious interactions. The top and bottom Si(111)
surfaces are terminated by tellurium and hydrogen atoms re-
spectively. Different simulation cells are considered that are
n × m in-plane repetitions of a reference hexagonal unit cell
containing 12 atoms in total (10 Si, 1 H, 1 Te). The hexagonal
in-plane lattice parameter is ah ≡ ac/

√
2 = 3.840 Å, with

ac = 5.431 Å being the experimental cubic lattice parame-
ter of silicon crystal at room temperature [38,39]. Available

FIG. 1. Equilibrium structure of the Te-Si(111)-(1 × 1) substrate
reconstruction with on-top passivation of Te atoms as proposed in
Ref. [28]. The structure is represented by means of a 2 × 2 supercell.
(a) Side and (b) top view are reported.

GGA-PBE calculations without van der Waals corrections are
known to overestimate such experimental value by 0.7% [40].
In the attempt to mimic a semi-infinite substrate configuration,
all simulations are carried out freezing the five Si atomic
layers closest to the H-terminated surface at their equilibrium
positions in the crystal bulk. The H atoms are also frozen at
the ideal T1 sites at their theoretical equilibrium distance from
the Si substrate. For computational reasons, the MD runs are
carried out using thinner slabs of six Si atoms rather than 10.
In this case, only the three Si layers closest to the H-passivated
surface are kept frozen.

III. RESULTS AND DISCUSSION

As a starting point of the study, in the attempt to provide
a model for the Te-Si(111) surface, which fully reconciles
theory and experimental data, it is convenient to examine in
detail the ordered on-top picture proposed in Ref. [28]. Within
this model, all Te atoms are equivalent by symmetry and form
a perfect in-plane hexagonal lattice at nonbonding Te-Te dis-
tances [41–43]. At the same time, each Te atom at T1 position
forms a σ bond with the corresponding Si atom underneath,
thus saturating all the dangling bonds at the Si(111) surface
(see Fig. 1). Onefold coordination is, however, quite unusual
for Te atoms, which rather have a known preference for diva-
lency and twofold coordination [44]. This can be observed, for
example, in the crystalline and amorphous phases of elemental
Te [41,44]. In these systems, such a coordination ensures an
effective filling of the electronic outer shell, which entails the
opening of a relatively small band gap Eg in the respective
electronic band structures, as reported by magnetoabsorption
measurements for crystal samples (Eg = 0.335 eV) [45] and
by first-principles calculations for crystal/amorphous models
(Eg = 0.4/0.32 eV) [41]. Conversely, in the on-top model,
onefold coordination results in an open shell configuration,
which originates the observed metallic behavior in a band
structure picture [see also top panel of Fig. 1(a)]. In fact,
out of the four 5p valence electrons that govern the chemical
reactivity of this element (the 5s valence electrons occupy
deep energy levels and are therefore chemically unreactive
[46,47]), one is involved in the formation of the Si-Te bond,
while the other three partially occupy the manifold of orthog-
onal px,y states.
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FIG. 2. Equilibrium structure of the dimerized (2 × 1) recon-
struction of the Te-Si(111) substrate. The Te dimers are all aligned in
the same direction. The structure is represented by means of a 2 × 2
(1 × 1) supercell. (a) Side and (b) top view are reported.

Despite these arguments, the structural properties of this
ordered model are reported to be in excellent agreement with
the experimental observations. One could hence try to devise
alternative models, which preserve as much as possible the
correspondence with the structural, experimentally observed
features, yet restoring a more customary twofold coordination
for Te atoms. In this paper, this is attained by introducing
tailored modifications to the original ordered on-top model,
which entail the relaxation of the ideal hexagonal symmetry of
the Te layer. Various models have then been developed follow-
ing this line of reasoning that are presented in the following
sections.

A. Tellurium dimerization

The first and easiest model considered here is characterized
by an in-plane arrangement where Te atoms are paired up to
form Te2 units all aligned in the same direction, as visible in
Fig. 2. This model actually corresponds to a (2 × 1) recon-
struction, at variance with the experimental evidences, but it
is nevertheless instructive to be analyzed in order to verify the
initial hypothesis that twofold coordination might induce an
insulating surface character through the opening of an elec-
tronic band gap at the Fermi level. The equilibrium structure
of the model is obtained through a structural relaxation of a
2 × 1 supercell with the apical Te atoms initially displaced
from the ideal T1 sites in a random fashion. Different random
displacements are actually taken into consideration. For small
initial displacements the ideal on-top configuration is always
recovered. Conversely, for large enough displacements, the
system is observed to relax to the new dimerized configu-
ration that is approximately 5 meV/at lower in energy than
the undistorted model. The Te2 dimers are slightly twisted
relative to the high symmetry directions defined by the under-
lying hexagonal Si-lattice thus to adjust the Te-Te distance to
an optimal value dTe2 = 3.22 Å. This value lays in between
the experimental intrachain and interchain distances found
in crystalline Te [48], and is compatible with the theoreti-
cal Te-Te coordination distance reported for melt-quenched
amorphous models of Te [41] and Te rich In2Te5 [43] at
room temperature. At the same time, the Te-Te distance is
slightly larger than the cutoff distance rcut = 3.1 Å for the
formation of a covalent Te-Te bond suggested by the analysis

(a)

(b)

FIG. 3. (a) Density of states calculated for the (upper panel) on-
top and (lower panel) dimer-aligned models. The projected DOS on
the Te p states is highlighted by the shaded area. The Fermi energy is
set to zero. The DOS is broadened with Gaussian functions 21-meV
wide. (b) Local DOS of dimer-aligned model integrated in the energy
range (–75, +10 meV) about the EF and projected onto the plane
of Te atoms. The data are represented by means of a 4 × 2 (1 × 1)
supercell for the sake of clarity.

of the electron-localization function (ELF) and Wannier cen-
ters in Ge2Sb2Te5 [42]. For this model, the calculated ELF
(see Fig. S1 in the Supplemental Material, SM, [49]) takes
values marginally larger than 0.5 along the entire connectivity
segment of the Te2 unit, which would support the presence
of a weak chemical bond in between the Te2 atoms. At the
same time, the ELF analysis also discards the presence of
chemical bonds in between atoms of adjacent Te2 units, which
are 3.5 Å apart. As in the ideal model, each tellurium re-
mains bonded to the Si atom underneath, with an average
distance between the Te layer and the underlying Si bilayer
of dTe–Si2 = 2.82 Å. This value is only 0.05 Å smaller than the
one computed for the on-top case, and still in agreement with
the experimental data of 2.88 Å [28].

Contrary to what originally expected, the analysis of the
electronic properties still highlights a metallic character. The
value of the DOS [50] at the Fermi level EF , albeit reduced
with respect to that of the on-top model, is in fact finite [see
bottom panel of Fig. 3(a)]. The projected density of states
(PDOS) clearly attributes this finite value to the (in-plane)
px,y states of tellurium. At the same time, the projection of the
DOS integrated in the energy range [–75, +10] meV about EF

onto the tellurium plane suggests that metallicity is imputable
to nonbonding π -like states, which result from a in-plane
superposition of lone pairs belonging to neighboring Te atoms
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FIG. 4. (a) Side and (b) top view of a fully relaxed model for
a Te-Si(111) surface with staggered Te2 covering in a 4 × 4 (1 × 1)
supercell.

in adjacent aligned dimers [see Fig. 3(b)]. The alignment of
Te2 dimers hence appears to favor a metallic character.

B. Dimers misalignment and band gap opening

An interesting question that the latter observation poses
is whether the reverse is also valid, i.e., whether the mis-
alignment of Te2 units could provide a route to suppress
surface metallicity. To validate this conjecture, it would be
useful to investigate the electronic properties of ordered mod-
els that maximize the in-plane misalignment of the Te units
introduced above. One possible realization of such models is
provided by the 4 × 4 staggered configuration schematically
represented in Fig. S2 of the SM [49]. Within the ideal stag-
gered structure, the dimers are all oriented along the high
symmetry directions of the hexagonal lattice defined by the
unreconstructed Si(111)-(1 × 1) substrate. The relaxation of
this structure yields to the equilibrium configuration reported
in Fig. 4, which features a total energy 11.3 meV/at lower
than the that of the model with aligned Te2 units.

From a structural point of view, it is possible to note that
after the relaxation half of the Te2 units are oriented along the
b vector of the supercell and the other half oriented approx-
imately along the orthogonal direction. The average Te-Te
distance within the Te2 units is dTe2 = 2.92 Å, rather smaller
than the same quantity of the previous model. This value is
comparable to the intrachain distance measured in crystalline
Te [48], close to the most probable Te-Te connectivity dis-
tance in amorphous models of Te [41] and Te rich In2Te5 [43]
at 300 K, and smaller than the cutoff distance for the formation
of a covalent Te-Te bond found in Ref. [42]. The average
distance between the top Te layer and the center of mass of
the underlying Si bilayer is dTe–Si2 = 2.83 Å, once again in
agreement with the experimental value of 2.88 Å [28]. It is
also worth to mention that the model is dynamically stable as
observed from the analysis of a MD trajectory carried out at
300 K for a few picoseconds.

As for the previous model, the ELF analysis supports the
presence of a chemical bond in between the atoms involved
in the dimers (see Fig. S3 in the SM [49]) while excluding a
bonding state in between atoms of adjacent Te2 units.

On the other hand, at variance with the previous model, the
calculated band structure highlights a semiconductive char-
acter with a narrow direct band gap of 0.29 eV (see Fig. 5).
This value is similar to the theoretical band gaps in the
crystalline and melt-quenched amorphous phases [41]. As

FIG. 5. Band structure (left panel) and density of states (right
panel) calculated for the staggered model. The DOS is broadened
with Gaussian functions 21-meV wide. The VBM energy is set to
zero. A direct energy band gap of 0.29 eV is found.

clearly shown by the projected density of states, the valence
band maximum (VBM) can be ascribed to p states of Te
atoms, whereas the conduction band minimum (CBM) is
mainly attributable to Si states. At the same time, the energy
gap between the highest occupied and lowest empty surface
p-Te states is 0.57 eV, i.e., almost twice as large as the actual
band gap. This might suggest that the most relevant channels
for conductivity would not be confined within the atomically
thin passivating layer. Moreover, these findings demonstrate
that surface metallicity can be suppressed by the misalignment
of Te2 units through lone-pairs misalignment. Additionally,
these highlight also a direct connection between structural
and electronic properties that might serve to rationalize the
origin of the metal-semiconductor transition in 3D Te based
compounds.

Thanks to its semiconducting behavior, the model is ex-
pected to display an electric conductivity that is orders of
magnitude lower than that of a metallic system, which better
conforms to the experimental evidences of Ref. [28]. It would
be tempting to consider this model as a good candidate for de-
scribing the ground state Te-Si(111) substrate. As a matter of
fact, however, its supercell periodicity is still not fully compat-
ible with the observed unreconstructed Si(111)-(1 × 1) LEED
pattern.

C. Locally disordered model

The models considered so far are all enclosed in an energy
range smaller than 25 meV/at. Hence, it is reasonable to sup-
pose that, from a structural perspective, the passivation layer
of an experimentally prepared Te-Si(111) surface at room
temperature might realistically consist of a superposition of
different Te arrangements. Within this picture, the Te-Si(111)
substrate could be effectively described as a locally disordered
on-top model, where the Te atoms are displaced (on average)
from the ideal T1 site to form Te dimers with random in-plane
orientation.

Such a model is expected to originate a surface diffrac-
tion pattern that is qualitatively compatible with the (1 × 1)
reconstruction observed in LEED measurements [28]. Two
scenarios are in fact possible. In the first one, the long-range
order of the ideal on-top model is retained on average (up
to a certain degree). Deviations from the ideal long-range
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FIG. 6. (a) In-plane radial distribution function of Te atoms at
300 K. (b) Distribution of coordination numbers of Te atoms with
other Te atoms within the passivation layer using two different cutoff
values as reported in the legend.

order would therefore affect the diffraction pattern only from
a quantitative point of view [51], by reducing the integer-order
beam intensities of the ideal hexagonal pattern, and/or en-
hancing the diffusive background [52]. In the second scenario,
instead, the degree of disorder is such that coherency of the
electrons scattered within this layer is lost. Even in this case,
however, a constructive diffraction signal compatible with that
of a (1 × 1) reconstruction would be built by the electrons
coherently diffracted by the first Si layers of the substrate,
which typically contribute to the formation of LEED pattern
due to the finite penetration of length of the incident beam.

In order to better characterize the properties of the Te-
Si(111) surface at room temperature, a 6 × 6 supercell model
was prepared where local disorder is introduced by means
of successive MD simulations carried out in a canonical en-
semble at different temperatures. The starting point of this
set of simulations is the model with aligned dimers presented
above, which is initially evolved in time for 2 ps at 600 K
to loose memory of the initial condition and to randomize
the Te positions. During this part of trajectory, the Te atoms
undergo indeed large oscillations about the T1 site of refer-
ence, with the repeated formation and breaking of in-plane
Te2 pairs. No breaking event of Si-Te bonds is observed. An
instantaneous quenching at 300 K is then performed, followed
by an annealing run of further 6 ps. At this temperature, the Te
atoms exhibit small oscillations around equilibrium positions
that are mostly displaced from the T1 sites. Occasional local
reconfigurations are also observed in the time of the simu-
lation. Detailed information on the structural properties of
the passivation layer of the model are conveyed by the Te-Te
radial distribution function averaged over the last 3 ps of the
trajectory. As visible from Fig. 6(a), this features a first maxi-
mum at 2.95 Å and and a second one at 4.1 Å respectively,
which correspond to bonding and nonbonding distances of
Te atoms on neighboring T1 sites. Despite a first minimum
is visible at 3.5 Å, the distribution of Te-Te coordination
number is calculated adopting a hard connectivity cutoff of
3.1 Å and 3.25 Å as suggested in Ref. [42] and Ref. [43]
for amorphous GST and In2Te5 at 300 K in Ref. [43] [see
Figs. 6(b)]. In both cases it can be observed that Te atoms
are mainly onefold coordinated with other Te atoms, while
only a minority of them are zero- or twofold coordinated.
Hence, the majority of Te atoms form dimers, which appear as
misaligned with each other by visual inspection. The fact that
the Te dimers have survived the high-temperature/quenching

FIG. 7. Density of states (right panel) calculated for the relaxed
disordered model. The DOS projections of the p states of Te atoms
and of the p + s states of Si atoms are highlighted by the colored
areas. The DOS is broadened with Gaussian functions 21-meV wide.
The VMB energy is set to zero.

treatment, reinforces a posteriori the idea that the these units
are naturally present at room temperature.

In the attempt to further characterize the structure of the
model, the mean and standard deviation of the distribution of
in-plane displacements of the Te atoms relative to the ideal
hexagonal site of reference are then calculated by averaging
over time and sites. As expected for a locally disordered
system, the mean estimator corresponds approximately to the
zero vector. The effective standard deviation (calculated as
the average of the standard deviations along the x and y
axes) is instead 0.45 Å, i.e., ≈0.12 ah. This rather large value,
relative to the typical thermal displacements in bulk systems
amounting to a few percent of the lattice parameter [53],
casts doubts on whether the passivation layer can generate a
constructive diffraction signal, which would contribute to the
overall LEED pattern.

The average distance dTe–Si2 = 2.82 Å between the Te layer
and the Si bilayer is compatible with the experimental data,
although slightly lower than that of the ordered models.

The last snapshot of the trajectory is eventually relaxed
and considered for further analysis. Its final energy is only
2 meV/at higher (i.e., essentially degenerate within the DFT
error) than the 4 × 4 staggered model, which once again
supports the idea that local disorder can be easily observed
in Te-Si(111) substrates. The structure of the relaxed con-
figuration, reported in Fig. S3 in the SM [49], displays
characteristics, which conform to those extracted from the
analysis of the trajectory at 300 K. If a connectivity cutoff
of 3.1 Å is used, the majority of Te atoms are involved in
the formation of dimers with no preferential in-plane orien-
tation. Some atoms are zero coordinated, while others are
two-fold coordinated, forming trimers or chains containing up
to 7 atoms. The ELF analysis (see Fig. S3 in the SM [49])
highlights a partial localization of electrons, interpreted as
the signature of a weak covalent bond, along the connectivity
segments. The ELF also remains only sightly larger than 0.5
in between atoms up to 3.25 Å apart.

As expected, the calculated DOS and band structure (see
Fig. 7) indicate a semiconducting character, with a narrow
electronic band gap of ≈0.3 eV. A similar behavior is also
observed for the unrelaxed configuration (see Fig. S4 in SM
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[49]). Albeit not directly computed, the average in-plane
electrical dc conductivity is then expected to be orders of
magnitude smaller than the one associated with the metallic
on-top model. This result complies with the experimental
measurements of a surface conductance that is three orders
of magnitude smaller than typical values measured for topo-
logical insulators [28].

IV. CONCLUSIONS

The structural and electronic properties of an atomically
flat Te-Si(111) surface have been investigated by means
of density-functional theory calculations. Various structural
models are discussed that correspond to tailored modifications
of the ordered on-top model proposed in Ref. [28].

Firstly, it is shown that the total energy of the system
decreases when Te atoms of the ideal on-top model are al-
lowed to (i) shift from their reference T1 sites and (ii) to
pair off in dimers lying in the surface plane. When such
dimers are all equally oriented and aligned as in a (2 × 1)
reconstruction, the calculated DOS displays a finite value
at the Fermi level, with the largest contribution given by
nonbonding π -like states originated by the superposition of
lone pairs in adjacent aligned Te2 units. Conversely, it is
shown that is possible to open up a narrow electronic band
gap through the disalignment of lone pairs, as observed in
the case of a paradigmatic 4 × 4 staggered surface model.
The mechanism of alignment-misalignment of the lone pairs,
which correlates with the alignment-misalignment of the Te2

units, is therefore identified as a control parameter of the
metallic-to-semiconductor transition. The staggered model is
also shown to have the lowest energy among those considered
in this paper and to be dynamically stable at 300 K. At the
same time, its surface periodicity is not fully compatible with
the LEED measurements reported in Ref. [28].

Based on the energetics of the various analyzed structures
(spread < 25 meV/at), it is then suggested that the Te-Si(111)

surface at room temperature can be modelled as a statistical
mixture of a variety of ordered models that differ by the
arrangement of the Te atoms about the T1 ideal sites. A finite
temperature model is hence prepared by means of DFT molec-
ular dynamics simulations carried out with a 6 × 6 supercell
annealed at 600 K and then quenched to 300 K. The analysis
of its structural proprties reveals the tendency of Te atoms to
stay either in one- or twofold in-plane coordination, forming
misaligned and randomly-oriented Te2 units or chains, which
are interpreted as defective aggregations of Te2 units. Also, the
total energy of the relaxed model is found only 2 meV higher
than the staggered case. Overall, these findings validate the
picture that the Te-Si(111) surface is actually constituted by
a locally disordered passivation layer that breaks the perfect
hexagonal symmetry of the ideal on-top model, resulting nev-
ertheless in a structure that is effectively compatible with the
experimental LEED diffraction measurements. At the same
time, both the releaxed and unrelaxed disordered models dis-
play a semiconducting character with an electronic band gap
of 0.29 eV.

In conclusion, the locally disordered model is shown to
conform to all the experimental data at hand, thus providing a
reliable atomic-scale representation of the Te-Si(111) surface
capable to reconcile theory and experiments.
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