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Abstract
We discuss here the structural and electronic properties of Au(111) surface after being

exposed to high temperature vapor deposition of Tellurium (Te) in ultrahigh vacuum. The
scenarios entailing the formation of AuTe, metal dichalcogenide or rather Au,Te alloy
monolayer or even tellurene single layer deserved to be addressed. In this purpose, low
energy electron diffraction (LEED) supported by scanning tunneling microscopy (STM)
shows the existence of several surface reconstructions depending on the Te film thickness
in the sub-monolayer regime. We observed that the well-known spin-split Shockley state
of the Au(111) surface survives the Te deposition and is even shifted to higher binding
energy, suggesting a charge transfer at the interface. For a coverage of 0.33ML of Te, new
dispersive bands are observed by angle-resolved photoemission (ARPES), which arisefrom
a strong hybridization between the electronic states of Te and Au. With a substantially low
intensity and a back-folding at the boundaries of the reduced surface Brillouin zone, these
electronic bands represent a proof of the existence of a naturel 2D electron gas, strongly
disturbed by the surface reconstruction. It is therefore possible that an Au,Te alloy forms
on the surface. By increasing the coverage to 0.5ML, a rich, thickness-dependent
transition develops from the surface alloy to tellurene-like structure and completely
excludes the growth of AuTe, monolayer on the surface. Both the surface alloy and the
tellurene-type monolayer have a semiconductor character with a gap in the occupied

states of 0.65 eV.
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1. Introduction

In the recent years, two dimensional (2D) materials have attracted enormous scientific and
technological interests. In particular, the transition metal dichalcogenides (TMDs) in the
monolayer or multilayer regimes have received increasing and impressive attention due to the
remarkable success in combining their unique optoelectronic properties with their reduced
dimensions at the nanometer scale'. In fact, their intrinsic band gap is thickness dependent,
thus makes them as a promising alternative to the most studied 2D materials, i.e. graphene,
which lacks an intrinsic band gap. For example, MoS, monolayer exhibits a direct energy gap of
1.8 eV and pronounced photoluminescence®?, while bulky MoS, has a trivial photo-response
and an indirect band-gap. In addition, size reduction of the TMDs systems can induce highly
sought-after exotic properties, such as superconductivity*>, charge density waves®, Quantum

spin Hall effect’, and valley-spin splittings’g.

Tellurium (Te)-based TMDs constitute ideal model systems for fundamental and technological
researches. Being the heaviest non-radioactive element of the chalcogen group, Te is
characterized by high air stability, strong spin-orbit coupling and a p-type semiconductor
nature, which are valuable parameters for modern high-level technological applications. Te is
also a monotonically tuned bandgap semiconductor with decreasing thickness from 0.33eV in a
Te solid crystal to 1.0eV in the 2D monolayer system. On the other hand, noble metal surfaces,
especially Au(111), can provide a platform for hosting an epitaxial TMD layer or binary surface
alloy, both of which may accommodate fascinating 2D electron gas. Indeed, the in-situ
deposition of Te on metallic surfaces (M) does not necessarily form TMD monolayers of MTe,
composition, but can also generate a monolayer of surface alloy as M,Te. In recent study, we
have identified Cu,Te alloy monolayer as an interesting new 2D material'®, which was also
confirmed by another group™'. This behavior seems to depend on the metal substrate itself
because epitaxial growth of Se on Pt(111) leads to the formation of PtSe, having identical

properties to MoS, sheets'*"?

. Also, it was shown that co-deposition of Te and Pt on 6H-
SiC(0001) yields to the formation of PtTe, film'*. For practical purpose, the monolayer of Te
proved to be an ideal buffer layer to decouple blue phosphorus film from the Au substrate™.
More interesting, it has been reported that Te doping boosts the transport performances and
the stability to air of black phosphorus based Field Effect Transistors'®. In the herein study, we
characterized the atomic and electronic structures of low amount of Te (in the submonolayer

regime) deposited by UHV-MBE on Au(111). One of the expected scenarios is the formation of

one monolayer of AuTe,. This composite called also Calaverite, is the most common gold
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mineral and is the only compound in nature from which one can extract gold on an industrial
scale. Moreover, it develops a superconductivity phenomenon when doped with Pt/ (Pd"®) or
submitted to high pressure'®. To our limited knowledge, there is to date no evidence of an
epitaxial or isolated monolayer of AuTe,. The second scenario is the formation of an Au,Te
surface alloy, where Te atoms are embedded in the topmost Au layer, as has been effectively
demonstrated for the other two noble metals Cu and Ag. A third scenario is also plausible,
which consists of the emergence of the so-called “tellurene” monolayer floating on the Au(111)

2021 | fact, tellurene, an unaltered monolayer

surface, as in the case of flat stanene on Cu(111)
of Te with a honeycomb structure, has been successfully synthesized and employed in high-
tech applications, due to its large on/off ratios, excellent ambient condition stability, and high

carrier mobility22'24.

Although the atomic structure of Te/Au(111) was the subject of long discussion®°, its

electronic structure is still unexplored and no literature referring to the behavior of the valence
electrons is reported up to day. After deposition of Te, the well-known 23xV3 herringbone
reconstruction is lifted, which suggests strong Te-Au interaction at the surface. Thereby, we
present systematic investigation using complementary techniques to analyze the interplay
between structural and electronic properties. Through LEED and STM, we have exanimated the
crystal structure and atomic arrangement of the surface. To learn about the interaction
inducing a chemical shift, XPS measurements were performed on the Au4f and Te4d core levels.
The effect of the surface reconstruction depending on the Te coverage was systematically
analyzed. Interestingly, by ARPES we have studied in detail the characteristics of the Shockley
state, as well as new spectroscopic bands that result from hybridization between Te and Au
electronic states. A structural phase transition depending on the Te coverage is observed and

the formation of tellurene-type monolayer showing a honeycomb-like structure is suggested.

2. Experiment

Sample preparation: the Au(111) surface was prepared in-situ by standard procedure of
multiple cycles consisting of Ar* sputtering followed by annealing at 500°C in ultra-high vacuum
(UHV). The surface cleanliness was monitored by high-resolution XPS on the carbon and oxygen
core levels, while the crystalline structure of the surface was characterized by LEED. For the
present work, we have used a home-made Knudsen cell for the evaporation of Te in UHV. The
evaporation rate was monitored by quartz microbalance and calibrated with respect to
reference data from the literature®>. We have also employed an alternative method based on

chemical deposition that proved to give the same results and be successfully utilized for
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elaboration of other systems'®*

. It consists in immersion of the Au(111) substrate in 0.1 ML
NaTe; solution for few minutes. The resulting surface is then well rinsed with Milli-Q water and
dried under N, flow before reintroducing into the UHV analysis chamber for LEED, STM and XPS

analysis.

Characterization: to carry out the high-resolution photoemission experiments we used the
synchrotron radiation at TEMPO Beamline of Synchrotron SOLEIL, France. For probing the Au
and Te core levels it was necessary to utilize photon energy of 260eV, which represents a
compromise for obtaining reasonable photoionization cross section and high energy resolution
(estimated of about 50meV). The ARPES measurements were made with photon energy of
60eV in excellent conditions of high energy and angle resolutions. The energy scale was also
calibrated with the Au4f;/; on a clean Au(111) surface at the corresponding photon energy. The
experimental binding energy calibration error for the reported core level binding energies (CLBE)
is estimated to be of 50 meV. LEED and Low temperature STM measurements were conducted
on an Omicron STM station at ISMO-CNRS laboratory, Paris-Saclay University. The temperature
reached 77K with liquid N, cooling during measurements. No further treatment of the STM

images was applied.

3. Results description

3.1. LEED and STM investigations

First, we review here how the atomic structure of the Au(111) surface evolves after deposition
of Te. Fig.1 displays large size STM topographies obtained on clean and covered Au(111) surface
by Te sub-monolayer amounting to 0.33ML and 0.5ML, respectively. As expected, the pristine
Au(111) surface shows the well-known herringbone reconstruction which originates from an
uniaxial contraction of about 4.4% of the surface topmost layer with respect to the bulk,
resulting in a reduction of the lateral Au-Au interatomic separation at the surface®"*?. Thus, due
to this constraint, the Au surface atoms occupy fcc or hcp sites of the underlying bulk lattice
and 23 surface atoms occupy 22 substrate positions along the close-packed [1-10] direction®".
The regions with high density of Au atoms appears as bright stripes in the STM image and
correspond to the so-called domain walls or soliton walls which separate the wide fcc and
narrow hcp regions>'. We observe that this peculiar reconstruction of Au(111) is lifted when Te
atoms are deposited on the surface. Such an effect is attributed to the reduction of the surface
stress via charge redistribution induced by the Te electronegative adsorbates. Thus, this lifting
of reconstruction is accompanied by the release of gold atoms from the herringbone structure.

Note that when the adsorbate binds to the Au(111) surface by a simple van der Waals-like
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interaction, the herringbone reconstruction remains imperturbable, as has been observed for

organic molecular films>>>*

and also surprisingly after the deposition of Sn on Au(111), which
induces a SnAu, alloy on the surface®. For the present system, even a slight variation in Te
coverage causes a radical change of the atomic arrangement, as shown in Fig.1. Note however
that the STM topographies display surfaces completely covered with very ordered
superstructures at great distances. According to literature results, the formation of isolated and
large islands of pure Teis excluded and, instead, the Te atoms are statistically distributed over

the entire surface even at a very low coverage?® and substitute Au atoms of the topmost surface

layer when the thickness exceeds 0.24ML%.

Fig.1: (a) Large-scale STM image of clean Au(111) surface, showing the herringbone
reconstruction (U=-0.7V, I1=1.0nA) and insert displays the associated image with atomic
resolution. (b,c) Large-scale images measured on Au(111) covered by 0.33 ML and 0.5 ML
of Te, respectively.

For Te coverage of about 1/3 ML, the surface exhibits a (\/3X\/3)R30° super-lattice, with Te
atoms in the hollow site positions. Such a reconstruction has also been observed for
Te/Cu(111)" and Te/Ag(111)36, and for many other systems®”>°. In addition, there is the co-
existence of another reconstruction of a (3\/21x3\/21)R10° super-periodicity, as previously
shown?>. At coverage of ~ 0.5 ML, the morphology changes significantly and new reconstruction
occurs at the surface, which consists of highly ordered honeycomb-like structure at large
distance, as demonstrated in Fig.1c. Moreover, on-top of the reconstructed surface upper-layer,
self-organization phenomenon of adatoms or clusters is observed. In fact, the adatoms
occurring as bright dots in the STM image form well-defined and oriented atomic chain
structures.

In the following, more detail is given on the atomic structure and the distribution of the Te
atoms within the topmost surface layer. LEED patterns together with the corresponding

atomically resolved STM images, as well as the profile line details are reported in Fig.2.
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At Te coverage of about 0.25ML, it was shown that (V3xV3)R30° superstructure starts to develop
on the surface®. In addition, it was demonstrated that a large scale reconstruction type
(V111xv111)R4.7° is also presentzs. Here, we restrict ourselves to two characteristic Te

thicknesses: 0.33 ML and 0.5ML.

4 0.5 nm
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Height (pm)
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Fig.2: Quantitative analysis of STM images with atomic resolution obtained on Te/Au(111)
system: (a) image at 0.33ML of Te, where the surface shows the coexistence of moiré and
( 8x Vé‘)R30° reconstructions, which are also highlighted in the LEED pattern given in the
insert. (b,c) Profiles taken respectively along lines A and B indicated in image (a). (d) STM
image at 0.5ML of Te displaying a honeycomb-like superstructure on which self-
organization mechanism of Te atoms is observed. (e) Close STM inspection of the
honeycomb-like network characterized by (3x3) super-lattice, as demonstrated by LEED
(insert) and by the profile shown in (f) taken along line C in figure (d).
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Indeed, by increasing the Te coverage to 0.33ML, the surface evolves sensively at the atomic
scale. As shown in Fig.2a, the STM image reveals a highly structured surface and the LEED
pattern (in inset) indicates the coexistence of two types of superstructure. The (V3xv3)R30°
reconstruction is preserved whereas the 2D rhombus phase changes to another reconstruction
with larger supercell (3Vv21x3Vv21)R10°. Thereby, the supercell size of v111 2D is converted to
3v21 by adding Te atoms. There is also a change in the orientation of the rhombus phase from
4.7° to 10°. From the STM image, we can destinguish a periodic flower-shaped pattern
characterized by ordered arrows forming diamond-like patches that are abutted by two
triangles. There are dark and bright patterned Te atoms, which are all sitting on (V3xvV3)R30°
superlattice with inter-distance of 0.5nm (Fig.2b). The distance between the centers of the
flower feature is approximately 4nm, as obtained from the profile line shown in Fig.2c. This
value is consistent with the moiré superstructure of (3v21x3v21)R10° periodicity. Because of
the large radius of Te atoms, there is no sufficient space for them to always sit on the exact
same 3-fold sites of Au(111). This leads to the formation of dark furrows along the edge of the
diamond structure, where the Te atoms on each side are in different 3-fold sites and slightly
further apart. On one side of a furrow, the atoms are on face-centered cubic (fcc) sites whereas
the atoms on the other side are on hexagonal close-packed (hcp) sites.

When the Te coverage reaches 0.5 ML, one observes a honeycomb-like structure characterized
by holes forming super-cell with hexagonal symmetry, as shown in Fig.2d,e. Careful examination
of a line profile (Fig.2f) yields an average hole spacing (between two successful depletion
regions) of approximately 8.7 A, which corresponds to 3x the Au(111) lattice parameter. This is
the signature of a (3x3) reconstruction, which is confirmed in the LEED pattern reported in the
inset of Fig.2d and occurs in perfect accord with the literature®. Additionally, small clusters of
Te adatoms nucleate on the holes of honeycomb-like structure and tend to align in quasi-1D
chains following the symmetry direction of the honeycomb-like superstructure underneath.
There are two types of adatom rows. On the one hand, relatively long rows composed of
separate adatoms and, on the other hand, very dense and short rows. Indeed, the dominant
distance between neighboring adatoms is 8.70 A, while its value within the dense rows averages

about 4.35 A. The spacing between chains varies between 8.7 A and 34.5 A.
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3.2. Photoemission analysis

Fig.3 shows the XPS spectra measured on Au(111) surface covered by 0.5ML of Te, recorded at
normal and grazing emission angles, respectively. The spectra display an intense doublet due to
electrons photo-emitted from the Au 4f;/, (84eV) and Au4fs;, (87.6eV) core levels and very
weak structures attributed to the Au5p levels. Deposition of Te film provokes the occurrence of
spectroscopic features at binding energy of around 41 eV, which are assigned to the Te4d core
levels. Note that the low intensity of the Tedd peaks compared to the Aud4f is related to the
effect of the photoionization cross section, which is significantly larger for Au4f than for Te4d at
the selected photon energy (260eV)*. The spectral weight of the Te4d photoelectrons
increases as we move from the normal to the grazing emission geometry, while the opposite
effect is observed for Au4f. This means that the Te atoms are mostly on the surface of the

sample and indicates the absence of any segregation process of Au atoms to the surface.

—— Grazing emission
—— Normal emission

Te4d

Photoemission intensity (arb. unit)

J K Audpy/, Aubpg, \

{ IO T U CH N [N N0 OO U 7 N NN N NN S N Y N S VR S U B B (N G Y A S S G NN N N e (N N FRN N SNE N N N I G B N R N SR R N GRS R}
I T I T | I I I I T I

90 80 70 60 50 40
Binding energy (eV)

Fig.3: XPS spectra measured with hv=260 on Au(111) covered by 0.5ML of Te at
normal and grazing emission geometries, respectively. Zooms are given on the
Audf and Te4d core levels.

Fig.4 illustrates a comparison between the Au4f spectra of the clean Au substrate and that after
deposition of Te. The main component of the Au 4f;/, peak at 84.0eV is associated with bulk Au
(Aug), whereas the shoulder at 83.66eV is associated with the reconstruction of the Au surface
atoms (Aus), since its intensity increases at the grazing emission geometry at which the surface
contribution becomes high*’. After substation of a Shirley background, the experimental

spectrum was deconvoluted into two components Aug and Aus as shown in Fig.4, using a Voigt
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line profile with essentially the same parameters. After Te adsorption, the Aus component at
83.66eV vanishes as a result of interaction with Te. By analogy with gold oxidation, one could
expect the appearance of a higher binding energy component if a gold telluride is formed, but
this is not the case here. Indeed, we obtain an effect comparable to the case of Se/Au(111)*

system and one expects a weakly-chemisorbed Te on the Au(111) surface.

hv=260eV Auéfy,

)

................................

Normalized PES intensity (arb. unit)

Au(111)
IIIII|IIIIIIIII[IIIIIIIIIIIIIIIIIVIIIIIIIIIllll

90 88 86 84 82
Binding energy (eV)

Fig.4: Core level Audf XPS spectra recorded at normal emission before and after
deposition of 0.5ML of Te on Au(111). As shown, the deconvolution of these spectra
yields to two contributions for the clean substrate, Aug stands the bulk and Aus the
surface, while only the Aug one is present after growing Te on the surface.

The Tedd core level spectra obtained on Te covering Au(111) at thicknesses ranging from
0.25ML to a thick layer (greater than 20ML) are shown in Fig.5. Two main spectroscopic
structures associated with 4ds/, and 4ds/, core levels are observed. For a detailed analysis, we
limit ourselves to the 4ds/, characteristics in the rest of the discussion. Starting from thick-layer
of Te on Au(111), the fit using voigt-like peaks of the 4ds/, feature indicates the presence of one
contribution positioned at 40.44eV and assigned to the Te bulk. This value is consistent with the
binding energy obtained on Te/Cu(111) elaborated by chemical deposition method'®. When the
Te film is much thinner around 0.5ML, the shape of the photoemission spectrum remains
almost unchanged, however, the peak position of the 4ds/, level occurs shifted to 40.1eV. The
peak line-width is almost identical and is about 0.54 eV. At this thickness, the surface displays

(3X3) honeycomb-like reconstruction on which self-organized adatom chains are formed, as
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discussed above. Surprisingly, we observed only one chemical environment, whereas one can
expect at least two contributions; one related to adatom chains and the other to the (3x3)
reconstruction behind. One possible explanation of this result is that both contributions have
the same binding energy. This means that the atoms from chains and those of the underlying
layer have comparable interactions with the Au substrate, which are in this case significantly
weak. Thus, it can be suggested that the (3x3) reconstructed layer is decoupled from the
Au(111) substrate and can be described as a floating monolayer of Tellurene-type, since it also

has a honeycomb-like structure.

Te/Au(111) Te4dy
Te4dy, {1

Te thickness
(ML)

20.0

Normalized PES intensity (arb. unit)

44 43 42 41 40 39 38 37
Binding energy(eV)

Fig.5: XPS spectra of the Te4d core levels obtained for different thicknesses of Te on
Au(111). Each spectrum is deconvoluted using fit with voigt-like peaks.

When the Te thickness is about 0.33ML, the photoemission spectrum changes and exhibits
features significantly asymmetric due to the presence of a shoulder at the high energy side.
After a Shirley background subtraction the spectrum was deconvoluted (Fig.5) by choosing the
same peak width as that used for the other thicknesses. An accurate fit required utilization of

two voigt-type contributions; one is associated with the shoulder structure at binding energy of
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about 40.13eV and second contribution characterized by high intensity and located at 39.77eV,
as seen in Fig.5. Thus, two chemical environments of Te exist in the reconstruction shown in
Fig.2d. In fact, upon decreasing the Te coverage, the Te contribution associated with (3x3)
becomes weaker and new structure develops. The shape of the XPS spectrum does not change
too much when the Te coverage is about 0.25ML and exhibits two spectroscopic features at the
same energies as for 0.33ML. Indeed, this indicates the existence of two different chemical
vacancies, one at 40.13eV corresponds to Te weakly bond to the substrate and the second at
39.77eV is supposed to be related to the Te-Au chemical bonding which suggests the presence
of alloy monolayer giving rise to the (\/3X\/3)R30° reconstruction. Thus, the XPS data indicate a
phase transition as a function on the Te coverage; the formation of Surface alloy which
transforms progressively into decoupled Te monolayer. This result is consistent with the STM

analysis, suggesting the existence of a tellurene-type monolayer.

The Shockley state (SS) represents a sensitive probe of the interaction strength at the
deposit/metal interface and of the resulting physical processes such as charge transfer. Here,
we investigated by ARPES the modification of the Au(111) Shockley state after deposition of Te
film. Fig.6 shows the photoemission intensity in grey-scale I(Eg,k;) as a function of the binding

energy Eg and the in-plane component k;, of the wave vector along I'--M direction of the SBZ.

-0.2 -0.2

Te/Au(111) i

0.0 0.0

0.2 0.2
0.4 0.4 38
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Fig.6: Shockley state bands measured by ARPES on pristine Au(111) (left panel) and on
Au(111) covered by 0.33 ML of Te (right panel). The ARPES data have been recorded at
normal emission along I-M direction and at T=100K with a photon energy of 60eV.

As seen in Fig.6, the Shockley state of pristine Au(111) corresponds to two parabolic electron

dispersion shifted in the right and in the left from the I'-point. This net offset in the k-direction
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represents to the Rashba spin-orbit (RSO) splitting, which is well described in the literature®**,

also for other systems44’45.

After deposition of 0.33ML of Te, we observe a significant downward energy shift of the
Shockley state band, which is attributed to an electron transfer process from the Te atoms to
the Au(111) surface. Also, there is a significant change in the effective mass, whereas it is not
obvious to estimate the variation in the RSO splitting due to the broadening of the peak, which
is attributed to the effect of the high anisotropy of the surface reconstruction causing a loss of
momentum conservation of the emitted photoelectron and hence leading to a significant decay
of the Shockley state intensity and to a high background. The contribution of undesirable
adsorbates such as oxygen, carbon or water is totally excluded since the XPS indicated an
Au(111) surface free of such molecules. To obtain the Shockley state parameters for
Te/Au(111), we used the dispersion formula of a nearly free electron behavior, in which we
assumed the same RSO amplitude as for pristine Au(111). Thereby, its energy dispersion can be
described within the Bychkov-Rashba (BR)*® model as: E. (k) = Eo + h2k2/2 . + o |k, where

N
+ refers to the two spin states, o is the Rashba parameter, Ey is the bottom band energy and

m?* represents the effective mass. The binding energy of the bottom band lies at 0.68 eV, while
its value is found to be 0.46 eV on clean Au(111). Likewise, the effective mass increases to
(0.36+0.01)mg (mg denotes the free electron mass) compared to its value (0.28+0.01)mg on free
Au(111) surface. This can be ascribed to the Te-induced significant structural and chemical
change of the in-plane gradient of the surface potential, besides the presence of
reconstructions which can also have an effect.

By performing scans throughout the SBZ, we were able map the overall band structure of
Te/Au(111), to gain insight on the behavior of valence electrons. Fig.7 shows a wide energy
scan along the 'K and 'M directions of the SBZ recorded on Au(111) surface covered by 0.33ML
of Te. Besides the Shockley states around the I'-point, we observe highly dispersive bands
crossing the Fermi level, which correspond to the sp-states of the Au(111) surface. Additionally,
we distinguish broad bands having a parabolic-type dispersion with negative effective mass,
labeled S; and S,. By analogy with a sister system Cu,Te/Cu(111), those bands can originate
from the Te adsorbates inducing an Au,Te alloy at the surface and result from strong

hybridization between the Au 5d/6s and Te 5p orbitals. Moreover, we observe a back-folding

behavior of these bands in the adjacent reduced SBZ (R-SBZ) of the (\/3_x \/§)R30°
superstructure, which is a typical behavior of a 2D electron system. As seen in Fig.7, these

hybridization bands are characterized by low intensity, as the photoelectrons are probably
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strongly scattered by the profound corrugation of the long range moiré structure. On the other
hand, along I'-M direction, it is seen that the Shockley state band in second SBZ is back-folded
due also to the effect of the moiré superstructure of the surface alloy observed by STM. This
finding suggests the formation of 2D like electrons system localized at the Au,Te surface alloy.
The ARPES data reveal also a semiconductor character of the Au,Te monolayer with a gap limit

of about 0.65 eV, which in agreement with the STS measurements given in ref.?.
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Fig.7: (a) LEED pattern and (b) the corresponding schematic of the SBZs of the
( xéxVé)R30° reconstruction obtained after deposition of 0.33ML of Te on Au(111)

surface. (c) ARPES mapping of band structure along K-1-M-1 directions measured also on
Au(111) covered by 0.33 ML of Te. The ARPES data have been recorded at T=100K with a
photon energy of 60eV and the LEED pattern measured at energy of 80 eV.

By increasing the Te coverage to 0.5ML, the surface reconstruction changes radically and as
discussed above the upper layer has a honeycomb-like network similar to that of graphene. The
band structure also changes, as shown in Fig. 8, where we report the ARPES mapping along the
'M direction of the SBZ. First, we observe persistence of the Shockley state band, although it
appears much broadened and shifted back towards its original position of clean Au(111). This is
a signature of a weakening of the interaction between the Te layer and the Au substrate, in
good agreement with the XPS data. Furthermore, a new band that we label S; occurs at a

bottom binding energy of 0.65eV and is characterized by a peculiar invert U shape, i.e almost
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flat around the center and dispersing to high binding energy at the SBZ boundaries. After a
close inspection, we found that this band lies at the I" point of the third R-SBZ associated with
the (3x3) superstructure, which is consistent with the LEED pattern displaying second order
spots with high intensity compared to the other diffraction spots, as shown in Fig.8a. The
absence of such band at the I' point of the first SBZ can be attributed to a matrix element
effect. The presence of such a band can be the signature of the Tellurene-like monolayer and its

energy position indicates a semiconductor character of this latter.

(b)
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Fig.8: (a) LEED pattern obtained on Au(111) surface covered by 0.5ML of Te, showing
(3x3) reconstruction and (b) the corresponding surface Brillouin zone. (c) ARPES results
obtained on the same surface along the I M directions of the Au(111) SBZ.

4. Conclusion

We have studied here the changes in the structural and electronic properties of Au(111) surface
induced after deposition of Te. At large distance, LEED and STM analyses indicated the formation
of well-ordered and long-range reconstructions, however, details at the atomic scale

demonstrated rich and complicated structures depending on the Te coverage. The XPS data
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indicated the formation of an Au,Te surface alloy at Te thickness below 0.33ML and a transition
to a so-called tellurene monolayer with a unique chemical environment when the Te coverage
reaches 0.5ML. The existence of a single Au chemical environment ruled out the possible
formation of AuTe2, which is one of the scenarios discussed here. By ARPES, new dispersive
bands were revealed at 0.33ML, which originate from a strong hybridization between Te and Au
electronic states. These bands are strongly influenced by the surface reconstructions and
undergo folding at the boundaries of the reduced surface Brillouin zone. This finding clearly
highlights the presence of 2D-type electron system within the AuTe alloy layer. More interesting,
the band structure changes when the tellurene-like monolayer is formed at 0.5ML and a peculiar
band is observed. The ARPES data reveal the existence of a band gap and suggest a

semiconductor character of the Au,Te surface alloy and also of the tellurene monolayer.
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