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ABSTRACT:

We report a study of the self-assembly of 1,4-benzenedimethanethiol monolayers on gold formed in n-hexane solution held at 60 �C
for 30 min and in dark conditions. The valence band characteristics, the thickness of the layer, and the orientation of the molecules
were analyzed at a synchrotron using high resolution photoelectron spectroscopy and near edge X-ray adsorption spectroscopy.
These measurements unambiguously attest the formation of a single layer with molecules arranged in the upright position and
presenting a free �SH group at the outer interface. Near edge X-ray absorption fine structure (NEXAFS) measurements suggest
that the molecular axis is oriented at 24� with respect to the surface normal. In addition, valence band features could be successfully
associated to specific molecular orbital contributions thanks to the comparison with theoretically calculated density of states
projected on the different molecular units.

’ INTRODUCTION

Dithiol molecules, in particular, molecules containing aro-
matic rings, have been the object of much investigation because
of potential use in, for example, molecular electronics thanks to
their conducting properties and the possibility to graft the thiol
ends to two metal electrodes.1�7 Furthermore, dithiol molecules
self-assembled on surfaces can, under suitable conditions, bond
to the surface with one�SH group, while the second�SH group
is left dangling at the surface of the organic film and available to
act as a binding site, for example, to ametal nanoparticle. This has
been proposed as an interesting method to study the properties
of isolated nanoparticles.8 Regarding these and other applica-
tions, a major hurdle, as opposed to alkanethiols,9�17 is the
possibility that both thiol ends bind to the metal surface, instead
of leaving one end free.18�23 Frequently, mixed phases may result

depending upon assembly conditions and there is an ongoing
debate in the literature18 about the possibility of obtaining
ordered monolayer films of standing-up dithiol molecules.
Despite many attempts, the conditions for the reproducible
formation of highly ordered compact self-assembled monolayers
(SAMs), with free �SH end groups at the outer interface,
depending subtly on factors such as the quality of the substrate
and reagents, solvent strength, photochemical action, and so
forth were until recently not clearly defined.

Recently, some of us have shown that under specific assembly
conditions,19,20 that is, when dithiols were assembled in well
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degassed hexane and in the absence of light, well ordered films could
be obtained. In the case of alkanedithiols, it was noted that the final
quality of the desired upright configuration of molecules depended
on chain length: short chainmolecules such as butanedithiol tend to
remain in a lying down configuration, whereas nonanedithiol was
mostly standing up.

Molecules with aromatic rings have attracted particular
attention24�27 because of their conducting character, and in
particular early measurements28 of molecular resistance involved
the use of a 1,4-benzenedimethanethiol (BDMT) molecule.

The present work arises from a collaboration between groups
which have already investigated in some detail the formation of
BDMT SAMs on well-defined gold surfaces exploiting both in-
vacuum29�31 and in-liquid deposition.32,33 Regarding deposition
from solution, a procedure that may be easier to implement in some
applications, an initial study by some of us32 surveyed the prepara-
tion of films in room temperature solutions of ethanol, methanol,
and n-hexane. Measurements of X-ray absorption with linearly
polarized light at the C 1s edge and photoemission from C 1s, Au
4f, and S 2p core levels were applied to investigate (i) the degree of
coverage of the organic films; (ii) the molecular orientation at the
surface; and (iii) the molecule/substrate chemical bonding. Photo-
emission experiments indicated that, under all the preparation
conditions investigated, an effective thickness exceeding the mono-
layer was obtained.

More recently, BDMT SAMs in solution have been studied
applying the same procedure used for alkanedithiols, using a properly
N2 degassed n-hexane solution heated to 60 �C and in the absence of
light.33 The SAMs were characterized by spectroscopic ellipsometry
(SE), X-ray photoelectron spectroscopy (XPS), cyclic voltammetry
(CV), and grazing incidence reflection adsorption infrared spectros-
copy (RAIRS). This procedure showed the formation ofwell ordered
monolayers as opposed to preparations which used hexane at room
temperature and in preparations using ethanol.

Encouraged by the results obtained with the new deposition
protocol in n-hexane,33 we decided to perform a new detailed high
resolution photoemission and near edge X-ray adsorption spectros-
copy study in order to obtain information about the orientation of
the molecules and other characteristics of the film such as valence
band features. The results of these experiments unambiguously
testifying to the excellent quality of SAMsobtained and assessing the
molecular orientation are described in the following.

’EXPERIMENTAL SECTION

SAM Preparation.We used 200 nm thick gold on mica substrates,
bought from PHASIS. The substrates were annealed at 600 �C for 30 s in
an oven, followed by cooling performed under a N2 flow. Final rinsing
was done with hexane before drying under N2. This procedure as shown
previously yields high quality substrates with large (micrometer sized)
terraces, and a dielectric function derived from SE gave results in
excellent agreement with literature.15 BDMT (98% purity) was obtained
from Aldrich and used without further purification.

The SAMs were prepared by immersing the gold support into a
freshly prepared 1 mM solution of n-hexane for about 30 min at 60 �C.
We used solutions freshly degassed by N2 bubbling. The samples were
then rinsed with the same (fresh) solvent of the solution and dried with
N2. To minimize photooxidation effects, all these procedures were
carried out in absence of ambient light.
Photoemission. Experiments were performed at the BEAR beamline

(Elettra synchrotron radiation laboratory, Trieste, Italy).34 Photoemission
measurements were performed with a hemispherical deflection analyzer

(66 mmmean radius) driven at constant pass energy, with an overall energy
resolution of <200 meV (analyzer and beamline). Spectra were recorded at
normal emission, with the light impinging at 45� with respect to surface
normal. We used hν = 184 eV for Au 4f, hν = 385 eV for C 1s, and hν = 260
eV for S 2p levels. The photon energies were chosen in order tomeasure the
photoelectron peaks of the different core levels approximately at the same
final kinetic energies (Ek = 90�100 eV). These conditions were chosen in
order to maximize the surface sensitivity, measuring photoelectrons with
kinetic energies corresponding to the minimum of the inelastic mean free
path (Λ ∼ 6 Å).32,35 Moreover, the use of lower photon energies with
respect to the Al andMgKR lines, used in a previous experiment,33 results in
a higher photoabsorption cross section36 for the different core levels of
interest. The emission lines from Au 4f levels were acquired at each photon
energy andwere taken as an energy reference for the alignment of the spectra
on the binding energy scale (Au 4f7/2 = 84.0 eV). The valence band of the
systemwas alsomeasured at normal emission and at 60 eVof photon energy.
Near Edge X-ray Absorption. The near edge X-ray absorption fine

structure (NEXAFS) spectra were measured at the C 1s edge keeping fixed
the incidence angle (8� with respect to surface plane) and varying the
directionof the electric field vector fromperpendicular to the scattering plane
(s-incidence geometry) to parallel to it (p-incidence geometry). This was
accomplished by rotating the experimental chamber around the beam axis by
an angle ΨC, from ΨC = 0� (s-scattering) to 90� (p-scattering). This
guarantees that the illuminated area and the incidence angle remain virtually
unchanged for different angles ΨC. The synchrotron beam was elliptically
polarized with its major electric field component oriented in the horizontal
direction (H) of the laboratory, giving a photon ellipticity ε = |EBV|

2/|EBH|
2 of

about 0.3 (ε = 1 for circularly polarized and ε = 0 for perfectly linearly
polarized radiation). Thiswas evaluated as a good compromise to distinguish
linear dichroism effects without reducing the beam flux.Measurements were
carried out by acquiring the drain current from the sample (total yield
mode). The photon energy resolution was set at 0.1 eV. In order to take into
account the incident flux fluctuations and to correct for their dependence on
wavelength (source plus optics transmission), the absorption spectra were
first normalized to the current drained by a gold mesh (flux monitor) and
also normalized to a reference absorption spectrum taken under the same
experimental conditions and energy range on a carbon free Au(111) surface.
Characteristic features of the fluxmonitor signalswere used for the alignment
of the energy scale of the spectra. The spectra were first corrected for the Au
absorption cross section, as calculated from the Henke tables,37 then they
were rescaled to the values derived from Henke at the carbon edge before
andwell above the edge region. Reproducibility was tested by takingmultiple
scans. All measurements were performed at room temperature.

’THEORETICAL METHODS

The equilibrium geometry, electronic structure, and density of states
(DOS) of a single molecule grafted on a Au cluster composed of 13
atoms were calculated by DFT with the computer code STOBE.38 A
gradient corrected RPBE exchange/correlation functional was
applied.39,40 To calculate the equilibrium geometry and the valence
band properties, we used all-electron triple-valence plus polarization
TZVP atomic Gaussian basis sets for sulfur and carbon centers, while a
(311/1)-type basis set was chosen for the hydrogen sites.41 For the Au
cluster atoms, we used effective core potentials, describing the core and
the appropriate valence basis.38

During the geometry optimization step the Au atoms of the cluster
were kept at fixed positions relative to their bulk value. The degrees of
freedom of the BDMTmolecule were reduced, assuming chemisorption
through one of the S atoms on the (111) oriented face of the Au cluster.
Also the tilt angle of themolecular longitudinal axis relative to the surface
normal was kept fixed at the experimental value of 24� obtained from
NEXAFS (see below). Themolecule was allowed tomove vertically with
respect to the Au surface and the angular orientation and position of the
methylene CH2 units were left free to vary. Different adsorption sites
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(hollow, bridge, and on top) were tested. Theminimum total energy was
obtained for chemisorption on the “on top” position. The starting
configuration of the BDMT molecule was taken from ref 29. The final
geometry (on top position) is shown in the inset of Figure 4 below.

’RESULTS AND DISCUSSION

Photoemission. In Figure 1, the Au 4f spectra of the clean Au
substrate and after the growth of the BDMT SAM are compared.
The clean substrate spectrum refers to a sample that underwent
the same annealing and cleaning procedure applied to the ones
used for the organic film assembly. A shoulder of the main 4f
doublet of the clean substrate spectrum is clearly evident toward
the lower binding energies. For the treatment of the Au spectral
components, we adopted the same procedure as in previous
works on thiolate SAMs.29,32 In brief, after normalization for the
incoming photon flux and subtraction of a Shirley-like back-
ground, Voigt functions have been fitted to the photoemission
peaks. The spectrum was fitted with two Voigt doublets,
accounting for the 3.6 eV spin�orbit splitting of the 7/2 and
5/2 components, with overall widths of 0.3 eV. Regarding the
bare substrate, the main component (B in Figure 1) is centered at
84.0 ( 0.1 eV and is associated to bulk Au. The component at
83.7 ( 0.1 eV (S in Figure 1) is associated with the reconstruc-
tion of surface atoms of the Au surface. This is consistent with
previous results, as reported in literature.44�46 After the forma-
tion of the BDMT film, a sizable decrease of the Au 4f photo-
emission intensity is observed. The corresponding spectrum has
been fitted with a single Voigt doublet, which is centered at the
bulk position of 84.0( 0.1 eV, with a full width at half-maximum
(fwhm) of 0.4 eV. The increased width of the component with
respect to B and S features of the clean spectrum can be
associated to the presence of contributions from surface Au
atoms interacting with a thiolate sulfur.46�48 The resolution is
not sufficient to disentangle unambiguously this contribution,
even if a slight asymmetry is present in the spectrum toward the
higher binding energy side of the peak. For this reason, we
labeled the peak after BDMT adsorption as TþB in Figure 1,
where T indicates thiolate induced contributions. It is note-
worthy that the surface related component (S) of the clean gold

is completely quenched upon adsorption, a characteristic which
is common to alkanethiols on Au.46,47

Following a standard approach,29,30,32 from the attenuation of
the Au 4f spectra, it is possible to derive information on the
effective film thickness, neglecting the optical adsorption of the
film and reflectivity effects and assuming that the film is uniform
in thickness and homogeneous. Considering an inelastic mean
free path Λ = 6 ( 1 Å for the Au photoelectrons at 100 eV of
kinetic energy in the organic film matrix,32,35 we obtained an
effective thickness value d = 6.5 ( 2.5 Å.
Clearly, the derivation of the effective thickness by photo-

emission is strictly dependent on the chosen elastic mean free
path of the photoelectrons. This is not always straightforward to
evaluate, especially at low kinetic energies. This makes it difficult
sometimes to compare values obtained in different experiments.
In a previous work by some of us,32 the same experimental
apparatus, experimental geometries, and conditions were used to
derive the effective thickness of BDMT films prepared in solution
for 24 h dipping time and at room temperature. In that case,
using the same value of the inelastic mean free path, we obtained
values in the range 11�14 Å, which was interpreted in terms of
the formation of a not complete bilayer of molecules. The value
obtained in the present work is sizeably lower, and it is
compatible with a single layer of molecules standing upright.
The S 2p spectrum is reported in Figure 2 after normalization to

the photon flux and background subtraction. This spectrum pre-
sents a signal/noise (s/n) ratio decisively better than the one we
could obtain in a recent experiment on the same system using a
conventional X-ray source.33 The spectrum has been fitted with
Voigt doublets. For each S 2p doublet, a 1.2 eV spin orbit splitting
and a 2:1 branching ratio between the 3/2 and 1/2 components was
adopted.29,32,42,43

The peaks within each doublet were assumed to have the same
width. Each doublet was identified in terms of the position of the 3/2
peak. The main doublet at 163.3( 0.1 eV (S2), with a fwhm of 0.8
eV, is associated to “unbound” sulfur, that is, sulfur which is not
directly engaged in a thiolate molecule�surface interaction, as for
example free thiol (SH) groups or S�S bonds.29,32,43,49,50 The lower
binding energy component at 162.0( 0.1 eV (S10), with a fwhm of
0.7 eV, is accompanied by a weak structure at 160.9( 0.1 eV (S100).

Figure 1. Comparison between the Au 4f levels before and after BDMT SAM formation (dots, experimental curves; lines, fit). Shaded areas (in red)
correspond to the spectra taken after BDMT deposition. B indicates the bulk component, S the surface component of the clean substrate, and T the Au
atoms bonded to thiolate species.



4716 dx.doi.org/10.1021/la105063u |Langmuir 2011, 27, 4713–4720

Langmuir ARTICLE

S10 is assigned to thiolate sulfur bonding to the Au substrate. S100
could be associated with different bound configurations of the
molecules to the substrate (different hybridization, adsorption site
differences) or to atomic S, possibly due to somedegree of irradiation
induced damage.29,32,42,43,49,51 Noticeably, the absence of high bind-
ing energy components (above 166 eV)52,53 excludes the presence of
oxidized sulfur species in the present SAM.
Insights on the formation of a compact monolayer can be

obtained if one considers the S2/S1 (unbound/bound S) in-
tensity ratio.32,33 In the present case, this ratio is 4.1 ( 0.1,
matching the value of 4 which is expected for a single layer of
molecules standing upright32,33 and sizeably less than the values
(5.4�6.3) obtained for BDMT films prepared by dipping in
different solvents for 24 h at room temperature.32 This result,
obtained on data of better quality than those of ref 33 (regarding
the s/n ratio), indicates that the preparation method followed in
the present study provides a single layer film, with the molecules
assuming a vertical configuration.
In Figure 3, the C 1s photoemission peak is reported, after

normalization to the photon flux and background subtraction.
A single structure is observed, with a maximum at 284.2( 0.1 eV
and with a slight asymmetry toward the high binding energy side.
The main contribution to the photoemission peak at 284.2 eV

can be associated to the aromatic C atoms and C atoms in the
methylene units, while the high binding energy tail is related to
shake-up processes due to the aromatic ring in the organic
film.29,30,32,49

In Figure 4, the valence bands measured at a photon energy of
60 eV of the bare substrate and of the BDMT/Au system are
compared. The spectra were taken in s-light polarization scatter-
ing conditions, that is, with the electric field vector parallel to the
substrate plane. The clean gold spectrum is dominated by the
emission from the 5d band of Au, extending from 2 to 8 eV of
binding energy. The clean surface spectrum also exhibits sizable
contributions from surface states of Au(111), just below the
Fermi level (labeled Au SS) and at about 3 eV.54

After formation of the BDMT SAM, the characteristic features
of the surface states of Au and some other features of the Au 5d
band are strongly attenuated, while new features show up. They
have been labeled from B1 to B7 in Figure 4. The difference
spectrum is also reported, in which the spectral variations
induced by the adsorbate are better emphasized. These features
are associated to the different molecular orbital contributions.29

To help in a better assignment and to improve the results
shown in ref 29, we calculated the DOS associated with the
BDMT molecule chemisorbed on a Au cluster, as shown in the

Figure 2. S 2p levels of BDMT film. The spectra are decomposed into three Voigt doublets. S10 and S10 0 refer to interface sulfur, while S2 is related to the
“unbound” sulfur species.

Figure 3. C 1s levels taken after BDMT film formation.
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inset of Figure 4. Different partial DOS (PDOS) were calculated,
projected on the different molecular sections, to disentangle their
different contributions. The DOS in Figure 4 corresponds to the
molecule adsorbed on an “on top” site, presenting the minimum
of total energy as compared with adsorption on bridge or hollow
sites. More complex configurations, as proposed for aliphatic
SAMs, were not considered here.55 Our main attention was to
disentangle the contributions from the different molecular
groups after adsorption with respect to the bare molecule.
For presentation purposes and to emphasize molecular fea-

tures with respect to gold related structures, the total and the Au
cluster partial DOS were multiplied by a factor of 0.1 in Figure 4.
The calculated DOS was also shifted to align with the experi-
mental spectra. It can be seen that, due to the loss of hydrogen
and bonding to the Au cluster, the PDOS molecular contribu-
tions from the CH2 and S head groups located symmetrically
with respect to the benzene ring unit and which give identical
contributions in the isolated symmetric BDMT molecule29 are
now split into separate structures. For example, theHOMO state,
giving contributions to B1 just below the Fermi energy and
overlapping with the Au cluster states, is associated to the thiolate
sulfur, while the unbound sulfur group contributes to the left side
of the same feature B1. Features B2, B4�B7 are related to states
mainly localized on the benzene ring. B2 in particular is mostly
related to the π-type states of benzene29 and to a minor extent to
unbound S and to S thiolate. This feature is not so evident in the

difference spectrum, mainly due to the drastic decrease of the
gold surface state at about 3 eV. S groups seem to contribute to
feature B3. Methylene units, together with the benzene ring,
contribute principally to feature B5�B6, with the more external
CH2 group (A in Figure 4) weighing on the broad shoulder
between B5 and B6. B7 can be finally related to benzene ring
states. We stress that the calculation refers to a single BDMT
molecule onto an Au cluster. In this sense, interaction effects
between adjacent chemisorbed molecules are not described by
the calculation, which can be responsible for the differences with
the experimental curve. Complex adsorption geometries invol-
ving Au adatoms55 were not considered.
X-rayAbsorption.NEXAFS spectra taken at the C1s edge as a

function of the orientation angle of the electric field vector with
respect to the surface plane are reported in Figure 5. NEXAFS
spectroscopy is known to be a powerful tool in the investigation
of organic molecules at surfaces. It provides unique information
both on the empty orbitals of organic molecules and on their
orientation with respect to the substrate.56�58

The spectra, whose features resemble those described
previously,29,32 were decomposed into individual Gaussian peaks
and Gaussian-broadened step functions through a best-fitting
procedure.56 This permits us to identify the different electronic
transitions from the C 1s core states to empty molecular levels. Best
fit results are reported in Figure 5 only for the spectrum taken at
ΨC = 0� (s-scattering condition). Analogous results were obtained at

Figure 4. Top-left vertical scale: Valence band taken on the bare substrate (black) and after BDMT chemisorption (blue). The difference spectrum is
also reported. Bottom-right vertical scale: DOS of BDMT on a Au cluster. The partial DOS projected on the different molecular sections is reported.
Total DOS (black thin solid line) and Au cluster DOS (black thin dashed line) have been multiplied by a factor of 0.1 for better display of molecular
induced states. CH2 (A) and CH2 (B) refer to the different methylene groups farther and closer to the substrate, respectively.
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the other angles. Symmetric Gaussian peaks were used for the first
three transitions, while asymmetric Gaussian peaks were used for the
last two transitions, consistent with the analysis performed onBDMT
films prepared in different solutions and from the vapor phase in our
earlier works.29,32

On the basis of our previous findings29,32 the first pronounced
peak (1) at 285.5 eV is associated to the CdC/π* resonance
involving the C atoms of the aromatic ring; the second structure
(2) at 287.7 eV is assigned to transitions involving the C atoms in
the methylene units, and in particular to a C�S/σ*-type reso-
nance; the third structure (3) at 289.0 eV is related mainly to π*
excitations involving the aromatic ring atoms; and the fourth (4)
and fifth (5) structures at 295.2 and 303.0 eV are assigned to
C�C/σ* and CdC/σ* resonances. More precisely, contribu-
tions to the last two features mainly originate from the σ1* and
σ2* resonances typical of the benzene ring.

59

Two step functions were additionally used to properly fit the
spectra. The first step at 285.4 eV is related to a partial interaction
between the metal and the molecular π* states, leading to electron
excitation above the Fermi level of the substrate. This is also
consistent with our DFT calculation, showing the LUMO state of
themolecule to be highly interactingwith theAu atomsof the cluster.
The second step is located about 4.5 eVhigher than thefirst step, and
it is related to the excitation of the C 1s electrons into the continuum
of empty states above the vacuum level. These transitions correspond
to excited electrons in the molecule that present no or negligible
projection onto the metallic bands.

Following the angular dependence of the most intense feature
(1), it was possible to derive information on the average orientation
of themolecules. From first inspection of the experimental curves in
Figure 5, it can be noticed that the intensity of feature (1) is
progressively reducedwhen the polarization vector passes from s- to
p-light scattering conditions. This supports the idea of an upward
orientation of the BDMT molecules.
To estimate quantitatively the average orientationof themolecular

plane with respect to the surface plane, we monitored the angular
dependence of the π* resonance (feature 1). In Figure 6, we show
the behavior of theπ* intensity measured at differentΨC angles and
normalized to the intensity of the π* transition atΨC = 90�.
For ternary symmetry surfaces (111 surfaces with possibly

three domains), the intensities can be fitted with the following
relation60

Iπ�ðθÞ
Iπ�ð90�Þ

¼ Aπ sin2 θM sin2 θþ 2cos2 θM cos2 θ
� �þ Bπ sin2 θ

AðΨC ¼ 90�Þπ sin2 θM sin2 θþ 2cos2 θM cos2 θð Þ þ BðΨC ¼ 90�Þπ sin2 θ

where θM is the grazing incidence angle (8� in our case), θ is the
angle between the direction of the dipole moment associated to
the transition and the surface normal (to be determined), and

A ¼ ε2 cos2 ψC þ sin2 ψC � 2ε cos ψC sin ψC cos δ

B ¼ cos2 ψC þ ε2 sin2 ψC þ 2ε cos ψC sin ψC cos δ

withδ being the phase difference between the vertical and horizontal
components of the electric field vector (90� in our case) and ε the
photon ellipticity. The θ angle, which in our case is represented by
the angle between the normal to the benzene ring plane and the
surface normal, was left as a free fit parameter. The best fit result
indicates an average tilt angle of the benzene ring normal of 66�( 2�
with respect to the surface normal; this in turn suggests that the
longitudinal axis of the molecule is tilted by 24�( 2� with respect to
the surface normal, as represented in the inset of Figure 4. In ref 32,
we observed average angles of the order of 28�31� for BDMT films
prepared in ethanol, methanol, and n-hexane for 24 h. The results
obtained here demonstrate further that the present preparation
procedure gives rise to good quality SAMs, in terms of the alignment
of the molecules along the vertical direction.

’CONCLUSIONS

We reported a study of the self-assembly of 1,4-benzenedimetha-
nethiol monolayers on gold formed according to a recently devised
procedure.33 In this work, the valence band characteristics, the
thickness of the layer, and the orientation of the molecules were

Figure 5. Near edge X-ray absorption spectra taken at different angles
between the surface plane and the electric field vector. Dots, experi-
mental data; continuous line, fit of the experimental curve taken atΨC =
0�; dashed lines, asymmetric Gaussian and step functions used to fit the
spectrum. The scattering geometry is reported for each curve: the
incidence angle is kept fixed, while the plane of linear polarization of
the light is rotated around the beam axis.

Figure 6. π* intensity measured at differentΨC angles and normalized
to the intensity of the π* transitions at ΨC = 90�.



4719 dx.doi.org/10.1021/la105063u |Langmuir 2011, 27, 4713–4720

Langmuir ARTICLE

analyzed using photoelectron spectroscopy with synchrotron radia-
tion and near edge X-ray absorption spectroscopy. These measure-
ments, together with previous RAIRS, XPS, and ellipsometry
results,33 unambiguously attest the formation of a single molecular
layer withmolecules arranged in the upright position and presenting
a free �SH group at the SAM�air interface. XAS measurements
indicate that the molecular axis is oriented at 24� to the surface
normal. In addition, valence band features could be successfully
associated to specific molecular orbital contributions thanks to the
comparison with theoretically calculated density of states projected
on the different molecular units.
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