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Abstract: We present results of adsorption experiments of Sn and 1,4-
benzenedimethanethiol (BDMT) on Cu(001), which illustrate the capabilities of a new setup
specifically designed to perform surface studies by Direct Recoil Spectroscopy (DRS). The
system consists of three UHV chambers connected in series with a 1-100 keV ion accelerator.
In the main UHV chamber the DRS technique is combined with other more standard
technigues such as Auger and Energy Loss Electron Spectroscopy, and Low Energy Electron
Diffraction. The capabilities of the instrument are exemplified by two adsorption studies on
the (001) face of Cu. First we describe measurements for 0.5 monolayer of Sn adsorbed on Cu
that are in agreement with the crystallographic symmetw®2%3/2)R45 seen by LEED and
the appearance of Cu vacancies along the [100] direction. Then we present a study of self-
assembling of 1,4-benzenedimethanethiol (BDMT) on Cu(001) from the vapour phase. For
this system we show that it is possible to form a standing-up phase at large exposures, of the
order of 18 L, and discuss its stability with temperature. We also discuss a S enrichment

effect induced during the first adsorption stages of BDMT.

Keywords: Direct Recoil Spectroscopy, Dithiols, BDMT Self-assembled Monolayers, Sn/Cu
Surface Alloy



1-Introduction

Direct Recoil Spectroscopy (DRS) is a variation of the better known lon Scattering
Spectroscopy [1-4] in which the observation is set at forward angles with the aim of detecting
primary recoiled particles (adsorbed and substrate atoms) together with the scattered
projectiles. In contrast with the backscattering geometry, here most of the information about
the surface comes from the analysis of the intensity of recoiled particles.With the exception of
some specific cases the ion fractions in recoils are very small, making the Time of Flight
(TOF) method the preferred one for spectroscopy. As it has been described before [5], among
the advantages of DRS are its capability to detect H and light adsorbed atoms, the very high
top layer sensitivity, a higher cross-section and fast acquisition times, which in turn results in
very low damage of the analyzed surface. In comparison to the backscattering geometry DRS
has a lower mass resolution and a higher contribution from multiple scattering collisions. The
advantages enumerated above have made of TOF-DRS an interesting technique to study
adsorption phenomena, for atoms and in particular for organic molecules adsorbed at surfaces
[6]. In this report we describe the instrument developed at the Surface Science Group in
Bariloche which combines both back (ion scattering) and forward (direct recoil)
spectroscopies with other techniques including Micro Channel Plate - Low Energy Electron
Diffraction (MCP-LEED), Ultraviolet Photoelectron Spectroscopy (UPS), Auger (AES) and
High Resolution Energy Loss Spectroscopy (EELS). In order to show the capabilities of the
instrument, in this report we apply TOF-DRS to two different problems of present interest: 1)
the crystallography of the surface alloy formed during adsorption of 0.5 monolayer of Sn on
Cu(001), and 2) the formation of a self-assembled monolayer (SAM) of 1,4-
benzenedimethanethiol (BDMT) on Cu(001) from the vapour phase and its thermal stability.
The paper is organized as follows, in the next section we describe the main characteristics of
the experimental set up and its design criteria, then, in section 3, we present the Sn/Cu(001)
measurements, including the motivation for this study, the measurements and specific
conclusions. In section 4 we present the BDMT/Cu(001) study and finally in section 5 we

present general conclusions.

2- Experimental details

In TOF-DRS a pulsed ion beam at keV energies hits the surface and recoils and
projectiles emitted at forward angles are analyzed with TOF techniques. The typical

characteristics of the pulsed beam are 10-50 kHz and 10-50 nsec pulse width. The simple



equations governing the scattering processes as well as details for the cross-section variation
with mass and observation angle, together with the effects of the crystal structure, have been
discussed in detail in many references, see for example [7]. In order to impart sufficient
energy to recoils which are mostly neutrals, so that they can be detected efficiently with
channeltrons or channelplates, it is convenient to work with projectile energies in the range of
some keVs. For DRS the observation angle has to be selected in such a way that the more
intense projectile peak (scattering peak) appears separated in the TOF scale from the desired
recoiled peaks, which usually are narrower and considerably less intense. This characteristic
implies that the best observation angle depends on the system to be studied. To overcome this
limitation, systems with continuously rotating TOF spectrometers have been designed [8, 9]
where the continuous variation of the observation angle allows measurements at both the
forward and the backward scattering geometry. A problem associated with these big systems
is the large chamber space used by the technique which leaves little room for other techniques
of surface analysis. Another interesting feature of the TOF-DRS detection method is its
capability of working at pressures that would be too high for other techniques; this aspect of
DRS was used before [10] to follow the growth of films during high exposures at real times.

The Bariloche system was designed with the major points discussed above in mind. The
system comprises three UHV chambers connected in series with a radio frequency ion source
working from 1 to 100 keV, as schematized in figure 1. The beam is mass analyzed with a
switching magnet before entering chamber 1, and can be collimated with variable apertures
and pulsed at different points of the line. The small chamber closest to the beam source
(chamber 1) is mainly used for studies of radiation damage. The second chamber (middle) has
facilities for sample preparation by ion sputtering and annealing with both the main beam line
or with a secondary ion gun. The manipulator allows rotations around both the polar and
azimuthal angle of incidence, and cooling of the sample. This chamber has two ~1 meter long
TOF drift tubes located at fixed angles of 4d 135. The main use of this chamber is to
study organic molecule adsorption phenomena requiring very large exposure regimes,
typically of the order of Mega Langmuirs, which would be not easily compatible with other
surface analysis methods.
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Figure 1: Sketch of the Bariloche setup for TOF-ISS, TOF-DRS, LEED, UPS, AES and HREELS.

The main analysis chamber (chamber 3, figure 1) has a big wing housing a rotatable TOF
spectrometer that moves only within the most useful range of forward observation angles: 0 to
65°. This wing is welded onto a relatively large mu metal chamber (45 cm in diameter)
allowing the mounting of other standard techniques (HEELS, AES, UPS, LEED). The
rotatable TOF spectrometer has collimation apertures, deflecting plates and three anodes that
in conjunction allow performing measurements of ion fractions in the scattered or recoiled
beam geometry. Other fixed ports located at forward (0. 30, 4%,08%ackward (119
angles complete the TOF arrangement. In particular, th€QF port has been used for
measurements of stopping powers in thin foils by the transmission method [11].

The main chamber is prepared for studies of atom and organic molecule adsorption, in this
sense, the LEED optics has channelplate amplification wieighires a lower electron dose

to obtain a pattern, thus reducing the damage of the molecular layer. A 35 mm full
hemispherical electron analyzer is mounted on an independent rotatable platform and is used
for UPS and also, in conjunction with the electron monochromator, allows studies of
HREELS.

Several types of evaporators can be mounted depending on the necessity. In the present
measurements we used for Sn a carefully degassed Knudsen cell, working at pressures lower
than 4x10 mBar. For the self-assembly study we used pure (98%) BDMT powder from
Sigma Aldrich, which was introduced in a glass tube connected to the chamber through a leak
valve. A 4 mm diameter tube running from the leak valve to about 2 cm from the sample was
used to direct the BDMT flux towards the sample. The BDMT container, leak valve and tube

were maintained around 8D during evaporations.



3- Experimental Results and discussion

3.1 Characterization of the (3v2xv2) R45°Sn/Cu(001) surface

Surface alloys have attracted much interest over the years due, especially, to their adaptable
electronic, magnetic and catalytic properties [12]. Commonly, the deposition of 0.5
monolayer of metal atoms on (001) surfaces of noble metals produces single layer surface

alloys with a 50%60% composition and av2x+/2) R45° periodicity. An exception to this

trend is the Sn/Cu(001) system which at room temperature (RT) forms a single-layer surface

alloy with SnsCuz composition and (82x+v/2)R45’ periodicity [13]. Recently, this system

was found to exhibit a remarkably interesting behavior with temperature [14 - 15]. Figure 2
shows a LEED pattern of this phase, where the two 90°-rotated domains coexist. This
structure is obtained when a coverage of 0.5 monolayer of Sn is deposited on the Cu surface
at room temperature. The accepted model for this phase, together with the Cu(001) surface is
schematically shown in figure 3(a). The Sn atoms replace Cu surface atoms forming a single
layer surface alloy. In addition there is a vacancy line of Cu atoms along the [100] direction,
causing 2 lines of Sn atoms out of three to be 0.1 A lower, resulting i3#2x/2)
periodicity [13, 15, 16, 17]. This reconstruction undergoes a reversible order-disorder
transition to a(v/2xv/2)R45° phase when the temperature increases abov&,36fich is

related to the disordering of the Cu vacancies. TOF-DRS and ISS are particularly suitable to
monitor the formation of vacancies [5, 18]; in a previous work we applied the TOF-DRS
facility to study the Cu vacancy evolution across the phase transition [15]. More recently, a
medium energy ion scattering spectroscopy (MEIS) study has confirmed the model of Cu-
vacancy lines [19]. In this section we use TOF-DRS to analyze th2 ¥8%) R45°
Sn/Cu(001) reconstruction. In particular, we exploit the strong surface sensitivity of the

technique to obtain qualitative information of the top surface alloy.

Figure 2: LEED pattern for th€3v2xv2) R45° Sn/Cu(001) surface alloy
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Figure 3: (a) Schematics of the clean (left) and the 0.5 monolayer Sn/Cu(001) surface (right). Red
(blue) circles correspond to Cu (Sn) atoms. (b) TOF-DRS spectra as a function of the azimuthal angle
in the region of the Cu recoil peak for the pure substrate, and (c) spectra in the region of the Sn recoil
peak for the Sn/Cu(001). The spectra were obtained at a fixed incident polar angle of 15° with respect
to the surface plane.

The Cu(001) substrate was prepared by grazing Ar sputtering at 20 keV, 2-3° incidence
with respect to the surface plane and annealing to 720 K. During sputtering the sample was
kept under continuous rotation around its normal, in order to change the azimuthal incidence
angle. This procedure was very effective to smooth out the initial surface roughness. The DRS
spectra were acquired with a 5 ké{Ne" ion-pulsed beam and a scattering angle of 30°.
Figure 3(b) shows a set of TOF-DRS spectra as a function of the azimuthal angle for a fixed
incident angle of 1%5measured from the surface plane. At certain azimuthal directions a peak
is observed which corresponds to the Cu recoil atoms emitted in collisions with the primary
incident beam. Although a full trajectory simulation is needed to reproduce the dependence
with azimuth of all the features observed in the TOF spectra, direct information regarding
some aspects of the structure can be obtained by plotting the area of the peak as a function of
azimuth as is done in Figure 4 (red curve). This intensity presents strong variations with
azimuth which reflects the symmetry of the top atomic layer. Indeed, along the [010] and
[110] directions there are strong minima which can be rationalized in terms of shadowing of
the ion-beam incoming-trajectories or blocking of the emitted-recoil outgoing-trajectories.
Along the compact azimuthal direction the distance between two consecutive Cu surface

atoms is small and the shadowing and blocking effects are strong resulting in a major



attenuation of the Cu recoil peak. The [110] direction is the most compact one, resulting in a
wider and deeper minimum. On the other hand, when the azimuthal angle is moved away
from this compact directions, Cu surface atoms are moved away from the shadow and
blocking regions, and the intensity increases. As a general rule, at rather small incident angles,

the deeper minima in azimuthal scans are associated with compact directions.
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Azmimuthal angle

Figure 4: Variation of the Cu recoll intensity (red, solid) and Sn intensity (blue, dashed) versus
azimuth for pure Cu(001) and for Sn/Cu(001).

Figure 3(c) shows the set of TOF spectra measured at the same incidence and azimuthal
angles as in figure 3(b) for the Sn/Cu surface. In this case, the TOF scale region corresponds
to the Sn recoils. Similarly to the Cu surface discussed above, the Sn recoil intensity shows
strong variations of the peak intensity with azimuth (figure 4, blue dotted line). This curve
presents two pronounced minima at [010] and [110], however, in this case the deeper and
wider minima correspond to the [010] direction indicating that this is the most compact one.
This is consistent with the model discussed above, where the Sn atoms are arranged in a
lattice rotated 45 degrees with respect to the clean Cu lattice. However, along the [110]
direction there is a Cu atom between 2 consecutive Sn atoms. The fact that the deeper
minimum is observed along the [010] direction shows that the Cu atoms are located below the
Sn ones. Experimental and theoretical results report values of ~0.4 A for the Sn-Cu vertical
distance [13, 17, 19].

As discussed above, the shadowing and blocking effects are mainly governed by the
distance between two consecutive atoms, being more important when this distance is small.

This property is particularly suitable to study and detect vacancy lines in surfaces. In order to

explore it in the(3v2x+/2) structure, we fixed the azimuthal angle along[@®] direction



and measured DRS spectra at different incident polar angles. In Figure 5 we show the
intensity of the Cu recoil versus incidence angle for the clean Cu surface g3d/#he/2)

phase. Although we are adsorbing a rather heavy atom, the intensity of the Cu recoils
increases in the whole range of measured angles. In the inset of the figure 4, we show the
spectra for 20(see arrow), where for the clean surface no peak is observed, but after forming
the surface alloy a clear Cu recoil peak appears. This increase is explained by the appearance
of Cu vacancies. When a vacancy is formed along the [100] direction, the distance between 2
consecutive Cu atoms along the perpendicular direction [010] increases by a factor of two.
Therefore, the shadowing and blocking effects become less important causing the increase of

the Cu recoil intensity, resulting in a direct evidence of the existence of the vacancy lines.
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Figure 5: Variation of the Cu recoil peak area with incidence angle along the [010] direction for
the pure substrate and for Sn/Cu. The Cu intensity observed for the pure substrate (from green
spectrum along this direction on figure 3(b)) is attributed to initial defects. Inset: corresponding

spectra measured at 2ihcidence.

3.2 Self-assembling of 1,4-benzenedimethanethiol on the Cu(001) surface

In this section we present another example where we use TOF-DRS for characterizing a
different type of adsorbate, an organic molecule (BDMT) on the same substrate (Cu(001)) and
the thermal stability of this system. Besides the possibility of detecting hydrogen atoms on the

surface, there are two other aspects of the technique that are particularly important here: 1) it



generates very little damage on the films due to the low fluence required to get a spectrum,
and 2) it can be very sensitive to detect which of the molecule atoms are exposed at the

vacuum interface.

The major part of the studies of dithiol adsorption has been carried out earlier on Au
surfaces since this substrate has good inertness, high affinity of S for Au, and different high
guality SAMs can be prepared by dipping the sample in the appropriate solution [20]. For
oxidizable surfaces a vacuum approach, where a clean surface is exposed to the vapours of the
corresponding thiol or dithiol may be an interesting alternative [21-25] to the solution
approach [26, 27]. Less inert surfaces usually require special surface treatment to prevent
contamination with O, since this contamination can impair the SAM formation as is the case
for Cu [28]. In particular, the interest in the interaction between Cu and different type of thiols
and dithiols is related to the possibility of using it for surface protection [29, 30], or for

depositing metallic nanopatrticles [31].

In most examples of self-assembled dithiol monolayers prepared from the vapour
approach it was shown that the molecules adopt first a configuration with both S atoms
bonded to the substrate. Transition from this lying down configuration to the desirable one
with standing-up molecules, i.e., having one thiol end exposed to the vacuum interface is
sometimes possible at very high exposures, typically in the order of the Mega Langmuir [22,
24]. A question of great importance is when and under which experimental conditions this
transition takes place [22 - 24, 32]. The order and the stability of these layers with the surface
temperature are also important points for device fabrication.

Different techniques were used to characterize the molecule configuration, among them
spectroscopic ellipsometry [26, 27, 33], XPS, NEXAFS [27], and IRRAS [26]. In the present
work we use TOF-DRS to follow the growth of BDMT/Cu(00d)situ. We show that the
layer sensitivity can be adjusted by the selection of the incident angle, that all the elements of
the molecule can be detected with the appropriate projectile, and that some information about
the molecule configuration can be provided.

Figure 6 shows several spectra taken &tiB6idence with 4.2 keV Arions as a
function of BDMT exposure. The most important features are the emergence of the C and H
recoil peaks, the shift and broadening of the Ar scattering off substrate and the disappearance
of the Cu recoil peak. The top spectrum, taken after an exposure af tBrresponds to
saturation in the sense that further exposure produces no change in the spectra. We show

below that this condition corresponds to a configuration with most molecules in the standing-



up orientation. The Cu recolil peak disappears at much lower exposures than that required for
saturation, of the order 1@, which indicates that at this condition the surface is already fully

covered with BDMT (in the lying down configuration, as it will be shown below).

| T
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|
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Figure 6: TOF-DRS spectra acquired for BDMT /Cu(001) at different BDMT exposures

At 20° incidence the Ar projectiles penetrate the BDMT layer and some multiple
scattering from the substrate is possible at all coverages. TRIM simulations performed for the
same molecule adsorbed on Au(111) suggested [22] that if the Ar — Cu multiple scattering
peak can be seen under our present beam conditions the layer should not be thicker than one
full monolayer (on the average), i.e., if there were a multilayer, the substrate contribution
should disappear completely.

The top surface sensitivity can be enhanced at more grazing incident angles. Figure 7
shows two spectra taken at #r exposures of 390 L and %@ (saturation). The bottom
spectrum shows (besides the H and C peaks) only one broad structure that is mainly due to Ar
multiple scattering. The lack of clear S associated peaks is an indication that most molecules
are in a configuration where both S atoms are bonded to the surface and are therefore not
accessible to the beam due to shadowing from the C ring. With increasing exposures (and
BDMT pressure) the Ar multiple scattering structure is drastically reduced and the S
associated peaks, i.e., the S recoil and the Ar scattering off S, can be clearly seen (top
spectrum), which is an indication of the presence of S or thiol termination at the vacuum
interface. In our geometry, the cross-section for Ar scattering off S and for S recoill

production are similar, so both S associated peaks in the top spectrum come from S top layer



atoms, and not from Ar substrate collisions, as is the case at lower exposures. This suggests
that most of the surface should be covered with a standing-up configuration. For the
understanding of the collision process we draw in Figure 7 two molecule orientations that
could generate the observed spectra, however these drawings should be considered only as

gualitative.

He C 5° incidence

Intensity (Arb.Units.)

100 200 300 400 500
Time of Flight (Arb.Units.)

Figure 7: TOF-DRS spectra measured at grazing angles for the lying down phase (bottom) and at
saturation, with thiols exposed to the vacuum interface (top). The two possible molecular
arrangements are also indicated.

Integration of the different recoil peak areas (Figure 8) allows us to obtain a better
understanding of the adsorption kinetics. At 2@idence we observe the rapid attenuation of
the substrate contribution, which is accompanied by the emergence of H and C recoil peaks.
At these early exposures (somé€ 1) the H and C intensities measured at grazing incidence
(5°) saturate, indicating that the surface is completely covered. Up to this stage the adsorption
proceeds very fast (note that the horizontal scale is logarithmic) and then more slowly,
allowing some molecules to stand up beyond sonfeL10rhis change of orientation is
visualized by the emergence of the S recoil peak at grazing angles. The process saturates

around 16 L.



1 1 1 1 1 1 ‘ 1 1 1 1 1 1 '
Q o (B) Co® He 4
i eC. § e
; “ 0" ; ...” A :
~ . t —~ | .l. I‘.,‘ ._
- . - ) 0. .
< [ 20°incidence J < : 5 incidence
_‘Z\ 4 H II' '.Z\ — :0 =
@ bt o ®¢ ) .
c |- ’ ) - c
5] Cu : . ) .‘
= ® =An : .
- ' ‘ - ’ ’I
¢' ‘\ "I’
# - % S o]
¥ X ‘0 - 9@
-_ , ‘._
0 "’:"I. I I I I 1] o1 I I 19 l |7
Cl
Sample 10° 10° 10* 10° | Clean 10° 107 10* 10°
Exposure (L) Exposure (L)

Figure 8: H, C, Cu and S TOF recoil peak areas measured with Ar ions éApand at 8 (B)
incidence as a function of BDMT exposure.

All the measurements shown in this work were carried out on the same Cu(001) single
crystal. At the beginning of each measurement one verifies that the surface is free of
contaminants such as O, H, C and particularly S, a condition that is obtained by cycles of
sputtering and annealing. In spite of this careful treatment we detected a S signal during the
initial steps of the BDMT adsorption. With Ar projectiles, the S peak appears at the right side
of the Ar scattering peak and is difficult to observe particularly when the latter is very strong
(at low coverages). The TOF position of S is also similar to that for a Cu surface recoil (Cu
atoms going first to the surface and then to the detector). By using Kr ions, the S recoil peak
appears at the left side of the scattering peak and is therefore more easily visible.

The series of spectra of figure 9 were acquired atr2idence with 3 keV Krions as
a function of BDMT exposure. Note that during the exposures, and where the C peak is still
small, a narrow S recoil peak can be observed clearly. The S to C peak intensity ratio and its
shape indicate that it is not coming from an intact BDMT molecule, one possibility is
segregation due to some amount of S present in the Cu bulk. We have been working with Au
and Ag samples for some years, using always the same procedures for surface treatments and
purification of BDMT and never observed this effect on those substrates. This same sample
did not show this effect when used with Sn and other molecules. Looking at the spectra for



increasing exposure we note that the strongest S recoil peak is observed before covering the
surface completely. Upon increasing exposures the characteristic C/S recoil ratio for BDMT is
attained, these recoil peaks increase further and become broader at very large exposures when
the molecules stands up. With Kr ions, the H recoil peak is only detected as a small shoulder

because of the low efficiency of the channeltron for low energy H atoms.

A 20° incidence

Intensity (Arb.Units.)

0 1 . H .
100 200 300 400
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Figure 9: TOF- DRS spectra acquired with 3 keV Kr ions dti2€idence versus BDMT exposure.

An alternative to the segregation effect might also be an initial strong reaction of Cu
with the thiol leading to the appearance of an initial Cu sulphide dilute layer as this is known
to happen in the Pd-thiol case [34]. This reaction should be accompanied by the partial
desorption of the benzene product to explain the initial low C/S ratio. At present we do not

have sufficient complementary data by other techniques to discern between these possibilities.
BDMT stability with sample temperature:

In order to study the stability of the BDMT layer we show in figures 10 (a-c) TOF-DRS
spectra acquired with Ar and Kr ions at different sample temperatures. The most meaningful
recoil peak areas are shown in figures 11 (a) and (b). For each run the spectra were acquired
alternatively at 3and at 20 after an exposure of ~3 40, corresponding to formation of the
standing-up phase. The series of spectra measured with Ar and with Kr ions correspond to

two different adsorption experiments carried out under the same conditions. The temperature



ramp is approximately B/min which allows taking sufficient spectra for describing the layer
behavior. The spectra at2fre more representative of the layer elemental composition while
those at Btell us about the fate of S at the top.

From RT up to 400 K there is a continuous and shallow decrease of all the molecule elements
(H, C and S) suggesting that some (whole molecule) desorption is taking place. We have
observed a similar trend for other thiols in Au. In the region around 370 K there is a
reordering (or disordering) of the layer and the S features obsen&drataare associated to
having thiols exposed at the vacuum interface, disappear (two characteristic spectra are shown
in Figure 10 (b)). These changes are accompanied by the emergence of the Ar multiple
scattering off substrate (at’)5and a corresponding increase af,2@dicating that the
remaining layer is getting thinner as it should correspond to a lying down layer. The surface is
still fully covered since no Cu recoil is detected at Zthen, around 400 — 450 K a strong
reduction of the C and H recoil peak areas takes place (for spectrd athfle the S peak

tends to increase. The ratio of H/C peak areas is maintained constant during this range of
temperatures, thus suggesting S-C bond breaking accompanied by desorption of the
hydrocarbon molecular products. The S tends to remain at the surface even after annealing to
500 K. At the higher temperatures, above 500 K, there is a change in the H to C ratio, H tends

to desorb completely while a small amount of C remains at the surface.
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General Conclusions:

We described a system designed for TOF-DRS and applied it to two different adsorption

problems on the Cu(001) surface. First we extended a previous study ofvitveyVe3
R45°Sn/Cu surface alloy showing that the azimuthal dependence of the Sn recoil peak area is
consistent with a model where the Sn atoms are arranged in a lattice rotated 45 degrees with
respect to the clean Cu lattice. The Cu recoil peak area measured along the [010] direction
increases when 0.5 monolayer of Sn is adsorbed in correspondence with the generation of Cu
vacancies. Then we presented TOF-DRS measurements of adsorption of 1,4-
benzenedimethanethiol on the same substrate. We showed that at exposures of the order of the
10® L the surface becomes fully covered with BDMT molecules in a lying down configuration
and upon higher exposures it is possible to incorporate more BDMT in a standing up
configuration, i.e., having a thiol termination in the vacuum interface. For the first adsorption
steps we detected S in larger amounts than would correspond to the adsorbed BDMT
molecule. We suggested two possibilities for this effect: S segregation from the bulk or a
sulphide layer formed initially which should be accompanied by desorption of the benzene
products. A study of the BDMT layer versus temperature showed that there is a shallow
desorption of the molecules starting close to RT and that the thiol termination is fully
removed in the region 370-400 K. At this temperature the molecules are mostly in a lying-
down configuration. Further annealing results in a surface covered with S and some C.
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Figure captions:

Figure 1: Sketch of the Bariloche setup for TOF-ISS, TOF-DRS, LEED, UPS, AES and
HREELS.

Figure 2: LEED pattern for thé%(/fxx/f) R45° Sn/Cu(001) surface alloy

Figure 3: (a) Schematics of the clean (left) and the 0.5 monolayer Sn/Cu(001) surface (right).
Red (blue) circles correspond to Cu (Sn) atoms. (b) TOF-DRS spectra as a function of the
azimuthal angle in the region of the Cu recoil peak for the pure substrate, and (c) spectra in
the region of the Sn recoil peak for the Sn/Cu(001). The spectra were obtained at a fixed
incident polar angle of 15° with respect to the surface plane.

Figure 4: Variation of the Cu recoil intensity (red, solid) and Sn intensity (blue, dashed)
versus azimuth for pure Cu(001) and for Sn/Cu(001).

Figure 5: Variation of the Cu recoil peak area with incidence angle along the [010] direction
for the pure substrate and for Sn/Cu. The Cu intensity observed for the pure substrate (from
green spectrum along this direction on figure 3(b)) is attributed to initial defects. Inset:
corresponding spectra measured &tig6idence.

Figure 6: TOF-DRS spectra acquired for BDMT /Cu(001) at different BDMT exposures

Figure 7: TOF-DRS spectra measured at grazing angles for the lying down phase (bottom)
and at saturation, with thiols exposed to the vacuum interface (top). The two possible
molecular arrangements are also indicated.

Figure 8: H, C, Cu and S TOF recoil peak areas measured with Ar iorf5(al) 20d at 8
(B) incidence as a function of BDMT exposure.

Figure 9: TOF- DRS spectra acquired with 3 keV Kr ions irfidence versus BDMT
exposure.

Figure 10: series of TOF- DRS spectra acquired at different sample temperatures with 4.2 keV
Ar*ions at 20 (A) and at 8 (B), and with 3 keV Kfions at 28incidence (C).

Figure 11: C, H, S and Cu Recoil peak areas measured with 4.2 keV Ar ions (a) and with 3.0
keV Kr ions (b) as a function of surface temperature.



*  Wedescribe a UHV equipment combining direct recoil spectroscopy with standard surface analysis techniques.
e We apply TOF-DRS to detect rows of Cu vacancies in the (3\/2)(\/?) R45° sn/cu(001) surface.
*  The formation of SAMs of BDMT on Cu(001) from the vapour phase is studied.



