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The alkanethiol self-assembled monolayers (SAMs) have been 6.0
extensively studied because of their technological applications in
various fields, such as corrosion inhibition, wetting, lubrication, |
sensors, and molecular electronic®.Notably, the interaction of 5.0
alkanethiols with gold has been used to prepare moleguletal
junctions in molecular electronic devic&s® However, the key
question of whether-SH bond scission occurs upon adsorption of
alkanethiols on noble metal surfaces remains controvefsitil.
Vibrational and X-ray photoelectron spectroscopy (XPS) studies
indicate that on Au(111), C$H does not dissociate by-$1 bond
scissiont?

There is a general belief that the-8 bond of alkanethiols
dissociates on Ag and Au surfaces to form an alkanethiolate species,
which can strongly attach by chemisorption to the metal surface
through the S atom as an anchor. In contrast to this common
assumption, in this communication, we present evidence for L
nondissociative adsorption of the simplest alkanethiol, methanethiol, 1.0 -
on the clean Ag(110) surface. Three definitive experiments have i
been performed to prove the nondissociative adsorption gSEH
on clean Ag(110) by using temperature-programmed desorption 0.0
(TPD), low-energy electron diffraction (LEED), and Auger electron
spectroscopy (AES). (1) On the clean Ag(110) surface, we observe )
that molecular adsorption in the first layer (0.5 ML) occurs, Figure 1. TPD spectra of methanethiol on the clean Ag(110) surface at

. ; different exposures. Only tiny quantities of @bhd HS accompanied the
producing a (2x 1) overlayer structure. The methanethiol molecule CHsSH desorption. Tiny quantities of adsorbed S remained aftesSEH

desorbs at-140 K, and only tiny quantities of other products such  desorption (not shown). Exposures: (a) %10, (b) 6.3x 1013, (c) 1.1
as CH, are observed. In addition, appreciable coverages of residual x 10, (d) 1.6 x 10, (e) 2.3x 10*, (f) 3.1 x 10, (g) 5.5x 10, and
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S are not observed by Auger spectroscopy following ;G (h) 6.2 x 10 molecules/cr
desorption. (2) Using a 50:50% isotopomer mixture ofgsE_l and a) On the Clean Ag(110) Surface b) On the Ag(110)-sulfur Surface
CDsSH, we demonstrate that no—8 or S—-D bond scission 22 N ——
. . . . B lass Spectrum of
followed by recombination occurs upon desorption. (3) We find | 20]. Isotopomer e | || T oz Kee

B
T

that when the CEBH molecule is incident on the clean Ag(110)
surface in the temperature range from 230 to 400 K, less than 1% '°f
of the incident molecules dissociate to produce an adsorbed sulfur- 1|
containing species.

All experiments were performed in an ultrahigh vacuum (UHV)
chamber with a typical operating pressure ok 3.0~ Torr, and
excellent vacuum conditions below 2 1071° Torr exist during
gas dosing. A clean Ag(110) surface at 25 K was exposed to
methanethiol using a collimated molecular beam doser delivering
a known flux to the crystal* Figure 1 shows the TPD spectra of 8
adsorbed methanethiol on the clean Ag(110) surface at different o«
exposures. To eliminate the influence of sulfur impurity as aresult ~ fPorr" 7P IR sttt b
of a very minor amount of methanethiol decomposition during TPD 100 120140 160 160 200 220 240 260 280 30 10D 120 M0 160 160 200 220 240200 250 30

Temperature {K) Temperature (K)

measurements, ea_lch TPD spectrum was obtained after cleaning th‘?—“igure 2. TPD spectra of a 50:50% isotopomer mixture of methanethiols

surface by argon ion sputtering, followed by annealing to 773 K. (cp,sH and CHSD). (a) On the clean Ag(110) surface. (b) On the

The clean desorption of GISH without appreciable desorption of  Ag(110)-S surface.

products such as GHand HS indicates that C§6H does not

dissociate on the clean Ag(110) surface. In addition, Auger 50:50% isotopomer mixture of GBH (51 amu) and CkED (49

spectroscopic studies show thad.3% of a monolayer of S remains  amu). Any formation of CBSD by isotopic mixing between the

after~0.5 ML of CH3;SH has desorbed below 300 K (not shown). molecules would yield CESD (52 amu). The mass spectrum of
To investigate whether a recombinative reaction occurs during the mixture of isotopomers adsorbed is shown in the insert of Figure

methanethiol desorption, we performed TPD experiments using a 2. The ratio of mass intensity of the adsorbed methanethiol isotope
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Figure 3. Sulfur accumulation on the clean Ag(110) surface by meth-

anethiol decomposition at elevated temperature. The coverage of the sulfur-
containing species was calculated by comparing the intensity of the observed

Auger sulfur peak with the intensity of the known small exposure of
methanethiol at 25 K, where undissociatedsSH(a) is produced. The error

range 236-400 K [total exposure of methanethied 3.2 x 104
molecules/cri(~0.5 ML); exposure time= 100 s]. The coverage

of chemisorbed sulfur-containing species (e.g., methanethiolate,
sulfur, sulfhydryl species) as a result of the dissociation of
methanethiol was monitored by AES. Less than 1% of the incident
methanethiol molecules dissociates to produce an adsorbed sulfur-
containing species in the temperature range of 281 K as shown

in Figure 3. This result indicates either that the-t5 bond
dissociation channel is inefficient due to a very low sticking
probability of CHSH at these temperatures or thatt$ bond
cleavage of methanethiol hardly occurs even above room temper-
ature.

In summary, we have performed three definitive experiments
designed to detect methanethiol dissociative adsorption on the clean
Ag(110) surface. Each experiment shows that theHSond of
adsorbed methanethiol does not dissociate on the clean Ag(110)
surface and that methanethiol cleanly desorbs from the surface. In
addition, methanethiol does not produce a sulfur-containing species
(e.g., methanethiolate) near room temperature on the clean Ag(110)
surface. These results are of importance in understanding the self-
assembly of alkanethiol layers on silver where it has been commonly
assumed that -SH bond scission occurs at room temperature.
Although this study was performed under UHV conditions using
the shortest alkyl chain molecule, which differs from the methods
used to prepare a SAM in solution, we believe that this result
provides an important insight into the surface bonding which takes
place during alkanethiol self-assembly on silver surfaces.
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