
The reconstruction of Au(111) to (√3 × 23) structure after the
reductive desorption of a self-assembled monolayer (SAM) com-
posed of 2-mercaptoethanesulfonic acid (MESA) has been imaged
by in situ scanning tunneling microscopy (STM) in a 0.5 mol
dm–3 KOH aqueous solution.  The STM images clearly show that
after the reductive desorption of MESA the Au(111) surface
reconstructs to the (√3 × 23) structure.  The reconstruction starts
from the edge, spreads gradually, and covers the entire terraces of
Au(111) on the time scale of several minutes.  Pits of the gold
substrate are formed especially at the boundaries between the
unreconstructed and the reconstructed areas during the spread of
the reconstruction.

The reductive desorption of self-assembled monolayers
(SAMs) of thiol derivatives has been utilized for the characteriza-
tion and the control of the structure of thiol SAMs.1–5 We previ-
ously showed that the morphological change of the SAM after
the reductive desorption on Au(111) depends on the amphiphilic
property of the desorbed thiolates.6 Besides the morphological
change of the SAMs, the structural change of the Au substrates
should take place, as Au(111) is known to reconstruct into (√3 ×
23) in vacuum,7,8 in air,9 and in solutions.9,10 The presence of the
reconstruction after the reductive desorption of SAMs is impor-
tant especially to understand the re-adsorption of the desorbed
thiol molecules and the adsorption of other molecules on the area
where the thiol SAM was initially formed.11,12 The elbow posi-
tion of the herringbone-like (√3 × 23) reconstruction has been
found to be reactive to the adsorption of various molecules.13–15

However, no observation has been reported on the reconstruction
process after the desorption.  We report here the structural change
of Au(111) surface accompanied by the reductive desorption of a
thiol SAM.  The surface structure of the SAM was studied using
in situ scanning tunneling microscopy (STM)6,16–21 in 0.5 mol
dm–3 aqueous KOH.

2-Mercaptoethanesulfonic acid (MESA), sodium salt
(Aldrich) was used without further purification.  All other chemi-
cals used were of reagent grade.  Au(111) substrates used in the
present study were prepared by vacuum deposition of gold on
mica sheets.3,22 The SAM was formed by immersing the gold
film into a 1 × 10–3 mol dm–3 ethanol solution of the thiol for 24
h.  A gold substrate was then rinsed with ethanol and dried in air.
In situ STM and voltammetry were carried out in a 0.5 mol dm–3

KOH solution with a Ag/AgCl (satd. KCl) and a platinum wire as
a reference electrode and a counter electrode, respectively.

Figure 1 shows a cyclic voltammogram for the reductive
desorption of a SAM composed of MESA.  A sharp reduction
peak of the adsorbed MESA appeared at –600 mV in the cathodic
scan.  Unlike the case of the long-chain alkanethiol SAMs, the
peak corresponding to the reoxidation of the thiols was absent in
the reverse scan, showing that the desorbed molecules were dis-

solved into the bulk of the solution as in the case of SAMs of
COOH-terminated thiols.6

Figure 2 shows STM images obtained in a 0.5 mol dm–3

KOH aqueous solution.  The images were sequentially taken in
the same area of 250 nm × 250 nm.  STM images obtained at
–200 mV and –550 mV showed no marked change in the surface
structure.  The STM image shown in Figure 2a was taken at –550
mV which is more positive than the potential of the reductive
desorption peak of the MESA SAM.  Many pits that are com-
monly seen in the STM images of alkanethiol SAMs were dis-
tributed on the surface.  Figure 2b shows the subsequent scan of
Figure 2a.  The potential was stepped from –550 mV to –575 mV
at the point shown by arrows during the scan from the bottom to
the top.  The image drastically changed in response to the poten-
tial step.  The morphological change of the surface observed in
Figure 2b is clearly associated with the reductive desorption of
the SAM, as –575 mV corresponds to the rising foot of the reduc-
tive desorption peak shown in Figure 1.6 Three characteristic
features in the image after the potential step (upper part of Figure
2b) are i) the flatness of the imaged area, ii) the appearance of
islands observed as bright spots (shown by large arrows) having
the height which is about ten times larger than that of the single
step of Au(111), and iii) the presence of pits especially observed
immediately after the potential step (shown by small arrows).
The pits appeared after the potential step are attributable to those
existed before the potential step.  The rapid disappearance of the
pits at the upper part of the image suggests that the pits quickly
diffuse away to the terrace edges after the SAM desorption.

The subsequent three images (Figure 2c–e) were taken while
the potential was kept at –575 mV. The brighter regions appeared
around the edge of the defect of Au(111)10,23 at the upper right in
Figure 2c (shown by arrow).  The rest of the image is composed
of the flat area.  In Figure 2d, the areas where the brighter regions
were observed extended to over the half of the terrace and exhib-
ited striped pattern.  The stripes extended further and covered
about two thirds of the image in Figure 2e.  The magnified image
(Figure 2f) shows that the stripe consists of two bright lines.  The
distance between the stripes is 6.5 nm which is consistent with
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previous STM images of the reconstructed Au(111).10 It seems,
therefore, that the region where the stripes were observed is
reconstructed into the (√3 × 23) structure and the flat region is the
(1 × 1) structure of Au(111). 

In Figure 2c, both two islands which observed in Figure 2b
shrunk in size and decreased in height.  In Figure 2d, the two
islands in Figures 2b and 2c completely disappeared although
several islands whose size was less than 8 nm in diameter
remained at different positions.  The islands are likely to be the
aggregates of the reduced MESA molecules.  The gradual shrink-
ing of the islands seems to reflect the process of dissolving the
aggregates of MESA into the bulk of the solution.  The instanta-
neous appearance of the aggregates suggests the sharp phase
transition of the MESA SAM.6

It is noteworthy that the pits whose size is about 3 nm in
diameter appeared especially at the boundaries between the unre-
constructed and the reconstructed areas in Figure 2d (shown by
small arrows).  It can be seen from the comparison between
Figures 2d and 2e that some of the pits observed in Figure 2d dis-
appeared and some of those remained on the terrace, suggesting
the pits are mobile on the reconstructed surface.  The appearance
of the pits on the terrace of Au(111) during the progress of the
reconstruction indicates that the partial source of the 4.4% of
extra amount of gold atoms required for the formation of the
reconstructed surface15 is the atoms on the terrace.  The rest of
the extra atoms required for the reconstruction come from the ter-
race edges because the total area of the pits in the reconstructed
region is less than 4.4% (2.6 ± 0.6% in the case of Figure 2c).
This is supported by the fact that the shape of the terrace edges

(indicated by large arrows in Figure 2d) was changed after the
reconstruction.  The partial disappearance of the pits indicates the
diffusion of the pits.  The rate of the diffusion is, however, slower
than that of the pits in Figure 2b, suggesting that the pits in the
reconstructed region were stabilized by the reconstruction.

In conclusion, the (1 × 1) structure is attained immediately
after the reductive desorption of the SAM.  The reconstruction
gradually occurs in the time scale of several minutes, which is
consistent with the STM imaging of Au(111) in a HClO4 solu-
tion.10,23 The pits on the (1 × 1) surface, i.e., those that are pres-
ent before the desorption of the SAM, quickly disappeared after
the desorption.  On the other hand, the pits on the reconstructed
surface, i.e., those that are formed by the transition from unrecon-
structed to reconstructed surfaces have longer life time.  The
reconstruction after the desorption of SAMs might be related to
the small peak that sometimes appears at potentials slightly more
negative than the main desorption peak.6,24
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