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Recently, the interaction of organic molecules with silicon
surfaces has drawn much attention from both fundamental and
technological points of view.2 One of the fundamental points of
interest is how the spatial localization of electron density on the
silicon surface controls the reactivity of the surface toward different
molecules. The Si(100) clean surface undergoes reconstruction into
the c(4x2) structure with the alternate arrangement of buckled
dimers at low temperature<Q00 K)# In the buckled dimer on
Si(100)c(4x 2), a partial charge transfer occurs from a down to an
up dimer atom, and thereby the up and down atoms become patrtially
negatively and positively charged, respectivelyence, the reactiv-
ity of up and down dimer atoms is expected to be highly selective
toward Lewis acid and Lewis base molecules.

Different organic amines on the Si(100) surface have been studied
using several experimental techniqdés? Bent and co-workers
have investigated some simple amine molecules, including tri-
methylamine (TMA), using multiple internal reflection Fourier
transform infrared spectroscopy (MHFTIR) and density func-
tional theory (DFT) calculatio®’ Cao and Hamers have studied
TMA and dimethylamine on the Si(100) surface using X-ray Figurel. STM images at the same scanning area of Si(10&)2f4urface

exposed to trimethylamine (TMA) at 80 K. (a) The Si(100)¢@) surface
photoelectron spectroscopy (XPS), FTIR at 300 K, and DFT exposed to one shot of TMA. (b) After an additional exposure of TMA.

calculation® These studies concerning the TMA adsorption 0N The bright protrusions indicated by arrows in (b) have newly appeared after
Si(100) at 300 K suggest that TMA is chemisorbed on Si(100) the additional TMA exposuréVsampe= —2.2 V, | = 0.1 nA. Scanning

through dative bonding with a silicon atotf.” Computational area is 28x 15 nnt.
studies with small clusters have predicted the molecular adsorption
of TMA molecule at the down atom of buckled silicon dinfér’
Recently, we studied the electronic state of adsorbed TMA on
Si(100) at 90 K using photoelectron spectrosc&pylo our
knowledge, there is no direct experimental evidence about the site-
specific adsorption as well as the conformation of adsorbed TMA
on the Si(100) surface. In this Communication, we report the purely
site-specific adsorption of the TMA molecule and its conformation

dimer, the STM image acquired with negative sample bias
represents the distribution of up dimer atoms of the Si(102{4
surface®

In Figure 1, several bright protrusions are clearly observed after
exposure to TMA at 80 K. The protrusions are randomly distributed
on the surface, and the number of protrusions is increased with an
additional exposure. The protrusions indicated by arrows in Figure
X . . ) 1b newly appeared due to an additional TMA exposure. Obviously,
on Sl(lOO)C_(4<2), determined using low-temperature scanning the newly appearing and already existing protrusions are identical,
tunnellng_mlcroscopy (STM) at 80 K'_ ) . which suggests that all bright protrusion observed in Figure 1 are

The Si(100) SUbStrat_e _V\_/as obtained by cutting Si wafers due to identical surface species of adsorbed TMA. In addition, all
(phosphorus doped, resistivity 0.05 ¢ cm). The clean surface ¢ yhe pright protrusions are located at either side of the center
was prepared by repeated flashing at 1500 K under ultrahigh (ingicated by the line) of the dimer row. It is noted that a few dark
vacuum with a base pressure better thanx1.50°° Pa. Using @ gjtes in Figure 1 are due to the surface defects; the Si(100R)(4

cryopump, the clean surface thus prepared contaitie defects.  gyrface contains different types of defects, which appear as dark
The sample was cooled to 80 K using liquid. NMA molecules depressions in the occupied-state imége.

were introduced through a pulse-valve doser. STM measurements Figure 2a shows the high-resolution STM image of TMA
were carried out using JEOL SPM-4500. adsorbed on Si(100)cR), where the shape of the bright protrusion

Figure 1 shows the occupied-state STM images at the sameis clearly resolved. It is observed that most of the protrusions are
scanning area of the Si(100)c{2) surface exposed to a small  triangle-shaped. A zoomed-in image of a typical protrusion with
amount of TMA at 80 K. After an additional dose of TMA on the  the registry of dimer atoms is shown in Figure 2b. The bigger and
surface shown in Figure 1a, the image in Figure 1b was recorded. smaller open circles represent the up and down atoms of the buckled
The zigzag pattern due to the o(2) structure is clearly observed  dimer, respectively. It is observed that one of the three corners of
over the entire scanning region. It is noted that, due to a partial the triangle-shaped protrusion is pointed toward the dimer bond
charge transfer from the down atom to the up atom of the buckled direction. By the inspection of hundreds of protrusions, it is
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Figure 3. Schematic structural model for chemisorbed TMA on the
Si(100)c(4x 2) surface.

vacuum side. One of the three methyl groups is directed toward
the up dimer atom of the reacted dimer, as schematically shown in
Figure 3. Since the dimers are alternately buckled on the 2[4
surface, two different configurations of adsorbed TMA, as shown
in Figure 3, are possible, which is consistent with the experimental
findings (Figure 2). The absence of molecular rotation about the
Figure 2. (a) High-resolution STM image of TMA on Si(100)c¢2) at N—Si bond during STM measurement at 80 K suggests that the
80 K. Vsample= —2.0 V, I = 0.1 nA. Scanning area is 15 10 nn¥. (b) A conformation is stable. The conformation of adsorbed TMA in the
zoomed-in image of a typical protrusion. The bigg_er and smalle_r open circles present study is in disagreement with previous computational
represent the up and down atoms of buckled dimer, respectively. calculationg%7The calculated geometry of adsorbed TMA differs

observed that the center of the triangle-shaped protrusion is located?y 60" rotation about the N-Si bond axis. This disagreement may
on the down atom in all the cases, as shown in Figure 2b. The originate from the use of a small clusterd$j) in the calculation,
conformation of the triangle-shaped protrusion with respect to the Where the interaction with the neighboring dimers and the dimer
underlying dimer does not change, at least for several minutes. "OWs is neglected. The adsorbed states of TMA as a function of
The TMA molecule, containing three methytCHs) groups and coverage at 80 and 300 K have been studied in detail using STM
one N atom with a lone pair of electrons, hag symmetry. It is and PES, and we will report them elsewhere.
most likely that the chemisorption of TMA on Si(100)&(2) In summary, we have performed a STM investigation of TMA
involves the interaction of the lone pair at the N atom with the adsorption on Si(100)c42) at 80 K. The location and the shape
electron-deficient down atom of the buckled dirdé&«.Our recent of protrusion clearly indicate that the molecular adsorption of TMA
valence PES measurement clearly indicated that the nitrogen loneiS purely site-specific on the down dimer atom, and the TMA
pair is involved in chemisorption of TMA on Si(108)If adsorbed ~ adsorption on Si(100)c¢42) can be categorized into Lewis aeid
TMA remains undissociated, the three-fold symmetry about the base reaction.

N—Si bond may be retained. Since the methyl groups in adsorbed Acknowledgment. This work is partly supported by the Japan
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