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Abstract: The successive growth of mutually perpendicular molecular lines from one dangling-bond (DB)
site on the Si(100)-(2x1)-H surface has been realized through a substrate-mediated chain reaction at 300
K. Among various molecules, acetone molecules undergo the most facile chain reaction with a DB site,
which proceeds selectively on the Si(100)-(2x1)-H surface, resulting in only single molecular lines in the
parallel-row (parallel to the dimer row) direction. The smaller size and higher reactivity of acetone molecules
enable us to successively grow a parallel-row acetone line from the end of a cross-row (perpendicular to
the dimer row) allylmercaptan line simply by changing the feed of gas molecules into the reaction chamber.
Since the length of a molecular line is controlled by the number of gas molecules impinged, it is possible
to turn a chain reaction from the cross-row direction to the parallel-row direction at any desired point on
the surface. The reaction path of the adsorbing molecules is discussed. The present study provides a new
means of fabricating mutually perpendicular molecular lines through a chain reaction initiating at a
preselected DB site on the Si(100)-(2x1) surface.

Introduction (100)-(2x1)-H surface consists of mono-hydride silicon dimer
rows running parallel to each other, where the interdimer
distance across rows (7.68 A) is twice that (3.84 A) along a
row. Hence, to fabricate a molecular line connecting two
predefined points not lying on the same symmetric axis on the
Si(100)-(2x1)-H surface, it is necessary to direct a self-directed
chain reaction, initiated at a preselected DB site, in both parallel-
row (parallel to the dimer row) and cross-row (perpendicular
to the dimer row) directions successively. The success in steering

The controlled assembly of organic molecules on silicon
surfaces is of growing interest because of its potential application
in molecular electronics, in which single molecules are expected
to act as gating, switching, and other types of electronic
devices'™ One of the key challenges to the realization of future
molecular devices is to integrate those functional individual
molecules into a circuit. The substrate-mediated radical chain

reaction of some selective molecules, initiated by a dangling- . S . . )
y gling a chain reaction in two perpendicular directions will lead to

bond (DB} site on the H-terminated Si(100)<?) surface, has the fabrication of desired line structures of molecular assemblies
f th h f
emerged as one of the most promising approaches to abrlcatlng bn the Si(100)-(2 1)-H surface.

a molecular line (adsorbed molecules assembled in one dimen-
sion) connecting two desired points on the surfa%é.The Si- To date, a number of studies have demonstrated molecular
line formation with a variety of organic molecules on the Si-

T RIKEN. (100)-(2x 1)-H surface through the chain reaction mecharizri’
#The University of Tokyo. Except for the allylmercaptan (ALM) molecufeorganic

(1) Lopinski, G. P.; Wayner, D. D. M.; Wolkow, R. ANature 200Q 406, .

48-51. molecules such as styrehéyvinyl ferrocene’ and benzalde-

(2) (a) Wolkow, R. AAnnu. Re. Phys. Chenl999 50, 413-441. (b) Hamers, hyde'® show the growth of molecular lines in the parallel-row
R. J. Nature 2001, 412, 489-490. (c) Bent, S. FSurf. Sci.2002 500, yae: 9 par .
879-903. (d) Ratner, MNature 2005 435 575-577. (e) Guisinger, N. direction. Recently, we have observed that the DB-initiated chain
Bagroder N. L. Hersam, M. Groc. Natl. Acad. Sci. U.S.2005 102 reaction of ALM molecules proceeds in the cross-row direction,

(3) (a) Nitzan, A.: Ratner, M. AScience2003 300, 1384-1389. (b) Tao, N. forming an ALM line on the Si(100)-(R1)-H surfaceé® The
J. Nature NanotechnoR006 1, 173. i ; ; ; :

(@) (@) Piva. P. G Dilabio, G. A.: Pitters, J. L.: Zikovsky, J.; Rezeq, M.: basic reaction s_teps of molecular line grth with various
Dogel, S.; Hofer, W. A.; Wolkow, R. ANature 2005 435, 658-661. (b) molecules are similar to those reported by Linford et al. for
Rochefort, A.; Boyer, PAppl. Phys. Lett2006 89, 92115. : : i PO

(5) Kruse, P.; Johnson, E. R.; DiLabio, G. A.; Wolkow, R.Mano Lett2002 hyd!’ocarbon adsorptlon on the SI(lll) surface in a |IQUId
2, 807-810. environment! Although the reaction proceeds through the

(6) DiLabio, G. A,; Piva, P. G.; Kruse, P.; Wolkow, R. A. Am. Chem. Soc.

2004 126, 16048-16050.

(7) Basu, R.; Guisinger, N. P.; Greene, M. E.; Hersam, MA@pl. Phys. (9) Hossain, M. Z.; Kato, H. S.; Kawai, M. Phys. Chem. B005 109 23129~
Lett. 2004 85, 2619-2621. 23133.

(8) Hossain, M. Z.; Kato, H. S.; Kawai, Ml. Am. Chem. So2005 127, (10) Pitters, J. L.; Dogel, |.; DiLabio, G. A.; Wolkow, R. A. Phys. Chem. B
15030-15031. 2006 110, 2159-2163.
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Ry (100)-(2x 1)-H surface. Thereby, a junction of a cross-row ALM
,cl; R; Ry R, R, line and a parallel-row acetone line was fabricated without
Re™ No \/ \/ creating any additional DB site on the surface. The contrast of
( /C'ﬁ s an acetone line, observed in STM images, depends on the bias
o ? ||4 ? voltage applied during scanning, which helps us to understand
SIS SN SN, SN the reaction path of adsorbing molecules. The present findings
}ii/ H H H H H concerning a new kind of molecule (ketone) undergoing a chain
Si Si Si Si Si Si reaction and a means of fabricating mutually perpendicular
- \@/) P \(‘g) g \(\c/) ™~ molecular Iipes from one DB site are expec}ed to pror_note
further studies that will lead to the fabrication of desired
R, Ry Ry Ro Ry Ry Ry R, junctions of molecular lines on the silicon surface.
/C/H /C/H >C/H /C/H Experimental Section
CI’ CI’ EI} (I) H The experiments were performed in an ultra-high-vacuum chamber
RIS Bl BN B B P with a base pressure lower tharx6L0** mbar. A variable-temperature
H 7 i I H H scanning tl_mneling microscope (Omicron VT-STM) was used. The
| 1 | 1 1/ 1/ B-doped silicon sample (0.0R2-cm) was cleaned by prolonged
/S‘\\/Si\/Si\/Si‘“\/S'\/S'\ annealing at-850 K (~8 h), followed by repeated flashing at 1400 K.
(d) The clean surface was H-terminated by exposure to atomic H, which

was generated by a hot W filamentZ100 K), at a surface temperature
ngu’i 1 (a—fi_) Scl;ematilc Ofla gﬁﬂer?gjé:edomechat;isﬁzhm éhe Pléfa”ﬂ' of ~625 K. The freshly prepared H-terminated surface usually contains
row chain reaction of a molecules having-&€=0 moiety with a dangling ; ; ; ; ;
bond (08) on he SI100) @11 H suace. (0 D8 e at the end of & [y crot SoZncr i d LR o predfined positon s gencated
parallel-to-dimer-row molecular line. The arrow indicates the cross-row . T '
(perpendicular to the dimer-row) direction. using the STM tip3 Acetone (dehydrated) and allylmercaptan (ALM)
were purchased from Tokyo Chemicals Industries Co., Ltd. (TCI) and
Wako Chemicals, respectively. Those colorless liquid chemicals were
of the substrate, many molecules containing=aCCor C=0 further purified by Severa! fr‘?eﬂp ump-thaw cycles or by pumping
moiety show no molecular line growtH:® Hence, in spite of out th_g vapor above the liquid phase. Th_e molecules were dosed onto
’ the silicon surface through an electronically controlled pulse-valve

the successful growth of molecular lines with qldehyde (acetal- doser. The number of molecules dosed is expressed in langmuir units
dehyde and benzaldehyd@pne cannot be certain that a ketone (1L =1 x 10 Torrs), which is estimated from the background
will show molecular line growth on the Si(100)%2)-H surface pressure reading by BA gauge during the exposure without any
in a similar fashion. correction for the ionization coefficient.

The generalized mechanism of a parallel-row chain reaction
involving a DB site and a €0 moiety is shown schematically
in Figure la-c.1° The C-centered intermediate radical (Figure Figure 2 shows a series of STM images of the same area on
1b) abstract a H from the nearest dimer in the same row to the Si(100)-(%1)-H surface at 300 K. The surface shown in
generate a new DB site (Figure 1c), which can react with another Figure 2a, which contains a few DB sites indicated by arrows,
molecule and repeat the reaction stepsdga Thus, a free DB was used as the initial surface for this series of measurements.
always exists at the end of a freshly grown molecular line (end- The parallel stripes running diagonally in each terrace are mono-
DB), as shown in Figure 1d, unless it is terminated or quenched hydrated silicon dimer rows. In addition to some irregularly
by some means, such as reactionhwdt H atom or any pre-  shaped defect sites and pre-adsorbed molecules, a pre-existing
existing defect. Similarly to an isolated DB site on the surface, molecular line was also observed on the surface. Note that the
the end-DB of a parallel-row (or cross-row) molecular line surface was exposed to some gas molecules, including acetone,
should initiate a chain reaction in the cross-row (or parallel- before present controlled experiment. When the surface shown
row) direction when appropriate molecules are dosed onto thein Figure 2a was exposed t00.02 L of acetone molecules,
Si(100)-(2<1)-H surface. To date, there have been no studies, several molecular lines initiated at DB sites were observed, as
to our knowledge, that succeeded in growing perpendicularly shown in Figure 2b. By inspecting hundreds of molecular lines,
connected molecular lines through a chain reaction initiated from we found that acetone molecules always form single molecular
one DB site on the surface. lines (as observed in Figure 2b). Unlike styrene and other

In this study, we report the successive growth of two mutually molecules that form molecular lines in the parallel-row direc-
perpendicular molecular lines through a chain reaction initiated tion,1-61914acetone molecules never form double lines where
from one DB site on the Si(100)-21)-H surface at 300 K. both Si dimer atoms in a row are occupied by adsorbed
We observed that acetone molecules, among the variousmolecules. In rare events, only one or two underlying Si dimers
molecules that have been studied to date, undergo the most facilavere observed to be doubly occupied by acetone molecules in
chain reaction with a DB site on the surface very selectively a molecular line.
and form only single acetone lines in the parallel-row direction. It was observed that the molecular lines formed by adsorbed
The selective and facile reactions of acetone molecules lead usacetone molecules are normally stable during scanning in the
to turn a chain reaction, initiated by an isolated DB site, from
the cross-row direction to the parallel-row direction on the Si-

interaction of the &C or C=0 part of a molecule with a DB

Results

(12) Boland, J. JJ. Vac. Sci. Technol. A992 10, 2458-2464.

(13) Shen, T. C.; Wang, C.; Abeln, G. C.; Tucker, J. R.; Lyding, J. W.; Avouris,
Ph.; Walkup, R. ESciencel995 268 1590-1592.

(11) Linford, M. R.; Fenter, P.; Eisenberger, P. M.; Chidsey, C. EJ.DAm. (14) Hossain, M. Z.; Kato, H. S.; Kawai, Ml. Am. Chem. SoQ007, 129,
Chem. Soc1995 117, 3145-3155. 3328-3332.
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Figure 2. Selected area STM images of the Si(100y13-H surface showing growth of molecular lines of adsorbed acetone molecules through the chain
reaction mechanism at 300 K. (a) Initial Si(100)®2)-H surface containing several DB sites, indicated by arrows. In addition to those DB sites, the surface
also contains several defects and some pre-adsorbed molecules. (b) Surface shown in panel a expd2d wf acetone molecules at room temperature.

(c) Surface shown in panel b after scanning at positive sample bias. Arrows indicate the dimer rows from which molecular lines disappeareed(d) Select
area of surface shown in panel c scannee-&t6 V sample bias. The inset shows the location of a DB site in a dimerVewpe= —2.3 V (a—c); | =

0.2 nA (a-d).

occupied state at sample biases below.0 V. At higher that one half of the dimer row appeared as a depression
scanning biases( —5 V), the molecular lines were decomposed (indicated by a depressed half-row), while the other half was
(data not shown). However, when a surface containing severalsimilar to a clean H-terminated dimer row. In addition, the dimer
freshly grown molecular lines was scanned in the unoccupied row adjacent to the depression side appeared wider (indicated
state, even at lower biases (for example+2tV), some of the in Figure 2d) than a row in clean terrace. The depressed half-
molecular lines disappeared, leaving a clean H-terminated dimerrow in Figure 2d lies on the same side of the dimer row at
row, as observed in Figure 2c. As mentioned earlier, a freshly which the initial DB site is located in Figure 2a (as shown in
grown molecular line should have an end-DB. This end-DB can the inset).
initiate a chain reaction, similar to a forward reaction, in the  In contrast to other molecules studied to date, ALM molecules
reversed direction to desorb molecules in a fih@he main undergo a chain reaction in the cross-row direction, resulting
indication of desorption through the chain reaction mechanism in an ALM line on the Si(100)-( 1)-H surfacé Figure 3 shows
is the re-appearance of a H-terminated dimer row in an STM a series of STM images of a selected area of the Si(100)-
image after the desorption of molecules from a molecular line, (2x1)-H surface, where Figure 3a was used as the initial surface
as observed in Figure 2c. It seems that the scan at a positivefor this series of measurements. In addition to the DB site
sample bias (scanning in the unoccupied state) facilitates theindicated, a few other bright protrusions (defects) are observed
reverse chain reaction in the present case. The role of tunnelingin Figure 3a? When the surface shown in Figure 3a was
electrons in the desorption process has not yet been clarified.exposed to~0.4 L of ALM molecules at 300 K, an ALM line
The appearance of molecular lines of adsorbed acetonegrown from the DB site in the cross-row direction was observed,
molecules in an STM image strongly depends on the bias voltageas shown in Figure 3bThe black and blue arrows (Figure 3b)
applied during scanning. As shown in Figure 2d, the molecular indicate the sites of the initiation and end of the growth of the
lines appeared as depressions at a lower sample biad .6f ALM line, respectively. One can easily realize from the STM
V, whereas they appeared as bright protrusions-at3 V images shown in Figure 3a,b that the end of the ALM line lies
(Figure 2a-c). Note that the threshold voltage for changing the in the clean area on the surface; i.e., the growth of the ALM
appearance of a molecular line depends on the atomic structurdine does not end at any pre-existing defect on the surface, which
of the STM tip apex. Careful inspection of Figure 2d reveals can quench a DB.Hence, a free DB site should exist at the

12306 J. AM. CHEM. SOC. = VOL. 129, NO. 40, 2007
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Figure 3. Successive growth of mutually perpendicular molecular lines by propagating a chain reaction from the cross-row direction to the parallel-row
direction on the Si(100)-(®1)-H surface at 300 K. (a) Initial Si(100)-£2)-H surface containing a dangling bond (DB) site, indicated by a black arrow. (b)
Surface shown in panel a exposed~0.4 L of allylmercaptan (ALM) molecules. The black and blue arrows indicate the initiation and end of ALM line

growth, respectively. (c) Surface shown in panel b exposeda@ L of acetone molecules. Scan area, <411 nn¥; Vsampe= —2.6 V; | = 0.2 nA.
b Perpendicular-to-dimer rows
p
A T T T A T R
Si—Si Si—Si Si—Si Si—Si Si—Si
HOALM'H ALM' H ALM' H ALM'Y #
F Si—sSi Si—Si Si—Si Si—Si Si—Si
8 H H H H H H H H Y H
= ! 1 ] 1 1 I 1 ] v 1
2 Si—Si Si—Si Si—Si Si—Si Si—Si
g H H H H H H H H Y H
[=% I . 1 . I_ 1 . 1 . I . 1 . I_ . 1 .
Ef Si—Si Si—Si Si—Si Si—Si Si—Si
SH OB " oH O H O HHOH R
2 Si—Si Si—Si Si—Si Si—Si Si—Si
SHOH M WoH WY
Si—si Si—si Si—Si Si—Si Si—Si
S L A
Si—Si Si—Si Si—Si Si—Si Si—Si
H H H H H H H H Y H
I 1 I 1 1 ] 1 I . 1
Si—Si Si—Si Si—Si Si—Si Si—Si
ALM' =—(CH,);—SH Y = —O—CH(CH3);
Figure 4. (a) Zoomed-in STM image of successively grown allylmercaptan and acetone lines on the SidOPH(8urface Vsampe= —2.4 V; 1 = 0.2

nA. The growth directions of the ALM and acetone lines are indicated by arrow. (b) Schematic alignment of acetone line formed through a chain reaction

from end-DB of an ALM line on the Si(100)-¢21)-H surface. Gray arrows

end of the ALM line. When the surface shown in Figure 3b
was exposed te-0.2 L of acetone molecules, a parallel-row
molecular line appeared, initiated from the end of the ALM
line (indicated by blue arrow), as shown in Figure 3c. The
fabrication of such a molecular line from the end of a freshly
grown ALM line, without creating any additional DB site, is

well reproduced. In addition to the molecular line grown from
the end of the ALM line, another molecular line in the parallel-

indicate the growth directions of ALM and acetone lines.

a high-resolution STM image of the Si(100)x2)-H surface,
where parallel-row molecular lines were grown from the end
of ALM lines by procedures similarly to those used in the case
of Figure 3. The growth directions of the cross- and parallel-
row molecular lines are indicated by arrows. The parallel-row
molecular lines are observed as depressions in one half of a
dimer row in this image, similar to those observed in Figure
2d. The analysis of several-(0) junctions of such molecular

row direction also appeared in Figure 3c. We also attempted tolines revealed that the depressed half of the dimer row lies at

grow an ALM line from the end of a molecular line of adsorbed
acetone but did not succeed.
Note that the end-DB of an ALM line (as indicated by blue

the side facing the ALM line, as observed in Figure 4a.
Incidentally, both of the parallel-row molecular lines in Figure
4a were grown to the right of the direction of ALM line growth;

arrows in Figure 3b) was generated through the abstraction ofhowever, molecular lines grown to the left of the direction of

one of the two anisotropic H's from the next row by the
intermediate radical of adsorbed ALMt can be realized from

ALM line growth were also observed, as seen in Figure 3c.

Discussion

Figure 3b that it is hard to determine the abstraction site of H

simply by looking into the ALM line growth, because the
protrusion of end-DB overlaps with the nearest ALM molecule.

Previous studies suggested that only a few selected molecules
produce molecular lines on the Si(100)«®)-H surface through

However, by registering the molecular line grown from the end a chain reaction initiated by a DB sité:14It was also reported

of an ALM line, we can determine the site from which H was
abstracted by the adsorbed ALM intermedfakégure 4a shows

that only a fraction of DB sites on the Si(100)x2)-H surface
initiate a chain reaction to produce molecular liA€sThe

J. AM. CHEM. SOC. = VOL. 129, NO. 40, 2007 12307
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number of impinging molecules necessary to produce a typical direction at any desired point on the surface by changing the
molecular line varies with the kind of molecules dosed onto feed of reacting gas molecules into the reaction chamber. Note
the surface; for example, the doses of benzaldehyde andthat the length of both ALM and acetone lines can be controlled
acetaldehyde molecules needed for growing a molecular line by contro”ing the number of gas molecules fed into the
were 5 and 120 L, respectivel§.All these observations are  chambef® The growth of an acetone line to either the left or
thought to be mainly related to the stability of the intermediate the right of the direction of the ALM line growth indicates that,
radical (Figure 1b), which abstraca H from a nearby dimer jike that initiated by an isolated DB site, the chain reaction
within a row to push the reaction in the forward directforf.*® initiated by an end-DB of an ALM line can proceed in either
The results shown in Figure 2 clearly demonstrate that acetonegjrection along the dimer row.

molecules undergo a chain reaction with a DB site and produce
an acetone line in the parallel-row direction on the Si(100)-
(2x1)-H surface, similar to styrene and aldehydéHowever,

the dose of acetone molecules necessa.Q2 L) to produce

The registries of the DB site and respective acetone line on
an underlying dimer row (Figure 2) clearly indicate that the
chain reaction of acetone molecules proceeds selectively on the

a typical molecular line was much lower than that of other SamMe side of a dimer row where the DB is initially located.
molecules ¢ 1 L) using the same dosing system. This suggests 1€ depressed half of a dimer row at a lower sample bias
that the chain reaction of acetone molecules with a DB site on (Figures 2d and 4a) can be ascribed to the adsorption of acetone
the Si(100)-(X1)-H surface is much facile compared with those Molecules at one of the SBi dimer atoms through an €5i

of other molecules, such as styrene and acetaldehife. bond. Because the electronegativity of the O atom is higher
The reaction steps involved for producing an acetone line than that of the Si atom, an O-bonded Si atom is expected to

are expected to be similar to those shown in Figure 1, where show an electronic state different from that of the other Si atom
Ri1 = R, = CHa. The initial step is the interaction of C=0 of the dimer. Consequently, O- and H-bonded Si atoms of a
with a DB site of the substrate to form a C-centered intermediate dimer should appear differently in STM images, as observed
radical (Figure 1b). The facile reaction of acetone molecules in the bias-dependent measurement. However, details of the
indicates that the C-centered intermediate radical of an adsorbecelectronic states involved in the appearance of acetone lines
acetone molecule is more stable than other molecules that havewith various biases are not clearly understood at the present
been studied so f&r'>1® This enhanced stabilization of the stage. The wider appearance of a dimer row adjacent to the
C-centered radical of an adsorbed acetone molecule may bedepressed half-row (Figures 2d and 4a) suggests that@ié-
related to the electron-donating properties of methyl groups. (CHs), part of an adsorbed acetone molecule lies between
However, some calculation is needed to explore the exact reasomeighboring dimer rows; i.e., the CH(GH part is tilted away
for and magnitude of the enhanced stability of an intermediate from the Si-Si dimer that reacted. The absence of any double
radical. _ _ lines of adsorbed acetone molecules indicates that the C-centered
It has been reported that, like an isolated DB, the end-DB of jtermediate radical cannot approach the H atom on the same

a parallel-row molecular line can initiate a chain reaction with  §imer (Figure 1b) to abstract it, possibly because of the steric
different molecules in the same direction, resulting in hetero- . 4ance suffered by the two methyl groups

molecular lines on the surfaéé.However, the growth of a The locati fthe d d half-di ¢ ; i
molecular line from an end-DB in the perpendicular direction, € location ot the depressed hall-dimer of an acetone fine

which is important to produce a junction of molecular lines grown from the end-DB of an ALM line indicates (F'gl_”e 42)
connecting two points not lying on the same symmetric axis that acetone molecules are bonded to the nearest Si atoms of

on the surface. has not been obtained so far. In a previousthe dimers in the row next to the end of an ALM line, as shown

attempt to grow a 2,4-dimethylstyrene (and styrene) line from Schematically in Figure 4b. Thus, the present study indicates

molecule interacts with the end-DB but does not undergo a chain atom of the dimer row next to ALM lines; i.e., the intermediate

reaction to form a molecular lirfeln fact, the adsorbed styrene  radical of adsorbed ALM abstracts the nearest H from the next

was desorbed from the end-DB in a few minutes. Hence, to row (toward the growth direction), as proposed in our previous

connect a pre-existing ALM line with a styrene line, an study® Because our experimental observations are limited to

additional DB site had to be created using an STMtip. only ~10 junctions of ALM and acetone lines, we do not rule
In the present study, the growth of an acetone line from the out the existence of DB on the other Si atom of the dimer.

end of an ALM line (Figure 3) clearly demonstrated that there | the present study, the growth of an acetone line from the
was a DB at the end of a cross-row ALM line, which initiated eng-pB of an ALM line is well reproduced. However, the

a chain reaction in the parallel-row direction when the surface attempts to grow an ALM line from the end-DB of an acetone
was exposed to acetone molecules. The smaller size and MOr§ne were not successful, which limits the formation of a more

facile reaction of acetone molecules with a DB site, relative to extended junction of molecular lines on the surface. The low
those of styrene molec_ules, may be the reason for t_he Su_ccessmyl.)robability of ALM molecules to undergo a cross-row chain
gI‘OV\?h ofan ac;;pt_ne “T%féom Fhe endso_fr'\a/lntALl\{ll_::ne WIthOL;: reaction or the steric hindrance induced by the nearby adsorbed
creating any additional b Using an IP. These Tesulls  etone molecule may be the reason for this. The observation
suggest that a chain reaction initiated by a DB site can be eaS|IyOf a facile reaction by acetone molecules (a new kind indeed)
directed from the cross-row direction to the parallel-row . o .
with a DB site is expected to promote further study to find
(15) Cho, H. J.; Oh, H. D.; Kleinman, [Phys. Re. B 2002 65, 081310-4. additional molecules that can undergo a cross-row chain

(16) Kang, J. K.; Musgrave, C. B. Chem. Phys2002 116 9907-9913. i i i ;
(17) Kirczenow, G.: Piva. P. G- Wolkow, R. Rhys. Re. B 2005 72, 245306- Ir_eactlton, leadlng to the fabrication of more complex molecular
17. ine structures.
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Conclusions acetone line on an underlying dimer row help us to understand

The successive growth of mutually perpendicular molecular the unde_rgo_lng reaction paths of adsorbing molecules. The
lines starting from one DB site on the Si(100)(2)-H surface present findings are expected to promote further study to find
has been studied using STM at 300 K. We observed that acetonrvmore, moleculgs that can gndgrgo facile reactions ‘in both
molecules undergo a very facile and selective chain reaction Q|rectlons, leading to the fabrication of more complex molecular
with a DB site on the Si(100)-(21)-H surface, forming line structures on the surface.
molecular lines in the parallel-row direction. The facile reaction  Acknowledgment. This work is supported in part by the
of acetone molecules with a DB site enables us to fabricate aGrant-in Aid for Scientific Research on Priority Areas “Electron
junction of a cross-row ALM line and a parallel-row acetone transport through a linked molecule in nano-scale” (No.

line from one DB site at a predefined location. This result 17069006) from the Ministry of Education, Culture, Sports,
suggests that a chain reaction initiated by a DB site can be Scjence and Technology, Japan.

directed from the cross-row direction to the parallel-row

direction at a desired point on the surface by changing the feed NOte Added after ASAP Publication. After this paper was
of reacting molecules into the chamber. Unlike other molecules, PuPlished ASAP September 19, 2007, a change was made in

acetone molecules show exclusively single molecular lines, in sentence 4 of the first paragraph of text. The corrected version

which molecules are bonded to one of the-Si dimer atoms ~ Was published ASAP September 24, 2007.
lying on the same side of a row; i.e., the chain reaction does
not flip onto the other side in a dimer row. The registries of an JA074464+
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