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Abstract: A p(2x3)-N Ag(110) surface obtained by™and/or N+ ion bombardment gave a desorption peak of N

at 530 K. When this p(3)-N Ag(110) surface was exposed t@ & room temperature, the LEED pattern showed

a combined structure of [p§3)-N + p(2x1)-O]. The STM image proved the growth of the Ag—O—) and
(Ag2N) strings in the [001] and [10] directions, respectively. The TPD spectrum of the combined surface gave the
desorption of N at 530 K, NO at 496520 K, and Q at 600 K. When this [p(23)-N + p(2x1)-O] Ag(110)
surface was illuminated with a UV light at room temperature, théd—O—) strings in the STM image were
selectively erased although the (AY underwent little influence, and the LEED pattern changed to the )N
structure. The TPD spectrum of the surface after the illumination gave gnlyTNese results indicate that surface
migration of N atoms triggers the reaction between N and N yieldipgdNwell as N and O yielding NO on the
surface. Selective photobleaching for the combined structure may suggest a feasibility of atomic scale lithography
of the surface by using photochemical reactions.

Introduction 0,
. o L &or (-Cu-0-)
So far the surface phenomena caused by interactions with © ——> Qepegege
gases have been explained by the adsorption of molecules or l

the atoms, but the formation of quasicompounds or pseudo- Cu(110)

molecules has been pointed out on metal surfaces by usingFigure 1. Growing of (~Cu—0-) strings via (CuO)* intermediates
scanning tunneling microscope (STM) studie8ased on this ~ ©n the Cu(110) surface.

idea, the pfx1), p(2x1), and p(31) or p(2x1) structures
appearing on Ag(110), Cu(110), and Ni(110) surfaces exposed
to O, are explained by the growth of one-dimensional metal The Ag(110) disk (10x 13 x 1.5 mn¥) was cleaned by repeating
oxygen strings in the [001] direction and their self-assembly, Ar* ion sputtering and annealing at 620 K. The carbonaceous
respectively. The growth of{Cu—O-) chains on the Cu- contaminants were removed by exposure tg 104 '_I'orr of O, for
(110) surface is a kind of chemical reaction, and an intermediate 10 S at room temperature and was followed by heating up to 670 K for
of (CuO)* species is a precursor for the formation of a 5 min. The temperature programmed desorption (TPD) experiments

uasicompound of{Cu—0—) chains as illustrated in Figure were carried out in a main UHV chamber and the illumination of the
q P 9 Ag(110) surface was performed by a high-pressure mercury lamp (500

1. Similar precursor species were also presumed to explain the\y through a sapphire window. The wavelength of the UV light was
temperature-dependent elastic reflection of electrons on a O 310-510 nm. The scanning tunneling microscopy (STM) experiment
preadsorbed Ag(110) surféceand more direct evidence has  was performed in another UHV chamber by using a Rasterscope-3000
been shown by the transportation of (CuO)* precursor from a (DME Co.). N atoms were supplied on the Ag(110) surface by N-ion
Cu-coated W-tip onto the Ag(110) surface in the presence of bombardment{350 eV) at room temperature. The STM images were
0.3 Based on this idea, we intended to grow theCu—O—) obtained by constant-current mode at room temperature with a W-tip.
strings on the Ag(110) surface by supplying (CuO)* intermedi-
ates on the Ag(110) surface and the growth fC{i—O—)
chains in the [1@] direction on the Ag(110) surface was
attained* The (—~Cu—O-) chains grown on the Ag(110) . . . .
surface are less stable compared to those on the Cu(110) surface r;l’he S|I?/er surface is mactwe; for the a[;jsort;))tlt()jn doj Nﬁt
so that they undergo decomposition into uniform size §Cu) Wwhen a clean (x1) Ag(110) surface was bombarded with N

- . and/or N* ions at room temperature, the LEED pattern changed
cluster dots arrayed along the [f]laxis on the Ag(110) surface. t0 a p(2x3) pattern. Figure 2a is an STM image for the

In this paper, a combined structure of quasicompounds of N_aqsorbed Ag(110) surface, where many stripes are arranged
(AgzN) and (~Ag—O-) strings was prepared on the Ag(110) i, the three-lattice spacing toward the [001] direction, and Figure

surfac_e. This new Ag(llO) surface ShOV\_’S an interesting 2b shows the internal structure of the stripe having two times
selective photobleaching of the-fg—O—) strings by a UV hqriqicity along the [10] direction. These STM images of
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light a(;ld a s(ljmultarg)eoushthermal recombination oftNN — the p(2<3) structure are similar to that of the p{3)-N on the

Nz and N+ NO at the same temperature. Cu(110) surfaceand on the Ni(110) surfabe This stripe should
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(a)

Figure 2. (a) STM image of the p(23)-N Ag(110) surface (17% 175 A?) obtained by N-ion bombardment at room temperature. (b) Zoom-in

image of the p(X3)-N Ag(110) surface (44 44 A?). (c) The structural
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Figure 3. TPD spectra of B O,, and NO molecules desorbed from
the Ag(110) surface. The heating rate was 3 K/s. (a) TPD spectrum
of N2 (m/e28) from the p(x3)-N Ag(110) surface. (b) TPD spectra
of N2 (m/e 28), O, (m/e 32), and NO Kn/e 30) desorbing from the
[P(2x1)(—Ag—0-) + p(2x3)(AgN)] Ag(110) surface. (c) TPD
spectra from the [p(R1)(—Ag—0O—) + p(2x3)(AgN)] Ag(110)
surface after UV illumination.

be assigned to the (Al) added row, a kind of quasicompound
formed on the Ag(110) surface by reacting Ag atoms with N
atoms. Figure 2c shows the model for the p&-N structure,
details of which will be discussed elsewhéréhe desorption
peak of N (m/e=28) from the p(x3)-N Ag(110) surface was
observed at ca. 520 K as shown in Figure 3a and the )2
LEED pattern disappeared. The STM image proved complete
decomposition of the (AgN) quasicompound.

When a p(Z%3)-N Ag(110) surface such as shown in Figure
1la was exposed to 6000 L@t room temperature, a combined
LEED pattern for the p(1)-O + p(2x3)-N structures ap-
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models for pB)-N and p(21)-O on Ag(110).

peared. The STM image shows the growth efAg—0-)
strings in the [001] direction. The growth of Ag—0O—) strings
promotes arraying of (AgN) sticks in p(2x3) as shown in
Figure 4a. The model for [pf21)-O + p(2x3)-N] coexisting
at the Ag(110) surface is shown in Figure 2c. TheAg—
O-) strings on the clean Ag(110) surface prefer to disperse at
low coverage by repulsive interactiriput the Ag—0-)
strings coexisting with (AgN) stripes on Ag(110) are com-
pressed by the growth of (AY) stripes. Similar compression
of the (hx1) (—Ag—0O-) strings was observed when g¢@as
adsorbed on the surface, where the carbonate species formed
along the [001] direction compress theng(l) (—Ag—0-)
structure into the p(R1) structure® The p(3x1) (—Ni—0-)
Ni(110) surface is also compressed into the {2 arrangement
by the growth of £Ni—H—) strings in the [10] directiori® as
well as by the adsorption of benzéher NH;.12

When a [p(Z1)-O + p(2x 3)-N] Ag(110) surface was heated,
not only the desorption of N490-520 K) and Q (600 K) but
also the desorption of NO (m/e= 30) was observed at
temperature very close to the, Nlesorption temperature as
shown in Figure 3b. The NO molecule did not adsorb on the
clean Ag(110) surface after exposure to 6000 L of NO, although
a reference reported the desorption of NO from the Ag(110)
surface at 390 K3 Therefore, the desorption of NO from the
[p(2x1)-O + p(2x3)-N] Ag(110) surface is responsible for the
reaction of N and O. Although NO does not adsorb on the
clean Ag(110) surface, the sticking probability of NO on the
p(2x1)-O Ag(110) surface was found to be rather high, but the
desorption occurs at about 480 K, which is apparently lower
than the desorption peak of NO from the [p(®)-O + p(2x 3)-
N] Ag(110) surface shown in Figure 3b. By adsorbityO
on the [p(2<1)-O + p(2x3)-“N] Ag(110) surface, it was
confirmed that>NO was desorbed at around 480 K afNO
appeared at 520530 K. These results evidently indicate that
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(a) {b)
Figure 4. (a) STM image of a combined arrangement of thex®p (Ag:N) and the p(%x1) (—Ag—0-), which was prepared by exposing a
p(2x3)-N Ag(110) surface to 6000 L of £at room temperature (24% 241 A?). (b) Selective photobleaching of the Ag—O—) strings on a
[P(2x3)(Ag:N) + p(2x1)(—Ag—O-)] combined Ag(110) surface (288 288 A?).

1UNO molecules are directly produced by the reactiort4df indicates less mobility of the{Ag—0O—) strings arranged in
with oxygen. Therefore, we can conclude that the mutual p(2x1) on the Ag(110) surface at room temperature. In fact,
collision of N atoms yields Bland the collision of N atoms  sequential change of the LEED pattern from {3 to p(3x 1),
with (—Ag—0O-) strings yields NO so that NO and:N  p(4x1), and finally p(ix 1) was observed at temperatures higher
molecules desorb at the same temperature as observed in Figurghagn 390 K during the CO reductidh. Taking these facts into
3b. account, it is a noteworthy fact that although substrate temper-
When a p(Z1)-O Ag(110) surface was illuminated with UV ature was lower than 330 K, the illumination underwent a
light for 15-30 min at room temperature, the LEED pattern sequential change of therp¢1)-O LEED pattern. We pre-
underwent a sequential change from the {to (3x1), (4x1), sumed that £ Ag—O-) strings are more mobile on the Ag-
and finally (1x1), showing no oxygen remained by the AES. (110) surface during the illumination. On the other hand, we
On the other hand, when a [p(2)-O + p(2x3)-N] Ag(110) have to keep in mind that the lifetime of an excited state is in
surface was illuminated at room temperature, thelPLEED general very short on the surface, that is, the excess energy given

spots were selectively erased while the p8-N structure : . :
remained. This result indicates that the thermal effect from the by the illumination would be 'raplc.jly quenched .be.fore the
rearrangement of{Ag—0-—) strings in p(x1). If this is the

illumination can be ignored in this decomposition efAg— . . . .
TN h is | le than(Ag—O— case, the apparent high mobility of Ag—O—) strings with
O~) strings because the (A) is less stable than-{Ag—O-) illumination may be responsible for the formation of highly

strings on the Ag(110) surface. In fact, the substrate temperature ) - ! )
was carefully kept less than 330 K during the illumination. Mobile (AgO)* intermediates. That is, the local AQ bond
Therefore, it can be concluded that a selective photodecompo-May be broken by the UV light and (AgO)* and O intermedi-
sition of (—~Ag—0-) strings occurs on the Ag(110) surface. In ates are produced. These spices are highly mobile so that they
addition, only N desorption occurred but neither, @or NO undergo rearrangement inm{1) on the Ag(110) surface even
desorption peaks appeared in the TPD spectrum for{pf20 at room temperature. The produced (AgO)* intermediate may
+ p(2x3)-N] Ag(110) surfaces after the illumination as shown contribute to the formation of £and/or O* intermediates which
in Figure 3c. Thatis, the recombination of N atoms takes place are dissolved into the bulk. As a result, a sequential change of
but the reaction between N andAg—0O—) does not exist. the pfix1)-O LEED pattern with decreasing oxygen coverage
Figure 4b is an STM image which proves a selective photo- occurs on the Ag(110) surface with illumination. It should be
bleaching of the £Ag—0O—) strings, where only the p¢23) pointed out that the O* atoms produced by the photodecom-
(Ag2N) structure remained on the Ag(110) surface after the position of Ag—0O-) strings do not react with (Afy) stripes
illumination. It should be pointed out that Figure 4a and 4b although N atoms produced by the thermal decomposition of
are not the images for_ the same area because the iIIumination(AgzN) react with (Ag—O—) strings to produce the NO
was performed by taking the sample out of the STM holder, ngjecyle. This fact supports the idea that the (AgO)* and/or
but theT TPD results undoubt(_adly prove the selective photo- spices produced by the illumination may not have high
bleaching of the £Ag—0-) strings. excess energy due to rapid quenching. Details of the mechanism
It was observed by STM that \évhen a p(2)-O Ag(110) for the photodecomposition of the AgD bond are not clear
surface was exposed to ¥ 107 Torr of CO at room 4 the present time because we used only a high-pressure

temperature,€Ag—0O-) strings reacted with CO to produce | W) without a filter for this st
CO, with a decrease in the number ef Ag—0O—) strings. The mercury lamp (500 W) without a filter for this study.

unreacted{Ag—0—) strings kept aimost the same positidfs. It is an interesting sub_ject_ to protect a part of the photosepsi-
That is, they keep the p¢2l) arrangement. In fact, a p¢d) tive phase from the illumination. We could say that the reaction
LEED pattern remains during the CO reduction at room Of the (1x1) Ag(110)-O surface with CQis a topographic
temperature although the coverage of oxygen is low&@&tis masking reaction. Carbonate (§Qpecies are formed along
the (Ag—0O-—) strings in the [001] direction on the Ag(110)
L7((5]é4) Matsumoto, Y.; Okawa, Y.; Tanaka, Burf Sci Lett 1995 336, surfacé according to the reaction AgGG= (—Ag—0-) +

(15) Albers, H.; van der Wal, W. J. J.; Gijzeman, O. L. J.; Bootsma, G, CO2 and the carbonated part is insensitive to the photodecom-
A. Surf Sci 1978 77, 1. position. Therefore, the{Ag—0O—) strings can be recovered
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