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In this study, carried out by analysis of intensities and spot profiles in low energy electron diffraction, we
investigated the influence of electronegative oxygen atoms as dopants on the long range order, the thermal
stability, and the type of phase transitions in the strongly anisotropic chain system Sr(@h2vio the low
coverage regime at constant Sr concentrations up to 0.2 monol@yiens where the pure Sr layers show
p(8x 1) andp(5 X 1) structures, respectively. A single oxygen atom always influences many unit cells of Sr, as
expected from a model of coupling the Sr chains by Friedel oscillations. Whereas concentrations of only
0.02 ML of oxygen transform th@(8x 1) into a p(9X1) structure, small concentrations of oxygen atoms
stabilize, but do not alter thg(9x 1) structure over a wide range of oxygen concentrations. Oxygen induced
disappearance of depinning transitions was found already for concentrations above 0.01 ML. For these con-
centrations only melting transitions are still observed. In a concentration range of oxygen and Sr atoms
between 1:2 and 1:1 incommensurate structures are formed yielding finally islan¢3.8Kdl) structure in all
cases, interpreted as a sign of beginning formation of mixed oxides. Implications for adsorbate induced
structuring of templates are discussed.

DOI: 10.1103/PhysRevB.69.235414 PACS nuni®er64.70.Rh, 68.35.Rh

[. INTRODUCTION reconstructed Apart from the formation of strongly coupled
chains, which is a local electronic effect, the coupling

Structuring by self-organized processes is particularly atmechanism between chains over distances up to 8 or even 9
tractive in reduced dimensionality, e.g., on surfaces of singléattice constants and the relatively high thermal stabilitg-
Crysta|5_ Here Structuring is possib|e both on the true nanocomes visible by the adsorbate induced vertical and lateral
scale, i.e., on the scale of a few atomic distances, but also diglaxation, which have been investigated in detail by low
mesoscopic scalésWhereas the latter may involve destabi- €N€rgy elecgrgon diffractioLEED)-IV analysis for Li and Sr
lization of certain orientations of surfaces, e.g., by adsorbe@" Mo(112.”*"Wavelike modulations of the substrate den-
layers at various concentratioddthe former are governed S In the topmost three substrate layers have been found
by structures formed by the adsorbate itself. The chain struct-hat are induced by the adsorbate. These modulations may be

tures investigated in the study presented here are examples ggﬁlg{ne;[ ?hyeclg:rerlll?gu?galsglClsri:aec:z(gggirl]lzt?gr?strilr? dilsgg?on
this type of structuring. Due to coupling between the ad- y : ’ y

sorbed particles, mostly by indirect interactions through thethe distortions of the electron density due to the adsorbate,

bstrat ; | dered struct b tan couple with the lattice and cause a lateral interaction
substrate, various long range ordered structures can be a|5%tential also between the adsorbate chains. Surface states

justed and sometimes simply be tuned by concentrétlon.cmssmg the Fermi level have indeed been found in density
Strongly anisotropic surfaces, or surfaces with an adsorbaignctional calculations on the clean surface of i)\t
induced reduction of symmetry, are particularly interesting insjnce the electron density of states close to the Fermi level
this context: from bulk states is low in the topmost substrate layers, as
As will be shown below, adsorbed atoms form chainshown in Ref. 11, the influence of surface states actually
structures on a variety of such surfaces, which seem to bgominates. Although our previous experiments and those de-
coupled by adsorbate induced one-dimensional Friedel oscikcribed here can provide only indirect evidence, a plausible
lations that screen the electronic distortion of the chemicaphysical scenario is that the periodicity of the chain structure
bond between adsorbate and substrate. The characteristitthe adsorbate as well as the adsorbate induced relaxations
wavelength of this screening is the Fermi wavelength. On an the substrate are stabilized by adsorbate induced charge
surface with large contributions by surface states, the effeadensity waves in these systefst?-15The Fermi wave vec-
tive electron density at the surface may be modified by adtor can indeed be effectively tuned by the use of different
sorbates, thus changing the effective wavelength. This typadsorbates and by their concentration, as shown for Li and
of coupling offers large flexibility and opens a wide range of Sr, which form ordered structures with different chain sepa-
possibilities for manipulation. It is the purpose of this paperrations.
to show to which extent such a model is realistic. In this paper we extend a recent study that concentrated
We use for our investigations Sr atoms adsorbed omn the thermodynamic properties of the pure SYMQ)
Mo(112), which form, as many electropositive elements onsystem at coverages up to 0.2 monolay®tk ).16 In order to
channeled metal surfaces, lingan X 1) chain structures at test the proposed coupling mechanism between chains—a
low coverage$with n up to 9. Contrary to the structurally mixture of dipole-dipole repulsion and an oscillatory part
similar (110 surfaces of transition metals with a fcc crystal due to the charge density wavs-but also to demonstrate
structure like Au or Pt, the Mdl2 surface is not its limitations, we added electronegative atomic oxygen to
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the ordered structures of electropositive Sr at low coverages. s

a) p(8x1) b) =
We show that, contrary to the generally accepted role of =
impurities to destroy long range order, oxygen is able to even ‘ .
stabilize and modify long range order at concentrations far “H —dd
below one atom per unit cell. In addition, it also modifies the
observed phase transitions quantitatively so that the two pre- -

dicted transitions from a commensurate-incommensurate
transition to a striped soliton phase by formation of domain
walls and a second transition of continuous melting of these c) p(5x1) d) -
solitons by unbinding of pairs of kinks merges into one B

transition.

Il. EXPERIMENT

—13.6 A —

To perform the experiments, we used the UHV system
and the experimental setup described eafitér:®1° The FIG. 1. (Color onling Real and reciprocal space images of the

base pressure in the vacuum chamber between 0.7 and 1% induced low-coverage commensurate structyréx 1) and

X 107" mbar was kept all the time, i.e., both during deposi-p(5x 1). Unit cells of the substrate and the superstructures are
tion and subsequent measurements. marked.

The same molybdenum sample as in our previous
819 L :
studie$'® was used as substrate, which is characterized B¥robes like tunneling microscopy for the large unit cells of

averag£{112) terrace sizes of 350 A 550 A along thg111] the p(8 X 1), p(5x 1), andp(9x 1) structures, which corre-
and[110] axes, respectively. The Mbl2) sample was rou- spond to saturation coverages of 0.125 and 0.2 ML, respec-
tinely cleaned by many heating cycles in oxygen betweeriively. The LEED patterns of these structures together with
800 and 2000 K. Oxygen was finally removed by severareal space models are shown in Fig. 1. A SPECTALEED
heating cycles to 2400 K in vacuum. Auger electron specinstrument equipped with a slow scan charge coupled device
troscopy was used to check the purity of the substrate angamera was used for studying the surface structure. The
adsorbate. The coverades defined as the ratio of adsorbate stored images of the LEED patterns were used to obtain the
to substrate surface atom concentrations. For both Sr argeak intensities and full widths at half maximuWHM)
oxygen it was determined from the deposition time and fronfor the particular spots. Data were taken at intervals of 4 s
work function measurements calibrated by means of LEEDIuring heating and cooling at a rate of 0.2 Kbetween 400

in the coverage rangé=0-0.5 ML for pure layers using the and 600 K,0.5 K/&

maximum intensities of the various LEED structures of both
oxygen?%2! here in particular thé2x 1) structure at a cov-
erage of 0.5, and the well-known Sr LEED structiitds.
this range of coverage the relation between the coverage and A. Doping of oxygen atoms to thep(8X 1) layer of Sr
LEED pattern is unique. With the contact potential difference

(CPD) method we tested that the work function changes We start with investigations of modifications of the Sr-
were additive for the mixtures and did not depend on thelnducedp(8><1) structure, which corresponds to an optimal
overage of 0.125 ML, by doping it with oxygen. In Fig. 2

sequence of adsorption. The same work function change% .
have been observed for fixed exposures also in the mixedf© show a section of the LEED pattern of i@ 1) struc-

layers so that we can safely assume that the sticking coefffUre at & constant Sr coverage of 0.11 as a function of oxygen
cients are unchanged with respect to the pure layers for this

system. The flux of the Sr source, described below, could be ((_1)1) (& |

held constant within a few percent over hours, so that cov- D i ik
k3
D 2

III. RESULTS AND DISCUSSION

erages on the surface were determined by exposure times
with a precision of less than 5% for all coverages.

An atomic-beam source of Sr was built by thermal acti-
vation in UHV of SrQ mixed with Al powder?? Deposition
of the adsorbates Sr and oxygen was carried out at the lowest
available substrate temperatu@0 K). Measurements were FIG. 2. Sections of the LEED pattefi imary=80 €V, surface

only started after annealing these layers to 700 K. Each ansmperature 70 Kbetween(01) and(11) spots at various concen-
nealing step lasted 30 s and was followed by a gradual temrations of oxygen added to a constant Sr coverage of 0.11 ML. The
perature decrease at a rate of -4 K/s back to the base tengftmost pattern is that of a pure Sr layer at this coverage. For better
perature. orientation, thick gray lines mark the positions of the integer order

The method of electron diffraction, used for all our mea-peams, the thin line that of th%ﬂ spot. Note the positional
surements, directly yields the thermodynamic averages of inchanges of the superstructure spots as a function of oxygen
terest. These would be almost impossible to derive with locatoncentration.

an

+0.01 +0.02  +0.03 +0.04 +0.06 +0.10
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FIG. 3. Position of the21) spot ink space as a function of FIG. 4. Srp(8x1)+0.02 ML oxygen: Full widths at half maxi-
surface temperature after adsorption of 0.11 ML of Sr and 0.02 MLmum (FWHM) of the(gl) spot in 111and in 01 directions for the
of oxygen. same conditions as in Fig. 3.

seen(not shown. From the constant position up to this tem-
beam contains all information about periodic structuralper""tur.e we concluld.e that, in contrast to the pure Sr system,
) ) = no depinning transition occurs. Instead the order of gt
changes, since these happen only unilaterally in[@#0] . 1 grycture persists up to this temperature, as seen from
direction. For reasons of presentation, those sections that ajge temperature behavior of the half-widths, shown in Fig. 4.
horizontal in Fig. 1 are arranged vertically here. _ Different from the pure Sr system, which exhibits a gradual
Only the very small concentration of oxygen impurity of j,crease of the FWHMs above the depinning transition, these

1% of a monolayef1%ML) has the typical impurity effect:  giay constant below 290 K in the oxygen doped system, fol-
It disturbs the original order, as visible in the further reduc—IOWed by a significant increase in tr[aTO] direction at

tion of intensity of the higher order fractional beams. The . . A
y e g higher temperatures, again an indication that no phase tran-

addition of 0.02 ML, however, has the opposite effect. It i below this t i Similar to th S
generates new long range order and changes the origin§| lon occurs below this temperature. simifar o the pure sr

p(8X 1) structure to g(9X 1) structure. This concentration System at this coverage, the half-widths in fe 1] direc-
of oxygen doping yields the best long range order for thistion change little at temperatures above melting, indicating
structure, as also visible by it highest thermal stability com-that the chain separation of 9 lattice consta#tsn the pure
pared with other oxygen concentrations. Sr system is strongly favored even at high temperatures.
The phase transitions at a constant Sr coverage of 0.11 The change of the average chain separation from 8 to 9
and at various concentrations of oxygen between O anffttice constants induced by small concentrations of oxygen,
0.04 ML have been determined using both spot profiles anégether with a constant overall density of Sr, implies that
integral intensitie§an example for the extraction of transi- there is an excess coverage of Sr on the surface that has to be
tion temperatures, etc., will be shown below for thes ~ accommodated within the new ordered structure. This could
X 1) structurd. For the pure Sr layer, two small anomalies _be accomplished, e.g., e|t.her by introducing point defects
were observed in the integral intensities as a function of temiNto the layer or by doubling some of the chains. LEED,
perature, as described in detail in Ref. 16 for the pure systengSPecially at these very low concentrations, has only a lim-
The anomaly close to 96 K was attributed to a depinning‘tEd ability to discriminate between the various possibilities.
transition of the Sr chain lattice, since it was found to be The results of temperature driven phase transitions, de-
correlated with the onset of a change of the average latticEved from integral LEED intensities of superstructure beam
constant whereas the anomaly at 197 K marks melting of ntensities, as described above, for a constant Sr concentra-
the chain lattice, indicated by a significant acceleration of thdion of 0.11 ML, but varying concentrations of oxygen at-

loss of long range correlations mainly in thE10] direction. oms, are summarized in the phase diagram shown in Fig. 5.

Th its for the(8 x 1) struct f1h S ¢ It emphazises two effects: First, any depinning transitions are
ese results for B ) structure ot the pureé Srsystem ooy already by traces of oxygen, and for all coverages
are included in the phase diagrasee Fig. 5 beloy

of oxygen. Second, the new orderp(® X 1) structure that
The addition of small amounts of oxygen to the8 < 1) Yo P> 1)

. ) 7 appears is induced by a rather narrow range of oxygen con-
ordered Sr layer eliminates the observation of a depinnin Pp y g Y9

= ) entrations. These small concentrations of oxygen in fact ex-
transition already for the smallest oxygen concentration oy e the possibility that there is a correlation between the
0.01 ML. This can be clearly seen from Fig. 3, where they,yqen atoms. If they would form islands with any kind of
position of the(sl) superstructure spot after additional ad- structure, this would exclude any influence on the whole av-
sorption of 0.02 ML of oxygen is plotted as a function of erage lattice constant of the adsorbed Sr layer. A correlation
temperature. As can be seen from this figure, the position obf oxygen with the Sr chains, however, is possible, but not
this spot is unchangeg@within limits of uncertainty up to  detectable with LEED at these concentrations. In any case,
290 K, where the only anomaly in the integrated intensity iswe note that the adsorption of traces of oxygen influences the

concentration. This section between 1) and the(11)
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FIG. 5. Phase diagram induced by a varying oxygen concentra-
tion as indicated, determined for a constant Sr coverage of
0.11 ML. Lines mark experimentally observed ranges of stability

with exact transition temperatures determined at some coverages é B i
(dots, whereas dashed lines complete the phase diagram in experi- S H
mentally inaccessible temperature ranges. FS means floating solid. gt
E L
=
average correlations of the whole layer so that the effect of B f ]

oxygen is not just local. I
The p(9X 1) structure is in fact the only oxygen induced L L L L L

long range ordered structure in this adsorbate system. It is 100~ 200 300 400 500 600

also remarkable that oxygen not only induces this new or- Temperature (K)

dered structure, but also that the thermal stability of this

::323:2 sz Sttrzonglly infgncedtcr%m[gi)r(ed with lﬂﬁﬁxtl) fi superstructure spots with added oxygen as impuiityegration

b 003 MLe r::ea |Sy3et ’ d );ge_n C(_)ncer} ra ('jongver rectangles with a side ratio of 1:Xhe various curves corre-
a gveb : ! OW?V?’ eaf 0 86aMLe erlohratlfon ot or efrspond to long sides between 4.3% Bdwest curvg and 6.5%. The
and, above a concentration 0. . » 10 the formation o example is taken for th%l) spot of thep(5X 1) structure at a Sr
very Sma" ordc_ered patc_hes with(8.3x 1) structure_, as seen coverage of 0.2 ML with 0.02 ML of oxygen added. Bottom: Dif-
from Fig. 2. This formation of short range correlations can b&grentiated 4.3% curve from above after Gaussian smooth. Arrows
regarded as an indication for the beginning of oxide formamark phase transitions.
tion once a ratio between oxygen and Sr atoms of 1.2 is
reached or exceeded. This oxidic species is strongly influ-

enced by the presence of the Mo substrate and should not l§mpllf|cat|on is also illustrated by our investigations of the

viewed as a simple SgGpecies. f-p(5x 1) structure desribed in the next section.

The overall behavior just described, in particular the in-
crease of lattice constant by dqping a Sr layer with electrone- g The effect of oxygen atoms on the(5X 1) structure
gative oxygen atoms, at first sight seems to be fully compat- i ) i
ible with the model of one-dimensional coupling by Friedel ~ Similar experiments as just described for thep&8x 1)
oscillations. Oxygen is known to form a fairly strong bond Structure have also been carried out for the Sr indyuéd
both with metals with the bonding orbital typically several X 1) structure, which is completed at a Sr coverage of 0.20.
eV below the Fermi leve(see, e.g., Ref. 23 This bond Here we find that up to an additional oxygen concentration
formation is generally found to reduce the electron density aof 0.08 ML the average lattice constant of the Sr chain struc-
the Fermi leveP3 and to lead finally to the formation of ture is virtually unchanged in both directions at a substrate
oxides, where this density & is zero. A reduction of the temperature of 80 K.
electron density &g, on the other hand, leads to an decrease First we show in Fig6 a representative example of the
of ke and thus to an increase of the wavelength of the oscildetermination of phase transitions from integrated intensities
latory part of the potential. Therefore a continuous increaséor the p(5Xx 1) structure at an Sr coverage of 0.2 ML with
of the lattice constant as a function of oxygen concentratiorthe addition of 0.02 ML of oxygen atoms. The two small
is predicted by this model that may be discretized by theanomalies both in the integrated intensities and, more pro-
superposition with the strongly site specific local potential ofnounced, in the derivative with respect to temperature, which
the chemical bond between Sr and Mo that would lead to are attributed, as already mentioned, to the depinning transi-
sequence of commensurate structures. The absence of atgn of the Sr chain lattice and to melting of the chain lattice,
other ordered structure besidp8x 1) andp(9x 1) limits  are clearly seen.
the quantitative applicability of this model to only very small ~ Contrary to thep(8 X 1) layer, however, we can still ob-
concentrations of oxygen. That this model is an over-serve a depinning transition in the 85X 1) layer for very

FIG. 6. Top: Example of integrated intensities of Sr induced
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FIG. 8. Temperature dependence of the full widths at half maxi-
mum (FWHM), determined for théf—‘.)l) superstructure spot of the
Srp(5X 1) structure at a Sr coverage of 0.2 ML with 0.01 ML of
oxygen added. Data points are for tfiel 1) (circles and the(110)

. . directions (squares Dashed lines are only guides to the eye to

small concentrations of addedpxyg@hOl to 0.02 MU, in underline (th(l couSpIing of the phase traniitigons of depinninyg and
contrast to thep(8 X 1) layer. This difference may be caused melting.

by the smaller relative concentration between Sr and oxygen

atoms in thep(5X 1) structure at the given concentrations. It

emphasizes the extremely strong global effect of oxygergram of Fig. 9. It can be divided into several sections. The
doping in these anisotropic layers. first is characterized by simple stabilizationg{B x 1) order

The change of the average lattice constant in[tt@] at low oxygen concentratiofup o ©¢,=0.04 ML), with

direction as a function of temperature for a constant Sr covpOth depinning and melting transitions still observable. Al-

erage of 0.20, with 0.01 ML of oxygen added, is shown inready the smallest oxygen concentration ad@:@l ML) is
Fig. 7 Debinr;ing fomjnd at 220 K for this con,centration of sufficient, as already described above, to increase both the

oxygen from the integrated intensities and marked by an att_ransmons for depinning and melting by roughly_ 100 K. A
row, conincides within error bare10 K), as expected, with small plateau follows up to an oxygen concentration of about

the onset of a change of the average lattice constant at thfg% ML, where the transition temperatures change little as a

concentration of oxygen atoms. The apparent slight shift o unqtlop of oxygen concent'ratmn. Close @,,=0.04 ML. .
geplnnlng and melting transitions can no longer be discrimi-

nated, and only a melting transition is observed. The behav-
ior of the transitions, in particular the expansion of the lattice

8pon depinning, remains similiar to the results just described
in detail for the oxygen concentration of 0.01 ML.

FIG. 7. Distance betwee@l) and (Tl) spots as a function of
temperature for thep(5X 1) structure doped with 0.01 ML of
oxygen.

the lattice constant in opposite direction at lower temperatur
is an artifact of our profile fitting routine and not real. Under
the influence of the traces of adsorbed oxygen the depinnin
temperature has more than doubl@b K for the pure Sr

-p(5x 1) layer]. Even more remarkable is the fact that the
average lattice constant now shrinks above the depinning

temperature, whereas it expanded for the purep(Grx 1) 600rT T T . T
layer!® The melting transition at 380 K can only be seen /1
approximately in Fig. 7 as the end of the lattice expansion. 500'F : \ ]
The precise position was determined from the weak anomaly . F
of the integrated intensity, similar to the pure Sr system. This & 400 /,/ ] ]
transition also is shifted upwards in temperature under the “é / \\ //
influence of oxygen by roughly 150 K. _ _ g 300F | Fs R *

Depinning and melting transitions are again coupled with g P ! *
characteristic changes of slope in the temperature depen- = 200‘,,’ i \ B ]
dence of the half-widths of the spot profilesee Fig. 8. At N /
variance with an ideal system, we see a loss of correlation in 100r¢ i SN ]
both measured directions already at the onset of depinning, . . . p(mx1) .
as indicated by an increase of FWHM with increasing tem- 0% 0.05 0.1 0.15 0.2

perature close to 220 K. The melting transition is correlated Oxygen coverage (ML)

W|th_an' addlltlonal increase of slope, more clearly seen in the FIG. 9. Phase diagram for 0.2 ML Sr as a function of added

(111) direction. - oxygen concentration up to 0.20 ML of oxygen. Black dots repre-
The strong stabilization of thp(5X 1) structure by dop-  sent experimentally measured transition temperatures. Lines mean

ing it with oxygen is demonstrated at various oxygen con-qualitative observations but are drawn to complement the phase
centrations, but fixed Sr coverage of 0.20 in the phase diadiagram. F means fluid phase, FS floating solid.
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FIG. 10. Change of lattice constant of thés X 1) structure in Oxygen concentration (ML)

the [111] direction as a function of oxygen concentration. The

FIG. 11. Half-widths of thd21 t, which shift: functi
chains in the perpendicular direction remain close-packed. aiwidins o 45 )spo WhICh STITES @s & function

of oxygen concentration in the range between &:@8,,<0.14 to
the spot at the 0.7 position.
In the second sectiof®,,=<0.08 ML), the stabilization of
the p(5x 1) structure has reached transition temperaturegvhat happens with the smaller oxygen concentrations. There-
above 600 K, i.e., they exceed the temperature limit of oufore we call this part steps towards oxidation.
equipment for quantitative phase transition measurements. The average lattice constant starts to be changed by the
From the steep slope of the phase boundaries in Fig. 9 it magddition of atomic oxygen above a critical concentration of
be possible that the melting temperature exceeds even typic&ox=0.08 ML. Whereas the close-packed chains remain in-
temperatures of desorption which set in above 1000 Ktact, all superstructure spots are unilaterally and g)ntinuously
Please note that this extreme stabilization of 6 X1)  shifted by the additional oxygen adsorption in the Hirkc-
structure is induced by oxygen concentrations that corretion, resulting in incommensuraten< 1) structures with in-
spond still to only one oxygen atom per three unit cells of Srcommensuraten. This transitional range is rather narrow and
This means that the global action of the admixture of oxygerends close to a concentration®f,=0.14 ML. The structure
is maintained also in this structure. In contrast to the effect oformed at this and higher oxygen concentrations, still at a
oxygen on thep(8x1) structure, thep(5X 1) structure is  constant coverage of Sr of 0.20, is still incommensurate with
unchanged by the addition of oxygen atoms, which was unm=3.3. This means that a new stable structure is formed.
expected in view of the results at lower Sr coverage. On th&ince the half-widths of the LEED spots as a function of
other hand, the oxygen induced stabilization of long rangexygen concentration shown in Fig. 11 get still narrower
order is observed in both th@E5x 1) and thep(9x 1) struc-  when further oxygen is added exceeding the concentration of
tures. Similar to the observation of the oxygen induced newd.14, an optimal ratio O/Sr for this structure seems to be
long range ordere@d(9< 1) structure, the observation of im- close to 1:1. Ai®,,=0.20 ML the FWHMs are close to those
purity induced stabilization against thermal disorder is als@lso seen for the pure Sr layer that seem to be characteristic
at variance with the standard models of impurity inducedfor the perfectness of the Mo surface.
disorder and destruction of phase transitié® A second The (3.3x 1) unit cell is most likely a primitive unit cell,
similarity between the results of addition of oxygen to thecontaining only one Sr and one oxygen atom. This follows
p(8x1) and p(5x1) structures is that the oxygen atoms from the concentration of Sr available on the surface
themselves are not correlated, since at concentrations beloi®.2 ML) and from the ratio of 1:1. Even with a primitive
0.09 ML they do not induce any order that is different from unit cell, this structure cannot fill the whole surface, i.e., it
the clean Sp(5X 1) layer. The onset of a continuous change must form islands. This explains the relatively short correla-
of lattice constants above a critical oxygen concentration ofion lengths observed in this structure. However, this struc-
0,,=0.09 ML marks the beginning of the third section. ture, although incommensurate, seems to be the most stable
for a Sr/O mixture close to a ratio of 1:1 in the whole low
coverage regime. Very small islands, giving a very faint
C. Steps towards oxidation LEED pattern, but with the same lattice constant, have also
been found for a Sr coverage of 0.11 ML and similar oxygen
As seen from Fig. 10, thp(5 X 1) structure can indeed be concentrationgsee the rightmost section of Fig).?2
destabilized once a ratio between oxygen and Sr of roughly Although the exact locations of both Sr and oxygen atoms
1:2 is reached. At these relatively high concentrations otan only be determined by, e.g., quantitative LEED, which is
oxygen it seems that the local bond formation between oxyunder way, some qualitative considerations already reveal
gen and the nearest neighbor Sr and Mo atoms of the surfa@@me interesting properties. First, the effective nearest neigh-
dominates. This resembles more an oxidation process thayor distances between equivalent SrO ug@0 A in the
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[11I] direction, 4.46 A in the{lTO] direction are far off the lar transition would be expected for tE5x 1) structure,
underlining the fact that oxygen forms a bond both with Srthis simple one-dimensional model applied to an in fact two-
and with the Mo substrate. Second, the transition region bedimensional system, the global nature of the interaction of
tween thep(5x 1) and the(3.3X 1) structure in the oxygen ©Xygen atoms with whole Sr structure remains valid. The
concentration range between 0:08 < 0.14 exhibits a con- disappearance of the depinning transitions under the influ-
tinuous change of the average lattice constaee Fig. 1p  €nce of oxygen is directly coupled with the observed stabi-
that is most easily rationalized by the formation of a domainiization effect of thep(5x1) structure, which indicates that
wall network. The local structure in the domain walls corre-alS0 the energies of activation for depinning increase.
sponds most likely to that of thé3.3x 1) structure, i.e., It is worth mentioning that the delocalized interaction of
heavy domain walls are formed. This means thggx 1)  Oxygen with the Sris the still dominating mechanism also at
and(3.3x 1) structures do not demix. Demixing only occurs half monolayer coverage of Sfwhere for the pure system a
between(3.3x 1) islands and parts of the MbL2) surface c(2x 2) structure is formed, which cannot be described as a

that are essentially empty or have a much lower concentraﬁhain structure. Dgpending on concentration, incommensu-
tion of Sr and O rate c(2xX q) domain wall structures are formed under the

influence of oxygen, finally yielding & X 1) structure with
higher symmetry at a concentration of one oxygen atom per
IV. CONCLUSIONS four Sr unit cells. All these structures can only be explained
The influence of very small concentrations of oxygen onPY €xplicitly taking into account the full two-dimensional

the long range order in the chain structures of Sr orProperties of the electronic system. _
Mo(112—and presumably also in other systems with similar More local interactions are necessary to explain the struc-
types of order—is shown in our study not to destroy |ongtures _found at_hlgh_oxygen concentrations for oxygen to
range order, as expected for impurities causing a randorarontium atomic ratios between 1:2 and 1:1. While these
field-like distortion of the interaction potential. Although the Structures and their properties need further investigations, in
oxygen impurities themselves cannot not be ordered accord@rticular of their local geometries, it is important to note
ing to our results, they are able to stabilize and even changd@t these adsorbate systems of electropositive elements on a
lateral correlations between the Sr chains. Since the concestrongly anisotropic surface like the Md.2) surface exhibit
trations of oxygen atoms are far below one atom per adso@ SUrPrisingly rich variety and tunability of periodic order.
bate unit cell, the oxygen atoms can only interact globally! NiS tunability is even enhanced by doping such layers with
with the electronic system at the surface. The simplest modéil€ctronegative elements like oxygen. From these findings it
how this interaction takes place is by modifications of theS€€MS 0 be attractive to explore the possibilities of using
adsorbate induced Friedel oscillations screening the adsop!Ch surfaces as templates for stacks of modulated layers and
bate induced distortion of the electronic system at thdllMms. This will be an intriguing task, since also the adsorp-
surface?® Since the electronic density of states on thellon Of addional layers will modify the electronic system of
Mo(112) surface is mostly governed by surface stateis, the orllglnal surface thus varying again effective interaction
can be easily modified by adsorbates, thereby also changirRftentials.
the effective Fermi wavelength at the surface.
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