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Spin-resolved photoemission investigation of the(2x 2) and c(3x 1) oxygen overlayers
on the Fg110 surface
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The oxygen adsorption on the @40 surface has been studied by spin- and angular-resolved photoemission
and low-energy electron diffraction techniques. At very low coverage, oxygen adsorbs in a sequence of
well-defined ordered structures:c§2x2) followed by ac(3X1). For thec(2X2) overlayer the oxygen
bands show hardly any dispersion along EHEO] direction of the surface Brillouin zone. A slightly larger
dispersion is instead detected for tbg8xX 1) overlayer. In both cases, the two-dimensional models for the
oxygen Z-derived bands do not seem to be appropriate. The spin-resolved data suggest a considerable
interaction with the Fe substrate. A relatively large exchange splitting=0.3 eV) is induced on the oxygen
2p bands, indicating a local magnetic moment on the oxygen sites. The considerably different line shape of the
O 2p emission in the two spin channels is also an indication of strong interaction of the oxygen adatoms with
the spin-dependent electronic structure of the ferromagnetic sub$Bat63-18208)05444-7

[. INTRODUCTION complex model, which takes into account the strong spin-
dependent hybridization with the polarized bands of the Fe
The study of adsorbed atoms on solid surfaces has beesubstrate.

one of the traditional applications of angle-resolved
photoemissiort. These studies have been particularly focused Il. EXPERIMENT
on single crystalline surfaces onto which the adsorbed spe-
cies form well-defined, ordere@upejstructures. From the
fundamental point of view, these cases are interesting b
cause they are good candidates to analyze the electro

The experiments have been performed at the USUA un-
dulator beamline at the National Synchrotron Light Source
rejiocated at the Brookhaven National LaboratdrJhe spin-
. . Shd angle-resolved photoemission spectra have been col-
structure O.f two-dl_mensmna(ZD)_ SyStemS' Furthermore, lected with a commercial VSW-50-mm spherical-analyzer
these_ studies provu_je \_/aluable |nformat|0r_1 on the Surfac%oupled with a low-energy diffuse-scattering spin polarime-
chemical bonds, which in turn are the starting point for im-(o; The total energy resolutidfight+electron spectrometer
portant subjects such as catalysis and corrosion. was set to 100 meV and the angular resolution was about 2°.
Particularly interesting is to analyze these ordered overtpe pase pressure in the measurement chamber was about
layers when the adsorption of the atomic species takes placgx 1012 torr. The deposition of thick Fe film&>50 A)
on a ferromagnetic surface. In all those cases the situation isave been performed viebeam evaporation on the (M10)
complicated because the spin-split electronic structure of thgubstrate kept at room temperature. The total pressure in-
substrate introduces spin-polarized boundary conditions fogreased to about210™° torr during film depositions. After
the interaction. One can then address issues such as the magshort postannealing of 1 min to about 500 °C, the Fe films
netic coupling between the adsorbed atoms and the substratsxhibit a sharp (k1) low-energy electron diffraction
the quenching of the surface magnetization on the substratg EED) pattern. The spin-resolved measurements have been
or, quite the opposite, the induced magnetization on the acddone in magnetic remanence with the sample magnetized
sorbed nonmagnetic species. along the[001] axes, which correspond to the easy axes for
Here we briefly report on an investigation of oxygen ad-these thick Fe film§.The oxygen exposures have been per-
sorbed on the R&10) surface. This system seems to be par-formed with the sample kept at room temperature and with-
ticularly appropriate for various reasons. It has been previeut additional postannealing, in order to avoid oxide forma-
ously reported that, at low coverage, oxygen adsorbs in @on.
series of well-defined ordered overlayers on thELE6) sur-
face: first ac(2x2) at 0.25 ML followed by ac(3x1) at lIl. DISCUSSION
0.33 ML2 Additionally, there exist already a few spin-
resolved studies of oxygen adsorbed on various Fe The photoemission specttieft column for the clean Fe
surface$* with which to compare photoemission data. surface (bottom) and for the two oxygen overlayefg(2
Our results show that for both oxygen overlaye2-  X2), middle;c(3% 1), top| are reported in Fig. 1. The cor-
X 2) andc(3x1)—the Fe-O interaction is dominant with responding LEED patterns are shown on the right side. In the
respect to the O-O one. As a consequence, the 2D picturgase of thec(3X 1) overlayer, the superstructure spots are
normally used for the electronic structure of theseconsiderably broader than in tisgé2x2) case. Furthermore,
overlayer$ is not appropriate. The picture of the electronic they sometimes appear to be split, possibly indicating micro-
structure of these overlayers has to be replaced with a morgcopic facetind.
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FIG. 1. Left column, comparison of the valence-band photo-
emission spectra taken in normal emission at 40 eV photon energy FIG. 2. Comparison of the angular dependence of the oxygen
with p light (6;=56°) and withs light (6,=35°). Bottom panel, 2p peak along th¢110] direction for the two oxygen overlayer on
clean F¢110 surface; middle panel, @(2x2) overlayer, 3 L  the F¢110) surfacec(2x 2), left (N’ =16°); c(3x 1), right (H”
oxygen exposure; top panel, €§3x1) overlayer 6 L oxygen ex-  =20.5°). The photon energy is 40 eV.
posure. Right column, LEED patterns corresponding to the photo-

emission spectra shown on the left side.

\pulk 21 band already mentioned. Second, the oxygen 2

photon energy in normal emission. In these conditions, th&Mission develops, with its typical feature located at about 6
emission originates from states close to Fhpoint of the Fe €V binding energy. However, apart from the minor changes
Brillouin zone. In all three cases, a comparison is showrfonnected with the surface emission, treel&ands of the Fe
between spectra taken wighight (8;=56°) and withslight ~ Substrate do not change. This suggests that at these small
(6;=35°). For the clean Fe surface, with perfectly — OXygen exposure$<10 L) and at RT, the surface really
polarized light (AH[lTO]), the allowed initial states are of f:on5|sts of an oxygen overlayer adsorbed rather than an ox-
S, symmetry; with perfectlyp-polarized light @I[110]),  Ide surface layer.

the allowed initial states are instead Bf symmetry. It is worth noting that contrary to _the Fe states, the oxygen

A comparison with the Fe bulk band structure leads to the?P States do not show any appreciable dependence with the
following interpretation of the Fe specti@ottom panel  light polarization. Indeed, at all coverages, the oxygen 2
The peak at 0.15 eV binding energy—enhanced with Peaks are practically identical with the two differestand
polarized light—corresponds to the minorly in proximity p-light polarizations. This fact is important because it already
of theFé}S point. The peak at 0.8 eV binding energy containssuggests that the dominant interaction in this case is the Fe-O
majority states of botﬁ:l and24 Symmetry close to thEg 5 rather than the O-O one. In the presence of a dominant O-O
point. The shoulder at about 2.5 eV instead represents tHeond(a good 2D overlaygr one would expect a strong po-
exchange-split majority counterpart of the peak clos&go larization dependence of the oxygen states. The in-plgge 2
(2,.I'51D). Finally, at about 8 eV the broad feature originatesstates being enhanced wigHight (A oscillating in the sur-
from the 3, band atI'}'. The spin character of these Fe face plang and the out-of-plane [#, enhanced withp-
features has also been directly verified by spin-resolved phd?olarized light(A oscillating perpendicular to the surface
toemission. plang.

Upon oxygen adsorption at room temperat(®R¥) two In Fig. 2, the angular dependence of the oxygerbands
main changes occur in the spectra. First, the intensity of thés shown along thd'-N’ and thel’-H” for thec(2X2) and
peak near the Fermi level decreases, suggesting the preser@X 1) overlayer, respectively. In the case of &@Xx2)
in this emission of some surface-related feature, besides thwverlayer, the oxygen2emission is a relatively broad peak

The photoemission spectra in Fig. 1 are taken at 40 e
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' " T ity). In the case of th&(2x2) overlayer the spin analysis

C(3X1 ) In reveals that the broad oxygerp deak in the spin-summed
spectra is actually the composition of the two spin compo-

nents, exchange split by about 0.3 eV. Notice that the origin
of the asymmetric line shape of the (p Zmission in the
c(2X2) spectra of Fig. 2 is the difference in intensity in the
two spin channels and not the existence of more than one
component under this feature. In the case of ¢fi@x1)
superstructure the situation is more complex. The asymmet-
ric shape remains also in the spin-resolved spectra. Indeed

the data afl’ suggest the presence of two peaks—both ex-
change split A.,=0.3 eV)—separated by about 1.2 eV. The
widening of the emission indicates that the formation of the
O 2p bands starts at this stage.

An interesting feature in these spin-resolved spectra is the
different line shape for majority and minority states: the mi-
nority peak is much more pronounced than the correspond-
ing majority. This is an additional proof of the strong O-Fe
maj. spin interaction. Indeed, we interpret this different line shape as a

direct result of the spin-polarized interaction with the ferro-
magnetic substrate. The precise mechanism of this interac-
tion cannot be deduced in the absence of theoretical calcula-
tion. However, the proximity of the O [2 bands with the
PR NI NN IR RS R high sp partial density of states corresponding to the upper
8 7 6 5 4 extreme of the Fe majorit}; band(5 eV binding energy, at
Binding Energy (eV) N point in the Fe-bulk band strucltl)resuggests a stronger
interaction of the majority O @ with the Fe states. As a
consequence, the OpZmajority states will tend to be more
= _ distributed in energy and possibly also further inside the film
states af” for the two oxygen reconstructions on the(EE)) sur-  |aver while their minority counterpart will remain more
face:c(2x2), bottom;c(3x1), top. The photon energy is 40 €V. gpary and closely localized on the surface layer. This mecha-
Notice that the high polarization results from the secondary back-nisrn would indeed result in sharper and more intense minor-
ground of the Fe substrate. ity peaks compared to its majority counterparts.

As already mentioned, there exist a few previous studies
of oxygen adsorption on the Fe surface. All these studies
centered at about 5.3 eV binding energy and slightly asyminterpret the experimental data using the electronic structure
metric towards the high-binding energy side. This featurecalculation for a 2D oxygen overlayer as a starting point. The
does not show any appreciable dispersion with the emissioaxperimental foundation of this approach lies in the distinc-
angle. Upon further oxygen adsorption, the @ @mission  tion, via light polarization, of the, , and thep, states. This
grows in intensity. In the(3x 1) overlayer, a small angular approach has also been applied to the QUE® systen?
dispersion is detectable. Furthermore, the Dp&ak is now where a good agreement with a 2D model has been claimed
considerably broader, suggesting the presence of more thdaor the c(3X1) oxygen overlayer. Our data do not support
one component, which, however, cannot be clearly resolvethis view. On one side we do not find the light-polarization
because of the large overlap. Indeed, two peaks separated bgpendence—which is the crucial test to identify the experi-

approximately 1 eV al’ move closer and eventually reach a mental peaks with the, , and p, states of the 2D oxygen

minimum separation at thél” zone boundary(see tick overlayer—even though we clea}rly distinguish the symmetry

marks in Fig. 2. of the Fe states. Furthermore: in tbE2 < 2) overlayer our
The very weak angular dispersion of the oxygeniands dqtg clearly show_ that the emission of the oxygqmﬁgtes

is well understood when one considers the large O-O neareSfi9inate from a single band, although exchange split by the

distance in both overlayers: 5.1 A in th¢2x 2) and 4.1 A Interaction with the substrate. And even in #8x 1) the

in the c(3x1). These distances are too large compared tavidth of the oxygen P emission(about 1 eV at’) is con-

the oxygen covalent diametét.5 A) to allow any direct siderably smaller than previously reporteabout 1.6 eV at

overlap. For this reason the small dispersion seen on thE).® Our spin-resolved data show that a careful mapping of

c(3%X1) has to be attributed to indirect oxygen interactionthe overlayer bands on a ferromagnetic substrate must con-

via the Fe substrate. sider the exchange splitting induced on the overlayer sub-
More insight in the O P states is gained with the spin- strate.

resolved measurements. The normal-emission spin-resolved The role of the hybridization with the ferromagnetic sub-

spectra in the region of the oxygerp Btates are shown in strate bands has indeed been considered in spin-resolved

Fig. 3 for both thec(2x2) and thec(3x1) overlayers measurements of adsorbate on ferromagnetic surfces?

(filled up triangles, majority; empty down triangles, minor- Particularly, there are detailed studies for the case of oxygen

Intensity

min. spin

FIG. 3. Spin-resolved photoemission spectra of the oxygen 2
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adsorbed on the F&00) surface'®'! In the case of the IV. CONCLUSION
Fe(100) surface the oxygen adsorbs irpélx 1) geometry In conclusion, we have studied the oxygen adsorption on

and the O-O distanck2.8 A) is then small enough to make it the ferromagnetic F&10 surface. Increasing the gas expo-

more favorable to the formation of direct oxygen bonds. In ures, two well-defined ordered oxygen overlayers form on
this case, experimentally one can indeed detect a clear di he Fé110 surface: ac(2x 2) at about 3 L, followed by a

persion of the oxygen {2 bands(about 1 eV for thep, and c(3%X1) at about 6 L. In both cases, the Fe-O interaction

about 2 eV for thepy) and furthermore, it is possible to domi ith h h :
distinguish the symmetry of the varioys bands. On this lominates with respect to the 0-0 one. Furthermore, no Jus-
: fication is provided by the data to interpret the results in

basis, the data have been interpreted in terms of the 2 .
; erms of the 2D model of the oxygen overlayer. Quite the
model of the oxygen overlayer. In this case, however, one . : .
' L opposite, the spin-resolved data reveal a considerably more
has to notice that the photoemission spectra of the valenc L . ; ;
e complex situation arising from the interaction of the @ 2
band do show profound modification of the Fd 3tates, . . . -
. - . . states with the spin-polarized electronic structure of the fer-
which would rather indicate the formation of some oxide on .
. . romagnetic substrate.
the surface more than the simple adsorption of an oxygen
overlayer on it. This could well be the case when thelBe)

substrate has been annealed to 550 °C after oxygen
exposuré. Furthermore, this could also explain the anoma- The National Synchrotron Light Source is suppported by
lously high exchange splitting found for tip statesimore  the U.S. Department of Energy Contract No. DE-AC02-
than 1 eV atl'). 76CHO00016.
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