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Interface-state properties for strained-layer Ni adsorbed on Rn(0001)
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Studies of ultrathin layers of Ni on Ru(0001) by He I photoemission and theoretical calculations
reveal the existence of surface and interface states resulting from the Ni(3d)-Ru(4d) interaction.
Pure Ni surface states are found centered at a binding energy of about —1.4 eV. Split about this po-
sition are two pairs of Ni-Ru states of different symmetry character. The highest lying of these
states is identified as an interface state of mostly Ni character and do symmetry, while the most

tightly bound ones are identified as mostly Ru in character and of do symmetry. The splitting be-

tween these interface states is 3.1 eV, reflecting a combination of the d-band offset of Ni relative to
Ru and the level repulsion engendered by the Ni-Ru interaction. A similar combination of states
with mixed dm-d6 symmetry is found having a splitting of about 2.7 eV. Analogous states are found
for the Cu/Ru(0001) bimetallic system. The two systems differ principally due to the relative posi-
tions of the d states for Cu (deeper) compared to Ni.

I. INTRODUCTION

Interface states have been identified and their proper-
ties explored both experimentally and theoretically for
films of Cu on the Ru(0001) surface. ' During deposi-
tion of the first monolayer (ML), Cu grows in 2D islands
with the atoms arranged pseudomorphically to the Ru
substrate structure. ' Since Cu is a smaller atom than Ru,
this structure places the Cu films under approximately a
6% tensile strain relative to bulk Cu.

Angle-resolved photoemission (ARUPS) studies and
theoretical calculations revealed the existence of two
pairs of states with electron densities highly localized on
the Cu and the outermost Ru layers (interface states) in a
region of the surface Brillouin zone (SBZ) near the E
point. ' One pair had binding energies centered at about
—1.5 eV and the other at approximately —3.6 eV. The
pairs were split in energy by about 0.1 eV. These interfa-
cial levels were produced by a strong interaction between
Cu(3d) and Ru(4d) states and the two pairs had der and
mixed dm and d5 symmetries with respect to the surface
normal at a Cu-atom site. A third pair of states (local-
ized on Cu) was identified having binding energies cen-
tered at about —2.6 eV, an energy separation of approxi-
mately 40 meV, and mixed d m. and d 5 symmetries. '

The Cu/Ru interface states provide a unique diagnos-
tic tool in studies of interactions of the bimetallic surface
with adsorbate species. The facts that the interface
states have d character, are more than 0.5 eV closer to
the Fermi level than the d states of bulk Cu, and have
favorable symmetries were used to investigate the origin
of the observation that CO has a binding energy to the
bimetallic surface which is intermediate between its
values for bulk Cu and Ru. From these studies it was
concluded that (1) CO bonding to bulk Cu and to the
Cu/Ru bimetallic surface involves a negligible direct in-

teraction between CO orbitals and metallic d states and
(2) the enhanced bonding to the bimetallic surface results
from an increased s-state polarization of the Cu surface
due to the presence of the more electronegative Ru sub-
strate.

In order to understand the origins of the interesting
chemical and catalytic behavior of bimetallic surfaces in
general, and the Cu/Ru system in particular, ' it is im-

portant to characterize their structural and electronic
properties. A systematic approach should include vary-
ing the bimetallic combination, and we have begun this
work by studying the structure of Cu's neighbor Ni on
the Ru(0001) surface. In the present paper, we extend
the study of the Ni/Ru system to its electronic proper-
ties. We report the results of ARUPS measurements to-
gether with surface linearized augmented-plane-wave
(LAPW) calculations to establish the existence and probe
the properties of surface and interface states for this
bimetallic system.

II. EXPERIMENTAL AND THEORETICAL
TECHNIQUES

A. Experimental

The Ru(0001) surface was cleaned by exposure to ap-
proximately 1000 L [I Langmuir (L)=10 Torrsecj of
02 through a microchannel-plate doser at a sample tem-
perature of 1450 K followed by a vacuum bake at 1550 K
for 300 sec. The cleanliness was verified by Auger spec-
troscopy. For the principal contaminant C, whose Auger
structure is obscured by that of Ru, we used the accepted
scheme of measuring the negative-to-positive peak ratios
in dN(E)/dE Auger data for the Ru structure near 270
eV. ' Ni deposition was accomplished by evaporation
onto the Ru surface at room temperature from a resis-
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tively heated W filament wrapped with high-purity Ni
wire. The bimetallic surfaces were subsequently annealed
to near 350 K which, according to low-energy electron
diffraction (LEED) measurements, assured a well-

ordered overlayer. The Ni source was outgassed
thoroughly prior to deposition and no contamination
could be detected as a result of the sample exposure. The
deposition was controlled by varying the voltage across
the W filament and the rate was monitored with a line-
of-sight mass spectrometer. The Ni coverages were accu-
rately established by temperature-programmed desorp-
tion (TPD).

ARUPS energy distribution curves were measured us-

ing a Vacuum Generators ADES 400 system with an un-

polarized He-discharge lamp. The energy resolution of
the electron analyzer was approximately 0.1 eV and the
angular acceptance was about +1'. He I photons
(h v=21.2 eV) itnpinged on the sample surface along the
surface normal and photoelectrons were detected at vari-
ous polar angles corresponding to k

~~

values along the 1"-

K line in the SBZ. The azimuthal detection angle to
achieve this SBZ orientation was established by LEED.

B. Theoretical

Our surface electronic-structure calculations utilized
the LAPW method modeling the 1-ML-Ni/Ru adsorp-
tion system as a five-layer Ru(0001) slab with a pseu-
domorphic Ni adlayer on either side. The Ru atoms of
the slab were placed at bulk Ru relative positions. In the
absence of actual structural measurements for the pseu-
domorphic Ni overlayer, Ni atoms were placed in plausi-
ble adsorption sites, namely threefold hollows' with the
Ni—Ru bond length chosen to equal the average of the
Ru-Ru and Ni-Ni nearest-neighbor distances in the
respective bulk metals. The calculations were semirela-
tivistic, and represented the effects of exchange and
correlation with the local density-functional exchange-
correlation potential" based on the Wigner interpolation
formula. ' Further details of the calculational method
can be found in Refs. 9 and 13.

In the absence of experimental information to the con-
trary, the Ni adlayers were assumed to be paramagnetic.
Calculations for other bimetallic systems suggest
enhanced magnetism in magnetic monolayers on non-
magnetic substrates. ' Including such a phenomenon
here would likely result in a doubling of the number of
Ni-induced UPS features and shifts of tenths of eV in
their positions. '

In order to see more clearly where the surface and in-
terface states lie relative to the bulk Ru bands, we com-
puted the surface-projected, bulk Ru band structure as
follows. A self-consistent electronic-structure calculation
was carried out for bulk Ru. The one-electron energy
levels were then evaluated for a set of k vectors of the
form

k=(kI, kJ ),
where k

~~

lies along the line I -K in the SBZ and
k~=2m. nlÃc (n =0, 1,2, . . . , 1V'). Here, c is the unit-
vector length along the Ru c axis (equal to 4.28 A). The

III. RESULTS

Figure 1 shows He I ARUPS energy-distribution
curves (EDC's) as a function of detection angle over the
binding-energy range from the Fermi energy (binding en-

ergy of 0) to about —7.0 eV for both clean Ru(0001) [Fig.
l(a)] and for 1 ML Ni adsorbed on the Ru(0001) surface
[Fig. 1(b)]. Also shown in Fig. 1 are the values of k~I for
photoemission from the Fermi level along the I"-K sym-
metry line corresponding to each detection angle. Since
the photoemission cross section for He I radiation is ap-
proximately the same for Ni(3d) relative to Ru(4d) states
and for Ni(4s) in relation to Ru(5s) states, ' relative
changes in the data of Fig. 1 result only when the addi-
tion of Ni causes the creation or movement of states with
sufficient contrast.
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FIG. 1. Her ARUPS results for (a) the clean Ru(0001) sur-

face and (b) for the 1-ML-Ni/Ru(0001) bimetallic surface. In
each case a series of energy distribution curves is presented as a
function of relative SBZ position along the I -K symmetry line.
The relative zone positions shown on the abscissa (given as the
ratio of the k~~ value to the total k~~ difference between the K
and I" points) refer to electrons emitted from the Fermi level.

surface-projected bulk band structure was constructed as
a plot of the energy eigenvalues for every kj correspond-
ing to a set of discrete values of k~~ ranging from I to K.
This plot not only shows the dispersion of bulk bands
with respect to the SBZ, but also enables one to see the
density of s-ta-tes (DOS) for the projected bulk bands
across the SBZ. N was chosen to be 38 in the expression
for kj above in order to clearly convey the surface pro-
jected DOS.
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FIG. 2. He I ARUPS results for the Ni/Ru(0001) bimetallic
surface as a function of Ni coverage taken at the K point in the
SBZ. The Ni overlayers were deposited at 100 K and annealed
to 700 K. For comparison photoemission from a clean bulk
Ni(111) surface is also shown.

Comparing the ARUPS EDC behavior of Figs. 1(a)
and 1(b) indicates that, for the most part, the adsoprtion
of 1 ML of Ni causes only subtle changes of the clean Ru
spectrum. The most prominent change is in the region
near K, an increase in emission at the Fermi energy.
From this result, it is obvious that the Ni overlayer gives
rise to a rather sharp band of states near the Fermi level
in the region of the SBZ near K. These states are readily
observed not only because they are distributed over a
small portion of the SBZ but also because they lie in a re-
gion of low intensity in the clean Ru spectra. Further in-

sight into their properties can be obtained by studying
their behavior with respect to Ni coverage.

Figure 2(a) shows a series of ARUPS EDC's taken at
the K point in the SBZ with increasing Ni coverage. The
addition of Ni causes an increase in intensity at the Fermi
level which saturates at 1 ML. Adding more Ni gives rise
to intensity in the region below the original peak. As the
coverage increases structures form which approach those
of clean Ni(111), shown in Fig. 2(b).

A more detailed picture of the effect of 1 ML Ni on the
Ru surface can be obtained by subtracting the clean Ru
spectrum from the 1-ML-Ni/Ru spectrum. This
difference curve (Fig. 3) reveals several features in addi-
tion to the near-Fermi-level structure. Two poorly
resolved features are found at binding energies of approx-
imately —0.65 and —0.88 eV, along with peaks at about
—2.2 and —3.0 eV. A weak shoulder is also detected at a
binding energy of approximately —1.4 eV. In addition,
close inspection of the near-Fermi-level peaks reveals that
the breadth of its low binding-energy edge is the result of
instrumental broadening, indicating that this feature
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FIG. 3. HeI ARUPS results for the 1-ML-Ni/Ru(0001)
bimetallic surface taken at the K point in the SBZ and corrected
for the clean substrate contribution by spectral subtraction.
The arrows mark the positions of surface and/or interface states
calculated theoretically.

straddles the Fermi edge.
Surface and interface states found in the LAPW calcu-

lations, at the K point, are indicated by the vertical ar-
rows in Fig. 3. We identify these surface and interface
states as those whose wave functions are strongly local-
ized at the Ni overlayer, or are shared between the Ni
overlayer and outermost Ru layer, while having little
contribution at the interior "bulk" Ru layers. The set of
states highlighted with solid arrows in Fig. 3 are those
which have more than 80% of their electron density con-
tained in the Ni and outermost Ru layers relative to that
contained in all "bulk" layers. The surface or shared in-
terface character of each such state is determined by the
relative weighting of the charge density between the Ni
overlayer and the Ru outer layer. The results concerning
the detailed nature of these states at the K point are given
in Table I, which indicates surface and interface charac-
ter as well as symmetry properties. Each of the states
listed in Table I appears in the calculations as a pair of
levels split in energy by a few hundredths of an eV or less.
This splitting is indicative of the magnitude of the in-
terference effects resulting from the use of a slab model of
only a few layers in thickness. In Table I, the value listed
represents the average binding energy for these split
states.

The comparison between experiment and theory in Fig.
3 shows that all of the calculated states have correspond-
ing features in the experimental spectrum and the agree-
ment is within a few tenths of an eV. The feature with its
peak appearing near —1.0 eV is not found in the calcula-
tions with surface and/or interface localization sufficient
to meet the criterion of Table I. However, states with an
average binding energy of —0.8 eV are predicted which
can be described as surface and/or interface resonances
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TABLE I. Surface and interface character, as well as symmetry properties, of states at the K point
that have more than 80% of their electron density contained in the Ni and outermost Ru layers relative
to that contained in all "bulk" layers.

Binding'
energy (eV) Ni+Ru'"

Surface and/or interface
character (%)

Ni R (o)

Ni-site symmetry'
character (%)

de
—0.28
—1.37
—1.46
—1.98
—3.26
—3.41

100
100
90
79
92
98

80
100
84
71
30
26

20

6
8

62
72 69'

59
47
44
62

41
53
50
38

'Binding energies are referenced to EF and are rounded to three significant figures.
Muffin-tin electron densities for both Ni and outer Ru-layer muffin tins (Ru'"') have been normalized

to the sum of contributions from all layer muffin tins.
'These numbers were obtained by integrating I P& I

in each muffin tin and expressing the result as a

percentage of g, j I Pi I
for all muffin tins.

do refers to orbitals with d» symmetry characterization while der refers to d„, and dy and d5
3z —I'

refers to d,y and d,x —
y

'The remaining portion of the charge density for this state is of pm and s symmetry character.

because of their weak localization. It seems reasonable to
associate the feature near —1.0 eV with this apparent
surface resonance, which is illustrated in Fig. 3 by the
dotted line. According to Table I, the principal feature
near the Fermi energy is 100%%uo localized on the Ni and
outer Ru layers with 80% of the electron density on the
Ni overlayer (i.e., it is essentially a Ni surface state).
These calculated states have do symmetry (d») with

respect to the surface normal at the Ni sites.
From. Fig. 1 it is clear that the additional intensity near

the Fermi level produced by the Ni overlayer extends to
the interior of the SBZ from E towards I . The calcula-
tions permit a careful analysis of the SBZ behavior for all
of the states indicated in Fig. 3 by placing them onto the
surface-projected band structure for Ru(0001) to see their
relationship to the Ru bulk bands. Before proceeding,
however, we first show the relationship between the cal-
culated surface-projected band structure and the clean-
surface EDC behavior shown in Fig. 1(a). This compar-
ison is shown in Fig. 4.

In Fig. 4, the array of open circles represents the calcu-
lated (0001) surface-projected bulk band structure for Ru
obtained as described earlier. Regions of this plot with
high density of states, i.e., with a high density of circles,
occur either where the projected bands are narrow with
respect to kj or where these bands have small slopes with
respect to variations of k~. An example of the former be-
havior can be seen at the bottom of the lowest band near
the I point (which is principally of 5s character) while
the latter behavior is represented by the center band near
the E point (at about —3.0 eV, which is largely of 4d
character).

It should be recalled that probing the kII behavior of
band states with photoemission using fixed-energy pho-
tons involves the detection of photoelectrons at various
angles of emission and, thus, probes variations with both

kII and kj. ' In the present case, and under the assump-
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FIG. 4. A comparison between the surface-projected density
of states calculated for the clean Ru(0001) surface (circles) and
the He I ARUPS results from Fig. 1(a) (solid lines). Only those
features in Fig. 1(a) which have sufficient contrast to be readily
followed are shown.

tion of free-electron final-state bands with a 14-eV inner
potential, ' varying the detection angle over the range
from I" to K, corresponding to the data shown in Fig.
1(a), implies a variation of k~ approximately between I
and A in the fourth bulk zone.

Schematically, assuming vertical transitions, bulk pho-
toemission intensity occurs when valence electrons at k
=(k~, kII) are excited from initial states, like those illus-

trated by the circles in Fig. 4, into conduction-band final
states at k which are %co higher in energy. For a fixed
photon energy, the intensity is therefore proportional to
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the initial-state DOS at k modulated by the final-state
DOS at k. In practice, the modulation function tends to
be rather broad because of the effect of the surface sensi-
tivity of the technique, i.e., the short mean free path of
the final-state electron, and because of the limited life-
times of the photoelectrons within the solid (broadening
which increases with the photoelectron energy' ). The
contrast of photoemission structures is also diminished as
a result of the low-energy tail that accompanies these
structures due to the effect of losses suffered by the pho-
toelectrons in their transport to the surface. When, as a
result of these factors, the final-state modulation is weak,
photoemission data will follow regions of the projected
valence-band structure which are narrow in energy and
of high state density. This makes the particular scheme
we use for visualizing the projected DOS a valuable one.

In Fig. 4, the solid lines indicate the kii behavior of
those features in the EDC's of Fig. 1(a) which have
enough contrast to be specifically identified. Although
there appears to be a consistent energy shift of about 0.2
eV between the experimental and calculated binding en-
ergies (the calculated values being larger), the general
trend is that the experimental data (with a few excep-
tions) tend to follow the paths of high projected density
of states. The bands below about —4.0 eV have
insufficient contrast to be delineated in the experimental
data.

The exceptions are several experimentally observed
features which reside in gaps of the projected states.
These include a feature at a binding energy of about —3.0
eV near the 30%%uo position in the zone, a feature crossing
the Fermi level at about 65% and two features near K at
binding energies of about —2.0 and —3.5 eV, respective-
ly. Since these features appear in gaps in the projected
bulk band structure, we interpret them as surface states
or resonances whose wave functions die off as one moves
into the bulk. The gap state near the K point at a binding
energy of about —2.0 eV has been identified in earlier cal-
culations. A second state, predicted in this region, can-
not be identified in the data.

Surface states, or resonances, by their nature have
negligible k~ dispersion and often appear with high con-
trast in photoemission data. They become less surface lo-
calized as they approach a band edge, assuming the sym-
metry of the band allows mixing, and their contrast rap-
idly diminishes. Qualitatively, this behavior is charac-
teristic of all the surface-state features discussed earlier.
From Fig. 4 these include (1) the feature at about —3.0
eV near I, {2) the structure crossing the Fermi level at
about 65%%uo I -K, and {3)all four of the gap states near K.
In each case as the state approaches the edge of the pro-
jected bulk bands, its intensity dramatically decreases.
Although the features in Fig. 4 associated with the bulk
bands tend to follow regions of high density of states in
the projected-states calculation, an analysis of the intensi-
ty of these features with respect to zone position is con-
siderably more complex and is beyond the scope of the
present paper. The value of presenting photoemission
data relative to the surface-projected bulk DOS, as in Fig.
4, is that it allows one to determine regions where final-
state band dispersion has an appreciable effect and to
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FIG. 5. A comparison between the He i ARUPS results for
the surface and/or interface features from difference curves
similar to that of Fig. 3 (solid lines) and the calculated behavior
for which the surface and/or interface character exceeded 80%
(dotted curves). Only those experimental features which have
sufficient contrast to be readily followed are shown. This com-
parison is plotted on surface-projected bulk band structure of
Fig. 4 (circles).

evaluate photoemission results with respect to their band
structure or density-of-states sensitivity. '

In Fig. 5 we show the situation for 1-ML-Ni/Ru(0001)
corresponding to the clean Ru comparison of Fig. 4.
Only those features are followed (solid lines) which can be
clearly identified in difference curves (similar to Fig. 3) as
due to the addition of Ni. The behavior of the calculated
states is shown by dotted lines in Fig. 5. For the experi-
mental data, the comparison is continued away from K
toward I only to the extent that the states can be clearly
identified (enough contrast). For the calculations, only
those states were chosen for which the surface or inter-
face character exceeded 80%.

Two distinct types of surface or interface states can be
identified in the comparison of Fig. 5. First, a group of
states residing in gaps in the surface-projected bulk band
structure. One of these crosses the Fermi level at about
the 62% point while three others lie in gaps near the K
point in the SBZ and have binding energies of about
—1.5, —2.0, and —3.3 eV. Experiment and theory are in
excellent agreement for the first of these states and for
the state at about —1.5 eV. The remaining two have
binding-energy predictions which differ by several tenths
of an eV. According to the calculations, the states near
—1.5 and —2.0 eV are virtually pure-Ni surface states
with mixed dm. and d5 symmetry character (Table I).
The state near —3.3 eV is more interfacial in nature but
with a strong Ru surface-state character having a mixed
de and d5 symmetry character. The state crossing the
Fermi energy near the center of the I -K line has about
91% surface and/or interface localization with 86% at-
tributable to Ni surface states. In this case the symmetry
character is almost pure d5.

The other level compared in Fig. 5 lies within a broad
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band of states which is split by the Fermi level at K and
which extends to binding energies of almost —1.5 eV at
this point. The most intense contribution in the experi-
mental data is from this state straddling the Fermi level
near E. According to the calculations, this state is pre-
dicted in Fig. 5 to lie below the Fermi level at about
—0.28 eV. The calculation shows that this state is
strongly interface localized with considerable weighting
towards the Ni overlayer and is of pure do. symmetry.

It is conceivable that the discrepancies between theory
and experiment are at least in part associated with
magnetism of the Ni overlayers. An exchange splitting of
-0.3 eV would be difficult to resolve in the data of Fig. 2.
The worst disagreement is for the observed state at EF.
However, the fact that the corresponding theoretical
state lies deeper suggests that the discrepancy arises from
using the local density-functional approximation.
Magnetism would tend to make the experimentally ob-
served (majority spin) state lie deeper.

-4.0-

Cu/Ru
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IV. DISCUSSION

In order to establish a better understanding of the
Ni/Ru results summarized in Fig. 5 and Table I, it is in-
structive to make a direct comparison with similar results
obtained earlier for the Cu/Ru system. ' Figure 6 shows
this comparison from the calculated results at the K point
in the SBZ with the energy position of the states for the
two systems plotted vertically. Also noted in Fig. 6 are
the symmetry properties for the various states as well as
their relative surface and/or interfacial localization char-
acter.

As described earlier for the Cu/Ru system, ' the re-
sults summarized in Fig. 6 appear relatively simple. A
set of pure-Cu states (i.e., Cu surface states) resides at a
binding energy of approximately —2.6 eV just above the
narrow band of projected bulk states centered near -2.8
eV. These states have mixed dm. and d5 symmetry and
the highest binding-energy component, which is closest
to the surface-projected bulk band, is slightly less local-
ized to the Cu overlayer. In addition, two sets of states
are found above and below the Cu surface states. These
states have appreciable interfacial character and
represent the bonding-antibonding components of states
with a strong Cu(3d)-Ru(4d) bonding interaction. '

For the Ni-Ru system, the main difference can be attri-
buted to the weaker binding of the Ni d electrons relative
to those of Cu. This accounts immediately for the fact
that the pure-Ni surface states lie near —1.4 eV rather
than at —2.6 eV for the pure-Cu states in Cu/Ru. It also
explains why the splitting of the do. Ni-Ru interface
states is 3.1 eV, larger than the value of 2.3 eV found for
Cu/Ru. In the present case, the energy mismatch of the
Ni and Ru d states adds to the level repulsion associated
with hybridization to produce the larger splitting. For
completeness, we also show as the dotted line in Fig. 6
the position of the surface resonance discussed earlier
with reference to Fig. 3.

The substantial shift of the Ni d levels up away from
resonance with the Ru d bands also accounts for the di-

FIG. 6. A summary comparison between the calculated sur-
face and interface states found for the Cu/Ru(0001) and
Ni/Ru(0001) bimetallic systems. The binding energies are plot-
ted vertically and the symmetry character and relative surface
and/or interface localization is schematically indicated for each
state. Where mixed symmetry is found, the relative weighting
of the components is indicated by their order [i.e., do(d5) im-

plies do. larger than d5 while do-d5 indicates approximately
equal weighting]. The relative surface and/or interface localiza-
tion, e.g., 60/30, indicates that the charge densities for these
states are found to be 60% on the Ni overlayer, 30% on the
outermost Ru layer, and 10/o distributed within the Ru bulk
layers. The dotted line indicates the surface resonance men-

tioned in the text in reference to Fig. 3.

minished mixing of Ni and Ru character in the interface
states. The weak Ni-Ru hybridization is manifest in the
fact that the high-lying interface states are mostly Ni-like
while the low-lying states are mostly Ru-like. This con-
trast with the Cu-Ru case where the Cu and Ru character
of the interface states was more nearly equal. The weak-
ness of the Ni-Ru hybridization is also clear in the fact
that the upper Ni-Ru interface states are quite strongly
surface localized despite their overlapping bulk Ru
bands.

V. SUMMARY AND CONCLUSIONS

A set of surface and interface states has been identified
and analyzed for the Ni/Ru(0001) bimetallic surface by
angle-resolved photoemission and theoretical calcula-
tions. These states consist of pure-Ni surface states along
with a series of interface states resulting from a relatively
weak Ni(3d)-Ru(4d) hybridization. Over a significant
portion of the surface Brillouin zone, the high-lying com-
ponents of the interface states give rise to a considerable
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increase in the density of d states near the Fermi level

compared to that found for either bulk Ni( 1 1 l ) or
Ru(0001). These states have either der or mixed de and
d 5 symmetry.

Good correspondence is found between the electronic
properties for the Ni/Ru and Cu/Ru bimetallic sys-
tems' with the differences resulting principally from the
d-level positions in Ni versus Cu. In the Cu/Ru system,
the unique properties of these surface and interface states
have been used to diagnose the details of the bonding in-
teraction of the bimetallic surface with small molecules
and similar work involving the Ni/Ru system offers the
promise of providing valuable information concerning
the contrast in chemical properties between these two ca-
talytically interesting materials.
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