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Comparative photoemission study of P¢111)(y/3x /3)R30°Ce and P{111)(2x2)La
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Careful examination of the low-energy electron diffraction image from Pt(142(/3)R30°Ce shows the
designation to be only approximate and suggests a close structural similarity to Pt(X2)1(@ This is
backed up by angle-resolved photoemission spectroscopy, which reveals the valence-band structure of the two
alloys to be remarkably similar. The use of the La alloy to identify the hdeatures in the photoemission
spectra of Pt(111)3x y3)R30°Ce is thus put on a firm footing. The Kondo peak in He Il angle-resolved
ultraviolet photoemission spectroscopy data of Pt(1{B) \/§)R30° Ce is observed at the first and secénhd
points, suggesting the presence of surface umklapp scatt80463-18208)10039-5

I. INTRODUCTION 10 min. Such a treatment produces the LEED pattern shown
in Fig. 1(a). By comparing this LEED pattern to that of the
Despite the advances made in the field of heavy fermiortlean substrate, shown superimposed in the figure, a quasi-
materials through the application of photoemissidrthe (/3% /3)R30° symmetry is identified. The contraction of
surface sensitivity of this technique can be seen as a shorthe LEED pattern observed for the surface alloy over that of
coming when measuring scraped polycrystallinethe clean substratgFig. 1(a)] means that a more precise
compounds. By using well-ordered single-crystal samples identification for the surface is (1yBx 1.1/3)R30°, one
one can hope to further understanding of these heavy fewhich does not appear in the phase diagram for the Ce/
mion systems past the single impurity mod8IM), based  Pt(111) system proposed by Tarej al* Such a LEED pat-
on the Anderson Hamiltonian. This model, although successern was observed by Tare al* and Baddeleet al.® but
ful, can only be viewed as a first approximation to a full only ever in conjunction with a quasi-¢22) image. We
description of the problem. Recent progress in the preparasbserved this mixed pattern after evaporation of a lesser
tion of Ce-containing samples which display long-range surquantity of Ce(~2 ML).
face order has been made through evaporation of Ce onto The same procedure was followed for preparation of the
single-crystal substratés’® In our laboratory, we have ap- La/P{111) sample(annealing at 700 °C), resulting in a (2
plied high-resolution ultraviolet photoemission spectros-
copy (UPS to examine the Ilow-energy excitations
in a well-ordered thin-film Ce-containing alloy:
Pt(111) (/3% y3)R30°Ce!° In an attempt to identify the &
contribution to the spectra, a second alloy was prepared in
which the Ce was replaced by L&.Despite the different ‘
low-energy electron diffractioLEED) pattern displayed by ' - -
the La-containing alloy, Pt(111)(22)La, a detailed com-
parison between the two systems holds. This will be demon- 4 w N oy
strated in the current paper. We present a close examination
of the LEED images from the two systems and a comparison
of the d-band valence-band structure as revealed by He |
angle-resolved UPS. b)
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Il. SURFACE PREPARATION AND ' >
DIFFRACTION RESULTS » .

The P{111) substrate was cleaned by standard sputtering- - g ”
annealing cycles (Ar 1 kV, 800°Q, to give a chemically hd A
clean and well-ordered surface, as indicated by Auger elec- ' e ¢
tron spectroscopy and LEED measurements, respectively. o .
Evaporation of Ce was carried out in a pressure better than .
2x10 19 Torr, using a quartz microbalance to ensure a rate
of typically 1 A/min. We have mainly studied samples pre- gig. 1. (@) LEED pattern of Pt(111)(3x \3)R30°Ce atE,
pared by depositing 4 ML of Ce on the clean substrate, as-104 ev. Superimposed is the equivalent LEED pattern for
this use of a relatively thick Ce coverage prevents problemgt111) (crosses (b) LEED pattern of Pt(111)(X2)La at E,
of mixed phases observed at lower Ce concentrafigms- =104 eV. The azimuthal orientation of the underlying substrate in
ter evaporation of Ce the sample was annealed at 600 °C fdoth images is the same.
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X2) LEED pattern for~4 ML coverage, Fig. ). This :

. . . K L . ARUPS, He |, T=10K ;
seems to be a precise designation. During initial evaporations U PHi11)(VaxV3)R30°Ce |
of La, a superimposed (22)R30° LEED pattern was also e P(2x2)La ?
observed. This symmetry was not seen after the first few
treatments. Such surface alloy systems have a complicated
evolutior? and it is possible that residual quantities of the
evaporant produce a seed favoring formation of the nonro-
tated (2<2) phase.

The (1.1y/3x 1.1/3)R30° designation for the Ce/Pt alloy
gives a surface lattice vector of A 9wherea is the substrate
lattice vector. This is 5% less than the surface lattice vector
for Pt(111)(2x 2)La. Without the dilation observed for Ce/
Pt, the mismatch between the two systems would be nearer
15%. This provides a first indication that despite the differ-
ence in the LEED patterns of our two samples, the two thin-
film alloy crystal structures are very similar. This speculation
is supported by the observation that the lattice constants of IS
CePy, and LaPt, n=2, 3, and 5 are identical to within 0.5% ettt sl st
for correspondingn.?>?* The valence-band photoemission ® “ 2 Er
spectra presented below show indeed that the electronic Energy [eV]
structures of these two surfaces are closely related. FIG. 2. Angle-resolved He | photoemission spectra of

The Ce/P111) system was found to be very stable. Al- py111)(/3x y3)R30°Ce and Pt(111)(22)La. For details re-
though the intensity of the f4structure seen in photoemis- garding the directions of measurement, see text.
sion spectrasee next sectigrvanishes after 10—20 min of
exposure to the UV radiation of our He |amp, a Simp|e an-initial state being formed by hybridization of the Ad &lec-
nealing of the sample at 600°C for 10 min was found totrons with the Ce valence electronsd56s levels. Al-
rejuvenate the surface. The insensitivity of the surface to anjhough a detailed interpretation of the angle-resolved spectra
residual contamination, despite the known high reactivity ofwould require more information than the surface symmetry
cerium, is probably due to the alloy’s structure. The passivévailable to us, it is seen that each major structure observed
nature of this sample is in line with other studies of Ce/Ptin & He | angle-resolved ultraviolet photoemission spectrum
alloy formation on Rtl11) (Refs. 4 and 5and suggests the Of Pt(111)(2<2)La is reproduced in the equivalent
presence of a pure Pt layer at the surface. Although there isRt(111) (/3% y/3)R30°Ce spectrum. However, away from
disagreement in these previous studies concerning the stoormal emission there is a shift of the spectral features to-
ichiometry of the thin-film alloy, both structural models pro- wards the Fermi level for the Ce-containing alloy. This is
posed, CeBt , (Ref. 4 and CeRy,° allow the presence of a unambiguously seen for those features lying betwedn5s
surface terminated uniquely by Pt. The model based oV andEg, and is particularly evident in the spectra re-
CePt is one that covers five different surface structurescorded at9=9° and 12°(Fig. 2). The origin of this differ-
observed. Whatever the true microscopic details might be, itence lies in the Ce #occupation. This orbital provides in-
seems likely that the underlying structure of our surfaceefficient screening, and so, in the atomic situation, the
bears close resemblance to those of the earlier studies. occupied Ce 8 levels are expected to lie deeper in energy

than those of La. In the solid state the situation is more
complicated and the energies of the transitions observed with
Ill. PHOTOEMISSION RESULTS angle- resolved photoemission are modified. A more quanti-
tative discussion of the spectra of Fig. 2 would require cal-
lation and precise knowledge about the structural details of
the two alloys, but the important feature is the remarkable
Yimilarity of the two data sets, showing that the band struc-
ures of these two surfaces are extremely close to one an-
of the He lamp. All spectra reported here were recordedynor This supports the conjecture made on the basis of the
at 10 K. The off-normal angle-resolved spectra for) pep gata that the two surface alloys are closely related,
Pt(111)(/3% y3)R30°Ce presented have all been measuredy adds strength to the use of such a comparison as a
along thel'K direction of P¢111). As discussed in the pre- method to determine which features in the spectra derive
vious section, the LEED data suggest that the structures dfom the 4 electrons®
the two alloys studied are very similar, the main difference The Ce 4-photoionization cross section for He | photons
being a rotation of 30° when compared with the underlyingis negligibly small and so to obtain the contribution of the 4
substrate. Photoemission data from Pt(11X@)La were electrons we have to consider spectra measured with He Il
thus recorded with the Pt sample rotated azimuthally by 30°radiation. Under these conditions, angle-integrated photo-

Angle-resolved He 1(21.2 eV} photoemission spectra emission reveals the presence of a sharp peak cut at the
from the two surfaces under consideration are displayed iffermi level uniquely in the Ce-containing all&yThis peak
Fig. 2. The two data sets correspond to equivalent symmetris due to the Ce # electrons and is identified with the tail of
directions and show transitions between bands, those of tht&ae Kondo resonance, which is usually seen in photoemission

Intensity [arb. units]

Photoemission measurements were performed using
hemispherical electron analyzer and a high intensity He U
source. The base pressure in the system was in the lo
10 *-Torr range, rising to X 10 1° Torr during operation
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spectra from polycrystalline Ce compourids. ' ' ' ' ' '
The SIM, which is usually used to describe the photo-
emission spectra of Ce compourfdseats the Ce atoms as
isolated impurities. Possible interaction, direct or indirect,
between Ce atoms is thus ignored. With the intention of
looking for possible momentum dependence in the Kondo
peak, we have performed He Il angle-resolved UPS of the
Pt(111)(/3x /3)R30°Ce surface alloy in the ne&t- re-
gion. The details of these measurements, the angular and
temperature dependencies of the Kondo peak are discussed
in more detail elsewher€.In brief summary, we have not
been able to measure any dispersion of the peak maximum.
The peak is situated 4 meV belog: and we believe its
position to be determined purely by our instrumental resolu-
tion (5 meV). Away from normal emission its intensity rap- Pt(111)(V3xV3)R30°Ce
idly decrease$? At 9=26°, however, there is an indication | ARUPS,Hell, T=10k
of the reappearance of the Kondo peédg. 3). This angle 05 -04 -03 -02 -01 E

lies close to the secorld point of the surface Brillouin zone. Energy [eV]
This observation is similar to an independent one made on a
single crystalline Ce/Pt system at higher photon enét@y
eV),? suggesting that an effect of surface umklapp scatterin
is being observed.

Intensity [arb. units]

FIG. 3. Angle-resolved He Il photoemission spectra of
Pt(111)(/3x 3)R30°Ce in the neaE . The azimuthal orienta-
%Yon is as in Fig. 2.

similarity in the electronic structure of the two surfaces. The
V. SUMMARY 'Ce'4f contribution to the photoemission spectra is thus eas-
ily isolated by comparing He Il data from the two systems.
The two surface alloys Pt(111)8x /3)R30°Ce and
Pt(111)(2< 2)La have been examined using LEED and pho- ACKNOWLEDGMENT
toemission. The LEED data suggest that the two systems are
closely related structurally. This is supported by angle- This work was funded by the Swiss National Science

resolved photoemission data that demonstrate remarkabloundation.
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