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Influence of chemisorbed oxygen on the growth of europium phases on V„110…

T. Gourieux,* S. Fréchard, F. Dulot, J. Euge`ne, B. Kierren, and D. Malterre
Laboratoire de Physique des Mate´riaux, UniversitéHenri Poincaré, Nancy I–Boı̂te Postale 239, F-54506 Vandœuvre-le`s-Nancy, France

~Received 21 January 2000!

A structural and spectroscopic study of Eu exotic phases grown on V~110! reveals the large influence of
chemisorbed oxygen on the growth process. While hexagonal Eu layers are obtained on a clean (1
31)-V(110) surface, three-dimensional~3D! growth of pure Eu fcc islands is induced by the presence of the
oxygen-c(632) surface reconstruction of V~110!. A detailed analysis shows that this Eu phase exhibits a
9.5% reduction of the first-neighbor distance with respect to the bcc phase. In both cases~2D and 3D growth
of Eu!, singular Eu 4d photoemission spectra are observed.
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I. INTRODUCTION

Elaboration of materials with reduced dimensions of
leads to the observation of new physical properties as c
pared to the bulk, such as modification of Curie tempe
tures, exotic crystallographic phases, or quantum size eff
due to electron confinement. Key points in the preparation
a particular nanomaterial by the molecular beam techni
lie in the choice of a substrate as well as its temperature
surface quality. This is because the nucleation proces
driven by physical parameters~surface adatom mobility and
Gibbs free energies! which are directly dependent on the
initial conditions. Therefore, besides its temperature dep
dence, the growth can be seriously altered by strains re
ing from lattice mismatch, or by the initial presence of su
face defects as well as surface reconstructions.1 It can also be
affected by the initial presence of chemisorbed species.
instance, it has been recently shown that the O-(131) phase
on Fe~100! acts as a surfactant for homoepitaxy.2 It will be
shown in this paper that chemisorbed oxygen can comple
change the growth process so that the resulting nano-ob
have new physical properties. This will be demonstrated
the specific problem of rare earth~RE! epitaxial growth on
transition metals~TM’s! in the particular case of the Eu
V~110! interface, by using the possibility of realizing either
(131)-V(110) surface corresponding to the crystal bulk t
mination, or an oxygen inducedc-(632) reconstruction of
this surface.

Thin film epitaxy of RE’s on the~110! faces of the first
bcc TM’s ~V and Cr columns! has been experimentally dem
onstrated during the last 20 years.3–10 The crystal symmetry
adopted by these RE films generally accords with the b
natural phases, which consist in a stacking of hexago
planes leading to cfc, hcp, double hcp~dhcp!, or Sm-type
structures. The RE lattice matches that of the TM~110! fol-
lowing the so-called Nishiyama-Wassermann~NW! orienta-
tion, for which the most densely packed rows of the hexa
nal RE plane are parallel to the densely packed@001# rows
of the TM @see Fig. 1~a!#. However, due to the large discrep
ancy between the lattice parameters, epitaxy occurs
matchingm RE rows withn TM rows defining anm:n epi-
taxy, m andn depending on both the RE and the TM.3,7 Up
to now, this behavior applies to all the RE’s studied, but o
has to pay attention to the particular case of Eu. Indeed,
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element crystallizes in a bcc phase whereas hexagonal
taxial Eu on TM~110! surfaces have been reported.11,12In the
case of Eu/W~110!,11 hexagonal Eu structures with variou
expanded surface parameters appear in the submono
range following the NW orientation, but thicker Eu cove
ages were not studied. For Eu/Ta~110!,12 similar hexagonal
structures were observed in the submonolayer range.
higher coverages epitaxy of hexagonal Eu planes star
with the NW orientation is observed, but then switching
the Kurdjumov-Sachs~KS! orientation@i.e., a rotation by 5°
relative to the NW orientation; see Fig. 1~a!#, and finally
reaching bcc Eu~110! domains with@001# rows parallel to
the Ta@001# rows.

The experimental study we report concerns the deposi
of Eu thin films on a V~110! substrate studied by reflectio
high energy electron diffraction~RHEED!, scanning tunnel-
ing microscopy~STM!, and x-ray photoemission spectro
copy ~XPS! measurements. The motivations were twofo
first, starting from the bulk lattice parameters of bcc Eu a
V (aV53.027 Å, aEu54.5827 Å),13 there is a geometrica
possibility that the lattice matching occurs by alignment
the densely packed@001# rows, realizing a 2:3 epitaxy@see
Fig. 1~b!#. This had to be tested and compared with previo
works on W and Ta substrates. Second, we took advan
of the well known oxygen inducedc-(632) reconstruction
of the V~110! surface14,15 in order to study its influence on
the Eu growth. This also gives the opportunity to investig
the influence of the crystallographic structure on the spec
scopic properties of Eu. The presentation and discussio
the experimental results are organized as follows. Sectio
deals with a survey of experimental details and a brief
scription of the substrate preparation. Section III reports
the structural results including a detailed analysis of RHE
patterns obtained in the three-dimensional~3D! growth phase
of Eu in the presence of the O-c(632) V~110! reconstructed
surface. Section IV is a preliminary report of our photoem
sion results, which will detail the chemical nature of the
3D islands as well as the singular Eu 4d XPS line shapes we
obtained.

II. EXPERIMENTAL DETAILS
AND SUBSTRATE PREPARATION

Experiments have been performed in an UHV syst
with a base pressure better than 5310210 mbar. 99.9% pure
7502 ©2000 The American Physical Society
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FIG. 1. ~a! Nishiyama-Wassermann 3:5 epitaxy of hexagonal Eu layers on V~110!. The TM~110! axis are indexed following the usual bc
cubic notation while, for convenience, indexing of the Eu layer axis follows the hexagonal (abc) notation. Kurdjumov-Sachs epitaxy occu

when the@ 1̄11#bcc axis is aligned with the@010#hex axis ~or an equivalent one!. Thus, there is a 5° switching between NW and K
orientations. The drawing is adapted from Ref. 7.~b! Expected geometrical 2:3 epitaxy of bcc Eu~110! on V~110! with alignment of@001#
rows.
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Eu was sublimated from a boron nitride effusion cell and
deposited nominal thicknesses were continuously meas
with a water-cooled quartz oscillator placed in the vicinity
the V~110! substrate. RHEED experiments were perform
both during and after the growth by using a VG LEG 3
gun electron tuned to 30 keV. An UHV mechanical trans
allowed us to carry out either STM or XPS measurements
the same sample. The XPS measurements were perfo
with a VG MK II analyzer using a nonmonochromatized
Ka source~overall resolution 1 eV!. STM measurements
were carried out by using an Omicron STM 1 apparatus
erating at room temperature in the constant current mod

The V~110! single crystal surface was prepared by t
usual Ar1 ion bombardments and annealings at various te
peraturesTA . Depending onTA , this operative mode led to
either a (131)-V(110) surface corresponding to the crys
bulk termination, or ac(632) reconstructed surface induce
by oxygen diffusion from the bulk. The (131)-V(110) sur-
face was obtained forTA values around 350–400 °C. STM
images of this surface displayed a succession of relativ
small terraces forming hills and valleys at large lateral sc
~about 100 nm!. XPS revealed that it was free of impuritie
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This kind of surface gave rise to streaky RHEED patterns
good quality, as shown in Figs. 2~a! and 2~b!. These experi-
mental patterns are in agreement with the expected ones
bcc~110! plane within an overall error of 2% for both angu
lar spacings and distance ratios. Therefore, they w
choosen as a reference for the distance calibration.

By increasingTA , oxygen impurities diffuse from the
bulk inducing the O-c(632) surface reconstruction o
V~110!.14,15 This thermodynamical process was activated
soon asTA was set higher than 450 °C, which is the sam
limiting value as in the case of Nb~110!.16 As observed by
STM, it led to larger terraces~mean width 200 Å forTA
5600 °C) with monoatomic steps. Atomic resolution ST
images revealed thec(632) reconstruction with a unit mes
adopting two preferential orientations in such a manner t
the whole surface looked like a kind of checkerboard a
mesoscopic scale.17 RHEED was poorly sensitive to thes
details showing only more or less visible fractional ord
streaks at the expected13 positions for the@ 1̄11#V and 1

2

positions for the@ 1̄10#V azimuth @see Figs. 3~a! and 3~b!#.
Carbon impurities were sometimes observed by XPS
high annealing temperatures (TA>600 °C). Thus, for this
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FIG. 2. ~a! and ~b! RHEED patterns of (131)-V(110) for the two azimuths@ 1̄11# and @ 1̄10#. Experimental angular spacing betwee
these two azimuths is 35°.~c! and ~d! RHEED patterns obtained after the deposition of 38 Å Eu on (131)-V(110) atTS5260 °C. Note
the experimental angular spacingsDw514° between patterns~a! and ~c!, andDw50° between patterns~b! and ~d!; these are consisten
with a NW orientation of the Eu film~see Fig. 1!.
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study, theTA value was limited to 450–500 °C in order t
avoid carbon contamination.

To summarize this section, we were able to prepare
distinct substrate surfaces: forTA values in the range
350–400 °C the (131)-V(110) surface was identified~re-
ferred to as substrateS131 in the following!, while in the
range 450–500 °C the oxygen inducedc(632) surface re-
construction was initiated~referred to as substrateSc(632)).

III. STRUCTURE RESULTS

During the Eu evaporation, the substrate (S131 or
Sc(632)) was held at a temperatureTS chosen in the range
252260 °C. The lower value was a technical limitation
the experimental setup, while the upper one resulted from
experimental observation that settingTS at a higher value led
to the desorption of deposited Eu atoms. This behavior
not very surprising because of the particularly low heat
sublimation of this element ('1.5 eV/atom under norma
conditions! which leads to high vapor pressure values even
moderate temperatures~e.g., 1025 mbar at 400 °C).

For TS,260 °C, 2D growth occurred using eitherS131 or
Sc(632) , differing only in details as observed in RHEED
But for TS'260 °C, the Eu growth was found to strong
depend on the substrate: 2D growth was persistent onS131,
o
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while 3D islands formed onSc(632) . In the following, we
will first emphasize the 2D growth case.

A. Bidimensional growth of Eu

For TS,260 °C, and usingS131 or Sc(632) , Eu deposits
in the submonolayer range only induced an increasing ba
ground on the RHEED patterns with no evidence of orde
structure formation. Then, near the monolayer, additio
streaks of weak intensity started to develop in the RHE
patterns, demonstrating the bidimensional nature of the
growth. These streaks increased in intensity for higher
coverages while the substrate signature disappeared, g
rise to the RHEED patterns shown in Figs. 2~c! and 2~d!.
They reveal a Eu surface lattice with hexagonal symme
and parameteras54.160.1 Å. The angular differencesDw
quoted in Fig. 2 are consistent with a NW orientation of t
Eu film, the result being a 3:5 epitaxy as drawn in Fig. 1~a!.
Eu films were hexagonal up to a critical thickness~a few tens
of ångströms! which wasTS dependent. Films of best qualit
~as seen in RHEED! were obtained onS131 at TS5260 °C.
Increasing the film thickness led to various alterations of
diffraction patterns, like streak broadening, background
hancement, and persistence of the diffraction patterns w
varying the azimuthal angle over about 10°~i.e., texture for-
mation!. These changes were temperature (TS) and thickness
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FIG. 3. ~a! and~b! RHEED patterns of the oxygen inducedc(632)-V(110) surface for the two azimuths@ 1̄11# and@ 1̄10#. ~c! and~d!
Spotty RHEED patterns obtained after the deposition of 8.4 Å Eu on thec(632)-V(110) reconstructed surface atTS5260 °C. The
corresponding STM image is reported in Fig. 4~a! below. The quoted angular spacingsDw indicate a NW orientation of the islands relativ
to the V~110! lattice, while the spot distribution agrees with a fcc structure~see text!.
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dependent, and are believed to be related to the relaxatio
the Eu hexagonal layers~3:5 epitaxy! toward bcc Eu~110!
~2:3 epitaxy!. This requires as a final result a 5° rotation
the Eu surface lattice~see Fig. 1! and a slight variation of the
Eu first-neighbor distance (4.12 Å for the 3:5 epitaxy co
pared with 3.97 Å in the bcc phase!. This high coverage
behavior was clearly identified forTS525 °C, where the fi-
nal bcc Eu film (100 Å) was observed to follow the ‘‘natu
ral’’ 2:3 epitaxy as indicated in Fig. 1~b!.

B. Tridimensional growth of Eu on the O-c„6Ã2… V„110…
reconstructed surface

We turn now to the description of the 3D Eu phase
encountered atTS5260 °C onSc(632) . After an initial back-
ground enhancement, high intensity diffraction spots
peared on the RHEED patterns revealing a 3D growth p
cess as soon as a nominal Eu thickness of one monol
was deposited@Figs. 3~c! and 3~d!#. Interpretation of these
spotty diffraction patterns was greatly facilitated by ST
measurements~Fig. 4!. At a mesoscopic scale, the nanopa
ticles revealed a threefold symmetry, their mean shape b
truncated tetrahedrons with height~H! and base~B! depend-
ing on the deposited Eu thickness. With increasing nom
thickness an increase in both island density andB/H ratio
was first observed~see the profiles in Fig. 4!. Higher Eu
deposition led to the formation of a poorly ordered bcc
film ~as observed in RHEED!, probably growing on top of
the 3D islands as well as in between.

It can be seen on Fig. 4 that some of the 3D islands
60° twinned ~marked I1 and I2 on Fig. 4!, showing the
existence of two equivalent epitaxial orientations. This is
of
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importance for the interpretation of the RHEED patterns
Fig. 3 because they result from diffraction by transmiss
across these two kinds of islands. In possession of this in
mation, the following method was then used for the 3D cr
tal structure determination of these islands. First, and con
tent with the threefold symmetry observed in STM, it w
verified that the observed azimuthal angles led to a hexa
nal lattice in the plane of growth following the NW orienta
tion ~see theDw values quoted in Fig. 3!. The in-plane pa-
rameter was then deduced from the horizontal spot spaci
a53.5960.07 Å. TheseDw anda values imply a hexago-
nal 2:3 epitaxy relative to the V~110! lattice. Then, advan-
tage was taken of the following 3D diffraction property: d
pending on the azimuth, a periodic stacking ofn distinct
hexagonal planes (A, B, or C type! leads to
(001),(002),. . . ,(00n21) spot extinction along the so
called central rod, whilen fractional order spots can switc
on in the neighboring rods.18 Leaving out at first the presenc
of low intensity spots, the casen53 ~i.e.,ABC stacking! can
be recognized when looking at the diffraction pattern of F
3~c!. Then, assuming this kind of stacking and starting fro
a hexagonal lattice description, it was possible to simulate
the observed RHEED patterns. As can be seen in Fig. 5
was necessary to take into account the 60° twinned island
order to reproduce the experimental patterns. Thus, Fig.~c!
results from the superposition of two diffraction patter
arising from the two nonequivalent@100# and @110# azi-
muths, 60° rotated~Fig. 5!. In the same way, Fig. 3~d! ap-
pears as the superposition of two diffraction patterns aris
from the two equivalent@210# and@11̄0# azimuths. The bes
fit to the data was obtained for a lattice parameter along
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FIG. 4. ~a! 300 nm 3 300 nm STM image for an 8.4 Å Eu nominal thickness deposited on substrateSc(632) . Gap voltage
20.08 V, set point 0.69 nA.~b! 180 nm3 180 nm STM image for a 9.5 Å Eu nominal thickness. Note the island height differe
between the two images.
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growth axisc59.06 Å5aA6. That is, the fcc structure oc
curs instead of a hexagonalABC one ~i.e., cÞaA6). Using
the cubic description of fcc crystals, the lattice paramete
thenafcc5aA255.160.1 Å.

Extra diffraction spots of lower intensity were clearly vi
ible on some azimuths, which are not explained in the p
vious paragraph@see Figs. 3~c! and 5~c!#. These extra spots
are commonly observed in transmission electron microsc
on fcc materials and mainly originate from double diffracti
effects due to the presence of twinned nanoparticles.19 That
is, the diffracted beam arising from one nanoparticle
comes the incident beam for a neighboring one~Fig. 6!. Let
kW0 be the incident wave vector,kW1[kW02GW 1(h1 ,k1 ,l 1) a dif-
fracted wave vector from the first nanoparticle, andkW2[kW1

2GW 2(h2 ,k2 ,l 2) the diffracted one resulting from a doub
diffraction on the second nanoparticle. If the second na
particle is 60° rotated, the double diffraction spot~s! must
then be indexed askW02kW2[GW (H5h12k2 ,K5k11k2
1h2 ,L5 l 11 l 2) where the 60° rotated reciprocal lattice
the second nanoparticle has been taken into account. T
despite the same extinction conditions on (h1 ,k1 ,l 1) and
(h2 ,k2 ,l 2), they do not necessarily occur for (H,K,L), de-
pending on the original azimuth. For instance, in the case
the @100# azimuth of Fig. 3~c!, the forbidden (0022) spot
switches on because of a double diffraction arising fromkW0

2kW1[(22021) and kW12kW2[(22221). It was verified
that all the extra spots observed on Fig. 3~c! could be ex-
plained according to this scheme. In the same way, e
spots were not observed on the diffraction pattern of F
3~d! because it results from two equivalent azimuths in sp
of the two different orientations of the nanoparticles; thus
that case, the resulting (H,K,L) spots cannot generate ne
double diffraction spots.
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IV. PHOTOEMISSION RESULTS

A. Chemical composition of the nanoparticles

An important question concerns the chemical composit
of the 3D islands because of the initial presence of oxyg
atoms onSc(632) , which leads one to suspect a chemic
reaction with Eu atoms in order to form oxide nanoparticl
Two experimental observations might support this possi
ity. First, as said before, the 3D growth phase occurs onl
TS5260 °C which could be interpreted as the temperat
for which the oxidation process is activated. Such a Eu
reaction has recently been reported by Konnoet al.,20 who
obtained EuO16x thin films by reactive evaporation o
Si~100! wafers forTS values as low as 200 °C. However, a
oxygen flow was present during these experiments while
our case the oxygen atoms are chemically bonded with
vanadium ones. The second observation is of crysta
graphic nature: both the fcc structure and the lattice par
eter (5.160.1 Å) we found for the nanoparticles compa
well with those13 of divalent europium oxide EuO (aEuO

55.14 Å).
In order to give an unequivocal answer to this questi

an estimation of the oxygen quantity present on the sam
was carried out with the help of photoemission measu
ments before and after Eu evaporation. Figures 7~b! and 7~c!
present the V 2p and O 1s spectra for the two situations
Estimation of the O 1s line intensities required special trea
ment because of its smallness and because of the presen
a broad V 2p satellite lying at the same energy@see Fig.
7~a!#. In order to overcome this difficulty, we removed the
2p line of a freshly ion bombarded V~110! surface from
other spectra. This procedure was quite satisfactory and
intensities were then calculated in this way after the subtr
tion of a Shirley-type background. It was found that the
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tensity ratio of the O 1s and V 2p lines remains the same
before and after the Eu evaporation~within 0.5%). This es-
sential result is well explained by the growth of pure E
islands on the O-c(632) reconstructed surface. Indeed, b
cause the O 1s and V 2p lines correspond to nearly the sam
kinetic energy, their associated electron mean free paths
approximately the same, and thus the intensities of these
lines are equally affected by the presence of Eu islands. T
scenario is the only one compatible with the constant ratio
the V and O signals; oxidation of the Eu nanoparticles m

FIG. 5. Simulation of the diffraction patterns obtained by tran
mission across the 60° twinned nanoparticles.~a! Diffraction pat-
tern along the@001# azimuth @in hexagonal (abc) notation#. ~b!
Diffraction pattern along the@110# azimuth, 60° rotated from@001#.
~c! Superposition of the two preceding patterns and compar
with experimental diffraction pattern of Fig. 3~c!. The residual spots
are attributed to a double diffraction effect~see text!.
-
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lead to a change of this ratio. In Figs. 7~b! and 7~c!, a clear
change of the O 1s line shape~956 eV! is observed after the
Eu evaporation. This indicates changes in the chemical bo
ing with oxygen, probably induced by the presence of Eu
contact.

Taking into account these conclusions, one can now
the crystallographic analogy between our oxygen free isla
and the EuO oxide in order to build a qualitative understa
ing of the growth process. For this purpose, one has to
member that hexagonal EuO~111! planes are made of a suc
cession of pure Eu planes and pure oxygen planes. Thus
TS value of 260 °C needed for the observation of the Eu
phase can be interpreted as the temperature for which a E
chemical reaction occurs, but it is restricted to the first d
posited Eu atoms in contact with thec(632) chemisorbed
oxygen. As a consequence the first deposited Eu atoms f
a hexagonal Eu~111! plane of the EuO type. Additional Eu
deposits lead to the formation of 3D Eu fcc islands rath
than bidimensional layers, because of strains induced by
drastic reduction (9.5%) of the Eu first-neighbor distance
this crystallographic phase.

-

n

FIG. 6. Explanation of the low intensity spots of Fig. 3~c! by a
double diffraction effect. The reciprocal lattice of island 2 is rotat

by 60° compared to the reciprocal lattice of island 1, so that theGW 2

vector has to be written in the reciprocal basis of island 1.

FIG. 7. ~a! XPS V 2p spectrum of the freshly ion bombarde
V~110! surface.~b! Same spectrum for theSc(632) substrate. The O
1s peak appears at 956 eV kinetic energy.~c! Same as~b! but after
the evaporation of 18 Å Eu.
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7508 PRB 62T. GOURIEUX et al.
B. Eu 4d photoemission

Typical Eu 4d photoemission spectra are presented
Fig. 8. For comparison, a Gd 4d spectrum obtained from a
thick epitaxial layer on V~110! is also reported. As Gd meta
is trivalent in the bulk (Gd31:4f7) while Eu is divalent
(Eu21:4f7), the 4f filling is the same for the two ions an
thus the atomic description of core spectra must be sim
An early interpretation of these 4d lines was done by Kow-
alczyk et al. in 1974.21 The two main peaks lying at high
kinetic energy originate fromLS coupling between the ope
shells 4d9 (2D) and 4f 7 (8S), giving rise to the two spectro
scopic states7D and 9D. The 9D indexing of the higher
kinetic energy peak was later confirmed with high resolut
XPS measurements on the EuTe compound, revealing
spin-orbit splitting of this state into five components9DJ(J
52 –6).22 The two bumps lying at lower kinetic energy hav
received attention only recently23,24 in the case of Gd. We
follow here the interpretation of van der Laanet al.,23 which
is supported by magnetic circular dichroism experiments
Gd~0001!. Actually, at variance with the9D state, the7D
can also be formed by coupling the 4d9(2D) state with five

FIG. 8. Eu XPS spectra in the 4d region of ~a! Eu bcc ~110!
grown on V~110! at room temperature (100 Å);~b! hexagonal Eu
layers grown on V~110! at TS5260 °C;~c! fcc islands grown on the
reconstructed O-c(632) V~110! surface atTS5260 °C; ~d! hex-
agonal Gd layers grown on V~110! at TS5300 °C. Note that for
comparison this spectrum has been shifted by112.4 eV.
n

r.
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he
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parent terms of thef 7 configuration. This gives rise to five
eigenstatesk

7D (k51 –5) well dispersed in energy and t
the indexing quoted in Fig. 8. The two states2

7D and 3
7D

have very small intensities so that they can be neglected
Returning to our experimental results and looking at F

8, the main observation is the difference of shape betw
the usual Eu bcc 4d line and the corresponding ones for bo
hexagonal Eu layers and fcc Eu islands. Clearly, this diff
ence of shape cannot be explained in the framework o
simple atomic description and one must take into account
ion environment. Sela˚s and Raaen invoked a stron
substrate-adsorbate interaction in order to explain the dif
ences they observed on the Eu 3d spectra at the Eu/Ta
interface.25 The 3d spectra we measured26 in Eu/V show the
same behavior. However, our spectra correspond to a
tens of ångströms in Eu thickness. This rules out the pos
bility of an electronic influence of the substrate on the ph
toemission line shapes. Actually, one has to find an expla
tion that takes into account the essential conclusions we
draw from our structural experiments. First, Eu 4d spectra
are structure dependent: hexagonal Eu layers give rise
very different 4d line shape when compared with bcc laye
Secondly, this difference cannot be due to a change of
first-neighbor distance. Indeed, this distance is very sim
for the Eu bcc (3.97 Å) and hexagonal (4.160.1 Å) lay-
ers, and, despite its large variation in the case of fcc
islands (3.5960.07 Å), the spectra of Figs. 8~b! and 8~c!
are similar. Thus, there is a possibility for the number of fi
neighbors to play an important role. The similarity betwe
these spectra and the Gd 4d one is in agreement with this
assumption, because the common point to these three c
is the hexagonal stacking of the materials. This leads to
suggestion that thek

7D states may be influenced by differe
crystal field effects, in spite of their weakness, whether Eu
in a bcc structure or a hexagonal one.

Changes of the Gd 4d line shape have been recent
reported27 in Gd intermetallic compounds. This sugges
band effects~due to structural changes! as another possible
explanation. These suggestions will be discussed in de
elsewhere.26

V. CONCLUSION

We have shown that 2D hexagonal Eu layers of a few t
of ångströms with a54.160.1 Å are obtained by Eu depo
sition on a pure (131)-V(110) substrate. In the presence
the oxygen inducedc(632) surface reconstruction o
V~110!, 3D island growth of pure Eu is preferred forTS
5260 °C. The islands have the fcc structure withafcc55.1
60.1 Å. This implies a large reduction of the Eu firs
neighbor distance when compared to the natural bcc ph
The fcc phase is made of Eu~111! planes of the EuO type
probably initiated by a chemical reaction between oxyg
atoms lying in thec(632) reconstruction and the Eu atom
in contact. In both cases~2D and 3D growth!, singular Eu 4d
spectra have been measured having very different line sh
when compared to the Eu bcc spectrum.
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