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Influence of chemisorbed oxygen on the growth of europium phases on(¥10)

T. Gourieux* S. Frehard, F. Dulot, J. Euge, B. Kierren, and D. Malterre
Laboratoire de Physique des Maiaux, UniversiteHenri Poincare Nancy -Boite Postale 239, F-54506 Vandceuvrs-Mancy, France
(Received 21 January 2000

A structural and spectroscopic study of Eu exotic phases grown(@t0/reveals the large influence of
chemisorbed oxygen on the growth process. While hexagonal Eu layers are obtained on a clean (1
X 1)-V(110) surface, three-dimension@D) growth of pure Eu fcc islands is induced by the presence of the
oxygene(6x2) surface reconstruction of (¥10). 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 bot2iasesd 3D growth
of Eu), singular Eu 4l photoemission spectra are observed.

[. INTRODUCTION element crystallizes in a bcc phase whereas hexagonal epi-
taxial Eu on TM110) surfaces have been reportéd?In the

Elaboration of materials with reduced dimensions oftencase of EU/WL10)," hexagonal Eu structures with various
leads to the observation of new physical properties as conXpanded surface parameters appear in the submonolayer
pared to the bulk, such as modification of Curie temperal@nge following the NW orientation, but thicker Eu cover-
tures, exotic crystallographic phases, or quantum size effecRJeS were not studied. For Eu(Ta0),™ similar hexagonal
due to electron confinement. Key points in the preparation oEFructures were observed in the submonolayer range. At
a particular nanomaterial by the molecular beam techniqu igher coverages epitaxy of hexagonal Eu planes starting

lie in the choice of a substrate as well as its temperature ané"tthhed_NW orISentﬁtlog IS (_)bstert'\_/ed,_ but thetn t_swﬂghlr;% to
surface quality. This is because the nucleation process i e Kurdjumov-Sach&KsS) orientationli.e., a rotation by

- ; o lative to the NW orientation; see Fig(al], and finally
driven by physical parametefsurface adatom mobility and refativ . _
Gibbs free energieswhich are directly dependent on these rﬁgcﬁé%%ﬁcr‘évsglo) domains with[001] rows parallel to

initial conditions. Therefore, besides its temperature depent— ™ . tal stud ' the d i
dence, the growth can be seriously altered by strains result- € experimental study we report concerns the deposition

ing from lattice mismatch, or by the initial presence of sur-o.f Eu thin films on a \(.110) §ubstrate studied py reflection
face defects as well as surface reconstructidhsan also be high energy electron diffractioRHEED), scanning tunnel-

affected by the initial presence of chemisorbed species. FdP9 Microscopy(STM), and x-ray photoemission spectros-
instance, it has been recently shown that the G-} phase copy (XPS measurements. The motivations were twofold,

; : first, starting from the bulk lattice parameters of bcc Eu and
on F€100) acts as a surfactant for homoepitexi. will be X :
4100 pitet V (ay=3.027 A, ag,=4.5827 A)L there is a geometrical

shown in this paper that chemisorbed oxygen can complete Vo ) / ;
change the growth process so that the resulting nano—objecé_é‘)ss'b'IIty that the lattice matchlng oceurs by aI_|gnment of
have new physical properties. This will be demonstrated fofhne densely packeﬁDOl] rows, realizing a 2:3 epl_tax};see.

the specific problem of rare eartRE) epitaxial growth on Fig. 1(b)]. This had to be tested and compared with previous
transition metalSTM's) in the particular case of the Eu/ works on W and Ta substrates. Second, we took advantage

V(110 interface, by using the possibility of realizing either a ©f the well known oxygen induced-(6x2) reconstruction

4,15 ; H i
(1X1)-V(110) surface corresponding to the crystal bulk ter-Of the V(110 surfa}cé in order to study its influence on
mination, or an oxygen inducec(6 2) reconstruction of the Eu growth. This also gives the opportunity to investigate
this surfailce the influence of the crystallographic structure on the spectro-

Thin film epitaxy of RE’s on the110) faces of the first scopic properties of Eu. The presentation and discussion of

bce TM's (V and Cr columngshas been experimentally dem- ;[jhe lexpgtrr:mental reSUIftS are (_)rgant|z|e(cjzl ?s_lfollov(\j/s. Sbe_ct:co(r; I
onstrated during the last 20 yedrd® The crystal symmetry C€&'S WIth a survey of experimental details and a briet de-

adopted by these RE films generally accords with the bul cription of the subst_rate preparatior]. Section I.” reports on
natural phases, which consist in a stacking of hexagon pe structural results including a detailed analysis of RHEED

lanes leading to cfc, hcp, double héghcp, or Sm-type patterns obtained in the three-dimensio3i) growth phase
gtructures. Thge RE Iatticepmatches th??o? the(TM) f)c?l)- of Eu in the presence of the 6 2) V(110 reconstructed

lowing the so-called Nishiyama-WassermaiMw) orienta- surface. Section IV is a preliminary report of our photoemis-

tion, for which the most densely packed rows of the hexago-Sion results, which will detail the chemical nature of these

nal RE plane are parallel to the densely pack@dll] rows 3D islands as well as the singular Ed XPS line shapes we

of the TM[see Fig. 18)]. However, due to the large discrep- obtained.
ancy between the lattice parameters, epitaxy occurs by Il EXPERIMENTAL DETAILS
matchingm RE rows withn TM rows defining arm:n epi- ANb SUBSTRATE PREPARATION

taxy, m andn depending on both the RE and the TMUp
to now, this behavior applies to all the RE’s studied, but one Experiments have been performed in an UHV system
has to pay attention to the particular case of Eu. Indeed, thiwith a base pressure better thax 50 1° mbar. 99.9% pure
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FIG. 1. (a) Nishiyama-Wassermann 3:5 epitaxy of hexagonal Eu layers(@ha®. The TM(110 axis are indexed following the usual bcc
cubic notation while, for convenience, indexing of the Eu layer axis follows the hexagmbe) (otation. Kurdjumov-Sachs epitaxy occurs
when the[111],.. axis is aligned with thg 010],, axis (or an equivalent one Thus, there is a 5° switching between NW and KS
orientations. The drawing is adapted from Ref(1). Expected geometrical 2:3 epitaxy of bcc(ELO) on V(110 with alignment of[001]
rows.

Eu was sublimated from a boron nitride effusion cell and theThis kind of surface gave rise to streaky RHEED patterns of
deposited nominal thicknesses were continuously measuregbod quality, as shown in Figs(& and Zb). These experi-
with a water-cooled quartz oscillator placed in the vicinity of mental patterns are in agreement with the expected ones for a
the V(110 substrate. RHEED experiments were performeddocd110 plane within an overall error of 2% for both angu-
both during and after the growth by using a VG LEG 300lar spacings and distance ratios. Therefore, they were
gun electron tuned to 30 keV. An UHV mechanical transferchoosen as a reference for the distance calibration.

allowed us to carry out either STM or XPS measurements on BY increasingT,, oxygen impurities diffuse from the
the same sample. The XPS measurements were perform@4lk inducing the Qe(6x2) surface reconstruction of
with a VG MK Il analyzer using a nonmonochromatized Al V(110.""™ This thermodynamical process was activated as
Ka source(overall resolution 1 ey STM measurements SOON asT, was set higher than 450 Clé which is the same
were carried out by using an Omicron STM 1 apparatus oplimiting value as in the case of Nbl0.™ As observed by
erating at room temperature in the constant current mode. STM. it led to larger terracegmean width 200 A forT,

The V(110 single crystal surface was prepared by the™= 600 °C) with monoatomic steps. At(?mlc resoluh_on STM
usual Ar™ ion bombardments and annealings at various tem!Mages revealed the(6 X 2) reconstruction with a unit mesh
peraturesT ,. Depending oril,, this operative mode led to adopting two preferential orientations in such a manner that
either a (X 1)-V(110) surface corresponding to the crystal the Whole_surface looked like a kind of Chepkerboard at a
bulk termination, or &(6x 2) reconstructed surface induced MeSOSCoOpIC scafé. RHEED was poorly sensitive to these
by oxygen diffusion from the bulk. The (11)-V(110) sur- details showing only more or less V|S|ble_fract|onal order
face was obtained foF, values around 350—400°C. STM Streaks at the expectefl positions for the[111], and 3
images of this surface displayed a succession of relativelpositions for thg 110],, azimuth[see Figs. @) and 3b)].
small terraces forming hills and valleys at large lateral scaleCarbon impurities were sometimes observed by XPS for
(about 100 nm XPS revealed that it was free of impurities. high annealing temperature§ {=600 °C). Thus, for this
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FIG. 2. (a) and(b) RHEED patterns of (X1)-V(110) for the two azimuth§111] and[110]. Experimental angular spacing between
these two azimuths is 35fc) and(d) RHEED patterns obtained after the deposition of 38 A Eu o® {}-V(110) atTs=260°C. Note
the experimental angular spacingg = +4° between pattern&@) and(c), andA¢=0° between patternd) and(d); these are consistent
with a NW orientation of the Eu filnfsee Fig. 1

study, theT, value was limited to 450—500°C in order to While 3D islands formed or5.sx2). In the following, we

avoid carbon contamination. will first emphasize the 2D growth case.
To summarize this section, we were able to prepare two
distinct substrate surfaces: fof, values in the range A. Bidimensional growth of Eu

350-400°C the (X1)-V(110) surface was ide_-ntifiede- For Ts<260°C, and using, x; or Seex2), EU deposits
ferred to as substrat,, in the following, while in the in the submonolayer range only induced an increasing back-
range 450-500°C the oxygen induce(5x2) surface re-  ground on the RHEED patterns with no evidence of ordered

construction was initiatedreferred to as substra®x2)).  structure formation. Then, near the monolayer, additional
streaks of weak intensity started to develop in the RHEED
lIl. STRUCTURE RESULTS patterns, demonstrating the bidimensional nature of the Eu

growth. These streaks increased in intensity for higher Eu

During the Eu evaporation, the substrat&;(; or  coverages while the substrate signature disappeared, giving
Scex2)) Was held at a temperatufigs chosen in the range rise to the RHEED patterns shown in Figgc)2and 2d).
25—260°C. The lower value was a technical limitation of They reveal a Eu surface lattice with hexagonal symmetry
the experimental setup, while the upper one resulted from thand parametea,=4.1+0.1 A. The angular differencese
experimental observation that settiig at a higher value led quoted in Fig. 2 are consistent with a NW orientation of the
to the desorption of deposited Eu atoms. This behavior waku film, the result being a 3:5 epitaxy as drawn in Fitp)1
not very surprising because of the particularly low heat ofEu films were hexagonal up to a critical thicknéagew tens
sublimation of this element~1.5 eV/atom under normal of angstrans) which wasTs dependent. Films of best quality
conditions which leads to high vapor pressure values even atas seen in RHEEDwere obtained or$,; at Tg=260°C.
moderate temperaturgs.g., 10> mbar at 400 °C). Increasing the film thickness led to various alterations of the

ForTs<260 °C, 2D growth occurred using eith®y,., or  diffraction patterns, like streak broadening, background en-
Scex2), differing only in details as observed in RHEED. hancement, and persistence of the diffraction patterns when
But for Ts=~260°C, the Eu growth was found to strongly varying the azimuthal angle over about 1@%., texture for-
depend on the substrate: 2D growth was persisterg,on, mation. These changes were temperature)(and thickness
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FIG. 3. (a) and(b) RHEED patterns of the oxygen induce(b x 2)-V(110) surface for the two azimutfig11] and[110]. (c) and(d)
Spotty RHEED patterns obtained after the deposition of 8.4 A Eu onc(fe2)-V(110) reconstructed surface @=260°C. The
corresponding STM image is reported in Figadbelow. The quoted angular spacinyg indicate a NW orientation of the islands relative
to the M110) lattice, while the spot distribution agrees with a fcc structisee texk

dependent, and are believed to be related to the relaxation ohportance for the interpretation of the RHEED patterns of
the Eu hexagonal layer8:5 epitaxy toward bcc E(110 Fig. 3 because they result from diffraction by transmission
(2:3 epitaxy. This requires as a final result a 5° rotation of across these two kinds of islands. In possession of this infor-
the Eu surface latticésee Fig. 1and a slight variation of the mation, the following method was then used for the 3D crys-
Eu first-neighbor distance (4.12 A for the 3:5 epitaxy com-tal structure determination of these islands. First, and consis-
pared with 3.97 A in the bcc phaseThis high coverage tent with the threefold symmetry observed in STM, it was
behavior was clearly identified fofs=25°C, where the fi-  yerified that the observed azimuthal angles led to a hexago-
nal bee Eu film (100 A) was observed to follow the “natu- ng |attice in the plane of growth following the NW orienta-

ral” 2:3 epitaxy as indicated in Fig. (). tion (see theA ¢ values quoted in Fig.)3 The in-plane pa-
rameter was then deduced from the horizontal spot spacings,

B. Tridimensional growth of Eu on the O-c(6X2) V(110 a=3.59+0.07 A. TheseA ¢ anda values imply a hexago-

reconstructed surface nal 2:3 epitaxy relative to the 10 lattice. Then, advan-

We turn now to the description of the 3D Eu phase weldge was taken of the following 3D diffraction property: de-
pending on the azimuth, a periodic stacking rofdistinct

encountered als=260 °C onS;sx ) - After an initial back-
ground enhancement, high intensity diffraction spots aphexagonal planes A, B, or C type leads to
peared on the RHEED patterns revealing a 3D growth prot001),(002),...,(00h—1) spot extinction along the so-
cess as soon as a nominal Eu thickness of one monolayéfi”ed central rod, while fractional order spots can switch
was depositedFigs. 3c) and 3d)]. Interpretation of these ©ON in the neighboring rod$ Leaving out at first the presence
spotty diffraction patterns was greatly facilitated by STM Of low intensity spots, the case=3 (i.e., ABC stacking can
measuremente:ig_ 4) At a mesoscopic scale, the nanopar- be recognized when I00king at the diffraction pattern of Flg
ticles revealed a threefold symmetry, their mean shape being(c)- Then, assuming this kind of stacking and starting from
truncated tetrahedrons with heigltt) and baseéB) depend- @ hexagonal lattice description, it was possible to simulate all
ing on the deposited Eu thickness. With increasing nominathe observed RHEED patterns. As can be seen in Fig. 5, it
thickness an increase in both island density &t ratio ~ Was necessary to take into account the 60° twinned islands in
was first observedsee the profiles in Fig.)4 Higher Eu  order to reproduce the experimental patterns. Thus, k. 3
deposition led to the formation of a poorly ordered bcc Euresults from the superposition of two diffraction patterns
film (as observed in RHEED probably growing on top of arising from the two nonequivalerit00] and [110] azi-
the 3D islands as well as in between. muths, 60° rotatedFig. 5). In the same way, Fig.(8) ap-

It can be seen on Fig. 4 that some of the 3D islands ar@ears as the superposition of two diffraction patterns arising
60° twinned (markedI1l and12 on Fig. 4, showing the from the two equivalent210] and[ 110] azimuths. The best
existence of two equivalent epitaxial orientations. This is offit to the data was obtained for a lattice parameter along the
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FIG. 4. (@ 300 nm X 300 nm STM image for an 8.4 A Eu nominal thickness deposited on subsigage,). Gap voltage
—0.08 V, set point 0.69 nA(b) 180 nmx 180 nm STM image for a 9.5 A Eu nominal thickness. Note the island height difference
between the two images.

growth axisc=9.06 A=a\/6. That is, the fcc structure oc- IV. PHOTOEMISSION RESULTS

curs instead of a hexagonaBC one(i.e., 07&?\/6)- Using A. Chemical composition of the nanoparticles

the cubic description of fcc crystals, the lattice parameter is ) ) ) »

thenag,=ay2=5.1-0.1 A An important question concerns the chemical composition
- A+0.1 A

of the 3D islands because of the initial presence of oxygen
atoms onS;gx ), Which leads one to suspect a chemical
reaction with Eu atoms in order to form oxide nanopatrticles.
Two experimental observations might support this possibil-
ty. First, as said before, the 3D growth phase occurs only at
Ts=260°C which could be interpreted as the temperature
for which the oxidation process is activated. Such a Eu-O
reaction has recently been reported by Komtal.?’ who
K, be the incident wave vectoky=Ko— G,(h, ky,I,) a dif- ol_atained Eu@., thin films by reactive Svaporation on

i ) L Si(100) wafers forTg values as low as 200 °C. However, an
fragted wave vector from the first nanoparticle, dge=k, oxygen flow was present during these experiments while in
—Gy(hy,kz,15) the diffracted one resulting from a double gyr case the oxygen atoms are chemically bonded with the
d|ffr§ict|0_n on the second nanopartlclg. If the second Nanoyanadium ones. The second observation is of crystallo-
particle is 60° rotated, the double diffraction sbtmust  graphic nature: both the fec structure and the lattice param-
then be indexed asko—k,=G(H=h;—k; K=k;+k, eter (5.2-0.1 A) we found for the nanoparticles compare
+hy,L=1;+1;) where the 60° rotated reciprocal lattice of el with thosé® of divalent europium oxide EuOag,o
the second nanoparticle has been taken into account. Thus,s 14 R).
despite the same extinction conditions dm (;,l;) and In order to give an unequivocal answer to this question,
(h2,k,15), they do not necessarily occur foH(K,L), de- 4 estimation of the oxygen quantity present on the sample
pending on the original azimuth. For instance, in the case of 45 carried out with the help of photoemission measure-
the [100] azimuth of Fig. &), the forbidden (08 2) spot  yents hefore and after Eu evaporation. Figurés @nd 7c)
switches on because of a double diffraction arising fIkUT'I present the V P and O = spectra for the two situations.
—ky;=(—20-1) andk;—k,=(2—2-1). It was verified Estimation of the O § line intensities required special treat-
that all the extra spots observed on Figc)3could be ex- ment because of its smallness and because of the presence of
plained according to this scheme. In the same way, extra broad V 2 satellite lying at the same enerdgee Fig.
spots were not observed on the diffraction pattern of Fig7(a)]. In order to overcome this difficulty, we removed the V
3(d) because it results from two equivalent azimuths in spite2p line of a freshly ion bombarded (10 surface from
of the two different orientations of the nanopatrticles; thus, inother spectra. This procedure was quite satisfactory and line
that case, the resultindH(K,L) spots cannot generate new intensities were then calculated in this way after the subtrac-
double diffraction spots. tion of a Shirley-type background. It was found that the in-

Extra diffraction spots of lower intensity were clearly vis-
ible on some azimuths, which are not explained in the pre
vious paragraplisee Figs. &) and 5c)]. These extra spots
are commonly observed in transmission electron microscop
on fcc materials and mainly originate from double diffraction
effects due to the presence of twinned nanopartitidhat
is, the diffracted beam arising from one nanoparticle be
comes the incident beam for a neighboring dRig. 6). Let
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. _ (I 1; ) . - (2-2; ) . Double diffraction conditions : R;— RB = 62+g1
- (2.25) . - “.15) b -- FIG. 6. Explanation of the low intensity spots of FigdcBby a
(3;") (2" ) (3;6 ! double diffraction effect. The reciprocal lattice of island 2 is rotated
by 60° compared to the reciprocal lattice of island 1, so thafitlgle
III vector has to be written in the reciprocal basis of island 1.
lead to a change of this ratio. In Figsiby and 7c), a clear
change of the O 4 line shapg956 €\) is observed after the
‘e’ ‘@ Lo > Eu evaporation. This indicates changes in the chemical bond-
(2025 . PY —_— ing with oxygen, probably induced by the presence of Eu in
- P contact.
(3.00> - - ° - (300) Taking into account these conclusions, one can now use
(201)  _ _ (000) (1oL) = the crystallographic analogy between our oxygen free islands
) . (102) ) ® (202) ) and the EuO oxide in order to build a qualitative understand-
(303) o (003) _ L4 303) ing of the growth process. For this purpose, one has to re-
® o) - - ® (104) ) ® member that hexagonal E@11) planes are made of a suc-
® (105) o (205) cession of pure Eu planes and pure oxygen planes. Thus, the
- - [ ) - [ ) - T value of 260 °C needed for the observation of the Eu fcc
Ce® ‘@ P phase can be interpreted as the temperature for which a Eu-O
chemical reaction occurs, but it is restricted to the first de-
III posited Eu atoms in contact with tle€6Xx2) chemisorbed
oxygen. As a consequence the first deposited Eu atoms form
a hexagonal Ed111) plane of the EuO type. Additional Eu
> O - deposits lead to the formation of 3D Eu fcc islands rather
2 Q O O than bidimensional layers, because of strains induced by the
o o w o drastic reduction (9.5%) of the Eu first-neighbor distance in
o ? O this crystallographic phase.
O Q Lo Q
o} o} o o n
(o) & (o) | XPS: O1s + V2p
o O 0] O B
(] O (0] O i
o o] o 2 [
.E -
>
= L a)
FIG. 5. Simulation of the diffraction patterns obtained by trans- g |
mission across the 60° twinned nanoparticlgs.Diffraction pat- s |
tern along the[001] azimuth[in hexagonal ébc) notation. (b) £ 1
Diffraction pattern along thg110] azimuth, 60° rotated frofD01]. > |
(c) Superposition of the two preceding patterns and comparison s | b)
with experimental diffraction pattern of Fig(@. The residual spots s |
are attributed to a double diffraction effestee text E -
tensity ratio of the O & and V 2p lines remains the same L ¢)
before and after the Eu evaporatiomithin 0.5%). This es- i
sential result is well explained by the growth of pure Eu T
islands on the @{6Xx2) reconstructed surface. Indeed, be- 940 950 960 970 980

cause the O4dand V 2p lines correspond to nearly the same

kinetic energy, their associated electron mean free paths are

Kinetic Energy (eV)

approximately the same, and thus the intensities of these two FIG. 7. (a) XPS V 2p spectrum of the freshly ion bombarded
lines are equally affected by the presence of Eu islands. Thig(110) surface.(b) Same spectrum for th,(sx ) substrate. The O
scenario is the only one compatible with the constant ratio ofis peak appears at 956 eV kinetic ener@p).Same agb) but after
the V and O signals; oxidation of the Eu nanoparticles musthe evaporation of 18 A Eu.
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parent terms of thé’ configuration. This gives rise to five

XPS 4d lines eigenstates,ZD (k=1-5) well dispersed in energy and to
the indexing quoted in Fig. 8. The two staté® and ;D
have very small intensities so that they can be neglected.

a) Eu bec (110) Returning to our experimental results and looking at Fig.

8, the main observation is the difference of shape between
the usual Eu beced line and the corresponding ones for both
hexagonal Eu layers and fcc Eu islands. Clearly, this differ-
ence of shape cannot be explained in the framework of a
simple atomic description and one must take into account the
ion environment. Sék and Raaen invoked a strong
substrate-adsorbate interaction in order to explain the differ-
ences they observed on the Ed 3pectra at the Eu/Ta
interface?® The 3d spectra we measurétin Eu/V show the
same behavior. However, our spectra correspond to a few
tens of agstrans in Eu thickness. This rules out the possi-
bility of an electronic influence of the substrate on the pho-
toemission line shapes. Actually, one has to find an explana-
tion that takes into account the essential conclusions we can
draw from our structural experiments. First, Ed 4pectra
are structure dependent: hexagonal Eu layers give rise to a
very different 4 line shape when compared with bcc layers.
Secondly, this difference cannot be due to a change of the
first-neighbor distance. Indeed, this distance is very similar
T T T T I for the Eu bee (3.97 A) and hexagonal (£0.1 A) lay-
1320 1330 1340 1350 1360 ers, and, despite its large variation in the case of fcc Eu
Kinetic Energy (eV) islands (3.5%:0.07 A), the spectra of Figs.(8 and 8§c)
are similar. Thus, there is a possibility for the number of first
FIG. 8. Eu XPS spectra in theddregion of (a) Eu bcc(110  neighbors to play an important role. The similarity between
grown on (110 at room temperature (100 Ajb) hexagonal Eu  these spectra and the Gdi 4ne is in agreement with this
layers grown on V110 at Ts= 260 °C;(c) fcc islands grown onthe  gssumption, because the common point to these three cases
reconstructed @(6x2) V(110 surface afTs=260°C;(d) hex- s the hexagonal stacking of the materials. This leads to the
agonal Gd layers grown on (Y10 at Ts=300°C. Note that for  gggestion that th¢D states may be influenced by different
comparison this spectrum has been shiftedt2.4 ev. crystal field effects, in spite of their weakness, whether Eu is
in a bcce structure or a hexagonal one.
B. Eu 4d photoemission Changes of the Gd d! line shape have been recently
reported’ in Gd intermetallic compounds. This suggests

Fig. 8. For comparison, a Gddspectrum obtained from a band effectgdue to structural changesas another possible

thick epitaxial layer on V110 is also reported. As Gd metal explanatiog. These suggestions will be discussed in detalil
is trivalent in the bulk (G&':4f") while Eu is divalent elsewheré.
(EW™:4f7), the 4f filling is the same for the two ions and

thus the atomic description of core spectra must be similar.

An early interpretation of theseddlines was done by Kow- We have shown that 2D hexagonal Eu layers of a few tens
alczyk et al. in 19742 The two main peaks lying at high of angstrans witha=4.1+0.1 A are obtained by Eu depo-
kinetic energy originate froh S coupling between the open sition on a pure (X 1)-V(110) substrate. In the presence of
shells 4° (?D) and 4 (8S), giving rise to the two spectro- the oxygen inducedc(6x2) surface reconstruction of
scopic states’'D and °D. The °D indexing of the higher V(110), 3D island growth of pure Eu is preferred fars
kinetic energy peak was later confirmed with high resolution=260 °C. The islands have the fcc structure waih.=5.1

XPS measurements on the EuTe compound, revealing the 0.1 A. This implies a large reduction of the Eu first-
spin-orbit splitting of this state into five componem® (J  neighbor distance when compared to the natural bcc phase.
=2-6)22 The two bumps lying at lower kinetic energy have The fcc phase is made of Eil1) planes of the EuO type,
received attention only recentf?* in the case of Gd. We probably initiated by a chemical reaction between oxygen
follow here the interpretation of van der Laanal,?®> which  atoms lying in thec(6x 2) reconstruction and the Eu atoms

is supported by magnetic circular dichroism experiments orin contact. In both casé€&D and 3D growth, singular Eu 4
Gd(0001). Actually, at variance with theD state, the’D spectra have been measured having very different line shapes
can also be formed by coupling the%?D) state with five ~when compared to the Eu bcc spectrum.

b) Eu hex. layers

¢) Eu fcc islands

Intensity (arbitrary units)

Typical Eu 4 photoemission spectra are presented in

V. CONCLUSION
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