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We present temperature-dependentkdl{7w=1486.6 eV x-ray photoemission spectroscopyPS) mea-
surements on YbInGuwhich has—dependent on small variation in the stoichiometry—a particular first-order
phase transition in the range of 40 K at ambient pressure. The qualitative analysis of the phase transition
monitored by Yb 4 and Yb 41 XPS data shows a steep change of the Yb valence, which has been reported for
the bulk material by various thermodynamic and other spectroscopic measurements. In contrast, this phase
transition has not been unambiguously observed in highly surface-sensitive ultraviolet photoemission spectros-
copy experiments with excitation energies below 100 eV. The XPS data support previous conclusions that
surface effects suppress the first-order phase transition in YRlinGle region close to the sample surface. An
estimate of the spatial extent of this region as well as an assessment of the existing photoemission data on
YbInCu, taken with photon energies frofw=20 eV tohw=5950 eV are given.
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I. INTRODUCTION information depth for electronic states close to the Fermi

Similar to the a— y phase transition in cerium metal ®v€l.
(“Kondo volume collapse*?) there exists a first-order phase _1he principal differences of the XAS and the UPS results
transition in the ytterbium compound YbInGtrS which ~ ON intermediate valent Yb compounds can be explained by

; ; : the existence of a subsurface zone with physical properties
shows a sudden change of the lattice constant in connectlc}(ﬁf_ﬂ_}rent rrorr thoae of the bl This srzjb)gurfacg zgne
with a change of the Yb valence. In contrast to Ce, the vol- :

ume of the YbInCy crystal increasesin going below the should be characterized by a lattice constant relaxing over
o _ 712 \nm . several unit cells from the true bulk value to a larger value at
transition temperaturé,~ 40 K."““With a relative change the crystal surface. The spatial structure of this ordered sub-

of about 0.2%6 the effect on th_e_ Iatt_|ce cqnstant IS mucr%urface region should strongly influence the observed Yb-
smaller .than for thea—y transition in Ce; the valence valence: (1) bulk Yb-valence below the subsurface region
change in YbInCy of the order of 0.1—as estimated from \yith ynrelaxed/undistorted bulk?) decreased valencenore
various thermodynamic and spectroscopic techniques—igjyalent than bulkin the still long range ordered intermedi-
comparatively small but significant. _ ate buffer zone with “relaxed” or increasing lattice constant
Although photoemission spectroscof®BES with photon  towards the surface, i.e., with a larger Yb ion radius between
energies in the VUV ranggultraviolet PES: UPBis widely  the small bulk value and the large surface valperely di-
used to study the electronic properties of strongly correlategaleny, and(3) purely divalent outermost surface Yb atoms
rare earth compounds, the investigation of the valence trandue to reduced coordinatipnSuch a significant surface re-
sition in YbInCuy, exhibits some principal questions concern-laxation has been observed for Yb and other metallic
ing the implication of surface effects to PES data from inter-systems?#-21 recent experiments with high-resolution
mediate valent Yb compounds: at photon energiesiof ~XPS22° have demonstrated the influence of the probing
=43, 120, or 21 eV the temperature dependence of the PE$pth on the PES results for several systems including non-
data shows only a smooth change of the Yb valence over metallic compounds. In addition, intermediate-valent Yb
large temperature range while a sharp steplike transition, as @iompounds are extremely sensitive to inner and outer distor-
is observed in volume sensitive measurements, igions such as external pressure, magnetic field, and substitu-
lacking23-15 Furthermore, the Yb valence extracted fromtion or defects, resulting in significant changes of the physi-
PES is smaller than, e.g., the values determined by x-ragal propertie$:1026-2°|n the case of YbInCuyit is well
absorption spectroscopy at thg edge(XAS).”16At a pho-  known that such distortions are able to broaden or even com-
ton energy ofiw=9 keV, XAS used in the transmission pletely suppress the first-order transitihn.
mode can be regarded as a bulk-sensitive tool, almost free In this paper we present temperature-dependent XPS
from complications caused by surface effects. To the conlaboratory experiments at a photon energy dfw
trary, in PES measurements using excitation energies in the1486.6 eV(Al-K,), for which the information depth on the
VUV range, the small mean free path of the photoelectrongtterbium 4 and 4 states is larger than for VUV
(e.g., in the range of 5 A fohw=43 eV) results in a small energies!33 These measurements have been performed on
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TABLE I. The inelastic mean free pattMFP) \ from the “uni- — - ' ' ' e 10K
versal curve(Ref. 47 (experimentally from overlayer methpdnd g ! °°~<>!»-" """" * 6ok
calculated for YbInCgusing the TPP-2 formuléRef. 3 for states [ 08L& el ]
close to the Fermi level. —| T osl & oM g 70K

2te” N — 150 K
o © 04 SO-— e o
UPS XPS > '
_E L
Photon energyiw (eV) 43 1486.6 E
IMFP (experimental (A) 4 20 §
IMFP (calculated (A) 3-7 20-40 21
the identical samples investigated by UPS in Ref. 13. A brief e Cudd —se vba® ]
account of these experiments has been reported in Ref. 34 : :

There exist two other spectroscopic measurements of the va 14 12 10 bin di: enef [evf 2 B
lence change of YbInGuwith energies between the UPS 9 oy

experiments (21 eV,43 eV and the XAS experiments g 1. The x-ray photoemission spectéPS) of the Yb 4
(8900 eV apart from the XPS experiments with 1487 eV for siates at four temperatures frofie 10 K<T, to T=150 K>T,,

which the original results obtained under laboratory condi-with the transition temperatuf®,~52 K. The inset shows the tem-
tions were reported by Reinegt al34 and the details of the perature dependence of the integrated spectral weight of fitte 4
experiments are given here. These are R()Sonant inelas- (@) and the 4'2 contribution( ¢ ), without any background correc-
tic x-ray scatteriny experiments by Dalleraet al®® (fw tion; the spectra are normalized to the intensity of the Gu&nd.
=8900 eV} and a HXPShard x-ray photoemission spectros-

copy) experiment by Satet al3® that both require synchro- Ill. XPS RESULTS

tron radiation. Thus YbInCy with its changing physical :
properties in the crystal su%';ce region, has geéqn I?n\zlestigated The spectral features typical of thef 4tates from an

spectroscopically with photon energies ranging frdm intermediate-valent Yb compound are depicted in Fig. 1,

=20 eV t0/10=8900 eV’ meaning that one has data that ardie ™ R 200 SEenTE RO TR B TR csion
surface sensitive (Aw=40¢eV) and other data (hAw . P g o ntp 3
=8900 eV that are bulk sensitive. Therefore, after a presen—fm.al states the ﬂ spectrum Is split into two d|st|ngt parisa

: o e . “trivalent” multiplet ranging from 12 to 6 eV binding en-
tation of our results we shall give a comparison of the merits

. . . ergy, corresponding to the two-hold'4 final state’® and a
apd problems of the spectroscopic results obtained with thedivalent” part (labeled 413), appearing as a spin-orbit dou-
different photon energies.

blet close to the Fermi enerd$*° The 4f*2 part contains
some unresolved temperature-independent contributions
Il. EXPERIMENTAL from the merely divalent Yb ions of the top-most surface
layer that are clearly resolved only in UPS data. The intense
Different from most of the photoemission data publishedfeature between these twdf £ontributions is the Cu @
on YbInCu, the XPS data presented in this paper have beeBand, the intensity of which does not change with
measured with a laboratory system, the SES 200 analyzer @mperaturé31” The 4f spectra clearly show a characteristic
a SCIENTA ESCA 200, equipped with a monochromatizeddependence on the sample temperature with opposite direc-
x-ray anodeAl-K,, i»=1486.6 eV. The data were taken in tion for the 42 and 42 contributions: increasing the tem-
normal emission using a net energy resolution ®E  perature leads to an increasing intensity of tii& ultiplet,
=600 meV. The typical accumulation times for a single va-whereas the intensity of the divalent'3 doublet decreases
lence band spectrum and for the dore-level was 3.5 and at the same time. A plot of the non-background-corrected
1 h, respectively. The sample temperature could be conntegrated intensities demonstrates this for the temperatures
trolled on a resistively heated open-cycle cryostat over gom T=10 K to 280 K (see inset of Fig. 1l The maximum
temperature range frorii=10 K up to room temperature. sjope of the temperature dependence lies around the transi-
The YbInCy, samples were Bridgman-grown single crystalstion temperaturd’,, i.e., in the range betweeh~50 K and
cut to a size of X 3x 3 mn?. To prepare clean surfaces the gg K (AT=10 K).12
samples were cleaveth situ at a base pressure of 5  The Yb valencevy, or the hole occupation numbes,
X 10"** mbar using a cleavage post. Freshly prepared sur=y,, -2 can be determined directly from the intensity ratio
faces were comparatively rough but—as monitored by corepf the two 4 contributions:
level XPS—free from oxygen or carbon contaminations. 13\ -1
Prior to the temperature series, the samples were cleaved at 1314
different starting temperatures, to rule out any influence from Mh= ( + ﬂ|_12> '
surface degradations or a possible cracking prior to cleavage. 4
Note that, due to the higher information deftt. Table ), wherel}lf2 and I}l? are the integrated spectral weights for the
the XPS spectra are much less sensitive to surface degradaivalent and the divalentf4part, respectivel§: This method
tion processes than the UPS d&ta. of determining the hole occupation is similar to the one used

(1)
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in XAS,%2 except that at least in the valence band PE spectra, temperature 7' K]

12 13 gt
the I3 andl,f spectral contributions do not overlap and we FIG. 3. The temperature dependence of tliehdle occupation

have to use a factor dﬁ to include the 4 multiplicity. For  ,mper n (T)=0y,(T)-2, determined differently by XPSfiw
the case of PES on thel€ore level, which will be discussed -14g6 6 ev,®), UPS from Ref. 13iw=43 eV, ¢), and XAS

later, the procedure is like in XAS with overlapping struc- from Ref. 7(L,, edge measuremerit)). The table shows the low
tures for 3+ and 2+ contributions. The measurement of emperaturen,, values andAn,=n,(150 K)—n,(10 K). The “error
series of spectra at different temperatures can be accelerateflys” indicate the resulting temperature dependence with the maxi-
if one measures completd 4eference spectra only at a few mum and minimum non#background used in the analysis. The
selected temperatur&g. (preferably above and below the black dots give the mean values.

transition temperatur@&,, see Fig. 2 and restricts the mea- _ _ )
surement at the other temperatures to the doublet close  For the divalent #° doublet we again take two linear
to the Fermi energy and—for normalization—the Cd 3 interpolations between the local minimum intensities at 2, 1,
band. Because of the fixed relation between divalent an@nd —0.5 eV as the highest background, but now from the
trivalent spectral weight one is able to reconstruct the tem- SPectrum aff=150 K where the #° weight is small(see

perature dependence of the Occupation nunn'pm’y BG3in F|g 2 For the estimate of the minimum ba(?kground
we extrapolate the Cud3band towardskg, following a

Gaussian profildsee BG4 in Fig. 2 All four backgrounds
X 13(T). (2)  are considered as temperatimeependent.
With these background corrections one gets a maximum
and minimum value of both thg? and |13 for each tempera-
The complete # spectrum was measured at the beginningture. To map out the complete range of all reasonably pos-
and end of each series of spectra to rule out possible surfagle hole occupation numbens,(T) we combine these
degradation effects. maximum and minimum intensities crosswise according to
An exact quantitative determination of the Yb valence re-Eq. (1). In Fig. 3 we confine this range by “error bars” at
quires a careful consideration of the noh-Background. 10 K and 150 K and plot the mean value of both extrema by
Since the background contribution cannot be determined exiled circles(®) for all investigated temperatures. From the
actly and might differ for various cleaves, we use anotheispectra in Fig. 2 we have pinned the temperature behavior at
approach for the analysis of the data by simply confining théwo reference temperatures and thereby ggf150 K)
results to the maximum and minimum possible values of the=0.83 anch;(10 K)=0.67; the range indicated as bars in Fig.
extracted intensitieZ(T) and1;(T) by using maximum and 3 arises from the choice of the upper and lower limits for the
minimum choices for the corresponding background correcsubtracted background as described above. Within these “er-
tion. The backgrounds for the trivalent and the divalent partor bars” we get the relationshig > ni"*>nJ"S for the
of the spectra have to be chosen independently. As a maxiy, values for the three different methods. Note that these
mum intensity for the #2 part (minimum backgroundwe  “error bars” do not correspond to a scatter of thevalues
take the integrated spectral weight froBg=13 to 5.3 eV  but display twony(T) limiting curves with the highest and
after subtraction of a “Shirley background” for the completethe lowest reasonable hole occupation numbers at each tem-
spectrum(see BG1 in Fig. 2, long-dashed Inéfhe maxi- perature, respectively. As a consequence of the considerable
mum background is determined by a sequence of linear corintensity change of thefdspectra over a narrow temperature
nections of the minimum intensities at 12, 9, and 5 eV in therange (see inset Fig. 11 all of these curves show a steep
4f12 spectrum aff=10 K (BG2, dotted ling. change of the hole occupation numbgr at the transition

1 —np(Tre)

M(T)=1-
lifS(Tref)
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FIG. 5. The lowEg-part of the Yb 4l core-level spectra for
‘ ‘ ‘ ‘ selected temperatures, normalized to the total integral. There is a
220 210 200 190 180 170 sudden increase of divalent spectral weight between 70 and 50 K,

binding energy [eV] while the spectra below 50 and above 100 K exhibit only a small

N variation of the 4l5;,-peak(see also Fig. b
FIG. 4. The decomposition method of thd dore-level of the

intermediate valent compound YbInginto divalent and trivalent the 4d spectra from the surface Yb atoms as in the case of the
model spectra; contributions are for the high- and low-temperatur&alence band. Therefore, in our analysis we concentrate on
case. Similar to the case of the valence band, the divalent mod¢he integral change of the divalent péntl —n;) of the inter-
spectrum (A, Yb®*) still contains an unresolvable divalent but mediate valent d spectra. To get its temperature dependence
temperature-independent contribution from the surface Yb atoms.ijt is sufficient to evaluate the low binding energy part of the
divalent 4 contribution (4ds,, peak, featurea in Fig. 5

temperaturel,~52 K, in agreement with the XAS, RIXS, located atEz=~181.6 eV. In several temperature cycles
and HXPS data, although in the latter two experiments at across the transition temperaturgwe have observed a full
slightly lower temperaturé For temperatures clearly above return of the divalent spectral weight in thel 4ore-level
T, the hole occupation values of both XPS and XAS rapidlyspectra. Therefore, we conclude that the formerly observed
reach constant values. smooth valence change in UPS is not a result of a repeated

In addition to the measurements of thé gtates in the temperature cycle through the phase transition as it was as-
valence band we have chosen the Yd cbre levet**>for  sumed by Mooret al*¢ From the ratio of normalized di- and
tracking the temperature dependence of the hole occupatidnivalent contribution in the intermediate valent spectra, we
number. The basic idea of the analysis is illustrated in Fig. 4can estimate a low-temperature hole occupancy npf
At the bottom of Fig. 4 we show thed4spectra for two =0.76. Since this absolutg, value is less reliable than the
materials representing the two valence limits of Yb-based}f results for the reasons stated above, we restrict ourselves
intermetallics, i.e., the purely divalent states found in Ybto the discussion of the qualitativel 4emperature behavior
metal (Yb?*) and the trivalent states in oxidized YbInCu and compare the results to those froh XPS, UPS, and
(Yb3%). The remaining two curvegabove show the high- XAS in the following.
and low-temperature spectra from the #mperature series ~ Figure 3 shows our results from XPS on thé states
(see also Fig. bof YbInCu,. together with the UPS resultd w=43 eV) for the n,, values

The structures labeleal andb indicate the position of the from Ref. 13 and those from XAS from Ref. 7. In Fig. 6, we
most prominent divalent features in thd dpectra. Thus, in have added the results for the changenjtT) from the
the intermediate valent YbInGuhe change ofy, with tem-  analysis of the d emission to the data already given in Fig.
perature can—in a similar way as with thé 4tates—be 3 in order to demonstrate the temperature dependence. We
observed in the d spectra, and we can analyze eadh 4 have expanded the curves to the same total rangg, iio
spectrum by its decomposition into the di- and trivalent con-allow a more direct comparison of the different results. Both
tribution in the measured range. Quantifying the intensityXPS methods, the analysis of the total changes of divalent
ratio of the two corresponding parts results in thievalues.  contributions in the #iand in the 4 spectra, exhibit the same

Although there is no structured nomt4pectral contribu- qualitative behavior. On the other hand, there are significant
tion underlying the core spectra—in contrast to the valencdlifferences between XPS and UPS results, although the data
band with non-4 contributions from the conduction band have been measured on identical samples: the temperature
and Cu 38 states—the quantification of the intensity ratio dependence of the XPS values unambiguously shows a sig-
and consequently, is complicated by the fact that the spec- nificantly steeperchange around the transition temperature
tral contributions overlap and are not well separated as in thé,~ 52 K, whereas the change in the UPS results is smooth
case of the #2 and 43 states in the valence band. Further- and extended over a large temperature range. The similarity
more, there is also an unresolvable divalent contribution tdetween the mean XPS values and the XAS results is quite
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zone, the transition that results in the “bulkf 4pectra is
TT0]0 ) —— ST S —— ] suppressed as it can also be observed in distorted bulk
material®® In YbInCuy, already a lattice distortion of 1-2% is
known to suppress the sharp transition in the bulk and to
©UPS, 43 eV ] shift the transition temperatuf®, to higher valueg?
O XAS, 8.9 keV . . .
,  E-XPS, 4d emission From the calculated inelastic mean free path at the differ-
—OXPS, 4femission ent photoelectron energies one can estimate the thickness of
the subsurface zone if we assume an exponential damping
(3A=95% damping of the photoelectron current through
the solid33 the resulting XPSAI-K,) information depth of
~90 A must be significantly larger than the width of the
distorted subsurface zone. However, there is a small broad-
ening of the transition in the XPS data compared to the steep
] valence change in the XAS data. By a decomposition of the
L M niPT) into the niS(T) and n"T) curves, which shall
” temperature 714 | represent mere bulk and subsurface zone behavior, one can
extract a~20% contribution from the subsurface zone to the
XPS signal(see inset of Fig. 6 This contribution equals a
thickness of the subsurface zone of about one to three lattice
constants.
The structural model of a relaxed subsurface layer differ-
FIG. 6. The comparison of the Yb valence transition of Yblgcu €nt from the bulk together with the different surface sensi-
as monitored by @ and 4 emission scaled to the same range. Thelivities between UPS and XPS data is also able to explain the
curve for the 4l spectra describes the temperature behavior of peaKlifferences in the observed),(T) curves: the UPS tempera-
a denoted in Fig. 5. The underlying,(T) curves(UPS and XAS ture dependence af,, in YbInCu, is similar to the gradual
data, open symbolsfrom Fig. 3 are scaled to the same relative change oh,(T), as it was determined by PES measurements
range. Inset: the transition as observed fredission can be mod- on the intermediate valent compounds YbAgCuwr
eled by a linear combination of the XAS and UR$T)-values with YbAI3,43'48 and by XASL,, edge measurements on various
the ratio 4:1. Yb compounds, which can be explained by the predictions of
the single-impurity Anderson mode&BSIAM).*? From this
striking, although a slight broadening of the transition ispoint of view the temperature dependence of the UPS data
present in the XPS results. that represent the subsurface region could be explained
within the SIAM by a single Kondo phase with one Kondo
temperaturely =200 K. This Kondo temperaturg would
IV. DISCUSSION OF UPS AGAINST XPS RESULTS be temperature independent without a change at the bulk
) ) _ transition temperaturé@, (short-dashed line in the UPS data
~ The most obvious difference between XPS and UPS lieg, Fig. 3). The XPS data would mainly correspond to the
in the used photon energy for the excitation. For eIectr9n|cbu|k properties with a lowlx phase withT, < T,, which is
states cIo_se to the'Fer'ml level and core levels Wlth low bindypserved at high temperatur&s>T,, and a highTx phase
ing energies the kinetic enerdy, of the respective photo- (T« >T.) observed at low temperatur@s<T,. Within these

electrons is comparable with the photon enefgy, i.e.,  phases the temperature dependence is too small to be ob-
E.in=1.5 keV and=1.3 keV for our XPS dat#4f and 4), served and analyzed in detail.

andE,;,=40 eV for the UPS data. Electron-electron scatter-
ing processes make the inelastic mean free &dRkP) of a
photoelectron strongly dependent on its kinetic energy. As a
result the photoemission information depth ID differs typi-
cally by a factor of=5 between VUV(hw=43 V) and In addition to the UPS, XPS, and XAS data there are now
Al-K,, (iw=1486.6 eV excitation. Table | gives the relevant a|so RIXS datd#»=8900 eV\f and in particular HXPS data
theoretical and experimental numbers for the two cases coryajlable where the latter lead themselves to an interesting
sidered. From Fig. 3 we find that all mean hole occupationcomparison because at least in the valence band one now has
numbersn, have values between those from XAS and UPSsimilar PES data sets excited with photons ranging from
(MAS>n">niP9 over the temperature range of the tran-7,,=21 eV tofiw=5950 eV, thus with very different escape
sition, while the information depths 1D=3\) of the three  depths ranging from~5 to ~50 A. Figure 7 compares va-
methods are ordered in the same w@p*AS>ID*PS  |ence band PES spectra taken witw=5950 eV andfiw
>|DYPS). With this knowledge about the different informa- =1487 eV. They have been normalized by attributing to the
tion depths the assumption of a structurally relaxed subsurYb 4f,,, states(the 4f states at the Fermi energthe same

face zon&*'"is able to explain the observed qualitative andintensity. The two spectra sets are similar, however not iden-
quantitative differences in the temperature dependence dical. In the 43 part of the spectruni4f;, and 45, struc-

ny(T) for the three experimental methods. In this subsurfacéure near the Fermi enerpyhe temperature dependence is

90

80

60 -

40t

% of total n, change

O XPS, 4

20 — lin. comb.4

% of total n,—change

0 50 100 150 200 250 300
temperature T [K]

V. COMPARISON OF RELATIVE MERITS OF UPS, XPS,
AND HXPS DATA
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FIG. 7. The comparison of HXPS dafgef. 36 at T=20 K and T
T=220 K with XPS datathis work. The XPS datdright) were 0 50 100 150 200
taken on samples cleaved and measured at the same temperatt. temperature T [K]
(T=10 K andT=150 K).

250

FIG. 8. The normalized temperature dependence of the Yb hole
more pronounced in the HXPS data than in the XPS dataoccupancyn,(T) as obtained from # XPS (Ref. 39, 3d HXPS
However, in the #*final state this trend is reversed. The Cu (Ref. 36, RIXS (Ref. 35, and XAS(Ref. 7). The RIXS and HXPS
3d structure is smaller in the HXPS data than in the XPSexperiments have been performed on “42 K samples,” the XAS and
data, which is a simple cross-section effect. There is no temXPS experiments on “52 K samples.”
perature dependence in the Cd §ectra which shows that
the normalization procedures have been done correctly. If the
valencies are evaluated in the same way from the HXPS and
the XPS 4 valence bands, we get the results shown in Table T T - T
Il. Unfortunately, the HXPS data of the Ytd3evel do not YbInCu, % AE=50 meV |
carry an explicit error. From our experience, we think thatan [~ 1,243 eV a
error bar ofévy,=+0.05 seems reasonable. Using this error, :f
all the data for XPS and HXPS just given, which use only %
PES data, overlap within these error bars. If we plot theg |
XAS, XPS, RIXS, and HXPS data in the same way as used@
in Fig. 6, namely taking the total temperature-dependent va-2
lence change as 100%, then we get the plot in Fig. 8, which™
shows that the four data sets are not too different. This indi-
cates that already the XPS experiment measures predom
nantly the bulk properties of YbInGu

While the Yb valence and its temperature dependencey
vyp(T) are a very important property, there are other spectro-§
scopic features of a mixed valent compound like YblpCu & [
which deserve attention. This is, e.g., the energy and width ol&
the 4f;,, peak related to the Kondo resonance—the centralw i L
property in the single impurity model—which seems to be §
the model of choice to analyze data in mixed valent systems € A surfacle A

!—|

Looking at the data in Fig. 7, one would judge that ttig. 4 2.0 1.0 0.0
line is positioned directly at the Fermi energy and that its binding energy [eV]
width is resolution limited(300 meV in the HXPS and —[ " ' I ' —r r [ T r r 1T
600 meV in the XPS dajaln order to get more insight into ‘& | Yb4f bulk AE=6 meV -
=
TABLE 1. Comparison of Yb valencies from XPS and HXPS g hv=21 .23 eV T
experiments. =L 0
= FWHM: T, !
Method  Level N vig T é binding energy: € :Eo
HXPS 4  2.75+0.16(220K)  2.68+0.14(20 K) T e R L
XPS 4f 2.83+0.06(150 K) 2.67+0.13(10 K) binding energy [meV]
HXPS 3 ~2.90(220 K) ~2.74(20 K)
XPS & 2.74+0.05(150 K)  2.92+0.015(12 K) FIG. 9. The high resolution UPS spectra of YbInCtaken with

energy resolutions cAE=50, 30, and 6 meV, respectively.
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this problem, Fig. 9 shows UPS data with different energyin the valence band and thel £ore level of the XPS data
resolutions ranging from 50 to 6 meV. unambiguously show a first-order valence phase transition
Only in the very high resolution UPS data is it possible toand thus—together with the existing data from XAS and
obtain the exact position and width for thef;4 peak UPS—corroborate the previously observed existence of a
(~40 meV). In the case of ytterbium the contributions from distorted subsurface zoAg!’ This indicates a possible ex-
the subsurface zone and the surface to the spectra are cleaphanation for the observed discrepancy in the experimental
separated, which facilitates the analysis of these data. Thesults and interpretation on various intermediate valent Yb
comparison of the data in Figs. 7 and 9 indicates that botigompound&4649-53sing different excitation energies. High
techniques, namely HXPS and XPS on the one hand anenergy spectroscopic techniques using synchrotron radiation
UPS on the other hand, have their merits in the investigatiofiRIXS, XAS, HXPS are very well suited for the investiga-
of a system like YbInCuand have to be used with respect to tion of the bulk properties of surface sensitive solids. On the
the problem to be solved. other hand, the high resolution UPS experiments allow us to
detect valuable details in the valence band of these systems,
where, however, care has to be exercised in order to separate
VI. CONCLUSIONS surface from bulk properties of the spectra.

With the reported XPS laboratory data we complete a se-
ries of spectroscopic experimehté*on YbInCuy, with vary-
ing information depth of the order 61000, 90, and 12 A This work was supported by the Deutsche Forschungs-
for XAS, XPS (4f and 4)), and UPS, respectively. The gemeinschaftGrant Nos. HU 149/19-1 and RE 1469And
changes observed in the spectral features of thefy&tates the Sonderforschungsbereich 277.
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