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We present photoemission results with uv and with x rays from a family of pseudobinary com-
pounds obtained by partial substitution of Yb, with Ca or Sc, in the reference compound YbA1, .
The substitution with Ca gives rise to a decompression and the one with Sc a compression of the lat-
tice. Ultraviolet photoemission shows the perturbation of the electron states due to chemical substi-
tution; Sc introduces a d character extending up to about 3 eV below the Fermi level. The weights
of the Yb + and Yb + multiplets given by x-ray photoemission are compared with the results from
x-ray absorption; the two spectroscopies agree in YbAI, while the relative weights Yb'+ versus
Yb + from x-ray photoemission are definitely below the x-ray-absorption values in the compounds
heavily substituted with Sc; this is interpreted as a photoemission final-state effect connected with
the d character introduced by the substitution.

I. INTRODUCTION

The study of valence fluctuations in rare-earth (RE)
compounds with modern spectroscopic techniques is
becoming increasingly important in this connection the
study of chemical substitution is still an open field. As
shown by crystallographic techniques a suitable chemical
substitution can induce a compression or a decompres-
sion around the RE atom giving rise to the so-called
"chemical pressure, " and photoemission can be very use-
ful to point out the modifications of the valence states
thus giving new information on the problem.

Here we present a photoemission investigation of a
family of Yb compounds in which the valence is changed
via chemical pressure, i.e., the pseudobinary compounds
derived by partial substitution for Yb in YbA12 either
with Ca (lattice expansion) or with Sc (compression) al-
ready studied extensively with x-ray diffraction. We give
the intensity variation of Yb + and Yb + multiplets
across the family seen with x-ray-photoemission spectros-
copy (XPS) and the effect of the substitution on the chem-
ical bond seen with ultraviolet photoemission (UPS). We
discuss the results in connection with x-ray absorption
(XAS) in the case of chemical pressure and in YbA12 un-
der physical pressure. In particular we suggest that
final-state effects in photoemission become relevant at in-
creasing substitutions with Sc so that XPS multiplets do
not give the valence of the ground state but only a lower
value in heavily substituted systems.

The paper is organized as follows. Experimental tech-
niques and sample features are described in Sec. II. The
results and discussion are given in Sec. III, the Yb + and
Yb + XPS multiplets in Sec. III A, the effect of substitu-

tion on valence states in Sec. III B, the comparison with
XAS under chemical pressure in Sec. IIIC, and with
XAS under physical pressure in Sec. III D. The results
are summarized in Sec. IV.

II. EXPERIMENT

A. Sample preparation and structure

Polycrystalline samples were prepared by melting
stoichiometric amounts of pure species in sealed tantalum
crucibles after argon purging and were annealed to obtain
homogeneity. The structure was checked by x-ray
diffraction; extra phases were less than 3%.

For convenience we summarize some structural infor-
mation (see also Refs. 2, 5, and 8 and references quoted
therein). The YbA12 structure is of the MgCu2 type.
Each Yb atom has 12 Al nearest neighbors forming a
cage with Yb in the center, as shown in the inset of Fig. 1

(not to scale). The structure is a stack of these cages so
that there are four Yb atoms second neighbors to each
Yb. The Yb-Yb distance is only 5% greater than the
Yb-Al distance since the large faces of the cage are much
greater than the smaller ones. The Ca or Sc atoms go
randomly in place of Yb in any proportion maintaining
the same structure and originating the pseudobinary
compounds Yb, „M,A12 (M =Ca or Sc). The effect can
be described, within the accuracy of the present
diffraction experiments, as a uniform variation of the lat-
tice parameter induced by the different dimensions of the
substituent ions. Scandium induces a lattice compres-
sion and Ca an expansion; the Yb atoms maintain their
first coordination shell, while the second neighbors are
statistically occupied by substituent atoms. Thus all Yb

12 281 1991 The American Physical Society



12 282 E. VESCOVO et al. 43

Yb Al

i I s

1234 I 242

0

1250

16 12 8 4 E)

Binding Energy {ev)

FIG. 1. Lower panel —angle-integrated XPS spectra
(h v=12S3.6 eV) from YbAl2 and pseudobinary compounds ob-
tained via partial substitution of Yb with Ca or Sc. The spectra
are normalized to the same height in order to point out shape
modification with chemical substitution. Upper panel—
energy-loss spectrum of YbA12 (open circles) used to subtract
the background from the photoemission spectrum (also shown).
The abscissa is the electron kinetic energy (eV).

B. Experimental procedures

Most measurements were taken with a conventional
XPS-UPS facility equipped with a nonmonochromatized

TABLE I. Structural data of Yb& I A12 compounds.

Lattice Yb-Al Yb-Yb
parameter distance distance

(A) (A) (A)

XPS
valence

Sc 0
0.6
0.8

Ca 04

7.881
7.668
7.625
7.957

3.267
3.179
3.161
3.299

3.413
3.321
3.302
3.445

2.33+0.033
2.49+0.04
2.52+0.04
2.28+0.03

sites in each compound are equivalent in terms of first-
neighbors coordination, except the atoms in the surface
region.

We studied substitution with Sc up to higher values
than with Ca because YbA12 has a valence rather close to
2 (around 2.3 as shown below), so that the increase of the
valence due to Sc is seen much better than the decrease
due to Ca. Moreover the more interesting case is the sub-
stitution with Sc, which has greater d occupancy in the
valence states. Lattice parameters and atomic distances
are summarized in Table I [columns 1, 2, and 3 (from
Ref. 5)].

Mg Ka source (hv=1253. 6 eV) and a Hei (hv=21. 2
eV)—He II (hv=40. 8 eV) lamp with differential pumping.
As the synchrotron radiation (SR) source we used beam
line 1.1 at the Stanford Synchrotron Radiation Laborato-
ry (SSRL) equipped with the so-called "grasshopper
monochromator" (60—600 eV). ' All spectra were mea-
sured with a cylindrical-mirror analyzer equipped with a
coaxial electron gun. The instrumental resolution [full
width at half maximum (FWHM)] was 0.35 and 1.1 eV
for the He and XPS measurement and 0.45 eV for SR
measurements. The base pressure was below 1X10
Torr.

The samples were cleaned in situ by scraping with a di-
amond file. Immediately before scraping, the manipula-
tor head, including the sample, was covered by evapora-
tion of Mg, which is very visible through 2p photoemis-
sion and is not a contaminant of the samples as grown.
The absence of any Mg signal after scraping guarantees
that the whole surface seen by the spectrometer is well
scraped. The scraping was carried out up to disappear-
ance of contributions from Mg (2p), oxygen (ls and 2p),
and carbon ( ls).

The sensitivity to oxygen has been checked by exposing
a clean sample to a controlled oxygen atmosphere; we
could establish that oxygen contamination of our clean
surfaces was, if any, below 0.01—0.02 monolayer, i.e., to-
tally negligible for our purposes. The scraper was in-
stalled with an isolation valve so that the files could be
substituted without breaking the vacuum; a clean file was
used after the first coarse scraping.

Scraping is the only feasible way to clean these sam-
ples. Sputtering cannot be used due to its well-known
selectivity; in principle, fracturing in situ could be prefer-
able, but this is not feasible because the samples with
heavy Sc substitution are very brittle.

III. RESULTS AND DISCUSSION

A. XPS and the Yb + and Yb + multiplet weights

The XPS spectra are shown in Fig. 1 (lower panel); for
cross-section reasons the spectra are dominated by 4f
ionization, while the 3d states introduced either by Sc or
by Ca are not seen with the present sensitivity. The
final-state multiplets" coming from ionization of divalent
Yb + 4f (Ref. 14) and trivalent Yb + 4f (Ref. 13) show
qualitatively the valence modification upon chemical sub-
stitution and the Yb + and Yb + weights give the "XPS
valence" (or "photoemission valence" ) which is to be re-
garded as an operative definition. In this case XPS is
more convenient to define the valence than UPS, where
the d signal coming from the substituent atoms (see
below) makes the procedure very difficult. Kaindl
et al. ' effectively used UPS for nonsubstituted YbA12,
the present results agree with Ref. 12.

A plasma loss associated to the Yb + feature is super-
imposed to the Yb + signal; this is shown in the upper
panel of Fig. 1 where we report the XPS and electron-
energy-loss spectra of YbA12 measured at the same pri-
mary energy in the same experiment. After subtraction
of this plasma-loss function, ' one can recover the bulk
2+ contribution from the whole 2+ region where also
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signals from the surface and the subsurface regions are
present (see also our preliminary work of Ref. 4 on
Ybo 6Cao 4AI~). To this end the instrument response
function to a 4f doublet has been obtained from the spec-
tra of metallic divalent Yb measured with our apparatus
in strictly comparable conditions; thus we have decom-
posed the XPS (2+) spectra by fitting the upper part of
the measured spectrum ending at EF with a doublet
representing the bulk contribution; as it is well known
this is closer to EF than the surface and subsurface sig-
nals. " With our resolutions the change of line-shape

asymmetry from the metal to our compounds due to a
possible variation of the Doniach-Sunjic' effect is not
relevant.

The decomposition of the 2+ region is given in Fig. 2;
solid lines show the bulk components and crosses show
the difference spectra (i.e., total bulk). The further
decomposition in surface and subsurface components is
immaterial in determining the XPS valence and has not
been done. The error of the XPS valences was obtained
with an extensive sensitivity analysis to the parameter
changes in the data handling. The measured XPS
valences are collected in Table I (column 4).

Yb0.2Sc0.8 4i2

+g+

Yb& &Sc0.6 A l2

~ ~r ~

+ y ~+~ +
+ I

B. UPS and the effect of Yb substitution
on the valence states

The He spectra normalized to the same height in the
Yb + region are given in Fig. 3. With Sc substitution the
signature of the Sc 3d states is clearly seen near EF both
in He tt (lower panel) and in He I (upper panel), where the
weight of the 3d emission is greater due to cross-section
effects. ' Note that the total width of the Yb + region in
UPS agrees with the above XPS data if one accounts for
the resolution.

It is important to recover information on the spectral
distribution of the Sc 3d —derived states. In this connec-
tion the data on Ybp 2Scp 8A12 measured with SR give
simple and direct insight. In Fig. 4 (lower panel) we com-
pare the spectra taken at two energies (65 and 181.5 eV);
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FIG. 2. Expansion of the Yb + region of the XPS spectra of
Fig. 1. The measured spectra are decomposed in bulk (solid
line) and surface-derived (crosses) components.

FIG. 3. Lower panel —He II (hv=40. 8 eV) photoemission
spectra of YbA12 and substituted compounds. As an example,
the integral background used in the analysis of the data is re-
ported under one of the spectra. Upper panel —He I 4,

'h v=21.2
eV) of two Sc substituted compounds. The Sc 3d contribution,
just below the Fermi level, is clearly seen.
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FIG. 4. Lower panel —two photoemission spectra of
Ybp pScp 8Al~ in the Yb + region are compared. The spectra are
normalized to the same height at about 2.S—3 eV below EF,
where the Sc3d density of state is expected to be negligible.
Due to cross-section effects the difference of the two spectra
rejects directly the Sc3d —derived states. Upper panel —the
Sc 3d contribution in Ybp ~Scp,Al, is compared with the Her&
spectrum of Sc metal from Ref. 17 (a small vertical offset is
given to the 3d-extracted spectrum to make the figure more un-
derstandable).

the cross-section ratio 0 3&/o. 4f is smaller at higher ener-

gy,
' and the spectra are fitted to the same values around

2.5—3 eV where the Sc 3d contribution is, if any, negligi-
ble due to the low d occupation. Thus the shape of the
difference spectrum is that of the Sc3d —derived states.
Note that this procedure gives information on the Sc con-
tribution in the presence of Yb, i.e., in the real compound
under discussion with the real lattice spacing we are in-
terested in.

The Sc 3d component given in Fig. 4 is qualitatively
confirmed by the trend of the HeI spectra of Fig. 3
(upper panel) showing a departure of the spectrum from
the secondary electron background around 3 eV below
EF with a very tiny 4f contribution. Another completely
independent confirmation of the Sc 3d shape comes from
the decomposition of the He II spectra presented in Ap-
pendix A.

The Sc 3d distribution is compared in Fig. 4 (upper
panel) with the Hett spectrum of Sc metal, ' which is
dominated by the d contribution. The close similarity of
the two spectra is clear evidence of a relevant lateral in-
teraction of the Sc 3d states in our compounds consistent-
ly with structural data. ' ' In hcp Sc metal each atom
has 12 nearest neighbors at 3.177 A (we neglect the small

departure of the c/a ratio from the ideal value); in our
case a Sc atom sees 12 Al neighbors at a comparable dis-
tance (3.161 A when x =0.8) and four sites of the Yb
type at slightly greater distance (3.302 A), where other
substituents are likely to be found. Thus the Sc interac-
tion with first and second neighbors is important, and
this explains the shape of the d contribution. In fact, also
the interaction with Al is expected to give a tail in the d
character extending down to several eV as suggested by
electron-state calculations of the aluminides of other ear-
ly transition metals. ' Thus the interpretation of the
spectroscopic properties of these pseudobinary com-
pounds must consider the perturbation due to the d states
of the substituent atom. This is consistent with the heavy
substitution needed to change the lattice parameter; the
1% reduction of the lattice parameter implies the substi-
tution with about 50% of Sc.

For the Ca 3d distribution the situation is qualitatively
similar, but the influence of the d contribution is expected
to be smaller due to the lower d occupation (see Fig. 3,
lower panel). Also in Ca aluminides a d tail (narrower
than in the Sc case) is found as shown by the calculations
of Ref. 19 for Ca-Al glassy metals.

C. The meaning of the XPS valence and the comparison
with XAS

The above traditional definition of the XPS valence has
given values in reasonable agreement with dilatometric
and low-excitation methods in a variety of Yb com-
pounds. This approach assumes that the relative weights
of 2+ and 3+ configurations are not modified in the final
4f ionization state due to the interaction with the solid,
for example, by the hopping of an extra electron jumping
into the 4f hole. Due to the contraction of the Yb4f
shell with respect to light rare earths, this assumption is
more reasonable here than in Ce, where the coupling be-
tween the 4f states and the solid is crucial in the interpre-
tation of photoemission spectra. In our case the pres-
ence of a strong d contribution in the substituted systems
raises the question of the meaning of the XPS valence
since a new hopping channel is opened when Sc atoms re-
place Yb and a 3d contribution is inserted in a fraction of
Al cages.

As a pictorial indication we consider the atomic wave
functions ' in two nearby sites. This is done in Fig. 5 by
comparing the 4f-4f overlap (no substitution, lower
panel) and the 3d 4f overlap (Sc su-bstitution, upper
panel); this is a strong support for a considerable increase
of the hopping upon substitution, although it neglects the
Al cage which surely reduces the hopping with respect to
this simple atomic scheme. Thus we cannot discard a
priori a possible influence of the d contribution on the
hopping probability.

In the ground state the substitution could originate in
differences between chemically and physically
compressed systems due to the different hopping in situa-
tions with the same lattice parameter. In the final photo-
emission state the XPS valences could also be biased by
hopping, and this process should be more efficient than
the hopping in the ground state due to the attractive hole
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FIG. 5. Comparison between the radial part [rR (rl] of the
Sc 3d and Yb4f atomic wave functions (from Ref. 18). The ori-

0

gins of the two wave functions are displaced by 3.302 A, which
is the interatomic Yb-Yb (Yb-Sc) distance in Ybp 2Sc0 8A12.

FIG. 6. Plot of Yb mean valence measured with di6'erent
methods vs relative variations of the lattice parameter Yb I.„,
XAS in the presence of physical (open circles) or chemical (solid
squares) pressure (from Ref. 5) and XPS spectra (open squares).
The inset gives the curves obtained with the model described in
Appendix B.

potential. These arguments are a priori valid also in oth-
er compounds, but here we have the specific cir-
cumstance that chemical pressure may introduce a bias
which, if relevant, is Uariable and nonmonotonic along the
sequence of the substituted compounds. In fact both
compression and decompression are obtained via chemi-
cal pressure by introducing an extra d contribution
(stronger in Sc).

With these precautions in mind we consider the data
collection of Fig. 6, where the XPS valences (open
squares) and the XAS valences (solid squares) are plotted
versus the fractional variation of the lattice parameter in
the case of compression (for the other information given
in Fig. 6, see Sec. III D below). The XAS valences in L2 3

absorption were measured on the same samples and are
taken from Ref. 6, where the XAS analysis is carefully
presented. The increase of the XPS is definitely smaller
than in XAS. In the reference compound (YbA12) the
two approaches give the same value within the experi-
mental accuracy, and consistent application of the same
data handling to the other compounds shows a strong
difference which is thus to be attributed to a different
response of the system to the two spectroscopies in the
compounds heavily substituted with Sc.

Besides the above mechanisms affecting XPS, we must
also consider that shakeup and shakedown can take place
in XAS. A shakedown due to the L core hole would de-
crease the XAS valence but should be less eScient than
that due to a 4f hole which is less screened. On the other
hand, an overestimation of the valence in XAS could be
originated by a shakeup of a 4f electron due to the repul-
sion with the excited 5d electron created in L absorption.
The relative roles of the possible mechanisms able to
modify the XAS valence with respect to the XPS valence

is surely very much dependent on the detailed nature of
the system due to the trade off between different aspects,
such as localization of the Sd states, screening capability,
and hopping integ rais. Probably there is no general
answer to this problem, which deserves future theoretical
work at least in model systems.

In the present case, the evidence of a considerable la-
teral interaction of the Scd states strongly suggests the
hopping into the photoemission hole as the more impor-
tant process. In this case the XPS valence would be an
underestimation of the valence in the ground state. We
will show in Sec. III D that the present knowledge about
physical pressure conspires in the same direction.

The present experimental results can also stimulate
further work on the coupling of 4f states with solid
states. In this connection also, low-excitation work will
be useful to fit the photoemission results with more ad-
vanced models. This future work will have the chance of
use an Anderson Hamiltonian approach as already done
extensively for Ce compounds. In some Yb compounds
simpler than the present ones, this approach has been al-
ready fruitful; the application to this case is at present
premature but can be very interesting in the future.

D. Chemical versus physical pressure

The available XAS valences of YbA12 under physical
pressure taken from the recompilation done by Sancrotti
et al. are also given in Fig. 6 (open circles). They cover
about half of the compression range explored with chemi-
cal pressure. The deviation, if any, between chemical and
physical pressure is negligible, showing that the added d
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component has little inAuence on the XAS valence in this
subrange.

Figure 6 suggests that the trend under physical pres-
sure gives valences much closer to the XAS than to the
XPS values. This can be put on a better basis by means
of a reasonable extrapolation of the available data. To
this end we note that the energy separation between the
2+ and the 3+ configurations changes drastically with
the compression as shown by the atomic calculations by
Herbst and Wilkins. Thus this effect should be
definitely more important than the hybridization varia-
tion, and the valence change would be basically deter-
mined by the energy dependence of the partition func-
tion. In this case an accurate description of the hybridi-
zation variation is not needed, and a thermodynamic
model of the type suggested by Sales and Wohlleben
has a good chance of correctly reproducing the trend as
discussed in detail in Appendix 8 (Ref. 26). Appendix B
gives the details of the extrapolation represented by the
darker line in Fig. 6.

This extrapolation gives some confidence on the simi-
larity of the XAS valences under physical and chemical
pressure in the whole range covered in Fig. 6, although
the accuracy of the data and the use of a model cannot
show small differences. On the other hand, the XPS re-
sults under chemical pressure are definitely below the
other data. One can thus guess that the introduction of
the d contribution typical of chemical pressure is much
more important in the excited states due to 4f photo-
emission than in the ground state. This does not exclude
that final-state effects are also present in XAS but strong-
ly supports the argument of the previous paragraph that
the most relevant contribution to the discrepancy be-
tween XAS and photoemission is a final-state effect due
to the opening of a 4f hole in the presence of the d states
introduced by substitution.

IV. CONCLUSIONS

We have presented a photoemission study (XPS-UPS)
of a typical family of pseudobinary compounds obtained
by partial substitution for Yb atoms in the reference com-
pound YbA12 with Sc (compression) and with Ca
(decompression). The UPS results give evidence of the
electron states' modification due to chemical substitution;
this is particularly evident with Sc which introduces a d-
character distribution extending to about 3 eV below the
Fermi level. The effect of these d states cannot be
neglected in the study of a Yb mixed valence. In systems
with heavy Sc substitution the valence obtained from the
weights of final-state multiplets in XPS is definitely small-
er than the XAS value which is not far from available in-
formation on YbA12 under physical pressure. On the
contrary XPS and XAS give consistent results in the
reference compound YbA12. This is interpreted in terms
of final-state effects in XPS which lower the weight of the
Yb + terms due to the interaction with the d states intro-
duced by substitution. Thus the present work gives evi-
dence of the interplay between chemical substitution and
the perturbation due to the high-energy spectroscopy
used to investigate the system.
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APPENDIX A: EVALUATION
OF THE d CONTRIBUTIONS

TO THE DENSITY OF STATES
IN THE SUBSTITUTED COMPOUNDS

FROM He II SPECTRA
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FICx. 7. (a) Best-fit analysis of the 4f (Ref. 13) final-state mul-

tiplet spectrum (hv=40. 8 eV) of YbA12. Three doublets with
slightly asyrnrnetric components represent the emission from
bulk b, surface s, and subsurface ss; (b) synthesized 4f part of
Ybp 2Scp 8Al, spectrum by means of properly weighted b, s, and
ss components; (c) photoemission spectrum of Ybp 2Scp 8A12

(h v=40. 8 eV) and Sc 3d contribution obtained after a subtrac-
tion of the synthesized 4f part.

We have already obtained the Sc 3d partial density of
states by using the energy dependence of the cross sec-
tions in SR photoemission. Here, as a confirmation, we
extract this contribution from the He II spectra. This ex-
traction does not pretend to be a quantitative analysis,
which is not needed for the present discussion. Our
analysis is as follows.

(i) The spectrum of the reference compound (YbAlz) is
decomposed in the traditional way as in Ref. 12 by
Kaindl et al. after background subtraction [Fig. 7(a)j; we
neglect in first approximation the sp contribution, which
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is small due to cross-section reasons. The surface corn-
ponent is broader, since a variety of sites is present.

(ii) The thickness of the surface region containing di-
valent Yb is enhanced in the Sc substituted compounds,
as shown in XPS (Fig. 2). This attenuates the bulk com-
ponent in the UPS spectra of Ybo 2Scp 8A12 by assuming
a typical escape depth around 2 monolayer the bulk 2+
component should be attenuated by about a factor of 0.3.
With this attenuation and with the 4f surface and subsur-
face components of the reference case, one synthesizes
the total Yb4f + contribution in the substituted system
shown in Fig. 7(b) (4f Ybo 2Sco sA12). The difference be-
tween the measured spectrum (after background subtrac-
tion) and the total 4f contribution gives the Sc 3d contri-
bution shown by the solid line in Fig. 7(c). The close
similarity of the d distribution with that obtained with
SR measurements is evident. This evaluation is very reli-
able since the value of the bulk attenuation is by no
means critical.

APPENDIX 8: THE EXTRAPOLATION
OF THE XA.S VALENCES OF YbA12

UNDER PHYSICAL PRESSURE

Herbst and Wilkins calculated the ionic energies as a
function of the Wigner-Seitz (WS) cell radius. By assum-
ing the fractional variation of the lattice parameter as a
measure of the variation of the WS radius, one can use
the energies by Herbst and Wilkins in a partition-
function model as that suggested by Sales and Wohlle-
ben. ' In this model the eA'ective temperature T* used
in the partition function is defined as ( T + Tf )'r, where
the Auctuation temperature Tf takes into account phe-
nomenologically the quantum transitions between the
two configurations. Under physical pressure the change
of the quantum-transition rate is basically due to the vari-
ation of the hybridization originated by the lattice pa-
rameter modification. The most rapidly varying term is
the hybridization between nearby f dstates depending-
roughly on the sixth power of distance. Thus, as an
upper extreme, we adopt distance dependence for the

whole hybridization; this is done with the ansatz that Tf
has the same power dependence on the distance.

Within these assumptions it is straightforward to write
the valence U appropriate for Yb as

v =2+ I 8/[8+e xp(E„/kT*) j )

where E =E (4f " ') E—(4f").
By fitting the value of v =2. 33 (YbAlz) at zero

compression, one obtains E /kT*=2. 8. The physical
pressure is introduced by varying the energy E„accord-
ing to the calculations by Herbst and Wilkins and by
accounting for the hybridization variation with a new
Tf'=ATf, where Tf is the fluctuation temperature
without compression and A depends on the lattice pa-
rameter as

A =(1+~5a/a~)

Here we have only one free parameter (Tf ) instead of
two (Tf and E„) as in the traditional formulation, and
this reduces the ambiguities in the use of the model. The
value of Tf is obtained by fitting the XAS valences under
physical pressure, and the analytical expression is used to
extrapolate the trend toward higher compressions.

We used the model with and without the pressure
dependence of the hybridization. The results (Fig. 6 in-
set) correspond to Tf = 1170 K (fixed hybridization,
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