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Resumen

El uso potencial de la espectroscopia XAES para la identificacion de estados quimicos en la superficie ha sido demostrado
una vez mas en este trabajo. Para este proposito, la informacion contenida en el parametro Auger modificado, junto con
sus corrimientos y su relacion directa con la energia de correlacion hueco-hueco ha sido explotada exitosamente. El anali-
sis detallado de la region del Auger KLL del oxigeno nos ha permitido caracterizar las muestras SLB1, VL1 and ULA1 al
comparar esta region con la del Fe,O3, Al,03, SiO, y una mezcla mecanica de estos 6xidos. También hemos establecido
claramente que las superficies de SLB1 y VL1 no son mezclas de 6xidos, en acuerdo con nuestros trabajos previos de
XPS.

Palabras claves: XAES; parametro Auger; 6xidos; energia de correlacion
Abstract

The potential use of XAES (X-ray excited Auger Electron Spectroscopy) for surface chemical states identification has
been shown once more in this work. For this purpose, the information contained in the modified Auger parameter, togeth-
er with its shifts and its direct relationship to the hole-hole correlation energy has been exploited successfully. The detailed
analysis of the oxygen Auger KVV region has allowed us to characterize three natural aluminosilicate samples SLBI,
VL1 and ULAL1 by comparing this region to that of Fe,Os, Al,O; and SiO, and a mechanical mixture of these oxides. We
have also clearly established that the surfaces of two of the aluminosilicates studied are not oxide mixtures, in agreement

with our previous XPS works.

Keywords: XAES; Auger parameter; Oxides; Correlation energy

Introduction

The potential use of X-ray excited Auger electron spectros-
copy (XAES) to identify surface chemical states in many
substances has been shown by several authors"®. The spectra
registering Auger transitions with valence level final states,
e.g. the KVV transitions for oxygen, are the most appropri-
ate for this identification since these levels are very sensitive
to the local atomic environment'’. The Auger parameter
introduced by Wagner"™ the modified Auger parameter'®""
which contain a great deal of information, together with the
Auger parameter shifts and their direct relation to the hole-
hole correlation energy values'>™* have been used for char-
acterizing chemical states of many substances. Our laborato-
ry has dedicated a good effort to surface characterization of
transition metal oxides, zeolites and catalysts based on sub-
stances with aluminum-oxygen, iron-oxygen and silicon-
oxygen bonds using mainly X ray photoelectron spectrosco-

In this work, results related to their chemical state, obtained
by X-ray excited Auger electron spectroscopy, on several
compounds are reported. Attention is focused on the oxygen

KLL Auger region to acquire information given by the pa-
rameters mentioned previously and exploit the shape and
structure exhibited by this region. Being oxygen a light ele-
ment, its KLL spectrum can be explained in the LS coupling
scheme'. According to this, the possible Auger transitions
are denoted as KL,L, ('Sy), KL,L, ('P;), KL,L; (°P), KL,L,
('So), KL,L; ('D,); the last two transitions are frequently
denoted by KVV because the two holes in the final state are
in the valence band. The oxygen KVV region contains more
information about the surface than the O 1s region due to
the energy dependence of the mean free path A, which is
sensitive to surface contamination. The samples studied in
this report correspond to three natural aluminosilicates (des-
ignated from now on as ULA1, VL1 and SLBI) and a me-
chanical mixture (mixture M) of the oxides Fe,Os;, Al,O;
and SiO, with a 4:2:1 weight proportion respectively. For
comparison purposes, some results of the above mentioned
oxides are also included; assuming that if the natural sam-
ples are mixtures of these oxides, their Auger spectra should
resemble to those obtained from the proper linear combina-
tions of these oxide spectra.
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Experimental
Samples

In this work we have studied three natural aluminosilicates
reported in previous works?***: the certified sample VL1 with
a proposed content of SiO, (1.16 wt.%), Al,O; (37.38 wt.%),
Fe,0; (35.72 wt.%), TiO, (3.15 wt.%) LOI (22.54 %)™; the
certified sample SLB1 with a proposed composition of: SiO,
(1.93 wt. %), ALLOs (45.50 wt.%), Fe,05 (24.03 wt.%), TiO,
(1.75 wt.%) LOI (26.79 %), both samples analyzed before
and after being used in catalytic tests in oxidative dehydro-
genation of propane to propene; the third material is a natural
catalyst (ULA1) composed”® by Fe (62.55 wt.%), Al (0.40
wt.%), Si (14.20 wt.%), Ti (0.10 wt.%); which was analyzed
before and after being used as a catalyst in hydrocarbon syn-
thesis. The samples used in catalytic reactions were placed
into the XPS spectrometer, after being exposed to atmospher-
ic conditions. For identification purposes a sample studied
before or after a catalytic test will be designated sample BT or
sample AT respectively. The samples were analyzed in the
temperature range from 523 to 773 K. Ultra pure oxides sam-
ples: Fe,O;, Si0,, Al,O; were also analyzed as well as a me-
chanical mixture (mixture M) with a 4:2:1 weight proportion
(equivalent to 57.14 wt.% Fe,0;, 28.57 wt.% Al,O;, and
14.28 wt.% Si0,).

We also include previous results of an ultra pure sample of
MgO for comparison of the Auger structures and because in
its spectrum the structures assigned by Wagner' and Fuggle?
can be clearly observed. In all the tables and in figure Sh we
include our results, which differ to those of Wagner but agree
to those of Fuggle.

XAES measurements

A VSW spectrometer with a preparation chamber and Ar" ion
etching facilities was used for this work in conjunction with a
Leybold LHS 10S spectrometer whose specifications can be
found elsewhere'®'®. Vacuum in the spectrometers, during
measurements, was in the 10”°mbar range. Its hemispherical
analyzer was operated at constant pass energy of 22.4 eV.
Non-monochromatic Al Ka radiation was employed as X-ray
photon source with a constant 300 watts power. The Cls
binding energy at 285.0 eV of adventitious carbon was used,
whenever possible, as an acceptable binding energy refer-
ence; however, when the intensity of this peak was very low
(after ion etching), the Al 2p level binding energy in AL,O;
(74.6 eV) or the Si 2p binding energy in SiO, (103.8 eV)
were used as internal energy references, depending on the
sample under study. The mechanical mixture and ULAI1
sample exhibited a differential charge effect'®** which leads
to inaccuracies on determining the binding energies, but this
can be solved taking internal references like the Si 2p binding
energy (103.8 eV) for the peaks originating from the sample
physical region consisting of SiO,, the O 1s binding energy
(530.3 eV) for the oxygen bonded to iron for those XPS
peaks rising from the sample physical region consisting of

Fe,0; , and the Al 2p level (74.6 V) for the peaks originating
from the sample region consisting of Al,Os.

Samples were mounted as reported previously?”>**. Each sam-
ple, depending on the spectrometer used, was subjected to a
sequence of sample treatments performed in the spectrometer
preparation chamber, as shown in table 1. Ion bombardment
was done with 3 KeV Ar" ions in 15 minutes cycles. Anneal-
ing was done in vacuum at 773 K for approximately 6 hours.
Both treatments, the hydrogen reduction (in 1x 10” mbar of
H,) and re-oxidation (in 1x 10° mbar of 0,), were performed
in the spectrometer preparation chamber at 773 K for a period
between 4-20 hours depending on the sample under study.

Due to their hygroscopic nature, all the samples (excepting
VL1 BT, SLBIBT, SiO, and Al,O;) were heated at 423 K
before introducing them into the analysis chamber in order to
preserve its vacuum. For this reason, VL1 BT and SLB1 BT
samples were calcined due to the high content of interstitial
water. Si0O, and Al,O; were also calcined before XPS analy-
sis. The calcination period done at 773 K lasted between 5
and 12 hours depending on the sample.

The procedures to exploit quantitatively the spectra are given
in detail in Mendialdua e al.*® and other works of our lab.

Results and discussion

In order to make easier the presentation of our results and
their discussion, we present here the definition of the Auger
parameters o and B’. According to Moretti"™® and for the case
of oxygen:

o= Ex (KLysLas) + Ey (O 1s) (1)
p'=Ex (KLiL2) + E,, (O 1s) ?)

where E, (KLxLo;) and E, (KLL,3) are the kinetic energies
due to the Auger electrons originated for the electron transi-
tions in parenthesis. To obtain the values for the shifts Ao/
and APB'of these Auger parameters, with respect to water in
the gas phase, we make the difference between o or P’ for
each sample and the corresponding value o’ or ' for water.
We have taken from the literature®™ the following reference
values for o’ and B": a'=1038.5 eV and p'= 1014.5 eV corre-
sponding to transitions KL,31.»; and KL,L,; for water in gas
phase, while U(2p2p) and U(2s2p) can be calculated as fol-
lows:

U(Q2p2p) = 8.5 - Ao/ 3)
and
U(2s2p) = 16.5 - AP’ “

with U(2p2p) and U(2s2p) the hole-hole repulsion energies in
the final state. The calculated values for the Auger parameters
will be presented in table 1, while their shifts and the energies
U(Q2p2p) and U(2s2p) will be given in table 2.
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Sample SLB1

According to its composition this sample should have a
Na/Ng. = 3 bulk concentration ratio, while the XPS surface
analysis gives a 3.9 ratio for the SLB1 BT reoxidized sample,
indicating an Al surface enrichment.

Oxygen Auger spectra corresponding to transitions KL,V to
KVV a<LlLZS to KLz3L23) for SLBI, A1203 and F6203 are
shown in figure 1, where the ordinate scale has been normal-
ized to one for the maximum value of each spectrum. The
oxygen Auger region for SLB1 does not exhibit, on the high
energy side of the KL,;L,; transition, the obvious structure
shown by Al,Os in this region. The KL,L,; transition peak
has a less defined structure than in Al,O5 and Fe,O;.

Intensity (Arb. Units)

T T e
Kinetic Energy (eV)

Fig. 1: O KLL Auger spectra from: a) Fe,O; b) ALOs, ¢) SLBI

sample.

One might think that SLB1 is a mixture of Al,O; and Fe,Os;
however, a linear combination of spectra (see figure 2, with
the ordinate scale normalized to one) for Al,O; and Fe,O;,
using the proper coefficients obtained from the bulk and sur-
face Nay/Ng.ratios, does not correspond to the SLB1 spectrum
obtained experimentally. Comparing the values of the Auger

Intensity (arb. units)
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Fig. 2: Comparison of oxygen Auger region for sample SLB1, ob-
tained from a linear combination of spectra for Al,O; and Fe,O4
using the proper coefficients obtained from a) the surface Nu/Ng,
ratio, b) the bulk N,/Nr, ratio, with ¢) experimental oxygen Auger
region for sample SLBI.

parameters and their shifts for SLB1 with those of Al,O; and
Fe,O; (see tables 1 and 2) it can be seen that the values of o
and Ad!’ are close to those of SiO, despite its composition; the
values of B’ and AP’ are closer to those of Al,O;. Analogous-
ly, the values of the hole-hole correlation energies U(2p2p)
and U(2s2p) are close to those of Al,Os;. However, the less
defined KL ,L,; structure indicates a valence band structure
different to Al,O; and Fe,Os.

It appears that SLB1 is composed of iron aluminate predomi-
nating over the aluminum and iron oxides. This is consistent
with the inertness of this sample to different sample treat-
ments in contrast with the reactivity exhibited by Fe,O;,
whether alone or in a mechanical mixture with SiO, and
Al Os, under the same conditions; this supports the fact that
iron in SLB1 is in a higher stability state than that shown in
Fe,O;. However, SLB1 experiences a transformation once it
is subjected to catalytic tests in oxidative dehydrogenation
reactions of propane into propene®®, since its modified Auger
parameter (see table 1) has a value close to that of alumina.

Sample VLI

According to its composition, this sample has a Nay/Ng. = 1.7
bulk concentration ratio, while the XPS data gives a surface
concentration ratio Na/Ng. = 1.0 indicating Al depletion on
the surface region. No carbonates were detected by XPS in
the C 1s region and the intensity of the CO region is very low,
indicating a very small contribution of this oxygen in the
Auger region.

A comparison of the oxygen Auger region for VL1, Al,O;,
and Fe,O; is shown in figure 3. A suitable linear combination
of the Al,O; and Fe,O; spectra according to the N/NE. ratios
is shown in figure 4. From this figure, it is deduced that this
sample is not an Al,Os, and Fe,O; mixture. It is important to
point out (see figure 5d) that the Ols peak shape does not
correspond to that expected for the Ny/Ng. surface ratio. Its
modified Auger parameter (1040.8) (see table 1, column 7) is
completely different from that of alumina, iron oxide, lying
between the two.

......................................
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Fig. 3: O KLL Auger spectra of a) A,Os, b) Fe,0;, ¢) sample VL1
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Table 1. Photoelectron Auger line energy data and Auger parameters for different samples.

Sample I{L[LZ I<L2L3 KVV-I{LILZ Ols OIS-KVV o’ ﬂ/
E (V)£02 E (V)02 (V)  EfeV+01 (V) (V) (V)
SiO,
AR 485.3 506.6 21.3 532.8 26.2 10394  1018.1
Re-oxidized 485.3 506.6 21.3 532.8 26.2 10394  1018.1
ALO;
AR 487.3 507.3 20.0 5314 24.1 1038.7  1018.7
H, reduced 487.7 507.5 19.8 531.3 23.8 1038.8  1019.0
Ton etched 487.2 507.2 20.0 531.6 244 1038.8  1018.8
Re-oxidized 487.7 507.3 19.6 531.3 24.0 1038.6  1019.0
Fe203
AR 492.7 511.7 19.0 530.3 18.6 1042.0  1023.0
Calcined 492.4 512.0 19.6 530.3 18.3 1042.3  1022.7
H, reduced 492.6 511.6 19.0 530.3 18.7 10419 10229
Re-oxidized. 493.1 512.9 19.8 530.3 174 1043.2 10234
Mixt. M
AR} 487.1 506.9 19.8 5332 263 26.3 1020.3
4928 (¥ 5117 18.9(*) 529.7 18.0 18.0  1022.5(*)
487.1 507.8 20.7 532.6 248 24.8 1019.7
Re-oxidized" 492.5 (¥) 5123 19.8 (*) 5292 169(*) 169(*) 1021.7(*)
ULAIAT
AR 487.0 507.2 20.2 5329 25.7 1040.2 10204
492 4(%) 512.4 20(¥) 5303 17.9(*) 1042.8 1022.8(%)
SLB1 BT
AR 487.5 507.9 204 5314 235 1039.3 10189
Annealed 487.8 508.2 204 5314 232 1039.6  1019.2
Ion etched 487.6 508.2 20.6 5314 232 1039.6  1019.0
Re-oxidized. 487.9 508.1 20.2 531.2 23.1 1039.3  1019.1
SLB1 AT
AR 487.7 507.9 20.2 531.1 232 1039.1 10189
Ionetched 487.7 507.7 20.0 531.3 23.6 1039.1  1019.1
Annealed 487.6 508.0 204 5309 229 1039.0  1018.6
Re-oxidized 488.5 508.3 19.8 530.6 223 1039.0 1019.2
VL1 BT
AR 491.1 510.7 19.6 530.1 194 1040.8  1021.2
Ionetched 490.6 5104 19.8 530.5 20.1 10409  1021.1
Annealed 490.7 510.5 19.8 529.6 19.1 1040.1  1020.3
Re-oxidized. 490.4 5104 20.0 5304 20.0 1040.8  1020.8
VL1 AT
AR 490.8 510.8 20.0 530.1 19.3 1041.0 1021.0
Annealed 490.5 510.5 20.0 529.7 19.1 1040.3  1020.3
Ion etched 490.0 509.8 19.8 530.1 20.3 1040.0  1020.2
Re-oxidized 489.9 510.1 20.2 530.6 20.5 1040.8  1020.6
MgO
AR 488.6 508.7 20.1 530.2 21.5 10389 1018.8
Re-oxidized 489.5 509.0 19.5 530.2 21.2 1039.2  1019.7

(*) values obtained from an estimation of the KL;L, position in the oxygen bonded to iron.

AR: sample in the as received condition, BT : before catalytic tests, AT : after catalytic tests.

The spectral structure (see figure 5) does not permit obtaining
two values for the Auger parameter, as can be done for ULA1
and mechanical mixture (MM) (see figures 5f and 5¢g respec-
tively). The spectral region for the KL,Ly; transition does not
show practically any structure, contrary to what it is observed

for ALLO; and Fe,0;. This evidence indicates the presence of
some aluminate (and/or ferrate) on the sample’s surface, dif-
ferent to that present on sample SLB1, also shown by the
difference in the Auger parameters (see table 1) as well as in
table 2, where it can be observed that the values of Ao’ and
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Fig. 4: Comparison of the oxygen Auger region for sample VLI,
obtained from a linear combination of spectra Al,O; and Fe,Os
using the proper coefficients given by a) the surface N /N, ratio, b)
the bulk N,/Ng, ratio, with c¢) experimental oxygen Auger region
for sample VLI1.

AR’ differ from those of Fe,Os, Al,O5 and SiO,; the hole-hole
repulsion energies U(2p2p) and U(2s2p) are also very differ
ent from those three samples. On the other hand, it can also

be pointed out that VL1 responds differently to catalytic tests
than SLB1.

APS
01s r

=

Intensity (Arb. Units)
o]

530.0 3275

Binding Energy (eV)

Fig. 5: Ol1s XPS spectral regions for samples: a) Fe,0s, b) AL,O;, ¢)
SiO, AR, d) VLI, e) SLBI, f) ULAl AT, g) mixture M AR, h)
MgO.

Sample Mechanical Mixture

The oxygen Auger spectral region for Fe,0;, SiO,, Al,O3 and
mixture M is shown in figure 6. The structures related to the
KL,L,; region present in SiO,, Al,O; and Fe,Os are also pre-
sent in the mechanical mixture. In addition, the KL ,;L,; tran-
sition of oxygen bonded to both iron and silicon allows us to
define two Auger parameters for this sample; one in the SiO,
region and the other in the Fe,O; region.

The mechanical mixture exhibits a differential charge effect
between the silicon and iron physical regions, which was

easily observed in the O 1s XPS peak; the C 1s peak spec-
trum for this sample has a FWHM remarkably superior than
in Fe,0s, due to the differential charge effect. However, the
low intensity of this spectrum, that indicates the low content
of carbon in this sample, did not permit peak fitting. No car-
bonate signal was detected and the CO contribution was in-
significant. The differential charge effect is also present in the
Auger spectra, but does not affect the Auger parameters de-
termination as expected. The spectrum g in figure 7 permits,
by an approximate spectral decomposition, the determination
of the energy values of the O KL,L; transition in the corre-
sponding region of SiO, and Fe,O;. These values are present-
ed in table 1.

Table 2: Auger parameter shifts and hole-hole correlation energies
for oxygen in the samples studied

Sample Ao’ AP’ U(2p2p) U(2s2p)
eV eV eV eV

SiO,

AR 0.9 3.6 7.6 129
Re-0x. 0.9 3.6 7.6 12.9
Ale3

AR 02 42 83 123
Red.H, 03 45 82 12.0

Ar' etched 0.3 43 82 122
Re-0x. 0.1 45 8.4 12.0
Fe203

AR 35 8.5 50 8.0

Calcined 3.8 82 47 83
B-red.H, 34 8.4 5.1 8.1
Re-ox. 4.7 8.9 3.8 76

Mixture M
AR} 1.6 5.8 6.9 10.7
2.9 8.0 56 8.5

Re-ox}

1.9 52 6.6 113
3.0 72 55 93

ULAIAT

AR} 1.7 55 6.8 11.0

43 83 42 8.2

SLB1 BT

AR 0.8 44 77 12.1

Annealed 1.1 47 74 11.8

Ar' etched 1.1 45 74 12
Re-ox. 0.8 4.6 77 119

SLB1 AT

AR 0.6 44 79 12.1

Ar” etched 0.6 4.6 79 11.9

Annealed 0.5 41 8.0 124
Re.ox. 0.5 4.7 8.0 11.8

VL1 AR

Ar” etched 23 6.7 6.2 9.8

Calcined 24 6.6 6.1 9.9
Re-ox. 1.6 5.8 6.9 10.7
23 6.3 6.2 102
VL1 AT
AR
Calcined 2.5 6.5 6.0 10

Ar' etched 1.8 58 6.7 10.7

Re-ox. 15 5.7 7.0 10.8
23 6.1 6.2 104
MgO

AR

Re-ox. 0.4 43 8.1 102
0.7 52 7.8 113
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Fig. 6: O KLL Auger spectra from: a) Fe,0; b) ALO; ¢) SiO, and
d) mixture M.
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Fig. 7: Oxygen KLL Auger Spectral regions for samples: a) Fe,0;,
b) ALO;, ¢) SiO,AR, d) VL1, e¢) SLBI, f) ULAI, AT g) Mixture M
AR, h) MgO

Sample ULAI AT

ULAL also exhibits a differential charge effect. This effect
should be taken into account when comparing Auger spectra
from samples exhibiting differential charge effect and those,
which have a homogenous charge effect (see figure 8). In this
case ULA1 and mixture M are considered as having a ho-
mogenous charge effect to obtain a unique kinetic energy
scale. This implies that the KL Ly transition peak position
from oxygen bonded to silicon (or to iron; one of the two) are
fictitious depending on which value of the charge effect is
used, since for these samples there are two values for the
charge referencing procedure.

The C 1s spectrum, not shown here, for this sample shows a
FWHM remarkably larger to that observed in Fe,O;, in corre
spondence to the differential charge effect present on this
sample®. No carbonates were found in this sample and the
CO contribution was very low.

Intensity (Arb. Units)
a

Kinetic Energy (eV)

Fig. 8: A comparison among the oxygen Auger spectra for samples:
a) Si0,, b) Fe,03, ¢) ULAL, d) mixture M.

In figure 8 the oxygen Auger spectrum of ULA1 AT (spec-
trum c) is compared to those of SiO, (spectrum a), Fe,O;
(spectrum b) and Mixture M (spectrum d); the differential
charge effect is corrected in spectrum c according to its value
in the iron region. A good correspondence is present among
the peaks similar to previous reports'®, that show mainly
Fe,0; and SiO,, with no iron silicate present. Structure C, in
figure 8 (spectrum c) and figure 7 (spectrum f) does not ap-
pear in the corresponding spectrum of the mechanical mixture
(figure 8 spectrum d and figure 7 spectrum g), without resort-
ing to a peak decomposition, probably due to the fact that in
the latter sample there is a contribution from the oxygen
bonded to Al,Os.

Auger Structures

Structures A, B, C, D in figure 7 have been assigned by Wag-
ner' to the transitions: KL,L, (1P3), KL,L; (3P), KL,L, (ISO),
and KL,L; (IDZ). Structure C ascribed to the KLZLZ(ISO) tran-
sition appears, according to Wagner, in ionic compounds like
LiF and Na,CrO,. This structure is present in all the com-
pounds studied in this report except VL1 and SLBI, and it is
clear in the more covalent SiO, than in MgO where the struc-
ture is less sharp.

Structure E in figure 7h has been attributed, by Fuggle et al.%,
to a KL3M transition (where m indicates a hole in a metal
like orbital) for adsorbed oxygen on metals. However, this
explanation could be extended to lattice oxygen, assuming
hybridization between the anionic and cationic levels. Wag-
ner et al." attribute this structure to OH™ groups or H,O pre-
sent. This is supported by the 20 eV energy difference be-
tween structure E and C. The energy for structure (E) does
not correspond to that of OH species, which appears at ener-
gies between 508 eV and 510 eV and even less (503 eV) in
organic compounds. If this structure corresponds to another
oxygen species it should appear in the O 1s XPS peak, with
low intensity due to the energy dependence of A. Likewise,
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correlation should exist between this component’s intensity
and that of the Auger structure in the KVV part of the spec-
trum. Figures 7h and 5h show that such correlation does not
exist, making Fuggle’s explanation the most probable, thus
this structure’s intensity will depend on both the degree of
hybridization and the involved levels occupation. In figure 7
spectrum e, representing the SLB1 oxygen Auger region,
compared with VLI (spectrum d) especially in the KL,L,('P)
and KL,L,(’P) transition regions, shows differences which
indicate different chemical environments. Their Auger pa-
rameters are listed in table 1.

The energy, for the different samples, of the final state ion
with two holes in level Ly; are listed in tablel column 6; the
highest value corresponds to SiO, and the lowest to Fe,Os.

Mixture M and ULA1 show the values corresponding to the
presence of silicon and iron oxides. From the final state ion
energy the following sequence can be established: Fe,O;
<VLI1 < SLBI < Al,O3< SiO,. Thus, the oxygen in Fe,Os has
a more polarizable medium, leading to more ionic bonding,
with higher charge density around oxygen, than in SLBI, etc.

Likewise, insofar as the character of the bonding to be less
ionic and the covalent character increase, the difference KVV
— KL,L,; (table 1 column 4) increases also. The lowest value
is obtained by Fe,0; and the highest by SiO,.

In the same way, in table 2 we can observe that the values of
Ao’ and AP’ follow the same tendency, i.e. the sample with
the highest final ion energy (SiO,) should have the lowest
value of Ao’ and AP’ and the one that has the lowest final ion
energy (Fe,Os) will exhibit the highest values for Ao’ and
AP', as in fact it happens. These results are coherent with the
fact that SiO, shows the highest values for the hole-hole cor-
relation energies U(2s,2p) and U(2p,2p) of the final ion state,
and Fe,O; have the lowest values for these quantities. The
values of these energies for the samples Al,O;, VL1, SLB1
(ULAI and the Mixture with its two set of values) are laid
between those extremes.

It can be established from tables 1 and 2 and from figures 7
and 8, that the sample sequence according to the values of the
Auger parameter o is opposed to that obtained from the val-
ues of the correlation energy U(2p,2p). In addition the se-
quence found by using the parameter ' is contrary to that
given by the correlation energy U(2s,2p), as it should be in
accordance with the definitions of these quantities™.

Sample ordering according to o values is not the same as that
obtained using the [’ parameter; since these parameters are
independent of both the charge effect and the work function,
thus any significant difference (beyond the experimental un-
certainties), should arise from the different chemical envi-
ronment effect on the levels involved in the transitions:
KL,;L,; for o and KL;L,; for B'. In this sense, it is interest-
ing to point out that the sample sequence obtained according
to the values of the difference KVV-KLV is nearly identical

to that found by the values of the energy U(2s,2p). That dif-
ference increases as the ionicity of the oxygen bond with the
corresponding cation decreases, that it is to say as the electron
density on the oxygen initial state decreases, the final state ion
energy increases’.

Conclusions

The potentiality of the X-ray excited Auger electron spectros-
copy has been shown once more in this work for the identifi-
cation of surface chemical states in the three samples of
aluminosilicates studied .

Detailed analysis of the oxygen Auger KLL region of the
samples studied, allows us to distinguish the type of com-
pounds present on samples SLB1 and VL1 from those present
in samples ULAI and the mechanical mixture. This has been
achieved by obtaining information from the Auger parameters
and the exploitation of the shape and the structure exhibited
by the KLL region. Our study indicates the presence of some
aluminate (and/or ferrate) on the surface of the VL1 sample
different to that present on sample SLBI.

The Auger parameter ' involving the O 2s level with a core
level and a valence level character, shows different results
than when using parameter o/, which only involves the 2p
levels; those differences are also present in the values of the
KVV-KLYV difference.
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