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Energy-resolved electron-yield X-ray absorption spectroscopy is a promising
technique for probing the near-surface structure of nanomaterials because of
its ability to discriminate between the near-surface and bulk of materials. So far,
the technique has only been used in model systems. Here, the local structural

characterization of nanoporous

cobalt-substituted aluminophosphates is

reported and it is shown that the technique can be employed for the study of
open-framework catalytically active systems. Evidence that the cobalt ions on
the surface of the crystals react differently to those in the bulk is found.

© 2014 International Union of Crystallography

1. Introduction

The X-ray absorption spectroscopy (XAS) technique in the
photon energy range from 4 to 40 keV (hard X-rays) is widely
used to probe the local structure of active metal species in
heterogeneous catalysts (Greegor & Lytle, 1980; Martis et al.,
2012; Rgnning et al., 2010; Tsakoumis et al., 2012, 2013). It can
render local structure information about metal species even if
only present in low concentrations. It is suitable for structural
studies under ‘operando’ conditions, while samples undergo
chemical reactions at the desired temperatures and pressures
(Beale et al., 2005; Nagai et al., 2013; Newton & van Beek,
2010). The main drawback with the conventional measure-
ments (either in transmission or in fluorescence mode) of
catalysts is that they provide more bulk information than near-
surface information, due to the penetration of the hard X-rays,
which is important in understanding catalytic materials. At
energies lower than 4 keV, soft X-rays (in the photon range
0.1-1 keV) are particularly well suited for studying the elec-
tronic structure of a reacting catalyst surface because its
surface sensitivity is naturally given by the lower energy of the
Auger electrons after core hole excitation.

Surface and near-surface structure, as well as the oxidation
state of metal ions, are important parameters related to
catalytic activity and selectivity of materials. Relevant infor-
mation can be obtained using surface-sensitive techniques like
X-ray photoelectron spectroscopy and Auger electron spec-
troscopy (Ertl & Kuppers, 1985). However, these two techni-
ques require samples to be kept under vacuum and thus
prohibit operando heterogeneous catalysis experiments. In
addition, the information is limited only to the chemical states
of metal species. To circumvent this problem one can apply
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grazing-incidence XAS (GIXAS) (Floriano et al., 2000) or
total-electron-yield (Erbil ef al., 1988) X AS which can provide
both structural and chemical information on the surface layers
of the material. However, these techniques do not render
depth-resolved information and are limited to thin films
studies. This problem is shared by conventional electron-yield
XAS where the samples should be contained under high-
vacuum conditions due to the limited path length of electrons
in the solid state or a gas.

Energy-resolved electron-yield X-ray absorption spectro-
scopy (EREY-XAS) was developed by Rayment et al. (2000).
In this technique, electron-yield experiments in the photon
energy range 4-20 keV are performed, but the active surface
is exposed to a gaseous medium which acts as the electron
amplification medium required for the operation of a gas
microstrip detector (GMSD) which has the capability to detect
Auger electrons in an energy-resolved mode. In these
experiments the difference between the bulk and surface
structure of the NiO/Ni model system was studied. However,
this technique is in principle also suitable for the study of
catalytic processes. In catalysis experiments the gas can serve
the dual purpose of being the reaction gas as well as the
electron amplification medium required for the GMSD. As an
extra advantage, depth-resolved information can be obtained.
The basic concept of the technique is that Auger electrons,
which are emitted during the decay of the excited atomic
states produced by X-ray absorption events, lose energy by
various inelastic scattering processes (Erbil et al., 1988). Since
the number of loss events is related to the path length in the
sample, then from the electron energy one can determine the
depth below the surface where electrons have been generated
(Chung & Jenkins, 1970; Larkins, 1977; Schroeder et al.,
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1995a,b). Energy-selective detection of the electron-yield
signal thus enables simultaneous recording of EREY-XAS
from the ‘high energy’ region, i.e. Auger electrons escaping
from the near-surface, and the ‘low energy’ region, for Auger
electrons generated in the bulk of the material.

Typical escape depths of Auger electrons are between 100
and 1000 A (Schroeder et al., 1998), which defines the near-
surface range over which useful information can be obtained
(Abbey et al., 2006; Vollmer et al., 2003, 2004). To demonstrate
the potential of EREY-XAS in catalysis research and
enhance its application to nanoporous materials, we used it
to determine the differences between the bulk and the near-
surface activity of cobalt aluminophosphates (CoAIPOs).
These systems are an important class of nanoporous materials
because of their promising role in a range of catalytic reac-
tions; for example, the selective conversion of methanol to
light olefins and selective oxidation of alkane molecules in the
presence of molecular oxygen (Chen & Thomas, 1994; Thomas
et al., 1999). Although the CoAIPOs catalysts have been
extensively studied in the past for their catalytic potential,
there are discrepancies in the literature regarding the nature
and location of the Co”* ions incorporated into the framework
sites of AIPO molecular sieves (Weckhuysen et al, 1999;
Lohse et al., 1997; Hartmann & Kevan, 2002). Although there
is sufficient evidence to support an argument for the true
isomorphous substitution of Co®* ions, depending on the
preparation methods and the nature of synthesis, extra-
framework cobalt ions may be present. Even with the best
synthesis methods there may be cobalt ions residing on the
surface of the crystal (isomorphous substituted ones) which
may be able to coordinate with other molecules (for example,
water molecules) and these surface-substituted atoms may not
contribute to the shape-selective catalysis. For good molecular
shape selective catalysts it is important that these active sites
are located inside the pores. Therefore, the structural and
electronic differences in the surface (the top layer of ~50 A)
and near-surface region (50-100 A) can play an important role
in understanding the relationship between structure and
catalytic properties. Although, a range of bulk spectroscopic
techniques (Simmance et al., 2009; Sankar & Raja, 2003;
Sankar et al., 1998, 2003, 2007; Barrett et al., 1996) including
XAS have been employed, a full description of the catalyst
structure, particularly from the near-surface region, is still
lacking.

The aim of this work is to employ EREY-XAS to deter-
mine the differences between the bulk and near-surface of
CoAIPO catalysts. A test case for the usefulness of the tech-
nique is that it is possible to distinguish between framework
and extra-framework Co?* ions residing on the outer surface
of the crystals. EREY-XAS bulk structural data are compared
with that of transmission XAS data, which is dominated by the
bulk structure, in order to validate structural data.

2. Experimental

A detailed description of the catalyst preparation is described
elsewhere (Chen et al., 1994; Chen & Thomas, 1994; Sankar et

al., 2003). CoAIPO-18 was prepared using N, N-diisopropyl-
ethylamine (DIPE) as the structure directing agent. The
relative molar composition of the gel was calculated
employing the formula 0.9 AI**:0.1 Co**:1P°*:0.8 DIPE:
25 H,0, where cobalt acetate was used as a Co>* source. The
initial gel was prepared by dissolving aluminium hydroxide
hydrate [Al(OH);.xH,O; Sigma-Aldrich] in a solution of
phosphoric acid (H3POy, 85%; Sigma-Aldrich) with deionized
water. An aqueous solution of cobalt(II) acetate tetrahydrate
[(CH5COO0),Co-4 H,0, 98%; Sigma-Aldrich] was then added
to the mixture. After rigorously stirring the gel for 2 h, N,N-
diisopropylethylamine {[(CH;),CH],NC,Hs, 99.5%; Sigma-
Aldrich} was added to form the final gel which was stirred for
several hours. The gel was then placed in an autoclave and
heated at 433 K for four days.

CoAIPO-34 samples were prepared using tetraethyl-
ammonium hydroxide (TEAOH) as SDA (Lok et al., 1984).
The relative molar composition of gels used in this study was
calculated employing the formula 0.9 AP*:0.1 Co**:1 P°*:
x TEAOH:25 H,O, where x = 0.8 and 1. The samples were
then heated at 443 K for three days.

The resulting solids were washed with distilled water,
filtered and dried overnight at 373 K.

2.1. Transmission and energy-resolved electron-yield XAS

Co K-edge EREY and transmission XAS spectra were
collected on the Dutch Belgium beamline (BM26A) (Niki-
tenko et al, 2008) at the ESRF with the synchrotron ring
operating in four-bunch mode giving ~40 mA electron
current at 6 GeV energy. Room-temperature transmission
XAS data were acquired in step scans over a k range from 3 to
12A7! using k”-weighting for the counting time per data point
increasing from 1s at 3 A to 5s at 12A71 A full XAS
spectrum was collected in ~34 min. In a typical experiment,
the sample was pressed into a 13 mm pellet and fixed onto a
sample holder.

The Co K-edge EREY-XAS were measured using the
GMSD (Oed, 1988) which is housed in a custom-made
chamber, i.e. e-yield detector. The GMSD consists of a glass
plate lithographed with a pattern of 10 pm-wide anode strips
interleaved with 90 pm-wide cathode strips, with a pitch of
300 um. The e-yield detector was operating with a gas mixture
of 10% isobutene and 90% helium, a drift voltage of —1500 V,
cathode potential of —550V and a grounded anode. A
constant flow of 100 ml min~' isobutene/He mixture was
maintained through the vessel. The GMSD acts as anode,
while the sample is the internal photocathode, as shown in
Fig. 1. In order to minimize the sensitivity of the GMSD to
electrons generated by X-ray interactions with the fill gas, the
gas is chosen to have very long X-ray interaction lengths. The
collected data are thus dominated by the electrons released
from the sample. These electrons are drawn to the detector
structure by the presence of an electric field and amplified by
the gas gain as the GMSD is operated in its proportional
region. The resulting charge avalanche is processed by an
analogue signal chain consisting of a charge-sensitive pre-
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Figure 1

Detection of Auger electrons using the GMSD under ambient conditions
after irradiating the sample with a direct X-ray beam, where E is the
energy of the electrons escaping from the sample surface and/or bulk into
the ambient gaseous environment. The electron escape energy is a
function of the depth at which these have been generated. The larger the
depth, the more loss events will take place. The sample bias is set to a high
negative potential which creates the drift field accelerating the electrons
towards the GMSD. The emergent electron energy profile (as shown in
Fig. 2) contains information about the structure as a function of depth
from the surface.

amplifier coupled to a shaping amplifier. The amplitude of the
resulting spectra is thus proportional to the energy of the
electron being analysed and is measured by a Fast ComTec
7072. A large number of events are processed in such a
manner and the amplitudes are histogrammed by the readout
system. These histograms are recorded as an ASCII file, i.e.
Auger electron spectra. An example of a typical energy elec-
tron spectrum is shown in Fig. 2.

CoAIPO samples were sprinkled on a conductive carbon
tape that was stuck onto flat metal plates made of brass,
aluminium or copper. The flat plate with deposited sample was
then positioned such that the beam was striking it under an
angle of 2.5°. The GMSD sensor was mounted parallel to this.

In our experiments, we have used a gas mixture which is
well characterized in GMSD operation. However, it is possible
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Figure 2

Auger electron spectrum obtained at a photon energy of 7903 eV from
CoAIPO-34 A. Two different energy windows for Auger electron spectra
for each primary photon beam are indicated. The decision about the
number and width of energy windows is based on the quality of data, i.e.
signal-to-noise ratio and objectives of the study, for instance, the depth
profiling of the sample. The low-energy region is the Auger electrons
which escape from the bulk, whereas the higher-energy electrons
emanate from the near-surface region of the sample.

to use the detector with different gas mixtures which are
relevant in catalysis research. The results of the investigation
of the behaviour of the detector with various gas mixtures
were reported by Vollmet et al. (2003). Gases are supplied to
the detector using a custom-built gas rig consisting of four
Brooks mass flow controllers (MFCs) with an accuracy given
as 1% and a repeatability of 0.25% of the flow. The MFCs are
fed into a gas-mixing manifold.

The EREY-XAS data were recorded using the e-yield
detector over a similar k range as was used in the transmission
XAS experiments. The sample was set at an inclination of 2.5°
with respect to the X-ray beam. The horizontal and vertical
size of the beam was 4 and 0.7 mm, respectively, and produced
a beam footprint on the sample covering an area of ~80 mm?.
In order to maintain the count rate below the detector
saturation level, the beam intensity was, when required, atte-
nuated by placing aluminium sheets before the sample. Auger
electron spectra as a function of primary beam photon energy
during the energy scan of the monochromator were measured.
Auger electron spectra were collected with just two electron
energy detection windows: a high-energy window for Auger
electrons escaping close to the surface and low-energy window
for Auger electrons from the bulk, as shown in Fig. 2. From
Auger electron spectra were obtained a two-dimensional
matrix, which contained information about the Auger electron
spectrum at each photon energy. The integration of the two-
dimensional matrix data within selected energy windows
yielded EREY-XAS which were obtained by summing all
Auger electron spectra. This was performed in a customized
post-processing software package (Reduce) which was written
in order to allow for a rapid data reduction process. The
resulting EREY-XAS data can subsequently be analysed
using standard available XAS software.

2.2. XAS and EREY-XAS data analysis

Transmission XAS as well as EREY-XAS data were
normalized using Athena (Ravel & Newville, 2005). The non-
linear least-squares fittings of extended X-ray absorption fine
structure (EXAFS) and EREY-EXAFS data were performed
using EXCURVE9S8 (Binsted & Hasnain, 1996). The EXAFS
and EREY-EXAFS data were analysed using the single
scattering wave approximation (Gurman et al., 1984). Phase
shift and backscattering factors were calculated from atomic
potentials using EXCURVE98. The non-structural parameter
AFAC (the amplitude reduction due to many electron
processes) was taken from the best fit to transmission EXAFS
from Co foil and fixed at 0.85. During the refinement the
coordination numbers were fixed to the crystallographic
values. The same value of AFAC was used for EREY-EXAFS
analysis. The refinement of transmission EXAFS data was
carried out with k*-weighting in the range 3.3-12.8 A~'. The
refinement of EREY-EXAFS data was carried out with k-
weighting in the range 3.3-8.5 AL

Although the EREY-EXAFS data k-range is shorter and
therefore has a limited number of independent data points
(Stern, 1993), Ny, it is still sufficient for fitting the first oxygen
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shell. Ny defines the number of parameters that can be reliably
obtained from the fitting of the EXAFS spectrum. In the case
of transmission EXAFS data, the analyses were only
performed on the first shell, since the primary aim of this work
is to understand the immediate local environment around
cobalt in the bulk and near-surface. It is also more practical for
comparison of transmission EXAFS with that of EREY-
EXAFS. During the refinement the coordination numbers
were fixed to crystallographic values; however, bond distances
and Debye—Waller factors were allowed to vary.

3. Results and discussion

XANES spectra can be used to distinguish between frame-
work and extra-framework Co”* species in CoAIPO samples.
From previous work on cobalt-substituted aluminophosphates
it is known that Co** species can be either incorporated into
the framework in a tetrahedral coordination or be present as
extra-framework ions in octahedral coordination (Barrett et
al., 1995, 1997). Accordingly, cobalt acetate (C;HsCoO,) and
cobalt aluminate (CoAl,O,), representing Co”" in octahedral
and tetrahedral environments, respectively, were chosen as
reference materials (Dimitrou et al., 1993; Greenwald et al.,
1954; McClure, 1957; van Niekerk & Schoening, 1953). Co K-
edge XANES spectra of the reference materials are shown in
Fig. 3. The Co®" ions are tetrahedrally coordinated in CoAL O,
(Toriumi et al., 1978), and the XANES spectrum shows a pre-
edge peak at ~7708 eV. This latter feature is due to the 1s to
3d electronic transition which occurs during relaxation in the
non-centrosymmetric environment, in which d and p Co—O
molecular orbitals are mixed together (Kraushaar-Czarnetzki
et al., 1991; Moen et al., 1997, Montes et al., 1990). The tran-
sition is much stronger for Co** in the tetrahedral environ-
ment compared with that of octahedral coordination (Moen et

0.8 +

0.6

Norm. intensity (a.u.)

_ CoALO,
04 ---- C,H,Co0,

0.2 4

0.0

77I20 77I40 77.60 77I80 7800
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Figure 3
Comparison of Co K-edge XANES of CoAlLO, and C4HgCoO,
representing Co”* ions in tetrahedral and octahedral coordination,
respectively. There is a small pre-edge peak, due to the 1s to 3d electronic
transition which is typical for tetrahedrally coordinated Co®* ions. The
XANES spectrum of octahedrally coordinated Co®* ions shows strong
white line intensity, while the pre-edge peak is absent.

al., 1997) (see Fig. 3). Strong white line intensity (main edge
intensity at ~7722 eV) arises due to linear O—Co—O bonds
from the 1s to 4p absorption transition.

Co K-edge EREY-XANES obtained from the near-surface
and bulk as well as transmission XANES spectra of the as-
prepared CoAIPO-34 A and B samples along with CoAIPO-18
are shown in Fig. 4. Comparison of bulk EREY-XANES with
those of transmission XANES spectra indicates that the data
are in agreement in terms of the reproducibility of XAS
features. Transmission Co K-edge XANES of all three
CoAIPO catalysts are identical. Their comparison with
CoAl,O,4 suggest that on average the arrangement of Co*"
ions in the catalysts is similar to CoAl,O4 in terms of local
structure. The pre- and main-edge peak positions match well
CoAl,O,4. This indicates the presence of Co”" ions in the
tetrahedral sites in the framework of the material according to
bulk XANES measurements. Similar results were found for
Co K-edge EREY-XANES corresponding to the near-surface
and bulk of CoAIPO-18, CoAlIPO-34 A and B, which
confirmed the uniform distribution of tetrahedrally coordi-
nated Co”* species between the bulk and near-surface sites.

In order to quantitatively determine structural parameters
of the cobalt environment transmission Co K-edge EXAFS
data of the model compounds, tetrahedral Co** in CoALO,
(Toriumi et al., 1978) and octahedral Co** in C,HsCoO, were
analysed (van Niekerk & Schoening, 1953). In CoAlLO,
(Barrett et al., 1995) the Co®" ions are surrounded by four
tetrahedrally spaced oxygen atoms at 1.94 £ 0.01 A. In
C,H¢Co0O, the Co>* ions are surrounded by six octahedrally
arranged oxygen atoms at 2.08 % 0.005 A. Based on EXAFS
data collected in transmission mode, the local structure
around the cobalt atom in CoAIPO-34 A and B samples along
with CoAIPO-18 can be accurately described by four tetra-
hedrally spaced oxygen atoms at a distance of 1.94 £ 0.003 A.
This bond distance, typical for Co*" in tetrahedral environ-
ment, is in good agreement with values found in CoAl,0O, and
the literature (Sankar et al., 2003). The results are summarized
in Table 1.

The EREY-EXAFS results for CoAIPO-34 A and B also
rendered evidence for a tetrahedral environment. This indi-
cates that the presence of extra-framework Co®* species in the
near-surface region of the catalysts can be ruled out. All Co**
ions are located in the framework exclusively at tetrahedral
sites, corroborating the XANES results. Changes in the Al/P
ratios for these two samples did not have an influence on the
incorporation of Co** ions into the framework. Typical fits
to room-temperature Co K-edge transmission and EREY-
EXAFS spectra of the as-prepared CoAIPO-34 and the
associated Fourier transforms are shown in Fig. 5. In the figure
we observe that EREY-EXAFS amplitudes are comparable
with those of transmission data. The EREY-EXAFS are
noisier but the data quality is sufficient to perform an EXAFS
analysis of the first neighbours. The results are summarized
in Table 2.

EREY-EXAFS results for CoAIPO-18 found in the bulk
and near-surface four Co-O bonds at 1.96 £ 0.01 A and 1.97 +
0.01 A (see Table 2), respectively, are slightly higher than
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Table 1

Structural parameters obtained from analysis of transmission Co K-edge
EXAFS data for the as-prepared catalysts and model compounds, where
N is the coordination number, R is the bond distance and 20 the Debye—
Waller factor.

Sample Scatter N R (A) 20° (A)
CoAIPO-34 A o 4 1.94 £ 0.003 0.01
CoAIPO-34 B o 4 1.94 £ 0.003 0.01
CoAIPO-18 O 4 1.94 £+ 0.003 0.012
CoAlLO4 o 4 1.94 £+ 0.010 0.008
C4H¢CoOy o 6 2.08 %+ 0.005 0.0014

expected for tetrahedrally coordinated Co®* ions; previous
studies reported a bond distance of 1.93 A (Barrett et al.,
1996). The bond distances obtained from EREY data for both
surface and bulk of the catalyst are higher than those of the
EXAFS data recorded in transmission mode (1.94 &+ 0.003 A
see Table 1). Interestingly, there are slight differences in the
near-surface region between near-surface and bulk but the
EXAFS results are very similar which suggests stronger
disorder at the surface.

Comparing the near-surface EREY-XANES with trans-
mission XAS data, we note that there is no significant change
in the edge energy, which would suggest that the oxidation
state of cobalt ions in bulk and surface are closely similar. The
possible explanation for the increase in Co—O distance is
likely to be due to the presence of extra-framework cobalt

CoAIPO-34 A
0.4 ---- bulk
—— near surface

Norm. intensity (a.u.)

T T T 1
7720 7740 7760 7780 7800

Energy (eV)

CoAIPO-18

--=-- bulk
—— near surface

Norm. intensity (a.u.)
o
-]
1

04
024

0.0 4 A~

7720 7740 7760 7780 7800

Figure 4 Energy (eV)

ions which can be introduced during the crystallization process
of aluminophosphate networks (Grandjean et al., 2005). This
suggests that not all cobalt ions are incorporated into a
tetrahedral ALPO-18 framework during synthesis or some of
the surface cobalt ions are susceptible to a change in coordi-
nation. A similar phenomenon was observed in Co/MCM-41
synthesis (Jentys et al., 1996).

These results demonstrate that EREY-XAS can be used to
distinguish between the surface and bulk Co environment.
Therefore this technique is a useful tool for investigating the
near-surface structure of nanomaterials, if the characteristic
photon energy of the atom of interest lies in the range between
4 and 20 keV, where the production of Auger electrons is
maximized (Ertl & Kuppers, 1985). The major advantage is
that one is not required to keep the samples in a high vacuum
but can operate at elevated pressures where the gas has the
dual function of being the reaction gas as well as the electron
amplification medium.

In this work we have shown that this technique is well suited
for studies beyond model systems and can be applied to
catalytically relevant materials like zeolites doped with a small
amount of transition metal ions. This makes the technique
favourable for investigation of supported heterogeneous
catalysts encompassing nano-sized metals or metal oxides
(such as Ti, V, Cr, Fe, Ni, Co) dispersed on a flat substrate [i.e.
Si(100), glass, metal] or an oxide support (Al,O3, SiO,). It is
especially promising that the gas used for electron avalanche

CoAIPO-34 B
---- bulk
near surface

Norm. intensity (a.u.)
o
@
1

0.2
0.0
T T T T 1
7720 7740 7760 7780 7800
Energy (eV)
14 4
124
-~ 104
3
g
2 084
2
2
£ 064
E ---- CoAIPO-18
2 04l —— CoAIPO-34 A
—— CoAIPO-34 B
0.2 4
° o T T T T 1
7720 7740 7760 7780 7800
Energy (eV)

Co K-edge EREY-XANES for CoAIPO-34 A, CoAIPO-34 B and CoAIPO-18. The spectrum from the bulk is plotted in dashed red, whereas that from
the near-surface is a solid black line. Transmission Co K-edge XANES of all catalysts are shown in the bottom right-hand corner. The XANES near-
surface and bulk spectra exhibit a small pre-edge peak which is a characteristic of tetrahedrally coordinated Co®* ions.

748

Vladimir Martis et al. -

Energy-resolved electron-yield XAS studies

J. Synchrotron Rad. (2014). 21, 744-750



research papers

Table 2

Structural parameters obtained from the analysis of Co K-edge EREY—
EXAFS data for as-prepared catalysts, where N is the coordination
number, R is the bond distance and 20 is the Debye—Waller factor.

amplification can be the same as the reactant gas in catalytic
studies. For this, in situ EREY-XAS study (employing the e-
detector) is essential, as it renders information from the region
between the bulk and surface (100 and 1000 10\), whereby

Sample Region Scatter N R(4) 20 (A) changes in the oxidation state of metal ions due to interaction
CoAlPO34 A Nearsurface O 4 1.94 £0.05  0.008 with gas molecules during the reaction can be tracked. From a
Bulk 0 4 193£005  0.006 previous study on the GMSD and process gases it is known
CoAIPO-34 B Near-surface O 4 1.93 £ 0.05 0.01 hat the d 1 ith .
Bulk Ie) 4 194 £005 0008 that the e.te.ctor can operate .not only with common reaction
CoAIPO-18 Near-surface O 4 196£005 001 gases but it is also able to withstand water vapour and thus
Bulk o 4 1974005 o001 further broadens the range of chemical reactions that can be
bulk —— Experimental bulk ExDerimental
*] Thediy 1 Th:ory
44 ’ .
, g
! z
—_ o
g o g
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Figure 5 W o

Comparison of Co K-edge EREY and transmission EXAFS together with corresponding Fourier transforms for CoAIPO-34 A. Data were analysed in
k-space (after background subtraction, k*-weighted). The solid line is the experimental data and the dashed line is the best fit. The EREY-EXAFS
amplitudes are comparable with those of transmission EXAFS. The EREY-EXAFS spectra are noisier, particularly at higher k-values, but the data
quality is sufficient for a full EXAFS analysis.
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studied (Vollmer et al., 2003). The operation of the detector
with water vapour, for instance, enables electrochemistry or
corrosions studies on materials under operando conditions.

The EREY-XAS data quality could be further improved by
including an additional four data channels from the GMSD in
the counting electronics.

4. Conclusion

The work described here shows that EREY-XAS is a useful
technique for near-surface studies of catalytically relevant
materials under ambient conditions, as it renders the near-
surface information on chemical state as well as the local
structure. It is also suitable for in situ operando studies of
heterogeneous catalysts supported on metal oxides or flat
plates. Lastly, we have shown that EREY-XAS can provide
direct evidence about the incorporation of Co®* ions into
AIPOs frameworks.
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