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This study for the first time investigated the structure of a supported oxide system by SEELFS, the research
of which had significance not only in the preparation of advanced solid base catalyst but also in the application
of SEELFS technique onto a supported system. We present here the experimental results of a supported
oxide system by SEELFS through the structural analysis of magnesia@iuanina carrier. Using a fitting
procedure based on an EXAFS-like formula and the phase shifts of a model compound of MgO, the coordination
distances for MgO and Mg-Mg shells were obtained semiquantitatively and the coordination numbers
obtained qualitatively. In addition, the contribution terms in the SEELFS oscillation of Mg K-edge of magnesia
were also analyzed by the back Fourier transform of a corresponding Fourier function.

Introduction activity of the MgO§—Al,Os catalyst!’~19 all these research

A solid base is a widelv considered catalvst for base-catalvzed studies did not refer to the basic structural aspect, which is more
y Y Y important to the design of an advanced catalyst.

homogeneous and heterogeneous catalysis reactions such as o . . .
The determination of surface atomic structural information

anionic polymerization,aldol condensatiof,* alkylation?~7 o . ) )
Knoevenagel reactioh® and many other reaction&:12 Espe- is still one of the difficult problems in surface science. Methods
’ g of electron and X-ray diffraction have had a dominant role in

cially in the field of petroleum industry, a solid base was use h X s | iod fh
in the process of mercaptan oxidation as a cocatalyst to convert!€S€ Investigations over a long period. However, most of these
RSH to innocuous disulfid® The use of a solid base can avoid _structurgl techniques are not capable of prowdmg direct
a lot of caustic aqueous bases. So, there has been increasinﬁlformat'on on the atomic geometry of the surface unit €ell.

interest in the investigation of a solid base as a good environ- recent years there have beep Interesting devglopments n
mental catalyst* One kind of solid base considered is single- spectroscopic methods for studying the local atomic structures

component metal oxides such as MgO andQz which can that are based on analysis of extended oscillating structures of
provide enough basicity, but it is usually difficult to obtain large  SPectra- Amor;g these, Extended X-ray Absorption Fine Struc-
specific surface area and to adjust their pore structure. AnothertUre (EXAFSFLis the best developed. It is currently used as a
alternative kind is a mixed oxide like calcined hydrotaleite standard method fqr the analysis of local atomic structure. In
Mg(AlO, which has high surface area, moderate basicity, and the past few years it was Sho"_V” t_hat_Surface Extended Energy
structure stability. But in water the catalyst will be converted L0SS Fine Structures above ionization edges (SEEEFS)

to pseudoboehmite, so the surface area and basicity decreasegu!d e duse.zi fcr)]r cliete:mlnlfng many structural hpargmeter;
and activity decreased. In contrast, a supported oxide has many?SSociated with the local surface environment. The SEELF

advantages. The catalyst has high surface area and pore structur@eﬁhanism is similar toﬁ;hat of EX.AFS and was systematri]cally
through spontaneous dispersion of oxide on the carrier. In exp alnelqlk by Crhescen .Comparlngh to EXAFS an(; other
addition, the strength and the amount of basic sites can beEXAFS-like methods, we adopted the SEELFS technique on

adjusted by changing the type of the basic oxide and its loading account of the_ main peculiarit_ie_sf of .SEELFS inc_Iuding the fact
amount. Another advantage is that the stability of a carrier like that the experimental accessibility lies in low primary electron
alumina is conducive to resist water and therefore may be helpfulbe""r.n current &, = ,10_3000 gV) to avoid surface samplg .
to increase the durability of the catalyst. Therefore, it is heatlng and desorption, short t|mq of su'rface structural acquisi-
important to investigate a supported oxide catalyst. We consider1oN d_ata on surfaces_, and_ materials without long-range order
alumina-supported magnesia because MgO is the most widely2nd Simple data manipulation. _ o
studied single-metal-oxide solid ba%ehile alumina is the most There has been no report on the investigation of SEELFS
commonly used carrier. technique onto supported oxide because of the weaker SEELFS
It is well know that many salt and oxides can disperse Signal due to the low loading amount of supported materials.
spontaneously onto the surfaces of a carrier to form a monolayer,!n this paper, we demonstrate the tenability on the lattice site
and such a monolayer dispersion principle has been proved by©f the SEELFS technique in the case of monolayer dispersion
XRD, XPS, Raman, EXAFS, TPD, TPR, é&!6 The XRD systems ofy-Al ,O3—supported Mg.O by improving the S|gn.all-
result” showed that the dispersion of MgO @rAI,0; is also detecting mode and data-collecting mode. Through a fitting
a common monolayer dispersion phenomenon. Although there Procedure using the EXAFS-like formula and the phase shifts
are some investigations on the basicity selection as well as©f @ model compound of MgO, we are able to investigate the
structural information of MgO dispersed ongeAl ,O3 carrier

* Corresponding author. Fax:-86-10-62753937. E-mail: huanghz@ [N Semi-quantitative and qualitative ways. The accessibility of
csb0.ipc.pku.edu.cn. the SEELFS technique and the reasonability of the experimental
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results added a new proof for the well-known monolayer  To learn about the coordination distance, the SEELFS
dispersion phenomenon. signal was transformed into a Fourier function according to
the following equatiorf®

Experimental Section

_ Kmax — 2iKR
A. Preparation of MgO/y-Al,03. The preparation of MgO/ IF(R)I = 1Ko (K)Ke dK @

1

y-Al,03 is similar to that described in another repbrfThe
7-Al20s carrier was obtained by calcining pseudoboehmite at where F(R) is the radial distribution functionKmin and Kmax
823 K for 5 h. MgO}-Al,O3 was prepared by impregnating  are the lower and upper limits of the data rangg) is the
the y-Al;03 with the solution of magnesium nitrate, followed  experimental SEELFS signal in the wavenumber subtracted of
by drying at 383 K overnight and calcining at 773 K for 4 h.  hackgroundRis the nearest-neighbor crystallographic distance,
Pure MgO indicated in this paper was obtained by calcining (k) is the window function multiplied to avoid truncation
Mg(NOs)2:6H,0 at 773 K for 4 h. effects and spurious ripples in the FT analysis, & the

For the SEELFS measurements, the powder Mg8ILO3 weight function multiplied to correct the oscillatory term of the
was pressed to thin slices with a thickness of 1 mm and diameterSEELFS so that all th& regions contribute with the same
of 10 mm by a 769YP-24Z powder presser. The pressure wasweight to the Fourier transform. As in EXAFS spectroscopy,
15 MPa and the time of pressing was 5 min. Due to the the peaks in the SEELFS(R) do not correspond immediately
insulation of the powder samples, there existed a shift of chargeto the crystallographic values. It should be corrected for a proper
in the position of peaks. So, we used pure Cu foil to surround phase shift. We deduced the phase shift directly from the
a MgO#-Al;Os slice with a hole 2 mm in diameter to expose  experiment using a model compound of MgO. The experimental
the samples for collection of data. phase shift could be used in all compounds of Mg®I,03

Because of the adsorption of water and carbon dioxide the because the same absorber and backscatter pair of atoms were
MgO/y-Al,03 sample must be dried at 573 Krf8 h to get rid involved.
of adsorbed water, carbon dioxide, as well as any other impurity.  We inversed the Fourier function to give a contribution to
After drying, the sample was immediately transferred to the Fast the original SEELFS spectrum of only the nearest-My
Entry Chamber of the Auger Electron Spectrometer at 373 K and Mg-Mg shell. The relation of the inversion is shown in

in order to keep the clean surface. eq (3)2°

B. SEELFS Measurements.The experiments were per-
formed with a PHI 3017 Auger Electron Spectrometer. The base xi(K) = 1 me‘ ax Fi(R)eZiKR dr (3)
pressure of the UHV Chamber was 10 Torr. The electron N2

gun was coaxial to a single pass CMA (Cylindrical Mirror
Analyzer), which was driven in the auger mode for detecting We also deduced the experimental line of total phase shift versus
the SEELFS oscillations above the K edge of magnesium. The wavenumber of the MgO and Mg-Mg shell, respectively,
primary energy of incidence electrons was 1600 eV, with a beam according to the following equatic:
current of 9.24A and a modulation of 10 V. On account of the
weak SEELFS signal, the experimental data were collected as #4(K) = arct Rla(K) KR @
the electron yield of the first derivative electron yield using a 1 9 L1 (K)] 1
lock-in amplifier to obtain the extended feature as far as possible
from the core edge onset. The signal was cumulated throughyyhereR, is the nearest-neighbor crystallographic distance.
multi-time collection mode. The signal of the first derivative
electron was converted to the numeric signal by a self-made Results and Discussions
V/F board and then collected by computer.

C. Analysis of Experimental Data. The original SEELFS
signal in the form of electronic kinetic energy was first converted
to the form of binding energy with self-compiled SEELFS

PROCESSING procedure. We restricted our data range t00.025, 0.08, and 0.23 g MgO/g-Al,0; were selected for the

eliminate features which were not directly associated with the : -
SEELFS, mainly the core loss feature and the near-edge structureSEELFS measurement. Due to the superimposing of the L edges

of Mg and Al, which were both at approximately 74 eV while
and extended the.data range of 250 .ev above the Mg K'Edg(—“there had been no methods to separate them, so the Mg K edge
energy so as to include all the available data. Because the

. - . selected was suitable for the SEELFS measurement with respect
theoretical SEELFS oscillation was composed of sine wave
function, the SEELFS data was then converted from energy to o MgO/y.-A.I 205 system.
wavenu;nber according to the following relation: The original SEELFS spectra above the Mg K edge for the
) MgOly-Al,O3 system are shown in Figure 1. The top curve is
the pure MgO spectrum used as a model compound for
KA ™ = «/ZmEE: E —E. 1) correcting the phase shift of the coordination distance. The
h Loss  —bind SEELFS data have been collected as a derivative of the electron
yield using a modified lock-in amplifier to obtain the extended
whereE is the excited electron energy above the edfjgssis feature as for as possible from the core edge onset. The
the measured energy loss of the scattered electronEgnds corresponding Fourier transforms are shown in Figure 2.
the binding energy of the core electron. To remove the In the F(R) function of MgO two prominent peaks are
background superimposed onto the SEELFS signal, the extendedbserved in the nearest neighbor at about 1.71 and 2.68 A with
fine structure was isolated from the atomic structurg errors 0f+0.05 A, which are assigned to the M@ and Mg-
contribution with a spine function through the EXAFS-like Mg peaks, respectively. The high errors are mainly due to the
procedure by the Chinese Academy of Physics. reducedAk = kmax — kmin range (typically 6-8 A) in the

The XRD results in other repdftshowed that the dispersion
of MgO ony-Al, 03 was a monolayer dispersion phenomenon,
with the threshold of 0.17 g MgO/g-Al,0s. To learn about
the structural information of MgO op-Al,0s, the samples at
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TABLE 1: Interatomic Distances Measured by SEELFS
MgKedge with Crystallographic Data
D MgO distance
/\W no. loading amount measured length (A)
- A 0.025 g MgO/gy-Al ;03 Mg—0 2.07+0.05
5 c Mg—Mg
e W B 0.08 g MgO/gy-Al ;03 Mg—0 2.07+0.05
5 Mg—Mg 3.10+ 0.05
> C 0.23 g MgO/gy-Al 05 Mg—0 2.05+ 0.05
® B Mg—Mg 2.95+0.05
g MWW D MgO Mg—O 2.10+ 0.05
£ Mg—Mg 2,97+ 0.05
A are changed by the dispersion of MgO onteAl,Os. The
disappearance in the second neighbor Mg peak at 0.025 g
MgO/g y-Al,0s is because at a low loading amount of MgO,
——— e the MgO sites are more disordered or separated from one another
0 S0 100 150 200 and therefore the MgMg peak cannot be observed. It should
Energy Loss (Eq-E )(eV) be noted that the data in Table 1 are not equal to the exact
Figure 1. SEELFS spectra of (A) 0.025, (B) 0.08, (C) 0.23 g MgO/g coordination distances due to the high errors so the results are
7-Al20s, and (D) pure MgOE, = 1600 eV just semiquantitative.
In addition, there are some qualitative results in coordination
3‘°. Mg-Mg number. As the case in the EXAFS data analysis, peak height

in F(R) depends not only on the number of atoms coordinating
the Mg atoms but also the disorder, which includes thermal
disorder and structural disorder. In Figure 2, it can be seen that
there were no significant differences in the peak heights for the
Mg—O0 shells. The curve C has clearly a smaller-Mg peak
because of the noise. This is because as the nearest neighbor
coordination relative to Mg atoms, the M@ bonding is strong

and therefore is less susceptible to disordering, so, there is no
variation in coordination number. For the Miylg coordination,

the disorder, especially the structural disorder, plays an important
role in the peak heights. So, the variation in the peak height
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0.0 1 did not represent exactly the variation in the coordination
———r————r—T1— T number. But for sample C, whose loading amount of MgO on
0 1 2 3 4 y-Al,03 is much higher than the threshold value, the SEELFS
R () signal was just from surface crystalline MgO. As the crystalline
Figure 2. Fourier transforms of Mg K-edge SEELFS @fAl,Os- MgO on y-Al03 and the pure MgO powder are both long-
supported MgO with (A) 0.025, (B) 0.08, (C) 0.23 g MgO/eAl ,0s, range order, it can be assumed that the disorders are similar to
and (D) pure MgO. each other. Therefore we expect that the same peak heights in

samples C and D indicate the same coordination numbers. For
SEELFS data analysis and the noise in the original signals. Thesample B whose MgO loading is lower than the threshold of
significant differences of these values with respect to the nearest-monolayer dispersion, the Mgvig peak height is much lower
neighbor coordination distances of MgO, with the value of 2.10 than that of pure MgO. One can estimate that the significant
and 2.97 A, are mainly attributed to phase shifts of the electron decrease in the peak height for Miylg shell is due to the
waves from the central Mg atoms and the backscattering O anddecrease in its coordination number.
Mg atoms, respectively. As the same absorber atoms and The SEELFS signals before fourier transform and after back

backscatter atoms were involved in the Mge¥l,0; system, Fourier transform of th&(R) between 0.8 and 3.8 A are shown
the experimental phase shift of pure crystalline MgO could be as solid and dotted line, respectively, in Figure 3.
used for the correction of the MgO and Mg-Mg in alumina- From this graph, we can observe that the SEELFS signals

supported MgO. The peak positions for the first two Mg after back Fourier transform of tH&R) of pure crystalline MgO
and Mg—Mg shells of MgOy-Al,Os after phase correction were  for Mg—O and Mg-Mg shell are in good agreement with those
obtained, shown in Table 1. before fourier transform. This indicates that the SEELFS
It can be seen from Table 1 and Figure 2 that with the increase oscillations just come from the contribution of M@ and Mg-
of the MgO loading the positions of MgO peaks do not differ Mg shell. But for the alumina-supported MgO, there are some
significantly, whereas there are significant differences in the slight differences between them. One reason may be the effect
positions of Mg-Mg peaks. Compared to crystalline MgO, the of the alumina carrier. Another reason is the interference of the
position of the Mg-Mg peak at 0.08 g MgO/g-Al O3 increases noise from locking amplifier. From the original SEELFS
by 0.13 A which is beyond the experimental error. It can also oscillation (in Figure 1), we can see that the noise is high.
be observed that there are no Miglg peaks at 0.025 g MgO/g  Although it can be separated from signals in the fitting process
y-Al,0s. In addition, the difference in the position of the Mg of the experimental data, it could not be completely eliminated.
Mg peaks between 0.23 g MgOjgAl O3 and crystalline MgO Figures 4 and 5 are the relationship between phase shifts and
are within the range of errors. These results in the peak positionsthe wave vectors for MgO and Mg-Mg shells in different
in the Fourier functions may indicate that the structures of samples. The great agreement between experimental results and
Mg—O shells are not changed while those of Mgg shells fitting result indicates the reasonability of data analysis.
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Figure 3. Solid line: SEELFS spectra after background subtraction
of the original signals shown in Figure 1. Dotted line: SEELFS signal

obtained after back Fourier inversion of tR€R) shown in Figure 2.
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wavenumber of Mg-Mg in (A) 0.08, (B) 0.23 g/gy-Al,Os, and (C)
pure MgO.

TABLE 2: The Slopes and Intercepts of Lines in Figure 4
and Figure 5

MgO Mg—0O Mg—Mg
no. loading amount slope intercept slope intercept
A 0.025 g MgO/gy-Al,0; 3.372 —4.907 —6.2196
B 0.08gMgO/gy-Al,0; 3.232 —4.242 5597 -—2.254
C 0.23gMgO/gy-Al,0; 3.326 —1.7320 5.301 —12.681
D MgO 3.257 —7.644 5484 —6.2196
Conclusions

The Surface Extended Energy Loss Fine Structures (SEELFS)
have been detected above the magnesium ionization K edge of
y-Al,0s-supported MgO at different loadings. Using a EXAFS-
like data analysis procedure, the Fourier transforms of the first
derivative energy loss spectra of samples at different MgO
loading were obtained. From the Fourier functions it can be
seen that with the increase of the MgO loading the peaks around
2.7 A attributable to the MgMg shell increased obviously in
their peak heights and decreased slightly in their peak positions,
whereas there were no significant differences in those of the
peaks around 1.7 A due to the M@ shell. When the MgO
loading reached or exceeded the utmost dispersion capacity with
the value of 0.17 g MgO/g ADs, which was determined by
XRD in other papet/ the peaks of both types were in agreement
with those of pure polycrystalline MgO. These semiquantitative
results in coordination distances and the qualitative analysis in
coordination numbers show that the coordination structures of
Mg—0O shells within MgO are not changed by the dispersion
of MgO onto ALO3; while those of Mg-Mg shells whose MgO

Furthermore, the slope for the same shell in different samplesloadings are lower than the threshold are changed greatly. The

in Table 2 is quite agreeable to each other.

accessibility of a single experimental apparatus (an electron gun
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and an auger analyzer) and low electron-penetrating depth (5

J. Phys. Chem. A, Vol. 106, No. 12, 2002819

(10) Choudary, B. M.; Narender, N.; Bhuma, $ynth. Commuri995

20 A) of the SEELFS technique demonstrates its possible use2> 2829.

in the research of surface science.
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