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This work focuses on a @S Lo ey 0s-5 (LaSrCoFeQ) perovskite and f&/LaSrCoFeO
nanocomposite powders; the samples are characterized by means of X-ray photoelectron spectroscopy
(XPS), X-ray diffraction (XRD), extended X-ray absorption fine structure (EXAFS), diffuse reflectance
infrared Fourier transform (DRIFT) spectroscopy, scanning electronmicroscopy (SEM), and thermal
analysis (TA) and inductively coupled plasma-atomic emission spectroscopy (ICP-AES). The nanosized
LaSrCoFeO perovskite is obtained by Pechini method and is treated at increasing temperature. The
LaSrCoFeO perovskite phase formsTak 1173 K; at this temperature, traces of,08, C0;04, and
Lap-»SrCoO, are also present. Strontium is surface segregated as;arfelCsrO. Nanocomposite fe&y/
LaSrCoFeO powder samples ¢Eg/LaSrCoFeO= 1:9 and 1:1 wt) are obtained by wet impregnation.

The iron oxide deposition damages the perovskite structure because of the diffusion of iron inside the
perovskite; this is particularly evident from SEM images.

Introduction and doping. This allows to use perovskite-based compounds
for anodes, cathodes, and electrolytdisus increasing the
chemical, thermal, and mechanical compatibility of the
component and improving the device stability.

A possible candidate for FSOFCs electrodes for solid
oxide fuel cells can be obtained by doping LaGa@th Sr
(for La) and Fe (for Co): La,SkCo-yFg0s-s (Simply
called LaSrCoFe®5 7 LaSrCoFeO is a good mixed ionic
electronic conductor (MIEC); this important property can be
capitalized in terms of active surface at the electrodes. In
fact, in this way, the reactions can happen over the electrode
surface and not only at the three-phase boundary (eleetrode
electrolyte-gas phase).Similar compounds have already
been studied for their good electrical properties in semiper-
meable membrane for oxygen separation and as cathode
material for SOFCS.1n this work, nanosized LaSrCoFeO

Modern society builds its comfort on energy availability.
In recent years, the energy demand has considerably in-
creased. Furthermore, the increasing difficulty in supplying
raw materials like oil and natural gas, and the uncertainty
of the real reserve for the future, imposes the need of a highly
efficient use of the fuels. Fuel cells (FCs) are often considered
as the better solution to produce clean energy starting from
various primary resources. Among various kinds of FCs, the
solid oxide fuel cells (SOFCs) are particularly interesting,
thanks to their singular properties, the best being certainly
the high efficiency:? First generations of SOFCs worked at
about 1300 K, using yttria-stabilized zirconia (YSZ) as
electrolyte, nickel-cermet as anode, and LaMi@sed
cathode® These devices showed some problems related to

the high-temperature operation conditions, such as Iong—termbaseol materials are considered. It is well-knbwhat

stability of materials and system costs. nanoparticles can offer great opportunities in several

. In (rjecerllt years, new SSFCS r|1ave been studied: T::e aimfields of applied technology because of their particular
Is to develop SOFCs working at lower temperature: the so- properties (electrical, mechanical, etc.) and behavior which

called intermediate temperature SOFCs{SOFCST ~ 800 can be absolutely different with respect to the correspond-

K).* Nevertheless, these new SOFCs need convenient materlIng bulk materials. Focusing on the catalytic properties,

als. Perovskite-based materials are considered as the moﬁ’ianomaterials usually show a higher reactivity because of

sugablr? matenalg for FFS;)FCS' (Ijnbfact cf:(gmmal, physmql_, the huge surface area and defects density and thus show a
and other properties can be tuned by working on COmposItion ¢ significant presence of active sites. Nanocomposites

also offer great possibilities. Appropriate preparation pro-
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Table 1. XPS Peak Positions (Binding Energy, BE, eV) Obtained for LaSrCoFeO Perovskite and F@s/LaSrCoFeO Nanocomposites; Literature
Data Are Also Reported for Comparison

Samples La 3ds), Co 2p;p Fe 2ps, Sr 3ds), Ols
LaSrCoFeO 673 K 2h 835.3 780.1 711.0 - 132.8 133.8 - 530.2 531.6
LaSrCoFeO 973 K 6 h 835.2 780.4 710.9 131.6 1327 - - 529.8 531.4
LaSrCoFeO 1173 K 6 h 834.3 780.3 710.6 132.1 133.0 1343 529.1 531.6 -
LaSrCoFeO 1173 K 16 h 834.4 780.3 710.7 131.6 132.7 133.8 528.6 529.7 531.4
LaSrCoFeO 1173 K 26 h 834.4 780.4 711.0 131.6 132.8 133.8 528.7 529.7 531.4
Fe,0,/LaSrCoFeO 1:9 834.3 780.2 710.8 131.8 132.8 133.8 528.9 529.8 531.5
Fe,05/LaSrCoFeO 1:1 835.0 780.4 710.9 131.4 132.4 133.7 528.7 529.5 531.4
LaCoOs/LaCoFeQ; REF3! 834.9

La(OH), REF? 835.0
LaOOH REF3 834.8 528.9 531.1

La,Os 834.8 531.1

La,0; 834.8 530.1
Lag ¢Sr.4C00;.5 REF 833.4 780.0 131.8 - 1342
Lao3Sr7C005.5 REF3° 834.6 781 - 1323 133.0

Lao sSro,Co05 REF36 780.1 130.5
Lag 6Sro 4C00 2Feq 5035 REFS3641 834.7 780.2 131.6 133.0 134.0 528.5 531.2

Co;0, REF2 780.2 529.8

Co;0, REF38 780.2

CoQ REF38 780.2

SrQ REFS32.40 132.4 530.2

SrCO, REF¥? 132.7 530.9.5

Fe,0, REF3? 710.8 529.8
La,.Sr,Co0; 5 REF4 528.5 531.5

cedures allow to deposit nanodimensioned oxide particles,powder investigation techniques (X-ray diffraction (XRD),

thus taking advantage of the reactivity of nanoclusters. extended X-ray absorption fine structure (EXAFS), diffuse

Moreover, an active oxide can be used as a suppd#. reflectance infrared Fourier transform spectroscopy (DRIFT),

Still, a detailed characterization of these materials as well thermal gravimetric analysis (TGA), and inductively coupled

as the investigation of the surface reactivity with respect to plasma-atomic emission spectroscopy (ICP-AES)) with a

oxidation reactions is almost missing. surface-specific techniques (X-ray photoelectron spectros-
In this work, LaSrCoFeO is synthesized by Pechini copy (XPS), and Scanning electron microscopy (SEM)).

method!34Classical methods, like solid-phase reactions, do

not guarantee high homogeneity; furthermore, the high Experimental Section

temperature required can induce sintering and the increment

of th_e particle ;ize. Pechini method, in contrgst, allows to Pechini method314 Appropriate amounts of Co(NGy-6H0

obtain nano-oxides in an easy and reproducible ¥ajt (Acros, 99%), La(NG)y6H,0 (Aldrich, 99.999%), Sr(NG,

this purpose, a particular attention was paid .to investigate (Carlo Erba,>98%), and Fe(N@x9H,0 (Janssen, 99%) were
the effect of the heat treatment on the final product; carefully weighed and dissolved in distiled water to obtain

calcination temperatures1223 K are used to minimize the | 5 .Sy, Cop 8,055, Citric acid was added as the complexing
particle dimensions. Moreover, two #&&/LaSrCoFeO nano-  agent to the above solution. The amount of citric acid (Acros,
composites characterized by a different iron oxide content 99.5%) was such that the ratio of total number of moles of cations
(FeOs/LaSrCoFeO= 1:9 and 1:1 wt) are also prepared by to that of citric acid was 1:1. Ethylene glycol (Acros,9%) was

wet impregnation from aqueous solution. Since the chemical then added (number of moles of ethylene glycol/number of moles
and physical properties of these materials are strongly of citric acid, 1:1) to enhance gelation. The ob_tained solution was
dependent on the chemical composition and structure, it is heated at 353 K to form the gel. Subsequently,_ it was slowly treated
important to investigate them in detail. All the synthesized at 383 K to remove the solvent. Then, the solid was heated at 673

materials are characterized by combining conventional K for 2 h to remove all organic matter thereby yielding the
precursor. Further heat treatments at increasing temperature (973

K for 6 h and 1173 K for 6, 16, and 26 h) have been carried out to
investigate the crystallographic phase formation.

(a) Synthesis.(i) LaSrCoFeO.The powder was prepared by

(10) Schwarz, J. A.; Contescu, C.; ContescuChem. Re. 1995 95, 477.
(11) Kung, H. H. InTransition metal oxides: surface chemistry and

catalysis Delmon, B.; Yates, J. T., Amsterdam Advisory Eds., (ii) Fe,O4/LaSrCoFeO.The two FgO4/LaSrCoFeO nanocom-

Elsevier, 1989. _ posite systems (R®3/LaSrCoFeCG= 1:9 and 1:1 wt) were obtained
12 ?gédi‘b%lcr'e”’ X.; Narayanan, R.; El-Sayed, MChem. Re. 2005 by wet impregnation of LaSrCoFeO heated at 1173 K for 26 h
(13) Pechini, M. P. U.S. Patent 3 330 697, 1967. with aqueous solutions containing increasing quantities of FegNO
(14) Tas, A. C.; Majewski, P. J.; Aldinger, B. Am. Ceram. So200Q 9H,0. The obtained suspension was maintained under stirring for

83, 2954. 2 days and then was kept in rest for 1 day. Water was evaporated

15) Segal, D. InMaterial Science and Technology: A Compreheesi o . . .
( )Tre%tmem Cahn, R. W., Haasen, P., Kramge{ E. J., Epds.; vCH: in air and the obtained solid was dried at 383 K foh and at 773

Weinheim; Chapter 3, Vol. 17A, and references therein. K for 5 h (in alir).
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Figure 1. La 3d, Sr3d, Co 2p, Fe 2p, O 1s, C 1s XP spectra obtained at RT for the LaSrCoFeO,@nll&®rCoFeO powder samples. LaSrCoFeO
samples heated at 673 Krf@ h (red), 973 K fo 6 h (green), 1173 K fo6 h (light blue), 1173 K for 16 h (dark blue), 1173 K for 26 h (black).G¢
LaSrCoFeO supported samples 1:9 (pink) and 1:1 (orange). The spectra are normalized with respect to their minimum and maximum values.

(b) Measurements.XPS measurements were performed using factors!” To take into account charging problems, the C 1s peak
a Perkin-Elmer PHI 5600 ci spectrometer with a standard Mg K was considered at 285.0 &vand the peaks’ BE differences were
source (1253.6 eV) working at 350 W. The working pressure was evaluated.
less than % 1077 Pa. The spectrometer was calibrated by assuming XRD patterns were obtained with a Bruker D8 Advance
the binding energy (BE) of the Au 44 line to be 84.0 eV with diffractometer with BraggBrentano geometry using a CuoK
respect to the Fermi level. Extended spectra (survey) were collectedradiation (40 kV, 40 mA4 = 0.154 nm).
(187.85 eV pass energy, 0.4 eltep?, 0.05 sstepl). Detailed Field emission-scanning electron microscopy (FE-SEM) was run
spectra were recorded for the following regions: C 1s, O 1s, La ON & Zeiss SUPRA 40VP equipped with an Oxford INCA x-sight
3d, Co 2p, Sr 3d, and Fe 2p (11.75 eV pass energy, 0:4tey'?, X-ray detector. Morphological analysis was carried out setting the

0.1 sstep?). The standard deviation in the BE values of the xps acceleration voltages at 10 kV.

line is 0.10 eV. The atomic percentage,_ after a Shlrley_t_ype (17) Moulder, J. F.; Stickle, W. F.; Sobol, P. E.; Bomben, KHandbook

background subtractidfiwas evaluated by using the PHI sensitivity of X-ray Photoelectron Spectroscopghastain, J., Ed.; Physical
Electronics: Eden Prairie, MN, 1992.

(18) Briggs, D.; Riviere, J. C. IfPractical Surface AnalysjBriggs, D.,

(16) Shirley, D. A.Phys. Re. B 1972 5, 4709. Seah, M. P., Eds.; Wiley: New York, 1983.
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Table 2. XPS and Nominal Compositions (Atomic %) for LaSrCoFeO Perovskite Heated at 673 K for 2 h, 973 K for 6 h, 1173 K for 16 h, and
1173 K for 26 h and for the Two FeOs/LaSrCoFeO Samples

LaSrCoFeO
XPS FeOs/LaSrCoFeO 1:9 F©s/LaSrCoFeO 1:1
element 673K,2h 973K, 6h 1173K,16 h 1173 K, 26 h nominal XPS nominal XPS nominal
La 8 8 9 6 14 8 10 6 4
Sr 6 8 15 15 9 8 8 6 4
Co 11 11 12 12 18 8 17 3 8
Fe 4 4 4 4 4 10 10 17 26
(0] 71 69 63 63 55 66 55 68 58

Table 3. XPS, Nominal, and ICP Compositions (Atomic % for Cations Only) for LaSrCoFeO Perovskite Heated at 673 K for 2 h, 973 K for 6
h, 1173 K for 16 h, and 1173 K for 26 h and for the Two Supported FgOs/LaSrCoFeO Samples

LaSrCoFeO
XPS FeOs/LaSrCoFeO 1:9 F©3/LaSrCoFeO 1:1
element 673K, 2h 973K, 6h 1173 K,16 h 1173 K, 26 h nominal ICP XPS nominal XPS nominal
La 29 26 16 16 30 24.02 24 21 18 10
Sr 20 25 41 42 20 21.34 24 19 20 9
Co 39 35 33 33 40 43.85 24 38 10 19
Fe 12 14 10 10 10 10.79 28 22 52 62

Atomic emission analyses were performed with an inductively
coupled plasmaatomic emission spectroscopy (ICP-AES) by
Spectroflame Modula Sequential and Simultaneous spectrometer.

Table 4. XRD Compositions Observed as a Function of the
Temperature of Treatment for LaSrCoFeO Perovskite and FeOs/
LaSrCoFeO Nanocomposites; the JCPDS Number are Also

R

The measurements were done using a plasma power of 1.2 kW eported
and a radio frequency generator of 27.12 MHz. The sample was sample phases JCPDS number
prepared by dissolving a proper amount of LaSrCoFeO in a hot LaSrCoFeO93K6h Sb.4F-€0.6L-20.6C00.403 49-0284
solution of HCI/HNG (3:1) and by diluting to achieve the right fg;g;‘ S
range composition for the ICP-AES determination by calibration SICQ; 74-1491
curve method. LaSrCoFeO 113K 6 h L& 6S10.4C00 8- 2035 48-0124

EXAFS measurements were performed on the LaSrCoFeO heated C0304 42-1467
at 1173 K for 26 h and on the nanocomposite with,@#£ '[a203 SKCOO, ;gjﬂg
LaSrCoFeO= 1:1 wt at La Ly, edge at 5483 eV, Sr K edge at LaSrCoFeO 1173 K 16 h al(egé)fo,z:éoo.d:ﬁ).zos—a 48-0124
16105 eV, Co K edge at 7709 eV, and Fe K edge at 7112 eV. The Cos04 42-1467
La L, edge and Sr K edge measurements were performed at the LaxOs 74-1144
XAS beamline of the Angstroemquelle Karlsruhe (ANKA) at FZK, SrCGy 84-1778
Karlsruhe. The synchrotron beam energy was 2.5 GeV and the beam | ,5.core0 1173 K 26 h La:gg’s :xg;%m O zg:gﬁi
current was between 120 mA and 140 mA. The Co and Fe K edge C0o04 42-1467
measurements were performed at the beamline E4 of the Hamburger LayOs3 74-1144
synchrotron radiation laboratory (HASYLAB) at DESY, Hamburg. Lag-»SKCOO 83-2412
The synchrotron beam energy was 4.45 GeV and the beam current ~@09/LaSrCoFe0 1.9 CL@ger-“COO-&F ©03-5 ig:gig;‘
was between 80 mA and 140 mA. The samples were measured ,_;;_:)S&COQ 83-2412
with Si(111) double crystal monochromator at the La, Co, and Fe Sio.4Fe 6L 6C00.403 49-0284
edges and with Si(311) double crystal monochromator at the Sr SrCG; 84-1778
edge. All the measurements were performed at ambient conditions, F&0s/LaSrCoFeO 1:1 C'-@gsro‘4c°°-8':a7-2o3—f’ ig'giéé
and ion chambers filled with inert gases (nitrogen and argon) were L;";,f)s&m 83:2412
used to measure the incident and transmitted intensities. The samples S FF& 620 6C0.403 49-0284
in solid state were embedded in a polyethylene matrix and were SrCGs 84-1778
pressed into pellet. The concentration of the sample was adjusted Fe0s 84-0308
to yield an extinction of 1.5. EXAFS data evaluation started with Ezzgéodf ggiggi
the removal of background absorption from the experimental StFe010-x 22.1429
absorption spectrum by subtraction of a Victoreen-type polynomial. FeLaO3 37-1493

Then, the spectrum was convoluted with a series of increasingly

broader Gaussian functions and the common intersection point of k. Data analysis ik space was performed according to the curved-
the convoluted spectrum was taken as enéigl?2°To determine wave formalism of the program EXCURV98 with XALPHA phase
the smooth part of the spectrum, corrected for preedge absorption,and amplitude function&. The mean free path of the scattered

a piecewise polynomial was used. It was adjusted in such a mannerelectron was calculated from the imaginary part of the potential
that the low-R components of the resulting Fourier transform were (VPI set to—4.00), and Fermi energy teri was introduced to
minimal. After division of the background-subtracted spectrum by give a best fit to the data. In the fitting procedure, the different
its smooth part, the photon energy was converted into photoelectronparameters were determined by iterations for all the samples.
wave vector and the resulting EXAFS function was weighted with Because of the similar backscattering behavior of near neighboring
atoms (cobalt and iron), it was not possible to unequivocally identify
the nature of the backscatterer, and therefore in most of the cases,

(19) Ertel, T. S.; Bertagnolli, H.; Htkmann, S.; Kolb, U.; Peter, DAppl.
Spectrosc1992 46, 690.

(20) Newville, M.; Livins, P.; Yakoby, Y.; Rehr, J. J.; Stern, E. Rhys.
Rev. B 1993 47, 14126.

(21) Gurman, S. J.; Binstead, N.; RossJ..Phys. C1986 19, 1845.
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Figure 2. XRD patterns obtained at RT for the LaSrCoFeO powder samples

heated at: 973 K fo6 h (green), 1173 K fo6 h (light blue), 1173 K for
16 h (dark blue), 1173 K for 26 h (black), and for the;B¢gLaSrCoFeO

supported samples 1:9 (pink) and 1:1 (orange). The spectra are normalize

with respect to their maximum value. *, §.8515.4C0p gFey 203-5, + Slo.a
Fepelan6C.403, °, SICQ;, *, Co30y4, |, F&Os.

Galenda et al.

Figure 3. SEM image obtained for the LaSrCoFeO powder sample heated
at 1173 K for 26 h.

treatment at 1173 K fo6 h causes the peaks to shift toward
the value reported in the literature for LaSrCoFé®.The
further heat treatments (1173 K for 16 and 26 h) do not
%hange the La 3d peak. The heat treatments do not modify
the Co 2p signal (Figure 1, Table 1): the peak positions and,

particularly, the absence of the shake-up contributions of Co

their contributions are mentioned together. Furthermore, the crystal 2ps2 and 2p,, (at about 787 and 803 eV, respectively) are
structure data of several pentary oxides containing lanthanum, characteristic of low-spin cobalt Co(lll) compouritig? 343638

strontium, cobalt, and iréAd 24 revealed that lanthanum and

A similar behavior can be observed for Fe 2p (Figure 1,

strontium occupy the same positions in the crystal lattice and have Taple 1): the peak positions (716:811.0 eV and 7245
similar distances from the other atoms in the compound. Because7o4 7 eV for Fe 2p, and Fe 2p,, respectively) and the

of this reason, the heavier backscatterer (lanthanum) is used
in the evaluation, as the signals from the lighter backscatterer
(strontium) could possibly be shadowed by the contributions from

lanthanum.

shake-up contribution at about 72920 eV suggest the
presence of Fe(ll1)8
The Sr 3d peak shape (Figure 1) changes significantly as

The IR spectra were collected in a Bruker IFS 66 spectrometer & Consequence of the heat treatments. The fitting procedure

(accumulating 128 scans at a resolution of 4 8nand are displayed
in the Kubelka-Munk units2>2¢ Prior to each experiment, ca. 50

of the Sr 3d peak of the sample treated at 673 K reveals two
pairs of spir-orbit doublets (at 132.8, 134.6 eV and at 133.8,

mg of the sample was loaded in the sample cup of a low-temperature135.5 eV) which indicate that strontium exists in two
reaction chamber (CHC) installed in the Praying Mantis accessory chemical environments. The spiorbit doublet at 133.8 and
for diffuse reflectance infrared spectroscopy (Harrick Scientific 135.5 eV is the main contribution and is ascribable to
Corporation) and fitted with ZnSe windows. The temperature of grC(Q, 39 while the one at lower binding energy (132.8, 134.6
the powder was checked by means of a thermocouple inserted intoev) suggests the presence of $t(rable 1). A new spir

the sample holder directly in contact with the powder. Before .y 4o blet appears at lower BE after the heat treatment at
measurements, the powder was kept in nitrogen flow to eliminate

water traces until a stable IR spectrum was obtained (ca. 2 h).
Thermogravimetric analysis (TGA) was carried out in a con-

trolled atmosphere using the simultaneous differential technique

1173 K: the position of the Sr 3d (around 131.6 eV)

S(29) Armelao, L.; Bettinelli, M.; Bottaro, G.; Barreca, D.; Tondello, E.

Surf. Sci. Spectr200], 8, 24.

(SDT) 2960 of TA Instruments. Thermograms were recorded at (30) Bocquet, A. E.; Chalcker, P.; Dobson, J. F.; Healy, P. C.; Myhra, S.;

15 K-min~1 heating rates in air and in nitrogen flow. The covered
temperature ranged from room temperature (RT) to 1273 K.

Results and Discussion

(a) LaSrCoFeO.The La 3d peak positions (Table 1) and

shape (Figure 1) observed in the powder treated at 673 K3s)

agree with the presence of La(lll) hydroxiéfe3* The heat

(22) Sonntag, R.; Neov, S.; Kozhukarov, V.; Neov, D.; ten Elshof, J. E.
Physik (Berlir) 1998 241, 393.

(23) Sathe, V. G.; Paranjpe, S. K.; Siruguri, V.; Pimpale, AJVPhys.:
Condens. Matted 998 10, 4045.

(24) Prado, F.; Armstrong, T.; Caneiro, A.; Manthiram,JAElectrochem.
Soc.2001, 148 7.

(25) Kubelka, P.; Munk, FZ. Tech. Phys1931, 12, 593.

(26) Kortum, G. InReflectance Spectroscopringer: New York, 1969.

(27) Taguchi, H.; Yamada, S.; Nagao, M.; Ichikawa, Y.; Tabatayikter.
Res. Bull.2002 37, 69.

(28) Bontempi, E.; Armelao, L.; Barreca, D.; Bertolo, L.; Bottaro, G.;
Pierangelo, E.; Depero, L. Eryst. Eng 2002 5, 291.

Thompson, J. GPhysica C1989 160, 252.

(31) Kaliaguine, S.; Van, Heste, A.; Szabo, V.; Gallot, J. E.; Bassir, M.;
Muzychuk, R.Appl. Catal., A2001, 209, 345.

(32) NIST Standard Reference Database 20, Version 3.4.

(33) Shkerin, S. N.; Kuznetsov, M. V.; Kalashnikova, N. Russ. J.
Electrochem2003 39, 591.

(34) Machkova, M.; Braskova, N.; Ivanov, P.; Carda, J. B.; Kozhukharov,

V. Appl. Surf. Sci1997 119, 127.

Kozhukharov, V.; Machkova, M.; Ilvanov, P.; Bouwmeester, H. J. M;

Van Doorn, R.J. Mater. Sci. Lett1996 15, 1727.

(36) Tabata, K.; Kohiki, SJ. Mater. Sci. Lett1987, 6, 1030.

(37) Co(ll) and Co(lll) oxides can be differentiated in XPS using their
different magnetic properties. As a matter of fact, the XP spectra of
Co(ll) high-spin compounds, such as CoO, are characterized by an
intense shake-up satellite structure around 787.0 eV and 804.0 eV.
Unlike Co(ll) compounds, in the low-spin Co(lll) compounds the
satellite structure is weak or missing. §0a, a mixed valence oxide,
shows a weak satellite structure symptomatic of shake-up from the
minor Co(ll) component. See, as an example, Mcintyre, N. S.; Cook,
M. G. Anal. Chem1975 47, 2208.

(38) Natile, M. M.; Glisenti, A.Chem. Mater2002 14, 3090.

(39) Vasquez, R. PSurf. Sci. Spectrd992 1, 112.

(40) Solsulnikow, M. I.; Teterin, Y. AJ. Electron Spectrosc. Relat.
Phenom1992 59, 111.
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Figure 4. Experimental (solid line) and simulated (dotted line) EXAFS functions (a) and their corresponding Fourier transform plots (b) of LaSrCoFeO
heated at 1173 K for 26 h measured at the Co K edge.
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Figure 5. Experimental (solid line) and simulated (dotted line) EXAFS functions (a) and their corresponding Fourier transform plots (b) of LaSrCoFeO
heated at 1173 K for 26 h measured at the Fe K edge.

suggests the formation of the perovskite pagelthough heating temperature. The ICP composition (Table 3) only
the presence of strontium suboxide ($rg) cannot be reveals a slight lanthanum deficiency with respect to the
excludedts36.42 nominal composition. The comparison between the ICP and
The O 1s peak observed in the sample treated at 673 KXPS results suggests the thermally induced surface segrega-
(Figure 1) shows two contributions corresponding to the tion of Sr on the sample surface; this result agrees with the
presence of oxides like F®s, Co;04, SrO, or LaO; (530.2 already mentioned presence of carbonate and oxide species.
eV) and hydroxides or carbonate species such as LaOOH or The XRD pattern of the sample treated at 973 K for 6 h
SrCQ; (531.6 eV)323343Accordingly, the C 1s peak (Figure  (Table 4 and Figure 2) agrees with the presence gf-Sr
1) shows, besides the signal due to the adventitious carbonfe, d_a, (o, 405 and traces of G®,, La;Os, and SrCQ. The
another contribution at about 289.7 eV corresponding to perovskite phases bgSr.4Co ey 03— and La—SKCoO,
carbonate species; this signal gets less significant in theappear after the treatment at 1173 K ch whereas no traces
samples treated at higher temperatures. After the heatof spinel compounds like Go,FeQ, can be observed.
treatment at 1173 K, the O 1s peak widening toward lower Moreover, after the heat treatment at 1173 K for 26 h, the
BE (around 528.7 eV) suggests the presence of new speciescontributions due to SrCQare no longer observéd.The
This last contribution (528:6529.1 eV) agrees with the  crystallite size, evaluated by means of X-ray line broadening,
formation of the perovskite phase (see Table 1). is estimated at about 80 nthindependently of the thermal
The atomic compositions obtained from XPS analyses are treatment (from 973 to 1173 K).
summarized in Table 2. The sample treated at 673 K is The morphology of the samples was investigated by SEM.
particularly rich in oxygen with respect to the nominal Figure 3 shows SEM images of the LaSrCoFeO. The image
composition, whereas La, Sr, and Co are present in a lowershown in Figure 3 reveals spherical particles which are
amount. This result agrees with the already mentioned clustered together, forming a rather compact microstructure.
presence of hydroxyl and carbonate groups. The heat|t was difficult to evaluate precisely the particle sizes,
treatments cause the decrease of the oxygen amount (alhowever, the particles diameter range around-12@0 nm.
though it is always higher than the nominal value). The The slight difference between the value calculated by X-ray
strontium amount, instead, increases considerably beyond thfbroadening and the particle size determined by SEM can be

nominal value. La and Co percentages are always lower thanexplained considering that the SEM images show a poly-
the nominal values and tend to decrease with increasing the

(44) The fitting procedure reveals, on the sample treated at 1173 K for 26

(41) van der Heide, P. A. WSurf. Interface Anal2002 33, 414. h, the presence of ka)SrCoO; (about 20%) and GO, (about 15%)
(42) Saitoh, T.; Mizokawa, T.; Bocquet, A. E.; Namatame, H.; Fujimori, whereas only traces (about 5%) of,a were observed. On the sample

A.; Takeda, Y.; Takano, MSurf. Sci. Spectrd999 6, 294. Fe0Os/LaSrCoFeC= 1:9 wt, in contrast, SrC&(about 25%) and i~
(43) Imamura, M.; Matsubayashi, N.; Shimada JHPhys. Chem. B00Q Fen.elao.6Con 403 (about 60 %) become particularly evident.

104, 7348. (45) Enzo, S.; Polizzi, S.; Benedetti, &. Kristallogr. 1985 170, 275.
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Figure 6. Experimental (solid line) and simulated (dotted line) EXAFS functions (a) and their corresponding Fourier transform plots (b) of LaSrCoFeO
heated at 1173 K for 26 h measured at the addge.
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Figure 7. Experimental (solid line) and simulated (dotted line) EXAFS functions (a) and their corresponding Fourier transform plots (b) of LaSrCoFeO
heated at 1173 K for 26 h measured at the Sr K edge.

Table 5. EXAFS Determined Structural Parameters of LaSrCoFeO Heated at 1173 K for 26 h

absorption edge ABgs NP re[A] o9[A] Ere[eV] k-range [A Y] R-factor
Co K edge Ce O 6.2+ 0.6 1.924+ 0.02 0.074+ 0.007 7.990 2.9515.01 38.18
Co—ColFe 2.1+0.3 2.87£0.03 0.089+ 0.013
Co—La 1.6+ 0.3 3.33+ 0.04 0.077+ 0.015
Co—ColFe 4.1+ 0.8 3.92+ 0.05 0.087+ 0.017
Fe K edge FeO 6.3+ 0.6 1.96+ 0.02 0.095+ 0.010 6.687 2.9611.02 37.43
Fe—ColFe 1.8£0.3 3.04+£ 0.03 0.092+ 0.014
Fe-La 4.0+£0.8 3.26+ 0.03 0.110+ 0.022
Fe—ColFe 5414 3.94+ 0.05 0.102+ 0.026
La Ly edge LaO 1144+ 1.1 2.61+ 0.02 0.118+ 0.012 0.469 2.949.04 32.02
La—ColFe 8.2+1.2 3.32£ 0.04 0.077+ 0.012
La—La 51+1.0 3.86+ 0.05 0.084+ 0.013
Sr K edge S+0O 12.0+£1.2 2.60+ 0.02 0.112+ 0.011 8.612 2.9512.04 37.94
Sr—ColFe 8.0+ 1.2 3.28+ 0.04 0.089+ 0.013
Sr-La 5.7+ 0.8 3.74+ 0.05 0.122+ 0.018

a Absorber (A)-backscatterers (Bs}.Coordination number Nt Interatomic distance. 9 Debye-Waller factoro with its calculated deviatiort Fermi
energyEr.

crystalline particle that may also be composed by a few Fourier transforms in real space for LaSrCoFeO heated at
crystallites. Moreover, the SEM image reveals a rather 1173 K for 26 h measured at Co K edge are shown in Figure
uniform grain size distribution and homogeneous micro- 4. The EXAFS determined structural parameters are tabulated
structure. in Table 5. In the analysis of the EXAFS function, a four-
EXAFS analysis is very useful for the determination of shell model could be fitted for LaSrCoFeO heated at 1173
the local structure of mixed oxides, such as lanthanum K for 26 h. The first shell with about six oxygen back-
cobaltite? EXAFS spectroscopy provides information about scatterers was found at 1.92 A distance in agreement with
the coordination number, the nature of the scattering atomsthe value of Ce-O distances in LgSr.4Coy gFey :05-4.48
surrounding the absorbing atom, the interatomic distance This distance is also in agreement with the corresponding
between absorbing and backscattering atoms, and the Dedlistance in Cg04*° and La_,SkCoO, (x = 0.0—1.0)%° The
bye—Waller factor, which accounts for static disorders and
thermal vibrations! The experimentally determined and (47) Teo, B. K. INEXAFS: Basic Principles and Data Analys&pringer:

theoretically simulated EXAFS functions lrspace and their Berlin, 1986.

(48) Taniguchi, I.; van Landschoot, R. C.; Schoonmagalid State lonics
2003 156, 1.

(46) Krishnan, V.; Bottaro, G.; Gross, S.; Armelao, L.; Tondello, E.; (49) Roth, W. L.J. Phys. Chem. Solids964 25, 1.
Bertagnolli, H.J. Mater. Chem2005 15, 2020. (50) Yang, X.; Luo, L.; Zhong, HAppl. Catal., A2004 272 299.
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Figure 8. DRIFT spectra of the LaSrCoFeO powder sample heated at 673
K for 2 h: RT (-), 573 K (- - -), LaSrCoFeO powder sample heated at

1173 K for 26 h at RT+), and SrCQ (99.9+% Aldrich) at RT (red line); 100

(a) extended region, (b) region between 3000 and 3700'cm 954

second shell having about two cobalt (iron) backscatterers

was determined at 2.87 A distance. This distance corresponds S 907

to the Co-Co distance in C#4*° suggesting its formation 2 8s5-

as a possible byproduct. The third shell could be fitted =

at a distance of 3.33 A with about two lanthanum back- % 80

scatterers in accordance with the €a distances in = 75 ©)

Lap 6Sho.4C0p s 203-5.%8 The fourth shell was found at 3.92

A and could be fitted with about four cobalt (iron) back- 70+

scatterers. This distance was in agreement with the corre-

sponding distances in baSrCopgFeOs-s*® and also 65- 4(')0 " 860 " 12'00

La,—xSKCoQ, (x = 0.0—1.0)3° The EXAFS results confirm

the above-mentioned XRD outcomes: the presence of temperature (K)

Lag ¢St 4Ly gFen0s—s and CaO, as well as the possible  Figure 9. Thermal spectra recorded inKlow of the LaSrCoFeO powder
presence of La,SKCoQ; (x = 0.0—1.0). samples; (a) TG spectrum of the sample heated at 673 R fo (black),

. . . . first derivative of TG curve (red); (b) TG spectrum of the sample heated at
The experimentally determined and theoretically simulated 1173 K for 26 h, first derivative of TG curve (red); (c) TGA spectra of

EXAFS functions ink space and their Fourier transforms in  standard oxides: E©s treated at 773 K fo5 h (red), FgOs treated at
real space for LaSrCoFeO heated at 1173 K for 26 h 1173 K for 26 h (brown), LgOs treated at 1173 K for 26 h (green), LaCoO

d at Fe K ed h in Ei 5 d th treated at 1173 K for 26 h (light blue), SrG@eated at 1173 K for 26 h
meas_ure at re edge are s own m_ Iguré o, an e(dark blue), SrC@as received from Aldrich (gray), LaSrCoFeO treated at
resulting structural parameters are listed in Table 5. Because1173 K for 26 h (black).
of the very low content of iron in the sample, the absorption
jump was small and the obtained spectrum could be evaluatedstructural parameters of b.g5.4C.dFe20s-,%8 the first
only till 11 A~ k-range. The EXAFS analysis of LaSrCoFeO oxygen shell with a coordination number of about six was
heated at 1173 K for 26 h at Fe K edge shows the found at 1.96 A distance. The second shell was due to iron

contributions from four shells. In accordance with the (cobalt) backscatterers and was determined at a distance of
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3.04 A with a coordination number of about two. This
distance could not be found for any backscatterers in
Lap eSrh.4Cop gF ey 203-5*8 but was in agreement with the Fe

Fe distance of 2.97 A in E©3,5! suggesting its formation.
The XRD studies could not determine the presence gbke
because of the low iron concentration in the sample, whereas
EXAFS as an element-specific method evidenced the forma-
tion of F&O3 in LaSrCoFeO heated at 1173 K for 26 h. The
third shell having about four lanthanum backscatterers was
fitted at 3.26 A distance. When compared with the structural
parameters of LgSrp4CopaFen0s-,*8 the calculated dis-
tance (3.26 A) is less than the reported value of 3.36 A. The
fourth shell consisting of about six cobalt (iron) backscat-
terers could be determined at 3.94 A distance, in agreement
with the Fe-Co distance in LaeSry.4C0psFey 0s3-6.48 The
EXAFS results suggest the presence ofds 4L 6035

and FgOs; in LaSrCoFeO heated at 1173 K for 26 h.

The experimentally determined and theoretically simulated
EXAFS functions ink space and their Fourier transforms in
real space for LaSrCoFeO heated at 1173 K for 26 h
measured at La . edge are shown in Figure 6, and the
obtained parameters are given in Table 5. The EXAFS
analysis at the La |, edge could be performed only till a
k-range of 9 A1 because of the interference from the La L
edge at highek-ranges. The first shell consisting of oxygen
backscatterers could be determined at 2.61 A distance. The
structural parameters of lanthanum cobaltite compaarids®
show the presence of three differentt@ shells at distances
of about 2.51, 2.72, and 2.94 A. In the analysis, because of
the shortk-range, the oxygen backscatterers were no longer
observed as different shells but as a single shell with a high
Debye-Waller factor value. In accordance with the structural
parameters of LgaSr 4Con gFey 2055, cobalt backscatterers
were found at about 3.32 A distance and lanthanum back-
scatterers were observed at about 3.86 A distance, suggesting

the formation of LaeSrCopsFey0Os-s. INn addition, the 100 nm

obtained structural parameters are also in agreement W|thFigure 10. SEM images obtained for the (a) LaSrCoFeO powder

those of La,SKkCoQ, (x = 0.0-1.0)° and the determined  sample heated at 1173 K for 26 h; (b),Be/LaSrCoFeO 1:1; (c) ROy
La—O distance is in agreement with £® distance in LgDs. LaSrCoFeO 1:9.

Hence, the presence of 4aSKC0Q; (x = 0.0-1.0) and  Thg regylts indicate the formation ofd.éS1.4Co sFer0s-s
La:O; along with L& eSh.4Cosher 050 in LaSICoFeO  jy | 45rCoFeO heated at 1173 K for 26 h; however, the
heated at 1173 K for 26 h cannot be ruled out. presence of other strontium-based oxides such as3Co0,

The experimentally determined and theoretically simulated (x = 0.0—1.0) cannot be excluded. In general, the EXAFS
EXAFS functions ink space and their Fourier transforms in  investigations performed at the different edges complement
real space for LaSrCoFeO heated at 1173 K for 26 h each other.
measured at Sr K edge are shown in Figure 7. The resulting - The DRIFT spectra of the sample treated at 673 K obtained
structural parameters are summarized in Table 5. In theas a function of temperature are shown in Figure 8. Several
EXAFS analysis of LaSrCoFeO heated at 1173 K for 26 h, contributions are evident: 860, 1070, 1170, 2338, 2484, and
a three-shell model could be fitted. The first shell with about 2877 cm? and a broad band around 1380600 cni?. The
twelve oxygen backscatterers was found at about 2.60 Acomparison with the IR spectrum obtained for SECO
distance in agreement with the average-Srdistance in (99.9+% Aldrich) suggests that SrG@ mainly responsible
several strontium oxide based compoufff$:>°The second  for these peaks. The width of the band at 138600 cnt?
shell was determined at about 3.28 A with cobalt (iron) suggests the presence of mono- and bicoordinated carbonate
backscatterers, in accordance with the distance reportedspecie® 5% which do not decrease significantly with heat
for LageSto.sCo gFe 034 The third shell comprising  treatment until 573 K (Figure 8a). These outcomes agree
lanthanum backscatterers was fitted at 3.74 A distance, which

islessthanthe value of 3.87 A reported fos i3t Lo & 205528 (52) Bernal, S.; Botana, F. J.; Garcia, R.; Rodriguez-Izquierdo, Rect.
Solids1987, 4, 23.

(53) Conway, S. J.; Greig, J. A;; Thomas, G. Appl. Catal., A1992 86,

(51) Tombs, N. C.; Rookshy, H. Nature195Q 165, 442. 199.
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Figure 11. Experimental (solid line) and simulated (dotted line) EXAFS functions (a) and their corresponding Fourier transform plots @f)sbf Fe
LaSrCoFeO= 1:1 wt measured at the Co K edge.
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Figure 12. Experimental (solid line) and simulated (dotted line) EXAFS functions (a) and their corresponding Fourier transform plots di)sbf Fe
LaSrCoFeO= 1:1 wt measured at the Fe K edge.

with XRD results: SrC@ phase is present till the heat h and at 1173 K for 26 h are shown in Figure 9a and 9b,
treatment at 973 K. The formation of carbonates (as a respectively; the derivative curves are added to the graphs
consequence of the interaction with carbon dioxide) is mainly to facilitate the weight loss temperature observation. A first
due to L&" and St cations, and in fact, cobalt and iron  continuous weight loss (1.5%) measured between RT and
were not observed to interact with carbon dioxige: 59 700 K is due to water desorption; a more evident weight
A weak band around 3500 crh(Figure 8b) is consistent  |oss from 700 to 1173 K can be attributed to the decomposi-
with the presence of H-bound hydroxyl groups. The in-situ tion of carbonate speci€$% These hypotheses agree with
heat treatment causes the decrease of this band. Theps and FTIR spectroscopy results. At about 1183 K, a 2%
comparison with literature da¥&f°suggests that the forma- weight loss suggests the decomposition of@adnto CoO3%*
tion of bicoordinated hydroxyl groups should involve mainly The weight loss observed in the sample treated at 1173 K
La®" cations™®*? Both hydroxyl and carbonate groups are ¢ o6 1\ rigure 9b) is rather low (2.6%) with 0.223% at
removed by the heat treatment at 1173 K (see DRIFT spectra346 K. 0.129% at 568 K, 0.235% at 683 K. 0.084% at 948

of the sample treated at 1173 #)XRD indicates the absence )
b X K, and 0.08% at 988 K although a more relevant weight

of SrCQ; after the treatment at 1173 K for 26 h whereas )
traces of carbonates could still be evidenced from XPs 0SS is observed between 1000 and 1123 K. Th©kahows

similar weight losses at 683, 813, and 1063 K. The weight
Thermal analysis was carried out both in &hd in air loss at 1006-1123 K can be related to the decomposition
flow without significant differences. The TGA spectra ©f €0:0s (traces of SrC@cannot be excluded) (Figure 9c);

obtained in nitrogen for the samples treated at 673 K for 2 @ mentioned above, this species is not observed in the XRD
spectrum of the sample treated at 1173 K for 26 h. Another

important contribution to the weight loss can derive from

analysis.

(54) Gatehouse, A. M.; Livingstone, S. E.; Nyholms, RJSMol. Struct.

1957 4222. _ _ _ the desorption of lattice oxygen. In a generic perovskite
(55) ?ﬁé;‘;k;%?gﬁ;@sg'e‘é;ﬁglrc'a‘ R Rodriguez-lzquierdo, J. M- Ay, the term " may vary with temperature because
(56) Natile, M. M.; Glisenti, A.Chem. Mater2003 15, 2502. of the desorption of oxygen; Chen ettébbserved a similar
(57) éiz\ﬁg%%iaﬂ’ I;.égrfoltypm, Y.; Palchik, O.; Gedanken].Adater. feature for L@ St.4CopaMNoOss.

(58) Miller, F. A.; Wilkins, C. H.Anal. Chem1952 24, 1253.
(59) Hunt, J. M.; Wisherd, M. P.; Bonham, L. @nal. Chem195Q 22,

1478. (63) Paulidon, A.; Nix, R. MSurf. Sci.200Q 470, L104.

(60) Rochester, C. H.; Topham, S. A. Chem. Soc., Faraday Trans. 1  (64) Kobayashi, Y.; Mitsunaga, T.; Fujinawa, G.; Arii, T.; HaradaPhys.
1979 75, 591 and 1073. Soc. Jpn200Q 69, 3468.

(61) Klingenberg, B.; Vannice, M. AChem. Mater1996 8, 2755. (65) Hong, S.; Lee, G.; Park, J.; Park, D.; Cho, K.; OhKiérean J. Chem.

(62) Tsyganenko, A. A.; Filimonov, V. NJ. Mol. Struct.1973 19, 579. Eng 1997, 14, 491.
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Table 6. EXAFS Determined Structural Parameters of FeO3/LaSrCoFeO = 1:1 wt

absorption edge ABs? N re[A] o9[A] Ere[eV] k-range [A1] R-factor
Co K edge CeO 6.2+ 0.6 1.95+ 0.02 0.09 0.010 3.851 2.9415.02 46.60
Co—ColFe 2504 2.85+ 0.03 0.050+ 0.008
Co—ColFe 2.9+ 0.4 3.00+ 0.03 0.071+ 0.011
Co—La 2.0+£0.3 3.34+ 0.04 0.100+ 0.015
Fe K edge FeO 5.1+ 0.5 1.96+ 0.02 0.105+ 0.011 9.261 2.9611.00 34.04
Fe—FelCo 3.6+ 0.5 2.92+ 0.03 0.107+ 0.016
Fe—FelCo 1.6+ 0.3 3.35+ 0.03 0.084+ 0.017
Fe—Fe/Co 42+1.1 3.64+ 0.05 0.122+ 0.031
La Ly edge LaO 102+ 1.1 2.51+ 0.02 0.122+ 0.012 1.597 2.959.00 35.49
La—ColFe 8.3t 1.2 3.34+ 0.04 0.1104+ 0.017
La—La 3.6£05 3.92+ 0.05 0.095+ 0.014
Sr K edge SO 12.0+1.2 2.57+ 0.03 0.097 0.010 11.74 2.9612.02 42.93
Sr—ColFe 7.2+1.1 3.31+ 0.04 0.122+ 0.018
Sr—La 1.5+ 0.3 3.92+ 0.05 0.08% 0.018

a Absorber (Ay-backscatterers (Bs).Coordination number Nt Interatomic distance. ¢ Debye-Waller factoro with its calculated deviatiorf, Fermi
energyEe.

. (a) (b)
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Figure 13. Experimental (solid line) and simulated (dotted line) EXAFS functions (a) and their corresponding Fourier transform plots ¢ga)sbf Fe
LaSrCoFeO= 1:1 wt measured at the La Ledge.
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Figure 14. Experimental (solid line) and simulated (dotted line) EXAFS functions (a) and their corresponding Fourier transform plots (b) measured at the
Sr K edge.

The obtained data suggest the formation of the perovskite consistent with the formation La(lll) hydroxide speci@s®®
(LapeSt.sCopsFen 0s-5) phase at 1173 K; the thermal The position and shape of the Co 2p and Fe 2p peaks, in
treatment causes (1) the surface segregation of Sr and (2tontrast, are not modified by the iron oxide deposition
the desorption of hydroxyl and carbonate groups. The XRD (Figure 1) and are consistent with the presence of Co(lll)
and EXAFS results are consistent with the presence €60  and Fe(l11)30:323436.38 5y 3d signals of the nanocomposite
Laz-.SKCoQ, (x = 0.0-1.0), FeOs, and LaOs along with  5re very similar to that of support (Figure 1): the only
Lao.6510.4C 00 8- €0 205-o- o ) . consequence of the iron oxide deposition seems to be the

(b) Fe;O4/LaSrCoFe0. Interesting information derives  jight increase of the contribution at lower BE (compatible
from the comparison between the XP spectra of LaSrCoFeO, i the presence of the perovskite pha®&}.The fitting

heated at 1173 K for 26 h and those of the two supported procedure of the O 1s peak of the two supported samples

samples. The deposition of a high amount of iron oxide on .
LaSrCoFeO surface modifies the La 3d XP peak positions: g?:)guur:g é;sal;fgzr:\éeaslzgr;fsggegeggi (IStgieSe ;:\(;m_lp_)f(]):ents

the peaks move toward higher BE (Figure 1 and Table 1), first, at 528.7-528.9 eV, agrees with the expected value for

(66) Chen, W.; Wen, T.; Nie, H.. Zheng, Riater. Res. Bull2003 38 lattice oxygen in perovskite; the contribution at higher
1319. binding energy (around 531.4 eV) is indicative of the
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Figure 15. (a) DRIFT spectra (RT) of the LaSrCoFeO powder sample
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Figure 16. Thermal spectra of the F®s/LaSrCoFeO supported samples
(heated at 773 K for 5 h) with 1:9 (pink) and 1:1 (red) and of the LaSrCoFeO
heated at 1173 K for 26 h (black).

Concerning the nanocomposites, the SEM images (Figure
10) indicate that the iron oxide deposition causes a significant
damage of the morphological structure of the support; this
is particularly evident by comparing the SEM images of the
support and of the nanocomposite with higher iron content
(Figure 10a and b). Moreover, the high enlargement picture
of the support with lower iron content (Figure 10c) allows
to observe the formation of a very thin sheetlike structure.

The experimentally determined and theoretically simulated
EXAFS functions ink space and their Fourier transforms in
real space for F©®s/LaSrCoFeO= 1:1 wt measured at Co

heated at 1173 K for 26 h (black) and of the supported samples heated atK €dge are shown in Figure 11. The_ EXAFS determined
773 K for 5 h 1:9 (red) and 1:1 (orange). (b) DRIFT spectra of the region structural parameters are tabulated in Table 6. IgOFe

between 2600 and 3800 ciof Fe0Os/LaSrCoFeO 1:1 (orange), 373 K
(dark blue) and 623 K (light blue).

LaSrCoFeC= 1:1 wt, the oxygen shell at 1.95 A, the cobalt
(iron) shell at 2.85 A, and the lanthanum shell at 3.34 A

presence of surface hydroxyl groups and carbonate specieswere fitted as like in the case of the LaSrCoFeO heated at
Concerning the contribution around 529.5 eV, this is the main 1173 K for 26 h. In contrast to LaSrCoFeO heated at 1173
presence on the supported samples (unlike observed on thé& for 26 h, the cobalt (iron) shell occurring at 3.92 A could
support, in which the signal due to perovskite was the major not be detected as its contribution to the EXAFS function
contribution). This behavior suggests that the oxygen of was insignificant. In addition, a new shell with cobalt (iron)

Fe0s is mainly responsible for this contribution. In fact,
the contribution due to the perovskite (at about 52&28.9
eV) tends to disappear with increasing iron amo#fit.

backscatterers originated at 3.00 A distance. This shell was
not observed in the LaSrCoFeO heated at 1173 K for 26 h
and was in agreement with the €60 distance of 3.01 A,

The XPS results always indicate a high amount of oxygen in CoO?* suggesting that CoO could also be formed during
in both the impregnated samples; moreover, Sr and La arethe process of R8s incorporation.

slightly segregated in surface, this result being more evident

The experimentally determined and theoretically simulated

in the sample richer in iron oxide (Tables 2 and 3). It is EXAFS functions ink space and their Fourier transforms in
important to observe that both cobalt and iron are present inreal space for F©s/LaSrCoFeO= 1:1 wt measured at Fe
a lower amount in surface. This result is particularly K edge are shown in Figure 12 and the resulting structural

important for iron suggesting its diffusion into the perovskite.

parameters are listed in Table 6. In this case as well, the

In fact, because of the surface-specific character of XPS andobtained spectrum was evaluated only till 11A-range
of the preparation procedure, a higher atomic percentage offor the sake of comparing it with the spectrum of LaSrCoFeO

iron is expected.

heated at 1173 K for 26 h. In the analysis of the experimental

In Figure 2, the XRD patterns of the supported and k®weighedy(Kk) function, a four-shell model could be fitted.
supporting oxides are compared. In the supported sampleThe first shell consisting of about five oxygen backscatterers
with lower iron content, several crystallographic phases was found at 1.96 A distance, the second shell with about

appear (Y4 e 6laoeC.40s and SrCQ),** while La0s;

four iron (cobalt) backscatterers was determined at 2.92 A

disappears (Table 4). In the sample with higher iron oxide distance, the third shell consisting of about two iron (cobalt)
content, the crystallographic disorder increases and severabackscatters was detected at 3.35 A distance, and the fourth

iron-rich phases (F©3, F& .9/, SuFe;010-4, and FelLa)
as well as of LaCo@can not be excluded.

shell having about four iron (cobalt) backscatterers was fitted
at 3.64 A distance. These structural parameters were in
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agreement with those of F@;,%” indicating that the local  hydroxyl groups observed at 3630, 3649, and 363000
environment around iron is predominantly similar to that cm? for Fe05%86°

found in FeOs. The TG spectra (in nitrogen) of the impregnated samples

The experimentally determined and theoretically simulated 4.0 compared with those obtained for the supporting LaSr-
EXAFS functions ink space and their Fourier transforms in - ~qre0 in Figure 16. The weight loss is higher for the

real space for F©;/LaSrCoFeO= 1:1 wt measured at La  jhreqnated samples, in agreement with the XPS and IR

i‘”é ?dtg% greTsL]lowg I‘Ir']hFI?EL;EiFlg fandt.the parl?jnt])eti'rt? ‘;“eresults. The first continuous weight loss, at lower tempera-
abuated in fabie ©. 1ne unction coud be Ttted ,.qq (350 to 650 K), is attributed to water desorption,

using a three-shell model in this case as well. The first shell . .
- : whereas the abrupt weight loss at higher temperature (from
consisting of oxygen backscatterers could be determined at

2.51 A distance encompassing the three differentQa 650 to 829. K) is probably due to the carbonate species
shells at distances of about 2.51, 2.72, and 2.94 A reporteddecompos't'on'

for lanthanum cobaltite compouné&s?4%° The second The obtained results, as a whole, suggest the diffusion of
shell with about eight cobalt (iron) backscatterers was found iron inside the support with the formation of /8. This

at about 3.34 A distance in agreement with the correspond-phenomenon deeply affects thegls8ro 4C o gFey 03— SUP-

ing distance in LeSro.4Coo gFen03-5.8 The third shell  port increasing the chemical and structural disorder. Several
with lanthanum backscatterers was observed at 3.92 Acrystallographic phases (SFeyelao¢C0.40; and SrCQ),
distance, deviating from the value of 3.86 A reported for a5 an example, are observed; moreover, hydroxyl groups and

Lo 6o £C o0 d~& 20s-5,* indicating distortion in the perovs-  carbonate species are more evident in the sample with higher
kite structure because of f&; incorporation. The decrease jon content.

in the coordination number of the third shell lanthanum
backscatterers in comparison to LaSrCoFeO heated at 1173
K for 26 h could probably be attributed to the formation of
other lanthanum oxide compounds in,8gLaSrCoFeO=
1:1 wt rather than to crystallite size effeéts.

Conclusions

In this work, a LaSrCoFeO perovskite is prepared by
) ) ) . Pechini method. Moreover, nanocomposite,&4 aSr-

The experimentally determined and theoretically simulated ~qre0 (FgOy/LaSrCoFeO= 1:9 and 1:1 wt) are obtained
EXAFS functions irk space and their Fourier transforms in by wet impregnation of nanodimensional LaSrCoFeO. The
real space for 5@3/_LaS.rCoFeO= 1:1 wt mea;ured at Sr samples have been investigated by means of XPS, XRD,
K edge are shown in Figure 14 and the obtained structural EXAFS, DRIFT, SEM, ICP-AES, and thermal analysis. The
parameters are listed in Table 6. The EXAFS function was XPS, XRD, and EXAFS results indicate that the nanosized

fitted by a three-shell model in this case as well. The first L 86,6510 £C.00 6F 20 erovskite phase forms onlv after
shell with oxygen backscatterers at 2.57 A and the second, 2061048 €255 P P y
heating at 1173 K; at this temperature (no matter how long

shell with cobalt (iron) backscatterers at 3.31 A were fitted .
similarly to LaSrCoFeO heated at 1173 K for 26 h. The third 'S the heat treatment), k@, C0,04, and LaSKCo0; are
shell comprising lanthanum backscatterers was determinecStll Present. Moreover, Sr is surface segregated as $rCO
at 3.92 A, much deviating from the value of 3.74 A SEM pictures show that the LaSrCoFeO powder sample is
determined for LaSrCoFeO heated at 1173 K for 26 h. This constituted by nanoscaled spherical particles clustered to-
difference in the LaSr distances suggests a possible gether to form a compact microstructure. The iron oxide
distortion in the perovskite structure in #&/LaSrCoFeO deposition causes a severe damage of the perovskite structure
= 1:1 wt because of the incorporation of ;8. In and morphology, as confirmed by XRD and SEM images.
comparison to LaSrCoFeO heated at 1173 K for 26 h, the Iron diffuses inside the perovskite, this effect being more
coordination number of the cobalt (iron) and lanthanum evident with increasing iron content.
backscatterers is considerably decreasedi®4eaSrCoFeO
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