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Abstract

We studied the synthesis of lanthanum zirconate from lanthanum nitrate and zirconium butoxide in the transition from liquid to amorphous and
crystalline phase. Thermal behaviour of lanthanum nitrate dissolved in 2-methoxyethanol is different from that of the salt, which we ascribe to
the potential coordination of the solvent to lanthanum atoms. IR analysis shows that lanthanum nitrate remains strongly associated in the solvent.
The lanthanum environment in the lanthanum nitrate and lanthanum zirconate sols, determined by EXAFS, is similar to that of the lanthanum
nitrate hydrate. The environment is completely changed in the dried lanthanum zirconate precursor powder and powder heated at 500 °C due to
the decomposition of nitrates. Zirconium species form polynuclear oxo-alkoxide complexes during thermolysis and they are stable from room
temperature to 500 °C. The powder heated up to 700 °C for 1 h is amorphous, while after heating at 800 °C for 1 h pure pyrochlore phase crystallizes.
No link between La and Zr species is established either in the sol or in the dried precursor powder or amorphous powder heated at 500 °C. The
reaction between the metallic species proceeds as a solid-state reaction. The synthesis route ensures a very good mixing of the species at the

nanometre level.
© 2009 Elsevier Ltd. All rights reserved.
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1. Introduction

The alkoxide-based sol-gel processing of ceramic powders
has shown potential advantages of homogeneity in compari-
son to solid-state synthesis. By hydrolysis and condensation'
or by thermolysis,? transition metal alkoxides can react with
the formation of oxo-bridges (M-O-M’) between metal atoms,
which are the building blocks of the oxide network obtained
by further heating. However, in the case of synthesis of mul-
ticomponent oxides, when metal alkoxides are expensive or
unavailable, metal carboxylates> or other available salts are used.
A reaction between these species with the formation of M-O-M’
is expected. A perfect alternation of the metals would assure
homogeneity; in reality, however, the homogeneity is dictated
by relative rates of homocondensation (M-O-M and M’-O-M’)
vs. heterocondensation (M-O-M’).#
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Lanthanum zirconate (LZ) has been studied for its many
possible applications. Its properties, including high thermal sta-
bility, chemical resistance and low thermal conductivity, make
it a candidate material for thermal barrier coatings in gas tur-
bines and diesel engines,5 a host for fluorescence centres,® in
radioactive waste disposal,’ and as a high-temperature catalyst.?

Several methods, such as hydrothermal synthesis,9 the
hydrazine method'®!! and sol-gel techniques,!> have been
employed to prepare LZ powder. We have shown that the nitrate-
modified alkoxide-based route is an attractive option.!3 To the
authors’ knowledge there are no studies of the nitrate-alkoxide
synthesis pathway, especially of its early stages. Moreover, the
role of nitrates in the alkoxide-based sol-gel synthesis has not
been studied.

Wendlandt et al.!*!5 and Gobichon et al.!®!7 studied the
thermal decomposition of lanthanum nitrate and they found
different pathways of decomposition in different atmospheres.
At a water vapour pressure above 4.7 torr, La(NO3)3-6H>0
decomposes first to a-La(NO3)3-4H,0, and below 4.3 torr, to
B-La(NO3)3-4H0. The two polymorphic phases consist of


mailto:barbara.malic@ijs.si
dx.doi.org/10.1016/j.jeurceramsoc.2009.04.009

570 E.D. Ion et al. / Journal of the European Ceramic Society 30 (2010) 569-575

infinite chains of lanthanum polyhedra connected by nitrate
groups. Both crystalline phases gradually lose water and at
255 °C transform to La(NO3)3. The latter further decomposes
to LapO3 via LaONOs3 and LazO4NOs3, in inert atmosphere or
LaONO3 and Lay O,CO3, in air.

Klingenberg and Vannice'® confirmed by IR that
La(NO3)3-xH,O contained both uni and bidentate nitrate
groups.

The only available datum on the lanthanum nitrate solubil-
ity in 2-methoxyethanol is 78 g in 100 g of solution.!> Guha et
al.!? studied the association state of the electrolytes in solution
by conductometry and FTIR spectroscopy. They found that the
nitrates such as NaNO3 and NH4NOj3 remain strongly associated
in 2 methoxyethanol forming contact ion pairs.

Zirconium n-butoxide undergoes an alcohol exchange reac-
tion in the presence of another alcohol,? and is prone to form Zr
polynuclear oxo-alkoxide species® during the thermolysis.?%-?!

In our previous study La(NO3)3-xH>O was dehydrated first
by dissolution in CH30C,H4OH and heated close to the boiling
point of CH30C,H4OH at 124 °C for removing the distillate
with the azeotrope mixture HyO-CH30C>,H4OH (molar frac-
tion HyO:CH30C,H4OH =0.944:0.056 and distillation point
99.5°C).?? The dehydrated La(NO3)3 solution was then mixed
with Zr(OC4Hg)4 in C30,Hg and refluxed for 3 h. We assumed
that dehydration of La(NO3)3-xH,O proceeded so far that the
remaining amount of water did not cause any visible hydrol-
ysis of Zr(OC4Hy)4 at this stage. The prepared sol (LZ-sol)
was dried by heating at 150 °C for 12h (LZ-dried), where an
exothermic reaction was noticed leading to a fluffy and porous
powder.?!

In the present work we investigate the sols of lanthanum
nitrate and lanthanum zirconate and the dried and heated pow-
ders in order to follow the degree of mixing of the components,
and their structural evolution from the sol to the powder.

2. Experimental procedure

The chemicals used were lanthanum(III)-nitrate hydrate
(La(NO3)3-xH,0), zirconium (IV) n-butoxide (Zr(OC4Hg)4)
and 2-methoxyethanol (C30,Hg). Details of the synthesis are
presented elsewhere.!3 The dehydrated La(NO3)3 solution (LN-
sol) was used in the synthesis of lanthanum zirconate sol
(LZ-sol). The LZ-sol was then dried by heating at 150 °C for
12 h (LZ-dried), where a strong exothermic reaction was noticed.
The obtained powder was heated at 500 °C, 700 °C, 800 °C, and
900 °C for 1 h (LZ-xxx, where xxx =heating temperature).

The thermal behaviour of the La(NO3)3-xH,O and LN-sol
was followed from room temperature to 800 °C using ther-
mogravimetric analysis (TG) and differential thermal analysis
(DTA) (Netzsch STA 409). The experiments were conducted in
flowing air atmosphere, using a Pt crucible, with a heating rate
of 10 °C/min.

X-ray absorption spectra were measured at XAFS (BL 11.1)
beamline of ELETTRA synchrotron radiation facility in a stan-
dard transmission mode at room temperature. The ELETTRA
storage ring operated in multibunch mode at electron energy
of 2.4GeV and a current of about 140mA. A Si(111) dou-

ble crystal monochromator was used with 1.5eV resolution at
the Zr K-edge (17,998 V) and 0.8 eV resolution at the La-L3-
edge at 5483 eV. The intensity of the incident and transmitted
monochromatic X-ray beam was measured by three consecutive
ionization detectors. The first one was filled with 300 mbar of
Ar and 1700 mbar of N», the second with 2000 mbar of Ar and
the third with 400 mbar of Kr and 1600 mbar of N in case of Zr
EXAFS experiments, while for the La-L3-edge EXAFS the first
detector was filled with 200 mbar of N, and 1800 mbar of He,
the second with 1100 mbar of N, and 900 mbar of He and the
third with 140 mbar of Ar and 1000 mbar of N and 1000 mbar
860 mbar of He.

Zr K-edge absorption spectra were measured within the inter-
val [—-250 to 1000 eV] relative to the Zr K-edge. For La-L3-edge
EXAFS ascan of a shorter interval was chosen [—250to 450 eV]
relative to the La-Lz-edge, due to the subsequent L, edge at
5891 eV. In the XANES region equidistant energy steps of 0.3 eV
were used, while for the EXAFS region equidistant energy
steps of 2 eV were adopted with the integration time of 2 s/step.
Several consecutive runs for each spectrum were obtained to
improve signal to noise ratio. The exact energy calibration was
established with simultaneous absorption measurements on a
10 pwm thick Zr or 5 pm Ti metal foil placed between the second
and the third ionisation chamber in all experiments. Absolute
energy reproducibility of the measured spectra was 0.1 eV.

The liquid samples, stock solution of the LN-sol and LZ-
sol, both 1 M, were prepared in inert atmosphere and sealed in
thin vacuum-tight plastic bags to prevent hydrolysis in air. The
powdered samples LZ-dried and LZ-500 were mixed with the
boron nitride (BN) powder and pressed into self-standing pellets:
40mgcm~2 of the sample and 100 mgcm~2 of BN for Zr K-
edge EXAFS, 10 mg cm™2 of the sample and 20 mg cm~2 of BN
for La-L3 edge EXAFS. In all cases, samples with the optimum
absorption thickness of about 2 above the investigated absorption
edge were prepared and inserted in the monochromatic beam
between the first and second ionization cells.

Absorption spectra of La-Lz-edge exhibit particularly
strong effects of multielectron photoexcitations. In the region
100-180 eV above the edge, features due to coexcitation of 2p3/2
and 4d electrons interfere with the structural signal and reduce
the resolving power of EXAFS analysis significantly. So, prior to
analysis, the approximate atomic absorption obtained from ref-
erence sample was subtracted from the normalized experimental
spectra.??

The quantitative analysis of the EXAFS spectra was per-
formed with the IFEFFIT program packages,”* using FEFF6
code,?® where the measured signal was compared with the model
signal calculated ab initio from the set of scattering paths of
the photoelectron in a tentative spatial distribution of neighbour
atoms. In the process, the atomic species of a neighbour was
characterized by its specific scattering factor and phase shift.

The FTIR experiments were carried out with a Perkin-
Elmer FT-IR 1720X. Data collection and processing were
performed with Spectrum v2.00, Version 2.00 (1998), Perkin-
Elmer Ltd.1998. All spectra were collected between 4000 and
400cm~! at 4cm™! resolution. The liquid samples were mea-
sured by spreading a liquid drop on a KBr pellet. The solid
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samples were measured on pellets prepared by mixing the pow-
der with KBr.

The phase composition of the powders heat-treated at differ-
ent temperatures was investigated by X-ray diffraction (Bruker
AXS D4 Endeavor diffractometer) using Cu Ka radiation.

3. Results

Fig. 1 presents the thermogravimetric (TG) and differen-
tial thermal analysis (DTA) curves of the La(NO3)3-5.56H;0,
and LN-sol. Between RT and 800 °C the thermal behaviour of
La(NO3)3-5.56H,0 follows the typical decomposition pathway
of this compound.'* The total mass loss is 62.11%, which is
0.7% higher than the theoretical mass loss. The peak at 83 °C in
the DTA curve which has no associated mass loss is due to melt-
ing. The endothermic DTA peaks between 170 °C and 250 °C
associated with a mass loss of 22.56% are due to dehydration
in several steps. The next major mass loss, 27.20% associated
with a broad endothermic peak at 440 °C is due to the conversion
to lanthanum oxynitrate (Eq. (1)). Between 500 °C and 650 °C
the sample loses 12.23% and the two endothermic events at
577°C and 641 °C are typical for the decomposition of lan-
thanum oxynitrate, via lanthanum carbonate (Eq. (2)) to the

lanthanum oxide (Eq. (3)) in agreement to earlier literature.'
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Fig. 1. TG and DTA curves of La(NO3)3-xH,O and LN-sol.
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The LN-sol (1 M) follows a different decomposition pathway
from the salt. The total mass loss between RT and 800 °C is
84.12%. The mass loss of 65.14% between the RT and 170 °C,
accompanied by two endothermic DTA peaks at 105°C and
142 °C is due to the evaporation of solvent and water. Between
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Fig. 2. K3 weighted La-L3; EXAFS data (a) and their Fourier transforms (b) of LN-sol, LZ-sol, LZ-dried and LZ-heated at 500 °C. Solid line — experiment, dashed

line - - - EXAFS model.



572 E.D. Ion et al. / Journal of the European Ceramic Society 30 (2010) 569-575

170°C and 350°C another weight loss of 11.27% accompa-
nied by two strong exothermic DTA peaks at 231 °C and 255 °C
occurs. We associate them with a violent decomposition of the
nitrate groups in the presence of organic groups of the solvent.
Above 350 °C the sample decomposes gradually without major
thermal events.

Fig. 2 presents EXAFS spectra of La-L3 edge in the k and R-
space. Prominent peaks in the Fourier transforms of the EXAFS
spectra are the fingerprints of the photoelectron backscattering
on the near neighbours around La atom. FT EXAFS spectra
can be regarded as an (approximate) radial distribution of the
neighbours, taking into account a systematic downward shift
of the peaks due to photoelectron wave dispersion. The R-space
spectra are composed of one peak at about 2 A, with a decreasing
intensity from the sols to LZ-dried and LZ-500, and a second
peak situated at 3.4 A, with an even stronger decrease of intensity
down to noise level at LZ-500.

The local environment of La atoms can be reliably deduced
in the quantitative EXAFS analysis, performed in the k inter-
val from 2.5 to 9.9 A~!. The complete list of best fit structural
parameters is collected in Table 1. The local environment of La
atoms of LN-sol comprises 10 O at 2.57 A, 2Nat3.11 A, 1N at
345A,60at3.95A, and 7 O at 4.41 A. Small differences are
found in the local environment of LZ-sol: 9 O at 2.57 A, 2 N at
3.11A, 1Nat3.51A,70at3.95A and 6 O at 4.40 A.

The large number of oxygen atoms at 3.95 A and 4.40 A could
also hide the presence of some carbon atoms since the procedure
cannot distinguish between light elements such as oxygen and
carbon with small difference in their atomic number.

A qualitative analysis of the R-space of LZ-dried shows that
the intensity of the peak at about 3.8 A is suppressed, close to the

(a)

k()

Table 1

Parameters of nearest coordination shells around lanthanum atoms in LN-sol,
LZ-sol, LZ-dried and LZ-500. Type of neighbour atom, their average number N,
distances R and Debye Waller factors o are listed. Uncertainty is given as the
absolute value or, when in parenthesis, in units of the last digit. For parameters
that are kept fixed in the fit, the error brackets are omitted. The quality of the fit
is indicated by R-factor.?*.

Sample Scattering N R(A) o? R-factor
atom
(¢} 9.6 (7) 2.577 (2) 0.009
N 1.9 (2) 3.11(1) 0.002

LN sol N 1.1 (3) 3.45(3) 0.002 0.004
(¢} 58+1.0 3.95(1) 0.008
(e} 71+£15 441(1) 0.008
(¢} 9.3(7) 2.575(2) 0.009
N 1.9 (2) 3.11(1) 0.005

LZ-sol N 1.1 (3) 3.51(4) 0.005 0.004
(¢} 7.3 (8) 3.94 (1) 0.007
(e} 6.0+1.3 4.40(1) 0.008
(¢} 2.6 (9) 2.45(2) 0.005
(¢} 4.2 (8) 2.59 (4) 0.006

. N=C 1.3(8) 321 (4) 0.003

L.Z-dried N=C 144+1.0 3.49(3) 0.003 001
La 1.0 (5) 4.17 (3) 0.005
(0] 37+£24 4.49(6) 0.008

LZ-500 (e} 5.4 (4) 2.48 (1) 0.015 0.008

noise level, in comparison to the peak of LN-sol and LZ-sol. The
spectrum of LZ-dried could not be described by the model devel-
oped for the LN-sol and LZ-sol. A heavy element was required
in the model to describe the peak at 3.8 A. We tried the fit with
either La or Zr as heavy atom and the results were acceptable

(b)
15

Zr-K

-
o

(¢)]

FT magnitude (arb. units)

Fig. 3. k3 weighted Zr K data (a) and their Fourier transforms (b) of LZ-sol, LZ-dried powders and LZ powder heated at 500 °C. Solid line — experiment, dashed

line - - - EXAFS model.
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Table 2

Parameters of nearest coordination shells around zirconium atoms in LZ-sol,
LZ-dried and LZ-500°C. Type of neighbour atom, their average number N,
distances R and Debye Waller factors o are listed. Uncertainty is given as the
absolute value or, when in parenthesis, in units of the last digit. For parameters
that are kept fixed in the fit, the error brackets are omitted. The quality of the fit
is indicated by R-factor.?*.

Sample Scattering N R(A) o? R-factor
atom
(6] 6.5 (5) 2.12(1)  0.007

LZ-sol C 1.7+£1.2 273(5)  0.006 0.012
Zr 56£13 342(2) 0.014
O 7.0 (6) 2.12(1)  0.008

LZ-dried C 22+12 271(4) 0.004 0.015
Zr 58+14 340(2) 0.014
(6] 6.3 (6) 2.09 (1) 0.010

LZ-500 C 1.8£1.0 2714 0.004 0.012
Zr 55+12 337@3) 0015

for both. Due to the short k-range used in analysis the fit cannot
distinguish between them since the maximum amplitude of their
scattering contribution is beyond the investigated range.

The results of the model containing La as a heavy element
are presented and the motivation behind the choice is given in
the discussion section. The analysis reveals that the first peak is
composed of ~ 7 O distributed at 2.45 and 2.59 A, followed by
~2 light atoms such as N or C at 3.21 and 3.49 A. Next there is
one La atom at 4.17 A and ~4 O at 4.49 A.

Since in the spectrum of LZ-500 the second peak is com-
pletely absent only the first peak is modelled and the result of
the fit shows that the local environment of La is described by 5
Oat2.48A.

Fig. 3 presents EXAFS spectra of Zr-K edge in k-space and
R-space. The spectra in the R-space are composed of two similar
peaks for all the samples.

The quantitative EXAFS analysis is performed in the k inter-
val from 4 to 11.4 A and the best fit parameters of the nearest
coordination shells around Zr atoms are collected in Table 2.
The local environment of Zr atoms in the LZ-sol is described
by ~7 O atoms at 2.12 A, two C at 2.73 A and ~6 Zr atoms at
3.42 A. The local environment of Zr of the LZ-dried is similar:
~7 O at 2.12A, ~2 C atoms at 2.71 A and ~6 Zr at 3.40 A.
The analysis of the LZ-500 reveals that the Zr neighbourhood
is composed of ~6 O at 2.09 A, ~2 C at 2.71 and ~6 Zr at
3.37 A which is slightly shorter than Zr-Zr distance in the LZ-
sol and LZ-dried. No Zr-La correlation was found in any of the
investigated samples.

Infrared spectroscopy was performed to understand the
chemical environment of the anions at each stage of the
synthesis. Fig. 4 presents the spectra of 2-methoxyethanol,
La(NO3)3-xH,0, LN-sol, LZ-sol, LZ-dried and crystalline LZ.

The spectrum of the solvent 2-methoxyethanol presents all
characteristic O-H, C-H and C-O bands in agreement with the
literature. 920 In the spectrum of La(NO3)3-xH> O, two different
regions can be distinguished: 3600-3100cm™! corresponding
to the O-H stretching vibrations and 1650-700cm™! corre-
sponding to the nitrate vibrations.?” Additionally it contains

300
LZ
LZ dried
200,
= LZ sol
X
LN sol
100 2
©
w \_ La(NO,), xH,0
[ A W
38,
! h | ! | ! |
4000 2000 1500 1 1000 500
cm’

Fig. 4. IR spectra of 2 methoxyethanol (MOE), La(NO3)3-xH>O, LN-sol, LZ-
sol, LZ-dried and crystalline LZ.

also the band at 1636.cm™! assigned to the bending mode of
the lattice-coordinated water. The spectrum of LN-sol con-
tains characteristic bands of both La(NO3)3-xH>O, and the
2-methoxyethanol. The spectrum of LZ-sol is almost identical to
the spectrum of LN-sol. The spectrum of dried powder exhibits
the characteristic band of O-H absorption between 3600 and
3000 cm™!, a broad band at 1700-1200cm ™! and a sharp band
at 850 cm™! attributed to carbonate species.”® Due to the width
of the band between 1700 and 1200 cm™!, these vibrations can
be assigned to bulk CO32_, as well as to unidentate and biden-
tate CO3°~.'% Very low intensity peaks at 812 and 739 cm™!
could be assigned to the residual nitrate species. The spectrum
of crystalline powder presents a band at 1086 cm™!, which could
be attributed to the M-O bonds.

Fig. 5 shows the XRD patterns of the dried powder and of the
powder heat treated at 500 °C/1h, 700°C/1 h, 800°C/1 h and
900°C/1h The spectra of the dried powder and of the pow-
ders heated at 500°C/1h and 700°C/1h consist of a broad
peak around 30 ° witnessing of the amorphous nature of the
powder. After heating at 800 °C/1 h, the powder is completely
crystallized into the LayZr,O7 phas.e.29

4. Discussion

Thermal decomposition of the LN-sol obviously runs dif-
ferently from that of the pure salt (Fig. 1). The exothermic
decomposition between 170 °C and 350 °C suggests the pres-
ence of the organic groups together with the nitrate groups.
A possible explanation is that the 2-methoxyethanol molecules
coordinate to the lanthanum ions, and during heating the nitrate
ions act as oxidizing agents and enable the organic groups’
removal. The presence of two exothermic peaks implies also
different types of bonding, e.g. monodentate or bidentate, both
possible since the CH3OCH;CH, OH molecule can exist in two
gauche conformations and one anti conformation.°
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Fig. 5. XRD patterns of LZ-dried, LZ-500, LZ-700, LZ-800, and LZ-900.

The EXAFS analysis shows that lanthanum environment in
LN-sol comprises first of about ten O, two N at a shorter distance
and one N at a larger distance and a large number of O atoms
at a distance between 4 and 4.5 A (Table 1). The distribution
of ten O atoms and three N atoms is consistent with a struc-
ture similar to that found in the early stages of La(NO3)3-xH,0
decomposition.!” The large number of more distant O atoms
could be explained by possible presence of C atoms which can-
not be distinguished from O atoms in EXAFS analysis. The latter
could stem from the 2-methoxyethoxide groups coordinated to
La ions.

The IR analysis shows that the spectrum of LN-sol
contains characteristic bands of both La(NO3)3-xH,O and 2-
methoxyethanol (Fig. 4). The similarity of La environment in
the LN-sol with the crystalline La(NO3)3-4H>O points to the
fact that La(NO3)3-xH,O was only partially dehydrated by dis-
solution and further distillation in 2-methoxyethanol, but nitrate
ions remained strongly coordinated to the La ions.

In the next step we synthesise the LZ-sol by the reaction of
LN-sol with the zirconium n-butoxide. The IR analysis shows
that the chemical environments of anions in the LN-sol and LZ-
sol are very similar. Lanthanum environments in LN-sol and
LZ-sol are similar and are not changed by Zr butoxide addition,
from the IR point of view.

EXAFS analysis of LZ-sol reveals that the Zr environment is
populated by ~7 O in the first shell and ~6 Zr atoms in the next
shell. The high number of Zr around a central Zr atom is similar
to the environment of Zr in polynuclear oxo-alkoxide complexes,
often found in Zr alkoxide-based systems.>?%2! Even if residual
lattice-coordinated water is still present!” we believe that it is

not available to hydrolyse the alkoxide groups, since the thermal
analysis shows that dehydration of LN-sol takes place at 140 °C,
whichis 17 °Chigher that the reflux temperature (123 °C). In this
case, the Zr polynuclear oxo-alkoxide species form by thermol-
ysis during reflux. No La-La or La-Zr correlations were found
therefore it is very probable that the LZ-sol is a pure mixture of
LN-sol and zirconium n-butoxide.

The IR analysis of the dried powders shows the presence of
carbonate species which we attribute to LayO,CO3, an interme-
diate compound in the decomposition of La(NO3)3.'¢ According
to XRD analysis, the dried powder is amorphous. During
exothermic decomposition of nitrates and organic groups, the
temperature can increase locally to higher values than the nom-
inal drying temperature, since self-ignition and burning were
noticed, promoting local formation of carbonate species.

EXAFS analysis of La-L3 edge spectra of LZ-dried shows
that the La environment is populated by about seven O atoms;
next there are about two light atoms such as N or C and at
further distance one La and about four O atoms (Table 1). The
presence of nitrogen atoms could be explained by the presence of
some residual nitrate groups and carbon atoms are also possible
due to the presence of the carbonate species confirmed by IR
analysis. Based on the IR detected carbonate species, which
were discussed earlier, we decided to introduce lanthanum in the
EXAFS model and to exclude Zr as the heavy element. EXAFS
analysis of LZ-500 shows mainly a single peak composed of O
atoms. It is obvious that the carbonate species formed during
drying in the exothermic decomposition are unstable and by
further heating they decompose. The analysis of Zr—K spectra
shows very similar environments of the Zr atoms in LZ-dried
and LZ-500 with that of LZ-sol. During drying at 150°C the
dehydration of La(NOj3); takes place and the released water
can hydrolyse the alkoxide groups. However, the polynuclear
Zr species, once formed during the sol synthesis, are weakly
affected by the hydrolysis.

After heating at 500 °C, the powder is still amorphous accord-
ing to the XRD and the EXAFS analysis shows only minor
structural changes in the local environment of Zr upon tran-
sition from the sol to the heated powder. The Zr oxo-clusters
formed during the thermolysis step are stable in the investigated
temperature range and we propose that no La-Zr correlations are
established during synthesis and heating to 500 °C. The XRD
analysis of powder heated at higher temperatures shows that after
heat treatment at 800 °C the powder is completely crystallized
into the LayZr,O7 phase.

5. Conclusion

The lanthanum nitrate sol in 2-methoxyethanol and the
lanthanum nitrate salt follow different decomposition path-
ways which we explain by a possible coordination of
2-methoxyethanol to the lanthanum atoms in the sol. The IR
analysis shows that lanthanum nitrate remains strongly associ-
ated in the solvent. The lanthanum environment in lanthanum
nitrate and lanthanum zirconate sols points to a structure sim-
ilar to hydrated lanthanum nitrate; however, in the dried and
heated powder it is completely changed as a consequence of the
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nitrate decomposition. Zirconium species form polynuclear oxo-
alkoxide complexes during thermolysis, which are stable in the
investigated temperature range. The powder crystallizes in pure
pyrochlore phase upon heating at 800 °C/1 h. No link between
La and Zr species has been established in the early stages of
the synthesis. To obtain the final product, lanthanum zirconate,
the reaction between individual components takes place as a
solid-state reaction upon heating.
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