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Yttrium(Ill) and lanthanide(Ill) vanadates corresponding to
the general formula AVO, (A =Y, Pr, Sm, Eu, Gd, Dy, Er)
were prepared by a nonconventional soft chemistry route in
which coordination compounds of the different elements to
be incorporated were used as molecular precursors. In this
case, EDTA-based yttrium(Ill), lanthanide(lll) and vanadi-
um(V) complexes were synthesised, characterised and used
as precursors for the preparation of zircon-type AVO, materi-

als at a moderate temperature of 800 °C, as evidenced by
XRD and Raman analyses. Solid solutions such as Y .-
Pr,VO, and Y, ,Gd, VO, were also obtained. Linear corre-
lations between chemical compositions and lattice param-
eters or Raman shifts were observed. SEM was used to char-
acterise the particle size and morphology.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2008)

Introduction

Yttrium vanadate (YVO,) and lanthanide vanadates
(LnVOy) generate considerable interest due to their interest-
ing electric, optical, magnetic and catalytic properties.
Among others, it was recently shown that rare earth ortho-
vanadates can be very attractive for oxidative dehydrogena-
tion of light alkanes and, in this context, SmVO, seems to
be one of the most promising systems.'! Furthermore, ma-
terials based on CeVO, could be involved in various poten-
tial applications such as counter electrodes in electro-
chromic devices, gas sensors, and components of oxide fuel
cell anodes.?! LnVO, compounds have also been extensively
studied for their magnetic properties and cooperative Jahn—
Teller distortions.’! For instance, it was shown that DyVO,
undergoes a crystallographic distortion from tetragonal to
orthorhombic at 14 K and a magnetic transition to an anti-
ferromagnetic state at 3 K.[* Besides this, yttrium and lan-
thanide orthovanadates are mostly known as adequate
hosts for rare earth activators. Eu3*-doped YVO, was first
proposed by Levine and PalillaP! as a phosphor for colour
television tubes and subsequently used for a long time in
those devices.[®l When activated with Nd**, GdVO, crystals
are very interesting materials for diode-pumped microlaser
systems.[”]

Such multimetallic oxides are classically prepared by
standard procedures such as the conventional solid-state
method. This method was successfully implemented for lan-
thanide vanadates but generally requires high temperatures
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(>1000 °C), long reaction times and intermediate grind-
ings.[®l These conditions lead usually to irregular and quite
large particles due to the increase of the sintering effect with
temperature. The particular interest for such vanadates as
inorganic phosphors and the combined influence of purity
and morphology of the oxides on their optical properties
has recently led to an extensive research in the development
of alternative synthesis methods. This is particularly true
for the famous Eu®*-activated YVO,. In this context, the
most common routes are colloidal methods,! hydrothermal
routes,['9 the citrate method!'!! and co-precipitation.l'?! Re-
cently, a modified polyacrylamide gel method was success-
fully implemented to prepare YVO4:Eu by addition of a
chelating agent, namely citric acid.l'! Besides this, an in situ
chemical co-precipitation method was employed by Yan et
al. to prepare YVO,-based microcrystalline phosphors.['4!
All these methods allow the preparation of pure zircon-type
AVO, materials, and sometimes a good control of the par-
ticle morphology is possible. Unfortunately, in these routes,
the oxide precursors are usually not well defined at the mo-
lecular level. For instance, in the case of the citrate method,
the precursor is a three-dimensional network where the
metal ions are coordinated by one or several citrate mole-
cules.

Since several years, our group aims at developing an al-
ternative approach to multimetallic oxides. The method
consists of using, for the different elements to be incorpo-
rated, molecular precursors that are stoichiometrically well-
defined coordination compounds. The multimetallic oxide
materials are obtained by an appropriate thermal treatment
in air of a solid homogeneous mixture of the various com-
plexes. This molecular route was shown to allow the prepa-
ration of several pure oxide materials under soft conditions,
namely lower temperatures and shorter calcination times

Eur. J. Inorg. Chem. 2008, 896-902



Y-Ln Vanadates from Molecular Precursors Based on EDTA

Eur|IC

than most other routes. Furthermore, in some cases, a con-
trol of the particle morphology was possible. Among others,
this approach was successfully implemented for Bi-La and
Bi-Pr oxides!'™) as well as Nb-Mo, Nb-Ta and Nb-Ta-Bi ox-
ides.'®!7] To the best of our knowledge, in the field of VY-
based materials, only Nb-Ta-V oxides were synthesised ac-
cording to this soft chemistry route.['®]

This work aims at developing this alternative approach
to prepare vanadate hosts, and focuses on the consequences
of the preparation method on the properties. For that pur-
pose, EDTA-based complexes of the general formula
(NHH)A"™(EDTA)]'xH,O and (NH,);[VY(0),(EDTA)]-
0.5H,0 were synthesised, characterised and used as precur-
sors for the preparation of zircon-type AVO, host com-
pounds (A =Y or Ln).

Results and Discussion

General Comments on the Oxides Synthesis

The AVO,4 materials were prepared according to the mo-
lecular precursor method by using EDTA complexes of the
general formula (NH,)[A"T(EDTA)]-xH,O (A =Y, Pr, Sm,
Eu, Gd, Dy, Er) and (NH,);[VY(O),(EDTA)]-0.5H,0. The
A complexes were synthesised from simple oxides or car-
bonates in basic medium according to an adapted pathway
previously described in the literature for mononuclear La™
and Pr'"" complexes.!'®! The synthetic pathways and crystal-
lographic structures of all these complexes are already de-
scribed in the literature, either with ammonium or an alka-
line cation.['] The vanadium precursor was obtained from
NH4VO; and H4EDTA in basic medium according to a de-
scribed procedure.l'® The A-V-O mixed oxides were then
prepared by mixing aqueous solutions of the corresponding
complexes and, after removal of the solvent under reduced
pressure, the solid mixed precursor was calcined in air to
form the final oxide.

Thermal Behaviour of the Precursors

The thermal decomposition of the synthesised complexes
and mixed precursors was monitored by thermogravimetric
analysis. Figure 1 illustrates the TG curves obtained for two
particular complexes, namely (NH4)[Y'(EDTA)]-3H,O
(straight line) and (NHy);[VY(O),(EDTA)]-0.5H,0 (dotted
line) and for the corresponding mixed precursor (dashed
line), containing the same complexes in stoichiometric
amounts. In all cases, the first weight losses are attributed
to dehydration. This step extends sometimes up to a sur-
prisingly high temperature of 250 °C, which is attributed
to the release of crystallisation and/or coordination water
molecules. Unfortunately, the nature of the weight loss at
these temperatures is sometimes ambiguous. The position
of the last dehydration step is therefore confirmed by the
match between theoretical and experimental residual weight
values and by elemental analyses. Thanks to these analyti-
cal methods, a formula can indeed be proposed for the pre-
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pared complexes including the number of water molecules.
After the loss of these water molecules, the degradation of
the precursor follows with a multistep scheme to produce
the simple or mixed oxide.
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Figure 1. Thermogravimetric analysis under air of (NH,)[Y!'-
(EDTA)[3H,0 (straight line), (NH,)s[VY(O),(EDTA)-0.5H,0
(dotted line), and (b) the Y-V-O mixed precursor (dashed line).

The DTA curves provide additional information about
the nature of the weight losses: the release of water is an
endothermic process, whereas the decomposition of the or-
ganic matrix is exothermic. Figure 2 displays the TGA and
DTA curves obtained for (NH,)[Y(EDTA)]-3H,O0. In this
case, the weight losses at about 100 and 200 °C can be as-
signed to dehydration and the highly exothermic steps at
350 and 450 °C to the decomposition of the coordination
compound itself. The final decomposition temperature lies
between 500 °C for the vanadium complex and 700 °C for
the A complexes (A = Y or Ln). It is also interesting to
notice that the TG curve of the Y-V-O mixed precursor does
not correspond to a superposition of the TG curves of the
concerned mononuclear complexes and that its final de-
composition temperature is quite lower than that of the
most stable simple complex, namely (NH,)[Y(EDTA)]-
3H,0 (see Figure 1). This result suggests a homogeneous
distribution at the molecular level of the two complexes in
the mixed precursor, which is ensured by the preparation
pathway, and facilitates the ongoing reaction that produces
the vanadate compound.
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Figure 2. Thermogravimetric analysis (straight line) and differential
thermal analysis (dashed line) under air of (NH,)[Y'"(EDTA)]-
3H,0.
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AVO, Compounds

In order to determine the ideal conditions to prepare
pure AVO, oxides, X-ray thermodiffractometry was carried
out on a selected number of mixed precursors. For that pur-
pose, X-ray diffraction patterns were recorded at various
temperatures and again at room temperature at the end.
Figure 3 illustrates the results obtained for the Y-V-O pre-

cursor.
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Figure 3. X-ray thermodiffractograms of the Y-V-O mixed precur-
sor obtained after precalcination at 300 °C for 2 h. Patterns are
recorded at room temp., between 500 and 800 °C and then again
at room temp. (from bottom to top).

According to these results, the oxide phase begins al-
ready to crystallise at a temperature of 500 °C and the crys-
tallinity of the material increases when the temperature
rises. Almost all the lines observed in the XRD patterns
correspond to the zircon-type phase, YVO, (JCPDS file 17-
0341) except the lines at 20 = 39 and 45°, which occur from
the platinum support. From 500 to 700 °C, small amounts
of simple oxides Y,03 (20 = 29°) and V,0s5 (20 = 20, 26 and
32°) are also observed but the corresponding peaks disap-
pear when the temperature reaches 800 °C. A temperature
of 800 °C seems therefore sufficient to generate the oxide in
a pure form and with a good crystallinity. Finally, no struc-
tural modification appears when the sample is cooled down
and the zircon-type phase is stabilised at room temperature.
A thermal treatment of the precursor at higher tempera-
tures, namely 900 and 1000 °C, was also performed and
does not improve the crystallinity of the materials. A
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Y 5Pry sVO, precursor was also analysed by X-ray thermo-
diffractometry. In this case, the oxide phase appears to crys-
tallise at a temperature of 600 °C, and the highest crystal-
linity of the oxide is obtained at a temperature of 800 °C.
The formation of pure AVO, compounds under such soft
conditions, compared with other conventional routes, is
probably due to the homogeneous distribution of the vari-
ous metallic precursors in solution and at the solid state,
improving thereby the reaction efficiency.

According to these results, various AVO, materials were
prepared under air at a temperature of 800 °C, and the pu-
rity of the oxide phases was checked by XRD and Raman
spectroscopy. As already described in the literature for more
conventional methods, yttrium and lanthanide vanadates
crystallise in the tetragonal zircon structure (ZrSiOy4-type)
whatever the nature of the metal ion. It was found that this
phase transforms into the denser scheelite structure
(CaWOy-type) at a pressure of a few kbar and a tempera-
ture less than 600 °C.['2201 Figure 4 illustrates typical exam-
ples of the XRD pattern obtained for the prepared AVO,
materials. It appears that the various AVO, compounds ex-
hibit the same XRD pattern and are consequently iso-
morphous materials. The observed diffraction lines are all
attributed to the zircon-type phase.
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Figure 4. X-ray diffraction patterns of AVO, materials with A =
Pr, Gd, Er and Y obtained after precalcination of the molecular
precursor at 300 °C for 2 h and at 800 °C for 6 h.

However, a slight shift of these lines is observed as a
function of the metal ion. This can be easily rationalised
by the differences between ionic radii of yttrium and the
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lanthanides for a coordination number of 8. An increase
of this radius leads to a lattice expansion and consequently
to a decrease of the 20 values. In this work, lattice param-
eters were determined by means of the position of two main
peaks corresponding to the (200) and (112) Miller indices
and are listed in Table 1. Figure 5 illustrates the evolution
of the lattice parameters as a function of the ionic radius.
These results suggest a linear increase of @, b and ¢ lattice
parameters when the ionic radius increases. It is also inter-
esting to notice that the lattice expansion is not isotropic
and that the increase is slightly higher for ¢ and b than for
¢. Indeed, @ and b run from 7.10 to 7.37 A (Er to Pr)
whereas ¢ parameter runs from 6.28 to 6.47 A.

Table 1. The A ionic radius and lattice parameters a and ¢ for the
various AVO, compounds prepared by the molecular precursor
method.

AVO, A ionic radius! [pm] a [A] c[A]
Ervo, 114.4 7.10 6.28
YVO, 115.9 7.10 6.28
DyVO, 116.7 7.12 6.29
Gdvo, 119.3 7.18 6.33
EuVO, 120.6 7.21 6.36
SmVO, 121.9 7.26 6.39
Prvo, 126.6 7.37 6.47
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Figure 5. Evolution of the lattice parameter ¢ (= b) and ¢ as a
function of the A ionic radius in AVO, compounds prepared by
the molecular precursor method.

Raman spectra of the prepared AVO, materials were also
recorded in order to confirm the XRD results. All the sam-
ples prepared exhibit similar Raman spectra (Figure 6), and
no characteristic band from the simple oxides is observed.
The position of the Raman bands observed is in accordance
with the literaturel?>23 and the results obtained for YVO,
and EuVO, as well as their symmetry designation are pre-
sented in Table 2. The various modes are separated into in-
ternal (internal motions of the tetrahedral VO, group) and
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external modes (translations and rotations of the VO,
group with respect to the Y ion). According to the litera-
ture,??! the internal B, mode and the external E, mode are
degenerated in YVO, but can be easily distinguished in
LnVO, (see Figure 6).
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Figure 6. Raman spectra of various AVO, materials prepared by
the molecular precursor method (EuVOy: 1/2; ErVOy: IX5).

Table 2. Observed Raman shifts [cm™!] and their symmetry designa-
tionl?? for YVO, and EuVO, prepared by the molecular precursor
method.

Symmetry designation/?*! Raman shift [cm ]

YVO, EuVO,

External mode (translation)

E, 261 240
Internal modes

B, 261 260
A, 378 375
B, 489 478
B, 816 781
E, 839 818
A 891 888

L]

A slight but significant shift of the Raman bands is ob-
served when the A ion is changed. In particular, the band
at ca. 880 cm™!, assigned to the V-O vibration,?? shifts ac-
cording to the A ionic radius as shown in Figure 7. These
results indicate a linear decrease of the Raman shift when
899
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the ionic radius increases. In that context, Escobar and Ba-
ran have calculated the force constants for the V-O bond
in rare earth vanadates and have shown an increase of the
V-O bond strength, from LaVO, to LuVO,.** This in-
crease of the force constant could be responsible for a modi-
fication of Raman shifts and it has been attributed to the
lattice contraction that can be seen as an increase of the
internal pressure. Indeed, it is well known that the Raman
shift can be significantly modified by pressure, and this de-
pendence has been previously studied for zircon and scheel-
ite AVO, materials.?>?* The linear evolution of Raman
shifts is therefore not surprising as the lattice volume also
linearly increases with the lanthanide ionic radius. Further-
more, the decrease of the atomic weight from Er to Pr could
also be partially responsible for the decrease of the Raman
shift. It is therefore surprising that Raman shifts in YVO,
have approximately the same value as in ErVO, although
the atomic weight of Y is about twice lower than that of
Er. This result seems to show that the A atomic weight has
very little influence on the V-O vibration frequency, which
can be easily understood as the A ion is not directly in-
volved in the vibrating bond.
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Figure 7. Evolution of Raman shift as a function of the A ionic
radius in AVO, materials prepared by the molecular precursor
route.

Additionally, scanning electron microscopy was used to
characterise the morphology of the particles. As shown in
Figure 8, YVO, prepared by conventional solid-state reac-

Figure 8. SEM images of pure (a) YVO, oxide prepared by the
ceramic method, (b) YVO, oxide and (¢c) GdVO, prepared by the
molecular precursor method.
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tion exhibits quite large and irregular particles, while the
same compound prepared from molecular precursors exhib-
its a totally different morphology, namely a slightly disor-
dered porosity. This morphology was already observed for
Nb-Ta oxides prepared by the same soft chemistry route.[¢]
Nevertheless, some AVO, materials display another kind of
morphology, as PrVO,4 which seems to present a higher
crystallinity with elongated and spherical particles.

Y,_.Ln,VO, (Ln = Gd, Pr)

Because yttrium vanadate and lanthanide vanadates
present the same crystallographic structure, the preparation
of Y, .Ln, VO, (Ln = Gd, Pr) with x = 0, 0.1, 0.3, 0.5, 0.7,
0.9 and 1 was performed in order to obtain solid solutions
between YVO, and LnVO,. For this purpose, XRD was
implemented and the lattice parameters as well as the lattice
volume were calculated according to the zircon-type tetrag-
onal structure. Figure 9 displays the evolution of the lattice
volume as a function of the composition x for Y Pr,VO,
and Y; ,Gd,VO,. The results put forward a linear increase
of the lattice parameter when the Ln' content increases.
This behaviour follows the Vegard’s law, and it is indicative
of the presence of a solid solution in the whole composition
range.
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Figure 9. Evolution of the lattice volume as a function of x in (a)
Yl,dexVO4 and (b) YI,XPI'XVO4.

Raman spectra of the samples were also recorded, and
the V-O bond Raman shift was monitored and plotted as
a function of the composition x (Figure 10). As for XRD
analyses, a linear correlation between the Raman shift and
the Ln'"" content is observed in both cases. This confirms
the presence of the solid solution already evidenced by
XRD.
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Figure 10. Evolution of the Raman shift of the V-O vibration as a
function of x in (a) Y,_,.Gd, VO, and (b) Y, _Pr,VO,.

Conclusions

Zircon-type yttrium and lanthanide vanadates have been
successfully prepared by a soft chemistry route using coor-
dination compounds as molecular precursors at a moderate
temperature of 800 °C. The synthesis of single zircon-type
phases was confirmed by X-ray diffraction for all the AVO,
compounds. It appears that the substitution of a lanthanide
ion for another one leads to a modification of the lattice
parameters but does not modify the structure of the mixed
oxides. Furthermore, a linear correlation between lattice pa-
rameters and the Ln ionic radius was observed. The Raman
spectra confirmed the XRD analyses and a linear corre-
lation between the Raman shift of the V-O vibration and
the ionic radius was also observed. Solid solutions Y, .-
Pr, VO, and Y, .Gd VO, were successfully prepared by the
same pathway as evidenced by XRD and Raman analyses.

Experimental Section

Materials/Solvents: All products were analytical reagent grade and
were used without further purification. Ethylenediaminetetraacetic
acid, HYEDTA, was purchased from Fluka. Ammonium metavan-
adate, NH4VO3, was supplied from Acros. Yttrium nitrate, Y(NOj3);*
6H,0, was purchased from Aldrich. Erbium carbonate, Ery(CO3)3*
2.1H,0, europium oxide, Eu,03, gadolinium carbonate, Gd,(CO3);*
H,0, praseodymium carbonate, Pry(CO3);-8H,0, samarium oxide,
Sm>03, and dysprosium carbonate, Dy,(CO3);:4H,0, were sup-
plied from Alfa Aesar. For erbium and gadolinium carbonate, the
total water amount was determined by thermogravimetric analysis
and elemental analysis. Aqueous ammonia (35 wt.-%), ethanol and
diethyl ether were used as received.

Methods: Elemental analysis was carried out at the University Col-
lege, London, UK. Thermogravimetric analyses were carried out
under flowing air (100 mLmin ') with a Mettler Toledo 851e ther-
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mogravimetric analyser applying a heating rate of 10 °Cmin .
Differential thermal analyses were performed simultaneously on
the same apparatus. Powder X-ray diffraction data were collected
with a Siemens D5000 diffractometer using the Cu-K,, line (1 =
0.15418 nm). X-ray thermodiffractometry was performed with the
same apparatus. In this case, the XRD patterns were recorded at
room temperature and then between 500 and 800 °C, after waiting
for 2 h at each temperature selected. The temperature was finally
decreased again to room temperature, and an XRD pattern was
recorded. FT-Raman spectra were taken with a Bruker RFS100/S
spectrometer at a wavelength of 1064 nm. Scanning electron micro-
scopy (SEM) was performed with a Gemini Digital Scanning
Microscope 982 with 1 kV accelerating voltage. Nano-electrospray
ionisation mass spectrometry (nESI-MS) measurements were ob-
tained with a Thermo Finnigan TSQ Quantum instrument. The
samples were introduced by injection of a 0.001 mol L ™! solution of
the complex dissolved in CH;OH/H,O (1:1, v/v).

Preparation of the Coordination Complexes

(NHy);lV(0)2(EDTA)]-0.5H,0: The synthesis pathway of this com-
pound was adapted from a procedure used by Lee et al. to obtain
the PDTA derivativel>! and was published in a previous paper.['¢]
Yield: 80%. CoH25N50,45V (434.27): caled. C 27.65, H 5.80, N
16.13; found C 28.13, H 5.82, N 16.22. MS (nESI): m/z = 373.01
[H,ML]~

(NHYIY(EDTA)]-3H,0: A slurry of HYEDTA (2 g, 6.84 mmol) in
distilled water (200 mL) was heated under reflux to obtain a homo-
geneous solution. Yttrium nitrate (2.62 g, 6.84 mmol) was then
gradually added. When the solid was totally dissolved, ammonia
(6 M) was added dropwise to reach a pH value between 7 and 8.
The mixture was then heated under reflux for 24 h. After solvent
evaporation under reduced pressure to a final volume of 10 mL,
the addition of ethanol (35 mL) yielded a white solid which was
filtered off, washed with ethanol and diethyl ether and air-dried.
Yield: 2.62 g (79%). Ci;oH2oN3011Y (449.20): caled. C 26.74, H
4.93, N 9.35; found C 26.54, H 4.55, N 8.70. MS (nESI): m/z =
376.63 [ML].

(NH,)[Pr(EDTA)]-7H,0O: This Pr compound was prepared accord-
ing to the same procedure as used for the yttrium complex but
replacing yttrium nitrate by praseodymium carbonate. The com-
plex was isolated as a light-green powder. Yield: 1.46 g (37%).
CoH30N3PrO;5 (573.26): caled. C 20.95, H 5.27, N 7.33; found C
21.32, H4.77, N 7.30. MS (nESI): m/z = 428.74 [ML]".

(NHy)[Sm(EDTA)|-8H,0: This Sm compound was prepared ac-
cording to the same procedure as used for the yttrium complex
but replacing yttrium nitrate by samarium oxide. The complex was
isolated as a white powder. Yield: 3.24 g (79%). C;oH3,N30,,Sm
(600.67): calcd. C 19.99, H 5.37, N 6.99; found C 20.69, H 4.64, N
6.94. MS (nESI): m/z = 439.60 [ML]".

(NH4)|Eu(EDTA)]-7.5H,0: This Eu compound was prepared ac-
cording to the same procedure as used for the yttrium complex
but replacing yttrium nitrate by europium oxide. The complex was
isolated as a white powder. Yield: 3.57 g (88%). C;oH3;EuN;O,5 5
(593.32): caled. C 20.24, H 5.27, N 7.08; found C 20.40, H 5.15, N
7.04. MS (nESI): m/z = 440.62 [ML]".

(NHy)|Gd(EDTA)|-7H,0O: This Gd compound was prepared ac-
cording to the same procedure as used for the yttrium complex but
replacing yttrium nitrate by gadolinium carbonate. The complex
was isolated as a white powder. Yield: 3.02g (75%).
C10H30GdN;0;5 (589.61): caled. C 20.37, H 5.13, N 7.13; found C
20.35, H 4.94, N 6.94. MS (nESI): m/z = 445.20 [ML] .
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(NH4)|Dy(EDTA)|-6H,O: This Dy compound was prepared ac-
cording to the same procedure as used for the yttrium complex but
replacing yttrium nitrate by dysprosium carbonate. The complex
was isolated as a white powder. Yield: 2.29g (58%).
CoHxgDyN30y4 (576.84): caled. C 20.82, H 4.89, N 7.28; found C
20.94, H 4.75, N 6.43. MS (nESI): m/z = 449.93 [ML] .

(NHY)|Er(EDTA)]-2H,0: This Er compound was prepared accord-
ing to the same procedure as used for the yttrium complex but
replacing yttrium nitrate by erbium carbonate. The complex was
isolated as a light-pink powder. Yield: 244g (70%).
CoH50ErN;0y (509.54): caled. C 23.57, H 3.96, N 8.25; found C
23.25, H 3.64, N 8.05. MS (nESI): m/z = 455.58 [ML] .

AVO, Compounds Prepared by the Molecular Precursor Method:
Figure 11 describes the preparation Scheme for mixed A-V-O com-
pounds (A =Y and/or Ln). The corresponding coordination com-
pounds were dissolved separately in distilled water and then mixed
together in appropriate proportions. The resulting clear solution
was then stirred at room temperature for 1 h and, after removal of
the solvent under reduced pressure, a mixed solid precursor was
obtained. This solid precursor was precalcined in air at 300 °C for
2 h and then calcined in air at 800 °C for 6 h to yield the mixed
oxide.

(NH,)[A(EDTA)]xH,0 in (NH,);[V(0),(EDTA)|-0.5H,0

aqueous medium in aqueous medium

~N 7

mixing of the solutions

and aging/r.t./1 h

|

evaporation

(rotavapor)

mixed solid

precursor

|

precalcination (300°C for 2 h)/

calcination (800°C for 6 h)

Bulk A-V-O

compounds

Figure 11. Process chart for the A-V-O preparation according to
the molecular precursor method.

YVO, Oxide Prepared by the Ceramic Method: YVO, was also pre-
pared by a conventional solid-state reaction between yttrium car-
bonate (0.95 g, 2.45 mmol) and ammonium metavanadate (0.57 g,
4.91 mmol) described in the literature.!'3! These solid starting mate-
rials were ground in an agate mortar and calcined in air at 800 °C
for 10 h. The resulting powder was ground again and calcined in
air at 1000 °C for 10 h.
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