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The synthesis of the mixed oxide Cr0.11V2O5.16 , which presents interesting electrochemical performances, has been performed from
vanadium oxide gels. Its structure, determined by Rietveld refinement, is similar to that of orthorhombic V2O5 , with the formation
of CrO6 short chains linking the V2O5 layers. For comparison, the structures of V2O5 (synthesized by the sol–gel route) and

Fe0.11V2O5.16 have been also determined by the same method. The position, along the c axis, of the trivalent ion in the plane
formed by the four oxygen atoms of the V2O5 slab, is discussed as a function of the ion size and the crystal field stabilization
energy.

Starting from molecular precursors to obtain an oxide network, samples. In order to compare our results with those obtained
on the iron compound with the same Rietveld method but inthe sol–gel process has drawn much attention as a method

leading to a better control of the synthesis, particularly in the a Debye–Scherrer geometry using a Lindeman capillary6
(transmission), we have also refined the structure of the ironcase of transition metal oxides.1 Various textures (mono-

dispersed powders, thin films, fibers) can be obtained directly compound Fe0.11V2O5.16 and that of V2O5 orthorhombic oxide
obtained from sol–gel synthesis under the same conditions.from the solution at lower temperatures than through the

usual solid state reaction.2
Vanadium pentoxide gels have been extensively studied Synthesis procedure

during the past.3 They exhibit a layered structure suitable for
Vanadium pentoxide sols were prepared via the acidificationionic and molecular intercalation reactions. Many applications
of a sodium metavanadate solution NaVO3 (0.1 ) through ahave been evidenced according to the electronic or ionic
column loaded with a proton exchange resin (Dowex 50W-properties of the ion inserted materials. Among these, an
X2, 50-100 mesh).10 A yellow solution of decavanadic acid wasapplication as a reversible cathode in lithium batteries has
initially obtained which polymerizes slowly to a dark red gel.been reported, insofar as the redox potential of the V5+–V4+
The resulting gel exhibits an entangled fibrous structure,couple is >3 V relative to the Li–Li+ couple.4 The oxide
resembling flat ribbons about 10 Å thick.11 The ribbons haveFe0.11V2O5.16 has been synthesized from vanadium pentoxide
a structure similar to that of orthorhombic V2O5.11–14 The gelgels.5 This new compound exhibits an orthorhombic symmetry
was spread into a thin layer on a glass plate and after dryingclose to that of the vanadium pentoxide V2O5 , but its electro-
at room temperature a xerogel corresponding to the composi-chemical behavior differs. For example, instead of the sharp
tion V2O5·1.6 H2O was obtained. Its X-ray diffraction (XRD)voltage change observed for x=1 in Li

x
V2O5 , a smooth

pattern in reflection geometry shows a series of 00l peakscontinuous potential decrease ensures the transition from the
resulting from one-dimensional ordering perpendicular to thefirst insertion step near 3.2 V to the third around 2.3 V. In
platelet: the d-spacing is about 11.60 Å, corresponding to aaddition, an attractive cycling lifetime was found with this new
single interfoliar water layer (2.8 Å thick). The ribbons areoxide for a high depth discharge.5,6 In order to attempt to
negatively charged, with ca. 0.3–0.4 e charge per V2O5 . Thisexplain this behavior, the structure of Fe0.11V2O5.16 was deter-
charge is compensated by 0.3–0.4 H3O+ ions leading to ionicmined by the Rietveld procedure.7 The structure can be
exchange properties between the H3O+ cations and otherdescribed by the same layers as V2O5 , with the iron atoms
charged species such as, e.g., Mm+ cations.15located at the center of the square plane formed by the four

The following step consists in the synthesis of M
x
V2O5·nH2Ooxygen atoms of the V2O5 slab. Two extra oxygen atoms

(M=Cr3+ , Fe3+) xerogels by ionic exchange. Intercalation ofcomplete the trivalent iron octahedral environment. As the
the transition metal ions is realized by direct immersion of airon ion is connected to neighboring iron via one extra oxygen
V2O5 xerogel sample in a 0.1  solution of M(NO3 )3. Thisatom, this results in the presence of chains (Fe-O)

n
perpendicu-

reaction is complete within 20 min. The XRD pattern inlar to the V2O5 slabs. Owing to charge balancing consider-
reflection geometry shows that the intercalation of cationsations, the FeO6 octahedra are arranged to form only short
between xerogel ribbons preserves the initial preferred orien-chains along the c axis. Mössbauer and EPR spectroscopies8
tation (one-dimensional ordering associated with the stackinghave confirmed that iron atoms are essentially octahedral.
of ribbons upon each another). Nevertheless, the d-spacingThese structural features result in V2O5 layers linked to each
between the xerogel ribbons, which is about 14.10 Å for Fe3+ ,other in the c direction through FeMO groups, increasing the
is 14.40 Å for Cr3+ and greater than for the xerogel (11.60 Å).three-dimensional character of the phase and leading to a
This difference is observed because the M3+ intercalatedhigher stability of the host lattice during lithium electrochemi-
compounds contain two water layers.16cal cycling.

Simultaneous thermogravimetric analysis (TGA) andThe present paper deals with the X-ray powder diffraction
differential scanning calorimetry (DSC) were carried out withstudy of the analogous chromium compound Cr0.11V2O5.16
a heating rate of 10 K min−1 , in an atmosphere of flowingwhich presents a still better electrochemical cyclability than
argon using a Netzsch STA 409 instrument equipped with datathe iron compound and the parent oxide V2O5.9 Its structure
manipulation software. The TG curve of the Cr

x
V2O5·nH2Ohas been determined from the Rietveld method in a

Bragg–Brentano geometry (reflection) by using flat plate xerogel shows three mass loss stages (Fig. 1): stage 1, ca.
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Structure refinement procedure

Powder pattern indexing

The precise determination of peak positions was carried out
by means of the Socabim fitting program PROFILE, available
in the PC software package DIFFRACT-AT supplied by
Siemens. The powder patterns of vanadium pentoxide V2O5
and iron– or chromium–vanadium oxide M0.11V2O5.16 were
indexed by means of the computer program U-FIT.17

Structure refinement procedure

Rietveld refinement18 was performed by using the FULLPROF
program.19 Peak shapes were described by Pearson VII func-

Fig. 1 Simultaneous thermogravimetric analysis (TGA) and differen- tions. The angular dependence of the peak full width at half
tial scanning calorimetry (DSC) of Cr

x
V2O5·nH2O xerogel

maximum (FWHM) was described by the usual quadratic
form in tan(h)20

FWHM2=U tan2h+V tanh+W
20–200 °C, is accompanied by a large endothermal peak and

where U, V and W are fitting parameters. The backgroundcan be attributed to the loss of a weakly bonded water
intensity was evaluated by a polynomial expression for which(1.68 H2O per mole). Stage 2, ca. 200–350 °C, is accompanied
the coefficients were refined. The refinement was carried outby a small endothermal peak and it corresponds to the removal
within the angular range 17<2h<100°.of the interfoliar water (0.44 H2O per mole). Stage 3, ca.

First, a whole pattern matching procedure was applied in350–450 °C, is accompanied by a small endothermal signal.
order to extract angular positions and integrated intensities

This mass loss corresponds to the progressive departure of
from the powder diffraction pattern. No structural model was

strongly bound water (0.22 H2O per mole). Finally crystalliz-
introduced in the process,21 but instead, the profile parameters

ation occurs near 410 °C and gives an orthorhombic phase
(unit cell, cosh shift, peak shape and background intensity

close to V2O5 . The total amount of water determined by
parameters) were refined. Integral intensities were distributed

thermal analysis is ca. 2.34 H2O per mole.
over three FWHM on either side of a diffraction line profile.

The last step consists in the preparation of vanadium
The output data were then used as input data in the Rietveld

pentoxide V2O5 and mixed vanadium chromium or iron oxides
refinement.

M
x
V2O5+y. These oxides are prepared by thermal treatment

The Rietveld procedure requires an initial structural model.
of the corresponding xerogels (550 °C for V2O5 and 520 °C for

V2O5 structure refinement was started with the model proposed
M
x
V2O5+y ). The cation contents have been determined by by Enjalbert and Galy22 from single crystal investigations.

atomic emission spectroscopy (induced coupled plasma). The Furthermore, intercalation of iron or chromium ions into V2O5oxidation states of vanadium and iron or chromium have been leads to a compound very close to the V2O5 structure. For
deduced from chemical redox titration. The results lead, for this reason, we have assumed that both vanadium and oxygen
the mixed oxides, to formulae M0.11V2O5.16 in which the atoms were located in the same positions of the Pmmn space
oxidation states of vanadium and of chromium or iron are 5 group as in V2O5 . Under these conditions, we must consider
and 3 respectively. These compounds can thus be considered the large number of refinable parameters (#30) with respect
as the combination V2O5–0.055M2O3 . Consequently, it will to the experimental data (#80 Bragg peaks). The Rietveld
be necessary to take into account the presence of 0.16 procedure which we chose consisted in refining non-structural
additional oxygen atoms per chemical formula to ensure the and structural parameters separately. Only non-structural par-
charge balance of the structural arrangement of the mixed ameters were initially refined: scale factor, coefficient of the
oxides. background polynomial, cosh shift parameter, three unit cell

constants, three half width parameters and three profile shape
function (Pearson VII) parameters which were progressively
introduced into the calculation.

X-Ray powder diffraction analysis In the second stage, these non-structural parameters were
then fixed and the refinement involved structural parameters :The X-ray powder diffraction study was performed with a
atomic coordinates and displacement factors.Bragg–Brentano geometry, using flat plate samples with a

The final stage consisted in progressively introducing bothSiemens D 5000 diffractometer, equipped with Co-Ka radiation
non-structural and structural parameters into the profile analy-

and a back graphite monochromator. The XRD diagrams of
sis refinement. The last variable to be refined was the preferred-

the compounds show strong preferential orientation along the
orientation factor by using a March’s function. Because of

c-axis perpendicular to the film surface for the M0.11V2O5.16 their correlation, scale factor and occupancy factors were not
compounds (only the 00l peaks are present) and in the ab

refined at the same time.
plane for V2O5 oxide (only the hk0 peaks are present). Although

This refinement procedure was used for each compound,
successive grindings were performed, the particle sizes were

but the number of refinable parameters is different between
still too large and random orientation was not sufficiently

vanadium pentoxide and iron– or chromium–vanadium oxide.
achieved to minimize preferential orientation. Eventually it
was necessary to sieve the oxide powder to 20 mm through a
nylon sieve and under these conditions preferential orientation Results and Discussion
effects were minimized. By using March’s function, the residual

Recall on the structure of V
2
O
5effect could be accounted for in the Rietveld procedure. The

powder diffraction pattern was scanned by steps of 0.01°(2h), V2O5 has an orthorhombic layered structure built up from
with fixed counting times (20 s). After data collection, the square pyramids [VO5] sharing edges and corners, leading to
stability of the X-ray source and of the sample were checked V2O5 sheets linked together via weak vanadium–oxygen inter-

actions parallel to the c-direction.23 The most recent structuralby remeasuring the first few lines of the pattern.
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Table 2 Values of the unit cell constants for sol–gel and monocrystal
V2O5, and for M0.11V2O5.16 compounds (M=Fe, Cr)

compound a/Å b/Å c/Å V/Å3

monocrystal V2O522 11.512(3) 3.564(1) 4.368(1) 179.214
sol–gel V2O5 11.5125(5) 3.5640(2) 4.3713(2) 179.357
Fe0.11V2O5.16 11.540(1) 2.5629(3) 4.3500(3) 178.854
Cr0.11V2O5.16 11.4849(5) 3.5635(5) 4.3817(3) 179.327

of sol–gel and monocrystal V2O5 . With regard to the cell
parameters of the iron compound, we have observed for the
chromium compound a slight decrease of the a-lattice constant
(11.485 Å cf. 11.540 Å) and a slight increase of c (4.382 Å cf.

Fig. 2 Situation of the vanadium atom in the VO5 polyhedron of 4.350 Å) corresponding to an increase of the unit cell volume.
V2O5 structure after Enjalbert and Galy (ref. 22) The b-parameter, characteristic of the short distances

VMOMV, is unchanged (3.563 Å). From these results, as for
Fe0.11V2O5.16 , the chromium atoms were located in the 2bdetermination is that of Enjalbert and Galy22 from a single
sites, almost at the center of the average plane formed by fourcrystal study involving 450 measured unique reflections. From
oxygen atoms of the V2O5 slab: O21 and O2∞2 shared by threethese results, it was shown that the vanadium atom located
VO5 polyhedra, O3 and O3∞ shared by two VO5 polyhedrawithin the oxygenated coordination polyhedron VO5 is shifted
(Fig. 3). Two oxygen atoms, O4 and O4∞, had to be addedtowards the plane formed by four oxygen atoms by a distance
along with the Cr ions, along the c-direction, to ensure anof 0.470 Å (Fig. 2). The sum of the shortest VMO1 octahedral oxygen environment for the chromium atom, withdistance (1.577 Å) and of the longest VMO1∞ distance (2.791 Å)
a distance O4MCrMO4∞ equal to the c value (4.382 Å). Fig. 4binding the chains of VO5 polyhedra along the c-direction
shows the fit obtained between the calculated and the observedcorresponds to the c-lattice constant (4.368 Å). The existence
patterns for Cr0.11V2O5.16 . Final convergence was obtainedof a weak VMO1∞ bond gives vanadium a ‘5+1’ coordination
with the following R-values: RB=0.0538 and RF=0.0402, whichand V2O5 can be described as a combination of very distorted
are very satisfactory. However, the corresponding values forVO6 octahedra.23
profile Rp and weight-profile Rwp factors are much higher:
Rp=0.278, Rwp=0.294. These latter results may be explainedThe chromium compound Cr

0.11
V

2
O

5.16 by two factors, the first due to a relatively inappropriate
With regard to its chemical formula, as for the iron compound evaluation of the background in relation with the experimental
Fe0.11V2O5.16 , the unit cell of the chromium compound
Cr0.11V2O5.16 contains, in addition to the four independent
atoms (1 V and 3 O) of V2O5 , one Cr atom with partial
occupancy of 0.11 and one independent oxygen atom with
partial occupancy of 0.16.

30 parameters, including 12 structural parameters, were
refined in the final cycle, based on 74 reflections
(17°<2h<100°) (Table 1). The cell constants of Cr0.11V2O5.16
are listed in Table 2. For comparison, we have also listed the
cell parameters of the iron compound Fe0.11V2O5.16 and those

Table 1 Details of Rietveld refinements for V2O5 and M0.11V2O5.16
(M=Fe, Cr)

V2O5 sol–gel Fe0.11V2O5.16 Cr0.11V2O5.16 Fig. 3 Perspective view of the average plane formed by the four
oxygen atoms O21O3∞O2∞2O3 of the V2O5 slab, and the position of thespace group Pmmn
inserted M atom with the two additional oxygen atoms O4 and O4∞Z (number of unit 2

formulae)
wavelength (Å) 1.78897 (Ka1 ), 1.79285 (Ka2 )
step (2h/°); time per 0.01; 20

step (s)
2h range/° 17–100
number of reflections 74
number of independent 4 5 5

atoms
number of structure 11 12 12

parameters
number of profile 18 16 18

parameters
RBa 0.051 0.077 0.054
RFb 0.046 0.059 0.040
Rpc 0.177 0.282 0.278
Rwpd 0.244 0.297 0.294

aRB=∑
k
|I
k
(obs)−I

k
(calc)|/∑

k
|I
k
(obs)|. bRF=∑

k
|(I
k
(obs))1/2−(I

k
(calc))1/2|/

∑
k
(I
k
(obs))1/2. cRp=∑

i
|y
i
(obs)−y

i
(calc)|/∑

i
|y
i
(obs)|. dRwp= Fig. 4 Final Rietveld difference plots for the chromium compound

Cr0.11V2O5.16 . The upper trace shows the observed data as dots, whileA∑i v
i
[ y

i
(obs)−y

i
(calc)]2

∑
i

v
i
[ y

i
(obs)]2 B1/2. the calculated pattern is represented by solid line. The lower trace is

a plot of the difference: observed minus calculated.
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Table 3 Positional parameters (x, y, z) and thermal parameters (Biso)
for the iron compound Fe0.11V2O5.16 and for the chromium compound
Cr0.11V2O5.16

Fe0.11V2O5.16

atom position x/a y/b z/c Biso/Å2

V 4f 0.3970(3) 0.25 0.0950(5) 3.8(2)
O1 4f 0.3972(8) 0.25 0.473(2) 4.2(3)
O2 4f 0.5648(6) 0.25 0.989(2) 0.9(3)
O3 2a 0.25 0.25 −0.001(2) 1.5
Fe 2b 0.75 0.25 0.044(5) 1
O4a 2b 0.75 0.25 0.5

Cr0.11V2O5.16

atom position x/a y/b z/c Biso/Å2
Fig. 5 Perspective view of Cr0.11V2O5.16 structure: the Cr3+ ion, which
is located within the slabs of V2O5 , has an octahedral environment.

V 4f 0.3976(3) 0.25 0.1055(5) 3.1(1)
Grey circles, V5+ ions; white circles, O2− ions; black circles, Cr3+

O1 4f 0.3968(8) 0.25 0.465(1) 2.8(2)
ions. Not all Cr3+ sites are occupied.

O2 4f 0.5689(7) 0.25 0.995(1) 2.4(3)
O3 2a 0.25 0.25 0.005(2) 1.5
Cr 2b 0.75 0.25 0.011(6) 1
O4a 2b 0.75 0.25 0.5 Discussion

aAdditional oxygen not introduced into the calculation completing The octahedral environment for M3+ ions in M0.11V2O5.16the Fe3+ or Cr3+ octahedral environment. (M=Fe, Cr) has been confirmed by a previous Mössbauer
study for the iron compound.8 As reported above, the trivalent
ion is located at the center of the average plane formed by the
four oxygen atoms O21 , O2∞2 , O3 , O3∞ of the V2O5 slab, withprocedure, the second due to the limited number of available

peaks (74) in relation with the number of parameters to be two additional oxygen atoms O4 and O4∞ located apart from
the plane, along the c-direction, characterized by a distancefitted (30). Nevertheless, the satisfactory results obtained for

the Bragg factors RB and RF lead us to think that the Rietveld O4MMMO4∞ equal to the c-parameter value. Such an environ-
ment for the trivalent ion corresponds to V5+MM3+MV5+refinement is acceptable. The final atomic positions and dis-

placement parameters are given in Table 3. Selected interatomic distances equal to 4.919(5) Å, i.e. a distance V5+MM3+ equal
to 2.512(6) Å. Comparing this result with the shortest distancedistances and angles are listed in Table 4. A perspective view

of the structure of Cr0.11V2O5.16 is shown in Fig. 5. As for the V5+MV5+ in the V2O5 oxide [3.092(5) Å], one can conclude
that the interatomic MMV distances are large enough to allowiron compound, the chromium atoms are located in 2b crystal-

lographic sites, with two extra oxygen atoms apart from the a localization of the M3+ ion in the plane formed by the four
oxygen atoms of the V2O5 slab. Fig. 6 shows the oxygenaverage plane of the four oxygen atoms of the V2O5 slab. In

the same way, according to the charge balance of the chemical environment of the M3+ ions in the M0.11V2O5.16 compounds
as well as the same type of environment which would occur informulae, only 11% of Cr3+ sites are occupied, thus leading

to the existence of short CrO6 octahedral chains along the V2O5 . In the latter case, we have considered a fictive M atom
at the center of the oxygen plane and two additional fictivec-axis.

Table 4 Selected distances (Å) and angles (°) for Fe0.11V2O5.16 and Cr0.11V2O5.16a

Fe0.11V2O5.16

V O1 O3 O21 O22 O2∞1 O1∞ Fe O4 O4∞
O1 1.644(9) 2.67(1) 2.721(9) 2.721(9) 2.86(1) 4.3500(3) 3.24(2) 4.896(8) 2.463(6)
O3 103.9(5) 1.747(4) 2.783(5) 2.783(5) 3.633(7) 2.85(1) 1.791(3) 2.815(7) 2.808(7)
O21 101.2(3) 100.5(2) 1.871(3) 3.5629(3) 2.328(9) 2.97(1) 2.151(7) 3.084(8) 3.015(8)
O22 101.2(3) 100.5(2) 144.4(5) 1.871(3) 2.328(9) 2.97(1) 4.162(4) 4.712(5) 4.668(5)
O2∞1 103.3(4) 152.8(4) 74.1(2) 74.1(2) 1.991(8) 2.96(1) 4.049(6) 4.571(7) 4.616(7)
O1∞ 179.9(7) 76.2(3) 78.7(3) 78.7(3) 76.6(3) 2.706(9) 3.33(2) 2.464(6) 5.101(8)
Fe 103.9(5) 45.0(1) 56.1(2) 56.1(2) 126.6(3) 76.2(5) 2.533(6) 2.37(2) 1.98(2)
O4 136.5(2) 50.6(2) 59.7(2) 116.4(3) 107.1(2) 43.6(1) 32.6(5) 3.571(2) 4.3500(3)
O4∞ 54.4(2) 66.1(2) 71.7(2) 71.7(2) 132.9(2) 125.6(2) 49.4(5) 82.1(1) 3.026(2)

Cr0.11V2O5.16

V O1 O3 O21 O22 O2∞1 O1∞ Cr O4 O4∞
O1 1.575(5) 2.63(1) 2.719(5) 2.719(5) 2.85(1) 4.3817(3) 3.22(2) 4.888(5) 2.458(6)
O3 104.2(5) 1.751(4) 2.739(6) 2.739(6) 3.663(8) 2.91(1) 1.783(1) 2.841(7) 2.807(7)
O21 103.6(2) 98.0(3) 1.876(2) 3.5635(5) 2.38(1) 2.988(5) 2.081(8) 3.037(6) 3.005(6)
O22 103.6(2) 98.0(3) 143.7(4) 1.876(2) 2.38(1) 2.988(5) 4.127(4) 4.682(4) 4.661(4)
O2∞1 104.2(4) 151.6(3) 75.2(3) 75.2(3) 2.026(9) 3.050(9) 4.073(7) 4.614(7) 4.635(7)
O1∞ 179.5(6) 75.3(3) 76.5(2) 76.5(2) 76.4(2) 2.807(5) 3.36(2) 2.458(6) 5.156(5)
Cr 101.5(6) 45.2(1) 54.3(3) 54.3(3) 127.4(3) 78.1(6) 2.512(6) 2.14(3) 2.24(3)
O4 136.9(3) 50.4(2) 57.0(2) 113.1(2) 106.2(1) 42.7(1) 35.4(6) 3.618(2) 4.3817(3)
O4∞ 54.7(2) 66.3(3) 71.8(2) 71.8(2) 133.2(1) 125.0(2) 46.8(6) 82.3(1) 3.006(2)

aBold values correspond to distances between the vanadium atom and the atom of the column. Each angle (in italics) corresponds to the angle
formed by atom of the line, the vanadium atom and the atom of the column.
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Fig. 6 Position of the trivalent M3+ ion into the MO6 octahedron, for the iron compound (a) and for the chromium compound (b). Fig. 6(c)
shows the same fictive environment which could correspond to the sol–gel V2O5 (two fictive additional oxygen atoms O4 and O4∞ apart from
the oxygen plane have been added at a distance of c=4.372 Å from each other). The corresponding MMO distances are given.

oxygen atoms apart from the M atom at a distance of c/2= V, M) of the polyhedra are also listed in Table 5. For the
chromium compound, the chromium ion [z=0.011(6)] is2.186 Å. The corresponding distances are indicated in Fig. 6

and listed in Table 5. The various MMO distances should be virtually located in the plane formed by the four oxygen atoms
(z#0) of the V2O5 slab. For the iron compound, the iron ioncompared with the values of the ionic radii of Fe3+ and Cr3+

given by Shannon24 in relation with the coordination number lies off the oxygen plane [z=0.044(5)] and is close to the
plane formed by the four vanadium atoms (z#0.10).and with the corresponding bond lengths M3+MO2− indicated

in Table 5. The atomic coordinates z of the different atoms (O, If we take into account the constraints due to the V2O5
framework leading to the invariance of the b-parameter, what-
ever the type of ion intercalated, it is clear that the distanceTable 5 (a) Values of the MMO distances (Å) corresponding to the

oxygen octahedral environment of the trivalent ion in Fe0.11V2O5.16 MMO3 (1.785 Å) is too short if compared to the theoretical
and Cr0.11V2O5.16. The values indicated for the sol–gel V2O5 bond length MMO (in the range 1.85 Å–2.01 Å) given in
correspond to a fictive situation. (b) Ionic radii and MMO bond Table 5. However, the chromium ion occupies the most sym-
lengths after Shannon (ref. 24) (r

O2−
=1.22 Å). (c) Values of atomic

metrical available position [dMMO4=2.14(3) Å, dMMO4∞=coordinates z of the different atoms (O, V, M) of the VO6 polyhedron
2.24(3) Å], consistent with an ideal octahedral environmentfor Fe0.11V2O5.16, Cr0.11V2O5.16 and for sol–gel V2O5 (fictive situation).
(dMMO4=dMMO4∞=2.19 Å). This result can be easily explained

(a) by the high stabilization of Cr3+ in a high spin crystal field of
octahedral symmetry. Since a high spin crystal field has no

MMO2 MMO3 MMO4 MMO4∞ effect on the stabilization of a d5 ion such as Fe3+ in an
octahedral environment, the Fe3+ ion, which has an ionicFe0.11V2O5.16 2.151(7) 1.791(3) 1.98(2) 2.37(2)
radius (r=0.79 Å) larger than Cr3+ (r=0.76 Å), moves fromCr0.11V2O5.16 2.081(8) 1.783(1) 2.14(3) 2.24(3)
the oxygen plane in order to increase the too short bondV2O5 2.031 1.783 2.186 2.186
lengths MMO3 (1.78 Å). This leads to a shortening of the(b)
MMO4 bond perpendicular to the plane [1.98(2) Å cf.
2.37(2) Å for the other MMO4∞ bond]. Thus, Fe3+ adopts aM3+ coordination number r/Å d (MMO)/Å

distance ranging between five- (dMMO=1.94 Å) and six-coordi-
Fe 6 0.79 2.01 nation (dMMO=2.01 Å). The Fe3+ ion shows thus a tendency
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