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MIL-21 or [FeIII
52xV

III
x (H2PO4)4(HPO4)4F4(H2O)2, 4(H21yN+

(CH2)2+NH21y)] was prepared hydrothermally (453 K, auto-
genous pressure, 3 days) in the presence of ethylenediamine. Its
structure was determined by single-crystal X-ray di4rac-
tion. MIL-21 is tetragonal (space group P-421c, No. 114,
with cell parameters a 5 17.2023(2) As , c 5 13.3086(2) As , V 5
3938.27(9) As 3, Z 5 4. Its three-dimensional network can be de-
scribed from the connection via phosphate tetrahedra of in5nite
corner-sharing cis+trans octahedral chains of metallic atoms in
a random distribution and isolated FeO4(H2O)2 octahedra. The
(Fe31, V31) in5nite chains belong to the KTP type. MoK ssbauer
and structure re5nements demonstrate this segregation. This
structure exhibits small tunnels and cages in which the
ethylenediamine molecules are located. Moreover, MIL-21
shows a ferrimagnetic behavior below 13 K. ( 1999 Academic Press

INTRODUCTION

In addition to molecular sieve properties, open-frame-
work iron phosphates have the potential to display either
ferrimagnetic or antiferromagnetic properties. In 1994, the
open-framework iron phosphate ULM-12 (1), which ex-
hibits an antiferromagnetic ordering temperature at 11 K,
was the "rst magnetic open framework iron phosphate to be
synthesized hydrothermally with a templating organic spe-
cies. Since then, a few iron phosphates (2}7) or #uorophos-
phates have been discovered. Among the latter ("rst labeled
ULM-n then MIL-n (since 1997 for Materials of Institut
Lavoisier)), ULM-3 (4), ULM-4 (5), ULM-12 (1, 6), ULM-15
(7), and ULM-19 (8) show 3-D open-framework structures.
Unfortunately, all of them are antiferromagnets.
1To whom correspondence should be addressed.
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By incorporating two appropriate transition metal
cations, we aimed to synthesize ferromagnetic or ferrimag-
netic open-framework bimetallic materials in order to add
magnetic selectivity to shape and size di!erentiation. Such
a material might be used, for example, to separate paramag-
netic gas molecules from diamagnetic ones. Currently, sev-
eral bimetallic phosphates are referenced in the literature
(9}13), but no mention of interesting magnetic properties
appears.

According to the possibility of ferromagnetic coupling
between Fe3` and V3` ions, this paper deals with
the hydrothermal synthesis, the crystal structure, the char-
acterization of the extent of cationic disorder, and the mag-
netic properties of the title compound determined by
magnetization, susceptibility, and MoK ssbauer measure-
ments.

EXPERIMENTAL

1. Synthesis

MIL-21 or [FeIII
5~x

VIII
x
(H

2
PO

4
)
4
(HPO

4
)
4
F
4
(H

2
O)

2
,

4(H
2`y

N}(CH
2
)
2
}NH

2`y
)] (x"5/3; y"1/8) was prepared

hydrothermally under autogenous pressure (453 K for
3 days). The reactive mixture was obtained by successively
adding Fe

2
O

3
(Aldrich, 99%#), VCl

3
(Aldrich), H

3
PO

4
(Prolabo, 85%), HF (Prolabo, 48%), ethylenediamine (Al-
drich, 99%#), and water in the molar ratios 1 :2 : 4 :2 : 4 :80.
The mixture was placed without stirring in a 23-ml Te#on
vessel of a Parr acid digestion autoclave. The pH remained
neutral from the initial stage to the end of the reaction. The
resulting inhomogenous product was "ltered o!, washed
with distilled water, and dried at room temperature. Few
dark orange parallelepipedic crystals of medium optical
quality were isolated from the bulk.



TABLE 1
Crystal Data and Structure Re5nement for MIL-21

[Fe
5~x

V
x
(H

2
PO

4
)
4
(HPO

4
)
4
F

4
(H

2
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, 4(H

2`y
N}(CH

2
)
2
}NH

2`y
)]

Wavelength 0.71073 As
Crystal system tetragonal
Space group P-42

1
c (No. 114)

Unit cell dimensions a"17.2023(2) As
b"17.2023(2) As
c"13.3086(2) As

Volume, Z 3938.27(9) As 3, 4
Density (calculated) 2.36 g/cm3

Absorption coe$cient 21.14 cm~1

F(000) 2824
Theta range for data collection 1.67 to 31.153
Limiting indices !164h424,!244k422,

!184l419
Re#ections collected 59266
Independent re#ections 5945 [R(int)"0.0731]
Re"nement method on F2 Full-matrix least-squares
Data/restraints/parameters 5934/0/291
Final R indices [I'2p(I)] R

1
"0.0655, wR

2
"0.1375

R indices (all data) R
1
"0.0810, wR

2
"0.1605

Extinction coe$cient 0.0016(2)
Largest di!. peak and hole 1.031 and !1.810 e As ~3
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2. Physical Methods

Chemical analysis (wt%) of the sample indicated that
V"6.47% and Fe"12.45%.

Energy dispersive X-ray spectrometry was also performed
on the title compound using a Jeol SM-5800LV scanning
microscope equipped with a Oxford Instruments micro-
analysis system (Link Isis). Several semiquantitative EDX
results, realized in low vaccum, were in agreement with the
chemical analysis and indicated an Fe/V atomic ratio close
to 2. They also con"rmed the presence of #uorine in the
compound.

TGA measurements were performed under O
2

atmo-
sphere using a TA-Instrument model 2050 analyzer. The
heating rate was 53C/min from 30 to 6003C. The TGA curve
indicates a continuous weight loss of about 20% occurring
in the 150}5003C temperature range. This corresponds to
the departure of coordinated water molecules and of the
four ethylenediamine molecules: %

%91
+20; %

5)%0
"19.8,

which is in good agreement with the proposed formula of
MIL-21. The amine loss leads to the collapse of the struc-
ture; the resulting product is amorphous.

3. Single Crystal Structure Determination

A single crystal with a limit quality for X-ray determina-
tion was isolated for data collection on a Siemens three-
circle di!ractometer equipped with a CCD bidimensional
detector. Conditions of data measurements are summarized
in Table 1. An absorption correction speci"c to the CCD
detector was applied to all data using the SADABS pro-
gram. From the collected data and the intensities of re#ec-
tions, only the non centrosymetric space group P-42

1
c

(No. 114) was possible.
The structure of [FeIII
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2
O)

2
,
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)] was solved by direct methods

using the TREF option of the SHELXTL crystallographic
software package (14). The heaviest atoms (Fe, P) were "rst
located on eight di!erent crystallographic sites. The posi-
tions of remaining atoms (oxygen, #uorine, and organic
elements) were deduced from Fourier di!erence calcu-
lations. Bond valence calculations and thermal factor con-
siderations con"rm the attribution of #uorine sites. There
are two types of amines, labeled A and B in Tables 2 and 3.
Geometrical constraints were applied to locate hydrogen
atoms of diamine A. All the atomic positions were re"ned
with an individual anisotropic thermal motion except
H atoms for which an overall isotropic factor was applied.
The thermal factors of nitrogen and carbon atoms of dia-
mine B being quite high, it was not reasonable to try to
locate hydrogen atoms on the latter; even N}C and C}C
bond lengths are not too good.

In order to respect the chemical analysis results (Fe/V
ratio+2), the structure re"nement applied "rst Fe3`}V3`
statistical occupancy on the four (fully occupied) metallic
crystallographic sites (8e1, 8e2, 2a, and 2b sites of the P-42

1
c

space group). With such a hypothesis, the re"ned Fe and
V contents did not match with the chemical results and the
reliability factors were worse than if Fe3` is the only species
in the octahedra. After the MoK ssbauer study, and in agree-
ment with its results, the best "t is obtained when Fe3` ions
alone occupy the 2a and 2b sites while the two 8e sites
contain both Fe3` and V3` in statistical occupancy, but
with slightly di!erent iron contents on the two sites M(3)
and M(4) (see Table 2). This fact agrees with the MoK ssbauer
data at 40 mK, where two distinguishable contributions of
the 8e sites are clearly visible (see below). The examination
of the structure and bond valence calculations (15) clearly
indicate the existence of (HPO

4
) and (H

2
PO

4
) groups;

moreover, the charge equilibrium deduced from the exist-
ence of the hydrogenophosphate groups implies that the
majority of the ethylenediamine molecules are neutral or
monoprotonated for 25% of them, which is in agreement
with the neutral pH observed during the synthesis. This led
us to propose the following chemical formula for MIL-21:
[FeIII

5~x
VIII

x
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2
PO

4
)
4
(HPO

4
)
4
F
4
(H

2
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2
, 4(H

2`y
N}(CH

2
)
2
}

NH
2`y

)] with x close to 5/3 to respect the initial Fe/V ratio
established by chemical analysis, and y"1/8. At the end
of re"nement cycles, reliability factors are quite high
R

1
(F

0
)"6.55%, wR

2
(F2

0
)"13.75%, but this can be easily

explained by a limit quality of the collected crystal and also
by the observed cationic disorder con"rmed by MoK ssbauer
data.



TABLE 2
Atomic Coordinates (3 104, except for H Atoms 3 103),

Occupancy Rates on Metallic Sites and Equivalent Isotropic
Displacement Parameters (As 3 3 103)

x y z ;(eq) %Fe3`

M(1) 5000 5000 0 14(1) 100
M(2) 0 0 0 15(1) 100
M(3) 8179(1) 1932(1) 2492(1) 15(1) 59(2)
M(4) 7531(1) 2540(1) 9993(1) 15(1) 54(2)
P(1) 6742(1) 4196(1) !488(1) 14(1)
P(2) 9082(1) 3232(1) 1151(2) 17(1)
P(3) 6044(1) 1833(1) !1238(2) 17(1)
P(4) 8343(1) 920(1) 494(1) 13(1)
F(1) 7422(3) 2306(3) 1462(3) 18(1)
F(2) 7762(3) 2644(3) 3531(3) 19(1)
O(1W) 5000 5000 1431(6) 10(1)
O(2W) 0 0 1445(5) 10(1)
O(3) 6988(4) 3533(3) 191(4) 21(1)
O(4) 6132(3) 4679(3) 38(4) 16(1)
O(5) 8914(3) 415(3) !69(4) 20(1)
O(6) 6523(3) 1996(3) !312(4) 22(1)
O(7) 8642(3) 1228(3) 1490(4) 19(1)
O(8) 6141(3) 2419(3) !2078(4) 20(1)
O(9) 7628(3) 389(4) 789(5) 27(1)
O(10) 6499(3) 3936(3) !1537(4) 18(1)
O(11) 8870(4) 2802(5) 2092(5) 39(2)
O(12) 5185(4) 1793(5) !932(5) 34(2)
O(13) 8052(4) 1550(3) !211(4) 23(1)
O(14) 6282(4) 1028(4) !1701(5) 32(2)
O(15) 7475(3) 4740(4) !692(5) 24(1)
O(16) 8549(3) 3072(4) 256(4) 25(1)
O(17) 9102(6) 4104(4) 1394(9) 77(4)
O(18) 9915(4) 3031(5) 866(5) 45(2)
N(1A) 6464(4) 5301(4) !2813(5) 24(1)
N(2A) 6468(4) 4788(4) 2212(5) 27(2)
C(1A) 6073(4) 3391(4) 2341(7) 27(2)
C(2A) 6674(4) 4003(4) 2613(7) 26(2)
N(1B) 6085(7) 858(10) !3738(9) 65(4)
N(2B) 9063(8) 4099(9) !1307(10) 78(4)
C(1B) 8969(15) 4655(19) 3394(13) 176(15)
C(2B) 5797(16) 529(22) 1002(23) 227(23)
H(1A) 648(4) 535(1) !348(1) 44(8)
H(2A) 600(1) 513(2) !262(4) 44(8)
H(3A) 683(2) 497(1) !262(4) 44(8)
H(4A) 686(2) 511(1) 231(4) 44(8)
H(5A) 605(2) 497(2) 253(3) 44(8)
H(6A) 637(4) 475(1) 156(1) 44(8)
H(7A) 601(1) 338(1) 162(1) 44(8)
H(8A) 626(1) 288(1) 255(1) 44(8)
H(9A) 672(1) 403(1) 334(1) 44(8)
H(10A) 717(1) 385(1) 235(1) 44(8)

TABLE 3
Principal Bond Lengths [As ] in MIL-21

Fe(1)}O(1)w: 1.903(7) SFe(1)}OT"1.984(5)
Fe(1)}O(1)w: 1.903(7)
Fe(1)}O(4): 2.024(5)
Fe(1)}O(4): 2.024(5)
Fe(1)}O(4): 2.024(5)
Fe(1)}O(4): 2.024(5)

Fe(2)}O(2)w: 1.923(7) SFe(2)}OT"1.976(5)
Fe(2)}O(2)w: 1.923(7)
Fe(2)}O(5): 2.003(5)
Fe(2)}O(5): 2.003(5)
Fe(2)}O(5): 2.003(5)
Fe(2)}O(5): 2.003(5)

Fe(3)}O(8): 1.970(5) SFe(3)}OT"1.977(5)
Fe(3)}O(7): 1.972(5) SFe(3)}FT"1.989(4)
Fe(3)}O(10): 1.982(4)
Fe(3)}F(2): 1.981(5)
Fe(3)}O(11): 1.984(6)
Fe(3)}F(1): 1.997(4)

Fe(4)}O(13): 1.944(5) SFe(4)}OT"1.982(5)
Fe(4)}O(3): 1.965(5) SFe(4)}FT"1.999(4)
Fe(4)}F(2): 1.993(4)
Fe(4)}F(1): 2.005(4)
Fe(4)}O(16): 2.008(5)
Fe(4)}O(6): 2.010(5)

P(1)}O(4): 1.511(5) SP(1)}OT"1.536(5)
P(1)}O(3): 1.517(5)
P(1)}O(10): 1.524(5)
P(1)}O(15): 1.591(6)

P(2)}O(11): 1.499(6) SP(2)}OT"1.521(6)
P(2)}O(18): 1.520(6)
P(2)}O(16): 1.529(5)
P(2)}O(17): 1.536(7)

P(3)}O(6): 1.510(5) SP(3)}OT"1.532(5)
P(3)}O(8): 1.514(5)
P(3)}O(12): 1.533(6)
P(3)}O(14): 1.571(6)

P(4)}O(5): 1.511(5) SP(4)}OT"1.532(5)
P(4)}O(7): 1.517(5)
P(4)}O(13): 1.518(6)
P(4)}O(9): 1.583(6)
N(1A)}C(1A): 1.49(1)
C(1A)}C(2A): 1.52(1)
C(2A)}N(2A): 1.50(1)
N(1B)}C(2B): 1.03(5)
C(2B)}C(1B): 1.75(4)
C(1B)}N(2B): 1.12(3)
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The atomic coordinates, the principal bond lengths are
given in Tables 2 and 3. Values of both complete lengths and
angles can be obtained on request to the authors.
4. Magnetic Measurements and 57Fe MoK ssbauer
Spectrometry

The magnetisation (M) of MIL-21 was measured as
a function of the applied "eld H at many temperatures in the
range 1.75 to 300 K with a Quantum Design Squid device.
The resulting magnetic susceptibility s was deduced. We



FIG. 1. (a) Projection of the 3-D structure of MIL-21 along the [001] direction. The isolated Fe3` octahedra appear with their terminal water
molecules (in black); the dihydrogenophosphates (black tetrahedra) of the [H

x
PO

4
]~ grafted (Fe,V)(3, 4) chains (see text) create tunnels in which amines

B are located, whereas the partially hidden amines A "ll the cages limited by Fe(1, 2) isolated octahedra along [001]. (b) [110] Projection of MIL-21 which
shows both the cis}trans chains along the c axis and the isolated octahedra, tunnels and &&p-shaped orbital'' cages.
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FIG. 2. In"nite chains with the KTP type for the octahedral sequence with labels corresponding to those in Table 2. Fluorine atoms are black spheres.
The O(4) and O(5) oxygen atoms which ensure the three-dimensionality of the structure are indicated.

FIG. 3. Representation of a &&p-shaped orbital'' cage delimited by
M(3, 4) chains and M(1, 2) octahedra.
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also measured the magnetization as a function of temper-
ature varying the magnetic "eld.

MoK ssbauer experiments were carried out at 300, 77, and
4.2 K by means of a bath cryostat and at 40 mK with
a dilution device system, using a constant acceleration spec-
trometer and a 57Co source di!used into a Rh matrix. The
values of the isomer shifts are quoted relative to a-Fe foil at
300 K. The hyper"ne parameters were re"ned using a least-
square "tting procedure in MOSFIT program (16).

RESULTS AND DISCUSSION

1. Description of the Structure

MIL-21 is three-dimensional and displays small &&p-
shaped orbital'' cages and tunnels along [001] in which
ethylenediamine molecules A and B are located, respectively
(Figs. 1a and 1b). Within the inorganic framework, all the
metallic cations Fe3` and V3` are sixfold coordinated. The
MoK ssbauer study shows (see below) that metallic sites M(1)
and M(2) correspond to FeO

4
(H

2
O)

2
isolated octahedra

with terminal water molecules, whereas metallic sites M(3)
and M(4) are occupied both by randomly distributed Fe3`
and V3` and form MO

4@2
F
2@2

in"nite chains of octahedra
along the c axis (Table 2, Fig. 1b).

The octahedra of these MO
4@2

F
2@2

in"nite chains (Fig. 2)
are corner linked by #uorine atoms, each octahedron shar-
ing two of its apices with two neighboring octahedra. The
#uorine atoms are either in trans position or in cis position
on the octahedra [(Fe, V(4)F

2
O

4
) and (Fe, V(3)F

2
O

4
), re-

spectively]. This cis}trans connection was already encoun-
tered in KTP structure type (17, 18). A simple way for
describing the whole structure considers that all the phos-
phate groups [(HO)P(1, 4)O

3
and (HO)

2
P(2, 3)O

2
] as well

are grafted by two of their oxygen corners to the cis}trans
chain. This topology implies that [(HO)
2
P(2, 3)O

2
]

groups belong to only one chain since their two last corners
are (OH) moieties, whereas the last non-(OH) corner of
[(HO)P(1, 4)O

3
] tetrahedra allows a sharing with Fe(1, 2)

octahedra. The grafted in"nite chain is close to that encoun-
tered in mineral tancoite or in ULM-14 (19). The main
di!erence concerns the #uorine atoms which are always in
trans position in the latter. Therefore, to ensure the frame-
work, four di!erent chains are related to each other via O(4)
and O(5) atoms of the [Fe(1, 2)O

4
(H

2
O)

2
] isolated oc-

tahedra. This connection then delimits small &&p-shaped



FIG. 4. (a) Variation of the magnetic susceptibility of MIL-21 as a function of temperature. (b) Thermal variation of the inverse magnetic susceptibility
indicating a ferrimagnetic behavior under ¹

C
+13 K.

FIG. 5. M(H) curves at di!erent temperatures below ¹

C
. At 1.75 K, the

saturation is not reached, even in high applied "elds.
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orbital'' cages and tunnels along [001] (Fig. 1b). The
small cages (Fig. 3) thus limited by four M(3, 4) chains and
M(1, 2) octahedra are occupied by diamines A. Diamines
B are located in the tunnels formed by eight H

2
PO

4
tet-

rahedra.

2. Magnetic Results and Discussion of the Degree of
Cationic Order

Figures 4a and 4b show the thermal evolution of the
direct and inverse magnetic susceptibility, characteristic of a
ferrimagnetic behavior below ¹

C
"13 (1) K. There is a good

agreement between the calculated (16.25) and experimental
(16.4 (3)) Curie constants related to "ve metallic atoms per
formula unit (10/3 Fe3` and 5/3 V3`), the magnetization
being expressed in Bohr magnetons. M(H) also indicates
that the saturation is still not reached even at 1.75 K (Fig. 5).

The most signi"cant spectra are given in Fig. 6. At 300
and 77 K (Fig. 6a), the observed quadrupolar doublets can
be reproduced by at least two quadrupolar components in
agreement with the presence of two main contributions of
iron sites, i.e., (i) Fe(1) and Fe(2) in 2a and 2b and (ii) Fe(3)
and Fe(4) in 8e1 and 8e2. The hyper"ne characteristics
(Table 4) indicate Fe3` in a high spin state in octahedral
units and are consistent with those previously observed in
ULM-3 (4), ULM-12 (1), and ULM-14 (19) which also
exhibit FeF

2
O

4
octahedral units.

On the basis of both quadrupolar splitting values and
relative absorption areas, one can assign the outer doublet
to Fe(1) and Fe(2) sites (with SQ"1.23 mms~1) and the
inner doublet to Fe(3) and Fe(4) sites (with SQ"

0.46 mms~1). Indeed, in the case of ferric compounds, the
larger the octahedral distortion (*), the higher the quadru-
polar splitting (SQ). Applying Shannon's relationship (20) to
the present system, the octahedral distortions of Fe(1), Fe(2),
Fe(3), and Fe(4) sites are 104*"8.56, 3.67, 0.20, and 1.53,
respectively, and con"rm the above assessment. Under such
conditions, if there was an identical random distribution of
Fe3` and V3` on the four sites, the proportions between the
surfaces of the two kinds of doublets would be 1 : 4, but the
re"nement gives a ratio of 29/71 at 300 K and 37/63 at 77 K.
Keeping in mind the content of the cell (20 metallic atoms)
and the analytical (Fe/V"2) ratio, that means that 40/3
Fe3` ions must be distributed on the two types of sites.
According to the above MoK ssbauer results, 29% of the
whole content of iron(III) on the 2a and 2b sites correspond



FIG. 6. MoK ssbauer spectra of MIL-21 recorded at 77 K (a), 4.2 K (b), and 40 mK (c).

TABLE 4
Hyper5ne Parameters in the Paramagnetic State

¹ (K) IS (mm/s) ! (mm/s) SQ (mm/s) 2e (mm/s) H
):1

(T) %
$0.02 $0.02 $0.02 $0.02 $0.5 $2

300 0.43 0.29 1.23 * * 29
0.44 0.43 0.46 * * 71

77 0.54 0.29 1.23 * * 37
0.53 0.36 0.44 * * 63

Note. IS, isomer shift; G, linewidth at half height; SQ, quadrupolar
splitting; %, ratio of each component.
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to ca. 4 Fe3` ions on these sites, which means with a good
approximation their full occupancy by iron. As stated
before, the re"nement of the structure with these data gave
the best "t. That means also that the two 8e sites contain
28/3 Fe3` ions and 20/3 V3` ions and then a 7 : 5 Fe3 /̀V3`

ratio in the chains.
At 4.2 K (Fig. 6b), the unresolved lines are due to both the

vicinity of ¹
C

and the cationic disorder. When recorded at
40 mK, the spectrum (Fig. 6c) exhibits magnetic compo-
nents with, however, broad lines, mainly on the inner sextet.
Consequently, many "tting procedures can be applied
involving di!erent sets of magnetic sextets. The best "t
obtained (Fig. 6c) involved four magnetic components,
gathered in two groups according to the number of Fe sites.
The hyper"ne "eld of the narrow external sextet is then
close to 56 T, whereas those of the broad internal sextet,
with two distinguishable contributions, range from 43 to
50 T.

The assignement of the di!erent measured hyper"ne
"elds to special crystallographic sites requires to come back
to the structure. It was shown that four di!erent
[(Fe,V)(3, 4)F

2
O

4
] octahedral chains are linked via

[HP(1, 4)O
4
] tetrahedra to [Fe(1, 2)O

4
(H

2
O)

2
] isolated oc-

tahedra. That implies two types of magnetic interactions:
superexchange through F~ ions between (Fe, V)(3)3` and
(Fe,V)(4)3` ions within the chain, and supersuperexchange
coupling through [HP(1, 4)O

4
] tetrahedra between

Fe(1, 2)3` ions and (Fe, V)(3, 4)3` sites of the chains. Such an
arrangement well infers that the chains are expected to
display a quasi-one-dimensional magnetic structure. It is
now clearly established (21) that 1D antiferromagnets dis-
play low NeH el temperatues and magnetic moments (i.e.,
hyper"ne "elds at 57Fe) signi"cantly reduced by about 30%
by comparing to 3-D systems, as illustrated in di!erent
crystalline penta#uorides (22}26). Indeed, the hyper"ne
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"elds at 0 K are ranging from 38 to 42 T. In the systems
which exhibit isolated Fe3` octahedra, the hyper"ne "elds
are in the 51- to 53-T range as in [a-Rb

2
FeF

5
(H

2
O)] and

[a-Cs
2
FeF

5
(H

2
O)] (27). The new [Sr

2
Fe

2
F

10
(H

2
O)]

(28, 29), which displays both 1-D iron-based chains and
isolated iron octahedra, with H

):1
(0 K)"40.1 and 57.7 T,

respectively, provides nice support to our assignement of the
external sextet to Fe(1, 2) sites.

The high value of H
):1

of Fe(1, 2) sites is consistent with
the presence of pseudoisolated octahedra weakly coupled
with those of the chains. Its absorption area remains close to
26}27%, whatever the "tting procedure. All these facts
converge to the same conclusion: the Fe3 /̀V3` random
distribution occurs only within the chains, and it is the
noncompensation (Fe/V"7/5 in the chain) between iron
(k"5 k

B
) and vanadium magnetic moments (k"2 k

B
)

which is at the origin of the observed ferrimagnetism since,
according to the Goodenough's rules, superexchange 1803
interactions are antiferromagnetic for Fe3`}Fe3` coupling
and ferromagnetic for Fe3`}V3` ones.

CONCLUSION

The combined analytical, structural, and magnetic studies
based on X-ray di!raction and MoK ssbauer spectrometry
have allowed to describe a new structure type in which it is
demonstrated by convergent results coming from several
techniques that the cationic disorder occurs only within the
chains and leads to ferrimagnetic properties.
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